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Abstract

The desert locust Schistocerca gregaria is a dangerous pest devastating agricultural productions and
pastures in different countries. The objective of the present study was to assess the dual effect of
cycloheximide (RNA and protein synthesis inhibitor), JH-like activity and anti-JH activity, against this
pest. Five doses (200, 100, 30, 20 and 10 pg/nymph) were topically applied onto the sternites of newly
penultimate (4™) instar nymphs S. gregaria in Faculty of Science, Al-Azhar University, Cairo, Egypt.
Cycloheximide exhibited a toxic effect on nymphs and adults. LDso was 8.53 pg/nymph. It exerted a
potent suppressing action on nymphal growth and developmental rate. As a symptom of the suspended
development, some of the treated 4™ instar nymphs failed to moult into the next instar but remained as
permanent nymphs and died after 4-fold period of the control nymphs. The successfully moulted 5%
instar nymphs suffered an impairing action of cycloheximide; since malformed nymphs were produced
and died after a few days. Some of the treated nymphs precociously metamorphosed into adultoids,
skipping off the 5™ instar. These precocious adultoids spent more than one month and eventually died
with mating. In addition, cycloheximide induced solitary tendency in the treated 5" instar nymphs, at the
lower two doses.
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Introduction

Two phases appeared in the development of the desert locust, Schistocerca gregaria (Forskal),
solitary and gregarious phases. The gregarious phase is the extremely dangerous for the
agricultural crops . The devastation of this insect corresponds to several tons of fresh plant
material. Invasions of this locust are the cause of calamity because they can result in up to
100% crop loss 23, 1t has been a most serious crop pest in many countries of Africa and Asia
451 In Africa, S. gregaria can devastate the cultures of a whole continent 61,

Current locust control operations are mainly based on organophosphorus pesticides %, In the
outbreak of S. gregaria during 2003-2005, 13 million ha were treated with insecticides in
different countries 3. The excessive and indiscriminate uses of conventional insecticides
against insect pests usually lead to various problems to human and environment, as well as the
development of insect resistance to insecticides 161, Therefore, eco-friendly control agents
have received global attention in recent years. These alternative compounds are characterized
by lower toxicity to non-target organisms than conventional insecticides and they are effective
at low concentrations [ 18 Also, they are biodegradable into harmless compounds for
avoiding the problems of environmental pollution [19-21,

Juvenile hormone (JH) is necessary for insect development throughout the immature stages
22 |In addition, JHs play crucial roles in several other physiological processes, such as
reproduction, diapause, behaviour, polymorphism, migration, metabolism, etc [2321, The
limited scope of JH analogues (JHAS) in insect pest control demanded the use of alternative
chemicals that are environmentally safe. Compounds which can block or reduce the synthesis
of authentic JH were considered as better alternatives for impairing hormone-dependent
processes of development and reproduction 2% 301,

Anti-JH agents are those compounds inhibiting JH-dependent developmental and reproductive
processes in insects. Bede et al. Y demonstrated that the design of JH mimics or anti-JH
agents is an effective strategy for insecticide discovery. As reported by many authors [3-34,
anti-JH agents are considered as new alternatives of juvenoid-type chemicals to avoid some of
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their disadvantages. These chemicals are potentially
efficacious for control of the major insect pests where most of
the damage is caused by larval stage.

