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Abstract

The present study was carried out to investigate the effects of chitin synthesis inhibitors, Novaluron, Cyromazine and Diofenolan,
on the protein content in larvae and pupae of S littoralis. After treatment of penultimate instar larvae with LCgy values (2.71,
74.44 and 7.65 ppm, respectively), the total protein content was determined in haemolymph and fat bodies of successfully
moulted last instar larvae (of different ages) as well as in homogenates of early-, mid- and late-aged pupae. Increasing protein
content in haemolymph and fat bodies of last instar larvae of al ages was determined after treatment with Cyromazine or
Diofenolan. Novaluron treatment resulted in increasing protein content in haemolymph of larvae, except of the early ages whose
fat bodies only contained increasing protein content. Novaluron exhibited an inhibitory effect on this metabolite in haemolymph,
but not in fat bodies, of the early aged larvae.-With regard to the developed pupag, all CSls seriously suppressed the protein
content, regardless the age.

K eywor ds: Cyromazine, Diofenolan, fat body, haemolymph, larvae, Novaluron, pupa

I ntroduction

The Egyptian cotton leafworm Spodoptera littoralis
(Boisduval) is a polyphagous insect.
Approximatelyl12 plant species belonging to 44
families are reported as hosts of this pest in tropical
and temperate zones of the old world (Magd El-din
and El-Gengaihi, 2000) or 73 species recorded from
Egypt (Moufied et al., 1960). In Egypt, this
destructive phytophagous lepidopterous pest attacks
cotton and various vegetable and field crops all over
the year (Hosny et al., 1986; Shonouda and Osmam,
2000; El-Khawas and Abd El-Gawad, 2002; Adham et
al., 2009). When large numbers of the pest are present
complete crop lossis possible (Khalil, 1988).

To control the attacks of S littoralis, several types of
insecticides have been used, including synthetic
pyrethroids, organophosphates, and non-steroidal
compounds (Casida and Quistad, 1998). The extensive
use of these insecticides has caused resistant insect
strains to emerge making their control even more
difficult (Smagghe et al., 1999; Miles and Lysandrou,
2002; Abo-El Ghar et al., 2005; Aydin and Gurkan,
2006; Davies et al., 2007, Mosallangjad and Smagghe,
2009) in addition to serious toxicological problems of
the conventional synthetic pesticides to humans and
the environment (Costa et al., 2008; Relyea, 2009).
Owing to the socioeconomic importance of
S littoralis, the insect is subject to extensive research,
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much of which is focused on finding new ways to
control it as a pest and to improve the effects of known
pest control methods (Hussain, 2012).

At present, using insect growth regulators (IGRS) is
considered as the possible aternative agents of
conventional synthetic insecticides for controlling this
pest (Raslan, 2002). IGRs are regarded as a third
generation of insecticides or biorational pesticides
because they differ in their mode of action from other
insecticides and have low toxicity to non-target
organisms (Zhou et al., 2003). Because of their
desirable characteristics, such as low toxicity, less
environmental pollution, high selectivity, and low
impact on natural enemies and people, IGRs are used
to control various insect pests (Wu, 2002; Cedric,
2005; Wang and Wang, 2007). Chitin synthesis
inhibitors (CSls) are classified in IGRs (Tunaz and
Uygun, 2004).

Novaluron is a relatively new benzoylphenyl urea CS
with good activity against the Colorado potato beetle
(Cutler et al., 2005a,b, 2007; Alyokhin et al., 2009)
and low mammalian toxicity (Barazani, 2001; Ishaaya
and Horowitz, 2002). Novaluron was found as an
deteriorating effective CSI  on survival and
development (Ghoneim et al.,, 2015) and adult
performance of S littoralis (Hamadah et al., 2015).
Its residues tend to dissipate with half-life of 2.08 days
and the safe use of it on tomatoes, and possibly on
other crops in Egypt was established (Mahata et al.,
2014). Cyromazine is a triazine IGR used as
aternative to insecticides and acaricides. It is used in
veterinary medicine for the protection of animals, such
as sheep and lamps, against flies (Emea, 2001). As
reported by many authors (Kanno et al., 1981; Saito,
1988; Reynolds and Blakey, 1989; Levot and Sates,
1998; Tomlin, 2000; Vazirianzadeh et al., 2007),
Cyromazine exhibited various degrees of success for
controlling different pests such as house flies and
leafminers. It exhibited remarkable toxic and
inhibitory effects on growth of S littoralis (Tanani
et al., 2015). Diofenolan isa CSl used for the control
of several pests, such as lepidopterous species and
scale insects (Streibert et al., 1994; Paloukis and
Navrozidis, 1995; Dhadialla et al., 1998), Papilio
demoleus (Singh and Kumar, 2011), Musca domestica
(Ghoneim et al., 2001, 2003; Amer et al., 2006; Al-
Dali, 2008), Rhynchophorus ferrugineus (Ghoneim
et al., 2004) and Schistocerca gregaria (Bakr et al.,
2008; Ghoneim et al., 2012; Hamadah et al., 2012;
Tanani et al., 2012). It did not affect the survival of
beneficial parasitoids and predators of some pests such
as Chrysoperla carnea (Sechser et al., 1994).

As reported by many authors (Hassan, 2002
Chapman, 2004; Cohen, 2010; Sugumaran, 2010),
proteins perform avast array of functions within living
organisms, including catalyzing metabolic reactions,
replicating DNA, responding to stimuli, and
transporting molecules from one location to another.
Also, proteins are integrated in the cell as a structural
element at the same time as the carbohydrates and the
lipids. In addition, proteins in al viable cells, as
nucleoproteins, are essentia to the cell division and as
enzymes and hormones are essential to control many
chemical reactions in the cel metabolism.
Ecdysteroids and juvenoids were reported to be
associated with changes in the rates of protein
synthesis in insects (Locke et al., 1982). However,
many factors had been implicated in the control of
protein synthesis (Carlisle et al., 1987).

In insects, the use of haemolymph as a medium for
controlling insect pests has been made because the
changes occurring in the haemolymph are quickly
transferred to other portions of insect’s body
(Pugazhvendan and Soundarargian, 2009). The
exposure of an organism to xenobiotic product can
modify the synthesis of certain metabolite and disturb
the functionality of the organisms (Rodriguez-Ortega
et al., 2003). On the other hand, the fat body in insect
is the main site for protein synthesis as well as the
intermediating metabolism of amino acids, which are
utilized for the production of hormones and enzymes
and the composition of protein in the body as a whole
may be greatly modified (Arrese and Soulages, 2010).
The present study was carried out aming to
investigate the effects of novel CSls, viz., Novaluron,
Cyromazine and Diofenolan, on the protein content in
haemolymph and fat bodies of larvae as well asin the
pupal homogenate of S littoralis.

