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Abstract

To evaluate the lethal effects of silver nanoparticles on silkworm Bombyx
mori, Morus alba (mulberry) leaf extract was used to synthesize bio-nanoparticles.
Hence B. mori was a monophagous insect; the exact level toxicity can be
evidenced through its own feed. Characterization of the nanoparticles was done
by UV-Vis, FTIR spectroscopy and SEM. UV-Vis Spectroscopy illustrated the
presence of silver nanoparticles at 422 nm. FTIR spectroscopy enabled the size
of biosynthesized silver nanoparticles, ranging from 45 nm to 166 nm. SEM
visualized the ranging particles with EDX value. The fifth instar larvae were
dosed with silver nanoparticles at varying concentrations (1, 10 and 100 ppm).
Observations revealed maximum larval weight was in 1ppm treatment, pupal
weight was maximum in 100ppm. Also the cocoon weight and shell weight were
moderately high in all the treated doses, when compared control. But there was
lack of during larval pupal transition and pupal adult transition which lead to
the high mortality rate at 100ppm and moderate mortality rate at 10ppm. The
protein profile of treated hemolymph envisioned the expression of a 20 kDa
protein, it was subjected to MALDI-TOF analysis and identified as Glutathione-
S-transferase.
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Introduction

In recent decade, green synthesis of metallic nanoparticles
has become a promising field of research. Metallic nanoparticles
synthesized by various chemical, physical as well as biosynthetic
approach mediated by numerous plants and microorganisms. Bio
nanomaterials were feasible, scalable, non corrosive and economical
when compared to synthetic nanoparticles, it can be achieved easily
through the plant-mediated approach [1]. Silver is a renowned
resource metal exploited for the common usage of mankind,
which is well-known for its innate antimicrobial activity towards
the microorganisms [2]. So this innate antimicrobial response of
silver was employed in medical field for the preparation of topical
ointments, creams containing silver to prevent infection of burns and
open wounds [3], medical devices and implants prepared with silver-
impregnated polymers [4]. In addition, silver-containing consumer
products such as colloidal silver gel and silver-embedded fabrics are
now used in sporting equipment.

Nanotoxicology is a new field established in the current decade,
which emphasizes several risk factors to the human health and
environment by the usage of nanomaterial in commercial goods
and novel technologies [5]. Though the ingestion and toxicity level
of nanoparticles was very low in the living systems, it leads to the
accumulation in host and it could explicit adverse effect later. It
has been already reported that, the nanomaterials such as carbon
nanotubes, quantum dots and metal and metal oxide nanoparticles

are having the adverse toxic effects when they are dosed even in
low level [6]. The earlier reports insist that biologically synthesized
nanoparticles are safer materials which do not have any danger
in the living host. These assessments of toxicity mediated by bio
nanoparticles will open up several questions raised against the risk
assessment in human and cattle. The experimental evidence of
toxicity generated by biological nanoparticles may bring out a decline
in the use of nanomaterial in several fields such as nanomedicine,
material safety, nano coupled drug and nano commercial goods. So
the present investigation was sketched to analyze the toxicity created
by biological silver nanoparticles, in the model animal silkworm,
Bombyx mori.

Toxicity evaluation on silkworm, B. mori can be rationally
comparable with those of other lepidopteran pest insects, so it is
considered as a suitable model for exploring effects of any new
synthetic formulations for the past two decades [7]. Silkworm rearing
is a traditional business not only in India, but also in many developing
countries and the life of many people is depended on it. Increase
of larval growth, cocoon quality and quantity would result better
economics for sericulture industry and meet out the production needs.
Consequently, the enrichment of mulberry leaves by supplementary
compounds with the aim of increasing the production of cocoon is a
very important aspect. Many investigations have been done on this
topic and various reports have been published [7-9]. Copiously the
earlier reports have mentioned that the Silver Nanoparticles (AgNps)
can be utilized as an ancillary complex which can boost up the growth
and development of the larvae and also the quality and quantity of
the cocoon. In another dimension, nanoparticles help to produce
new pesticides, insecticides and insect repellents. Moreover, research
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on silkworm, B. mori clearly demonstrates that nanoparticles could
stimulate more production of fibroin protein which can help in
producing carbon nanotube in future [10]. Legay [11] has stated that
silk production is dependent on the larval nutrition and the nutritive
value of mulberry leaves which plays an effective role in producing
good quality cocoons.

