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ABSTRACT

Rapid progress and early acceptance of nanobiotechnology leads many harmful effects on all creatures. One of the crucial steps
before developing any such technology is to test for any harmful effects of these nano sized objects on the general behavior and
mortality of organisms. In the present investigation, Silver nanoparticles were bio-synthesized and examined for toxic effects on the
general behavior, activities and mortality of Eukaryotic system (Culex mosquito larva). A.nigar fungus was used for bio-synthesis the
nanoparticles and the Characterizations showed that average size of nanoparticles was 70 nm with heterogeneous dispersion and
cubic crystal structure. For the toxicity testing, nanoparticles were added in different concentrations (5, 20, 35 and 50 mg/L) to
larva's natural habitat (stagnant water) and were observed for the mortality and activity levels of different behaviors of larvae and
pupae that were previously observed in control namely: light block alarm response; disturbance response; feeding activity and
overall movements. For the mathematical representation of behavior, continuously decreasing scores were assigned for subsequent
week behavior compared to control. There were three larvae taken in triplicate setup and observations were conducted after every
3 hours for 2 days. Silver nanoparticles showed toxic effects on mortality and behavior of Culex mosquito larvae in dose and time
dependent manner while pupae were unaffected from nanoparticles. The pattern of changes in all behavioral activities seems in
same way. On the 5 mg/L shows only highly alterations but no lethal effects whereas, in 20 mg/L remarkable alteration found but it
did not cause death when compared to control. Remaining both concentrations (35 and 50 mg/L) showed a steep fall in the

prepared graph of all activities that was more lethal from other groups which lead to death.
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INTRODUCTION

he field of nanotechnology is one of the most active

areas of research in modern materials science.

Nanoparticles have silently crept everywhere into
our lives, and soon are about to get inside our bodies and
brains too, for repairing damaged cells or targeting
medicine or transmitting signals for imaging and
interfacing with machines. Despite the rapid progress and
early acceptance of nanobiotechnology, the potential
effects of their widespread use in the consumer and
industrial products are just beginning to emerge 2 and
the environmental impact of nanomaterials is expected to
increase substantially in the future. Whatever be the way
one of the crucial steps before developing any such
technology is to test for any harmful effects. These nano
sized objects might have on the general activity, behavior
and mortality of organisms. To address the same issue we
used mosquito (Culexspecies) larvae as an experimental
organism, and for the first step we tested biosynthetically
prepared silver nanoparticles on them.

Silver nanoparticles are the crystalline aggregates of silver
atoms in the size range of 1 to 100 nanometers. There are
many methods available for synthesis of Silver
nanoparticles but Bio-route synthesis have many
advantages such as such as eco-friendly, easy procedural,
easy controlled economic viability, and no need to use
high pressure, energy, temperature and toxic chemicals in
synthesis protocol. Silver nanoparticles have found
tremendous applications in the field of high sensitivity bio

molecular detection and diagnostics, antimicrobials and
therapeutics, Catalysis and micro-electronics.>”

In spite of the wide usage of Ag-np there are very few
reports on the toxicity of silver nanoparticles are
available.*® Reported studies showed the toxicity and
bioaccumulation of nanoparticles in prokaryotic system
and eukaryotic cell lines which leads to high mortality
rate. The potential for adverse health effects due to
prolonged exposure at various concentration levels in
living organisms and their behavior has not yet been
established. So, experimental analysis needs to be
conducted on higher organisms using different
concentrations of nano-dimension materials so as to get a
database of toxic and nontoxic nano-materials and safe
concentration for potential use in biological applications.

There were many studied on prokaryotes and very few on
eukaryotic cell lines already conducted for determination
of biological activity and toxicity of Silver
nanoparticles.’®* But in the present study, we explore
the effects of biogenic silver nanoparticles on mortality
and general activities and behavior of Culex larvae. As
need of study on eukaryotes Culex sp. Larvae was taken
as modal organism in this study to test the dose
dependent toxic effect of Silver nanoparticles. Culex is a
higher organism and can be found easily in India. Its
larvae can also be classified from other species easily by
simple microscopic investigation of morphological
specifications. No more studies on effects of silver
nanoparticles on insect’s life and behavior have been
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carried out although a few studies on effect of some
parameters on mosquito larvae have been done.™"’
Biogenic silver nanoparticles were prepared by the use of
Aspergillusnigar fungal extract because A. nigar is an easy
and fast growing microorganism.