Materialsand M ethods

1. Experimental insect

A sample of S littoralis pupae was kindly obtained
from the culture of susceptible strain maintained for
several generations in Plant Protection Research
Institute, Agricultural Research Center, Doqqi, Giza,
Egypt. In laboratory of Entomology, Faculty of
Science, Al-Azhar University, Cairo, a culture was
reared under |aboratory controlled conditions (27+2°C,
65+5% R.H., photoperiod 14 h L and 10 h D). Rearing
procedure was carried out according to Ghoneim
(1985) and improved by Bakr et al. (2010). Larvae
were provided daily with fresh castor bean leaves
Ricinus communis. The emerged adults were provided
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with 10% honey solution on a cotton wick as a food
source. Moths were allowed to lay eggs on branches of
Nerium oleander, then the egg patches were collected
daily, and transferred into Petri dishes for another
generation.

2. Larval treatmentswith CSls

Novaluron (Rimon, Pestanal®) [1-[chloro-4-(1,1,2-
trifluoromethoxyethoxy) phenyl] -3- (2,6-
difluorobenzoyl) urea] was purchased from Sigma-
Aldrich Chemicals (https:.//www.sigmaaldrich.com),
Cyromazine (Larvadex, Trigard, Vetrazin) [N-
cyclopropyl-1, 3, 5-triazine-2, 4, 6-triaming] was
purchased from Sigma-Aldrich Chemicals
(https://lwww.sigmaaldrich.com) and  Diofenolan
(CGA 59205, Aware®)[ 2-ethyl-4-[(4-
phenoxyphenoxy) methyl]-1,3-dioxolan€] was
obtained from Agricultura research center, laboratory
of pesticides, Doqqi, Giza, Egypt. In a preliminary
experiment, LCsy values of Novaluron, Cyromazine
and Diofenolan were calculated, after treatment of
penultimate instar larvae of S littoralis, in 2.71, 74.44
and 7.65 ppm, respectively. After treatment of these
larvae with LCs, of each CSl, total protein content was
determined in haemolymph and fat bodies of the
successfully moulted last instar larvae (of different
ages) as well as in homogenate of the developed early-
(O-day old), mid- (4-day old) and late-aged (7-day old)
pupae.

3. Tissue preparation
3.1.Larval haemolymph

For the determination of the total protein content,
haemolymph was collected from treated and control
6" (last) instar larvae (of different ages: 0-, 2-, 4-, and
6-day old). The haemolymph was obtained by
amputation of one or two prothoracic legs of the larva
with fine scissors. Gentle pressure was done on the
thorax until a drop of haemolymph appeared at the
point of amputation. Haemolymph was drawn into
Eppendorff Pipetman containing few milligrams of
phenoloxidase inhibitor (Phenylthiourea) to prevent
tanning or darkening and then diluted 5% with saline
solution 0.7%. The diluted haemolymph was frozen
for 20 s to rupture the haemocytes. Collected
haemolymph samples were then centrifuged at 2000
r.p.m. for 5 min, and only the supernatant fractions
were used for assay directly or frozen until use. Three
replicates were used and the haemolymph of two
individuals were never mixed.

3.2.Larval fat body

For the determination of the total protein content, fat
bodies (parietal and visceral) were carefully collected
from the treated and control 6" (last) instar larvae (of
different ages. O-, 2-, 4-, and 6-day old). Collected
samples of fat bodies were weighed and then
homogenized in a saline solution (the fat body of one
insect / 1 ml saline solution 0.7 %) using afine electric
homogenizer, tissue grinder for 2 min. Homogenates
were centrifuged at 4000 r.p.m. for 15 min. The
supernatant was used directly or frozen until use.
Three replicates were used and the fat bodies from two
individuals were avoided to be mixed.

3.3. Pupal homogenate

For the determination of the total protein content,
healthy treated and control pupae (of different ages: O-
, 4-, and 7-day old) were weighed and then
homogenized in a saline solution (one pupa / 1 mi
sdine solution 0.7 %) using a fine electric
homogenizer, tissue grinder for 2 min. Homogenates
were centrifuged at 4000 r.p.m. for 15 min. The
supernatant was used directly or frozen until use.
Three replicates were used and homogenates of two
individuals were avoided to be mixed.

4. Determination of thetotal protein content

Quantitative determination of the total protein content
was conducted in the larval tissues and pupa
homogenate according to the method of
Weichselbaum (1946) and using the kit of
Biodiagnostics. The method depends on the protein
forms a violet complex with cupric ions in akaline
medium, and then measured the absorbance at 550 nm
using a spectrophotometer.

5. Statistical analysis of data

Data obtained were analyzed by the Student's t-
distribution, and refined by Bessel correction
(Moroney, 1956) for the test significance of difference
between means.

Results

1. Effect of Novaluron on protein content in
S. littoralis

Depending on the data assorted in Table (1), protein
content in haemolymph on control larvae gradualy
increased with the age but vice versa in fat body.
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Similar trends of protein content had been detected in
the two tissues with the age of Novaluron-treated
larvae. With regard to the effect on protein content,
Novaluron dightly prohibited the newly moulted
larvae to attain normal proteins in  haemolymph
(2.61% reduction) while it enhanced larvae of other
ages to gain increasing proteins. The most powerful
enhancing effect of Novaluron was exhibited on 4-day
old larvae (5.52+0.05 vs. 5.04+0.04 g/dL in control
larvae). Concerning the fat body, Novaluron dlightly
promoted larvae of 0- and 2-day old to gain more
proteins (1.00 and 3.88%, respectively) while it
prohibited larvae of 4- and 6-day old to attain normal

protein content (5.33 and 0.80% reduction,
respectively). The strongest inhibitory effect of
Novaluron on fat body proteins was exhibited on 4-
day old (49.77+0.54 vs. 52.57+0.43 mg/g in control
larvag). An extended effect of Novaluron on the
protein content was observed in the pupal stage as
obviously shown in Table (2). According to data of
this table, a remarkable predominant reducing action
of Novaluron was exerted on the proteins in pupal
homogenate. Moreover, its potency increased with the
age (13.71, 16.38 and 25.87% reduction in early-, mid-
and late-aged pupae, respectively).

Table 1: Total protein content in last instar larvae asinfluenced by treatment of newly moulted penultimate
instar larvae of S. littoraliswith L Csg of Novaluron.

Tissue Larval age
0-day old 2-day old 4-day old 6-day old
Haemolymph  MEANESD | 486:007a | 501+007a  552¢005b  613:004a
(g/dL) C?gn)ge 261 +0.00 +9.52 +4.25
Treated 0
Fat body mean+SD | 60.60+0.50a | 56.23+0.38a = 49.77+0.54b = 49.59+0.61a
(mg/g) Change +1.00 +3.88 -5.33 -0.80
(%)
H ae(r;‘/ﬂi’;“ph mean+SD | 4.99+0.07 | 5.01+0.11 5.04+0.04 5.88+0.21
Control
thn g;;o)'y mean+SD | 60.08+0.36 = 54.15:042 = 5257+0.43 | 49.90+0.38

Mean £ SD followed with the letter (a): insignificantly different (P >0.05), (b): significantly different (P<0.05).

Table 2: Total protein content in pupae asinfluenced by treatment of newly moulted penultimate instar larvae
of S. littoraliswith L Csy of Novaluron.

