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ARTICLE INFO ABSTRACT

Avrticle History The widespread use of the insecticides for controlling the destructive
Received:28/3/2020 pest, red palm weevil (Rhynchophorus ferrugineus), raises the question
Accepted:18/4/2020 about efficacy the chitin synthesis inhibitors (CSlIs). Therefore, this study

Keywords: aims to explore the tested CSls acute toxicity on the field strain of red
Red palm palm weevil. Also, some biochemical changed in the 6™ instar larvae after
weevil, treatment with tested LCsos were measured. The LCsy values of

Rhynchophorus chlorfluazuron, hexaflumuron, and lufenuron were determined at

ferrugineus 454.01,1293.02 and 919.13 pg/ml, respectively for the 6™ larval instar

hlorfl ! exposed using the food dipping method. The lufenuron showed the lowest
chlortluazuron, significant reduction in total protein (7.29%) accompanied with activation
hexaflumuron,

GST, R-esterase, carboxylesterase, phenoloxidase, chitinase, and a-
lufenuron, LCso,  Esterase recorded 58.50, 58.54, 26.09, 22.56, 11.52 and 7.77% increasing

food dipping, respectively. The chlorfluazuron showed mediated significant reduction in
protein, total protein (23.54%) accompanied with activation GST, 3-esterase and
carbohydrates,  carboxylesterase and chitinase recorded 24.90, 23.94, 4.89 and 2.28 %
enzymes increasing respectively. The highest significant reduction in total protein

(45.96%) with hexaflumuron treatment accompanied with activation GST,
carboxylesterase and chitinase recorded 48.02, 38.86 and 25.22% increase
respectively.

INTRODUCTION

Date palm trees, Phoenix dactylifera L. is widely cultivated across northern
Africa, the Middle East, the horn of Africa and South Asia, and is naturalized in many
tropical and subtropical regions worldwide (“World Checklist of Selected Plant Families:
Royal Botanic Gardens, Kew,” n.d.). The date palm is an important economic crop for
many people. The red palm weevil, Rhynchophorus ferrugineus (Olivier) belongs to the
family of Curculionidae (Coleoptera) is host-specific pest targets the date palm trees. R.
ferrugineus is a major economic pest of different species of palm (Dhouibi et al., 2017).
The pest was recorded in the Emirates and Oman in 1986 (El-Ezaby et al., 1998), then
recorded for the first time in Egypt in 1992 (Cox, 1993). Now, R. ferrugineus is known as
the most destructive pest to date palms in the Arabic region and south East Asia (El-
Juhany, 2010). Difficulty controlling due to the shortage of early detection methods and
the hidden behavior, which makes it hard to detect the injury in its early stages (Sayed et
al., 2016). The larval stages fed in the core palm trunk close to the terminal buds
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considered the most dangerous stage which kills it in the final (Kaakeh, 2006). The insect
spends most of life inside the trunk and leaves the infested tree for mating and egg
deposit in the new host plant, which increases the control difficult. So, Early detection of
the injury is considered to be the success of any R. ferrugineus -IPM programs(Al-Dosary
et al., 2016). The insect has caused up to 20% loss of these plantations in Asia and the
Middle East(Hussein et al., 2010) with 3 or 4 generations per year approximately. Larvae
is the harmful stage and the red palm weevil has 10 to 13 larval instars (Abe et al., 2009).
During the last decade, several control methods used focused on the use of insecticides,
pheromone traps, biological control agents in the management of insect pests has
increased in recent years. Chemical control considered the main control method because
of the efficiency and rapid effect on infected palm trees (Abdel-Salam et al., 2014).
Among the different classes of chemical insecticides, insect growth regulators (IGRS)
class causes an adverse effect on insect growth and development by interfering with
specific biochemical pathways or processes. After exposed insects to IGRs results in
mortality due to abnormalities during organ development. Insects mortality required
prolonged exposure during susceptible development periods e.g. molting period and
pupation (Tunaz and Uygun, 2004). The IGR activities applied for insect control
categories to chitin synthesis inhibitor, juvenile hormone mimic/ analog, molting
hormone agonist /analog and molting inhibitor. The chitin synthesis inhibitors act as an
anti-molting agent, inhibits biosynthesis of chitin in insect cuticle causing loss of cuticle
elasticity and firmness, and results in abortive molting.

The present work was carried out to evaluate the biochemical effects of LCso of
three chitin synthesis inhibitors included chlorfluazuron, hexaflumuron, and lufenuron
against the 6" instar larvae of R. ferruginous.

MATERIALS AND METHODS

Insect Culturing:

A field strain of the red palm weevil, R. ferrugineus, was collected as pupae from
infested date palm fields preexposed to pesticides from El-kasasin district, Ismailia
Governorate, Egypt during 2018-2019. The weevil was reread on sugarcane (Saccharum
officinarum L.) stems under constant laboratory conditions (29« 2 °C and 60-70% RH)
with light intensity equal 30 FC provided by fluorescent tube (Rananavare et al., 1975;
Salama and Abdel-Razek, 2002; Mahmoud, 2013).

