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Abstract: To combat mosquito population, advancement of new and eco-friendly approach is
of great importance. In this perspective, photosensitivity of nanopesticides might be used as an
effective control agent with a low impact on the environment. The aim of this study was to
determine optimum photosensitive conditions viz. fluorescent light, dark and UV rays to
nanoencapsulated Temephos and Cuscuta reflexa combination on mosquito larvae, Anopheles
stephensi and Culex quinquefasciatus. The results showed that the fluorescent (visible) light
and UV- 1 hr treatment of nanoparticles on the larval stages were most effective against both
mosquitoes. Size characterization shows that nanoparticles were in range of 100 to 300 nm.
The data reveals that photosensitization of nanopesticides is not species specific. Thus, the
nanoencapsulated combination would be an effective approach in mosquito management at
these environmental conditions.
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INTRODUCTION

Environmental factors pose emerging environmental health challenges throughout the world.
One of such environmental threats could be found on the toxicity of pesticides. This approach
can be an alternative vector management tool, which will be less hazardous to humans, non-
target animals and the environment. Various potential changes on the toxicity of pesticides
were observed during exposure profile of agricultural pesticides as one of consequences of
climate change (Boxall et al. 2009)*. Certain environmental factors like ultraviolet (UV) light
were found to increase the toxicity of certain environmental contaminants such as polycyclic
aromatic hydrocarbons (PAHs) by a couple of orders of magnitude (Oris and Giesy 1985)°.

The development of photoactive compounds as effective pesticides has gained rehabilitated
vigor. The explosure of sunlight-activated compounds for insect control were first done by
Barbieri (1928)%, who evaluated some xanthene derivatives against Anopheles and Aedes larvae.
Various workers have reported that near-UV or visible light absorbing dyes belonging to
different categories of organic compounds possessed a photopesticidal effect against a few
insects (Ben Amor & Jori 2000a)*. Exposure of certain porphyrin-type compounds shows
sensitivity to light were evaluated against several insects, Ceratitis captitata, Bactrocera oleae,
Stomoxys calcitrans, Colpoda inflate by Ben Amor et al. (1998)°; Ben Amor et al. (2000)°; Kasab
et al. (2002)”. The application of porphyrins as photopesticides has been proposed by Rebeiz et
al. (1987)%. The halogenated xanthenes were considered to be the most effective among the
various photoactive dyes against insects (Heitz 1995)°. Generally, the photosensitive
compounds are characterized by a low environmental impact and negligible toxicological risk on
KdzYl yax LI Fyda 2N | y'RMéatcamuldtipnds] piblodstiieconpaundl £ @  H N
within the insect body and following exposition to visible light induces damage of its cuticle,
Malpighian tubes, midgut wall, followed by feeding inhibition and eventual death (Ben Amor et
al. 1998)°. Several workers initiated the effect of photosensitizer at the cellular level, most of
them are able to induce apoptotic cell death which by no means is more acceptable than
YSONRGAO 0] '8zEddeh Sy &. (2@0%)'h sFwtber, the activity of photoactive
compounds as pesticides depends also on feeding intensity and ingestion of the dye by a target
insect (Laviallle & Dumortier (1978)%; Mangan & Moreno 2001)'. In water, environmental
parameters such as temperature, precipitation, pH, salinity, and UV light irradiation are being
altered as consequences of global climate change. Light plays an important role in the
behaviour of pesticides in the environment. These environmental parameters are important as
they might interact with toxicants and could affect the dose response relationship of the
compounds.
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The present investigation was carried out to evaluate the effects of fluorescent light, dark and
UV-rays on the biological effectiveness of to nanoencapsulated Temephos and C. reflexa
combination on mosquito larvae under laboratory conditions.

MATERIALS AND METHODS
Materials

Temephos were obtained from district malaria office, Agra. C. reflexa (stems) were collected
from different availability areas of Agra. Polyethylene glycol 6000 (Merck). The deionized water
and all other reagents used were commercially available and were of analytical grade.