On the other hand the scientists were trying a lot to increase
the yield of silk production by modern biotechnological approach.
But unfortunately there is a decline in sericulture industry because
of several threatening factors, in which pollution is the major
issue. Since the nanoparticles are used in various applications such
as pharmaceutical drug development and pesticide development
relevance. Subsequently there is a need arise to study acute toxic
effects of AgNps, therefore in the present investigation M. alba
coupled nanoparticles was used to treat the B. mori larvae. The toxic
effect of nanoparticles was measured using changes in biochemical,
morphometric characters and proteomic level.

Materials and Methods

Biosynthesis of silver nanoparticles

Fresh mulberry leaves (Morus alba) were collected, surface
cleaned with running tap water, followed by a thorough wash with
double distilled water and shade dried for a week and powdered. Leaf
extract was prepared by taking 5 g of dried leaf powder in 250 ml
Erlenmeyer flask with 100ml distilled water and boiled the mixture
for 20 minutes. The extract was then filtered through Whatman No.1
filter paper and used for further experiments. This extract was used
as a reducing and stabilizing agent. For all experiments, the source
of silver was silver nitrate in distilled water. 5 ml of leaf extract was
added to 95 ml of ImM aqueous silver nitrate for the reduction of
Ag* ions. The effect of temperature on particle size of the synthesized
silver nanoparticles was studied by carrying out the reaction in
water bath at 30°C to 95°C and incubated for 15 minutes. The silver
nanoparticles thus obtained were purified by repeated centrifugation
at 10000 rpm for 15 minutes followed by resuspension of the pellet in
deionized water.

Characterization of silver nanoparticles

UV-visible spectroscopy: The reduction of pure Ag* ions was
monitored by UV-visible spectrum (Perkin-Elmer Lambda-35
spectrophotometer operated at a resolution of 1 nm). The fine bio
nanoparticles were aliquoted with 10 folds of deionized water for
measuring the spectrum, Silver Nanoparticles (AgNps) were soluble
in distilled water and the color change was observed visually. UV-
visible spectroscopic analysis was performed by continuous scanning
from wavelength 190 nm to 1190 nm.

FTIR & Particle size analysis: In order to determine the possible
functional groups of the mulberry extract and their involvement in
the synthesis of silver nanoparticles, FTIR analysis was carried out.
Control and test samples were independently blended with KBr to
obtain pellets. The FTIR spectra were collected at the resolution
of 4 cm-1 in transmission mode (400-4000 c¢cm™) using FTIR
(Perkin Elmer spectrum RX 1 model) spectrophotometer. The size
distribution of the particles after dispersion in water was measured at
room temperature by Dynamic Light Scattering (DLS) using a Nano-
Zeta sizer (Malvern UK).

Scanning electron microscopy: SEM was performed to analyze
the nanoparticles in the biological sample. The solution of the
synthesized nanoparticles were lyophilized and recovered in powder
form using Martin Christ lyophilizer (model Alpha 1-2). After
freeze drying of the purified sample, the structure and composition
of synthesized silver nanoparticles were analyzed through Scanning
electron microscope equipped with Energy Dispersive X-ray
Spectrophotometer (EDS). SEM was performed at various resolutions
ranging from 1700X to 20000X.

Study design

The study was carried out with 5% instar larva of mulberry
silkworm Bombyx mori (Lepidoptera: bombycidae). The study was
designed to examine the effect of silver nanoparticles synthesized
using mulberry leaf extract on the 5% instar larvae of B. mori. The
5% instar larvae were chosen for supplementation studies because the
maximum synthesis of larval proteins occurs in that stage and it end
in spinning of cocoon. Freshly ecdysed 5" instar larva were obtained
from Sericulture field, Ariyavoor, Tiruchirapalli and used for all the
experiments. The larvae were separated into three groups and two
positive controls were also maintained. Each group contained 40
animals. Different concentrations of dose (silver nanoparticles) were
prepared in distilled water by dissolving the lyophilized powder (1,
10 and 100 ppm). The mulberry leaves were washed thoroughly with
double distilled water to remove the surface adhering substances and
then air dried. For supplementation, selected concentration of the
synthesized silver nanoparticles was spread evenly with the help of
L-rod upon the leaves. The leaves were fed to the worms for the first
time feed while rest of the 3 feedings was mulberry leaves alone. Two
positive controls were maintained, in which, the first control larvae
were fed with mulberry leaves alone and the second control larvae
were fed with mulberry leaf extract. Mortality and larval weight were
recorded daily for all the experimental and control groups.