Insecticides Used:
Table 1 :List of benzoylphenylurea derivatives pesticides inhibited chitin synthesis used

in the study.
. Actl\.re chlorfluazuron hexaflumuron lufenuron
ingredient

. F. ol [ F
Chemical o D 9 D
tu F\CQDONHCONHCO I CHFzCFaC“D’”HCDNHCD cpzc:Hch:aoQNHcoNHco }
structure
[ o F cl
Formulation | Caprice™ 5 % EC | Dieuron™ 10 % EC Match™ 5 % EC

The pesticide formulations use in the study were supplied by the Plant Protection
Research Institute, Giza, Egypt.

Treatments:
The 6™ larval instar (25 days) of the red palm weevil, was chosen for bioassay
using food dipping method. Based on preliminary experiments, serial dilutions of each
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test insecticides (20-85 % mortality) were freshly prepared in distilled water. Each
treatment replicated three times, with 10 larvae/replicate. After dipping the fresh pieces
of sugarcane stalks (= 15 cm length, 1.5 cm diameter) for 30 s in the tested concentration
solutions, the treated pieces were air-dried before offering to the starved larvae in glasses
jars (1000 cm?®) with a perforated cover, while, the pieces of sugarcane stalks in untreated
control were dipped in distilled water. The mortalities were recorded daily and the
experimental endpoint was 72 h after exposure. After calculating the median lethal
concentration (LCso), the 6™ larval instar (25 day) of the red palm weevil, was treated the
calculated LCso values for chlorfluazuron, hexaflumuron and lufenuron were454.01,
1293.02 and 919.13 g a.i /ml, respectively in three replicates each one contained ten
larvae. The survival larvae were transferred into a 50 ml centrifuge tube then frozen
directly for 24 h, at -20 °C and then homogenized to subject for biochemical analysis.
Enzyme Measurement Procedures:

Chemicals:

Bovine albumin standard was purchased from Stanbio laboratory (Texas, USA).
Coomassie brilliant blue G-250 was from sigma (sigma chemical co.). P-nitroanisole
(purity 97%) was obtained from Ubichem Ltd. (Ham pshire), while nicotinamide adenine
dinucleotide phosphate (reduced form, NADPH) was from BDH chemicals Ltd. (Poole,
England). The rest of the chemicals were of high quality and purchased from commercial
local companies.

Apparatus:

Insects were homogenized for biochemical analysis in a chilled glass Teflon
tissue homogenizer (ST-2 Mechanic-Preczyina, Poland). After homogenization,
supernatants were kept in a deep freezer at -20° till used for biochemical assays.
Spectrophotometer (Spectronic 1201, Milton Roy Co., USA) emitted beam ultraviolet/
visible was used to measure the optical density.

Preparation of Insects for Analysis:

The insects were prepared according to (Amin, 1998) by homogenizing insects in
distilled water (50 mg/ml). The homogenate was subjected for centrifugation at 8000
r.p.m. for 15 min at 2 °C in a refrigerated centrifuge. The precipitate was discarded by
transferring the supernatant's new tube to subjected for biochemical determinations after
storing at -5 ‘C. The supernatant of different treatments subjected determinations
included:

1. Total proteins were determined according to (Bradford, 1976).

2. Total carbohydrates were determined according to (Dubois et al., 1956).

3. Invertase and trehalase activity was determined according to (Ishaaya and Swirski,
1976).

4. Chitinase activity was determined according to (Bade and Stinson, 1981)

5. Carboxylesterase activity was determined according to (Cao et al., 2008)

6. Glutathione S-transferase activity was determined according to (Habig et al., 1974)

7. a- and B-esterases were determined according to (Asperen, 1962).

8. Phenoloxidase activity was determined according to (Ishaaya, 1971).

Statistics:

The corrected mortality percentage was calculated using Abbott's formula (Abbott,
1925) based on control treatments. The dose-response relationship curve was statistically
computed according to (Finney, 1971) to calculate the median lethal concentration (LCso)
and regression equation components of each insecticide toxicity line using Analystsoft
Biostat Pro V 5.8.4.3 Software.

The significance of the main differences in biochemical parameters was determined by
analysis of variance (ANOVA) using Costat Statistical Software (Cohort software,
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Berkeley). When the ANOVA statistics were significant (P<0.01), the means were
compared by Duncan's multiple range test. The changes % in biochemical parameter
calculated using the equation:

The reduction percentage (%) = (Control value-Treatment value)/ (Control value) <100
RESULTS AND DISCUSSION

Bioassay Experiments:
The Median Lethal Concentration of Tested CSls Against R. ferrugineus:

A Dbioassay test was performed to determine the lethal effect of chlorfluazuron,
hexaflumuron and lufenuron on exposed the 6™ larval inter of the red palm weevil, R.
ferrugineus treated using food dipping method. The primary experiment conducted to
define the suitable concentration range and starvation period. The median lethal
concentration (LCso) of tested CSls was calculated based on the mortality ratios shown in
Table (2). The calculated LCso for Chlorfluazuron was 454.01 pg/ml with difference
65.28 between UCL and LCL. The exposed larvae of red palm weevil showed a high
homogeneity recorded 3.51+ 0.32. Concerning lufenuron caused mediated toxicity
recorded 919.13 pg/ml with LCsovalue, with difference 67.94 between UCL and LCL.
The exposed larvae showed a high heterogeneity recorded 6.82+ 0.62. In the last rank,
hexaflumuron showed the lowest acute toxicity to the 6™ larval instar of red palm weevil.
The LCsovalue was 1293.02 pg/ml for, with difference 113.16 between UCL and LCL.
While the slope recorded 5.76+ 0.52 with mediated heterogeneity closer to lufenuron.
The represented log dos-probit lines are showing Figure (1).

