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Abstract: The cotton leafworm, Spodoptera littoralis is a serious pest of cotton and
field crops in Egypt and many countries in the world. The objective of the current
investigation was to evaluate the effects of Fluoromevalonate (FMev), on survival,
development and reproductivity of this pest. For this purpose, four doses (100, 50, 25
and 5 pg/larva) had been topically applied onto the newly moulted 5™ and 6™ (last) instar
larvae. A weak lethal potency was recorded for FMev against all developmental stages.
After treatment of 5™ and 6" larval instars, LDs, values were 42.03 and 629.20pg/larva,
respectively. The growth of larvae was inhibited after treatment of 5™ instar larvae, but
enhanced after treatment of 6" instar larvae. The larval duration was significantly
shortened, but the pupal duration was slightly or remarkably prolonged. The pupation
and adult emergence had been inhibited. Treatment of 6™ instar larvae with the three
higher doses of FMev resulted in the production of malformed pupae. Depending on the
present results, FMev failed to exhibit an anti-JH activity, but exhibited a powerful anti-
gonadotropic activity against S. littoralis, since complete sterilization was recorded.
Keywords: fecundity, fertility, growth, metamorphosis, morphogenesis, mortality,
oviposition.

INTRODUCTION

As a result of excessive and improper uses of the conventional insecticides
against insect pests, several adverse impacts have been recorded on the human health
and beneficial animals as well as serious toxicological problems to the environmental
systems [1-6]. Therefore, eco-friendly control materials have received global attention in
recent years as alternative for these hazardous insecticides.

These alternative compounds should be
characterized with lower toxicity to non-target
organisms, efficiency at low concentrations [7, 8] and
biodegradable into harmless compounds [4, 9, 10].

The juvenile hormone (JH) is necessary for
insect development throughout the immature stages
[11]. In addition, JHs play important roles in several
other physiological processes, such as reproduction,
diapause, behaviour,  polymorphism,  migration,
metabolism and innate immunity [12-21]. Since few
decades, the use of insect juvenile hormone analogues
(JHASs), or insect growth regulators (IGRs) in general,
has been considered as a possible alternative of the
conventional insecticides for controlling the insect pests
[22]. Because of their desirable characteristics, such as
low toxicity, high selectivity, low impact on people and
natural enemies of pests, less environmental pollution,
IGRs are used to control various insect pests [23-25].
They are regarded as a 'third generation of insecticides'
or biorational pesticides with different mode of action
[26]. Precocenes (anti-JH compounds) and their

synthetic mimics received a great attention by
entomologists owing to their twin advantage; using as a
physiological probe in the former avoiding surgical
allatectomy and as an effective tool in devising ‘fourth
generation insecticides' in the latter [27-31].

Bede et al. [32] demonstrated that the design
of JH mimics or anti-JH agents is an effective strategy
for insecticide discovery. On the other hand,
compounds with anti-JH activity are considered as new
representatives of IGRs lacking some disadvantages of
juvenoid-type chemicals [33, 34]. These anti-JH
chemicals are potentially efficacious for control of the
major insect pests where most of the damage is caused
by larval stage [35]. On reproduction in adults of
several insect orders, precocenes have been shown to
prevent normal vitellogenic development of the oocytes
or disturb the embryonic development leading to
sterility [11, 36, 37, 38]. Fluoromevalonate (FMev) was
known for its hypocholesteremic activity in mammals
[39]. As reported by Sanchez et al. [40], FMev is a
competitive inhibitor of mevalonate diphosphate
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decarboxylase and exhibits an inhibitory effect on
cholesterol biosynthesis, cell proliferation and cell cycle
progression in human leukaemic HL-60 and MOLT-4
cells. In agricultural purposes, FMev was reported to
exhibit anti-JH activity against several species of
Lepidoptera, such as Manduca sexta, Samia cynthia,
Phryganidia  californica,  Galleria  mellonella,
Spodoptera exigua, and Heliothis virescens [41-43].
Also, FMev was reported to exhibit anti-JH activity
against the American cockroach Periplaneta americana
through the inhibition of JH 111 biosynthesis in CA [44].

The cotton leafworm, Spodoptera littoralis has
been considered as a destructive lepidopterous pest of
cotton and various field crops all over the year in Egypt
[45-48] as well as tropical and temperate zones of the
old world [49]. To control the attacks of S. littoralis,
several types of conventional insecticides have been
used over the past 40 years [50]. The use of these
insecticides has led the development of resistance
against many registered pesticides making their control
even more difficult [51-56]. The objective of the
present study was to assess the disruptive effects of
FMev  on  survival, growth, development,
metamorphosis and reproductive potential of the
dangerous insect pest S. littoralis.

MATERIALS AND METHODS
Experimental insect

A culture of the Egyptian cotton leafworm,
Spodoptera littoralis (Lepidoptera: Noctuidae) was
established in Department of Zoology and Entomology,
Faculty of Science, Al-Azhar University, Cairo, under
laboratory controlled conditions (27+2°C, 65+5% R.H.,
photoperiod 14h L and 10h D). The culture was
originated by a sample of pupae from the susceptible
strain maintained for several generations in Plant
Protection Research Institute, Agricultural Research
Center, Giza, Egypt. Rearing procedure was carried out
according to Ghoneim [57] and improved by Bakr et al.
[58]. Larvae were provided daily with fresh castor bean
leaves Ricinus communis. The emerged adults were
provided with cotton pieces soaked in 10% honey
solution as a food source. Moths were allowed to lay
eggs on Oleander branches. The egg patches were
collected daily and transferred into Petri dishes for
another generation.

Fluoromevalonate administration

Fluoromevalonate (FMev) (tetrahydro-4-
fluoromethyl-4-hydroxy-2H-pyran-2-one) was kindly
provided by Dr. Heba Hassan, Prof. at Plant Protection
Research Institute, Giza, Egypt. FMev was diluted in
acetone to prepare four doses: 100, 50, 25 and 5
pg/larva. Each dose was topically applied (once) onto
the thoracic sterna of newly moulted 5" (penultimate)
and newly moulted 6™ (last) instar larvae by Hamilton
microapplicator (NHN 737). Groups of 20 healthy
larvae were used as replicates for each dose. Control
larvae had been topically applied only with 1l acetone.

All treated and control larvae were kept individually
under the previously mentioned laboratory controlled
conditions. All larvae were provided with fresh castor
bean leaves every day, during the feeding period.
Starting from a day after treatment all treated and
control insects were observed daily to record all criteria
of study.

Criteria of study
Toxicity, affected growth,
metamorphosis and morphogenesis
Toxicity of FMev was detected by mortality
(%) of larvae, pupae and adults. LDs, values were
calculated using the total mortality by Microsoft office
Exel, 2007, according to Finny [59]. Coefficient of
growth was calculated according to El-Ibrashy and Aref
[60] as follows: Maximal body weight (mg)/ duration
(in days) for each larva. Developmental duration was
calculated in mean days£SD using Dempster's equation
[61] and the developmental rate was determined using
Richard's equation [62]. Pupation rate was expressed in
% of the developed pupae. Adult emergence was
determined in %. Precocious metamorphosis was
determined in % of precocious pupation. Impaired
morphogenesis was determined in % of deformed
larvae, pupae and adults.

development,

Reproduction parameters

After pupal stage of control and treated
larvae, the emerged adult females of S. littoralis were
daily collected and released in plastic jars (3L) provided
with sterilized cotton pieces, soaked in 10% honey
solution, for feeding, as well as suitable Oleander
branches as an oviposition site. The treated adult
females were coupled with normal adult males (1:2) of
the same age, at least 3 replicates, obtained from the
main culture. The eggs were collected daily, and
carefully transferred into Petri dishes to count eggs.

Oviposition efficiency could be detected by the
oviposition rate as follows: Number of laid eggs per
Q/reproductive lifetime (in days) x 100. Reproductive
capacity: Fecundity: The laid eggs were counted for
calculating the number of eggs per female. Fertility:
The hatchability was usually expressed in hatching
percentage of laid eggs. Sterility index was calculated
according to Toppozada et al. [63], as follows: Sterility
Index = 100 — [(a b / A B) x 100]. Where: a: mean
number of eggs laid per female in the treatment. b:
percentage of hatching in the treatment. A: mean
number of eggs laid per female in the controls. B:
percentage of hatching in the controls. Incubation
period: The laid eggs were kept in Petri dishes under
the same laboratory controlled conditions, as previously
mentioned. Just after the oviposition, eggs were
observed until hatching for recording the incubation
period (in mean days+SD).
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Statistical analysis of data

Data obtained were analyzed by the Student's
t-distribution, and refined by Bessel correction [64] for
the test significance of difference between means.

RESULTS
Toxic effect of FMev on S. littoralis

After topical treatment of the newly moulted
5" instar larvae, toxicity of FMev was expressed in
mortality among larvae, pupae and adults. According to
data of Table 1, different mortalities were recorded
among the treated larvae (40.0, 36.0, 60.0 and 12.0%
mortality, at 100, 50, 25 and 5 pg/larva, respectively,
vs. 0% mortality of control larvae). Also, the moulted
6" instar larvae suffered a toxic action of FMev only at
the highest dose (13.3% mortality, vs. 0% mortality of
control larvae). The pupal mortality was observed only
at the higher two doses. The adult mortality was
observed only at the highest dose. LDs, value was
found 42.03pg/larva. The same table contains data of
FMev toxicity after treatment of 6™ instar larvae.
Depending on these data, FMev exhibited a toxic effect
on larvae and pupae only at the higher two doses. Adult
females were subjected to extended toxic effect of
FMev only at the highest dose level. LDg, value was
calculated in 629.20ug/larva. Thus, S. littoralis was
more sensitive to FMev toxicity when treated as 5"
instar larvae.

Effect of FMev on growth of S. littoralis

After topical application of FMev doses onto
the newly moulted 5" instar larvae, data of the maximal
body weight (max. wt), duration, and coefficient of
growth (CG) of the treated larvae and the moulted 6"
instar larvae were assorted in Table 2. Depending on
these data, max. wt of treated 5" instar larvae
significantly decreased, at the higher two doses
(102.8+17.5 and 103.745.8 mg, at 100 and 50ug/larva,
respectively, compared to 119.0+38.9 mg of control
larvae). In contrast, max. wt remarkably increased at the
lower two dose levels (138.3+£8.7 and 151.20+17.6 mg,
at 25 and 5 pg/larva, respectively, compared to
119.0+38.9 mg of control larvae). FMev exerted a
strong inhibitory action on the larval growth, since the
CG was considerably regressed, especially at the higher
three dose levels. With no exception, FMev enhanced
the successfully moulted 6" instar larvae to attain
increasing max. wt in a dose-dependent course. In a
similar trend, CG was pronouncedly induced (for detail,
see table 2). After topical application of FMev onto the
newly moulted last instar larvae, data of max. wt and
CG were summarized in Table 3. On the basis of these
data, the max.wt increased, in no certain trend. This
increasing max. wt was statistically significant at the
doses 50 and 25 pg/larva (745.9+£128.2 and 349.8+78.2
mg, respectively, vs. 295.6+31.8 mg of control larvae).
On the other hand, FMev remarkably enhanced the
treated larvae to grow with higher CG (118.9+18.9,
189.3+35.2, 088.2+23.7 and 081.6+12.6, at 100, 50, 25

and 5 pg/larva, respectively, vs. 074.1+9.5 of control
larvae).