Rearing of Mosquitoes

The mosquito vectors, An. stephensi and Cx. quinquefasciatus were reared in the laboratory,

maintained continuously at 27+2 C and 70-80% relative humidity under a photoperiod of 14:10

h (light/dark) without exposure to pathogens or insecticides. The larvae were fed with

L2 RSNER O0ONBgSNNRa &Straid yR 6SNB O2yiAydz2 dza
experiments.

Preparation of Phytoextract

The collected stems were washed in running tap water and dried in the shade. The dried stems
were crushed mechanically and subjected to extraction with petroleum ether in a soxhlet
apparatus for 72 hrs. Extract was obtained by vaccum rotatory evaporator which removes the
solvent. The remaining extract obtained as thick viscous paste was completely evaporated to
dryness at room temperature and kept at 4 °C until further use.

Preparation of encapsulated nanopesticides combination

The encapsulation of nanopesticides combination in PEG was conducted by using melt-
dispersion method (Peng et al. 2008)*. PEG of about 46.0 g was heated at 65 2C until it melted
completely. To this melted part 4 g of nanopesticides combination of Temephos and C. reflexa
(1:1) were added to obtain nanopesticide. The mixed were stirred gently with glass rod to
ensure even distribution and allowed to cool at room temperature. The solidified mixture were
then grounded completely in a mortar and sieved using a 200 mesh sieve. Finally, the
nanopesticides were then placed in airtight, self-sealable polyethylene pouches and stored at
25 2C in desiccators containing calcium chloride to avoid moisture absorption prior to further
experiments (Figure 1).
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Figure 1 Synthesized encapsulated nanopesticide A) In a airtight vial B) Encapsulated
nanopesticide on the paper.

Photosensitization of the encapsulated nanopesticide combination

Bioassay experiments were carried out to evaluate the effects of Fluroscent light, UV-light (1, 2
and 4 hrs) and dark on the biological effectiveness of nanoencapsulated Temephos and C.
reflexa combination applied to larval stages of both mosquitoes.

Effect of UV-rays

To evaluate the effect of UV- rays on the nanopesticides in their aqueous preparations. The
stock solutions of 1000 mg/L were prepared by diluting NPs was in a 50 mL beaker containing
deionized water. Twenty, 3™ instar larvae, An. stephensi and Cx. quinquefasciatus were
collected separately and placed in a 250 mL beaker with 200 mL of water and then transferred
gently to different working test concentrations with a control individually. A control (blank)
sample was used with the same nanoparticle composition and larvae number, however, with
no pesticide loading present. All experiments were arranged in triplicates and a small aliquot of
yeast powder was supplied for nutrition. Uncovered beakers containing the nanopesticides
were exposed to UVCrays from an Ultraviolet lamp at a distance of 10 cm for 1, 2 and 4 hrs. 20
larvae were added to each beaker. Mortality counts were recorded after 24, 48 and 72 hrs of
treatment. The larvae were considered dead if they were immobile and unable to reach the
water surface (Macedo et al. 1997)*.
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Effect of fluorescent light and darkness

The Fluorescent light and darkness on the efficiency of the tested nanopesticides were studied.
The experiments were conducted with the same procedure as depicted above. Two sets of
experiments in triplicates were prepared, one was stored in complete darkness and the other
set in fluorescent light. Mortality counts were recorded after 24, 48 and 72 hrs of treatment.

Data analysis

The mortality data after 24, 48 and 72 hrs of exposure period for were recorded and analyzed

by using probit analysis (Finney 1971)17. The experiments with more than 20% mortality in

control were discarded and pupae formed were discarded and repeated again. If the control

mortality ranged between 5-H /E> 2 G KS Y2NIFf AGe@ REFGI gSNBE O2
formula (Abbot 1925)* so as to remove the factors other than the nanopesticides. The lethal
concentrations, LCsp and LCqo values with other statistical values were determined at 95%

fiducial confidence intervals along with relative toxicity and chi-square in each bioassay to

assess the significance and measure difference between the test samples.

Characterisation of nanoparticles
Transmission Electron Microscopy

For Transmission Electron Microscopy (TEM) studies, a small amount of nanoformulation was
dissolved in deionised water and filtered through millipore filter. A drop of this solution was
sputter coated on a copper grid and allowed to dry in vaccum and the micrographs obtained
were studied. The micrographs were obtained using Philips Morgagni (M-268).