Homogenate Pupal age
0-day old 4-day old 7-day old
mean mg/g+SD 23.54+0.68 b 30.94+0.30c 13.87+0.30 d
Treated C?;f‘)ge 1371 11638 25,87
Control mean mg/g+SD 27.28+1.04 37.00+1.08 18.71+0.66

b: See footnote of Table (1). Mean £ SD followed with the (¢): highly significantly different (P<0.01), (d): very highly
significantly different (P<0.001).

2. Effect of Cyromazine on protein content in
S. littoralis

As easily seen in Table (3), protein content in
haemolymph on control larvae gradually increased
with the age but vice versa in fat body. Similar trends
of protein content had been almost detected in the two

tissues with the age of Cyromazine-treated larvae. In
the light of data assorted in this table, Cyromazine
exhibited a dightly inducing effect on larvae to gain
insignificantly protein increase in haemolymph (1.20,
4.19, 4.76 and 0.85% enlargement in 0-, 2-, 4- and 6-
day old larvae, respectively). A similar stimulatory
effect was exhibited in larvae of the same ages to gain
more proteinsin fat bodies. The strongest stimulatory
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effect was detected in the O-day old larvae
(76.51+0.59, compared to 60.08+0.36 mg/g in control
larvae). Data included in Table (4) clearly reved a
reversed action of Cyromazine on pupae since

regardless the age (5.73, 7.50 and 12.35% reduction in
proteins of early-, mid- and late-aged pupae,
respectively). Moreover, the protein reduction runs
paralel to the pupal age.

pronouncedly declined protein levels were achieved,

Table 3: Total protein content in last instar larvae asinfluenced by treatment of newly moulted penultimate
instar larvae of S. littoraliswith L Cg of Cyromazine.

_ Larval age
Tissue
O-day old 2-day old 4-day old 6-day old
mean+SD 5.05+0.07 a 5.20+0.03a @ 5.28+0.05a 5.93+0.07a
Haemolymph Change
(g/dL) % )9 +1.20 +4.19 +4.76 +0.85
Treated
Fat body mean+SD 7651+059d | 57.24+0.46a 52.87+0.40a 51.86+0.60a
(mglg) Crzoa/??e +27.50 +5.73 +0.57 +3.81
H ae(m/ﬂi’;“ph mean+SD 4.99+0.07 5.01+0.11 5.04+0.04 5.88+0.21
Control Fagt bod
m g/g)y mean+SD 60.08+0.36 54.15+0.42 | 52.57+0.43 = 49.90+0.38

a Seefootnote of Table (1). d: Seefootnote of Table (2).

Table 4: Total protein content in pupae asinfluenced by treatment of newly moulted penultimate instar larvae
of S. littoraliswith L Csy of Cyromazine.

Homogenate Pupal age ‘
0-day old 4-day old 7-day old ‘
mean mg/g+SD 23.99+0.81 b 34.22+0.33 b 16.40£0.54 b
Treated
Change
(%) 5.73 7.50 12.35
Control mean mg/g+SD 27.28+1.04 37.00+1.08 18.71+0.66

b: See footnote of Table (1).

3. Effect of Diofenolan on protein content in S.
littoralis

Data arranged in Table (5) show that protein content in
haemolymph of control larvae gradually increased
with the age but vice versa in fat body. Similar trends
of protein content had been almost detected in the two
tissues with the age of Diofenolan-treated larvae.
According to data of this table, Diofenolan induced
larvae to obtain dlightly increased proteins in
haemolymph, regardless the age (1.00, 1.20, 2.98 and
1.89% increments in 0-, 2-, 4- and 6-day old larvae,

respectively). In respect of the fat bodies, data of the
same table clearly reveal asimilar prevalent promoting
effect of Diofenolan on larvae to gain more proteins.
However, the profoundly enhanced larvae were those
of O and 2-day old since protein content
conspicuously increased (8.17 and 8.87% increase,
respectively). On the contrary, Diofenolan seriously
suppressed the pupae, as obviously shown in data of
Table (6), since their protein content was drastically
depleted, regardliess the age (10.52, 12.38 and 15.45%
reduction in early-, mid- and late-aged pupae,
respectively).
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Table5: Total protein content in last instar larvae asinfluenced by treatment of newly moulted penultimate
instar larvae of S. littoraliswith L Cs, of Diofenolan.

Ticsue Larval age
0-day old 2-day old 4-day old 6-day old
mean+SD 5.04+0.04 a 5.07+0.03 a 519+006a @ 5.14+0.17a
Haemolymph ch
(g/dL) (;:‘)ge +1.00 +1.20 +2.98 +1.89
Treated
mean+SD 64.96+1.31b = 5894+092b | 54.68+2.36a @ 52.27+0.45a
Fat body ch
(mglg) (3“0)9‘3 +8.17 +8.87 +4.00 +4.61
H ae(rg/‘é'{;“ph mean+SD 4.99+0.07 5.01+0.11 5.04+0.04 5.08+0.21
Control
Ff‘r;g/%")'y mean+SD 60.08+0.36 54.15+0.42 52.57+0.43 | 49.90+0.38

a, b: Seefootnote of Table (1).

Table 6: Total protein content in pupae asinfluenced by treatment of newly moulted penultimate instar larvae
of S. littoraliswith L Cs, of Diofenolan.

Homogenate Pupal age
0-day old 4-day old 7-day old
mean mg/g+SD 24.41+1.18b 32.42+0.66b | 15.82+0.98b
Treated Cf(];)n)ge 1052 12.38 1545
Control mean mg/g+SD 27.28+1.04 37.00+1.08 18.71+0.66

b: See footnote of Table (1).

Discussion
1. Enhanced protein content in S. littoralis

Although the protein content was unaffected by some
IGRs, as recorded in M. domestica after treatment with
diflubenzuron or triflumuron (El-Kordy, 1985), many
available literatures documented the influenced protein
content in several insects by various IGRs and CSls.
Enhanced protein content in S littoralis was reported
after treatment with hexaflumuron, alone or combined
with chlorfluazuron (Ghoneim, 1994), as well as with
pyriproxyfen and chlorfluazuron (Farag, 2001; Abdel-
Aal, 2003). Also, increasing protein content was
determined in other insect species, such as
M. domestica by methoprene or triflumuron (Bakr,
1986), Muscina stabulans by chlorfluazuron or
hexaflumuron (Basiouny, 2000), S gregaria by
chlorfluazuron or pyriproxyfen (El-Sokkary, 2003)
and Bactrocera cucurbitae by methoprene (ul Haq et
al., 2010). To some extent, enhancing effects of
Novaluron, Cyromazine and Diofenolan on the protein
content in S littoralis larvae, in the present study, ran

in accordance with the previously reported results. In
other words, increasing protein content in
haemolymph and fat bodies of last instar larvae of all
ages was estimated after treatment with Cyromazine or
Diofenolan. Novaluron treatment resulted in
increasing protein level in haemolymph of larvae,
except ones of the early ages whose fat bodies only
contained increasing proteins. Generally, changes in
protein content probably reflect the balance between
synthesis, storage, transport and degradation of
structural and functional nutrients during ontogeny as
well as response to particular physiological conditions
(Shoukry et al., 2003). The increasing protein content,
in the current work, could be in relation with the
transport of this metabolite in haemolymph, released
from the mobilization of the reserves, destined for the
synthesis of new cuticle (Willis, 2010). This induction
of proteins could be used to as biomarker of exposure
which is the response to an interaction between a
xenobiotic agent (such as CSlIs, in the present study)
and a molecule or target cell (Owaetal., 2010;




Int. J. Adv. Res. Biol. Sci. (2016). 3(3): 1-12

Sugumaran, 2010). As affected by the tested CSls,
S littoralis failed to uptake the produced and released
proteins which accumulated particularly in
haemolymph or through the affected enzymes since
some authors (Saleem and Shakoori, 1996; Saleem et
al., 1998) reported that raised level of soluble protein
may be related increased activities of various
enzymatic activities. In addition, the enhanced
proteins may explained the increase or accumulation
of proteins and amino acids in larvae as a preparation
for synthesis of cuticular proteins and associated
tanning under stress of insecticides or CSIs (Nath
et al., 1997).