MATERIALS AND METHODS
Sample collection

A.nigar fungal strain (MTCC 10180) was obtained from
microbial type culture collection and gene bank in
IMTECH Chandigarh,and cultured in Research and
development laboratory, Nanobeach, New Delhi.
Mosquito samples were collected from stagnant water in
campus ofNanobeach, New Delhi.

Preparation of Fungal Extract

Fungalstrain was spread on patryplates filled with PDA
medium and incubated for 5 days on 37°C. After the
significant growth of fungi, the fungi material was
scratched out from plates using specula. 10 gm wet
biomass was mixed in the 100 ml MQ water taken in
conical flask. This mixing was done on rotating shaker at
150 rpm for 24 hours at 25 °C. After this mixing we
filtered it by using ordinary filter paper. Again the solution
was filtered using whatman filter paper. The obtained
solution is desired fungi extract.

Synthesis of Silver Nanoparticles

2 mM silver nitrate (AgNOs) solution was prepared. The
process of weighing AgNO3 and then dissolution was
done in dark. In a typical biosynthesis production scheme
of silver nanoparticles, 100 ml of fungal extract was mixed
with 300 ml silver nitrate solution and shake on rotating
shaker for 3 days at 28°C. 2 ml of mixture volume was
taken periodically for UV-Vis Spectroscopic inspection of
nanoparticle synthesis. In this process silver nanoparticles
were produced through reduction of the silver ions to
metallic silver. After the shaking for 3 days, mixture was
centrifuged at 12000 rpm for 15 min at 25°C. Obtained
palette was triple washed with MQ water by
centrifugation. Palette of Pure nanoparticles was dried by
vacuumed drier and then crushed to get in powder form.

Characterization of nanoparticles

The reduction of silver ions was routinely monitored by
visual inspection of the solution as well as by measuring
the UV-Visible spectra of the solution by periodic
sampling of aliquots (2 mL) of the agueous component.
The UV-Vis spectroscopy measurements were recorded
on a Shimadzu dualbeam spectrophotometer (model UV-
2450). An X-Ray Diffraction (XRD) spectrum is taken by
X'Pert Pro x-ray diffractometer (PAN alytical BV, The
Netherlands)operated at a voltage of 40 kV and a current
of 30 mA with Cu Ka radiation in a 6- 2 0
configuration.The nanoparticle films were formed on
carbon coated copper grids (40 pmx 40 pummesh size),
Atomic Force Microscopy (AFM) images of the film were
scanned on nanosurf.
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Experimental design to examine the behavioral toxicity
The observation was recorded on the basis of 4 behaviors

i. Light block alarm response: an artificial light source
was switched on 10 minutes before every
observation so that the larvae gets acclimatized and
switched off for every observation. Repeated
stimulation produces “stimulus satiation”. So as to
avoid this, enough large time period of three hour
between each observation was taken.

ii. Disturbance alarm response: container is disturbed a
little for observation of activities.

iii. Feeding movement

iv. Overall movement (including thrashing and filtering
movements).

For observation for each behavior, 5 containers
containing 50 ml stagnant water (pH 6.8) mixed with
different concentrations of Ag Nanoparticles: control
without Silver nanoparticles; 5, 20, 35 and 50 mg/L Ag
nanoparticles respectively. Prepared nanoparticles were
precisely weighed and appropriately mixed with stagnant
water in all containers. 3 Culex larvae and 1 pupa were
placed in each container which was covered with filter
paper so as to ensure that air could pass. The above setup
was triplicated for consistency of the results (total 9
larvae and 3 pupas in all three containers of one set). The
organisms under experimental setup were observed
regularly with an interval of 3 hours between every
observation for 48 hours.