Table 2. Toxicity of chlorfluazuron, hexaflumuron, and lufenuron on instar larvae of the
red palm weevil, Rhyncophorus ferrugineus

LCso LCso
Treatment (ng a.i/ml) UCL LCL Slope = SE
Chlorfluazuron 454.01 422.48 487.76 3.51+0.32
Hexaflumuron 1293.02 1350.54 1237.38 5.76x0.52
Lufenuron 919.13 953.65 885.71 6.82+ 0.62
%0 . Chlorfluazuron
20 / '_' ...... Hexaflumuron |
! === Lufenuron
70 // "‘
— ‘
xR 60 !
8 '
20 / ',
/ h
° 100 1000 10000
Concentration (pg/ml)

Fig. 1 Toxicity lines of chlorfluazuron, hexaflumuron and lufenuron on exposed the 6™
larval inter of the red palm weevil, Rhyncophorus ferrugineus treated using food
dipping method after 96 h.
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The tested pesticides are mainly chitin biosynthesis inhibitors. Insect growth
regulator which acts as an anti-molting agent, leading to the death of the larvae and pupae
and acts through ingestion. Chlorfluazuron and lufenuron are contact insecticides while
hexaflumuron is a systemic insecticide. The selected IGRs mainly target lepidopteran
larvae but it showed efficiency against coleopteran larvae. Not only the anti-molting
effect of lufenuron on treated larvae but also cease feeding and sterilant effect e.g.
reducing fecundity and egg hatch(MacBean, 2012).

Data in Table (3) show some physiological parameters in larval homogenate
exposed to LCso of the tested CSlIs illustrated in Table (2). On the response of total
carbohydrate level to exposure to CSls, hexaflumuron caused the highest significant
reduction in total carbohydrate recorded 41.78% followed by Chlorfluazuron occupied
the second significant rank recorded 8.27% reduction and in contrast with lufenuron
showed a significant increase in total carbohydrate with 8.80 % increasing comparing
with untreated larvae, as shown in Figure (2,b).

B-fructofuranosidases or invertases (EC 3.2.1.26) are glycosidehydrolases that
catalyze the hydrolysis of sucrose (B-Dglucopyranosyl-S-D-fructofuranoside) into the
monosaccharides glucose and fructose (Pedezzi et al., 2014; Zibaee et al., 2008).
Invertase activity showed the highest influence with chlorfluazuron recorded 51.19 %
reduction, lufenuron caused a limited significant reduction reached to 35.95 %, in
contrast with hexaflumuron showed significant increasing in invertase activity raising to
6.9 % increasing, as shown in Figure (2,c).

Trehalase (EC 3.2. 1.28) hydrolyzes only a, o'-trehalose (two molecules of
glucose) primary blood sugar in insects. Trehalase is highly specific to trehalose and
presents in a variety of organisms, but is most important in insects serves as blood-sugar
(Silva et al., 2010). Also, (Benoit et al. 2009) indicate to trehalose accumulates with
higher concentrations in response drought. Desiccation tolerance has been attributed to
the stress protectant ability of trehalose in other insects like the fruit fly and mosquito
(Juliano et al. 2002; Thorat et al. 2012). Trehalase plays a fundamental role in insects
forming the major link between trehalose metabolism and glucose transport and
glycolysis in insects. Trehalase not only acts as a stress recovery factor but also plays an
essential role in insect glycometabolism and homeostasis. Therefore, trehalase has been
considered as a possible target for insect pest control (Shukla et al., 2015). Also, trehalase
activity showed a fluctuated response to CSls exposure, to raise activity significantly
after exposure lufenuron to 1.64 %. Whereas, trehalase activity showed non-significant
decreasing recorded 14.1 and 15.08 % reduction after exposure to hexaflumuron and
chlorfluazuron, respectively comparing check treatment, as shown in Figure (2,d). The
high reduction in carbohydrate resulted from hexaflumuron treatment (41.78%) in
agreement with (Tan et al., 2014) elucidated that the hexaflumuron sublethal
concentrations could interfere the normal carbohydrate metabolism by depressing the
expression of soluble trehalase genes in Apolygus lucorum nymphs. Although, increasing
trehalose content in 1% instar nymphs significantly following hexaflumuron treatment
while the glucose content and soluble trehalase activity decreased significantly. This
indictor ascertains trehalase inhibition recorded 14.10 % accompanied with invertase
activation (-6.9%) subsequently highest significant reduction in carbohydrate content
following hexaflumuron treatment, therefor, Trehalose content increased after
hexaflumuron treatment accompanied with the glucose content, and soluble trehalase
activity decreased significantly (Tan et al., 2014). While, chlorfluazuron showed a
limited significant reduction in carbohydrate content (8.27%) accompanied with high
inhibition in invertase activity (51.19%) and limited reduction trehalase activity (15.08
%) in contrast with Lufenuron treatment showed a highest carbohydrate content (8.8%)
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resulted from raising trehalase activity (1.64) and inhiation invertase activity (35.95 %)
but o, o'-trehalose (two molecules of glucose) a primary blood sugar in insects
subsequently trehalase activity more vitality than invertase activity, also, the total
carbohydrate is high negative correlated with trehalose amount.