Effect of FMev on development and metamorphosis
of S. littoralis
Affected duration and development

After topical application of FMev onto 5"
instar larvae, data of affected larval duration were
assorted in Table 2. In view of these data, duration of
the treated larvae was significantly shortened,
especially at the higher two doses (1.0+0.0 and 1.0£0.1
days, at 100 and 50 pg/larva, respectively, in
comparison with 1.9+0.3 days of control larvae). Also,
duration of the moulted 6" instar larvae was
considerably shortened; especially at the higher two
doses (4.0+0.7 and 4.1+0.6 days, at 100 and 50
Mo/larva, respectively, in comparison with 4.5+0.5 days
of control larvae). As obviously shown in Table 3,
topical application of FMev onto last instar larvae
resulted in an abbreviation of larval duration, especially
at the higher two doses (2.8+0.8 and 4.1+0.3 days, at
100 and 50 pg/larva, respectively, vs. 4.2+0.4 days of
control larvae).

Data of Table 4 exiguously revealed a slight
prolongation of the pupal duration after topical
application of the higher two doses of FMev onto 5™
instar larvae (7.7+3.1 and 7.9+2.8 days, at 100 and 50
po/larva, respectively, vs. 4.2+0.4 days of control
pupae). Also, considerable prolongation of the pupal
duration was easily observed in Table 5 after topical
application of FMev onto the last instar larvae with the
lower two doses. The developmental rate of pupae was
regressed after treatment of 5" instar larvae (Table 4)
and 6" instar larvae (Table 5), regardless the dose level
of FMev.

Impaired metamorphosis and morphogenesis
Precocious metamorphosis

According to the data of Table 4, FMev failed
to induce precocious pupation in S. littoralis after
treatment of the penultimate instar larvae. Thus, FMev
did not show an anti-JH activity against this insect. In
contrast, data of Table 5 revealed that FMev exhibited a
JH-like activity against the treated last instar larvae;
since larval-pupal intermediates were produced at the
higher two doses (20 and 10% intermediates, at 100 and
50 pg/larva, respectively, Fig.1).

Pupation process

Depending on the data of Table 4, FMev
exerted an inhibitory action on the pupation after
treatment of 5™ instar larvae with the higher three doses
(43.5, 48.5 and 69.5% pupation of treated larvae, at
100, 50 and 25 pg/larva, respectively, vs. 100%
pupation of control larvae). As easily seen, the
inhibitory action of FMev intensified parallel to the
dose level. Also, the pupation rate was regressed after
treatment of last instar larvae with the higher two doses
of FMev (90 and 95% pupation of treated larvae, at 100
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and 50 pg/larva, respectively, vs. 100% pupation of
control larvae).

Morphogenesis

After treatment of 5" instar larvae, FMev
failed to exhibit morphogenic efficiency on the present
insect, since no malformed pupae or adults had been
observed. On the other hand, FMev exhibited a
morphogenic efficiency on pupae, after treatment of 6"
instar larvae only with the higher three doses, since
some malformed pupae had been produced (50, 10 and
5% abnormal pupae, at 100, 50 and 25 pg/larva,
respectively, vs. 0% abnormality in control pupae). As
clearly shown in Fig. 2, some features of the impaired

pupation program appeared in dwarf-sized pupae which
failed to metamorphose into adults.

Adult emergence

After treatment of 5" instar larvae only with
the higher two doses, FMev exerted a blocking action
on the adult emergence (50.0 and 66.6% adult
emergence, at 100 and 50 pg/larva, respectively, vs.
100% emergence of control adults, Table 4). Moreover,
topical application of FMev onto last instar larvae
resulted in blocking of emergence, in a dose-dependent
course (11.5, 45.5, 50.1 and 53.5% adult emergence, at
100, 50, 25 and 5 pg/larva, respectively, vs. 100%
emergence of control adults, Table 5).

Table-1: Toxicity (%) of FMev on S. littoralis

Treatment of 0-day old 5™ instar larvae Treatment of 0-day old 6™ instar larvae
Dose Larva}l LDsq
(ug/larva) rtportalltym Pupa_l Adul_t Tota! (ug/ Larva_l Pupa_l Adul_t Tota! LDsq
_ 5 _ 6 mortality | mortality | mortality larva) mortality | mortality | mortality | mortality | (ug/larva)
instar | instar
100 40.0 | 13.3 15.4 9.1 60.0 20.0 10.0 11.1 36.0
050 36.0 | 00.0 12.5 0.0 44.0 12.0 9.1 00.0 20.0
025 60.0 | 00.0 00.0 0.0 60.0 42.03 00.0 00.0 00.0 00.0 629.20
005 12.0 | 00.0 00.0 0.0 12.0 00.0 00.0 00.0 00.0
Control 00.0 | 00.0 00.0 0.0 0.0 00.0 0.0 00.0 0.00

Table-2: Growth of S. littoralis after topical application of FMev onto 0-day old penultimate instar larvae

Dose 5" instar larvae 6" instar larvae
(ug/larva) Maximal body Duration Coefficient of Maximal body Duration Coefficient of
weight (mean (mean days | growth (meanx weight (mean (mean days | growth (meanx
mg+SD) + SD) SD) mg+SD) + SD) SD)
100 102.8+175 b 1.0+0.0b 102.8+17.5¢ 622.5+32.7 b 4.0£0.7 b 160.4+29.4 b
050 103.7+5.8 b 1.0+0.1b 103.7+7.8 b 610.8+45.0 ¢ 4.1+06 b 148.9+11.11 ¢
025 138.3+8.7 b 1.4+0.1a 98.846.8 ¢ 605.2+55.8 ¢ 4.240.7 a 148.0£39.3 b
005 151.20£17.6 b 1.5+0.2 a 108.0+21.4 a 572.8+67.0 a 45405 a 127.9+13.4a
Control 119.0+38.9 1.9+0.3 110.4+19.8 513.4+123.8 4.5+0.5 108.5+29.8

MeanzSD followed with the same letter a: insignificantly different (P >0.05), b: significantly different (P<0.05), c: highly
significantly different (P<0.01).

Table-3: Growth of S. littoralis after topical application of FMev onto 0-day old last instar larvae

Dose Maximal body weight Duration  (mean Coefficient of growth
(ug/larva) (mean mg+SD) days+SD) (meanxSD)
100 338.7+98.0 a 2.840.8¢c 118.9+189¢
050 745.9+128.2 ¢ 4.1+0.3 a 189.3+35.2 ¢
025 349.8+78.2 b 4.3+0.6 a 088.2+23.7 b
005 334.7+33.1a 4.2+0.4 a 081.6+12.6 a
Control 295.6+31.8 4.240.4 074.1+9.5

a, b, c: see footnote of Table 2.

Table-4: Development and metamorphosis of S. littoralis after topical application of FMev onto 0-day old penultimate

instar larvae

Dose Precocious Pupation Pupal Duration Pupal Abnormal Adult
(ng/larva) pupation (%) rate (%) (mean days+SD) Develop. pupae(%) emergence(%)
100 0 43.5 7.7+3.1a 13.00 0 50.0
050 0 48.5 7.9+28a 12.80 0 66.6
025 0 69.5 7.5+3.3a 13.33 0 100
005 0 100 7.5+3.1a 13.33 0 100
Control 0 100 7.3£1.9 14.70 0 100

a: See footnote of Table 2. Pupal develop: Pupal developmental rate.
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Table-5: Development and metamorphosis of S. littoralis after topical application of FMev onto 0-day old last instar

larvae

Dose Larval-pupal Pupation Pupal Duration Pupal Abnormal Adult emergence
(ug/larva) inter. (%) rate (%) (mean days+SD) Develop. pupae (%) (%)
100 20 90.0 7.504+35a 13.33 50 11.5
050 10 95.5 7.39+14a 13.53 10 45.5
025 00 100 8.00+0.8 c 11.95 05 50.1
005 00 100 8.44+0.7 c 11.85 00 53.5
Control 00 100 7.35¢1.1 13.61 00 100

a, b, c: See footnote of Table 2. Larval-pupal inter.: Larval-pupal intermediates. Pupal develop. see footnote of Table 4.

Fig-1: Pupal abnormalities of S. littoralis after treatment of last instar larvae with the higher three doses of FMev.
Normal pupa (at left) and dwarf pupa (at right). These dwarf-sized pupae failed to metamorphose into adults

Fig-2: Larval-pupal intermediates of S. littoralis as features of disturbed metamorphosis program after treatment
of last instar larvae with the higher two doses of FMev. (A): Normal last instar larva. (B): Normal pupa. (C, D, E
& F): Various larval-pupal intermediates.

Auvailable online at https://saspublishers.com/journal/sajb/home 647




Ghoneim K & Basiouny A., Sch. Acad. J. Biosci., Oct 2018; 6(10): 643-659

Effect of FMev on the reproductive potential of S.
littoralis

After topical application of FMev doses
onto the 5" instar larvae, data of the most important
criteria of the reproductive potential were assorted in
Table 6. After topical application of FMev doses onto
the 6" instar larvae, data of the reproductive parameters
were assorted in Table 7.

Oviposition rate

Depending on data of Table 6, oviposition
efficiency of the adult females was considerably
prohibited after topical treatment of 5" instar larvae
with FMev (75, 85, 90 and 90% oviposition, at 100, 50,
25 and 5 pg/larva, respectively, vs. 100% oviposition by
control females). In a similar trend, the oviposition rate
was regressed after treatment of 6" instar larvae with
FMev (58.3, 70.0, 81.5 and 83.8% oviposition, at 100,
50, 25 and 5 pg/larva, respectively, vs. 100%
oviposition by control females, Table 7).

Reproductive capacity

The functional compartments of reproductive
capacity taken in consideration herein were fecundity
(mean eggs/?) and fertility (hatchability= hatching% of
laid eggs). According to the data of Table 6, FMev
exerted a strong suppressive effect on fecundity after
treatment of 5" instar larvae with different doses
(135.5+£30.5, 336.5+32.1, 338.7+32.5 and 208.5+98.1
eggs/9, at 100, 50, 25 and 5 pg/larva, respectively, Vs.
943.3+£85.5 eggs/control Q). Similarly, FMev exerted
drastically reducing action on fecundity after treatment
of 6" instar larvae (098.2+18.0, 283.8+33.2,
602.8+£149.4 and 104.6+£18.9 eggs/?, at 100, 50, 25 and
5 ug/larva, respectively, vs. 1259.2+120.3 eggs/control
Q, Table 7). With no exception, all eggs failed to hatch,
regardless the larval instar under treatment and FMev
dose. In other words, FMev caused complete sterility in
S. littoralis. Therefore, no incubation period could be
measured.

