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Abstract: Nano-particles are considered a new way in the fight against certain insect pests. The aim of this
study was to evaluate the effect of silver nano-particles on the German cockroach Blattella germanica (L.)
(Dictyoptera:  Blattellidae).  Three concentrations, 30, 130 and 300 ppm of silver nano-particles were used for
B. germanica (L.) treatments. Silver nano- particles were applied on both third instar nymph and adult stages
of B. germanica (L.) by contact and feeding methods. LC  was estimated to study the impact of silver50

nanoparticles on the mortality percentages and the implications for the biochemical aspects in treated insects.
The obtained results indicated that the mortality percentages in both nymphal and adult stages were increased
by increasing the concentrations of nano-particles. In feeding method, mortality percentages in treated nymphs
reached its highest value after 72 h with the concentration of 300 ppm as it recorded 93.33%, while in contact
test reached 73.33% at the same concentration. Mortality percentages in treated adults reached its highest value
after 72 h with the concentration of 300 ppm as it recorded 96.67% in feeding method, while in contact test
reached 83.33% at the same concentration. Biochemical aspects of treated nymphal and adult stages by contact
and feeding method were significantly changed after treated by silver nano-particles, ie., Acetylcholinesterase
(AchE) activity increased in both nymphal and adult stages by contact and feeding method, while Alanine
aminotransferase (ALT) was decreased in both nymphal and adult stages by contact and feeding method.
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INTRODUCTION Control of insect pests still relays on pesticides

The German cockroach, Blattella germanica (L.) livestock, in addition to insect resistance [7], therefore, it
(Dictyoptera: Blattellidae), is considered one of the most has been a great need to develop new strategies to be
important pests that lives in diverse environments and environmentally safe. Nano-particles consider an
associate with public health, specially with indoor innovative, safe and alternative approach to chemical
environments such as bathrooms and kitchens, it is also pesticides [8, 9]. Silver nanoparticles are considered as
found in food storage areas [1, 2]. German cockroach isn't one of the growing methods as it recognized by their
solely spoiled the food, but also can transfer several physical, chemical and biological properties like tiny size
pathogens, furthermore can cause allergic reactions and and high specific surface area [10].
shortness of breath [3]. This pest can enter the homes and Nano-insecticide is defined as a formulation that
move to places having food and give an impression of includes some elements which have vary nanometric unit
displeasure and dirtiness as a result of the presence of its size that in turn lead to novel physical and chemical
feces, excretion, skins and egg sacks. It additionally feed characteristics of these elements associated with this tiny
on wastes, blood and sputum of humans and animals size range [11], such as improving the efficiency due to
which contains various medical pathogens [4]. It may also the higher surface area, higher solubility, induction of
transmit the types of microorganisms that cause typhoid systemic activity, as well as the speed of the transition
fever, dysentery and many other pathogens once they due to their small size. These characteristics help
walk on human food and his kitchen stuff [5, 6]. nanoparticles react with the targeted tissues easier and

which have hazard effects on the environment, human and
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faster, furthermore nanoparticles characterized by its on both nymphal (third instar) and adult stages of German
lower toxicity to humans and the environment [11, 12]. cockroaches, then the mortality percentages were
Nanotechnology  applications  currently being used for determined. Nymphal and adult stages were treated with
developing new nano-pesticides where they are silver  nano-particles  by  contact  and  feeding methods.
employing nanoparticles (NPs) of different sizes [13]. In In contact test, ten nymphal stages were kept in Petri dish
addition, nano-pesticides depend on the use of certain (10 cm in diameter) containing filter paper which was
compounds as materials tanker or a carrier of sprayed with different concentrations of AgNO (NPs) by
nanoparticles like polymer compounds belongs 2 ml of each concentration, then left for 24 h, after that the
polyethylene glycol [14] which is the most promising for insects were transferred to glass cages containing its
nanoformulation. In this study, polyethylene glycol (PEG) food, the same method was done with adult stages. In
was used as a carrier material for NPs nano-particles. It feeding test, ten insects for each (nymphs or adults) were
was selected because of its high solubility, lack of toxicity kept in glass cages containing 10 g of its food mixed finely
for both humans and domestic animals and additionally with 2 ml of different concentrations of AgNO (NPs) and
non-interference in enzymatic activities and composition allow the insect to feed on treated food for 24 h then the
of peptides within the bio-system [15]. insects were transferred to glass cages containing

The aim of the present study was to evaluate untreated food. Polyethylene glycol was served as a
insecticidal and physiological effects of silver nano- control in both contact and feeding methods. Percentages
particles using polyethylene glycol against nymphs and of dead and live insect stages were counted after 24, 48,
adults of German cockroach B. germanica (L.) as an 72 h for both contact and feeding tests. Each treatment
alternative method to pesticides. was replicated three times.

