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As reported in Egypt, the grasshopper Euprepocnemis plorans plorans is 

considered as a serious pest to crops in some regions. The objective of the 

current investigation was to evaluate the toxic and disruptive effects of the 

anti-JH compound, Precocene II (PII), on this pest. Nymphs of the newly 

moulted 2
nd

 and 4
th

 (penultimate) instars had been exposed to the doses: 60, 

40, 20 and 10 µg/cm
2
.  Complete mortality of nymphs was observed within 

24 h of exposure of 2
nd

 instar nymphs to the higher two doses. At other 

doses, PII exhibited a remarkably extended low toxicity on the subsequently 

moulted nymphal instars and emerged adults. After exposure of the 4
th

 

instar nymphs to PII, no complete mortality was observed, but various 

mortalities had been recorded among the treated nymphs, 5
th

 instar nymphs 

and adults. LD50 values of PII were calculated as 0.388 and 17.022µg/cm
2
, 

after treatment of 2
nd

 and 4
th

 instar nymphs, respectively. After treatment of 

2
nd

 instar nymphs with PII, the nymphal growth of both 4
th

 and 5
th

 instars 

was insignificantly inhibited, regardless the dose. Exposure of 2
nd

 instar 

nymphs to the lowest dose of PII led to 3.33% precociously moulted 

nymphs into 4
th

 instar, skipping off the 3
rd

 instar. On the other hand, 

exposure of 4
th

 instar nymphs to the higher tow doses of PII induced some 

treated nymphs to precociously metamorphose into adultoids, skipping over 

the 5
th

 instar. Some permanent nymphs (3.85%) appeared among the 2
nd

 

instar nymphs after exposure only to 20µg/cm
2
. Also, similar permanent 

nymphs were induced during the 4
th

 instar. No permanent nymphs had been 

induced after exposure of 4
th

 instar nymphs to PII.  
 

 

INTRODUCTION 

          As a result of indiscriminate and excessive uses, the conventional insecticides 

usually exhibit several serious impacts on the human health and beneficial animals as 

well as cause toxicological problems to the environmental systems (Van Der Gaag, 

2000; Costa et al., 2008; Relyea, 2009; Tiryaki and Temur, 2010). Furthermore, the 

conventional insecticides have a tendency to accumulate in different trophic levels of 

the food net (Damalas and Eleftherohorinos, 2011; Chowański et al., 2014). In 

addition, the repeated use of many insecticides results in the development of 

resistance in the emerging insect strains (Davies et al., 2007, Mosallanejad and 

Smagghe, 2009). Therefore, eco-friendly insecticides have received global attention 

in recent decades as an alternative to these conventional insecticides. These 
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alternative compounds should be characterized by a short period of half-life in the 

environment, lower toxicity to non-target organisms and their efficiency at low 

concentrations (Attathom, 2002; Gade and Goldsworthy, 2003; Tiryaki and Temur, 

2010; Walkowiak et al., 2015; Li et al., 2017).  

         It should be mentioned that the use of juvenile hormone (JH) or JH-based 

compounds for pest control was early suggested by some authors (Williams, 1967; 

Staal, 1976, 1982) as "third generation insecticides". Screening new targets involved 

in JH-biosynthesis within the corpora allata has been a subject of study in the past 

four decades (Bede et al., 2001). So, compounds that interact with JH, stimulate JH-

biosynthesis, inhibit JH-biosynthesis or interfere with its catabolism can be 

appreciated as new insecticidal agents against insect pests (Nandi and Chakravarty, 

2011). These compounds can be collectively called as 'insect growth regulators' 

(IGRs). IGRs are not directly toxic, but act selectively on normal growth, 

development, metamorphosis and/or reproduction in insects via disrupting the 

hormonally regulated physiological processes (Martins and Silva, 2004; Wang and 

Liu, 2016). Because of their desirable characteristics, such as low toxicity, less 

environmental pollution, high selectivity, and low impact on natural enemies and 

human health, IGRs are usually used to control various insect pests (Cedric, 2005; 

Wang and Wang, 2007; Resmitha and Meethal, 2016).  