The RNA and protein synthesis inhibitor, cycloheximide
(Acti-dione) (3-[(2R)-2-[(1S, 3S, 5S)-3, 5-dimethyl-2-
oxocyclohexyl]-2-hydroxyethyl] glutarimide) was originally
isolated from Streptomyces griseus %, As an antibiotic,
cycloheximide was earlier applied clinically in the treatment
of candidiasis and meningitis. In the agricultural uses,
cycloheximide was found as inhibitor of protein synthesis and
irreversible inhibitor of multiplication nuclear polyhedrosis
virus in the lepidopterous insects 1. Also, it inhibits the
growth, in culture, of many plant pathogenic fungi [B7.
Moreover, cycloheximide was found to interfere with the
hormonal regulation of developmental processes in insects,
such as the migratory locust Locusta migratoria (8 and S.
gregaria 9, The stimulation of the steroidogenesis in insects
is rapidly inhibited by cycloheximide 1. Cycloheximide
inhibited the protein synthesis necessary for the development
of eclosion hormone sensitivity in the tobacco horn worm
Manduca sexta 1. In insects, also, cycloheximide exhibited
an anti-gonadotropic action in insects, such as the tobacco
caterpillar Spodoptera litura 2 and the mealworm beetle
Tenebrio molitor (31, In addition, cycloheximide was recorded
as a suppressive agent on the enzyme activities in insects,
such as the detoxifying enzyme Glutathione S-transferse in
the common cutworm Spodoptera litura [“4; phenoloxidase in
Spodoptera exigua 31 and transhydrogenase in the midgut
mitochondria in M. sexta 5™ instar larvae €1, The objective of
the present study was to assess the dual action of
cycloheximide, JH-like activity and anti-JH activity, against
S. gregaria.

2. Materials and Methods

2.1. Experimental insect

A gregarious stock culture of Schistocerca gregaria
(Orthoptera: Acrididae) was raised for successive generations
in Department of Zoology and Entomology, Faculty of
Science, Al-Azhar University, Cairo, Egypt. The present
culture was originated by a sample of gregarious nymphs
kindly provided by Locust and Grasshopper Division, Plant
Protection Research Institute, Giza. The insects were reared
and handled under crowded breeding conditions outlined by
Hunter-Jones ®7 and improved by Ghoneim et al. (81, Newly
hatched hoppers were kept in wood cages with wire-gauze
sides (40x40x60 cm) and small door. The developing hoppers
were transferred into bigger cages (60 x 60 x 70 cm). Each
cage was equipped internally with an electric bulb (100 watt)
to maintain a continuous photoperiod (12 L: 12 D) as well as
an ambient temperature (32+4°C). The relative humidity
varied between 70-80%. For oviposition by adult females, the
bottom of cages was covered with sterilized sandy layer (20
cm depth) moistened with water (10-15% humidity). Fresh
clean leaves of clover Trifolium alexandrinum were provided
as a food every day. Care was seriously taken to clean these
cages at regular intervals. The feces, dead locusts and food
remains were removed daily before introducing fresh food.

2.2. Cycloheximide administration

Cycloheximide was kindly provided by Dr. Heba Hassan,
Plant Protection Institute, Egypt. The compound was
dissolved in acetone to prepare five doses: 200, 100, 30, 20
and 10 pg/nymph. All doses had been applied for the newly
moulted female 4" instar nymphs. Groups of 20 healthy

gregarious nymphs were used as replicates. They were
topically treated onto the first and second abdominal sternites,
using Hamilton microapplicator (NHN 737). A group of 20
healthy gregarious nymphs of the same instar and age were
topically treated with 4 ul acetone only and used as controls.
All treated and control nymphs were kept individually under
the previously mentioned laboratory conditions.

2.3. Criteria of study

Toxicity test

Starting from the day after cycloheximide application,
mortalities of the 4™ and 5™ instar nymphs and mortality of
the emerged adult females had been recorded in %. LDso
value was calculated for total mortality by Microsoft office
Excel, 2007, according to Finny 9],

Growth and development

All treated and control nymphs were weighed individually
every day for calculating the nymphal weight gain during the
4™ and 5 instars. The mean weight gain + SD was used as an
informative indicator of the nymphal growth. Also, the
nymphal duration of each instar was determined in mean days
+ SD using the Dempster's equation %, The developmental
rate was calculated according to the Richard's equation 54,
The suspended development was observed in permanent 4%
instar nymphs (%) which died without moulting into last (5"
instar.

Metamorphic and phase transition parameters

All nymphs were observed daily for recording the possible
aberrations in metamorphosis, such as precocious adultoids
and deranged morphogenesis, such as nymphal malformations
(%). All nymphs and adults were observed every day to
record the nymphal and/or adult colour change, according to
the phase theory of locusts [*2.,

2.4. Statistical analysis

Data obtained were analyzed by the Student's t-distribution,
and refined by Bessel correction %1 for the test significance of
difference between means.