Table 3:Changes in carbohydrates concentration and carbohydrate related enzymes in the
larval stage homogenates of the red palm weevil, Rhyncophorus ferrugineus
treated with the tested insecticides

Treatment The COH{:EI;I::;F)I:;[I (mg/g b. The activity (ug glucose /min /g b.wt.) of
Total carbohyvdrates Invertase Trehalase
58.03+2.58¢ 68.33+4.72¢ 86.33+5.680
Chlorfluazuron
(8.27) (51.19) (15.08)
36.83=1.754 149.66+5.682 87.33£3.05
Hexaflumouron
(41.78) (-6.9) (14.10)
68.83+£2.752 89.66x5.500 103.33+].52=
Lufenuron
(-8.80) (35.95) (-1.64)
Control 63.26x1.02b 140.00+9.53= 101.66+5.502

Means standard error (+SEM) followed by the same letter within columns indicate no significant difference
(P <0.05); the number between parentheses refers to the reduction percentage (%) resulted from treatment.

Data in Table (4) continued to display the enzyme activity influence after expose
red palm weevil larvae to LCso of tested insecticide's effect on chitin biosynthesis. The
total protein showed a highly significant reduction recorded 45.96% with larvae of red
palm weevil exposed to hexaflumuron followed by chlorfluazuron causing significant
reduction recorded 23.54% reduction and finally lufenuron showed 7.29 % reduction
represented the lowest significant reduction among the tested CSls and the closer to
control treatment, as shown in Figure (2,a).

Chitin is a long-chain polymer of N-acetylglucosamine, the derivative of glucose
presences in insoluble structural polysaccharide in the exoskeletal and gut linings of
insects. Chitin biosynthesis is a metabolic target with selectivity for pest control. This
potential target effects insect molting enzyme chitinase which degrades chitin polymers
to low molecular weight during the molting process in the exoskeleton (Kramer and
Muthukrishnan, 1997). Chitinases (EC 3.2.1.14) are glycosyl hydrolases that catalyze the
hydrolysis of B-(1, 4)-glycosidic bonds in chitin, the major structural polysaccharide
present in the cuticle and gut peritrophic matrix of insects (Lu et al., 2002). Increasing of
chitinase before the molt resulted in decreased cuticle thickness (Fitches et al., 2004).
The chitinase considers a secondary target for some CSls. Chitinase activity showed a
high activity raised significantly to 25.22 % increasing after exposer larvae to
hexaflumuron, followed by lufenuron treatment in the second significant rank recorded
increasing 11.52 %, then, chlorfluazuron showed the lowest increase in chitinase activity
with increasing 2.28 % comparing untreated control treatment.

Glutathione S-tranferase (GST; EC 2.5.1.18) is a family of detoxifying enzymes
that catalyzed the conjugation of reduced glutathione with a group of compounds having
electrophilic centers e.g., nitrocompounds, organophosphates and organochlorides (Clark
et al., 1986). GST offers passive protection towards pyrethroid insecticides by binding to
their molecule in a sequestering mechanism (Kostaropoulos et al., 2001). Insecticide-
resistant strain showed GST high activity correlated with a high level of GST1 transcript
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(Fournier et al., 1992). Also, GST has a similar role in the regulation of energetics in
mitochondria as that in diapause and metamorphosis (Jovanovié¢-Galovi¢ et al., 2007).
Glutathione S-transferase activity showed a surpass activity to record 48.02 and 58.50 %
increasing in hexaflumuron and lufenuron respectively with a significant difference, then,
chlorfluazuron treatment showed significant increasing 24.90 %.

Phenol oxidase (PO) plays an important role in defense mechanisms in insect
immunity (Jiang et al., 1997). Insects employ phenoloxidase for melanin biosynthesis and
clotting (Sugumaran, 2002). Also, Insect POs generate quinones and other reactive
intermediates to immobilize and kill invading pathogens and parasites (Eleftherianos et
al., 2011; Lu and Jiang, 2007). The phenoloxidase system is responsible for the
sclerotization of cockroach ootheca (Sugumaran and Nellaiappan, 1990). Phenoloxidase
activity in lufenuron treatment surpassed control treatment recorded 22.56% increasing
with a significant difference, while, hexaflumuron and chlorfluazuron treatments showed
phenoloxidase activity reduction was limited in exposure to chlorfluazuron and the
highest reduction in hexaflumuron recorded 46.72%.

The esterase reaction, defined as the hydrolysis of an ester to its component
alcohol and acid in a chemical reaction with water called hydrolysis, encompasses
hydrolysis of a diverse range of carboxylic, thio-, phospho-, and other ester substrates. It
sits within a broader set of hydrolase reactions that also include glycosylases, proteases,
amidases, and many others (Webb, 1992). The esterases categorized as alpha and/or beta
esterases according to the enzyme's ability to hydrolyze either alpha- or beta-naphthyl
acetate. These esterases were further divided into acetylesterases, arylesterases,
carboxylesterases and acetylcholinesterase (Dahan-Moss and Koekemoer, 2016). Esterase
activity both types a and B-Esterase surpassed the control treatments recorded 7.77 and
58.54% significant increasing respectively in lufenuron treatment, while, chlorfluazuron
treatment occupied the second significant rank recorded 23.94 % increasing with B-
Esterase and 12.91 % reduction with a-Esterase. Finally, hexaflumuron caused inhibition
activity of a and B-Esterase recorded 27.28 and 11.24 % significant reduction compared
with control treatment.