Table-6: Reproductive potential of S. littoralis as influenced by FMev after topical application of sublethal doses
onto 0-day old penultimate instar

Dose Oviposition Fecundity (mean Hatchability Sterility Incubation period
(ug/larva) Rate (%) €ggs+SD) (%) index (%) (mean days+SD)
100 75 135.5+30.5 ¢ 00 100
050 85 336.5+32.1 ¢ 00 100
025 90 338.7432.5 ¢ 00 100
005 90 208.5+98.1 c 00 100
Control 100 943.3+85.5 98.8 3.5+0.5

Table-7: Reproductive potential of S. littoralis as influenced by FMev after topical application of sublethal doses

a, b, c: see footnote of Table 2.

onto 0-day old last instar larvae

Dose Oviposition Fecundity (mean Hatchability Sterility Incubation period

(ug/larva) Rate (%) eggs+SD) (%) index (%) | (mean days+SD)
100 58.3 098.2+18.0 d 0 100
050 70 283.8433.2¢c 0 100
025 81.5 602.8+149.4 c 0 100
005 83.8 104.6+£18.9 d 0 100

Control 100 1259.2+120.3 98.3 3.5+04
a, b, c: See footnote of Table 2. d: very highly significantly different (P<0.001)
DISCUSSION albopictus [71]. Apart from precocenes, other anti-JH

Affected survival of S. littoralis by FMev

There are many reported results on the
toxicity of several anti-juvenile hormone (anti-JH)
compounds against different insect species. For
examples, both precocene | (P1) and precocene Il (PII)
exhibited larvicidal activities against several mosquito
species [65, 66]. Precocenes exhibited larvicidal effects
on the Colorado potato beetle Leptinotarsa
decemlineata [67]. A toxicological effect of PIl was
reported by Abdullah [68] against larvae of the red
palm weevil Rynchophorus ferrugineus. Also, PII
exhibited larvicidal and pupicidal effects on the grey
flesh fly Parasarcophaga dux [69]; larvicidal effect on
the lepidopterous pest Pericallia ricini [70]; and
larvicidal effect on the Asian tiger mosquito Aedes

compounds displayed different degrees of toxicity
against some insects, such as synthesized EMD (ethyl
(E)-3-methyl-2-dodecenoate) [72] and some synthesized
analogues of FMev (tetrahydro-4-fluoromethyl-4-
hydroxy-2H-pyran-2-one) [73] against the mulberry
silkworm Bombyx mori. Our results were, to some
extent, in agreement with those reported results, but
FMev exhibited a weak toxic potency against larvae,
pupae and adults of S. littoralis. However, the larval
deaths of S. littoralis, in the present study, might be
attributed to the prevention of moulting larvae to
swallow air for splitting the old cuticle and expand the
new one during ecdysis [74]. Also, these larval deaths
might be due to the prevented feeding and continuous
starvation of the insect [75]. The pupal deaths can be
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directly related to the hormonal activity of the tested
compound or might be to other causes, such as
suffocation, bleeding and desiccation due to imperfect
exuvation, failure of vital homeostatic mechanisms, etc.
[76]. The adult mortalities can be explained by the
retention and distribution of FMev in the insect body as
a result of direct and rapid transport via the
haemolymph to other tissues, and/or by lower
detoxification capacity of adults against the tested
compound [77].

The reported LDs, (or LCs) values of anti-JH
compounds are variable in different insects. For
examples, LDs, of PIl against the red cotton stainer
Dysdercus koenigii had been found 85.46 and 82.37
mgl™ against 4™ and 5" instar nymphs, respectively
[78]. After treatment of 4" instar larvae of A. albopictus
with PI and PII, LCs, values were estimated in 41.63
and 43.55 pg/ml, respectively [71]. LCso values of PlI
and Pl against the booklice Liposcelis bostrychophila
were calculated in 30.4 and 64.0ug/cm?, respectively
[79]. LCs of PI against the cat flea Ctenocephalides
felis was estimated in 10.97 ppm [80]. LCs, values of
the anti-JH agent Pitavastatin against the tobacco
hornworm Manduca sexta and the viviparous cockroach
Diploptera punctata were estimated in 5.23, and 395.2
1M, respectively [10]. In the current study, LDs, values
were estimated in 42.03 and 629.20ug/larva, after
treatment of 5™ and 6™ instar larvae, respectively. Thus,
the 5™ instar larvae were more sensitive to FMev than
6" instar larvae. It may be important to mention that
variable LDs, depends on several factors, such as
susceptibility of the insect and its treated stage or instar,
lethal potency of the tested compound and its
concentration level, method and time of treatment, as
well as the experimental conditions.

Growth disturbance in S. littoralis by FMev

Very few studies have examined the effects of
anti-JH compounds on the growth of larvae in insects.
Among these few studies, Roberto et al. [81] recorded
remarkable inhibition of growth after treatment of last
instar larvae of the mealworm beetle Tenebrio molitor
with several chromene derivatives. Pl and Pl exhibited
growth-inhibiting activities against the mosquito
species Aedes aegypti, Anopheles sacharovi and
Anopheles stephensi [65, 66]. After feeding of
caterpillars of the tobacco hornworm Manduca sexta on
a diet supplemented with HMG-CoA reductase
inhibitors, Fluvastatin, Lovastatin or Pitavastatin, the
growth rate of treated larvae was significantly slow
[10]. Results of the present study on S. littoralis were,
to some extent, in agreement with those reported
results, since FMev exerted strong inhibitory action on
the growth of treated 5" instar larvae whose coefficient
of growth was considerably regressed. However, FMev
exerted a diverse action on the maximal body weight,
after treatment of 5" instar larvae, but the body weight
remarkably increased at the lower two doses. To
understand the growth inhibition of S. littoralis, in the

current study, FMev might affect the tissues and cells
undergoing mitosis [82]. Also, FMev might exert an
inhibitory action on the haemolymph and fat body
protein contents, as suggested by Lange et al. [83] for
locusts after treatment with precocenes. On the
contrary, treatment of 6™ instar larvae with FMev, in the
present study, promoted the larvae to attain increasing
maximal body weight and enhanced their growth. This
promoting action of FMev on the larval growth cannot
be interpreted right now!!

Deteriorating effects of FMev on development and
metamorphosis of S. littoralis
Affected development

The developmental rate of an insect stage is
usually reversely related to the developmental duration,
i.e. shorter duration indicates faster rate and vice versa.
As seen in the currently available literature, the larval
duration in several insect species had been prolonged as
a response to the action of different anti-JH compounds.
For examples, Bowers and Aldrich [84] recorded a
prolongation of 5™ nymphal instar in the milkweed bug
Oncopeltus fasciatus after treatment with Pl. Treatment
of the 4™ instar nymphs of the desert locust
Schistocerca gregaria with P1I resulted in prolongation
of the duration of both 4™ and 5™ nymphal instars [85].
Treatment of 6" instar larvae of the lawn armyworm
Spodoptera mauritia with PII resulted in prolongation
of duration in last larval instar [86, 87]. The nymphal
period of the grasshopper Aiolopus thalassinus was
prolonged after topical application of P11 onto 5™ instar
nymphs [88]. Treatment of the tobacco cutworm
Spodoptera  litura larvae  with Pl, PIl  or
ethoxyprecocene (a synthetic analog of P II) resulted in
prolongation of larval period [89, 90]. After treatment
of 4™ instar nymphs of D. koenigii with PII, duration of
the successfully moulted 5™ instar nymphs was
prolonged [78]. Apart from precocenes, Farag and
Varjas [42] recorded a prolongation in the larval
duration after topical application of FMev onto the three
latter instars of fall webworm Hyphantria cunea.
Similar results of prolonged larval duration were
reported in B. mori by KK-22 (phenylimidazoles) [72,
92]. After treatment of 4™ instar larvae of B. mori with
the  synthesized  3-(2-methyl-I-phenyl-I-propenyl)
pyridine, the larval period was prolonged [93].

Results of the current investigation disagreed
with the previously reported results, since topical
application of FMev onto 5™ instar larvae resulted in a
remarkably shortened larval duration, especially at the
higher two doses. Also, duration of the successfully
moulted 6™ instar larvae was considerably shortened. In
a similar trend, the larval duration was shortened after
treatment of 6" instar larvae, especially at the higher
two doses. On the other hand, our results were in
accordance with those reported results of shortened
larval duration after treatment with some anti-JH
compounds, such as P. dux after treatment of the 3™
instar larvae with PIl [69]; the flesh fly Sarcophaga
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ruficornis after treatment of the last instar larvae with
PI, P11 or PIII [94]; the house fly Musca domestica after
treatment of the larvae with PIlI [95]; B. mori after
treatment of the 3 and 4™ instars with the imidazole
compound SSP-11 [96]. On the other hand, topical
application of FMev onto the 5" or 6™ instar larvae of S.
littoralis, in the present study, resulted in a slight or
remarkable prolongation of the pupal stage, regardless
the dose level. Also, the developmental rate of the
pupae was unremarkably regressed. As far as our
literature survey could ascertain, no information was
available for the effects of anti-JH compounds on the
pupal duration or developmental rate.

To explicate the shortened larval duration of S.
littoralis, in the current investigation, it might be due to
the response of these treated larvae for avoiding the
adverse action of FMev, as a xenobiotic agent. On the
other hand, the prolongation of pupal period in S.
littoralis, in the present study, indicated a retarding
action of FMev on the development as expressed in
regression of the developmental rate. This prolongation
in the pupal duration may be attributed to the indirect
interference of this compound with the neuroendocrine
organs responsible for the synthesis and release of
tropic hormones, like prothoracicotropic hormone [97].
Also, the recorded prolongation of pupal stage may be
attributed to a disturbing action of FMev on the
persistence of JH in the haemolymph where it is only in
the absence of JH that ecdysone could be activated and
lead to the formation of the next stage [33, 72]. In
addition, FMev might exhibit a delaying effect on the
pupal transformation into adults [74]. In particular, the
final step of chitin biosynthesis pathway was inhibited
by FMev and the precursor was not converted into
chitin leading to a prolongation of developmental
duration [98].

Impairment of metamorphosis and morphogenesis
Inhibited pupation and adult emergence: No
information is available for the inhibitory effects of
anti-JH compounds on the pupation rate in insects. In
the present study on S. littoralis, the pupation rate was
drastically regressed after treatment of penultimate
instar larvae with the higher three doses (100, 50 and 25
pg/larva) or after treatment of last instar larvae with the
higher two doses. However, the present result was
consistent with the reported inhibitory effects of some
JHAs or other IGRs on the pupation rate in various
insects, such as the diamondback moth Plutella
xylostella by hexaflumuron [99]; S. littoralis by
novaluron [100]; the lesser mulberry pyralid Glyphodes
pyloalis by lufenuron [101]; the pink boll worm
Pectinophora gossypiella [102] and the olive leaf moth
Palpita unionalis [103] by novaluron. To understand
the regression of pupation rate in S. littoralis, as caused
by FMev in the present study, FMev might exert a
prohibiting action on the prothoracic gland (ecdysone-
producing gland) and hence the ecdysone could not be
synthesized and/or released. It is well known that the

absence of ecdysone leads to failure of ecdysis. In
addition, FMev might block the release of morphogenic
peptides, causing alteration in both ecdysteroid and
juvenoid titers [104]. A suggestion of Gaur and Kumar
[105] may be appreciated. FMev might disrupt the
ecdysteroid metabolism or might alternatively act
directly to inhibit the release of ecdysis-triggering
hormone.