Experimentation

Control 1 - Larvae were fed with mulberry leaves alone

Control 2 - Larvae were supplemented with mulberry leaf extract
alone

Group 1 - Larvae were supplemented with 1 ppm silver
nanoparticles through feed

Group 2 - Larvae were supplemented with 10 ppm silver
nanoparticles through feed

Group 3 - Larvae were supplemented with 100 ppm silver
nanoparticles through feed

Sample collection

Hemolymph was collected from 4% to 6" day of 5% instar larvae
by making a slit in the proleg, whereas pupae were bled through an
incision made at the extremities. Hemolymph that flowed from the
wound without external pressure was collected into eppendorf tubes
prerinsed with phenylthiourea solution to prevent tyrosinase activity.
The samples were centrifuged at 3000 rpm for 10 minutes at 4°C to
sediment hemocytes and cellular debris. Samples were either used
immediately or stored at -85°C until further use.

Protein estimation and profiling

Amount of protein was determined according to Bradford
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Figure 1: Colour change of AgNps synthesized using 5% Morus alba leaf
(mulberry) extract.

protocol (1976) using bovine serum albumin as standard and
the optical density was measured at 595 nm. One dimensional
Polyacrylamide gel electrophoresis with the presence of Sodium
dodecyl Sulphate was performed according to Laemmli 12 using
Proviga (India) electrophoretic apparatus. A 10% linear resolving gel
and 4% stacking gel were used to separate the proteins, 30ug of total
protein was loaded per lane and consistently performed in the electric
pulse of 50 V. Gels were stained with Coomassie Brilliant Blue R-250
staining solution for 4 hours and the destaining was carried out in the
solution containing 10% glacial acetic acid and 30% methanol.

Ingel digestion

The band was excised with sterile blade and transferred to a sterile
tube containing deionized water. Then the gel was destained with
methanolin order to remove remaining commassie brilliant blue stain,
and incubated with 200 mM ammonium carbonate. The gel piece was
dehydrated with 100 pl of acetonitrile and dried in a vacuum. The gel
piece was dried and then rehydrated with 20 pl of 50mM ammonium
bicarbonate containing 0.2 pg trypsin (sigma). After 45 minutes, the
solution was removed and 30ul of 50mM ammonium carbonate was
added. Digestion was performed for overnight at 37°C.

Mass spectrometry

MALDI Mass spectra were obtained from utraflex MALDI-MS
(Bruker Daltonics, Germany) in the reflection mode, using 200 ns
time delay and a 25 kV accelerating voltage in the positive ion mode.
The system utilizes 50 Hz pulsed nitrogen LASER, emitting at 337
nm. The matrix used was a-cyano-4-hydroxy cinnamic acid. In order
to identify the proteins, all the MALDI MS spectra were recorded
on tryptic peptides derived from the band and searched against
the protein sequences from the NCBI-nr (organism: Bombyx mori)
using the online MASCOT search program(www.matrixscience.com,
Matrix Science, UK).

Results

Biosynthesis of nanoparticles

Synthesis of nanoparticles was carried out by mixing the
mulberry leaf extract (5%) and 1mM silver mixture at the different
temperatures (60°C, 90°C and 9°C (Figure 1)). No obvious color
change was observed in the reaction mixture incubated at 30°C,
whereas the aqueous solution incubated was turned to yellowish-
brown (60°C), brown (90°C) and intense brown (95°C) within 10
minutes of incubation. With the increase in temperature, the reaction
rate also got increased, where the color change (yellowish brown)
was observed within 5 minutes of incubation and after 10 minutes
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Figure 2A: UV-Visible spectra of Plant extract Mulberry Morus alba.
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Figure 2B: UV-Visible spectra of silver nanoparticles synthesized using
Mulberry Morus alba extract at 60°C.

complete reduction has taken place. Color change confirmed the
synthesis of silver nanoparticles, which was due to the reduction of
silver ions indicating the formation of nanoparticles. From the above
observation, it was apparent that the Mulberry, M. alba leaf extract
has the ability to synthesize silver nanoparticles (AgNps).