         Precocenes are originally phytochemicals causing precocious metamorphosis in 

insects. They had been isolated by Bowers et al. (1976).  Depending on their mode of 

action, they were described as "chemical allatectomy" agents (Aboulafia-Baginsky et 

al., 1984). The effects of precocenes on different pests belonging to various insect 

orders had been extensively reviewed by Staal (1986). However, Precocene-I (7 

methoxy-2,2-dimethylchromene, PI) and Precocene-II (6,7-dimethoxy-2,2-

dimethylchromene, PII) have  been used  as  insect  regulators  by  inducing  

symptoms  of JH-deficiency  in  insects  (Amsalem et al., 2012, 2014; Ghosh et al., 

2012).  Consequently, this inhibition can disrupt the embryonic development, induce 

premature metamorphosis, and disturb the insect behaviour, beside their effects as 

antifeedants and repellents (Khan and Kumar, 2000; Pathak and Bhandari, 2002; 

Khan and Kumar, 2005; Chen et al., 2005a; Ringo et al., 2005; Gaur and Kumar, 

2009; Lu et al., 2014). In addition, precocenes have been shown to derange the 

reproductive potential in adults of several insects by prevention of the normal 

vitellogenesis of the oocytes, leading to sterility (Kumar and Khan, 2004; Ringo et 

al., 2005; Amiri et al., 2010).  

         As reported by some authors (Staal, 1986; Singh and Bhathal, 1994; Hoffmann 

and Lorenz, 1998), precocenes either inhibit JH biosynthesis or act as inhibitors of 

the enzyme action. Therefore, precocenes and other anti-JH agents have been 

considered prototypes of "fourth-generation pesticides" (Sariaslani et al., 1987; 

Moya et al., 1997; Szczcpanik et al., 2005; Banerjee et al., 2008; Singh and Kumar, 

2011). It has been demonstrated that the design of JH mimics or anti-JH agents is an 

effective strategy for insecticide discovery (Bede et al., 2001). Compounds with anti-

JH activity are considered as new representatives of IGRs lacking some 

disadvantages of juvenoid-type chemicals (Bowers, 1982; Staal, 1982). These 

chemicals are potentially efficacious for control of the major insect pests where most 

of the damage is caused by the larval stage (El-Ibrashy, 1982).  

           Grasshoppers have been reported as serious pests in Egypt especially in the 

newly reclaimed area (EL-Garhy et al., 1988). The most adversely economic 

grasshopper is Euprepocnemis plorans plorans (Charp.)(Orthoptera: Acrididae). 

Although this grasshopper species caused 95% damage to crops of the Nile Delta, 
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Egypt (Abdel-Fattah, 2002), it received a little attention of research in Egypt 

(Ghoneim et al., 1994a,b, 1995; El Sayed, 1998a,b; Abdel-Fattah, 2002; Mohamed, 

2014). The control strategies against this grasshopper species still depend upon the 

conventional insecticides. Although these chemicals are often effective, but not 

always appropriate. The present study was conducted to evaluate the toxicity and 

anti-hormonal activities of PII on growth and metamorphosis of this grasshopper.  

 

      MATERIALS AND METHODS 

 

1. Experimental Insect: 

          A culture of Euprepocnemis plorans plorans (Charp.) (Orthoptera: Acrididae) 

was originated by a sample of nymphs and adults from the susceptible culture 

maintained for several generations along some years in Locust and Grasshopper 

Department, Plant Protection Research Institute, Giza, Egypt. It was reared under 

laboratory controlled conditions (32±2°C, 65±5% R.H. and 12h dark: 12h light) at 

Department of Zoology and Entomology, Faculty of Science, Al-Azhar University, 

Cairo. Both adults and nymphs were raised in glass fronted cages (30 x 30 x 30 cm in 

diameter). The top of each cage had a small wire-gauze opening door. The bottom of 

cages was covered with a layer of sterilized sand (10 cm in depth). All cages were 

held at the laboratory controlled conditions. All developmental stages of the 

grasshopper were fed on the maize leaves (Zea mays), and a daily routine feeding 

and cleaning manipulations were continuously conducted.  

2. Precocene II Treatment: 

           Precocene II (6,7-dimethoxy-2,2-dimethylchromene, PII) was kindly provided 

by Dr. Heba Hassan, Prof. at Plant Protection Research Institute, Giza, Egypt.  PII 

was diluted in acetone to prepare a series of doses: 60, 40, 20 and 10 µg/cm
2
. A 

contact technique, originally described by Unnithan et al. (1980) for PII against 

Schistocerca gregaria, was applied. Bottom of a Petri dish (15x2 cm) was coated 

with each dose. After acetone evaporation, groups of 15 newly moulted nymphs of 

2
nd

 or 4
th

 (penultimate) instar of E. plorans plorans were confined in each dish for 

24h (exposure period). By this technique, the precocene fumigant could presumably 

reach the corpora allata within the insect rapidly via the tracheal system. Groups of 

15 newly moulted nymphs of 2
nd

 or 4
th

 instar nymphs were confined in only acetone-

treated Petri dishes and used as controls. All treated and control nymphs were kept 

under the previously mentioned laboratory conditions. After the exposure period, 

treated and control nymphs were transferred into clean Petri dishes and provided 

with suitable pieces of maize leaves, as fresh food, every day.  

