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ABSTRACT

Toxicity and effects of lufenuron and chlorfluazuron on some biochemical and physiological
parameters of Spodoptera littoralis (Boisd.) larvae were assessed. Results showed no significant
differences in toxicity of lufenuron and chlorfluazuron against 4th instar larvae with LC,, values
1.7 and 2.2 ppm, respectively. While, activity level of alanine aminotransferase (ALT), aspartate
aminotransferase (AST) and alkaline phosphatase (ALF) increased, activity level of glutathione
S-transferase (GST) showed adverse results after exposure to lufenuren and chlorfluazuron
compared with contrel. Lufenuron at 0.62 ppm and chlorfluazuron at 0.78 ppm caused the highest
increase in the AST activity {from 1.06 in control to 4.12 and 4.26 OD/mg protein/min, respectively)
and ALT activity (from 1.02 in control to 5.22 and 5.50 OD/mg protein/min, respectively), after
72 h of exposure. In the case of GST, the highest enzyme activity inhibition was occurred by
lufenuren at 0.28 and 0.62 ppm, where the inhibition percentage was 38.6 and 45.6, respectively.
Results also revealed that, chlorfluazuron caused the highest decrease in total haemocyte count
49.26 and 53.89% at 0.21 and 0.76 ppm, respectively. Changes in the differential haemocyte
population during lufenuron and chlorfluazuren treatments have been assessed. The percentage
of Prohaemocytes (Pr) markedly decreased after treatment with both insecticides when compared
with control but no significant difference was observed between different concentrations of tested
insecticides. Moreover, the percentage of Granulocytes (Gr) and Plasmatocytes (Fl) decreased
markedly after treatments. In contrast, Oenocytes {Oe) and Spherulocytes (Sph) increased after
72 h of lufenuron and chlorfluazuren treatment. Also, the Corpora Allata (CA) activity has been
observed in S. littoralis treated larvae. Both lufenuron and chlorfluazuron decreased the CA
surface area after 72 h of treatment compared to control.
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INTRODUCTION

Cotton leafworm, Spodoptera littoralis (Boisd.) is one of the most destructive agricultural
lepidopterous pests within its subtropical and tropical range. In Egypt, it can attack numerous
economically important crops throughout the year (Hatem et al., 2009). The chemical control of
5. littoralis has been extensively reported in relation especially to cotton in Egypt
(Abo-El-Ghar et al., 1986). Extensive use of insecticides, multiple generations of CLW per annum
and the availability of host crops, around the year, have contributed to the development of
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resistance in this pest to many insecticide groups (Abo Elghar ef al., 2005; Abou-Taleb, 2010).
Selective insecticides, such as Insect Growth Regulators (IGRs), are highly desirable in integrated
and resistance pest management programs. They are advantageocus because they do not persist
long in the environment due to their rapid bicdegradation and exhibit low toxicity for non-target
organisms especially vertebrates (Zibaee et al., 2011).

The IGRs are compounds that interfere with growth of insects (Kai et al., 2009). They disrupt
the normal activity of the endeocrine system of insects, affecting development, reproduction or
metamorphosis of the target insects. The IGRs include Juvenile Hormoene (JH) mimics and Chitin
Synthesis Inhibitors (CSIs) (Tunaz and Uygun, 2004). The CSIs, such as chlorfluazuron and
lufenuron inhibit the preduction of chitin, a major component of the insect exoskeleton. By
consideration of this information, the aim of this study 1s to investigate the interaction of such IGR
compounds (lufenuron and chlerfluazuron) with some biochemical enzymatic components. Efficacy
of these IGR compounds on the total hemocyte count, different hemocyte count and corpora allata
activity were also carried out. These parameters have a strong relation with growth, development
and ecdysis process of insect larvae. The biochemical basis of buffering in the haemolymph of
insects has received little attention and the chemical complexity of insect haemolymph. Peel and
Akam (2007) suggested that the relative importance of various compounds to buffering may be
quite different from that in other arthropods or vertebrates. Gad and Abdel-Megeed (2006) studied
the effects of spinosad and emamectin benzoate on the blood picture and DNA structure of the
cotton leaf worm S. littoralis. However, this haemocyte population is not only affected by changes
during the development process, but also by various forms of stress such as insecticides,
parasitization and starvation (Essawy, 1991).

MATERIALS AND METHODS

Experimental insect: Laboratory strain cotton leafworm larvae used for testing program was
reared for several years on castor bean leaves at 25+2°C and 65+5% RH as mentioned by
Eldefrawi et al. (1964).

Tested insecticides: Lufenuron (Match®5%EC) and chlorfluazuron (Atabron®s%EC) were
supplied by Syngenta.