3. Results

3.1. Toxic effect of cycloheximide on S. gregaria

After topical application of cycloheximide onto the newly
moulted penultimate (4") instar female nymphs, the toxic
effect was recorded by mortality (%) of nymphs and adult
females. Data of mortality had been summarized in Table (1).
According to these data, mortality of the treated 4" instar
nymphs was found almost in a dose-dependent course (05.0,
05.0, 10.0, 60.0 and 70.0% mortality of treated nymphs, at 10,
20, 30, 100 and 200 pg/nymph, respectively, vs. 00.0%
mortality of control nymphs). Also, the successfully moulted
last (5™) instar nymphs were subjected to a lethal action of
cycloheximide, but in no certain trend (31.6, 52.6, 66.7, 37.5
and 66.7% mortality of 5" instar nymphs, at 10, 20, 30, 100
and 200 pg/nymph, respectively, vs. 00.0% mortality of
control nymphs). Cycloheximide exhibited an extended toxic
effect on the successfully emerged adult females, since
different mortality percentages were recorded, but in no
certain trend (15.4, 11.1, 50.0, 20.0 and 50.0% adult
mortality, at 10, 20, 30, 100 and 200 pg/nymph, respectively,
vs. 00.0% mortality of control adults). LDso value was
calculated as 8.53 pg/nymph.
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3.2. Effect of cycloheximide on growth and developmental
of S. gregaria

Data of the nymphal body weight gain, duration and
developmental rate were assorted in Table (2). Depending on
these data, cycloheximide exerted potent suppressing action
on the growth of treated 4™ instar larvae, since their weight
gain was remarkably reduced, in no certain trend (409.9+69.3,
333.1+96.8, 341.9451.8, 265.1+61.8 and 199.5+54.3 mg, at
10, 20, 30, 100 and 200 pg/nymph, respectively, vs.
467.3+66.2 mg of control nymphs). Also, growth of the
successfully moulted 5" instar nymphs was considerably
inhibited, especially at the higher three doses, since their
weight gain values were significantly declined (420.2+22.6,
367.3+64.0 and 328.2+62.1 mg, at 30, 100 and 200
pug/nymph, respectively, vs. 469.9+48.2 mg of control
nymphs).

In the light of data contained in the same table, cycloheximide
exerted a retarding action on the treated 4™ instar nymphs,
since their durations were conspicuously prolonged, in no
certain trend (9.4+0.8, 9.8+£0.8, 9.5+1.1, 8.8+0.9 and 8.7+0.8
days, at 10, 20, 30, 100 and 200 pg/nymph, respectively, vs.
8.0£0.7 days of control nymphs). As clearly shown in the
aforementioned table, the developmental rate was seriously
regressed, in no certain trend. Also, the successfully moulted
5 instar nymphs were subjected to a retarding action of
cycloheximide, since their durations were significantly
prolonged, especially at the higher three doses (11.8+1.5,
11.84£1.3, 11.2+1.5 days, at 30, 100 and 200 pg/nymph,
respectively, vs. 10.2£1.1 days of control nymphs). In
addition, their developmental rate was remarkably regressed.
As obviously shown in Table (3), different percentages of
suspended development where the treated 4" instar nymphs
failed to moult into the next instar but remained as permanent
nymphs. The developmentally interrupted nymphs did not
feed and appeared inactive with a deep dark pattern. They
survived for 32 days (4-fold of the control congeners) and
died without moulting to the next instar. This feature of
suspended development appeared in a dose-dependent manner (5,
5, 10, 60 and 70% permanent nymphs, at 10, 20, 30, 100 and 200
pg/nymph, respectively, vs. 0% permanent control nymphs).

3.3. Effect of cycloheximide on morphogenesis and
metamorphaosis of S. gregaria

On the basis of data distributed in Table (3), cycloheximide
exerted a disruptive action on the morphogenesis and
metamorphosis of S. gregaria. Two major symptoms could be
exiguously observed: deformed 5" instar nymphs and
precocious adultoids. Morphogenesis of some of the
successfully moulted 5" instar nymphs suffered an impairing
action of cycloheximide, since malformed nymphs were
produced, in no certain trend (31.6, 52.6, 50.0, 37.5 and
16.7% deformed 5" instar nymphs, at 10, 20, 30, 100 and 200
pg/nymph, respectively, vs. 0% deformed control nymphs).
These deformed nymphs appeared with thin cuticle,
malformed appendages, some attached parts of 4" instar
exuvia and a deep dark patch at the site of cycloheximide
application. All of these deformed nymphs died after a few
days with no capability to metamorphose into adults.