UV-Visible spectrum

AnUV-Visible spectrum is one of the mostimportant and sensitive
technique to observe the configuration of silver nanoparticles. The
silver nanoparticles synthesized from the aqueous extract of M. alba
was evaluated through UV-visible spectrophotometer at a wavelength
ranges from 190-1100 nm. The UV-visible spectra of silver
nanoparticles synthesized using mulberry leaf extract (5%) at various
temperatures such as 30°C, 60°C, 90°C and 95°C were shown in
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Figure 2C: UV-Visible spectra of silver nanoparticles synthesized using
Mulberry Morus alba extract at 90°C.
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Figure 2D: UV-Visible spectra of silver nanoparticles synthesized using
Mulberry Morus alba extract at 95°C.

Figure 2A-2D. The UV-visible spectra indicated the absorbance peak
at 60°C (407 nm), 90°C (422 nm) and at 90°C (414 nm) respectively
(Figure 3A-3D). But, Mulberry leaf extract (Control) showed no
evidence of absorption peak in the range in 400-450 nm. The color
change in reaction mixture was associated with well-defined peaks
with maximum absorption centered at 422 nm (90°C).

Fourier transform infra red spectroscopy

FTIR spectra for the mulberry leaf extract (control) and the silver
nanoparticles synthesized using mulberry leaf extract were recorded
in order to identify the possible functional groups involved in the
capping and efficient stabilization. The control spectrum showed
number of peaks. The FTIR spectrum of mulberry leaf extract showed
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Figure 3A: FTIR spectra of Plant extract Mulberry, Morus alba.
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Figure 3B: FTIR spectra of silver nanoparticle synthesized using Mulberry,
Morus alba extract at 60°C.
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Figure 3C: FTIR spectra of silver nanoparticle synthesized using Mulberry,
Morus alba extract at 90°C.

peaks at 3470, 2077, 1638 and 693.57 cm™! whereas the IR spectrum
of silver nanoparticles showed intense bands at 3414, 2076, 1638.65
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Figure 3D: FTIR spectra of silver nanoparticle synthesized using Mulberry,
Morus alba extract at 95°C.
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Figure 4: Particle size distribution curve for the AgNps synthesized using
Morus alba extract at 90°C.

and 693 cm’'. The peak present at 1638 was attributed to N-H
bending vibrations. A minor peak shift was observed from 1637.70
to 1638.65 cm™ (Figure 4) which implied that these groups (amines)
may be involved in the reduction process helping in the synthesis of
nanoparticles. The peak located at 3469.98 could be attributed to the
O-H strong stretching vibrations. A major vibrational shift from 3470
to 3414.18 cm™ indicated the possible involvement of (O-H group)
polyphenolic compounds of the mulberry, which may act as reducing
agents in the nanoparticles synthesis. The peak around 693 cm™ was
assigned to the -C-C-H group of alkynes (Figure 4).

Particle size analysis

Temperatures at which the reaction mixtures were incubated also
affects the size and shape of the synthesized nanoparticles. The average
size distribution of the reaction mixture incubated at 60°C was 45.85
nm (Figure 4) whereas the size of the particles incubated at 90°C
and 95°C were 163.4 nm and 166.2 nm (Figure 3) respectively. The
currently synthesized nanoparticles using mulberry extract showed
peaks at 407.72 nm, 414.08 nm and 422.06 nm incubated at 60°C,
90°C and 95°C respectively. When there was very slight increase in
wavelength; the average size of the particles too increased, this show
parallel results were obtained in both FTIR and Particle size analysis.

SEM with EDX (Energy dispersive X-ray spectroscopy)

The morphology of the synthesized silver nanoparticles was
observed using Scanning Electron Microscope. According to the

* e
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SEMMAG 114 K | Dato(midyy 050917 70 ym
View field: 112 jam Del: SF

Figure 5: Scanning electron micrograph of silver nanoparticles magnified at
1700X and 5000X synthesized using Morus alba extract, 1mM silver nitrate
at 90°C.
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Figure 6: EDAX spectrum of silver nanoparticle synthesized using Morus

alba. Strong silver signals from the atom in nanoparticles are visible at 3KeV.

results observed in the UV-vis spectroscopy and Particle size analysis,
the temperature at which the small size being synthesized were taken
for the structural characterization using SEM. Most of the particles
were irregular in shape and some were spherical (Figure 5). The
EDS helps in the elemental analysis and compound characterization
of the sample, which illustrate the interaction between the sample
and the light source. The EDS profile revealed strong silver signal
which confirmed the presence of silver nanoparticles, along with a
weak oxygen, chloride, potassium peak were also obtained, that may
originate from the biomolecules bound to the surface of the silver
nanoparticles and it may serve as encapsulating agents. A distinct
signal and high atomic percent values of silver was obtained. Generally,
metallic nanosilver showed optical absorption peak approximately at
3 keV due to the surface Plasmon resonance (Figure 6).