Bioassay: Homogenous pieces of the castor oil leaves were dipped in a series of the insecticides
concentrations for 10 sec held vertically to allow excess solution to drip off and dried at room
temperature. Treated castor oil leaf pieces were transferred to a plastic cups and the appropriate
number of (10 larvae in each cup) starved 4th instar (45+2 mg larva™) larvae were added. Each
conecentration was replicated five times. Castor oil leaves were dipped in water for control treatment.
Mortality percentages were recorded after 72 h of treatment, corrected according to Abbott equation
{Abbott, 1925) and subjected to probit analysis. The median lethal coneentrations, confidence limits
and the slope were calculated (Finney, 1971).

Biochemical assays

Sample preparation for enzymatic assay: Starved laboratory strain 4th instar larvae of
5. Littoralis were fed on castor oil leaves dipped in LC,, and LC,, equivalent concentrations of
lufenuron and chlorfluazuron solutions plus untreated larvae as a control. Suitable numbers of
total larvae were collected after 24, 48 and 72 h of treatment. These larvae were homogenized
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{1: 10 whv) 1n glass distilled water pH 7, using glass homogenizer. The homogenate was centrifuged
at 5000 rpm for 30 min at 4°C using [EC-CRU 5000 cooling centrifuge. The supernatant was used
for biochemical assays.

Assay of aspartate (AST) and alanine aminotransferases (ALT): Activity of AST and ALT
was measured according to the method of Reitman and Frankel (1957) using Diamond Diagnostic
kit (Dhiamond Co., Egypt). In this method 100 pli of enzyme source was added to 500 pli of 100 mM
phosphate buffer pH 7.2 containing 80 mM L-aspartate as a substrate for AST or 80 mM
D-L-alanine as a substrate for ALT and 4 mM e-ketoglutarate. This mixture was incubated for
30 min at 37°C. After that, 500 uL of developing color reagent, 4 mM 2, 4-dinitrephenylhydrazine,
was added and the solution was incubated for 20 mrmn at room temperature. Lastly, 5 mL of 0.4 N
NaOH was added then mixed and left at room temperature for 5 min. An assay mixture without
enzyme source was used as the blank and the absorption was measured at 546 nm using
spectrophotometer (Milton Roy Spectronic 801). The AST and ALT specific activities were
determined as OD,,/mg protein/min.

Assay of alkaline phosphatases (ALP): Activity of ALP was determined according to the method
of DGEC (1972), using Diamond Diagnostic kit (Diamond Co., Egypt). In this method, 20 pL of the
enzyme source was added te 1 mL diethanolamine buffer (0.9 M, pH 9.8) contaiming 0.6 mM
magnesium ions and 1 mM p-nitrophenyl phosphate. Then, the mixture was mixed in the cuvette,
incubated for 30 sec in the spectrophotometer (Milton Roy Spectronic 601), start stopwatch
simultaneously and read again after exactly 1, 2 and 3 min at 405 nm. The ALP specific activity
was determined as OD ,/mg protein/min.

Assay of glutathione S-transferase (GST): The GST was determined by using CDNB as a
substrate (IKao ef al., 1989). The assay mixture consisted of 50 mM CDNB in 95% ethancl, 50 mM
GSH and 10-20 mg of enzyme sample in 3 mL of 50 mM phosphate buffer (pH 7.5). The change
in absorbance was measured at 340 nm for up to 3 min and the enzyme activity in terms of

mmaol of CDNB conjugated min™! mg protein™' was calculated using the extinetion coefficient of
9.6 mM ' em™,

Protein measurements: Protein estimation has been carried out according to Lowry et al. (1951)
using folin reagent as a coloring reagent. The developed color was measured at 750 nm using
Sequoia-Turner Model 340 spectrophotometer against the blank. The standard curve of protein was
established using different. concentrations of Bovine Serum Albumin (BSA) (10-100 pg pL ™.

Studies of haemocytes: The haemolymph samples were taken after 72 h of treatment with
lufenuron and chlorfluazuron (at LC,, and LC., equivalent values). The Total Haemocyte Count
(THC) was carried out using the haemocytometer as reported according to method described by
Jones (1962) and Essawy (1991). The Differential Haemocyte Count (DHC) was calculated using
method of Akail and Sato (1973). To calculate the DHC, 100 cells were 1identified to their typical
haemocyte type after staining a smear of haemolymph with Wright's stain (Essawy, 1990).