Particle size and distribution

The size of the nanoparticles was analyzed with the Nanozetasizer (Malvern). The sample was
diluted with deionised water by adding 0.05 g in 50 mL and filtered through millipore filter to
avoid any contamination. The sample measurement was performed in triplicate.

RESULTS
Characterization of nanoparticles

The size of the nanoformulation was 129.5 nm and its size distribution has been showed in
Figure 2. The TEM analyses of the nanoparticles showed that the nanoparticle predominates
with spherical shapes, mostly aggregated and having average size of 100-300 nm (Figure 3).
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Figure 2 The particle size distribution histogram for polyethylene glycol (PEG) loaded
nanoencapsulated Temephos and C. reflexa combination.

Figure 3 The TEM micrograph for polyethylene glycol (PEG) loaded nanoencapsulated
Temephos and C. reflexa combination.
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Effect of photosensitization on the efficacy of encapsulated nanopesticide combination

Effect of UV-rays

The UV-1 treated concentration affected with the amount of nanopesticide released at LCsg
0.00024, 0.00011 and 0.00009 mg/L and LCgy0.0015, 0.00084 and 0.00043 mg/L after 24, 48
and 72 hrs.

Table 1 Photosensitization of the encapsulated nanopesticide LCsoand LCgo against
anopheline larvae under different photo period conditions

Light Exposu  Chi- Regression LCsotSE Ammount of Relative LCgotSE Ammount Relative
re square  equation (UL-LL) larvicide toxicity (UL-LL) of larvicide toxicity
Period (mg/L) released (with (mg/L) released (with
(hrs) (mg/L) at respect of (mg/L) at respect of
LCso exposure LCso exposure
period) period)
Fluoresce 24 8.445 1.994+8.399 0.0019+0.0004 0.00015 4.053 0.0086+0.0036 0.00069 7.651
nt (0.0028-0.0011) (0.0158-0.0015)
(Visible) 48 2.513 3.604x+12.0 0.0010+0.0002 0.00008 5.5 0.0025%0.0004 0.0002 17.16
59 (0.0015-0.0007) (0.0034-0.0016)
72 0.549 4.735x+14.6 0.0009+0.0001 0.00007 5.333 0.0017+0.0002 0.00014 20.529
09 (0.0012-0.0006) (0.0023-0.0012)
Dark 24 3.028 1.374x+6.53 0.0077+0.0025 0.00061 1.00 0.0658+0.0326 0.0053 1.00
1 (0.0126-0.0027) (0.1297-0.0019)
48 1.814 1.441x+6.81 0.0055+0.0017 0.00044 1.00 0.0429+0.0215 0.0034 1.00
1 (0.0089-0.0021) (0.0851-0.0008)
72 2.377 1.491x+6.96 0.0048+0.0015 0.00038 1.00 0.0349+0.0176 0.0028 1.00
4 (0.0077-0.0019) (0.0693-0.0004)
UV-1hr. 24 3.213 1.592x+7.44 0.0028+0.0008 0.00024 2.75 0.0185+0.0091 0.0015 3.557
9 (0.0042-0.0012) (0.0363-0.0006)
48 0.541 1.477x+7.72 0.0014+0.0006 0.00011 3.928 0.0105+0.0049 0.00084 4.086
5 (0.0027-0.0001) (0.0203-0.0008)
72 0.292 1.971x+8.78 0.0012+0.0005 0.00009 4 0.0054+0.0018 0.00043 6.463
1 (0.0021-0.0003) (0.0090-0.0017)
UV-2hrs. 24 2.188 2.163x+8.13 0.0035+0.0008 0.00028 2.2 0.0139+0.0051 0.0011 4.734
5 (0.0051-0.0020) (0.0240-0.0038)
48 0.7605 2.521x+9.73 0.0013+0.0005 0.00014 4.231 0.0042+0.0011 0.00034 10.214
8 (0.0022-0.0004) (0.0064-0.0021)
72 0.006  4.635x+13.7  0.0013:0.0003  0.00014 3.692 0.0025:0.0005  0.0002 13.96
04 (0.0019-0.0007) (0.0035-0.0015)
UV-4hrs. 24 2.815 2.448x+8.29 0.0045+0.0008 0.00036 1.711 0.0150+0.0052 0.0012 4.387
7 (0.0062-0.0028) (0.0252-0.0048)
48 3.069 2.130x+8.03 0.0037+0.0008 0.00029 1.486 0.0149+0.0058 0.0011 2.879
9 (0.0054-0.0021) (0.0264-0.0035)
72 2.141 2.189x+8.47 0.0026+0.0006 0.00021 1.846 0.0099+0.0033 0.00079 3.525
7 (0.0039- (0.0164-0.0034)
0.0013)
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SE: Standard Error; UL: Upper Fiducial Limit; LL: Lower Fiducial Limit