MATERIALS AND METHODS Effect of  Silver  Nanoparticles  on Biochemical Aspects

Materials Used: All tested chemicals were used without were treated with LC  of AgNO  nano-particles to study
purification and include: polyethylene glycol (PEG 400, their effects on biochemical aspects of B. germanica (L.)
Morgan Chemical Industries, Egypt), AgNO , after 24 h from treatment i.e., total protein, total3

(Acros–organics, New Jersey, USA). carbohydrates,  total  lipids,  Acetylcholinesterase

Synthesis of Ag-Nanoparticles: Different concentrations aminotransferase  (ALT)  activities  were determined.
of AgNO  (0.001, 0.004 and 0.009 g) were dissolved in 30 Total  proteins  were determined by the method of3

ml of the polymer for half hour in the dark to avoid the Bradford  [16],  total  carbohydrates  were  estimated in
reduction of silver ions by light, then the mixture was acid extract of sample by the phenol-sulphuric acid
heated at 110 C for 15 minutes. The solution converted reaction  of  Dubois  et al. [17] and total carbohydrateso

from colorless to the characteristic yellow color which were extracted and prepared for assay according to
indicates the formation of silver nanoparticles. Crompton and Birt [18]. Total lipids were estimated by the

Insect Rearing: German cockroaches were reared at the (acetylcholinesterase)  activity  was  measured according
Department of Economic Entomology and Agricultural to the  method  described by Simpson et al. [20].
Zoology, Faculty of Agriculture, Menoufia University, Aspartate aminotransferase (AST) and alanine
under the laboratory conditions in glass cages aminotransferase (ALT) enzyme activities were
(60x35x40cm)  at  27 ±  1°C  under a 12 h dark regime and determined calorimetrically according to the method of
70 ±1 % relative humidity. Cages were covered with mesh Reitman and Frankle [21].
screen with cloth sleeve opening at the top. The insects
were fed with wetted biscuit and cotton soaked with Statistical   Analysis:   All   data   were   analyzed by
water. Small plastic tubes were put inside cages serve as one-way  analysis  of  variance  (ANOVA)  and  means
shelters. The cages were regulatory cleaned and insect were compared by the Duncan’s multiple range test by
excrements were removed. using SPSS program version 21 [22]. Statistical

Insects  Treatment:  To  study  the   effect   of  silver analyses. LC  was determined using probit analysis
nano-particles (AgNo ), three concentrations were applied technique [23].3

3

3

of German Cockroach: The nymphal and adult stages
50 3

(AchE), aspartate aminotransferase (AST) and alanine

method of Knight et al. [19] and AchE

significance  was  established  at  P   0.05 for all
50
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RESULTS AND DISCUSSION

Synthesis of Silver Nanoparticles: Ag-NPs colloid was
successfully prepared using Poly ethylene glucose (PEG)
as a nontoxic reducing agent and stabilizer at the same
time. The formation of Ag-NPs was due to the redox
reaction of PEG and AgNO  (Fig. 1) [24]. The presence of3

the OH groups in PEG, have an excellent binding ability
towards Ag . Formation of Ag-NPs was demonstrated by+

UV-Vis spectroscopy using Lambda 25 UV/Vis
spectrometer, PerkinElmer, Inc.

Characteristic  absorption  peak  of  Ag-NPs in the
UV-Vis spectra around 450 nm which was generated due Fig. 2: TEM image of the prepared Ag nanoparticle in the
to  the  surface  Plasmon  resonance  (SPR)  of Ag-NPs polymer matrix
(Fig 1).

It was noted that as the concentration of the AgNO3

increased, the amount of the prepared Ag-NPs was
increased. This was indicated by the increasing in the
absorbance in the UV-Vis spectrum which related to the
concentration.