Only scarce studies have examined the effects
of anti-JH compounds on the adult emergence in
insects. Inhibition of adult emergence in S. ruficornis
was recorded after larval treatment with PIl [106]. KK-
42 (a terpenoid imidazole) was reported to inhibit the
adult emergence of B. mori when applied to the newly
formed pupae [107]. In the present study on S. littoralis,
FMev exhibited a blocking effect on the adult
emergence, after treatment of 5™ instar larvae with the
higher two doses. Moreover, topical application of
FMev onto 6" instar larvae led to impeded adult
emergence, in a dose-dependent manner. For
interpretation of this result, it important to point out that
the adult emergence in insects is a crucial physiological
process and regulated by the eclosion hormone. The
disturbance of this hormone has leads to partial or
complete arresting of adults to emerge. The present
result of blocked adult emergence can be interpreted by
the disruptive effect of FMev on the normal metabolism
of insect hormones during the development of the
juveniles resulting in failure of the adult emergence
[108]. In other words, FMev might disturb the adult
eclosion hormone release and/or inhibition of the
neurosecretion [109, 110]. On the molecular basis, anti-
JH compounds, like FMev, might cause misexpression
of certain genes, particularly the brood complex (br-C)
transcription factor gene, leading to symptoms of
impaired metamorphosis, like blocking of adult
emergence [111, 112].

Disturbed metamorphosis: In the current study,
FMev failed to induce the precocious pupation or
metamorphosis of S. littoralis. Thus, this compound did
not exhibit anti-JH activity against the present insect.
This result was in agreement with those reported results
of failure of the same compound to exhibit anti-JH
activity in the non-lepidopterous species, such as those
belong to orders Diptera, Coleoptera, Heteroptera, and
Orthoptera  [113].  Moreover, no  precocious
metamorphosis could be induced in 3™ and 4™ instar
larvae of the lepidopteran Cydia pomonella [114].
FMev doses were topically applied once onto 2-day old
larvae of the penultimate instar of gypsy moth
Lymantria dispar. All treated larvae developed
normally, with few exception of incomplete moulting to
the last instar [115]. In addition, other anti-JH
compounds failed to induce precocious metamorphosis
in some insects, such as the sunn pest Eurygaster
integriceps after treatment with Pl [116], S. mauritia
after treatment with PII [86], B. mori after treatment
with EMD or its analogues [72] or the synthesized
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compound (S)-(+)-FMev [73] and S. gregaria after
treatment with PI1 [117].

Our result was inconsistent with those reported
results of precocious pupation or metamorphosis in
several lepidopterous species, as a response to the same
compound, FMev, such as M. sexta, Samia cynthia,
Phryganidia  californica,  Galleria  mellonella,
Spodoptera exigua, S. littoralis and Heliothis virescens
[41, 42]. Also, the 3" instar larvae of M. sexta, treated
with FMev, exhibited visible symptoms of JH
deficiency following the moult to 4" instar, such as
production of premature pupae [118]. Edwards et al.
[44] reported an anti-JH activity for FMev against the
American cockroach Periplaneta americana via the
inhibition of JH Il biosynthesis. Apart from FMeyv,
various anti-JH compounds induced precocious
metamorphosis in different insects, such as PIl against
the flesh fly Neobellieria bullata [119], PII against the
lepidopterous pest Pericallia ricini [70] and a
synthesized 3-pyridine derivative against B. mori [93].
The failure of FMev to induce precocious
metamorphosis of S. littoralis, in the current study,
might be explained by its inability to affect the larval
JH levels [118]. Some authors [11, 120, 121] reported
that the larvae of holometabolous insects- with few
exceptions- are less susceptible to the action of
precocenes than hemimetabolous insects. In contrast to
our finding, some holometabolous insects, such as S.
mauritia and S. littoralis, have been reported to be
sensitive to the anti-JH activity of precocenes [86, 122].

On the contrary, FMev exhibited a JH-like
activity, on last instar larvae of S. littoralis, in the
current investigation, since non-viable larval-pupal
intermediates had been produced; at the higher two
doses (100 and 50 pg/larva). These mosaic creatures
were unusual and died after formation. The present
finding was in corroboration with those results of JH-
like activity exhibited by a number of anti-JH
compounds, as expressed in the production of larval-
pupal intermediates. Treatment of S. litura larvae with
Pl and PII and ethoxyprecocene resulted in formation of
larval-pupal intermediates [89, 90]. Khafagi and Hegazi
[123] studied the latent effects of Pl and PIl on the
wasp Microplitis rufiventris parasitizing on its host S.
littoralis and recorded some larval-pupal intermediates
in the wasp. Also, larval-pupal intermediates were
produced in S. mauritia after treatment with EMD [43].
In addition, the formation of larval-pupal intermediates
was recorded in some insects as response to some
precocenes [70].

The production of larval-pupal intermediates,
in the present study, indicated a disturbing potency of
FMev on the metamorphosis program of S. littoralis.
This result can be interpreted by the impairment of
hormonal regulation of pupation program [109]. In
other words, the production of these intermediates may
indicate a JH-like activity of FMev retarding the perfect

larval-pupal transformation. FMev might interfere with
the chitin biosynthesis and chitin synthase [124]. The
molt induction had lethal consequences because the
induction of a rapid molt did not provide enough time
for the completion of larval-pupal transformation. Thus,
the insects molted to non-viable forms between stages
[125]. Wilson [111] discussed the JH action on the
molecular basis and concluded that the effects of JH
may be due to interference with the expression or action
of certain genes, particularly the broad complex (br-C)
transcription factor gene, that directly changes during
metamorphosis, such as the pupal development.
Therefore, JHAs or anti-JH compounds cause
misexpression of br-C which then leads to improper
expression of one or more downstream effector genes
controlled by br-C gene products. Symptoms of the
impaired development, like larval-pupal intermediates,
are the end results [112].

Deranged morphogenesis: In the present study
on S. littoralis, FMev failed to affect the morphogenesis
program after treatment of penultimate instar larvae,
since no deformed pupae or adults had been observed.
On the contrary, treatment of last instar larvae with
FMev resulted in the impairment of pupation program,
since  morphologically abnormal pupae had been
produced at the higher three doses (100, 50 and 25
po/larva). Some symptoms of the program failure
appeared in non-viable dwarf-sized pupae which died
without metamorphosis into adults. This result was, to a
great extent, in agreement with those reported results on
the impaired morphogenesis of some insects by FMev.
For examples, application of FMev on the last instar
larvae of the cabbage looper moth Trichoplusia ni
resulted in disrupted metamorphosis, such as delayed
tanning and the formation of abnormal pupae [126,
127]. FMev induced various  morphogenetic
abnormalities and death before pupation in S. mauritia
[128]. Also, the present result was in agreement with
those reported results on the impaired morphogenesis of
some insects by different anti-JH compounds.
Treatment of 3 instar larvae of B. mori with some
terpenoid imidazole compounds led to the formation of
miniature pupae after molting to 4™ instar larvae [129].
Topical application of Pl onto eggs or 5" instar
nymphs of A. thalassinus resulted in some prothetelic
morphogenic disturbances [77]. Production of abnormal
puparia was recorded in S. ruficornis after
administration of PI, PIl or PIII to the last instar larvae
[94]. Treatment of S. litura larvae with PI, PIl or
ethoxyprecocene (a synthetic analog of P 1) resulted in
the production of abnormally formed pupae [99].
Puparial malformations were observed in P. dux after
topical application of PII onto the 3" instar larvae [69].
Treatment of M. domestica maggots with Pl led to the
formation of abnormal puparia [95]. Larval treatment of
E. integriceps with Pl led to the production of some
morphological abnormalities [38]. To understand the
impairment of the pupation program in S. littoralis, as
caused by FMev in the present study, FMev might
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suppressed the chitin synthesis and prevented the
normal deposition of new cuticle during apolysis
leading to the production of pupal deformities [130].

Disrupted reproductive potential of S. littoralis by
FMev

Reproduction in insects is controlled mainly by
JH, which is also responsible for the protein metabolism
needed for the egg maturation [131]. On the other hand,
ecdysteroids have essential functions in controlling the
processes involved in insect reproduction, viz.,
vitellogenesis, owvulation of matured eggs and
spermatocyte growth [132, 133]. Generally, effects of
IGRs on the insect reproduction can be grouped into:
reproductive behaviour, oviposition, egg hatchability
(ovicidal and embryocidal), and sterilization of adults
[134].

Inhibited oviposition efficiency of adult females

In insects, the oviposition rate can be used as
an indicator for the oviposition efficiency [131]. As
recorded by many studies, oviposition rate of different
insect species has been regressed by various IGRs [135-
139]. However, very few studies have examined the
effects of anti-JH compounds on this important
reproductive parameter. Topical application of the dose
100 pg of FMev onto the mated females (1 day after
feeding) of the tick Ornithodoros moubata led to
inhibition of the oviposition [140]. Exposure of the
vinegar fly Drosophila melanogaster females to 0.14
umol of PI resulted in remarkably regressed oviposition
rate [37]. Larval treatment of E. integriceps with Pl led
to decreasing egg laying rate [38]. Results of the present
study were in accordance with these reported findings,
since the oviposition rate of adult females of S. littoralis
was dramatically regressed after treatment of 5™ or 6"
instar larvae with different doses of FMev, in a dose-
dependent course. This prohibited oviposition
efficiency of S. littoralis can be explained as a result of
the inhibition of ovarian DNA synthesis or the
interference of FMev with vitellogenesis via certain
biochemical processes. However, anti-JH compounds
may exert a reverse action to that exerted by the
ecdysteroid agonists which stimulate the neurosecretory
cells to release a myotropic ovulation hormone [141].

Reduced reproductive capacity
Fecundity

In the present study, FMev exhibited strong
anti-gonadotropic activity against S. littoralis, since the
female fecundity was drastically suppressed after
treatment of 5™ or 6" instar larvae. This result was, to a
great extent, in agreement with those reported results of
fecundity inhibition in some insects and ticks after
treatment with FMev, such as Pieris brassicae and C.
pomonella [114] and the ticks Boophilus microplus
[142] and O. moubata [140]. This result was, also, in
agreement with those reported results of fecundity
inhibition in different insects after treatment with some
anti-JH compounds. For examples, topical application

of PII (0.125 and 0.0625 mg) onto 3" instar larvae of P.
dux caused inhibition of the female natality [69].
Exposure of 5" instar nymphs of N. lugens to different
doses of PII resulted in fecundity reduction, in a dose-
dependent manner [143]. After treatment of E.
integriceps nymphs with PI, fecundity of adult females
was reduced [38]. Repeated daily topical application of
Pl or PIl onto S. littoralis larvae reduced the fecundity
of its parasitic wasp M. rufiventris [144]. Apart from
precocenes, application of the anti-JH compound H17
reduced the fecundity of L. decemlineata [145]. On the
other hand, the present findings were inconsistent with
those reported results of precocene failure to affect the
fecundity of some insects, such as the bug
Panstrongylus megistus of which males were treated
with PII and ethoxyprecocene but the fecundity did not
differ statistically from that of the control groups [146].