The UV-2 treated concentration affected with the amount of nanopesticide released at LCsg
0.00028, 0.00014 and 0.00014 mg/L and LCy0.0011, 0.00034 and 0.0002 mg/L after 24, 48 and
72 hrs. The UV-4 treated concentration affected with the amount of nanopesticide released at
LCs00.00036, 0.0029 and 0.0021 mg/L and LCy0.0012, 0.0011 and 0.00079 mg/L after 24, 48
and 72 hrs against anopheline larvae (Table 1 and Figure 4, 5).

— 0.008 @ 24 hrs
?n 048 hrs
@ 72hrs

Lethal Concenrations

Flurescent Dark UV-1 hr UV-2 hrs UV-4 hrs
(Visible)

Different Photoperiod Conditions

Figure 4 Photosensitisation of the nanoencapsulated combination at LCso under different
photoperiod conditions against anopheline larvae.
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Figure 5 Photosensitisation of the nanoencapsulated combination at LCgo under different

photoperiod conditions against anopheline larvae.

The UV-1 treated concentration affected with LCsy0.0003, 0.00025 and 0.0002 mg/L and LCq
0.0017, 0.0015 and 0.0013 mg/L after 24, 48 and 72 hrs. The UV-2 treated concentration
affected with the amount of nanopesticide released at LCs00.00042, 0.00032 and 0.00026 mg/L
and LCy 0.0015, 0.0014 and 0.0007 mg/L after 24, 48 and 72 hrs. The UV-4 treated
concentration affected with the amount of nanopesticide released at LCs00.00043, 0.00039 and
0.00025 mg/L and LCyq90.0011, 0.0011 and 0.00082 mg/L after 24, 48 and 72 hrs against culicine
larvae (Table 2 and Figure 6, 7).

Table 2 Photosensitization of the encapsulated nanopesticide at LCso and LCqg against culicine

larvae under different photo period conditions

Light Exposure  Chi- Regression LCso+SE Ammount Relative LC90+SE Ammount  Relative
Period square equation (UL-LL) of toxicity (UL-LL) of toxicity
(hrs.) (mg/L) larvicide (with (mg/L) larvicide (with
released respect released respect of
(mg/L) at of (mg/L) at exposure
LCso exposure LCgo period)
period)
Fluorescent 24 3.506 1.404x+6.739  0.0057+0.0019 0.00046 13.017 0.047+0.0230 0.0047 10.042
(Visible) (0.0095-0.0019) (0.092-0.0021)
48 2.638 1.348x+6.812  0.0045+0.0016 0.00036 13.889 0.040+0.020 0.0032 9.656
(0.0076-0.0014) (0.080-0.0006)
72 0.336 1.926x+7.987  0.0028+0.0008 0.00022 18 0.0130+0.0051 0.0010 21.738
(0.0044-0.0012) (0.023-0.0030)
Dark 24 4.809 1.593x+5.206  0.074+0.024 0.0059 1.00 0.473+0.2387 0.0038 1.00
(0.120-0.028) (0.941-0.0050)
102
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48 3.777  1.611x+5.329  0.062+0.0200 0.005 1.00 0.390£0.1889  0.0312 1.00
(0.102-0.023) (0.760-0.019)