Carboxylesterase (EC 3.1.1.1) provides key mechanisms of resistance to
insecticides, particularly organophosphates, in insects. The enzyme is responsible for
cross-resistance to a wide range of insecticides (Devonshire et al., 1986; Feng et al.,
2018). Carboxylesterase data exhibited the same trend, where, hexaflumuron treatment
showed raising carboxylesterase activity with 38.86 % increasing followed by lufenuron
record 26.09 % increasing then chlorfluazuron showed the lowest raising activity recorded 4.89
% increasing with a significant difference among treatments, as shown in Figures (2, e and f).

Table 4 Changes in total protein, enzymes activity in the larval homogenates of the red
palm weevil, Rhyncophorus ferrugineus treated with the tested insecticides.

Treatment Tom,l Chitinase GST Phenoloxidase Esterase actlvity
protein a-Esterase R-Esterase Carboxylesterase
Chlorfluazuron 31.83£1.04¢ | 313.66+12.05° | 21.06+0.92¢ 39.70+0.88° 49.70+2.56" | 94.06+5.25° 128.66+5.50¢
(23.54) (-2.28) (-24.90) (4.72) (12.91) (-23.94) (-4.89)
Hexaflumuron 22.50=x1.504 384.00+2.642 | 24.96+1.05° 22.20£1.47¢ 41.50=1.32¢ | 67.36+3.00° 170.33+10.212
(45.96) (-25.22) (-48.02) (46.72) (27.28) (11.24) (-38.86)
Lufenuron 38.60+1.24% | 342.00+10.58° | 26.73+1.072 51.06+3.61% 61.50+3.962 | 120.33£9.502 154.66+4.50P
(7.29) (-11.52) (-58.50) (-22.56) (-7.77) (-58.54) (-26.09)
Control 41.63+1.305= | 306.66+15.27¢ | 16.86=1.00¢ 41.66+1.520 57.06£2.582 | 75.90+2.28¢ 122.66+6.429¢

Means standard error (+SEM) followed by the same letter within columns indicate no significant difference
(P < 0.05); the number between parentheses refers to the reduction percentage (%) resulted from treatment.
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Fig.2:Different biochemical parameters of the red palm weevil,

ferrugineus treated with the tested insecticides: a) Total protein; b) Total
carbohydrates; ) Invertase activity; d) Trehalase; e) Chitinase; f) Carboxylesterase;
g) GST; h) Phenoloxidase; i) a-Esterase activity and j) B- Esterase activity. Values
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The lufenuron showed the lowest significant reduction in total protein (7.29%)
accompanied with activation GST, R-esterase, carboxylesterase, phenoloxidase chitinase,
and a-Esterase recorded 58.50, 58.54, 26.09, 22.56, 11.52 and 7.77% increasing
respectively. The chlorfluazuron showed mediated significant reduction in total protein
(23.54%) accompanied with activation GST, R-esterase and carboxylesterase and
chitinase recorded 24.90, 23.94, 4.89 and 2.28 % increasing respectively. The highest
significant reduction in total protein (45.96%) in hexaflumuron treatment accompanied
with activation GST, carboxylesterase and chitinase recorded 48.02, 38.86 and 25.22%
increase respectively. The main enzymes increase activity with treatment was glutathione
S-transferases then esterases according to (Devonshire and Field, 1991; Oppenoorth,
1985) showed that insecticides resistance associated with molecular target modifications
and increased levels of detoxification enzymes e.g. glutathione S-transferases,
cytochrome P450s, and carboxylesterases in many insect species. Carboxylesterase
enzymes were found to differ in their sensitivity to the inhibitors employed, and some
compounds caused dramatic activation of the hydrolysis. According to this, GST may
offer protection towards CSls (Kostaropoulos et al., 2001).

Lufenuron topically applied onto pupae showed mortality with a lower
concentration and increase, increasing water loss, depleting, lowering body weights,
shortened pupal duration and adult morphogenesis (Ghoneim et al., 2007). Hexaflumuron
and chlorfluazuron at a concentration of LCso values effect on fecundity and fertility of
pink bollworm, Pectinophora gossypiella. Hexaflumuron was more potent than
chlorfluazuron in total protein reduction (Kandil et al., 2013). prepupae of the R.
ferrugineus treated with 1.0, 0.1 or 0.01 pg lufenuron/insect using topical application
method showed that the lowest dose of Lufenuron caused a gradual decrease in
carbohydrate content, but the highest and medium doses induced a reciprocal V-shaped
trend in this metabolite throughout the pupal life. Also, all dose-levels of lufenuron,
induced such a trend in protein content of pupae with greater reduction action on the
protein content of lufenuron (Ghoneim et al., 2003). The growth of Lufenuron-treated
nymphs of desert locust Schistocerca gregaria was profoundly inhibited because their
weight gain was drastically reduced with the same response mentioned before (Bakr and
Ghoneim, 2008). But overall all CSls seriously suppressed the protein content, regardless
of the age (Basiouny et al., 2016) subsequently all protein structures affected.

REFERENCES

Abbott, W.S., 1925. A method of computing the effectiveness of an insecticide. J Econ
Entomol 18, 265-267.