The amount of behavioral activity observed based on the
overall response and movement ability. Behavioral
activity was divided on a qualitative basis into 5 levels and
assigned score as follows:

Highly active (score = 4)

As observed generally in the larvae with showing all the 4
different types of behavior as in natural or control
conditions. The score assigned for larva was 4.

Relatively less active (score = 3)

The different types of movements were observable but
the velocity and frequency of activity was reduced. The
score assigned for larva was 3.

Extremely less active (score = 2)

The movement becomes retarded the larvae could still
browse but the typical thrashing activity is completely
lost. The larvae tend to remain suspended form the
surface. And could come back to surface when forcefully
sunk to bottom but the time period of retrieval exceeded
the normal limit and even reach up to 85 seconds. The
score assigned for larva was 2.

Nearly dead/No activity (score = 1)

No type of movement observable, larvae remained in
resting state when forcefully sunk to the bottom the
larvae were unable to come up and eventually died due
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to lack of oxygen. Larvae in this stage when observed
under microscope showed active respiratory pulsation in
the longitudinal trunk meaning the larvae were still alive
but there was severe retardation of movement. The score
assigned for larva was 1.

Dead (score = 0)

Bodies floating at the surface inverted or tilted sideways,
or settled to bottom. The score assigned for larva was 0.

For each type of four behaviors, each larva was assigned
with corresponding activity level score (4, 3, 2, 1 or
0).Scores obtained for all 9 larvae in three containers of a
set were added to form a mathematical representation in
data table of behavioral observation. Data tables of
behavioral observation were prepared with all
mathematical score values of behavior obtained by larval
group in stress condition provided by deferent
concentration of Silver nanoparticles. The comparative
dose dependent effect of silver nanoparticles could be
seen by derived graphical plots by the use of
mathematical values of behavior in prepared data tables.
Total number of dead larva in timeline of observation was
placed in a Quantitative data table for total mortality and
a graph plot for total mortality was also prepared from
the mathematical data of total mortality table.

RESULTS AND DISCUSSION
Confirmation of Culex Species

Selection and identification of Culex Species from
collected Mosquito samples was done in research and
development laboratory, Nanobeach, New Delhi. The
microscopic picture of Culex Larvae is showed in Figure 1.

Figure 1: Culex larvae under microscope

Characterizations of Silver nanoparticles
Visual inspection of synthesis of Silver nanoparticles

The appearance of yellowish brown color clearly indicates
the formation of silver nanoparticles in the
biosynthesis.ls’19 The characteristics brown color of
colloidal silver solution is due to the excitation of surface

ISSN 0976 — 044X

Plasmon vibrations in the nanoparticle and provides a
convenient spectroscopic signature of their formation.”*#

UV-Vis Spectra analysis of Ag nanoparticles

It is well known that colloidal dispersions of metallic
nanoparticles exhibit absorption bands in the UV-vis
region, due to collective excitations of the free electrons
(surface Plasmon band).”> The formation of Ag
nanoparticles can be analyzed easily by periodic
observation with UV-Vis spectroscopy.” Figure 2 shows
the UV-Vis spectra recorded from the three periodic
sampling. The Peak is seen at around 422 nm, suggesting
the synthesis of silver nanoparticles.?* Broadening of peak
indicated fairness in the mono dispersion of particles.z“lt
was observed that the silver nanoparticles of silver were
stable for 6 month and onward with no aggregation.
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Figure 2: UV-Vis spectra recorded at various times (A: 24
hours, B: 48hours, C: 72 hours resp) after the start of the
reaction of 300 ml of 2 mM AgNO3 solution with 100 ml
of A. nigar extract (aqueous).

XRD Analysis of Ag nanoparticles

Biosynthesized Silver nanoparticles by employing A. nigar
Fungal Extract were further confirmed by the
characteristic peaks observed in XRD spectra (Fig 3). The
XRD pattern showed intense peaks in a whole spectrum
of 20 value ranging from 20 to 80. The intense peaks
observed in the spectrum agree to the Braggs’s reflection
of Silver Nano crystals reported in literatures.”>* The
typical XRD pattern (Fig 3) suggests that the prepared
silver nanoparticles are biphasic (cubic and hexagonal
structure) in nature.?®?