Corpora allata activity: Corpora Allata (CA) volume was used as an indicator of the Juvenile
Hormone (JH) level (Pflugefelder, 1948). Larvae were dissected after 72 h of treatment. The
method of Armstrong and Carr (1964) was used to calculate the CA surface area.
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Statistical analysis: Data were analyzed statistically using analysis of variance (ANOVA) and

differences among the means were determined for significance at 0.01 using LSD test (Steel and
Torrie, 1980,

RESULTS AND DISCUSSION

Toxicity of lufenuron and chlorfluazuron against 4th instar S. littoralis larvae:
According to the LC,; values (Table 1), there is no significant difference between the toxicity of
lufenuron (LC,, = 1.7 ppm) and chlorfluazuron (LC,, = 2.2 ppm) against the 4th instar larvae of
S. littoralis after 72 h of exposure. The concentrations of 0.28 and 0.62 ppm were L.C,, and LC,, for
lufenuron and the concentrations of 0.31 and 0.76 ppm were LC,, and LC,; for chlorfluazuron.
These concentrations were used to find their effects on enzymatic and non enzymatic components.
These results are in agreement with Abdel-Rahman and Abou-Taleb (2007). They reported a
comparable toxicity of lufenuron and chlorfluazuron against the 2nd instar larvae of S. littoralis.

Results of biochemical assays: Significant effects on alanine (ALT) and aspartate (AST)
aminctransferases caused by lufenuron and chlorfluazuron were observed (Table 2). Both
concentrations of lufenuron and chlorfluazuron increased the AST and ALT activity compared
to control after 48 and 72 h of exposure. Lufenuron at 0.76 ppm and chlorfluazuron at
0.62 ppm caused the highest increase in the AST activity, where the activity was 4.13 and 4.26

Table 1: Toxicity of lufenuron and chlorfluazuron against 4th instar larvae of S, littoralis after 72 h of exposure

Insecticide LCg, (mg L) (95% CL) SlopexSE LCy (mg LY LG, mgL™)
Lufenuron 1.7(1.3-2.3) 1.86+0.11 0.62 0.28
Chlorfluazuron 2.2(1.8-2.8) 1.82+0.12 0.76 0.31

Table 2: In vive effect of lufenuron and chlorfluazuron on AST and ALT activity in 4th instar larvae of S. littoralis after different exposure

times
Specific activity (ODg,e/mg protein/min)+SE

Treatments and concentrations 24h 48 h 72h
AST
Control
- 1.02+0.022 1.08+0.02 1.06+0.02
Lufenuron (ppm)
0.28 1.14£0.032 2.63+0.02° 3.25+0.04°
0.62 1.19+£0.032 3.56+0.05° 4.13£0.078
Chlorfluazuron (ppm)
031 1.11+0.012 2.92+0.03° 3.41+0.08°
0.76 1.19+0.032 3.61+0.047 4.26+0.04°
ALT
Control
- 0.91+0.01° 1.02+0.03° 1.02+0.03°
Lufenuron (ppim)
0.28 1.36+0.02° 2.95+0.058° 4.17+0.03¢
0.62 1.68+0.04° 3.49+0.05° 5.22+0.07°
Chlorfluazuron (ppm)
0.31 1.44+0.03° 2.73+£0.032 4.28+0.10°
0.76 1.69+£0.03° 3.21+0.04% 5.50+£0.13°

Numbers within the same column with a letter in common are not significantly different according to analysis of variance (ANOVA) test
(LSD at p<0.05)
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Table 3: In vive effect of lufenuron and chlorfluazuron on ALP activity in 4th instar larvae of S. littoralis after different exposure times

Specific activity (OD,smg proteinmin)=SHE

Treatments and concentrations 24h 48h 7Zh
Control

- 1.71+0.032 1.86+£0.04¢ 1.82+0.05¢
Lufenuron (ppim)

0.28 1.8240.052 2.434+0.08° 2.7920.06°
0.62 1.84+0.062 2.72+0.04° 3.29+0.07
Chlorfluazuron (ppm)

0.31 1.73+0.052 2.62+0.05° 3.04+0.04"
0.76 1.73+0.072 2.9040.022 3.63+0.072

Numbers within the same column with aletter in common are not significantly different according to analysis of variance (ANOVA) test
(LSD at p<0.08)