2. Suppressed protein content in S. littoralis

Inhibition of the total protein content in some tissues
of S littoralis was evidently reported for several IGRs
and CSlIs, such as diflubenzuron and triflumuron
(Abdel-Hafez et al., 1988); ecdysteroid agonist RH-
5849 (Smagghe and Degheele, 1992); pyriproxyfen,
flufenoxuron and triflumuron (Mostafa, 1993);
chlorfluazuron (Ghoneim, 1994); hexaflumuron
(Sokar, 1995); pyriproxyfen and diflubenzuron
(Ahmed, 2001); flufenoxuron and chlorfluazuron
(Abdel-Aal, 2003, 2006); teflubenzuron (El-Sheikh et
al., 2013); etc. In addition, depleted proteins had been
reported in other insect species by various compounds,
such as S gregaria by fenoxycarb (El-Gammal et al.,
1989), pyriproxyfen (Ghoneim et al., 2012) or
flufenoxuron (Hamadah, 2014); M. domestica by
diflubenzuron, triflumuron and methoprene (Bakr et
al., 1991) or ecdysteroid agonist methoxyfenozide
(RH-2485)(Assar and  Abo-Shaeshae, 2004);
Leptinotarsa decemlineata by 20-Hydroxyecdysone or
ecdysteroid agonists RH-5849 and tebufenozide (RH-
5992) (Smagghe et al., 1999); S litura by
pyriproxyfen (Perveen and Miyata, 2000); Tenebrio
molitor by ecdysteroid agonist Haofenozide (RH-
0345) (Soltani et al., 2002); Cephalopina titillator by
pyriproxyfen or chlorfluazuron (El-Bassiony et al.,
2005); Bombyx mori (Etebari et al., 2007) and
Eurygaster integriceps (Zibaee et al., 2011; Perveen,
2012) by pyriproxyfen; Culiseta longiareolata
(Bouaziz et al., 2011) and Culex pipiens (Djeghader et
al., 2013) by Novaluron; etc. In agreement with these
results of inhibited protein content by different
compounds, decreasing protein content was
determined in larvae and pupae of S littoralis, in the
present study. In other words, Novaluron exhibited an
inhibitory effect on this metabolite in haemolymph,
but not in fat bodies, of the newly moulted larvae.
Moreover, this metabolite was reduced by Novaluron
in fat bodies of other larvae. With regard to the

developed pupae, all CSls seriously suppressed the
protein content, regardless the age.

Proteins are the known biological compounds which
regulate and integrate several physiological and
metabolic processes in the body through hormones,
enzymes and nucleoproteins. However, reduction of
the protein content in larval fat bodies by Novaluron
or in pupae by all CSls, viz, Novaluron, Cyromazine
and Diofenolan, can be interpreted in the light of some
acceptable suggestions. With regard to foreign
compounds, proteins help insects to synthesize the
microsomal detoxifying enzymes (Wilkinson, 1976),
i.e. proteins can bind with foreign compounds and
therefore the decrease in proteins may reflect the
decrease in activity of these enzymes (Kyung and
Kim, 1990). CSls stress can inhibit the total proteins
owing to the breakdown of protein into amino acids,
so with the entrance of these amino acids to TCA
cycle as a keto acid, they will help to supply energy
for the insect (Etebari and Matindoost, 2004). So,
protein depletion in tissues may constitute a
physiological mechanism and might play a role in
compensatory mechanisms under insecticidal stress, to
provide intermediates to the Krebs cycle, by retaining
free amino acid content in haemolymph (Nath, et al.,
1997). Extensive work has been carried out in order to
determine how various toxic agents affect protein
synthesis. The protein reduction in the current work
may, also, be due to the interference of tested CSls
with the insect endocrine system causing a hormonal
imbalance (Yu and Terriere, 1975; Hajjar and Casida,
1979) and affecting the metabolism (De Mark and
Bennett, 1989) or protein synthesis in insects
(Padmaje and Rao, 2000).

Also, some authors (Ahmed et al., 1993; Rawi et al.,
1995) reported that protein leakage during intoxication
may arise from reduced body weight, conversion of
protein to amino acids, degradation of protein to
release energy or the direct effect of the toxic agents
on the amino acid transport of the cell. The protein
plays a major role in the synthesis of microsomal
detoxifying enzymes and helps to detoxify the
toxicants when entering into the animals (Wilkinson,
1976). Thus, the protein disturbance by the tested
CSls, in the present study, may be reflected on the
insects detoxification capability. For understanding
the mode of action, the tested CSls, in the present
investigation, may either act on the hormonal level in
the haemolymph to announce the synthesis,
degradation or inhibition of proteins or on the
neurosecretory cells which control endocrine organs
(Bouaziz et al., 2011; Djeghader et al., 2013, 2014).



Conclusion

Because protein synthesis is necessary for the insect
development and reproduction, the inhibited protein
content in pupal stage of the present pest, S littoralis,
predicts an impaired adult performance and imperfect
reproductive capability. Also, the tested CSls may
adversely affect the detoxifying enzymes in this pest.
Therefore, the tested CSls have a good potential in
formulating novel IGR-based control agents against
this pest in an environmentaly-friendly manner to
ecosystem.

References

Abdel-Aal, A.E. 2003. Effect of some insect growth
regulators on certain biological, biochemical and
histopathological aspects of the cotton leafworm,
Soodoptera littoralis (Boisd.) Ph.D. Thesis, Fac. of
Sci., Cairo Univ., Egypt, 119 pp.

Abdel-Adl, A.E. 2006. Effect of chlorfluzuron, nuclear
polyhydrosis virus (SLNPV) and Bacillus
thuringienesis on some biologica and enzyme
activity of cotton leafworm, Spodoptera littoralis
(Boisd.). Bull. Entomol. Soc. Egypt, Econ. Ser., 32:
171-185.

Abdel-Hafez, M.M., Shaaban, M.N., El-Malla, M.A.,
Farag, M. and Abdel-Kawy, A.M. 1988. Effect of
insect growth regulators on the activity of
transaminases enzymes with reference to protein
and amino acids in the Egyptian cotton leafworm
Soodoptera littoralis (Boisd.). Minia J. Agric. Res.
& Dev., 10(3): 1357-1372.