AFM imaging and analysis

Further insight in the morphology and size details of the
silver nanoparticles was provided by AFM imaging of
sample. A representative AFM image recorded from the
silver nanoparticles is shown in Figure 4 A-B. The silver
nanoparticles were nearly spherical in shape. All the
nanoparticles are well separated and no agglomeration
was noticed. The average size of silver nanoparticles has
been obtained as 70 nm From the AFM micrograph.*
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Effect of Silver nanoparticles on activity and behavior of
mosquito larvae

The Data observed clearly indicates that the larval activity
was severely reduced in dose and time dependent
manner. Mortality was also increases with time of
exposure and concentration of Nanosilver while no
reduction in activity of larvae under control conditions
was seen in any behavioral observation and mortality.

ISSN 0976 — 044X

Similarly no reduction in the activity of pupae was
observed. Toxicity on all Groups was as shown. Table 1
shows data table of different behavioral observations
prepared by all mathematical values of behavior obtained
by larval group in stress condition provided by deferent
concentration of Silver nanoparticles. Graphical plots in
Figure 5 A-D show comparative graphical representation
of alternation in behavior of larvae.
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Figure 3: X-ray diffraction pattern of the silver nanoparticles. Silver nanoparticles were synthesized by reaction of 300 ml
of 2 mM AgNO3 solution with 100 ml of aqueous extract of A. nigar.
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Figure 4: A. AFM inset image of as prepared silver nanoparticles; B. AFM topographical image of silver nanoparticles.

Control

All larvae seemed healthy and active for all time of
observation (2 days). Change in activity of any larvae
under control conditions in any behavioral observation
was non-significant. Similarly, Mortality level also was null
for larval system in control condition. No reduction in the
activity of pupae was observed.

5 mg/L concentrative stress

On the concentration of 5 mg/L of silver nanoparticles,
larvae show same pattern of change in all four behavioral
activities with the reference of time. Larvae shows no
serious alternation in behavior for half of observation
time but High alterations in all activities took place in
other half at this low stress condition.No serious lethal
effects were seen within observation time. Pupae were

observed with no reduction in any activity with null
mortality. Overall low toxicity could be seen at this low
concentration stress.

20mg/L concentrative stress

On this condition more significant alterations of
decrement in all four behavioral activities were found
with the reference of time but it did not cause significant
level of mortality when compare to control. Pupa was
normal as control.

35mg/L concentrative stress

As the other concentrations, larvae show same pattern of
change in all four behavioral activities with the reference
of time on this relatively higher concentrative stress. Fast
decrement in behavioral activities was seemed with
comparatively high level of mortality. No reduction in the

®

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

116



Int. J. Pharm. Sci. Rev. Res., 21(2), Jul — Aug 2013; n° 20, 113-119

activity of pupae was observed when compared to

control.

50mg/L concentrative stress

A steep fall in the prepared graph of all activities could be
seen at this high concentrative stress. This concentration

ISSN 0976 — 044X

showed more lethal effects from other groups which lead
to death. Most of larva died very early of observation
time. This high concentration showed highest degree of
toxicity. As the other concentrative stress, Pupae were
not affected.
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Figure 5: Dose and time dependent effect of biosynthetic silver nanoparticles on Culex sp. larval acivity and behavior A.
light block alarm Response; B. disturbance alarm Response; C. feeding activity; D. overall movement.

Table 1: Prepared data table and mathematical representation of different behaviors under different concentrative

stress.
Concentration Time (Hr.)
Activity o Ag_
Nanoparticles 0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48
(mg/L)