In order to understand the fecundity inhibition
of S. littoralis, in the present study, it is important to
point out that the JH is required for post-eclosion
development of the vitellogenin-producing adult fat
body. In many insects, including S. littoralis, JH
modulates fecundity at least in part because JH is
necessary to induce yolk proteins uptake into oocytes
[147], while ecdysone, produced in the egg follicles,
induces yolk protein mRNA expressed in the fat body
[148-150]. In addition, the fecundity inhibition in S.
littoralis might be due to the interference of FMev with
one or more processes from the ovarian follicle
development to the egg maturation. In addition, FMev
might cause some disorders in the ovaries, including
cell death in the germarium, resorption of oocytes in the
pre-vitellarium and vitellarium [151, 152]. FMev might
inhibit the synthesis and metabolism of proteinaceous
constituents during oogenesis [153]. FMev might exert
an inhibitory action against the function of authentic
gonadotropic hormone (JH in adults) responsible for the
synthesis of vitellogenins and vitellogenesis [154].

Fertility: According to the available literature,
fertility (hatchability) of some insects had been reduced
as a result of larval treatments with a number of anti-JH
compounds. For examples, topical application of PIII
onto eggs or 5" instar nymphs of A. thalassinus led to
sterility of adult females [77]. After treatment of E.
integriceps nymphs with Pl, hatchability of the laid
eggs was reduced [38]. Apart from precocenes,
phenolic chromene and hydroxyethyl chromene
(isolated from Ageratum conyzoides) were found to
cause sterility in the bug Dysdercus flavidus [155, 156].
Bowers and Aregullin [157] isolated an anti-JH
compound, polyacetylenic sulfoxide, from
Chrysanthemum coronarium which produced sterile
adults in O. fasciatus. In the present study, all eggs, laid
by S. littoralis adult females, failed to hatch (zero
fertility), regardless the FMev dose or the larval instar
under treatment, i.e. FMev caused complete sterilization
in the present insect. For explicating the sterility in S.
littoralis after larval treatment with FMev, some
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suggestions can be provided herein. (1) Because FMev
caused complete sterility in S. littoralis, this compound
can be analogous to the allatectomy (surgical removal
of corpora allata, JH-producing organs) of last instar
larvae of S. littoralis which subsequently caused
sterility [57, 158]. (2) Maturation of the insect eggs
depends basically on the vitellogenins, precursor
materials of these macromolecules including proteins,
lipids and carbohydrates, all of which are necessarily
required for the embryonic development [159, 160].
These materials are synthesized primarily by fat body
during the immature stages [161] or by the ovary in situ
[162]. Wherever the site of synthesis, FMev might
disturb the production of these materials and/or
accumulation in adult females of S. littoralis leading to
sterility. (3) FMev might indirectly prevent the fertility
via its disruptive effect on opening of the intracellular
spaces in follicular epithelium or generally prohibited
the role of gonadotropic hormone responsible for the
regulation of vitellogenin deposition into oocytes [163].
(4) The sterility might be due to the penetration of
residual amounts of FMev in S. littoralis mothers into
their eggs and disturbance of embryonic cuticle
synthesis. So, the fully mature embryos had weakened
chitinous mouth parts that were insufficiently rigid to
perforate the surrounding vitellin membrane and free
from the eggs [163, 164]. (5) The sterility of S. littoralis
might be due to dramatic lethal effect of FMev on
survival of the developing embryos at certain stages.
However, the exact mode of anti-gonadotropic action of
FMev on S. littoralis is not available right now!!

CONCLUSION

Depending on the obtained results in the
present study, it can be concluded that FMev is a weak
toxic compound against S. littoralis. It slightly or
remarkably affected the growth and development.
Although FMev was reported in the current literature as
anti-JH agent, it failed to exhibit an anti-JH activity, but
JH-like activity, against the present insect. On the other
hand, FMev was found a potent anti-gonadotropic
compound against S. littoralis. However, this
compound should be assessed under field conditions
before recommendation for use in the IPM program
against S. littoralis.

ACKNOWLEDGEMENT

The authors greatly appreciate Dr. Heba
Hassan, Prof. at Plant Protection Research Institute,
Agricultural Research Center, Giza, Egypt, who kindly
provided a sample of susceptible strain of S. littoralis
and FMev.

REFERENCES

1. Van Der Gaag, N. Pick your poison. New
Internationalist. 2000: 323: 9-11.

2. Costa LG, Giordano G, Guizzetti M, Vitalone A.
Neurotoxicity of pesticides: a brief review. Front
Biosci. 2008 Jan 1;13(4):1240-9.

3.

10.

11.

12.

13.

14.

15.

16.

17.

Relyea RA. A cocktail of contaminants: how
mixtures of pesticides at low concentrations affect
aquatic communities. Oecologia. 2009 Mar
1;159(2):363-76.

Tiryaki O, Temur C. The fate of pesticide in the
environment. J. Biol. Environ. Sci. 2010;4(10):29-
38.

Damalas CA, Eleftherohorinos 1G. Pesticide
exposure, safety issues, and risk assessment
indicators. International journal of environmental
research and public health. 2011 May 6;8(5):1402-
19.

Chowanski S, Kudlewska M, Marciniak P,
Rosinski G. Synthetic Insecticides- is There an
Alternative? Pol. J. Environ. Stud., 2014; 23(2):
291-302.

Attathom T. Biotechnology for insect pest control.
Proc. Sat. Forum: "Sustainable Agricultural System
in Asia". Nagoya, Japan, 2002; pp: 73-84.

Gade G, Goldsworthy GJ. Insect peptide hormones:
a selective review of their physiology and potential
application for pest control. Pest Management
Science: formerly Pesticide Science. 2003
Oct;59(10):1063-75.

Walkowiak K, Spochacz M, Rosinski G.
Peptidomimetics- A new class of bioinsecticides.
Postepy Biologii Komorki, 2015; 42(2): 235-254.
Li YM, Kai ZP, Huang J, Tobe SS. Lepidopteran
HMG-CoA reductase is a potential selective target
for pest control. PeerJ. 2017 Jan 19;5:2881.

Stall GB. Anti juvenile hormone agents. Annual
review of entomology. 1986 Jan;31(1):391-429.
Riddiford LM. Cellular and molecular actions of
juvenile hormone 1. General considerations and
premetamorphic actions. InAdvances in insect
physiology 1994 Jan 1 (Vol. 24, pp. 213-274).
Academic Press.

Gilbert LI, Granger NA, Roe RM. The juvenile
hormones: historical facts and speculations on
future research directions. Insect biochemistry and
molecular biology. 2000 Sep 1;30(8-9):617-44.
Mitsuoka T, Takita M, Kanke E, Kawasaki H.
Ecdysteroid titer, responsiveness of prothoracic
gland to prothoracicotropic hormone (PTTH), and
PTTH release of the recessive trimolter strain of
Bombyx mori in extra-ecdysed larvae by JHA and
20E application. Zoological Science. 2001
Mar;18(2):235-40.

Tatar M, Kopelman A, Epstein D, Tu MP, Yin CM,
Garofalo RS. A mutant Drosophila insulin receptor
homolog that extends life-span and impairs
neuroendocrine  function. Science. 2001 Apr
6;292(5514):107-10.

Tatar M, Chien SA, Priest NK. Negligible
senescence during reproductive dormancy in
Drosophila melanogaster. The American Naturalist.
2001 Sep;158(3):248-58.

Truman JW, Riddiford LM. The morphostatic
actions of juvenile hormone. Insect biochemistry
and molecular biology. 2007 Aug 1;37(8):761-70.

Available online at https://saspublishers.com/journal/sajb/home

653



Ghoneim K & Basiouny A., Sch. Acad. J. Biosci., Oct 2018; 6(10): 643-659

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Riddiford LM. Juvenile hormone action: a 2007
perspective. Journal of insect physiology. 2008 Jun
1;54(6):895-901.

Flatt T, Heyland A, Rus F, Porpiglia E, Sherlock C,
Yamamoto R, Garbuzov A, Palli SR, Tatar M,
Silverman N. Hormonal regulation of the humoral
innate  immune  response in  Drosophila
melanogaster. Journal of Experimental Biology.
2008 Aug 15;211(16):2712-24.

Denlinger DL, Yocum GD, Rinehart JP. Hormonal
control of diapause. Ininsect endocrinology 2012
(pp. 430-463).

Amsalem E, Malka O, Grozinger C, Hefetz A.
Exploring the role of juvenile hormone and
vitellogenin in reproduction and social behavior in
bumble bees. BMC evolutionary biology. 2014
Dec;14(1):45.

Raslan SA. Preliminary report on initial and
residual mortality of the natural product, Spinosad,
for controlling cotton leaf worm egg masses.
InEgypt. 2nd Inter. Conf., Plant Prot. Res. Inst.,
Cairo, Egypt 2002 Dec 21 (Vol. 1, pp. 635-637).
Wu J. The application of IGRs in agricultural pest
control. Pestic. 2002;41:6-8.

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

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

Zhou Z, Deng G, Luo S. Study and application of
IGRs. Guangxi. Agric. Sci. 2003; 1: 34-36.
Muraleedharan D, Varghese A, Abraham G,
Mathews RA. Effect of precocene-Il on endocrines,
feeding and digestion in the semilooper caterpillar,
Achoea Janata. In: "Insect Neurochemistry and
Neurophysiology". 1986; pp 307-314,

Sariaslani FS, McGee LR, Ovenall DW. Microbial
transformation of precocene 11: Oxidative reactions
by Streptomyces griseus. App. Environ.
Microbiol., 1987; 53(8): 1780-1784.

Moya P, Castillo M, Primo-Yufera E, Couillaud F,
Martinez-Manez R, Garcera MD, Miranda HA,
Primo J, Martinez-Pardo R. Brevioxime: a new
juvenile hormone biosynthesis inhibitor isolated
from Penicillium brevicompactum. J. Org. Chem.,
1997; 62: 8544-8545.

Szczepanik M, Obara R, Szumny A, Gabry$ B,
Halarewicz-Pacan A, Nawrot J, Wawrzenczyk C.
Synthesis and insect antifeedant activity of
precocene derivatives with lactone moiety. J.
Agric. Food Chem., 2005; 53: 5905-5910.

Singh S, Kumar K. Sensitivity of last larval
stadium of Chrysomya megacephala (Fabricius) to
anti-allatin ageratochromene Precocene II.

Bede JC, Teal PE, Goodman WG, Tobe SS.
Biosynthetic pathway of insect juvenile hormone

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Miller TA, Adams ME. Mode of action of
pyrethroids. Ininsecticide mode of action. 1982
(pp. 3-27).

Staal GB. Insect control with growth regulators
interfering with the endocrine system. Entomologia
experimentalis et Applicata. 1982 Jan;31(1):15-23.
El-lbrashy MT. Juvenile hormone mimics in
retrospect and antagonists in prospect 1. Zeitschrift
fur Angewandte Entomologie. 1982 Jan 12;94(1-
5):217-36.