Abo El-Ghar, G.E., Elbermawy, Z.A., Yousef A.G.
and Abd-Elhady, H.K. 2005. Monitoring and
characterization of insecticide resistance in the
cotton leafworm, Spodoptera littoralis (Boisd.)
(Lepidoptera: Noctuidae). J. Asia-Pacific Entomoal.,
8(4): 397-410.

Adham, K.F., Rashad, E.M., Ibrahim, S.F. and Nasr,
E.E. 2009. Host plants shifting affects the biology
and biochemistry of Spodoptera littoralis
(Boisd.)(Lepidoptera: Noctuidag]. Egypt. Acad. J.
biolog. Sci., 2(1): 63-71.

Ahmed, A.M. 2001. Biochemical studies on the effect
of some insect growth regulators on the cotton
leafworm. M.Sc. Thesis, Fac. Agric., Cairo Univ.,
Egypt, 188pp.

Ahmed N.A.; Rawi SM.; Radwan N.M. and Attla
M.H. 1993. Comparative effects of hostathione,
endrin, Lannate and sumicidin  on the
transaminases activity of liver, brain and plasms of
frog Rana ridibunda. Bull. Fac. Sci. Cairo Univ.,
60: 93-110.

Int. J. Adv. Res. Biol. Sci. (2016). 3(3): 1-12

Al-Dali, A.G. 2008. Transaminase activity in Musca
domestica (Diptera: Muscidage) as affected by some
insect growth regulators. 18"Inter. Conf. Egypt.
Ger. Soc. Zoal., 1-5 March, 56(A): 1-19.

Alyokhin, A., Guillemette, R. and Choban, R. 20009.
Stimulatory and suppressive effects of Novaluron
on the Colorado potato beetle reproduction. J.
Econ. Entomol., 102(6): 2078-2083.

Amer, M.S,, Ghoneim, K.S., Abdel-Ghaffar, A.A., Al-
Ddli, A.G., Bream, A.S. and Hamadah, Kh.Sh.
2006. Reproductive potentiality of Musca
domestica (Dipterac Muscidae) as affected by two
chitin synthesis inhibitors: Lufenuron and
Diofenolan. Al-Azhar Bull.Sci., 17(2): 67-75.

Arrese, E.L. and Soulages, J.L. 2010. Insect fat body:
energy, metabolism and regulation.
Annu.Rev.Entomol., 55: 207-225.

Assar, A.A. and Abo-Shaeshae, A.A. 2004. Effect of
two insect growth regulators, methoxyfenozide and
pyriproxyfen on the housefly, Musca domestica
vicina (Dipteras Muscidae). J. Egypt. Ger. Soc.
Zool., 44(E): 19-42.

Aydin, M.H. and Gurkan, M.O. 2006. The efficacy of
spinosadon different strains of Spodoptera littoralis
(Boisduval)(Lepidoptera: Noctuidae). Tur. J. Bio.,
30: 5-9.

Bakr, R.F. 1986. Morphogenic and physiologica
aberration induced by certain IGRs in the house
fly, Musca domestica. Ph.D. Thesis, Fac. Sci., Ain
shams Univ., Egypt, 201pp.

Bakr, R.F.A., Abdel-Razek, N.A., Hamed, M.S. and
Guneidy, A.M. 1991. Physiological effect of some
insect growth regulator on the respirometric
measurements, total protein and free amino acids of
the housefly Musca domestica. Ain Shams Sci.
Bull., 28(B):169-183.

Bakr, R.F., Ghoneim, K.S., Al-Ddi, A.G., Tanani,
M.A. and Bream, A.S. 2008. Efficiency of the
chitin synthesis inhibitor lufenuron (CGA-184699)
on growth, development and morphogenesis of
Schistocerca gregaria (Orthoptera:  Acrididag).
Egypt. Acad. J. Biol.Sci., 1(1): 41 -57.

Bakr, R.F.A., El-barky, N.M., Abd Elaziz, M.F,,
Awad, M.H. and Abd El-Halim, H.M.E. 2010.
Effect of Chitin synthesis inhibitors (flufenoxuron)
on some biological and biochemical aspects of the
cotton leaf worm Spodoptera littoralis Bosid.
(Lepidoptera: Noctuidae). Egypt. Acad. J. Biolog.
Sci., 2(2): 43-56.

Barazani, A. 2001. Rimon, an IGR insecticide.
Phytoparasitica, 29: 59-60.

Basiouny, A.L. 2000. Some physiological effects of
certain insect growth regulators (IGRs) on the false
stable fly, Muscina stabulans (Fallen.) (Diptera:



Int. J. Adv. Res. Biol. Sci. (2016). 3(3): 1-12

Muscidae). Unpublished Ph.D. Thesis, Fac.Sci., Al-
Azhar Univ., Egypt, 220pp.

Bouaziz, A., Boudjelida, H. and Soltani, N. 2011.
Toxicity and perturbation of the metabolite
contents by a chitin synthesis inhibitor in the
mosquito larvae of Culiseta longiareolata. Ann.
Biol. Res., 2(3): 134-143.

Carlide, JA., Oughton, B. and Ampleford, E. 1987.
Feeding causes the appearance of a factor in the
haemolymph that stimulates protein synthesis. J.
Insect Physiol., 33: 493-499.

Casida, J.E. and Quistad, G.B. 1998. Golden age of
insecticide research: past, present, or future? Annu.
Rev. Entomoal., 43: 1-16.

Cedric, G. 2005. Insects and humans. Anon: (Eds.).
Entomology, Third Edition. Springer, Dordrecht,
pp. 725-782.

Chapman, R.F. 2004. The insects. structure and
function, 4th ed. Cambridge University Press,
Cambridge, United Kingdom.

Cohen, E. 2010. Chitin biochemistry: synthesis,
hydrolysis and inhibition. Adv.Insect Physiol., 38:
5-74.

Costa, L.G., Giordano, G., Guizzetti, M. and Vitalone,
A. 2008. Neurotoxicity of pesticides: a brief
review. Frontiers BioSci., 13: 1240-1249.

Cutler, G.C., Scott-Dupree, C.D., Tolman, JH. and
Harris, C.R. 2005a. Acute and sublethal toxicity of
novaluron, a novel chitin synthesis inhibitor, to
Leptinotarsa decemlineata (Coleoptera:
Chrysomelidae). Pest Manage. Sci., 61: 1060-1068.

Cutler, G.C., Tolman, J.H., Scott-Dupree, C.D. and
Harris, C.R.  2005b. Resistance potential of
Colorado potato beetle (Coleoptera:
Chrysomelidae) to novaluron. J. Econ. Entomol.,
98: 1685-1693.

Cutler, G.C., Scott-Dupree, C.D., Tolman, JH. and
Harris, C.R. 2007. Field efficacy of novaluron for
control of Colorado potato beetle (Coleoptera:
Chrysomelidae) on potato. Crop. Prot., 26: 760-
767.

Davies, T.G.E., Fidd, L.M., Usherwood, P.N.R. and
Williamson, M.S. 2007. DDT, pyrethrins and
insect sodium channels. IUBMB Life, 59: 151-162.