0 (control) 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36
light block 5 3 36 36 32 30 30 29 28 27 24 22 20 17 16 16 13 12
alarm 20 36 36 3 30 27 27 23 20 16 14 12 12 8 8 7 5 4
Response 35 36 36 30 27 21 18 18 15 14 13 10 8 7 3 1 0 0
50 36 36 27 15 14 10 6 4 3 3 1 1 0 0 0 0
0 (control) 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36
A 5 3 36 36 34 32 30 27 27 27 24 23 22 20 18 16 16 16
alarm 20 36 36 32 2vr 27 27 25 23 20 18 17 17 15 12 10 7 4
Response 35 36 36 30 27 27 21 18 17 16 15 14 10 9 5 1 0 0
50 36 36 27 15 14 14 10 8 6 4 2 1 0 0 0 0
0 (control) 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36
) 5 36 36 34 32 29 27 27 24 25 20 19 18 18 14 13 8 8
i‘iﬂ/‘ﬂg 20 36 36 30 24 24 23 20 18 13 10 9 9 8 5 4
35 36 36 27 20 18 18 15 11 8 7 7 7 7 3 1 0 0
50 36 36 23 8 7 7 6 4 3 3 1 1 0 0 0 0
0 (control) 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36
5 36 36 34 30 30 27 27 25 25 23 21 21 20 20 19 16 16
mg\‘;::sgnt 20 3 33 30 27 27 25 23 21 20 18 16 12 10 9 7 5 4
35 36 32 29 24 23 18 17 15 14 13 13 7 7 3 1 0 0
50 36 30 27 14 13 11 6 4 3 3 1 1 0 0 0 0
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Table 2: Quantitative data tables of total mortality

Time (hr) Control
0 0
3
6
9
12
15
18
21
24
27
30
33
36
39
42
45

5 mg/L

O O O O O O O O O O o o o o o
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Effect of Silver nanoparticles on mortality of mosquito
larvae

The mortality of larvae of groups (control, 5, 20, 35 and
50 mg/L concentrative stress groups) were continue
increased on dose and time dependent manner. At the
high concentrations (35 and 50 mg/L) of nanoparticles,
lethal effects on larvae were observed. All larvae were
dead in observation time on these high concentrative
stresses. Larvae showed very less mortality on low
concentrative stress (5 mg/L) where as at the
concentration of 20 mg/L, mortality was higher than 5
mg/L but maximum of larvae remained live after
observation time (Figure 6, Table 2). The low
concentrations (5 and 20 mg/L) seem safe in the regard of
mortality but serous negative effects on general activity
and behavior could be seen.

The larvae did not die due to starvation caused by
reduction in the microorganism population as a response
to increase in the Nano Ag concentration in water, as it
was previously observed that the larvae could remain
alive under starvation for even 4 days. Also the larvae did
not die due to changes in pH as the pH of the setup was
observed to be between the optimal pH of larval growth
i.e between 6.5 to 8.5 pH for all the time of observation.

As the pupa showed no reduction in the activity in any
concentrative stress condition, we could conclude that
the larvae did not die due to choking of spiracles by
nanoparticles, rather the activity reduction in the larvae
could be due to ingestion of nanoparticles, as the pupa is
a non-feeding yet respiring stage. It was clearly
observable that the mainly movement was severely
obstructed hence we could hypothise that the muscular
system was affected directly or indirectly because of
nanoparticle ingestion hence the larvae were unable to

20 mg/L 35 mg/L 50 mg/L
0 0 0

o o O DM WWNNRNIRRLRO O O
© ©® N o o ol oA B~ WNNRER OO
© © © © O N O o Ul U~ DN WN O

keep themselves near the surface and died due to lack of
oxygen.

The major reduction was on the bodily movements,
mainly the thrashing/wriggling activity of larvae was lost
early, other cognitive functions still remained intact until
the movement was completely obstructed and larvae
were unable to show any response.

Overall, at low concentrations around 5 mg/L only the
activity of the larvae was reduced, but death could not
occur even when kept in the same conditions regularly for
8 days. At higher concentrations (at and above 35 mg/L)
the larvae died.

10 ~
8 4
—control
26 -
= Smg/L
t
g 4 20mg/L
2 - —35mg/L
0 L £« : : : - ——50mg/L
0 10 20 30 40 50
Time (hrs)
Figure 6: Total mortality of larvae on different

concentrations of Silver nanoparticles.
CONCLUSION

Spherical Silver nanoparticles of 70 nm were biologically
synthesized by aqueous extract of A. nigar fungi. Silver
nanoparticles showed toxic effects on Culex mosquito
larvae and its behavior in dose and time dependent
manner.
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