Kumar K, Khan IA. Effect of precocene on
development of ovarian follicles in flesh fly,
Sarcophaga ruficornis F. 2004.

Ringo J, Talyn B, Brannan M. Effects of precocene
and low protein diet on reproductive behavior in
Drosophila melanogaster (Diptera: Drosophilidae).
Annals of the Entomological Society of America.
2014 Oct 20;98(4):601-7.

Amiri A, Bandani AR, Ravan S. Effect of an anti-
juvenile hormone agent (Precocene 1) on Sunn pest,
Eurygaster integriceps (Hemiptera: Scutelleridae)
development and reproduction. African Journal of
Biotechnology. 2010;9(36).

Nave JF, d'Orchymont H, Ducep JB, Piriou F, Jung
MJ. Mechanism of the inhibition of cholesterol
biosynthesis by 6-fluoromevalonate. Biochemical
Journal. 1985 Apr 1;227(1):247-54.

Sanchez CM, Martin JMP, Jin J-S, Davalos A,
Zhang W, de la Pefla G, Martinez-Botas J,
Rodriguez-Acebes S, Suérez Y, Hazen MJ, Gomez-
Coronado D, Busto R, Cheng Y-C, Lasuncion MA.
Disruption of the mevalonate pathway induces
dNTP depletion and DNA damage. Biochimica et
Biophysica Acta, 2015; 1851: 1240-1253.

Quistad GB, Cerf DC, Schooley DA, Staal GB.
Fluoromevalonate acts as an inhibitor of insect
juvenile hormone biosynthesis. Nature. 1981 Jan
1;289(5794):176-7.

Farag Al, Varjas L. Precocious metamorphosis and
moulting deficiencies induced by an anti-jh
compound, fmev in the fall webworm, hyphantria
cunea. Entomologia Experimentalis et Applicata.
1983 Jul;34(1):65-70.

Balamani E, Nair VS. Effects of anti-juvenile
hormone agents and a juvenile hormone analog on
neck-ligated post-feeding last instar larvae of
Spodoptera mauritia Boisd.(Lepidoptera:
Noctuidae). International Journal of Tropical Insect
Science. 1989 Oct;10(5):583-9.

Edwards JP, Cerf DC, Staal GB. Inhibition of
oftheca production in Periplaneta americana (L.)
with the anti juvenile hormone fluoromevalonate.
Journal of insect physiology. 1985 Jan 1;31(9):723-
8.

Hosny MM, Topper CP, Moawad GM, El-Saadany
GB. Economic damage thresholds of Spodoptera

I11'in cell suspension cultures of the sedge Cyperus littoralis  (Boisd.)(Lepidoptera: Noctuidae) on

iria. Plant Physiology. 2001 Oct 1;127(2):584-93. cotton in Egypt. Crop Protection. 1986 Apr
1;5(2):100-4.

Auvailable online at https://saspublishers.com/journal/sajb/home 654




Ghoneim K & Basiouny A., Sch. Acad. J. Biosci., Oct 2018; 6(10): 643-659

46. Shonouda ML, Mehanney SM. New botanical
derivatives, wused in medicinal preparations,
showing bioactive action on insect pests II: Effect
on the vectors Culex pipiens and Musca domestica
larvae. Pak. J. Biol. Sci. 2000;3:1039-41.

47. Mostafa AK, Hany AG. The efficiency of two plant
extracts (Fenugreek and lupine) and a commercial
biofungicide (Biofly) on the cotton leafworm,
Spodoptera littoralis (Boisd.)(Lepidoptera:
Noctuidae) larvae as a new approach of control.
Journal-egyptian german society of zoology.
2002;37(E):39-58.

48. Fatma KA, Eman MR, Ibrahim FS, Enas EN. Host
plants’  shifting affects the biology and
biochemistry of Spodoptera littoralis
(Boisd.)(Lepidoptera: Noctuidae). Egyptian
Academy Journal of Biological Sciences.
2009;2:63-71.

49. EI-Din MM, El-Gengaihi SE. Joint action of some
botanical extracts against the Egyptian cotton
leafworm Spodoptera littoralis
(Boisd.)(Lepidoptera: Noctuidae). Egyptian Journal
of Biological Pest Control. 2000;10(1/2):51-6.

50. Casida JE, Quistad GB. Golden age of insecticide
research: past, present, or future?. Annual review
of entomology. 1998 Jan;43(1):1-6.

51. Ishaaya I, Yablonski S, Horowitz AR. Comparative
toxicity of two ecdysteroid agonists, RH-2485 and
RH-5992, on susceptible and pyrethroid-resistant
strains of the Egyptian cotton leafworm,
Spodoptera littoralis. Phytoparasitica. 1995 Jun
1;23(2):139-45.

52. Smagghe G, Carton B, Wesemael W, Ishaaya I,
Tirry L. Ecdysone agonists—mechanism of action
and application on Spodoptera species. Pesticide
Science. 1999 Mar;55(3):386-9.

53. Miles M, Lysandrou M. Evidence for negative
cross resistance to insecticides in field collected
Spodoptera littoralis (Boisd.) from Lebanon in
laboratory bioassays. Mededelingen
(Rijksuniversiteit te Gent. Fakulteit van de
Landbouwkundige en Toegepaste Biologische
Wetenschappen). 2002;67(3):665-9.

54. Aydin H, Giirkan MO. The efficacy of spinosad on
different  strains of  Spodoptera littoralis
(Boisduval)(Lepidoptera: ~ Noctuidae).  Turkish
Journal of Biology. 2006 May 29;30(1):5-9.

55. Davies TG, Field LM, Usherwood PN, Williamson
MS. DDT, pyrethrins, pyrethroids and insect
sodium channels. IUBMB life. 2007;59(3):151-62.

56. Mosallanejad H, Smagghe G. Biochemical
mechanisms of methoxyfenozide resistance in the
cotton leafworm Spodoptera littoralis. Pest
Management Science: formerly Pesticide Science.
2009 Jul;65(7):732-6.

57. Mosallanejad H, Smagghe G. Biochemical
mechanisms of methoxyfenozide resistance in the
cotton leafworm Spodoptera littoralis. Pest
Management Science: formerly Pesticide Science.
2009 Jul;65(7):732-6.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Bakr RF, El-Barky NM, Abd Elaziz MF, Awad
MH, Abd El-Halim HM. Effect of Chitin synthesis
inhibitors (flufenoxuron) on some biological and
biochemical aspects of the cotton leaf worm
Spodoptera littoralis Bosid.(Lepidoptera:
Noctuidae). J. biolog. Sci. 2010;2(2):43-56.

Finney DJ. Probit analysis. 3rd ed. Cambridge,
England: Cambridge University Press. 1971; 318
pp.

El-lbrashy MT, Aref NB. Effects of certain
juvenoids on growth and morphogenesis in
Spodoptera littoralis Boisduval. J Journal of Plant
Protection in the Tropics. 1985; 2(2): 105-116.
Dempster C. The population dynamic of Moroccan
locust Dociostarus murcocamus in Cyprus. Anti
Locust Bull. 1957;27.

Richards AG. Cumulative effects of optimum and
suboptimum temperatures on insect development.
Influence of Temperature on Biological Systems.
1957:145-62.

Toppozada A, Abdallah S, Eldefrawi ME.
Chemosterilization of larvae and adults of the
Egyptian cotton leafworm, Prodenia litura, by
apholate, metepa, and tepa. Journal of Economic
Entomology. 1966 Oct 1;59(5):1125-8.

Moroney MJ. Facts from figures (3" ed.). Penguin
Books Ltd. Harmondsworth. Middle Sex, 1956.
Toppozada A, Abdallah S, Eldefrawi ME.
Chemosterilization of larvae and adults of the
Egyptian cotton leafworm, Prodenia litura, by
apholate, metepa, and tepa. Journal of Economic
Entomology. 1966 Oct 1;59(5):1125-8.
Yasyukevich VV, Zvantsov AB. Effects of
antihormones on the susceptibility of Anopheles
sacharovi mosquitoes to the malaria causative
organism  Plasmodium  gallinaceum  Brumpt.
Meditsinskaia parazitologiia i parazitarnye bolezni.
1999:46-7.

Farazmand H, Chaika E. Effects of Precocene-I and
Il on the development of Colorado potato beetle,
Leptinotarsa decemlineata (Col.: Chrysomelidae).
Abdullah MA. Identification of the biological
active compounds of two natural extracts for the
control of the red palm weevil, Rhynchophorus
ferrugineus (Oliver)(Coleoptera: Curculionidae).
Egypt Acad. J. Biol. Sci. 2009;2:35-44.

Nassar MM, Hafez ST, Farrag AM, Abahussain
MO. Efficacy of BaySir-8514 and precocene Il
against the grey flesh fly Parasarcophaga dux
(Thomson)(Diptera: Sarcophagidae). Journal of the
Egyptian Society of Parasitology. 1999;29(3):697-
707.

Khan 1A, Kumar K. Precocene Il acts as insect
growth regulator in polyphagous pest, Pericallia
ricini F. (Lepidoptera: Arctiidae). Proc. Nat. Acad.
Sci. India, 2000; 70(B): 279-285.

Liu XC, Liu ZL. Evaluation of larvicidal activity of
the essential oil of Ageratum conyzoides L. aerial
parts and its major constituents against Aedes

Available online at https://saspublishers.com/journal/sajb/home

655



Ghoneim K & Basiouny A., Sch. Acad. J. Biosci., Oct 2018; 6(10): 643-659

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

albopictus. Journal of Entomology and Zoology
Studies. 2014;2(4):345-50.

Kuwano E, Tanaka Y, Kikuchi M, Eto M. Effects
of Anti Juvenile Hormones and Related
Compounds on Development in the Larvae of
Bombyx mori. AMKFERFEILE. 1988
Oct;33(1):17-28.

Shuto A, Kuwano E, Eto M. Synthesis of two
optical isomers of the insect anti-juvenile hormone
agent fluoromevalonolactone (FMev) and their
biological activities. Agricultural and biological
chemistry. 1988;52(4):915-9.

Linton YM, Nisbet AJ, Mordue AJ. The effects of
azadirachtin on the testes of the desert locust,
Schistocerca gregaria (Forskal). Journal of Insect
Physiology. 1997 Oct 1;43(11):1077-84.

Ghoneim KS, Mohamed HA, Bream AS. Efficacy
of the neem seed extract, neemazal, on growth and
development of the Egyptian cotton leafworm,
Spodoptera littoralis  Boisd (Lepidoptera:
Noctuidae). Journal-Egyptian German Society Of
Zoology. 2000;33(E):161-80.

Smagghe G, Degheele D. The significance of
pharmacokinetics and metabolism to the biological
activity of RH-5992 (tebufenozide) in Spodoptera
exempta, Spodoptera exigua, and Leptinotarsa
decemlineata.  Pesticide  Biochemistry  and
Physiology. 1994 Jul 1;49(3):224-34.