Toxicity assessment

Freshly molted fifth-instar larvae of silkworm, B. mori were
selected for the study. Larvae were fed with different concentration of
silver nanoparticles once in a day (1, 10 and 100 ppm) from day 3 to
day 5 of fifth-instar larvae. The growth of the larvae was continuously
monitored after oral feeding (through leaves). The weight of the
larvae after treatment was taken and shown in Table 1. From the
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Table 1: Morphometric data on various concentrations of silver nanoparticles
treated mulberry leaves fed on 5" instar larvae weight of Bombyx mori.

Group Day 4 After 24 hrs | Day 5 After 48 hrs | Day 6 After 72 hrs
Control 2.623+0.2 2.72040.1 2.695+0.1
1 ppm 2.71940.3 3.08810.2 2.844+0.1
10 ppm 2.520+0.3 2.866+0.1 2.680+0.2
100 ppm 2.373+0.1 2.531+0.2 2.580+0.3
Leaf extract 2.644+0.2 2.794+0.1 2.694+0.3

Figure 7: Lethal effects of silver nanoparticles (10 ppm and 100 ppm) on
pupation and adult development in silkworm, Bombyx mori subjected to oral
feeding from day 3 to day 5 of fifth-instar larvae a & b — 10 ppm ; ¢ — 100 ppm.

Table 1, it was obvious that the mean weight of the control larvae had
its maximum weight of 2.72 + 0.1 g on day 5 of fifth-instar larvae and
reduced on the consecutive day to 2.695 + 0.1 g. A similar prototype
was also observed in the treated groups. Larvae fed with 1 ppm
showed mean weight of 2.719 + 0.3 g on day 4, 3.088 + 0.2 g on day
5 and 2.844 * 0.1 g on day 6. The mean weight of fifth-instar larvae
of group treated with 10 ppm was 2.52 + 0.3 on day 4, 2.866 £ 0.01 g
on day 5 and 2.680 + 0.2 g on day 6. The mean weight of fifth-instar
larvae group treated with 100 ppm was 2.373+0.1 on day 4, 2.531 +
0.2 on day 5 and 2.58 + 0.3 on day 6. The larvae treated with silver
nanoparticles showed increase in its body weight when compared
to the two positive controls (control and leaf extract). Among the
treated groups, larvae fed with 1 ppm gained maximum weight which
fed on the mulberry leaves ferociously. Larvae fed with 10 ppm and
100 ppm were also shown to weight gain but lesser than the larvae fed
with 1 ppm. The decrease in mean larval body weight was observed on
day 6 which may be due to the shrinkage (for building cocoon). Both
the control and treated groups fed on mulberry leaves continuously
without any toxic symptoms. No mortality was observed during
the larval days. But during larval pupal transition the mortality rate
started for 10 ppm and reached the maximum at 100 ppm, the same

was seen in the pupal adult transition also (Figure 7).

Morphometric characters

The mature fifth instar larvae were picked up from rearing trays
and released on Netrikas for spinning cocoons. The cocoons were
harvested after 3 days of spinning. After the completion of spinning,
the cocoon, pupae and shell were weighed separately. The mean
cocoon weight of the control, 1 ppm, 10 ppm, 100 ppm and mulberry
extract larvae were found to be 1.319 + 0.2 g, 1.465 £ 0.3 g, 1.425
+0.3 g, 1463 + 0.3 g and 1.375 + 0.2 g respectively. The weight of
the cocoon of B. mori fed with silver nanoparticles treated mulberry
leaves were found to be more than that of the larvae left untreated
(control). In these five observations, the 1 ppm AgNps treated larvae
produced cocoon weight were appreciably got increased than the
other four groups.