72 3.793  1.711x+5.509  0.050+0.016 0.0040 1.00 0.28310.1214  0.023 1.00
(0.081-0.019) (0.525-0.045)

UV-1hr. 24 0974  1.877 x+ 0.0044:0.0010  0.0003 16.863 0.021#0.0093  0.0017 22.206
7.542 (0.0065-0.0024) (0.039-0.0029)

48 0.591  1.655x+ 0.0031+0.0009  0.00025 20.161 0.01940.0088  0.0015 20.75
7.483 (0.0049-0.0013) (0.036-0.0014)

72 1.248  1.769x+7.963 0.0021+0.00073 0.00016 24 0.011#0.0044  0.0008 25.727
(0.0035- (0.019-0.0025)

0.00068)

UV-2hrs. 24 1.221  1.343x+6.209  0.0120.0044 0.0009 6.167 0.113+0.061 0.009 4.185
(0.021-0.0039) (0.234-0.0073)

48 1.101  1.465x+6.576 0.0084+0.0029  0.00067  7.381 0.063+0.031 0.009 6.190
(0.014-0.0028) (0.123-0.0023)

72 0.417  1.519x+6.994 0.0049+0.0017  0.00039 10.204 0.034£0.016 0.0027 8.323
(0.0082-0.0015) (0.065-0.0027)

UV-ahrs. 24 3.325  3.227x+9.086  0.0054+0.0008  0.00043 13.704 0.016£0.0035  0.0011 29.562
(0.0070-0.0038) (0.020-0.0066)

48 3.213  2.823x+8.689  0.0049+0.0008  0.00039 12.653 0.014%0.0042  0.0011 27.857
(0.0066-0.0033) (0.022-0.0058)

72 2.815  2.448x+8.297 0.0045:0.00084 0.00036  11.111 0.015+0.0051  0.0012 18.867

(0.0062-0.0028)

(0.025-0.0048)

SE: Standard Error; UL: Upper Fiducial Limit; LL: Lower Fiducial Limit

Effect of fluorescent light and darkness

Table 1 and 2 showed the effect of different light conditions on the bioefficacy of the
encapsulated nanopesticides against both larvae. The fluorescent (visible range) light affected
with the amount of nanopesticide released at LCs00.00015, 0.00008 and 0.00007 mg/L and LCqo
0.00069, 0.0002 and 0.00014 mg/L after 24, 48 and 72 hrs. The darkness affected with the
amount of nanopesticide released at LC500.00061, 0.00044 and 0.000038 mg/L and LCq 0.0053,
0.0034 and 0.0028 mg/L after 24, 48 and 72 hrs in case of anophline larvae.

The fluorescent (visible range) light affected with the amount of nanopesticide released at LCsg
0.00046, 0.00036 and 0.0002 mg/L and LCg00.0037, 0.0032 and 0.0010 mg/L after 24, 48 and 72
hrs. The darkness affected with the amount of nanopesticide released at LCs90.0059, 0.005 and
0.0040 mg/L and LCgq 0.038, 0.031 and 0.023 mg/L after 24, 48 and 72 hrs against culicine
larvae (Figures 4, 5, 6, 7).
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Figure 6 Photosensitisation of the nanoencapsulated combination at LC5o under different
photoperiod conditions against culicine larvae.
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Figure 7 Photosensitisation of the nanoencapsulated combination at LCyo under different
photoperiod conditions against culicine larvae.

DISCUSSION

The environmental conditions like fluorescent light, dark and UV-rays could alter the toxicity
profile of nanopesticides in mosquito larvae. The results revealed that when mosquito larvae
were exposed to visible light, significant acute toxicity was observed then in the dark
conditions. Furthermore, the nanopesticides exhibited acute toxicity on both mosquito larvae
after UV-1 hr exposure than 2 and 4 hrs exposures. The results were not species specific.
However, there were few experimental studies that focused on the influence of environmental
conditions. Jung et al. (2008)*° and Kim et al. (2009)?° reported that UV-B irradiation increases
the Daphnia mortality to sulfonamide antibiotics through the oxidative stress. The reason for
the photosensitization is that a photoactive compound accumulates within the insect body and
when exposed to visible light it induces lethal photochemical reactions which ultimately cause
the death of organism. Some workers have examined the method of photochemical processes
as a tool to control the insects in both laboratory experiments (Heitz 1987%; Rebeiz et al.
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1991% and field studies Pimprikar et al. 1980%%; Lenke et al. 1987**. The effect of a changing
environment on chemical toxicity in aquatic organisms has been observed by Heugens et al.
(2003)%; Schiedek et al. (2007)%°.