As clearly seen in the previously mentioned table,
cycloheximide induced some of the 4" instar nymphs to
precociously metamorphose into adultoids, skipping off the
5" nymphal instar. This interesting feature of impaired
metamorphosis was only recorded at the lower three doses of
the tested compound (10.0, 06.7 and 36.7% precocious
adultoids, at 10, 20 and 30 pg/nymph, respectively, vs. 0%
precocious control locusts). These precocious adultoids
appeared diminutive with pink colour of normal gregarious
adults. They survived more than one month and eventually
perished with no ability to mate.

3.4. Effect of cycloheximide on phase transition in S.
gregaria

As highlighted by data of Table (3), cycloheximide induced
the solitary tendency in the treated 5™ instar nymphs after
treatment of 4" instar nymphs only with the lower two doses
(50 and 30% nymphs with solitary green colour, at 10 and 20
pg/nymph, respectively). This green colour is one of the most
important characteristics of solitary S. gregaria.

Table 1: Lethal effect (%) of cycloheximide on S. gregaria after treatment of the newly moulted penultimate instar larvae.

Dose (nug/nymph) ﬁ%?}gg’?l mc;;[?rl]g[tlgrs Adult mortality | Total Mortality L Dso
200 70.0 66.7 50.0 95.0
100 60.0 375 20.0 80.0
30 10.0 66.7 50.0 85.0 853
20 5.0 52.6 111 60.0 '
10 5.0 31.6 15.4 45.0
Control 00.0 00.0 00.0 00.0

Table 2: Growth and development of S. gregaria as affected by topical application of cycloheximide onto the newly moulted penultimate instar
nymphs of S. gregaria.

Dose 4" instar nymphs 5" instar nymphs
(ug/nymph) Weight gain (Mean |Duration (Mean days+| Develop. |Weight gain (Mean mg [Duration (Mean days+| Develop.

mg+ SD) SD) rate + SD) SD) rate
200 199.5+54.3d 8.7+0.8b 115 328.2+62.1c 11.2+15b 8.9
100 265.1+61.8d 8.8+09b 114 367.3+64.0c 11.8+1.3d 8.5
30 341.9+51.8d 95+11c 10.7 420.2+226¢C 11.8+15b 8.5
20 333.1+96.8d 9.8+0.8d 10.2 423.8+97.1a 10.6+15a 8.9
10 409.9 +69.3d 9.4+0.8d 10.8 4418 +438a 10.2+1.1a 8.8
Control 467.3+66.2 8.0+0.7 125 469.9 £48.2 10211 10.1

Mean = SD followed by letter (a): Not significantly different (P>0.05), (b): Significantly different (P<0.05), (c): Highly significantly different
(P<0.01), (d): Very highly significantly different (P<0.001). Develop: Developmental.
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Table 3: Metamorphosis disturbance and phase transition (%) of S. gregaria after topical application of cycloheximide onto the newly moulted
penultimate instar nymphs

Dose Permanent 4t Deformed 5% Precocious 5" instar nymphs with
(ug/nymph) instar nymphs instar nymphs adultoids solitary green colour
200 70.0 16.7 00.0 00
100 60.0 375 00.0 00
30 10.0 50.0 36.7 00
20 05.0 52.6 06.7 30
10 05.0 31.6 10.0 50
Control 00.0 00.0 00.0 00