3. Criteria of Study: 

3.1. Toxicity:  

         Initial mortality (%) was recorded within 24 h post-treatment whereas the 

extended toxic effect of PII was determined according to the recorded mortalities of 

all developmental stages. Only female nymphs and adults were used in the present 

study. LD50 values were calculated by Microsoft Office Excel, 2007, according to 

Finny (1971). 

        After exposure of 2
nd

 instar nymphs to doses of PII, the successfully moulted 

nymphs of 4
th

 and 5
th

 instars were daily weighed (in mg). Also, the treated 4
th

 instar 

nymphs and the successfully moulted 5
th

 instar nymphs were daily weighed. Growth 

rates (GR) of 4
th

 and 5
th

 instar nymphs were calculated according to (Waldbauer, 

1968) as follows:  GR = G/TA.  Where G: fresh weight gain (mg) of nymphs along 

the instar. T: the instar period (in days). A: mean fresh body weight of nymphs 
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during the feeding period. 

3.3. Development and Metamorphosis:  

        After exposure of 2
nd

 and 4
th

 instar nymphs to PII, all features of retarded 

development and impaired metamorphosis were recorded (in %).  

4. Statistical Analysis of Data: 

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

         RESULTS  

 

1. Toxic Effect of PII on E. plorans plorans: 

          After exposure of the newly moulted 2
nd

 instar female nymphs to different 

doses of PII, the toxic effect was detected by mortality (%) of nymphs. Data of 

mortality had been assorted in Table (1). According to these data, all treated 2
nd

 

instar nymphs completely died at 24 h post-treatment (initial mortality) by the higher 

two doses (60 and 40 µg/cm
2
). The lower two doses (20 and 10 µg/cm

2
) of PII 

caused only 26.92 and 20.00% mortality, respectively, at 24 h post-treatment. At 11 

days post-treatment, the same lower doses caused 28.30 and 23.20% mortality, 

respectively, compared to 10.67% mortality of control nymphs. Thus, toxicity of PII 

increased by the time in the same instar. The lethal activity of PII extended to the 

subsequently moulted nymphal instars and adults. Mortality of 3
rd

 instar nymphs 

were 20.10 and 18.12%, at 20 and 10 µg/cm
2
, respectively, vs. 6.0% of control 

mortality. At the lower two doses, mortality of 4
th

 instar nymphs were 16.99 and 

14.98%, respectively. As obviously seen, the toxic effect of PII appeared in a dose-

dependent course against 2
nd

, 3
rd

, and 4
th

 nymphal instars. PII, only with the lowest 

dose, affected the survival of 5
th

 (last) instar nymphs, since 7.98% mortality was 

recorded.  With regard to the emerged adult females, PII exhibited a weak mortal 

potency after treatment of 2
nd

 instar nymphs (3.85%), only with 20 µg/cm
2
. LD50 was 

calculated as 0.388 µg/cm
2
 (Table 1).  

 

Table 1: Mortality (%) of E. plorans after exposure of 2
nd

 instar female nymphs to PII. 

Dose 

(µg/cm2) 

Nymphal instars 

Adult 

females 

Total 

mortality 

 

 

LD50 

(µg/cm2) 

 

 

 

0.388 

2nd  3rd 4th 5th 

 24 h post- 

treatment 

11 days post- 

treatment 

60 100.00 -- -- -- -- -- 100.00 

40 100.00 -- -- -- -- -- 100.00 

20 26.92 28.30 20.10 16.99 0.00 3.85 96.16 

10 20.00 23.20 18.12 14.98 7.98 0.00 84.28 

Controls 00.00 10.67 06.00 0.00 0.00 0.00 16.67 

 