De Mark, I.J. and Bennett, G.W. 1989. Efficacy of
chitin synthesis inhibitors on nymphal German
cockroaches (Dictyoptera: Blattidag). J. Econ.
Entomol., 82: 1633-1637.

Dhadialla, T.S., Carlson, G.R. and Le, D.P. 1998. New
insecticides with ecdysteroidal and juvenile
hormone activity. Annu. Rev. Entomol., 43: 545-
569.

Djeghader, N., Djeghader, H., Bouaziz, A. and
Soltani, N. 2013. Biological effects of a
benzoylphenylurea derivative (Novaluron) on
larvae of Culex pipiens (Diptera: Culicidag); Adv.
App. Sci. Res., 4(4): 449-456.

Djeghader, N.E.H., Aissaoui, L., Amira, K. and
Boudjelida, H. 2014. Impact of a chitin synthesis
inhibitor, Novaluron, on the development and the
reproductive performance of mosquito Culex
pipiens. World Applied Sciences Journa, 29(7):
954-960.

El-Bassiony, G.M., Dorrah, M.A. and El-Nady, A.M.
2005. Effects of two insect growth regulators on
the protein level and RNA intensity in the larvae of
camel nasal bot fly Cephalopina titillator (Clark,
1797), (Diptera: Oestridae). Bull. Ent. Soc. Egypt,
Econ. Ser., 31: 1-17.

El-Gammal, A.M., Zohny, M.S,, Taha, G.Z. and
Abdel- Hamid, M. 1989. The metabolic effect of
the insect growth regulator, fenoxycarb, on
Schistocerca gregaria last nymphal instar. Agric.
Res. Rev. Egypt, 67(1): 125-132.

El-Khawas, M.A.M. and Abd El-Gawad, H.A.S. 2002.
The efficiency of two plant extracts (Fenugreek
and Lupine) and commercia biofungicide (Biofly)
on the cotton leafworm, Spodoptera littoralis
(Boisd) (Lepidoptera: Noctuidae) larvae as a hew
approach of contral. J. Egypt. Ger. Soc. Zoadl., 37:
39-57.

El-Kordy, M.W. 1985. The effect of some growth
regulators on Musca domestica (L.) Ph.D. Thesis,
Fac. Agric., Al- Azhar Univ., Egypt, 198pp.

El-Sheikh, T.A.A., Rafea, H.S., El-Aasar A.M. and
Ali SH. 2013. Biochemical studies of Bacillus
thuringiensis var. kurstaki, Serratia marcescns and
Teflubenzuron on cotton leafworm, Spodoptera
littoralis (Boisd.) (Lepidoptea: Noctuidae). Egypt.
Acad. J. Bio. Sci., 5(1) 19-30.

El-Sokkary, Z.F. 2003. Biologica and physiological
effects of some insect growth regulators and
botanicals on the desert locust Schistocerca
gregaria Forskal. M.Sc. Thesis, Fac. Sci., Ain
Shams Univ., Egypt, 223pp.

Emea 2001. The European Agency for the Evaluation
of Medicinad products Veterinary Medicine and
Inspections. 1-5. Enviroment, 6(1): 39-40.

Etebari, K. and Matindoost, L. 2004. Effects of
hypervitaminosis of vitamin B3 on silkworm
biology. J. Biosci., 29: 417-422.

Etebari, K., Bizhannia, A.R., Sorati, R. and
Matindoost, L. 2007. Biochemical changes in
haemolymph of silkworm larvae due to
pyriproxyfen residue. Pestic. Biochem. Physial.,
88: 14-19.



Int. J. Adv. Res. Biol. Sci. (2016). 3(3): 1-12

Farag, A.M. 2001. Biochemical studies on the effect
of some insect growth regulators on the cotton
leafworm. M.Sc. Thesis, Fac. of Agric.,, Caro
Univ., 199pp.

Ghoneim, K.S. 1985. Physiological studies on
endocrine and reproductive systems of the cotton
leafworm Soodoptera  littoralis ~ (Boisd.)
(Lepidoptera: Noctuidae). Ph.D. Thess, Fac. of
Sci., Al-Azhar Univ., Egypt, 235pp.

Ghoneim, K.S. 1994. Synergistic and antagonistic
action of Chlorfluazuron and mevaonic acid
against the main body metabolism of the Egyptian
cotton leafworm Spodoptera littoralis Boisd.
(Lepidoptera: Noctuidae). J.Egypt.Ger.Soc. Zoal.,
14(D): 89-115.

Ghoneim K.S., Bream A.S., Tanani M.A. and Nassar
M.M. 2001. Effectiveness of IGRS (CGA-184699)
and (CGA-259205) on the respiratory metabolism
of the red palm weevil, Rhynchophorus ferrugineus
(Coleoptera: Curculionidag). Mededelingen
(Rijksuniversiteitte Gent. Fakulteit van de
Landbouwkundige en Toegepaste Biologische
Wetenschappen), 66(2a): 413-423.

Ghoneim, K.S., Al-Dai, A.G. and Abdel-Ghaffar,
A.A. 2003. Effectiveness of Lufenuron (CGA-
184699) and Diofenolan (CGA-59205) on the
general body metabolism of the red pam weevil,
Rhynchophorus  ferrugineus  (Curculionidae:
Coleoptera). Pakistan J.Biol.Sci., 6(13): 1125-
1129.

Ghoneim, K.S., Amer, M.S,, Bream, A.S,, Al-Dali,
A.G. and Hamadah, Kh.Sh. 2004. Developmental
and morphogenic responses of the house fly Musca
domestica to the CSls: Lufenuron and Diofenolan.
Al-Azhar Bull.Sci., 15(2): 25-42.

Ghoneim, K.S., Hamadah, Kh.Sh. and Tanani, M.A.
2012. Protein disturbance in the haemolymph and
faa body of the desert locust Schistocerca
gregariaas a response to certain Insect Growth
Regulators. Bull. Environ. Pharmacol. Life Sci.,
1(7): 73- 83.

Ghoneim, K., Tanani, M., Hamadah, Kh., Basiouny,
A. and Waheeb, H. 2015. Bioefficacy of
Novaluron, a chitin synthesis inhibitor, on survival
and development of Spodoptera littoralis
(Boisd.)(Lepidoptera:  Noctuidae). J.Adv. Zool.,
1(1): 24-35.

Hajjar N.A. and Casida JE. 1979. Structure-activity
relationship of benzopheny ureas as toxicant and
chitin synthesis inhibitors in Oncopeltus fasciatus.
Pestic. Biochem. Physial., 11:33-45.

Hamadah, Kh.Sh. 2014. Metabolic activity of the
chitin synthesis inhibitor, Flufenoxuron, on the

10

desert locust Schistocerca gregaria (Orthoptera:
Acrididae). J. Entomol. Zool. Studies, 2(1): 87-95.

Hamadah, Kh.Sh., Ghoneim, K.S. and Tanani M.A.
2012. Effect of certain insect growth regulators on
the lipid content of some tissues of the desert locust
Schistocerca gregaria. Afr. J. Biochem. Res,, 6(9):
121-128.