Abe, F., Hata, K., Sone, K., 2009. Life History of the Red Palm Weevil, Rhynchophorus
ferrugineus (Coleoptera: Dryophtoridae), in Southern Japan. Fla. Entomol. 92,
421-425. https://doi.org/10.1653/024.092.0302

Al-Dosary, N.M., Al-Dobai, S., Faleiro, J.R., 2016. Review on the management of red
palm weevil Rhynchophorus ferrugineus Olivier in date palm Phoenix dactylifera
L. Emir. J. Food Agric. 34-44.

Amin, T.R., 1998. Biochemical and physiological studies of some insect growth
regulators on the cotton leafworm, Spodoptera littoralis (Boisd.) (Ph.D. thesis).
Cairo University, Faculty of science.

Asperen, K. van, 1962. A study of housefly esterases by means of a sensitive colorimetric
method. J. Insect Physiol. 8, 401-414.

Bade, M.L., Stinson, A., 1981. Biochemistry of insect differentiation: A system for
studying the mechanism of chitinase activity in vitro. Arch. Biochem. Biophys.



136 A. E. A. M. El-Sobki and A. A. I. Ali

206, 213-221.

Bakr, R.F., Ghoneim, K.S., 2008. Efficiency of the chitin synthesis inhibitor lufenuron
(cga-184699) on growth, development and morphogenesis of Schistocerca
gregaria (orthoptera: acrididae). Egypt. Acad. J. Biol. Sci. (A.Entomology) 1, 41—
57.

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

Bradford, M.M., 1976. A rapid and sensitive method for the quantitation of microgram
quantities of protein utilizing the principle of protein-dye binding. Anal. Biochem.
72, 248-254. https://doi.org/10.1016/0003-2697(76)90527-3

Cao, C.-W., Zhang, J., Gao, X.-W., Liang, P., Guo, H.-L., 2008. Overexpression of
carboxylesterase gene associated with organophosphorous insecticide resistance
in cotton aphids, Aphis gossypii (Glover). Pestic. Biochem. Physiol. 90, 175-180.

Clark, A.G., Shamaan, N.A., Sinclair, M.D., Dauterman, W.C., 1986. Insecticide
metabolism by multiple glutathione S-transferases in two strains of the house fly,
Musca domestica (L). Pestic. Biochem. Physiol. 25, 169-175.

Cox, M.L., 1993. Red palm weevil, Rhynchophorus ferrugineus, in Egypt. FAO Plant
Prot. Bull. 41, 30-31.

Dahan-Moss, Y.L., Koekemoer, L.L., 2016. Analysis of esterase enzyme activity in
adults of the major malaria vector Anopheles funestus. Parasit. Vectors 9, 110-
110. https://doi.org/10.1186/s13071-016-1379-7

Devonshire, A.L., Field, L.M., 1991. Gene amplification and insecticide resistance.
Annu. Rev. Entomol. 36, 1-21.

Devonshire, A.L., Searle, L.M., Moores, G.D., 1986. Quantitative and qualitative
variation in the mRNA for carboxylesterases in insecticide-susceptible and
resistant Myzus persicae  (Sulz). Insect Biochem. 16, 659-665.
https://doi.org/10.1016/0020-1790(86)90009-0

Dhouibi, M.H., NCIB, M., HAWARI, W., 2017. Red Palm Weevil (Rhynchophorus
ferrugineus) Chemical Treatments Applied on Ornamental Palms in Tunisia:
Results of Extensive Experiments. Int. J. Agric. Innov. Res. 5, 1062—1068.

Dubois, M., Gilles, K.A., Hamilton, J.K., Rebers, P. t, Smith, F., 1956. Colorimetric
method for determination of sugars and related substances. Anal. Chem. 28, 350—
356.

Eleftherianos, I., Eleftherianos, loannis, Revenis, C., 2011. Role and Importance of
Phenoloxidase in Insect Hemostasis. J. Innate Immun. 3, 28-33. https://doi.org/
10.1159/000321931

El-Ezaby, F.A., Khalifa, O., El-Assal, A., 1998. Integrated Pest Management for the
Control of Red Palm Weevil Rhynchphorus Ferrugineus Oliv in the United Arab
Emirates, Eastern region, Al Ain, in: Proceedings of 1st International Conference
on Date Palms, Mar. pp. 8-10.

El-Juhany, L.l., 2010. Degradation of date palm trees and date production in Arab
countries: causes and potential rehabilitation. Aust. J. Basic Appl. Sci. 4, 3998—
4010.

Feng, X., Li, M., Liu, N., 2018. Carboxylesterase genes in pyrethroid resistant house
flies, Musca domestica. Insect Biochem. Mol. Biol. 92, 30-39.
https://doi.org/10.1016/j.ibmb.2017.11.007

Finney, D.J., 1971. Probit analysis, 3rd ed. Cambridge University Press. Cambridge, UK.

Fitches, E., Wilkinson, H., Bell, H., Bown, D.P., Gatehouse, J.A., Edwards, J.P., 2004.



Biochemical Effects of Some Chitin Synthesis Inhibitors Against Red Palm Weevil 137

Cloning, expression and functional characterisation of chitinase from larvae of
tomato moth (Lacanobia oleracea): a demonstration of the insecticidal activity of
insect chitinase. Insect Biochem. Mol. Biol. 34, 1037-1050. https://doi.org/
10.1016/j.ibmb.2004.06.012

Fournier, D., Bride, J.M., Poirie, M., Berge, J.-B., Plapp, F.W., 1992. Insect glutathione
S-transferases. Biochemical characteristics of the major forms from houseflies
susceptible and resistant to insecticides. J. Biol. Chem. 267, 1840-1845.