{OD/mg protein/min) compared to 1.06 (OD/mg protein/min) in control after 72 h of treatment,
respectively. In the case of ALT, the activity of the enzyme was 5.22 and 5.50 (OD/mg protein/min)
compared to 1.02 (OD/mg protein/min) in control, at the same concentrations of lufenuron and
chlorfluazuron, respectively, after 72 h of treatment (Table 2). The changes of AST and ALT
activity in the 5. littoralis larvae following lufenuron and chlorfluazuron exposures suggested that
5. lLittoralis showed adaptive elevation in the activity of the two aminotransferase enzymes,
thereby, probably aiding gluconeogenesis through transamination of glucogenic aminoe acids to
meet the energy demand under lufenuron and chlorfluazuron toxicity. These data are in
accordance with many results of other authors. Zibaee ef af. (2011) mentioned that AST and ALT
activity significantly increased in EKurvgaster infegriceps after exposure to pyriproxyfen. They
concluded that possible damages of this insecticide to haemocytes and fat bodies are the reason in
elevation of their activity. This correlation could be attributed to regeneration of haemocytes by
hematopoietic organs and fat bodies that definitely needs to different amino acids prepared by
transamination process. Abou-Taleb et al. (2009) recorded an increase in the AST and ALT activity
of S, Littoralis larvae as a result of emamectin benzoate treatment. In another study,
Ramaswamy et al. (1999) reported that the activity of these enzymes was elevated when
Sarotherodon mossambicus (Peters) had been exposed to carbaryl.

Alkaline phosphatases (APs) are classically described as homodimeric nonspecific
metalloenzymes which catalyze phosphomonoesterase reactions (Trowsdale ef al., 1990). They are
responsible for removing phosphate groups from many types of molecules, including nucleotides,
proteins and alkaleoids in alkaline conditions under name of dephosphorylation (Zibaee and
Bandani, 2010). Also, they have an additional rele in the final steps of lipid digestion in insects
(Klowden, 2007). In this study, treatment of S, liforalis 4th instar larvae by lufenuron and
chlorfluazuron increased the activity of ALP after 48 and 72 h of exposure (Table 3). The highest
increase in the ALP activity was achieved by chlorfluazuron at 0.76 ppm after 72 h of exposure,
where the ALF activity was 199.5% of contrel (Table 3). While, Abou-Taleb et al. (2009) reported
an inhibition of ALP activity of S. liftoralis larvae after exposure to emamectin benzoate,
Zibaee ef al. (2011) reported a significant increase in K. integriceps ALP activity after exposure to
pyriproxyfen. They mentioned that, Changes in ALP and ACP activities after treatment with
pyriproxyfen in comparison with control indicate altering the physiological balance in nutritional
and intermediate metabolism.

Glutathione S-transferases in insects play an important role in detoxification of insecticides
(Clark, 1989). In this study, S. littoralis GST activity (umol min™ mg protein™) was significantly
decreased as a result of exposure to lufenuron and chlorfluazuron compared to control (Table 4).
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Fig. 1. Efficacy of lufenuron and chlorfluazuron on the total haemoecyte counts of S. littoralis 4th
instar larvae. Error bars represent standard error of five replications. Columns within a
group with a letter in common are not significantly different according to analysis of

variance (ANOVA) test (LSD at p<0.01)

Table 4: In vivo effect of lufenuron and chlorfluazuron on GST activity in 4th instar larvae of S. liftoralis after different exposure times

Specific activity (umol min—* mg protein™)+SE

Treatments and concentrations 24h 48 h 72h
Control

- 224.4+7.82 237.1+6.32 239.6+10.52
Lufenuron (ppm)

0.28 198.3+5.4% 170.2+5.& 147.0+4. 8
0.62 184.4+4.6° 152.643.74 131.1+6.3%
Chlorfluazuron

031 214.346.1% 193.645.4% 177.245.9°
0.76 205.7+6.9¢ 184.2+2.9° 168.9+7.1°

Numbers within the same column with a letter in common are not significantly different according to analysis of variance (ANOVA)
test (LSD at p<0.05)

The highest enzyme activity inhibition was occurred by lufenuron at 0.28 and 0.62 ppm, where the
inhibition percentage was 38.6 and 45.6, respectively. These results are in agreement with
Badawy et al. (2013), they reported a decrease in the GST activity of earthworms
Aporrectodea caliginosa as a result of its exposure to lufenuron. In a contrast with these results,
it has also been shown that certain insecticides induce GST activity (Clark, 198%).