4. Discussion

4.1. Affected survival of S. gregaria by cycloheximide
Toxic effects of several anti-juvenile hormone (anti-JH)
compounds had been reported against different insect species.
For examples, both precocene | (PI) and precocene 11 (PIl)
exhibited larvicidal activities against several mosquito species
154, 551 Also, precocenes exhibited larvicidal effects on the
Colorado potato beetle Leptinotarsa decemlineata ¢ A
toxicological effect of PIl was reported by Abdullah 7]
against larvae of red palm weevil Rynchophorus ferrugineus.
Also, PII exhibited larvicidal and pupicidal effects on the grey
flesh fly Parasarcophaga dux 8l larvicidal effect on the
lepidopterous pest Pericallia ricini ®° and larvicidal effect on
the Asian tiger mosquito Aedes albopictus %, After exposure
of the newly moulted 2" or 4" instar nymphs of the
grasshopper Euprepocnemis plorans to some doses of PlIlI,
various mortalities were recorded among the treated nymphs
of different instars and the emerged adults ©. Apart from
precocenes, other anti-JH compounds displayed different
toxicities against some insects, such as EMD (ethyl (E)-3-
methyl-2-dodecenoate) 62 and Fluoromevalonate (tetrahydro-
4-fluoromethyl-4-hydroxy-2H-pyran-2-one) [ against the
mulberry silkworm Bombyx mori. Results of the present study
were, to a great extent, in agreement with the previously
reported results, since cycloheximide exhibited a toxic effect
on nymphs and adult females of S. gregaria. For explication
of the nymphicidal effect of cycloheximide, it might be
attributed to the prevention of moulting nymphs to swallow
volumes of air for splitting the old cuticle and expand the new
one during ecdysis 4. Also, these nymphal deaths might be
due to the prevented feeding and continuous starvation of S.
gregaria nymphs 1. The adult mortalities can be explained
by the retention and distribution of cycloheximide in the
locust body as a result of rapid transport via the haemolymph
to other tissues, and/or by lower detoxification capacity of
adults against the tested compound (€],

The reported LDso (or LCso) values of anti-JH compounds are
variable in different insects. For examples, LDso of Pl against
the red cotton stainer Dysdercus koenigii had been found as
85.46 and 82.37 mgl* for 4" and 5" instar nymphs,
respectively 67, After treatment of 4" instar larvae of A.
albopictus with Pl and PII, LCso values were estimated in
41.63 and 43.55 pg/ml, respectively %, LCso values of PII
and PI against the booklice Liposcelis bostrychophila were
calculated as 30.4 and 64.0ug/cm?, respectively (%8, LCso of
Pl against the cat flea Ctenocephalides felis was 10.97 ppm
(691 | Cso 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 uM, respectively 1. LDso values of PIl against E.
plorans were 0.388 and 17.022 ug/cm? after topical treatment
of newly moulted 2" and 4™ instar nymphs, respectively 4,
In the current study, LDso value of cycloheximide against S.

gregaria was found 8.53 pg/nymph. However, LDs (or LCsp)
value 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 levels, method and
time of treatment, as well as the experimental conditions.

4.2. Growth inhibition in S. gregaria by cycloheximide

In current investigation on S. gregaria, cycloheximide exerted
a potent suppressing action on growth of treated 4™ instar
larvae and the successfully moulted 5" instar nymphs, since
their weight gains were remarkably reduced. These results
were, to some extent, in accordance with some of the reported
results of inhibited growth of various insects by various anti-
JH compounds. Several chromene derivatives inhibited the
growth of last instar larvae of T. molitor "%, Pl and PII were
reported to exhibit inhibitory effects on growth of different
mosquitoes [ 581 After treatment of 2" or 4™ instar nymphs
of E. plorans with PII, the nymphal growth had been inhibited
61 Feeding of M. sexta larvae on the anti-JH compounds
Fluvastatin, Lovastatin or Pitavastatin-treated diet led to
significantly inhibited growth 2. In the current study, the
growth inhibition of S. gregaria can be attributed to the
blocking action of cycloheximide on release of morphogenic
peptides, causing alteration in the ecdysteroid and juvenoid
titers [, deranged tissues and cells undergoing mitosis 4 or
an inhibitory action on the protein in haemolymph and fat
body 73,