           After exposure of the newly moulted 4
th

 instar nymphs to different doses of 

PII, data of the toxicity were summarized in Table (2). Depending on these data, all 

doses caused various mortalities of the treated 4
th

 instar nymphs and the moulted 5
th

 

instar nymphs. At 24 h post-exposure, the nymphal mortalities were recorded in 

22.22, 40.74, 10.20 and 25.00%, at 60, 40, 20 and 10µg/cm
2
, respectively. Six days 

later, the toxic potency of PII decreased, since mortalities were 12.12, 30.85, 07.69 

and 15.00%, at 60, 40, 20 and 10 µg/cm
2
, respectively, vs. 5.00% mortality of control 

nymphs. Regardless the dose level, toxic potency of PII decreased by the moulting, 

since mortalities of 5
th

 instar nymphs were 10.10, 21.00, 05.18 and 05.00%, at 60, 

40, 20 and 10 µg/cm
2
, respectively. In addition, PII displayed its insecticidal activity 
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in no certain trend. In respect of the emerged adult females, only the lower two doses 

caused 7.69 and 10.00% mortality, respectively. LD50 was determined as 

17.022µg/cm
2
 (Table 2). Depending on these data, the 2

nd
 instar nymphs were more 

sensitive to PII toxicity than 4
th

 instar nymphs. 

 
Table 2: Mortality (%) of E. plorans after exposure of 4th instar female nymphs to PII. 

Dose 

(µg/cm2) 

Nymphal instars 

Adult 

females 

Total 

mortality 

 

LD50 

(µg/cm2) 

 

 

 

 

   17.022 

4th  5th 

 24 h post- 

treatment 

6 days post- 

treatment 

60 22.22 12.12 10.10 00.00 44.44 

40 40.74 30.85 21.00 00.00 92.59 

20 10.20 07.69 05.18 07.69 30.76 

10 25.00 15.00 05.00 10.00 55.00 

Controls 00.00 05.00 00.00 00.00 5.00 

 

2. Effect of PII on the Growth of E. plorans plorans: 

           Table (3) contains data of nymphal growth during only the latter two instars 

(4
th

 and 5
th

), as affected by exposure of 2
nd

 instar female nymphs to PII. In the light 

of these data, PII exerted a slight inhibitory action on growth of 4
th

 instar nymphs 

(0.026±0.003 and 0.025±0.005, at 20 and 10 µg/cm
2
, respectively, vs. 0.030±0.004 of 

control nymphs). Also, a slight inhibitory action was exerted on the growth of 5
th

 

instar nymphs (0.026±0.002 and 0.027±0.004, at 20 and 10 µg/cm
2
, respectively, vs. 

0.029±0.005 of control nymphs).  

         After exposure of the 4
th

 instar nymphs to PII, data of nymphal growth were 

also arranged in the same table. As exiguously shown, PII exerted a weak 

suppressing action on growth of 4
th

 instar nymphs after exposure to the highest and 

lowest doses (0.038±0.009 and 0.039±0.007, at 60 and 10 µg/cm
2
, respectively, vs. 

0.043±0.015 of control congeners). On the other hand, the growth rate of 5
th

 instar 

nymphs was slightly suppressed at these doses (0.037±0.004 and 0.038±0.005, at 60 

and 10 µg/cm
2
, respectively, vs. 0.039±0.001 of control congeners).  On the basis of 

data arranged in the aforementioned table, PII exerted potent suppressing action on 

the nymphal growth only at the middle two doses. Concerning the 4
th

 instar nymphs, 

growth rates were considerably regressed (0.032±0.001 and 0.030±0.005, at 40 and 

20 µg/cm
2
, respectively, vs. 0.043±0.015 of control nymphs). Similarly, the growth 

rate of 5
th

 instar nymphs was remarkably regressed (0.028±0.005 and 0.029±0.001, at 

40 and 20 µg/cm
2
, respectively, vs. 0.039±0.001 of control nymphs). 

 

Table 3: Effects of PII on the growth rate (mean±SD) of the 4
th

 and 5
th

 instar 

female nymphs of E. plorans. 

Dose 

(µg/cm2) 

Nymphal instars 

Adult 

females 

Total 

mortality 

 

LD50 

(µg/cm2) 

 

 

 

 

   17.022 

4th  5th 

 24 h post- 

treatment 

6 days post- 

treatment 

60 22.22 12.12 10.10 00.00 44.44 

40 40.74 30.85 21.00 00.00 92.59 

20 10.20 07.69 05.18 07.69 30.76 

10 25.00 15.00 05.00 10.00 55.00 

Controls 00.00 05.00 00.00 00.00 5.00 

Mean±SD followed with the letter (a): not significantly different (p <0.05), (b): significantly 

different (p > 0.05), (c): highly significantly different (p > 0.01). 
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3. Effects of PII on Development and Metamorphosis of E. plorans plorans: 