Hamadah, Kh., Tanani, M., Ghoneim, K., Basiouny,
A. and Waheeb, H. 2015. Effectiveness of
Novaluron, chitin synthesis inhibitor, on the adult
performance of Egyptian cotton leafworm,
Spodoptera littoralis  (Boisd.)(Lepidoptera:
Noctuidae). Int. J. Res. Stud. Zoal., 1(2): 45-55.

Hassan, H.A. 2002. Biologicd and biochemica
studies on the the effect of some botanical extracts
on cotton leafworm Spodoptera littoralis (Boisd.)
(Lepidoptera: Noctuidae). M.Sc. Thesis, Fac. Sci.,
Ain Shams Univ., Egypt, 188pp.

Hosny, M.M., Topper, C.P., Moawasd, G.G. and El-
Saadany, G.B. 1986. Economic damage threshold
of Spodoptera littoralis (Boisd.) (Lepidoptera:
Noctuidae) on cotton in Egypt. Crop. Protec., 5:
100-104.

Hussain, A. 2012. The effect of non-host plant
volatiles on the reproductive behaviour of the
Egyptian cotton leafworm, Spodoptera littoralis.
M.Sc. Thesis, Swedish Univ. Agric.Sci., 140 pp..

Ishaaya, |. and Horowitz, A.R. 2002. Novaluron
(Rimon) a novel IGR: its biologica activity and
importance in IPM programs. Phytoparasitica, 30:
203.

Kanno, H., Ikeda, K., Asal, T. and Maekawa, S. 1981.
2-Tert-  butylimino-3-isopropyl-5-perhydro-1,3,5-
thiodiazin 4- one (NNI 750), a new insecticide.
Brighton Crop Prot. Conf., 1: 59-69.

Khalil, S.A. 1988. Constraints in the production of
soybean. In: "Quality Seed Production”(Gastdl,
AJG. van, and Kerly, J, eds). ICARDA
publication 124.

Kyung, Y.H. and Kim, H.R. 1990. Characterization, of
haemolymph protein from Hyphantria cunea
(Drwry.). The Korean J. Entomol., 20(4): 239-246.

Levot, G.W. and Sastes, N. 1998. Effectiveness of
amixture of Cyromazine and Diazinon for
controlling fly strike on sheep, Aust. Vet. J., 76(5):
343-344.

Locke, J., Mcdermid, H., Brac, T. and Atkinson, B.G.
1982. Developmental changes in the synthesis of
haemolymph polypeptides and their sequestration
by the prepupal fat body in Calpodes ethlius Stoll
(lepidoptera: Hesperiidae). Insect Biochem., 12:
431-440.

Magd El-Din, S. and El-Gengaihi, S.E. 2000. Joint
action of some botanical extracts against the



Int. J. Adv. Res. Biol. Sci. (2016). 3(3): 1-12

Egyptian cotton leafworm Spodoptera littoralis
Bosid. (Lepidoptera: Noctuidag). Egypt. J. Biol. P.
Cont. 10 (1): 51-56.

Malhata, F.M., Loutfy, N.M. and Ahmed, M.T. 2014.
Dissipation kinetics of novaluron in tomato, an arid
ecosystem pilot study. Toxic. Environ. Chem.,
96(1): 41-47.

Miles, M. and Lysandrou, M. 2002. Evidence for
negative cross resistance to insecticides in field
collected Spodoptera littoralis (Boisd.) from
Lebanon inlaboratory bioassays. Mededelingen
(Rijksuniversiteitte Gent. Fakulteit van de
Landbouwkundige en Toegepaste Biologische
Wetenschappen), 67: 665.

Moroney, M.J. (1956). Facts from figures (3 ed.).
Penguin Books Ltd., Harmondsworth. Middle Sex.

Mosallangjad, H. and Smagghe, G. 2009. Biochemical
mechanisms of methoxyfenozide resistance in the
cotton leafworm Spodoptera littoralis. Pest
Manage. Sci., 65: 732-736.

Mostafa, S.A. 1993. Biochemical effect of some
chemical compounds on Spodoptera littoralis
(Boisd.). Ph.D. Thesis, Fac. Agric.,, Al-Azhar
Univ., Egypt, 222pp.

Moufied, A.M., Zaher, M.A. and Kotby, F. 1960.
Abundance of the cotton leafworm in relation to
host plants. Bull. Soc. Ent. Egypte, XLIV: 240-
251.

Nath, B.S., Suresh, A., Mahendra Varma, B. and
Kumar, R.P. 1997. Changes in protein metabolism
in haemolymph and fat body of the silkworm,
Bombyx mori L., in response to organophosphorus
insecticides toxicity, Ecotoxicol. Environ. Safety,
36: 169-173.

Owa, C., Aoki, F. and Nagata, M. 2010. Protein
degradation in silkworm peritracheal athrocytes
and its physiological role in metamorphosis. J.
Insect Physiol., 56: 108-117.

Padmaja, P.G. and Rao, P.J. 2000. Effect of plant oils
on the total haemocyte count (THC) of final instar
larvae of Helicoverpa armigera Hubner. Pestic.
Res. J,, 12(1): 112-116.

Paloukis, S.S. and Navrozidis E.I. 1995. Effectiveness
of anew insecticide (diofenolan) for control of San
Jose  scde, Quadraspidiotus  perniciosus
(Comstock) (Diaspididae), on peach trees in
northern Greece; Isr. J. Entomol., 29: 285-286.

Perveen, F. 2012. Biochemical analyses of action of
chlorfluazuron as reproductive inhibitor in
Spodoptera litura. Adv.Integ. Pest Manage., 293-
326.

Perveen, F. and Miyata, T. 2000. Effects of sublethal
dose of Chlorfluazuron on ovarian development
and oogenesisin the common cutworm Spodoptera

11

litura (Lepidoptera: Noctuidag). Ann. Entomol.
Soc. Amer., 93(5): 1131-1137.

Pugazhvendan, S.R. and Soundarargjan, M. 2009.
Effects of Penfluronon total haemocyte count of
Chrysocoris purpures. Middle-East J. Sci. Res,, 4:
338-340.

Raslan, S A.A. 2002. Preliminary report on initial and
residual mortality of the natural product, Spinosad,
for controlling cotton leaf worm egg masses. In:
Egypt. 2™ Inter. Conf., Plant Prot. Res. Inst., Cairo,
Egypt, 21-24 December, 2002. Val. 1: 635-637.

Rawi, SM., El-Gindy, H., Haggag, A.M., Abou El
Hassan, A. and Abdel Kader, A. 1995. Few
possible molluscicides from calendula Micrantha
officinalis and Ammi  maus plants. |I.
Physiologica effect on B. alexandrina and B.
truncatus. J. EQypt. Ger. Soc. Zoal., 16: 69-75.

Relyea, R.A. 2009. A cocktail of contaminants. how
mixtures of pesticides at low concentrations affect
aquatic communities. Oecologia, 159: 363-376.