4.3. Retarded development of S. gregaria by cycloheximide
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. The larval duration in
several insect species (holometabolous or hemimetabolous)
had been prolonged as a response to the action of different
anti-JH compounds. For examples, Bowers and Aldrich 4
recorded a prolongation of 5" nymphal instar in the milkweed
bug Oncopeltus fasciatus after treatment with Pl. Treatment
of the 4™ instar nymphs of S. gregaria with PII resulted in
prolongation of both 4™ and 5™ nymphal instars 9. Treatment
of 6™ instar larvae of the lawn armyworm Spodoptera
mauritia with PII resulted in prolongation of duration in last
larval instar 7> 781, The nymphal period of the grasshopper
Aiolopus thalassinus was prolonged after topical application
of PIII onto 5™ instar nymphs [, Treatment of the tobacco
cutworm Spodoptera litura larvae with PI, PIl or
ethoxyprecocene (a synthetic analog of P Il) resulted in
prolongation of larval period " 78 After treatment of 4™
instar nymphs of D. koenigii with PII, duration of the
successfully moulted 5 instar nymphs was prolonged 71, In
addition, prolongation of the larval period in the fall
webworm Hyphantria cunea was recorded after treatment
with FMev [, Similar results of prolonged larval duration
were reported in B. mori by KK-22 (phenylimidazoles) [ 81,
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After treatment of 4™ instar larvae of B. mori with the
synthesized 3-(2-methyl-l-phenyl-I-propenyl) pyridine, the
larval period was prolonged 2,

Our results were in corroboration with those previously
reported results, since cycloheximide exerted a retarding
action on the treated 4™ instar nymphs, and the successfully
moulted 5" instar nymphs of S. gregaria, since durations of
both instars were conspicuously prolonged indicating
seriously regressed developmental rate. To explicate the
prolongation of the nymphal duration and regressed
developmental rate in S. gregaria, in the present study, after
treatment with cycloheximide; this prolongation might be due
to the indirect interference of this compound with the
neuroendocrine organs responsible for the synthesis and
release of tropic hormones, like prothoracicotropic hormone
(831, Also, the recorded prolongation might be attributed to a
disturbing action of cycloheximide 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 132 62, In addition, cycloheximide might exhibit a
delaying effect on the pupal transformation into adults 4. In
particular, the final step of chitin biosynthesis pathway was
inhibited by cycloheximide and the precursor was not
converted into chitin leading to a prolongation of
developmental duration 84,

In insects, a symptom of suspended development attracts a
great attention of some entomologists. This feature is usually
expressed in ‘permanent nymphs or larvae'. The induction of
permanent nymphs or larvae was reported in some insect
species as a response to some insect growth regulators (IGRs)
or botanicals. Among IGRs, some authors 588 observed
permanent (over-aged) nymphs of S. gregaria (Orthoptera)
after treatment with certain IGRs. Permanent larvae of the
European corn borer Ostrinia nubilalis (Lepidoptera) were
induced depending upon the dose of fenoxycarb and the
timing of application onto the 5™ instar larvae 9, Permanent
larvae of the grey flesh fly Parasarcophaga argyrostoma
(Diptera) were induced after topical application of last instar
larvae with 100 pg/larva of chlorfluazuron P9, In addition,
some botanicals, plant extracts or isolated phytochemicals,
had been reported to induce permanent nymphs in various
insects, such as O. fasciatus (Hemiptera) after injection of the
newly moulted last instar nymphs with azadirachtin ©4; O.
fasciatus and the cotton stainer bug Dysdercus peruvianus
(Hemiptera) after topical application of Manilkara subsericea
(Sapotaceae) extracts onto 4" instar nymphs 2; S, litura
(Lepidoptera) after treatment of larvae with acetone leaf
extract of Withania somnifera (Solanaceae) [%; and the
confused flour beetle Tribolium confusum (Coleoptera) after
treatment of 5" instar and 6" instar larvae with 1pg/ul of
Andrographolide (a terpenoid isolated from the leaves of
Andrographis paniculata, Acanthaceae) 4. Among anti-JH
compounds, The dose 20 pg/cm? of Pl topically applied onto
the newly moulted 2" instar nymphs of E. plorans induced
some ‘'permanent nymphs' in 2" and 4" instars 4. In
addition, EI-Gammal et al. ! observed permanent nymphs in
S. gregaria after exposure of gamma irradiation against the 3
instar nymphs.