Transmission     electron     microscopy   (TEM)
(JEOL  JEM  10x10  Electron microscope-Japan) was
utilized  to  investigate  the  shape  and size of Ag-NPs
that  were  prepared  by  heating.  It  was observed that
Ag-NPs have a spherical shape and well dispersed in the
polymer matrix (Fig. 2) with average particle size of ~ 20.88
nm. Fig. 3: FT-IR spectra of pure PEG 400 (a) and Ag/PEG

The reaction between polymer molecules and Ag nanocomposite (b)+

was investigated by infrared spectroscopy using Agilent
Technologies Cary 630 FT-IR. FT-IR spectrum of the PEG 400 (Fig 3. a) showed OH

Fig. 1: UV-Visible spectrum of the prepared Ag-Ps at with  the  concentration  of  (30  ppm)  ranging  between
0.001(a), 0.004(b) and 0.009(c) grams of AgNO , 23 to 60 %. Also, it could be noticed that silver nitrate3

respectively nano-particles  was more effective  on  adult  stages than

stretching at ~3400 cm . The band at ~2880 cm1 1

attributed to the stretching vibrations of CH  and the2

bands  located  between  ~980  and 1250 cm  assigned to1

C-O and  C-C  stretching vibrations [25, 26]. Band at
~1195 cm   was  related  to  the  stretching  vibration of1

C-O-C [27]. These observations were noted in the case of
Ag/PEG nanocomposite (Fig. 3b) which confirms the
successful adsorption of PEG on the surface of Ag-NPs.

Mortality Percentages of Treated Insects: The obtained
results in Table (1) reported that the highest mortality
percentages in nymphs and adults of German cockroach
were recorded at the high concentration of silver nitrate
nano-particles (300 ppm) ranging between 63.33 to 96.66
%, while the least mortality percentages  were  recorded
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Table 1: Effect of Ag NPs on the mortality of B. germanica by contact and feeding methods

Nymphal mortality (%)
---------------------------------------------------------------------------------------------------------
Contact Feeding
--------------------------------------------- ----------------------------------------------

Concentrations of AgNO  used for nanoparticles (ppm) 24 h 48 h 72 h 24 h 48 h 72 h3

30 30 36.67 40 50 53.33 56.67
130 46.67 46.67 53.33 50 60 70
300 63.33 63.33 73.33 86.67 90 93.33
Control 0 1 1 0 1 1

Adult mortality (%) 
---------------------------------------------------------------------------------------------------------
Contact Feeding
--------------------------------------------- ----------------------------------------------
24 h 48 h 72 h 24 h 48 h 72 h

30 23.33 30 36.67 46.67 56.67 60
130 43.33 46.67 50 63.33 66.67 73.33
300 70 76.67 83.33 90 93.33 96.67
Control 0 0 1 0 1 1

Table 2: Effect of Ag NPs on the biochemical parameters of German cockroach stages treated by contact and feeding methods

Treated nymphs (Mean±SE)
---------------------------------------------------------------------------

Biochemical parameters Control Contact Feeding F P
Total protein (mg/g.b.wt) 9.43±0.21 7.7±0.31 7.13±0.33 23.72 0.0014a b b **

Total carbohydrate (mg/g.b.wt) 15.16±0.53 15.06±1.31 28±1.22 17.356 0.0001b b a ***

Total lipids (mg/g.b.wt) 10.63±1.44 10.86±1.71 14.33±2.11 39.034 0.0004b b a ***

AchE activity (µg AchBr/min /g.b.wt) 178±15.13 269±12.45 286.33±22.13 120.77 0.0001b a a ***

(AST) Aspartate aminotransferase (ux10 /g.b.wt) 3863.33±25.31 1740±24.45 652±17.31 20.892 0.00203 a b c **

(ALT) Alanine aminotransferase (ux10 /g.b.wt) 1020±20.41 189.66±11.11 171.66±15.11 2.979 0.00013 a b b ***

LC  (ppm) 14050

Treated adults (Mean±SE)

Total protein (mg/g.b.wt) 12.24±1.56 12.40±1.71 13.36±2.11 0.993 0.4242a a a ns

Total carbohydrate (mg/g.b.wt) 14.2±0.75 7.12±0.33 27.43±2.13 227.137 0.000b c a ***

Total lipids (mg/g.b.wt) 12.06±0.66 11.7±1.22 16.33±1.25 44.0123 0.0003b b a ***

AchE activity (µg AchBr/min /g.b.wt) 193.66±13.46 229±17.13 262.66±12.34 48.9178 0.0002b a a ***

(AST) Aspartate aminotransferase (ux10 /g.b.wt) 2906.66±26.15 2987.66±25.11 2962±26.15 0.875 0.00143 b a a **

(ALT) Alanine aminotransferase (ux10 /g.b.wt) 806±22.31 210.33±11.14 210.33±14.71 298.941 0.0003 a b b ***