Reynolds, S.E. and Blakey, JK. 1989. Cyromazine
causes decreased cuticle extensibility in larvae of
the tobacco hornworm, Manduca sexta. Pestic.
Biochem. Physiol., 35: 251-258.

Rodriguez-Ortega, M.J., Grosvik, B.E., Rodriguez-
Ariza, A., Goksoyr, A. and Lopez-Barea, J. 2003.
Changes in protein expression profiles in bivalve
molluscs (Chamaelea gallina) exposed to four
model environmental pollutants. Proteomics, 3:
1535-1543.

Saito, T. 1988. Insecticide activity of severa
chemicals to the bryony Leafminer Liriomyza
bryoniae and their application methods. Plant
Protec., 35: 168-171.

Saleem, M.A. and Shakoori, A.R. 1986. Biochemicd
Effects of sublethal doses of Cypermethrin on the
sixth-Instar  larvae of Tribolium castaneum
(Herbst.). Arch. Insect. Biochem. Physiol., 3: 447-
455.

Saleem, M.A., Shakoori, A.R. and Mantle, D. 1998. In
Vivo Ripcord induced macromol ecul es
abnormalities in Tribolium castaneum larvae.
Pakistan J. Zool., 30: 233-243.

Sechser, B., Reber, B. and Wesiak, H. 1994.
Selectivity of diofenolan (CGA-59205) and its
potential for integrated scale control. Proc.
Brighton Crop Prot. Conf. Pests and Dis., 3: 1193-
1198.

Shonouda, M.L. and Osman, S.L. 2000. New botanicd
derivatives, used in medicinal reparations, showing
bioactive action on insect pests.1-Toxicological
effect on the development of Spodoptera littoralis
(Boisduval) (Lepidoptera: Noctuidae). J. Egypt.
Ger. Soc. Zool., 31: 227-234.



Int. J. Adv. Res. Biol. Sci. (2016). 3(3): 1-12

Shoukry, I.F., Khalaf, A.A., Hussein, K.T. and Khater,
K.S. 2003. Toxicologica evaluation of some
botanical oils on biochemical aspects in the Indian
meal moth Plodia interpunctella HB. (Lepidoptera:
Pyralidae). Egyptian J. Biology, 5: 155-163.

Singh, S. and Kumar, K. 2011. Diofenolan: a novel
insect growth regulator in common citrus butterfly,
Papilio demoleus. Phytoparasitica, 39(3): 205-213.

Smagghe, G. and Degheele, D. 1992. Effects of the
non steroidal ecdysteroid agonist, RH-5849 on
production of Spodoptera littoralis (Boisd.)
(Lepidoptera: Noctuidag). Parasitica, 48: 23-29.

Smagghe, G., Carton, B., Wesemael, W., Ishaaya, .
and Tirry, L. 1999. Ecdysone agonists-mechanism
of action and application on Spodoptera species.
Pestic. Sci., 55: 343-389.

Sokar, L.A. 1995. Possible aternatives to classica
insecticides in management program of Spodoptera
littoralis (Boisd.). Ph.D. Thesis, Zagazig Univ.,
Egypt, 188pp.

Soltani, N., Aribi, N., Berghiche, H., Lakbar, S. and
Smagghe, G. 2002. Activity of RH-0345 on
ecdysteroid production and cuticle secretion in
Tenebrio molitor pupae in vivo and in vitro. Pestic.
Biochem. Physial., 72: 83-90.

Streibert, H.P., Frischknecht, M.L. and Karrer, F.
1994. Diofenolan - a new insect growth regulator
for the control of scale insects and important
lepidopterous pests in deciduous fruits and citrus.
Proc. Brighton Crop Prot. Conf., Pests and Dis.,
1:23-30.

Sugumaran, M. 2010. Chemistry of cuticular
sclerotization. Adv. Insect Physiol. 39: 151-209.
Tanani, M.A, Ghoneim, K.S. and Hamadah, Kh.Sh.
2012. Comparative effects of certain IGRs on the
carbohydrates in haemolymph and fat body of the
desert locust, Schistocerca gregaria (Orthoptera:
Acrididae). Florida Entomologist, 95(4): 928-935.

Tanani, M., Hamadah, Kh., Ghoneim, K., Basiouny,
A. and Waheeb, H. 2015. Toxicity and bioefficacy
of Cyromazine on growth and development of the
Cotton leafworm Spodoptera littoralis
(Lepidoptera: Noctuidag). Int. J.Res. Studies in
Zool., 1(3):1-15.

Tomlin, C.D.S. (ed.) 2000. The Pesticide Manual,
12"ed. British Crop Protection  Council
Publications.

Tunaz, H. and Uygun, N. 2004. Insect growth
regulators for insect pest control. Turkish J.
Agric.Forestry, 28: 337-387.

ul Hag, I.H., Caceres, C., Hendrichs, J.,, Ted, P,
Wornoayporn, V., Stauffer, C. and Robinson, A.S.
2010. Effects of the juvenile hormone analogue
methoprene and dietary protein on male melon fly
Bactrocera cucurbitae (Dipteraz  Tephritidae)
mating success. J. Insect Physiol., 56: 1503-1509.

Vazirianzadeh, B., Jervis, M.A. and Kidd, N.A.C.
2007. The effects of ora application of
Cyromazine and Triflumuron on house-fly larvae.
Iranian J. Arthropod-Borne Dis., 1(2): 7-13.

Wang, Y. and Wang, M. 2007. The research of IGRs.
World Pestic., 29: 8-11.

Weichselbaum, T.E. 1946. Photometric colorimetric
test for total proteins. Amer. J. Clinic. Path., 16:
40-48.

Wikinson, C.F. 1976. Insecticide Biochemistry and
Physiology. Plennum, New York, U.SA.

Willis JH. 2010. Structural cuticular proteins from
arthropods:  annotation,  nomenclature, and
sequence characteristics in the genomics era. Insect
Biochem. Molec. Biol., 40: 189-204.

Wu, J. 2002. The application of IGRs in agricultural
pest control. Pestic. 41: 6-8.

Yu, SJ. and Teriers, L.G. 1975. Activities of
hormone metabolizing enzymes in house flies
treated with some substituted urea growth
regulators. Life Sci., 17:619-626.

Zhou, Z., Deng, G. and Luo, S. 2003. Study and
application of IGRs. Guangxi Agric. Sci. 1: 34-36.

Zibaee, A., Zibaee, I. and Sendi, J.J. 2011. A juvenile
hormone analog, pyriproxyfen, affects some
biochemical components in the haemolymph and
fat bodies of Eurygaster integriceps Puton
(Hemiptera:  Scutelleridag). Pest.  Biochem.
Physiol., 100(3): 289-298.

AccessthisArticlein Online

Website:
www.ijarbs.com

Subject:
I nsect Science

Quick Response
Code

How to citethisarticle:

A.Basiouny, K. Ghoneim, M. Tanani, Kh. Hamadah, and H. Waheeb. (2016). Disturbed protein content in
Egyptian cotton leafworm Spodoptera littoralis (Boisd.)(Lepidoptera: Noctuida) by some novel chitin
synthesisinhibitors. Int. J. Adv. Res. Biol. Sci. 3(3): 1-12.

12