In the present study, topical application of cycloheximide
onto the newly moulted 4™ instar nymphs of S. gregaria
suspended the developmental of some treated nymphs which
failed to moult into the next instar but remained as permanent
nymphs. These nymphs did not feed and appeared inactive
with a deep dark pattern. They survived for 4-fold of the

control congeners and perished without moulting to the next
instar. To explicate the induction of permanent nymphs of S.
gregaria, cycloheximide exerted an inhibitory 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. The tested compound might disrupt the ecdysteroid
metabolism or might alternatively act directly to inhibit the
release of ecdysis-triggering hormone [#31,

4.4, Disrupted morphogenesis and metamorphosis of S.
gregaria by cycloheximide

Some anti-JH compounds had been reported to exert adverse
actions on the morphogenesis of different holometabolous and
hemimetabolous insects, such as some terpenoid imidazole
compounds against larvae of B. mori ¢ PI, PIl or PIII
against the last instar larvae of S. ruficornis 71, PI, PII or
ethoxyprecocene against S. litura larvae '8, P11 against P. dux
larvae B8 PII against Musca domestica maggots 8 and Pl
against E. integriceps larvae 1. The present results on S.
gregaria were, to a great extent, in agreement with those
reported results, since 5" instar malformed nymphs were
produced after topical application of cycloheximide onto 4™
instar nymphs. All of these deformed nymphs died after a few
days without metamorphosis into adults. The production of
deformed nymphs of S. gregaria, in the current study, may be
explained by a suppressive action of cycloheximide during
synthesis and deposition of cuticular protein [(8 001 or
blocking the release of morphogenic peptides, causing
alteration in both ecdysteroid and juvenoid titers [,

In the present study, also, cycloheximide induced some of the
4™ instar nymphs of S. gregaria to precociously
metamorphose into adultoids, skipping off the 5" instar. This
feature of impaired metamorphosis was observed at only the
lower three doses (30, 20 and 10 pg/nymph). This result was,
to a great extent, in corroboration with those reported results
of precocious metamorphosis in several insects of various
orders by different anti-JH compounds. Within Orthoptera,
exposure of 4™ instar nymphs of S. gregaria to PIl (15
ng/cm?) induced precocious adultoids [ 104, Different doses
of PI or PII (20-100 pg/insect) induced different degrees of
precocious metamorphosis in the Mediterranean splendid
grasshopper Heteracris littoralis 1%, Exposure of 2" instar
nymphs of E. plorans to Pl led to a precocious moult to 4%
instar, skipping off 3 instar (only at the lowest dose). Also,
exposure of 4™ instar nymphs to PII, some treated nymphs
precociously metamorphosed into adultoids, omitting the 5™
instar Y. Among Hemiptera, PIl induced precocious
metamorphosis in the kissing bugs Rhodnius prolixus and
Triatoma dimidiatal®®, Ayoade et al. [0 observed
precocious metamorphosis in the brown plant hopper
Nilaparvata lugens after exposure to PIl. In Coleoptera,
topical application of PI and PII onto the 2" larval instar of L.
decemlineata induced the precocious adultoids [6, In
addition, precocious metamorphosis had been induced by
precocenes in several insects of Diptera, such as the flesh fly
Neobellieria bullata [%! and M. domestica ¢ as well as in
Lepidoptera, such as S. litura "8 and P. ricini 5%, Moreover,
other anti-JH compounds induced permanent larvae in various
insects, such as FMev against the fall webworm Hyphantria
cunea " and S. mauritia [*%], ETB 62, KK-42 1107 108] KK -22
8L 1091 and 3-pyridine derivatives 2 against B. mori.
Treatment of N. bullata larvae with KK-110 and J-2710
resulted in precocious pupation [0,
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The production of precocious non-viable adultoids, after
treatment of the 4™ instar nymphs of S. gregaria, in the
present study, can be explained by the inhibitory effect of
cycloheximide on RNA and protein synthesis, especially the
JH-binding protein 110 111 indicating an anti-JH activity of the
tested compound leading to deficiency in JH level. On the
molecular basis of JH action, Wilson 2 reported 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 direct changes during
metamorphosis. In hemimetabolous insects, Erezyilmaz et al.
(1131 studied the role of br for inducing the precocious adult
molt in O. fasciatus after application of PIl to 3™ instar
nymphs, and suggested that a loss of br mMRNA was caused at
the precocious adult molt. However, the action mechanisms of
anti-JH compounds in insects had been deeply discussed by
many authors % 114-122],