Effect of the tested insecticides on Total Haemoecyte Counts (THCs): The effects of
lufenuron and chlorfluazuron in the haemolymph parameters after 72 h of treatments of
treatments were evaluated. Figure 1 shows a fluctuation in mean number of haemocytes in the
haemolymph of the 4th instar larvae of S. littoralis as a result of insecticide treatments after 72 h.
The Total Haemoceyte Counts (THC) were clearly affected by the tested insecticides. After treatment
with lufenuron concentrations at 0.28 and 0.62 ppm THC count significantly decreased by 30.13
and 38.51%, respectively when compared with control but there are no significant different
between two lufenuron concentrations. Moreover, treatment with chlorfluazuron at 0.31 and
0.76 ppm significantly decrease the THC by 49.26 and 53.89%, respectively, compared with control
but also, no significant different in THC was observed between chlorfluazuren concentrations.
Six types of hemocytes were found in the hemolymph of S, littoralis and they were identified
as Prohaemocytes, Granuloeytes, Plasmatocytes, Oenocytoides and Spherule cells. With regard to
lufenuron treatment, a reduction in the percentage of the Prchaemoeyte was observed about 18.2
and 12%, at concentration 0.28 and 0.82 ppm, respectively but no significant different was observed
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Fig. 2. Efficacy of lufenuron and chlorfluazuron on the differential haemocyte counts of
5. littoralis 4th instar larvae. Error bars represent standard error of five replications.

Columns within a group with a letter in common are not significantly different according
to analysis of variance (ANOVA) test (LSD at p<0.01)
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Fig. 3: Efficacy of lufenuron and chlorfluazurcen on the corpora allata activity of S. litioralis 4th
instar larvae. Error bars represent standard error of five replications. Columns within a
group with a letter in common are not significantly different according to analysis of

variance (ANOVA) test (LSD at p<0.01)

between the tested concentrations of lufenuron. An obvious increase appeared in the number of the
Granulocyte of the treated larvae (37.5 and 30.2%) compared with the total haesmoeyte population
but still less than control (45.8%) (Fig. 2). The same trend was observed in the percentage of
Plasmatocyte at 0.28 and 0.62 ppm were 28 and 21.6%, respectively.,

The chlorfluazuron treatments was characterized its decrease in the number of plasmatocyte
at 0.31 and 0.76 ppm treatments estimated by 17.5 and 16%, respectively, after 72 h of the
treatment (Fig. 2). An increase in the activities of both cenocytoide and spherule cells characterized
the treated larvae compared to the control. These results were similar to those obtained in previous
studies (Arnold and Hinks, 1976) when they noted a high mitotic and rapid turnover of spherule
cells, possibly as a mechanism of releasing products of their metabolism into the haemolymph. In
addition, spherule cells were noted te play a role in recreation of some haemolymph proteins
{Alkai and Sato, 1973). Also, agreed to the results of Zibaee ef al. (2011), suggested that treatment
with pyriproxyfen reduces circulating hemocytes, including those involved in phagocytosis and
encapsulation such as plasmatocytes and granulocytes and significantly impaired nodule formation
as well as sluggish activity of PO system. Gad and Abdel-Megeed (2006), ocbserved that spincsad
and emamectin benzoate decreased the total and differential haemocyte counts in the S. littoralis,

Corpora allata activity: Results reported in Fig. 3 depict that treatment of S. litforalis 4th larval
instar with both insecticides lufenuron and chlorfluazuron caused markedly decrease in the CA
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surface area after 72 h of treatment. Lufenuron at conecentrations 0.28 and 0.62 ppm markedly
decreased the CA surface area by 21.60 and 29.12%, respectively. Furthermore, chlorfluazuren at
concentrations 0.31 and 0.76 ppm caused a sharp decrease in the CA surface area about 38.95 and
55.9%, respectively, compared to control. These results are in agreement with Gadot et al. (1991)
suggests that 20K causes atrophy of CA cells linked with alow rate of JH synthesisin
B. germanica. Also, Rankin and Stay (1985) reported that 20K provokes a reduction of JH titre in
D. punctata. Furthermore, azadirachtin (AZA) causes a depletion of JH titres. Thus, the commonly
reported decrease of JH titre by AZA could be imputed to the degeneration of CA cells
(Malczewska ef al., 1988). Also, Sayah (2002) reported that injection of AZA as well as
20-hydroxyecdysone (20E) into vitellogenic females of Labidura riparia caused ultrastructural
damage in CA cells. However, some ultrastructural modifications are specific to each molecule.

CONCLUSION

Cotton leafworm is one of the most destructive agricultural lepidopterous pests. Chlorfluazuron
and lufenuron (CSIs) are used for cotton leafworm control and they have many biochemical and
physiclogical effects. While, activity level of ALT, AST and ALP increased, activity level of GST
showed adverse results after exposure to lufenuron and chlorfluazuron. Lufenuron and
chlorfluazuron reduced circulating hemocytes, including plasmatocytes and granulocytes and
significantly inhabited the corpora allata activity after 72 h of lufenuron and chlorfluazuren
treatment. The current study was performed and it was observed significant discrepancies in
common physiological processes by changing the biochemical compositions in hemolymph and
haemocytes population in Spodoptera littoralis larvae,
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