Ghoneim, K.S., Al-Dali, A.G., Abdel-Ghaffar, A.A., 2003. Effectiveness of lufenuron
(CGA-184699) and diofenolan (CGA-59205) on the general body metabolism of
the red palm weevil, Rhynchophorus ferrugineus (Curculionidae: Coleoptera).
Pak. J Biol Sci 6, 1125-1129.

Ghoneim, K.S., Bream, A.S., Tanani, M.A., Nassar, M.1., 2007. Efficacy of Lufenuron
(CGA-184699) and Diofenolan (CGA-59205) on survival, growth and
development of red palm weevil, Rhynchophorus ferrugineus (Coleoptera:
Curculionidae), in: Symposium on Crop Protection, Ghent, Belgium.

Habig, W.H., Pabst, M.J., Jakoby, W.B., 1974. Glutathione S-transferases the first
enzymatic step in mercapturic acid formation. J. Biol. Chem. 249, 7130-7139.

Hussein, W., Hussein, M., BECKER, T., 2010. Detection of the Red Palm Weevil
"Rhynchophorus ferrugineus using its bioacoustics features. Bioacoustics- Int. J.
Anim. Sound Its Rec. - BIOACOUSTICS 19, 177-194. https://doi.org/
10.1080/09524622.2010.9753623

Ishaaya, 1., 1971. Observations on the phenoloxidase system in the armored scales
Aonidiella aurantii and Chrysomphalus aonidum. Comp. Biochem. Physiol. Part
B Comp. Biochem. 39, 935-943. https://doi.org/10.1016/0305-0491(71)90117-9

Ishaaya, 1., Swirski, E., 1976. Trehalase, invertase, and amylase activities in the black
scale, Saissetia oleae, and their relation to host adaptability. J. Insect Physiol. 22,
1025-1029.

Jiang, H., Wang, Y., Ma, C., Kanost, M.R., 1997. Subunit Composition of Pro-phenol
Oxidase from Manduca sexta: Molecular Cloning of Subunit ProPO-pl. Insect
Biochem. Mol. Biol. 27, 835-850. https://doi.org/10.1016/S0965-1748(97)00066-0

Jovanovi¢-Galovi¢, A., Blagojevi¢, D.P., Grubor-Lajsi¢, G., Worland, M.R., Spasi¢,
M.B., 2007. Antioxidant defense in mitochondria during diapause and
postdiapause development of European corn borer (Ostrinia nubilalis, Hubn.).
Arch. Insect Biochem. Physiol. 64, 111-119. https://doi.org/10.1002/arch.20160

Kaakeh, W., 2006. Toxicity of imidacloprid to developmental stages of Rhynchophorus
ferrugineus (Curculionidae: Coleoptera): Laboratory and field tests. Crop Prot.
25, 432-4309.

Kostaropoulos, 1., Papadopoulos, A.l., Metaxakis, A., Boukouvala, E., Papadopoulou-
Mourkidou, E., 2001. Glutathione S-transferase in the defence against pyrethroids
in insects. Insect Biochem. Mol. Biol. 31, 313-319.
https://doi.org/10.1016/S0965-1748(00)00123-5

Kramer, K.J., Muthukrishnan, S., 1997. Insect Chitinases: Molecular Biology and
Potential Use as Biopesticides. Insect Biochem. Mol. Biol. 27, 887-900.
https://doi.org/10.1016/S0965-1748(97)00078-7

Lu, Y., Zen, K.-C., Muthukrishnan, S., Kramer, K.J., 2002. Site-directed mutagenesis and
functional analysis of active site acidic amino acid residues D142, D144 and E146
in Manduca sexta (tobacco hornworm) chitinase. Insect Biochem. Mol. Biol. 32,
1369-1382. https://doi.org/10.1016/S0965-1748(02)00057-7

Lu, Z., Jiang, H., 2007. Regulation of phenoloxidase activity by high-and low-molecular-
weight inhibitors from the larval hemolymph of Manduca sexta. Insect Biochem.



138 A. E. A. M. El-Sobki and A. A. I. Ali

Mol. Biol. 37, 478-485.

MacBean, C., 2012. The pesticide manual: a world compendium. BCPC.

Mahmoud, M.A., 2013. Biochemical Effects of Different Diets on The Red Palm Weevil,
Rhynchophorus Ferrugineus (Olivier) (Coleoptera: Curculionidae). Zagazig J.
Agric. Res. 40, 949-953.

Oppenoorth, F.J., 1985. Biochemistry and genetics of insecticide resistance. Compr.
Insect Physiol. Biochem. Pharmacol. Insect Control 12, 731-733.

Pedezzi, R., Fonseca, F.P.P., Santos Junior, C.D., Kishi, L.T., Terra, W.R., Henrique-
Silva, F., 2014. A novel pB-fructofuranosidase in Coleoptera: Characterization of a
B-fructofuranosidase from the sugarcane weevil, Sphenophorus levis. Insect
Biochem. Mol. Biol. 55, 31-38. https://doi.org/10.1016/j.ibmb.2014.10.005

Rananavare, H.D., Shantaram, K., Harwalkar, M.R., Rahalkar, G.W., 1975. Method for
the laboratory rearing of red palm weevil, Rhynchophorus ferrugineus Oliv. J.
Plant. Crops 3, 65-67.