4.5. Induction of solitary tendency in S. gregaria by
cycloheximide

Prior to the discussion of induction of solitary tendency in S.
gregaria by cycloheximide, in the present study, it may be
important to mention that S. gregaria has two phases, solitary
and gregarious, which differ considerably in many aspects,
including behaviour, physiology and morphology [123 124,
Several genes or metabolites play crucial roles in the
regulation of this phase change. Also, epigenetic mechanisms
and non-coding RNAs have been involved in the regulation of
phase change in locusts, but the functional roles have not yet
been known (for review, see Wang and Kang %), On the
other hand, the involvement of endocrine factors in the
regulation of locust phase transformation has been extensively
reviewed by many authors [126-129],

With regard to the change in body color, gregarious locusts
display a contrasting pattern of black and orange, with little to
no variation in pattern among individuals in the same crowd.
Solitary locusts are cryptic and range from green to brown
depending on the external environmental factors [130-132
Several studies have demonstrated that the solitary phase in
locusts is characterized by a higher JH level than the
gregarious phase %1, In other words, the higher activity of
corpora allata in the solitary phase of S. gregaria produce
higher titers of JH in haemolymph and a green colouration has
been appeared by the cuticle [13% 34 Injection of
cycloheximide into 4" instar nymphs of the migratory locust
Locusta migratoria led to the inhibition of JH-esterase
activity resulting in 5 instar nymphs with a solitary green
colour, in response to the high level of JH [ 1351 As pointed
out by Applebaum et al. [**¥®1, the JH is a key regulator of the
induction of green body colour in locusts.

In the present study, cycloheximide induced the solitary
tendency in the treated 5™ instar nymphs of S. gregaria (50
and 30% solitary green colour nymphs), after treatment of 4%
instar nymphs with the lower two doses 10 and 20 pg/nymph,
respectively. This result was, to a great extent, in agreement
with very few reported results of phase transition in S.
gregaria by some anti-JH compounds [12% 137, 138],

The change of nymph colour in S. gregaria to green indicated
an increased tendency toward the solitary phase, in the current
investigation. This result can be explained by a suppressing
action of cycloheximide on the JH esterases (JH-attacking
enzymes) and thus JH level was elevated in haemolymph.
Such explanation may be substantiated by different studies on
the involvement of endocrine factors in the regulation of

phase transformation, as previously discussed in this section.
From the practical point of view, the elevation of JH level in
gregarious locusts should induce a solitarization tendency,
and thus the locust invasion can be avoided, since the
gregarious phase is responsible for swarming and
subsequently the world’s most devastating plagues (for
reviews, see [127.139]),

5. Conclusions

Depending on the obtained results, in the present study, the
antibiotic cycloheximide exhibited a toxic effect on nymphs
and adults of S. gregaria, an inhibitory effect on the nymphal
growth and development, an impairing effect on
morphogenesis and metamorphosis. It induced the nymphs
toward the solitary phase which is very important for avoiding
the gregarious phase responsible for swarming and invasion
of the economic crops. With regard to the dual effect of
cycloheximide on S. gregaria, it exerted JH-like activity
against some of 4™ instar nymphs which remained as
‘permanent nymphs' beside anti-JH activity against some of
4™ instar nymphs inducing to precociously metamorphose into
non-viable adultoids. Some safety reports mentioned that the
use cycloheximide in agricultural applications is now
decreasing due to the recent findings of health risks at the low
doses. Therefore, intensive investigation should be conducted
in the foreseeable future to assess its hazards to human,
domestic animals, beneficial arthropods and environmental
systems before recommendation to use cycloheximide in the
IPM program against S. gregaria,
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