Randomly selected 20 shells were weighed using Sartorius
weighing balance. The yield of shell from control, 1 ppm, 10 ppm,
100 ppm and mulberry extract were found to be 4 £ 0.3 g, 4.97 + 0.2
g, 4.77 £0.2 g,4.76 £ 0.1 g and 4.52 + 0.3 g. From the above Table 2,
it was clear that the yield (shell weight) from 1 ppm treated silkworm,
B. mori was 4.97 which was noticeably got increased when compared
to other two treated and control groups. The shell weight of 10 ppm,
100 ppm treated groups also got increased but comparatively less
than that of group treated with 1 ppm. Table 2 represent mean weight
of the control and silver nanoparticle treated group, from which it
was clear that the mean weight of the pupae treated with 100 ppm
which showed 1.06g whereas the other two treated groups showed
decreased pupal weight i.e, 1 ppm & 10 ppm showed 1.14g and 0.95g
respectively. The control and 1 ppm treated larvae did not show
any wing deformities. The larvae treated with 100 ppm, successfully
completed spinning, after that many of them were died (Figure 7),
which may be due to the accumulation of silver nanoparticles. The
adult emergence rate in 10 ppm was low when compared to other
control and treated groups. Even the emerged pupae treated with
10 ppm showed malformed wings. Some of the pupae in 10 ppm
concentration were also died, however many of the pupae emerged
but some with malformed and vestigial wings (Figure 7).

Proteomic analysis

The proteomic profile was also performed in 10% SDS PAGE; the
profile also uttered the same effects, as the toxicity of nanoparticles
was reflected in the 10 ppm of the pupae samples (Figure 8).
There was complete shearing occurred in the treated sample at the
concentration of 10 ppm, though there was a clear band visualized
in the 100 ppm (Figure 9A and 9B). The hemolymph samples were
collected from the day 4 to day 6. They were subjected to SDS PAGE
(10%), the band pattern of hemolymph sample revealed a complete
disintegration in the treated samples when compared to the control.

Table 2: Morphometric data on various concentrations of silver nanoparticles treated pupa of Bombyx mori.

Group Mean weight of the larvae Mean weight of the pupae Mean weight of the cocoon Mean weight of the shell
Control 2.679 1.067 4.00 1.319
1 ppm 2.88 1.146 4.97 1.465
10 ppm 2.422 0.959 3.87 1.225
100 ppm 2.261 0.806 3.76 1.163
Leaf extract 2.644 1.132 4.52 1.375
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Figure 8: Effect of various concentrations of silver nanoparticles on
hemolymph of B. mori subjected to oral feeding from day 3 to day 5 of fifth-
instar larvae. It represents the hemolymph protein profile in 10% SDS-PAGE
stained with coomassie blue from day 4 of fifth-instar larvae till pupation. Each
lane was loaded with 30ug of protein extracted from hemolymph.
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Figure 9A: Represents the hemolymph protein profile of pupae in 10%
SDS-PAGE stained with coomassie blue from day 1 to day 3. Each lane was
loaded with 30ug of protein extracted from hemolymph.
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Figure 9B: Represents the hemolymph protein profile of pupae in 10%
SDS-PAGE stained with coomassie blue from day 4 to day 6. Each lane was
loaded with 30ug of protein extracted from hemolymph.

Surprisingly the day 5 the banding pattern was visualized clearly in
all the concentrations with the over expression of 70 kDa (SP1 and
SP2) and 30 kDa proteins. Interestingly, during the protein profile of
hemolymph a band ranging 20 kDa was observed in treated samples of
pupal hemolymph, which was observed only in treated samples. The
band was sliced and subjected to MALDI analysis, which expressed
only in the experimental samples. The data obtained was alleviated
through MASCOT analysis to validate the novel peptide based on
the mass/charge (m/z) values obtained through peaks calibrated
in the MALDI analysis (Table 3). Amusingly the short peptide
sequences obtained through mascot analysis revealed the presence of
Glutathione-S-transferase subunits (Figure 10).

Discussion

Silver nanoparticles (AgNps) are being extensively studied

because of its smaller size and its superior activity. AgNps are basically
of two major types; chemically synthesized Silver nanoparticles
and biologically synthesized Silver nanoparticles. Quantum and
semiquantums are the best example of the chemically synthesized
nanoparticles. Biological silver nanoparticles are derived from sources
such as plants, bacteria, fungi and algae. Recently in sericulture, the
scientists are attempting to improve the silk production by using the
nanoparticles synthesized from mulberry leaves (M. alba), which
may be exploited to devise an artificial diet during the scarcity of leaf
production. Also the scientific community was very much interested
to study the physiological and biochemical impact of nanoparticles
on silkworm B. mori.