Osman EE, Rarwash |, EI-Samadisi MM. Effect of
anti-moulting agent “Dimilin” on the blood picture
and cuticle formation in Spodoptera littoralis
(Boisd.) larvae. Bull. Entomol. Soc. Egypt (Econ.
Ser.). 1984;14:3-46.

Banerjee S, Kalena GP, Banerji A, Singh AP. New
synthetic precocenoids as potential insect control
agents. J. Environ. Biol., 2008; 29(6): 951- 957.

Lu XN, Liu XC, Liu QZ, Liu ZL. Isolation of
insecticidal constituents from the essential oil of
Ageratum houstonianum Mill. against Liposcelis
bostrychophila. J. Chem., Article ID 645687, 2014;
6

Rust MK, Hemsarth WL. Intrinsic activity of IGRs
against larval cat fleas. Journal of medical
entomology. 2016 Dec 10;54(2):418-21.

Carrizo F R, Sosa ME, Favier LS, Penna F,
Guerreiro E, Giordano OS, Tonn CE. Growth-
inhibitory activities of benzofuran and chromene
derivatives toward Tenebrio molitor. Journal of
natural products. 1998 Oct 23;61(10):1209-11.
Nasiruddin M. The protection of barley seedlings
from attack by Schistocerca gregaria using
azadirachtin and related analogues. Entomologia
experimentalis et applicata. 1994 Mar;70(3):247-
52.

Lange AB, Phillips DR, Loughton BG. The effects
of precocene Il on early adult development in male
Locusta. Journal of Insect Physiology. 1983 Jan
1;29(1):73-81.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Bowers WS, Aldrich JR. In vivo inactivation of
denervated corpora allata by precocene Il in the
bug, Oncopeltus fasciatus. Cellular and Molecular
Life Sciences. 1980 Mar 1;36(3):362-4.

Eid MA, Salem MS, El-lbrashy MT, Abdel-Hamid
M. Effect of precocene Il, Cycloheximide and C16-
JH on the growth rate and adult morphometrics of
Schistocerca gregaria Forsk. Bulletin of the
Entomological Society of Egypt. Economic series.
1985.

Mathai S, Nair VS. Effects of precocence ii on last
instar larvae of spodoptera mauritia (lepidoptera:
noctuidae).  Current  Science. 1983  Apr
20;52(8):376-7.

Mathai S, Nair VS. Treatment of larvae with
repeated doses of precocene Il induces precocious
metamorphic changes in Spodoptera mauritia
(Lepidoptera: Noctuidae). Archives of Insect
Biochemistry and Physiology. 1983;1(2):199-203.
Osman KSA. Effect of precocene-3 on the
hormonal regulation of oogenesis and larval
mortality in  Aiolopus thalassinus  (Fabr.)
(Saltatoria: Acrididae). Mitteilungen der Deutschen
Gesellschaft fir Allgemeine und Angewandte
Entomologie. 1988; 6: 464-487

Srivastava S, Kumar K. Precocene | and Il induced
metamorphosis in a noctuid moth, Spodoptera
litura Fabr. Proc. Nat. Acad. Sci. India. 1997;
67(B): 213-226.

Srivastava S, Kumar K. Juvenilizing effects of
ethoxyprecocene in a lepidopteran insect. Indian J.
Exp. Biol. 1999; 37(4): 379-383.

Asano S, Kuwano E, Eto M. Anti-juvenile
hormone activity of 1-citronellyl-5-
phenylimidazole in the 3 instar silkworm, Bombyx
mori L. (Lepidoptera: Bombycidae). App. Entomol.
Zool., 1984; 19(2): 212-220.

Yoshida T, Shiotsuki T, Kuwano E. Synthesis and
precocious metamorphosis-inducing activity of 3-
(1-alkenyl) pyridines. Pestic. Sci., 2000; 25: 253-
258.

Srivastava S, Kumar K. Effect of precocenes on
metamorphosis of flesh fly, Sarcophaga ruficornis
F. Indian J. Exp. Biol. 1996; 34: 547-553.

Gaur R, Kumar K. Effect of precocene on
morphogenesis in housefly, Musca domestica Linn.
Entomon. 2009; 34: 107-110

Kiuchi M, Kimura K, Akai H. Induction of
trimolters from a tetramolter strain of Bombyx mori
by anti-juvenoid treatment. Journal of Sericultural
Science of Japan, 1985; 54(1):77-81.
Subrahmanzam B, Miller T, Rembold H.
Inhibition of turnover of neurosecretion by
azadirachtin in Locusta migratoria. J. Insect
Physiol., 1989; 35: 493-500.

Djeghader NEH, Aissaoui L, Amira K, Boudjelida
H. Impact of a chitin synthesis inhibitor,
Novaluron, on the development and the
reproductive performance of mosquito Culex

Available online at https://saspublishers.com/journal/sajb/home

656



Ghoneim K & Basiouny A., Sch. Acad. J. Biosci., Oct 2018; 6(10): 643-659

pipiens. World Applied Sciences Journal, 2014;
29(7): 954-960.

98. Mahmoudvand M, Abbasipour H, SheikhiGarjan
A, Bandani AR. Decrease in pupation and adult
emergence of Plutella xylostella (L.) treated with
hexaflumuron. Chilean Journal of Agricultural
Research, 2012; 72(2):206-211.

99. Ghoneim K, Tanani M, Hamadah Kh, Basiouny A,
Waheeb H. Bioefficacy of Novaluron, a chitin
synthesis inhibitor, on survival and development of

Spodoptera littoralis (Boisd.)(Lepidoptera:
Noctuidae). Journal of Advances in Zoology, 2015;
1(1): 24-36.

100.Aliabadi FP, Sahragard A, Ghadamyari M. Lethal
and sublethal effects of a chitin synthesis inhibitor,
lufenuron, against Glyphodes pyloalis Walker
(Lepidoptera: ~ Pyralidae).  J. Crop Prot., 2016;
5(2): 203-214.

101.Ghoneim K, Hassan HA, Tanani MA, Bakr NA.
Toxic and disruptive effects of Novaluron, a chitin
synthesis inhibitor, on development of the pink
bollworm Pectinophora gossypiella
(Saunders)(Lepidoptera:  Gelechiidae). Int. J.
Entomol. Res. 2017; 2(2): 36-47.

102.Ghoneim K, Hamadah Kh, Mansour AN, Abo
Elsoud AA. Toxicity and disruptive impacts of
Novaluron, a chitin synthesis inhibitor, on
development and metamorphosis of the olive leaf
moth Palpita unionalis (Hubner) (Lepidoptera:
Pyralidae). International Journal of Trend in
Research and Development, 2017; 4(3): 184-193.

103.Barnby MA, Klocke JA. Effects of azadirachtin on
levels of ecdysteroids and prothoracicotropic
hormone-like activity in Heliothis virescens (Fabr)
larvae. J. Insect Physiol., 1990; 36: 125-131.

104.Gaur R, Kumar K. Insect growth-regulating effects
of Withania somnifera in a polyphagous pest,
Spodoptera litura. Phytoparasitica, 2010; 38(3):
237-241.

105.Khan 1A, Kumar K. Effect of precocene Il on
imaginal differentiation in flesh fly, Sarcophaga
ruficornis F. (Diptera: Sarcophagidae). Entomon.
2005; 30: 187-191

106.Kadono-Okuda K, Kuwano E, Eto M, Yamashita
O. Inhibitory action of an imidazole compound on
ecdysone synthesis in prothoracic glands of the
silkworm, Bombyx mori. Growth Diff., 1987; 29:
527-533.

107.Trigo JR, Campos S, Pereira AM. Presenca de
alcaléides pirrolizidinicos em Ageratum conyzoides
L. In: Simposio de Plantas Medicinais do Brasil,
Sao Paulo. (Resumos). 1988; p. 13

108.Al-Sharook Z, Balan K, Jiang Y, Rembold H.
Insect growth inhibitors from two tropical
Meliaceae: Effects of crude seed extracts on
mosquito larvae. J. App. Entomol., 1991; 111: 425-
430.

109.Josephrajkumar A, Subrahmanyam B, Srinivasan
S.  Plumbagin and azadirachtin  deplete
haemolymph ecdysteroid levels and alter the

activity profiles of two lysosomal enzymes in the
fat body of Helicoverpa armigera (Lepidoptera:
Noctuidae). European Journal of Entomology,
1999; 96: 347-353.

110.Wilson TG. The molecular site of action of juvenile
hormone and juvenile hormone insecticides during
metamorphosis: how these compounds kill insects.
J. Insect Physiol., 2004; 50(2/3): 111-121.

111.Nandi PS, Chakravarty K. Juvenoids and anti-
Juvenoids as third generation pesticide to control
lepidopteran field crop pests. Indian Streams
Research Journal, 2011; 1(6): 15pp.

112.Menn JJ. Prospects of exploitation of insect
antijuvenile hormones for selective insect control
In: "Approaches to New Leads for Insecticides"
(von Keyserlingk et al., eds). ®Springer-Verlag
Berlin Heidelberg, 1985

113.Benz G, Ren S-X. Some effects of the anti-juvenile
hormone fluoromevalonate in three lepidopterous
species. Bull. De La Soc. Entomol. Suisse, 1986;
59: 23-30.

114.Fescemyer HW, Masler EP, Davis RNE, Kelly TJ.
Vitellogenin synthesis in female larvae of the
gypsy moth Lymantria dispar (L.): suppression by
juvenile hormone. Comp. Biochem. Physiol., 1992;
103B(3): 533-54.

115.Tarrant C, Cupp EW, Bowers WS. The effects of
precocene Il on reproduction and development of
triatomine  bugs (Reduviidae:  Triatominae).
American Journal of Tropical Medicine and
Hygiene, 1982; 31(2): 416-420.

116.1slam MS. Endocrine manipulation in crowd-reared
desert locust Schistocerca gregaria (Forskal). II.
Effects of Precocene on mortality and reproductive
parameters. Bangladesh J. Zool., 1995; 23: 199-
208.

117.Edwards JP, Bergot BJ, Staal GB. Effects of three
compounds with anti-juvenile hormone activity and
a juvenile hormone analogue on endogenous
juvenile hormone levels in the tobacco hornworm,
Manduca sexta. Journal of Insect Physiology. 1983
Jan 1;29(1):83-9.

118.Darvas B, Kuwano E, ETO M, EL-DIN MH, Timar
T. Effects of some anti-juvenile hormone agents
(Precocene-2, J-2710, KK-110) on postembryonic
development of Neobellieria bullata. Agricultural
and biological chemistry. 1990;54(11):3045-7.

119.Burt ME, Kuhr RJ, Bowers WS. Metabolism of
precocene Il in the cabbage looper and European
corn borer. Pesticide Biochemistry and Physiology.
1978 Dec 1;9(3):300-3.

120.Haunerland NH, Bowers WS. Comparative studies
on pharmacokinetics and metabolism of the anti-
juvenile hormone precocene Il. Archives of insect
biochemistry and physiology. 1985;2(1):55-63.