Our work has been supported by the work of some researchers who reported that the synthetic
and naturally-derived photosensitizers including porphyrin derivatives are effective as
photoinsecticides against a range of noxious insects including flies and mosquitoes, such as
Anopheles and Aedes sps. (Ben Amor et al. 2000a* Ben Amor et al. 2000b°%; Dondji et al.
2005%). The killing of larval stages of vector insects can demonstrate the validity of the concept
of photoinsecticides in medical entomology (Dondji et al. 2005)%’. In contrast to existing
chemical pesticides, the combined action of porphyrin and visible light reduces the risk of
development of resistance as the photoprocess induces simultaneous damage of multiple sites
in the cells, especially at the level of cellmembrane, so that the chance for development of
repair or counteracting strategies is reduced. However in light it is mainly the oxidative damage
which is beyond the capacity of chemo detoxifying mechanism of the organisms. The possible
mechanism of photosensitive activity has not yet been fully understood. In fact such
compounds on irradiation by light lead to singlet oxygen generation inducing oxidative stress by
lipid per oxidation and growth

Various studies have been published describing the work specifically designed to investigate the
insecticidal activity of various pesticides in the presence of visible light. Arnason et al. (1986)%
observed the effect of UV-radiation and dark condition on the toxicity of various compounds
obtained from Artemisia pontica, Carlina acaulis, Chrysanthamum leucanthemum, Santolina
chamaecyparissus and S. pinnata against Aedes aegypti. Singh et al. (1987)*° reported the light
dependent toxicity of the extract of Tagetes erecta and alpha-terthionyl towards larvae of C.
tritaeniorhynchus. The biological activity of the UV-radiation degradation products of
azadirachtin and its three derivatives (3-deacetylazadirachtin-22, 23 dihydro azadirachtin and
HQY o Qtetrahydrodzadinacbtin) against Heliothis virescens larvae were discussed by
Barnby et al. (1989)*°. Plant derived phototoxic insecticide, alpha-terthienyl (alpha-T) was
examined against Ae. aegypti in the presence of near UV light by Hassipieler et al. (1990).
Detrimental effects of UV are well known for all the major taxonomic groups from bacteria to
higher plants and vertebrate animals in both terrestrial and aquatic habitats (Young et al.
1993)*.

Pearson et al. (1997)*? investigated the UV radiation effected viability of Serratia sp., an
effective biocontrol agent against insects. Hai Yang et al. (1997)** observed the photoactivated
toxicities (under presence and absence of UV light) of 8 sps. of asteraceous plants, Tagetes
erecta etc. against Aedes albopectus and Cx. quinquefasciatus. Sharma (2002)* reported the
photosensitization larvicidal activity of Artemisia annua and Azadirachta indica of anopheline
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and culicine mosquitoes. Effects of visible-light-activated hematoporphyrin dimethyl ether on
the survival of leafminer, Liriomyza bryoniae adults (Lukdiené et al. 2005)". Beketov has
determined the effects of UV-B radiation on pesticides fenoxycarb, pirimicarb, and
tebufenpyrad on the survival, reproduction, and population growth rate of the standard test
species Daphnia magna (Beketov et al. 2011)*. The effect of UV on the photodegradation of
deltamethrin and its insecticidal efficacy against 4™ instars larvae of mosquito Culex pipiens
(Soltan and Al-Nasser 2014)*’.

The present study concluded that nanoencapsulated combination of pesticides possess several
positive features for furthermore investigations on its application as a photonanopesticies.
Further, this approach will open a new avenue for development of new generation pesticides,
which would be human safe, eco-friendly, low cost and effective for mosquito management.
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