In the present work, we have attempted a detailed investigation
on the effects of silver nanoparticles in vitro. Such studies on toxic
effects of nanomaterials are very few and there is no clear guidelines
are available to quantify these effects. Silkworm B. mori was a perfect
and universally accepted model to evaluate the lethal toxic effects.
Hence the silver nanoparticles were synthesized by following the
standard Ag reduction through heating process. Surface Plasmon
Resonance (SPR) principle was responsible for the excitation of
silver nanoparticles when it was combined with biological extracts
[13]. From that it was very obvious that the maximum reduction
of Ag* ion into nanoform has taken place within 10 minutes of
incubation period. With the increase in temperature, the reaction
rate also got increased, where the color change (yellowish brown)
was observed within 5 minutes of incubation. In metal nanoparticles
such as in silver and gold, the conduction band and valence band lie
very close to each other in which electrons move freely. These free
electrons give rise to a Surface Plasmon Resonance (SPR) absorption
band [14], occurring due to the collective oscillation of electrons
of silver nano particles in resonance with the light wave. In UV-
Visible spectrophotometer, the beam interact with the sample which
emits continuous changing wavelength, when the frequency of the
field becomes resonant with the coherent electron motion; a strong
absorption will takes place, (energy is being transferred from the
incident light to the nanoparticles, which is the origin of the observed
color. The magnitude, peak, wavelength and the spectral bandwidth of
the Plasmon resonance associated with nanoparticles are dependent
on particle’s size, shape, and material composition, as well as the local
environment [15].

Terpenoids are believed to play an important role in the reduction
of ionic form to nano silver. Shankar [16] reported the biological
reduction of gold, from ionic form to nanoform (nanogold) using
geranium leaf extract, mediated by terpenoids in which the alcoholic
group of terpenoids was oxidized to carboxyl group and N-H group
were involved in the stabilization of nanoparticles. The leaf extract of
cashew was used in the silver nanoparticles synthesis, where water
soluble tannin was found to be responsible for the reduction and
stabilization of Ag" ion [17]. Bar [18] synthesized nanoparticles from
Jatropha curcas latex , where curcacyclines A & B and curcain act as
reducing and stabilizing agents in which particle size ranges from 20-
40nm. Apiin, a secondary metabolite present in the henna (air-dried
leaves) interacted with the silver nitrate and reduced the silver present
to nanoparticles [19]. FTIR analysis confirmed the involvement of
carbonyl group of terpenes involved in nanoparticles synthesis which
thereby imparts the negative charge and acted as stabilizing agent in
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Table 3: MALDI MS peaks cured by MASCOT and searched sequences.

Start-End Observed Mr (expt) Mr (calc) Delta Miss Sequence Similarity hits obtained through BLAST

393-399 = 809.7160 | 8087087 | 808.3861 = 0.3226 1 R.MKSNSSR.G Chain A, Glutathione S-Transferase Unclassified 2 from
Bombyx mori

435-443 12409150 | 1239.5594 = 1239.9077 = 0.3483 | 0 R.MWYEQLQDK.L Chain A, Glutathione S-Transferase Undlassified 2 from
Bombyx mori

452-464 1537.1610 1536.1537 1535.8056 0.3482 1 R.AALDQLRQEHVEK.L Chain A, Crystal Structure of Glutathione S-Transferase

475-483 1179.8990 1178.8917 1179.5488 -0.657 1 R.QRQMQMAQK.L Glutathione S-Transferase

477-488 1541.2060 1540.1987 1539.7207 0.4780 1 R.QMQMAQKLDIMR.K Glutathione S-Transferase

g
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Figure 10: MALDI peaks of the 20 kDa ranging protein expressed in the
hemolymph of nanoparticles treated insect protein samples.

Tansy fruit (T. vulgare) [20]. Philip [21] produced silver nanoparticles
from Hibiscus rosasinensis, in which the carboxylate (COO-) group
of terpenoids played a key role in stabilizing the nanoparticles was
confirmed through FTIR. Prathna [13] predicted that in addition to
ascorbic acid and citric acid in lemon juice, phenolic compounds in
the form of glycosides quercetin responsible for the reduction.