121.Khafagi WE, Hegazi EM. Effects of juvenile
hormones and precocenes on the immune response
of Spodoptera littoralis larvae to supernumerary
larvae of the solitary parasitoid, Microplitis

Available online at https://saspublishers.com/journal/sajb/home

657



Ghoneim K & Basiouny A., Sch. Acad. J. Biosci., Oct 2018; 6(10): 643-659

rufiventris Kok. Journal of Insect Physiology. 2001
Nov 1;47(11):1249-59.

122.Khafagi WE, Hegazi EM. Latent effects of
precocenes (I and 1) and juvenile hormone | on
Spodoptera littoralis (Boisd.) larvae. Archives of
Phytopathology & Plant Protection. 1999 Sep
1;32(4):337-50.

123.Mayer RT, Witt W, Klitschka GE, Chen AC.
Evidence that chitin synthesis inhibitors affect cell
membrane transport. Endocrinological frontiers in
physiological insect ecology. Wroclaw Technical
University Press, Wroclaw. 1988:567-80.

124. TATEISHI K, KIUCHI M, TAKEDA S. New
cuticle formation and molt inhibition by RH-5849
in the common cutworm, Spodoptera litura
(Lepidoptera: Noctuidae). Applied Entomology and
Zoology. 1993 May 25;28(2):177-84.

125.Newitt RA, Hammock BD. Relationship between
juvenile hormone and ecdysteroids in larval-pupal
development of Trichoplusia ni (Lepidoptera:
Noctuiidae). Journal of insect physiology. 1986 Jan
1;32(10):835-44.

126.Sparks TC, Roe RM, Buehler A, Hammock BD.
The evaluation of anti juvenile hormones using last
stadium larvae of the cabbage looper, Trichoplusia
ni (Hubner). Insect biochemistry. 1987 Jan
1;17(7):1011-6.

127.Nair VS, Rajalekshmi E. EFFECTS OF
FLUOROMEVALONATE ON PENULTIMATE
AND LAST INSTAR LARVAE OF
SPODOPTERA-MAURITIA BOISD. INDIAN
JOURNAL OF EXPERIMENTAL BIOLOGY.
1989 Feb 1;27(2):170-3.

128.Kuwano E, Takeya R, Eto M. Terpenoid
imidazoles: new  anti-juvenile hormones.
Agricultural and biological chemistry.
1983;47(4):921-3.

129.Retnakaran A, Granett J, Ennis T. Insect growth
regulators. In “Comprehensive Insect Physiology
Biochemistry and Pharmacology”(Kertut GA and
Gilbert, LI, eds), Vol. 12, pp: 529-601.

130.Ghoneim K, Tanani M, Hamadah K, Basiouny A,
Waheeb H. Inhibited reproductive capacity of
Egyptian cotton leaf worm Spodoptera littoralis
(Boisd.)(Lepidoptera: Noctuidae) by the chitin
synthesis inhibitor Novaluron. Egypt. Acad J
Biolog Sci. 2014;7(2):105-18.

131.Wigglesworth VB. Insect Physiology. 8" ed.,
Chapman & Hall, London, 1984; 191 pp

132.Hagedorn HH. The role of ecdysteroids in
reproduction. In:  "Comprehensive  Insect
Physiology, Biochemistry and
Pharmacology"(Kerkut GA, Gilbert LI., eds.), vol.
8. Pergamon, Oxford, 1985; pp. 205-262.

133.Mondal KA, Parween S. Insect growth regulators
and their potential in the management of stored-
product insect pests. Integrated Pest Management
Reviews. 2000 Dec 1;5(4):255-95.

134.Bakr RF, Guneidy NA, EI-Bermawy SM.
Toxicological and biological activities of three

IGRs against fourth larval instar of the cotton leaf
worm, Spodoptera littoralis (Boisd). Egypt. Acad.
Soc. Environ. Develop. 2005;6(4):103-32.

135.Al-Dali AG, Ghoneim KS, Bakr RF, Bream AS,
Tanani MA. Egg productivity of Schistocerca
gregaria (Orthoptera: Acrididae) as affected by the
non-steroidal ecdysone agonist Tebufenozide (RH-
5992). J. Egypt. Acad. Soc. Environ. Develop.
2008; 9(10): 27-38.

136.Al-Mekhlafi F, Mashaly AM, Abdel Mageed A,
Wadaan MA, Al-Mallah NM. Overlap effects of
cyromazine concentration, treatment method and
rearing temperature on the Southern cowpea weevil
(Callosobruchus maculatus F.) reared on cowpea.
African Journal of Microbiology Research, 2011;
5(32): 5848-5853. doi: 10.5897/AJIMR11.703

137.Hassan HA, Ghoneim K, Tanani MA, Bakr NA.
Impairing effectiveness of the chitin synthesis
inhibitor, Novaluron, on adult performance and
reproductive potential of the pink bollworm
Pectinophora gossypiella (Saunders) (Lepidoptera:
Gelechiidae). Journal of Entomology and Zoology
Studies, 2017; 5(2): 581-592.

138.Hamadah Kh, Ghoneim K, Mansour AN, Abo
Elsoud AA. Deranged adult performance and
reproductive potential of the olive leaf moth
Palpita unionalis (HUbner)(Lepidoptera: Pyralidae)
by the non-steroidal ecdysone  agonist,
Methoxyfenozide.  International  Journal  of
Information Research and Review, 2017; 04(06):
4228-4240.

139.140.Connat JL, Nepa MC. Effects of different anti-
juvenile hormone agents on the fecundity of the
female tick Ornithodoros moubata. Pesticide
Biochemistry and Physiology, 1990; 37(3): 266-
274,

140.Parween S, Faruki SI, Begum M. Impairment of
reproduction in the red flour beetle, Tribolium
castaneum (Herbst)(Col., Tenebrionidae) due to
larval feeding on triflumuron-treated diet. Journal
of applied entomology. 2001 Aug;125(7):413-6.

141.Connat JL. Effects of different anti-juvenile
hormone agents on the fecundity of the female
cattle tick Boophilus microplus. Pesticide
Biochemistry and Physiology. 1988 Jan 1;30(1):28-
34.

142.Pradeep AR, Nair VS. Antigonadotropic effects of
precocene 2: allaticidal action in females of
Nilaparvata lugens (Stal). Philippine Entomologist.
2000;14(2):175-83.

143.Khafagi WE, Hegazi EM. Effects of juvenile
hormone | and precocene | & Il on Microplitis
rufiventris when administered via its host,
Spodoptera littoralis. BioControl. 2004 Oct
1;49(5):517-36.

144.Lehmann P, Lyytinen A, Piiroinen S, Lindstrom L.
Is a change in juvenile hormone sensitivity
involved in range expansion in an invasive beetle?.
Frontiers in zoology. 2015 Dec;12(1):20.

Available online at https://saspublishers.com/journal/sajb/home

658



Ghoneim K & Basiouny A., Sch. Acad. J. Biosci., Oct 2018; 6(10): 643-659

145.Lehmann P, Lyytinen A, Piiroinen S, Lindstrém L.
Is a change in juvenile hormone sensitivity
involved in range expansion in an invasive beetle?.
Frontiers in zoology. 2015 Dec;12(1):20.

146.Soller M, Bownes M, Kubli E. Mating and sex
peptide stimulate the accumulation of yolk in
oocytes of Drosophila melanogaster. European
Journal of Biochemistry. 1997 Feb;243(3):732-8.

147.Bownes M, Dempster M, Blair M. The regulation
of yolk protein gene expression in Drosophila
melanogaster.  Molecular  biology of egg
maturation. 1983:63-79.

148.Raikhel AS, Brown M, Belles X. 3.9 Hormonal
Control of Reproductive Processes. Comprehensive
molecular insect science. 2005:433-91.

149.Schwedes CC, Carney GE. Ecdysone signaling in
adult Drosophila melanogaster. Journal of insect
physiology. 2012 Mar 1;58(3):293-302.

150.Khan M, Hossain MA, Islam MS. Effects of neem
leaf dust and a commercial formulation of a neem
compound on the longevity, fecundity and ovarian
development of the melon fly, Bactrocera
cucurbitae (Coquillett) and the oriental fruit fly,
Bactrocera dorsalis (Hendel)(Diptera: Tephritidae).
Pak J Biol Sci. 2007 Oct 15;10(20):3656-61.

151.Zhou F, Zhu G, Zhao H, Wang Z, Xue M, Li X, Xu
H, Ma X, Liu Y. Sterilization effects of adult-
targeted baits containing insect growth regulators
on Delia antiqua. Scientific reports. 2016 Sep
13;6:32855.

152.Salem H, Smagghe G, Degheele D. Effects of
tebufenozide on oocyte growth in Plodia
interpunctella. Mededelingen Faculteit
Landbouwkundige en Toegepaste Biologische
Wetenschappen Universiteit Gent (Belgium). 1997.

153.Di llio V, Cristofaro M, Marchini D, Nobili P,
Dallai R. Effects of a neem compound on the
fecundity and longevity of Ceratitis capitata
(Diptera: Tephritidae). Journal of Economic
Entomology. 1999 Feb 1;92(1):76-82.

154.Vyas AV, Mulchandani NB. New chromenes from
Ageratum conyzoides. Progress Report.
1980;1983:7.

155.0kunade AL. Ageratum conyzoides
L.(Asteraceae). Fitoterapia. 2002 Feb 1;73(1):1-6.

156.Bowers WS, Aregullin M. Discovery and
identification of an antijuvenile hormone from
Chrysanthemum  coronarium.  Memdrias  do
Instituto Oswaldo Cruz. 1987;82:51-4.

157.El-lbrashy MT. The effect of allatectomy upon
reproduction and development of the cotton leaf-
worm, Spodoptera littoralis. Journal of insect
physiology. 1971 Sep 1;17(9):1783-90.

158.Soltani N, Soltani-Mazouni N. Diflubenzuron and
oogenesis in the codling moth, Cydia pomonella
(L.). Pesticide Science. 1992;34(3):257-61.

159.Chapman RF, Chapman RF. The insects: structure
and function. Cambridge university press; 1998
Nov 12.

160.Telfer WH. Egg formation in Lepidoptera. Journal
of Insect Science. 2009 Jan 1;9(1):50.

161.Indrasith LS, Sasaki T, Yaginuma T, Yamashita O.
The occurrence of a premature form of egg-specific
protein in vitellogenic follicles ofBombyx mori.
Journal of Comparative Physiology B. 1988 Jan
1;158(1):1-7.

162.Davey KG, Gordon DR. Fenoxycarb and thyroid
hormones have JH-like effects on the follicle cells
of Locusta migratoria in vitro. Archives of Insect
Biochemistry and Physiology: Published in
Collaboration with the Entomological Society of
America. 1996;32(3-4):613-22.

163.Sallam MH. Effect of diflubenzuron (A chitin
synthesis Inhibitor) on embryonic development of
the Acridid Heteracris littoralis (RAMB.). journal-
egyptian german society of zoology. 1999;30:17-
26.

164.Sammour EA, Kandil MA, Abdel-Aziz WF. The
reproductive potential and fate of chlorfluazuron
and leufenuron against cotton Leafworm.
Spodoptera littoralis. 2008:62-7.

Available online at https://saspublishers.com/journal/sajb/home

659