Salama, H., Abdel-Razek, A., 2002. Development of the red palm weevil,
Rhynchophorus ferrugineus (Olivier), (Coleoptera, Curculionidae) on natural and
synthetic diets. Anz. Fir Schéadlingskunde 75, 137-139. https://doi.org/10.
1046/j.1472-8206.2002. 02039.x

Sayed, A.M.M,, sayed, A., EI-Aday, M.M., Ali, M.M.M., 2016. Suppression threat of red
palm weevil, Rhynchophorus ferrugineus (Coleoptera: Curculionidae) in date
palm by using novel of insecticides and technology, in: PROCEEDINGS BOOK.
Presented at the 3rd International Conference on Sustainable Agriculture and
Environment, Warsaw, POLAND.

Shukla, E., Thorat, L.J., Nath, B.B., Gaikwad, S.M., 2015. Insect trehalase: Physiological
significance and potential applications. Glycobiology 25, 357-367.
https://doi.org/10.1093/glycob/cwul25

Silva, M.C.P., Terra, W.R., Ferreira, C., 2010. The catalytic and other residues essential
for the activity of the midgut trehalase from Spodoptera frugiperda. Insect
Biochem. Mol. Biol. 40, 733-741. https://doi.org/10.1016/j.ibmb.2010.07.006

Sugumaran, M., 2002. Comparative Biochemistry of Eumelanogenesis and the Protective
Roles of Phenoloxidase and Melanin in Insects. Pigment Cell Res. 15, 2-9.
https://doi.org/10.1034/j.1600-0749.2002.00056.x

Sugumaran, M., Nellaiappan, K., 1990. On the latency and nature of phenoloxidase
present in the left colleterial gland of the cockroach Periplaneta americana. Arch.
Insect Biochem. Physiol. 15, 165-181. https://doi.org/10.1002/arch.940150305

Tan, Y., Xiao, L., Sun, Y., Zhao, J., Bai, L., 2014. Sublethal effects of the chitin synthesis
inhibitor, hexaflumuron, in the cotton mirid bug, Apolygus lucorum (Meyer-Dr).
Pestic. Biochem. Physiol. 111, 43-50. https://doi.org/10.1016/j.pestbp. 2014.04. 001

Tunaz, H., Uygun, N., 2004. Insect Growth Regulators for Insect Pest Control*. Turk. J.
Agric. For. 28, 377-387.

Webb, E.C., 1992. Enzyme nomenclature 1992. Recommendations of the Nomenclature
Committee of the International Union of Biochemistry and Molecular Biology on
the Nomenclature and Classification of Enzymes. Academic Press.

World Checklist of Selected Plant Families: Royal Botanic Gardens, Kew [WWW
Document], n.d. URL https://wcsp.science.kew.org/namedetail.do?name_id=
152659 (accessed 4.7.20).

Zibaee, A., Bandani, A.R., Ramzi, S., 2008. Lipase and invertase activities in midgut and
salivary glands of Chilo suppressalis (Walker) (Lepidoptera, Pyralidae), rice
striped stem borer [For this article an Erratum has been published]. Invertebr.
Surviv. J. 5, 180-189.



Biochemical Effects of Some Chitin Synthesis Inhibitors Against Red Palm Weevil 139

ARABIC SUMMARY

e8) yand) Gadil) A guw 3 pdia Ml (el (5alAS cildaifla (and Ailaas ganl) el L)
Rhynchophorus ferrugineus

' A Al aaall de salgdiae o Sl daaa daal duad) daal
e — 32 08 31 el ey 30 S ) Al g and)

Rhynchophorus ) sl el Jaasll 4 gu 4d) A8lSd 4 Haall cilagedl (gl el gl aladsny)
Lpand) CLASTLY Al ol Cargd AN ikl las cladie Alled Ja Jlad) i 3 04l o(ferrugineus
o AilaS sl byl (e BLAYL ol peadl Jadill G g e Sl a8 ciladial 3 ,0aa) salall
Coosid ol (g sa slilasSa g (59595 )6l g ) slS Glanal JHAN caiaill 58 5L Alalaall day bl jeall Cld
ol eall iy Alalae die @l ( Nl e jidle fala s Sae 919,075 VYAY, Y 5 f08,0) cuilS
O ) (5 sina (A g sima paliadl (Aol G55 slll ae sedal anall Jlaa A pladall e 43 sl (udlid)
chitinase s phenoloxidase s carboxylesterase s R-esterase s GST ey ) Jarlihy U gauma (ZV,Y9)
ame ekl LS Mgl e ZV,VY 5 V)07 5 YY, 0T, Y1,095 04,085 A0 Jaws a-Esterase s
GST iy ) Lasdithy U saamn (AYY,08) (il S (g ginall o 58T (5 sina Usliail 005555885518
Ll Jsll e 7Y, YA £,A95 YY,9¢ 5 Y£,9+ (ulase chitinases carboxylesterase s B-esterase s
GST Ly 4 sauan (££0,37) (5 50 slilusa Alalaa (&SI (G55 ) (5 sinal (5 sinn (s A e
(sl (Je 7Y, YY 5 YAAT 5 €A, Y 330 3 chitinase s carboxylesterase s