Smitha [22] synthesized gold nanoparticles using Cinnamonum
seylanicum leaf extract as reducing agent and they proposed that the
important secondary metabolites such as eugenol, chinnamaldehyde
and tannin presentin the extracthelpsin the reduction and stabilization
of silver nanoparticles. It has been already reported that mulberry was
rich in polyphenolic compounds especially tannin content, (one of
the major and important secondary metabolite) which might have
played a crucial role in the reduction and stabilization of the silver
nanoparticles synthesized in the present study.

These results suggested that silver nanoparticles synthesized using
mulberry leaf extract were surrounded by some secondary metabolites
which have functional groups like amines, alcohols, aldehydes
and carboxylic acids. The observed peaks were characteristics of
polyphenolic compounds which were very abundant in mulberry
leaves. From the FTIR analysis of the mulberry leaf extract and silver
nanoparticles, it was clear that they were reduced to nano silver and
being encapsulated by secondary metabolites, which was contrast
to the silver nanoparticles synthesized using Trichoderma viridae

[23], E. coli, Magnolia kobus [24] where the size of the particles
decreased with increase in temperature. Initially with the increase in
temperature, the reaction rate too was maximum; hence the enormous
amount of small sized particles might have been formed, after that
the nanoparticles may have chance to aggregate, (when aggregated)
which reflects in increased size. Kim [25] reported that the optical
absorption spectra of metal nanoparticles with longer wavelengths
correspond to increase in particle size. Wu [26] assumed and reported
that with the increase in intensity of absorbance band, i.e UV spectra
slightly shifted from 423 to 435 leads to increase in size distribution.
In the present study too, size variation may be due to the largely
synthesized nanoparticles got agglomerated which gives maximum
Plasmon absorption from 407 nm to 422 nm. The obtained results
were consistent with above and earlier reports on silver nanoparticles
synthesized using banana peel extract and Trichoderma viridae.

Legay [11] stated that silk production is dependent on the larval
nutrition and nutritive value of mulberry leaves plays a very effective
role in producing good quality cocoons (Akhtar and Asghar [27]
found that vitamins and mineral salts played an important role in the
nutrition of silkworm. The effect of vitamin supplementation on the
growth of B. mori has been investigated by many researchers [8,28-
31]. Seki and Oshikane [32] observed better growth and development
of silkworm larvae as well as good quality cocoons when fed on
nutritionally enriched leaves. Silkworm obtains its entire nutritional
requirement from mulberry leaves because this insect is monophagous
and can complete the life cycle on mulberry leaves exclusively. The
quality of mulberry leaves plays an important role in the success of
the sericulture industry and directs its economics [33], and hence
much effort and research have been carried out to improve the quality
and quantity of mulberry-leaf production for silkworm rearing and
then cocoon production. Also he reported that varietal improvement
of mulberry through breeding not only gives superior leaf yield for
feeding the B .mori but also better raw silk and its adaptability to
climatic conditions and resistance against diseases. Treatments of
B. mori larvae with propolis extracts (a honeybee product) yielded
heavier cocoons and cocoon shells, a higher silk content, and females
laid more eggs than controls [34]. In B. mori GST is common but in
our study this criteria was expressed to rescue the insects from the
oxidative stress induced by the silver nanoparticles.

Oxidative stress is an important factor in nanoparticle-induced
toxicity [35]. GSH levels have been observed to increase in various
cells and animal tissues exposed to oxidative stress-inducing
xenobiotics including nanoparticles [36]. The increase in GSH levels
is in agreement with previous studies addressing the effect of oxidative
stress on induction of GSH-synthesizing enzymes [37]. It has been
reported that many organisms over expressed GSTs on exposure to
oxidative stress inducing chemicals [38]. C. elegans exposed to PQ
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exhibited 40-fold increases in the steady-state mRNA level expressions
of GST genes [39]. In a previous report, several D. melanogaster GSTs
were observed to participate in defense mechanisms against oxidative
stress [40].

Conclusion

We have synthesized biological silver nanoparticles using aqueous
extracts of mulberry, Morus alba leaves to evaluate the candidate drug
toxicity through its feed. Elemental silver obtained was characterized
using spectroscopy and microscopy, to emphasize the efficacy of
nanoparticles production by Morus alba. Treatment bias of silver
nanoparticles to Bombyx mori larvae elucidated the physiological
traits. Toxicity assessment created by silver nanoparticles with the
comparative efficacy of graded doses of silver nanoparticles. The
protein profile of silkworm hemolymph in revealed the occurrence of
stress in response to silver nanoparticles treatment also expressed the
GST protein in reflection to the stress created by AgNps.
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