LC  (ppm) 16050

In each row, means followed by the same letter are not significant at the 5% level

nymphs in feeding and contact test specially with the mortality percentages of nymphs and adult insects
high concentration (300 ppm), while opposite case occurred quickly when treated by feeding method but,
obtained in contact test with just both concentrations (30 mortality rates increased over time when treaded by
ppm) and (130 ppm), respectively, as silver nitrate nano- contact method.
particles was more effective on nymphal stage than
adults. That may be due to the body wall and gut has Biochemical Aspects of Treated Insects: The obtained
incomplete growth, which makes nymphs more sensitive results in Table (2) indicated that the values of total
in contact test with low and moderate concentrations. proteins in treated nymphs by contact and feeding

It could be concluded that mortality percentages of methods were decreased to 7.7 and 7.13, respectively,
treated cockroach stages were increased with increasing compared to 9.43 in control, while it was slightly increased
silver nitrate nano-particles doses, as well as the efficacy to 12.40, 13.36 with adult treatments by contact and
of silver nitrate nano-particles was increased by increased feeding test respectively, without significant differences
the period of treatments. Results also showed that the to 12.24 in control.
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As  for  total  carbohydrates  in treated nymphs, it potential pesticide. Sareen et al. [10] and N. Sap-Iam et al.
was slightly decreased to15.06 with contact treatments, [30]  reported  that  the  ability  of   silver  nano-particles
while  it  was sharply increased with feeding treatments as to  penetrate  through  mosquitos’ larvae membrane
it reached 28, compared to 15.16 in control. Furthermore, (Aedes albopictus and Aedesa egypti) could be the
total carbohydrates in treated adults was sharply mechanism which causes the death.
decreased to 7.12 with contact treatments, but sharply It is  well  clear  from  the  results  of  the present
increased to 27.43 with feeding treatments, compared to study  that  nano  silver  has  entomotoxic potential
14.2 in control. against both nymphs and adults of B. germanica, but it

According to total lipids in treated nymphs, it was was more effective in feeding method than contact
slightly increased in contact treatment to 10.86 without method, this may be due to the ability of nano-particles to
significant differences to 10.63 in control, while it enter the digestive system in feeding method faster than
increased sharply to 14.33 in feeding treatments. its ability to penetrates to insect cuticle in the contact
Furthermore, total lipids in treated adults by contact method.
method was slightly decreased to 11.7 without significant The toxicity mechanism of silver nano-particles could
differences to 12.06 in control, while it increased sharply be suggested to interaction between AgNo  and other
to 16.33 in feeding treatments. chemical structures of treated insects which led to inhibit

Regarding AchE activity in treated nymphs, it was the mechanism of insect enzymes, defect in biological
noticed that AchE activity was sharply increased to 269 processes in insect organs, oxidative stress, protein
and 286.33 in both contact and feeding  methods, unfolding, shortage in membrane permeability, damage in
respectively, compared to 178 in control, also in adults DNA, in addition to inflection and sores of insect organs
treatment, it was increased sharply to 229 and 262.66 in whether internal or external, our suggestions were
both methods contact and feeding, respectively, consistent with results obtained in previous studies
compared to 193.66 in control. established by Feng et al. [31]; Samuel & Guggenbichler

As regard to AST values in treated nymphs, it was [32]; Sondi and Salopek-Sondi [33]; Elchiguerra et al. [34];
sharply decreased at both treatments to 1740 and 652 in Reddy et al. [35]; Choi et al. [36]; Meng et al. [37]; Rai et
contact and feeding test, respectively, compared to al. [38] and Donaldson et al. [39].
3863.33 in control, while AST values in treated adults,
were slightly increased at both treatments contact and CONCLUSION
feeding methods as it reached 2987.66 and 2962
respectively, compared to 2906.66 in control. The present study showed that silver nano-particles

Finally, ALT values in treated nymphs, it was sharply could be an effective method for managing pests, besides,
decreased in both methods as it decreased to 189.66 and it can be considered one of the IPM aspects for medical
171.66 in contact and feeding methods, respectively, and veterinary pests like German cockroach Blattella
compared to 1020 in control, also in treated adults it was germanica (L). Further studies are required to develop the
sharply decreased to 210.33 in both contact and feeding use of nanoparticles as an alternative method to
tests, compared to 806 in control. pesticides, in addition, to find the real mechanism of

The obtained results are agree with Rouhani et al. toxicity caused by nanoparticles.
[28] who  determined    the   effectiveness    of  silica
nano-particles (SNP) and silver nano-particles (Ag-NP) on ACKNOWLEDGMENT
larval and adult stages of Callosobruchus maculatus on
cowpea seed. They found that both SNP and Ag-NP were The authors are grateful to chemist Ahmed Ragab for
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reported that mortality increased with increasing NP characterization of the nanoparticles.
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