         Depending on the data distributed in Table (4), two major features of retarded 

development and deranged metamorphosis could be recorded (in %), as permanent 

nymphs and precocious metamorphosis. After exposure of 2
nd

 instar female nymphs 

to PII, the development was suspended in a feature of permanent nymphs which 

survived two-fold period of their control congeners and failed to moult into the next 

instar ending in death. Permanent nymphs were induced in 3.85% in the 2
nd

 instar 

(only at dose 20 µg/cm
2
) and 3.33% in the 4

th
 instar (only at dose 10 µg/cm

2
). As 

clearly seen in the same table, 3.33% of treated 2
nd

 instar nymphs precociously 

moulted into 4
th

 instar, skipping off the 3
rd

 instar. These precociously developed 

nymphs survived more than 20 days and eventually perished.  

    After exposure of 4
th

 instar female nymphs to PII, no permanent nymphs were 

observed. On the other hand, the metamorphosis program was impaired; since 

precocious adultoids (omitting the 5
th

 instar) had been produced only at the higher 

two doses (11.11 and 3.70%, at 60 and 40 µg/cm
2
, respectively). These precocious 

adultoids appeared normally in colour and behaviour but without wings. They 

survived more than one month and eventually perished with no ability to mate.  

 

 Table 4: Effect of P II on development and metamorphosis of E. 

plorans. 

Dose 

(µg/cm2) 

Exposure of 2nd instar female nymphs Exposure of the  

4th  instar  

female nymphs 

(% precocious 

adultoids) (3) 

% Permanent nymphs (1) 
% Precocious 

development 

to  4th  instar 
(2)  2nd instar  4th instar 

60 --- --- --- 11.11 

40 --- --- --- 03.70 

20 3.85 0.00 0.00 0.00 

10 0.00 3.33 3.33 0.00 

Control 0.00 0.00 0.00 0.00 
(1): Permanent nymphs survived two-fold period of control nymphs and 

eventually died. (2): Precocious development into the 4th instar (skipping the 3rd 

instar). (3): Precocious adultoids (skipping the 5th instar) had no wings and 

eventually died without mating. 

 

          DISCUSSION 

 

1. Affected survival of E. plorans plorans by PII: 

          There are many reported works on the toxic effects of several anti-juvenile 

hormones (anti-JH) compounds against different insect species. For examples, both 

PI and PII exhibited larvicidal activities against several mosquito species, such as the 

yellow fever mosquito Aedes aegypti, Anopheles sacharovi and An. stephensi 

(Saxena et al., 1994; Yasyukevich and Zvantsov, 1999). The precocenes exhibited 

larvicidal effects, in a dose-dependent course, on the Colorado potato beetle 

Leptinotarsa decemlineata (Farazmand and Chaika, 2008). A toxicological effect of 

PII was reported by Abdullah (2009) against larvae of red palm weevil 

Rynchophorus ferrugineus. Also, PII exhibited larvicidal and pupicidal effects on the 

grey flesh fly Parasarcophaga dux, in a dose-dependent course (Nassar et al., 1999); 

larvicidal effect on the lepidopterous pest Pericallia ricini (Khan and Kumar, 2000); 

and larvicidal effect on the Asian tiger mosquito Aedes albopictus (Liu and Liu, 

2014). Apart from precocenes, other anti-JH compounds displayed different 
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toxicities against some insects, such as synthesized EMD (ethyl (E)-3-methyl-2-

dodecenoate)(Kuwano et al., 1988) and  some synthesized analogues of FMev 

(tetrahydro-4-fluoromethyl-4-hydroxy-2H-pyran-2-one)(Shuto et al., 1988) against 

the mulberry silkworm Bombyx mori. 

        Results of the present study on E. plorans plorans were in agreement with 

those reported results of toxicity of some anti-JH compounds, since  exposure of 2
nd

 

instar nymphs to the higher two doses (60 and 40 µg/cm
2
) of PII resulted in complete 

mortality of nymphs within the first 24h post exposure (initial mortality). At the 

lower two doses (20 and 10 µg/cm
2
), PII exhibited a prolong toxicity on the 

subsequently moulted instars but weak toxicity on adult females. After exposure of 

the 4
th

 instar nymphs to PII, various mortalities had been recorded among the treated 

nymphs and 5
th

 instar nymphs. Only at the lower two doses, PII affected the adult 

survival. For the explication of the nymphicidal effect of PII, it may 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 (Linton et al., 1997). Also, these 

nymphal deaths might be due to the prevented feeding and continuous starvation of 

the present insect (Ghoneim et al., 2000). The adult mortalities, after exposure of 2
nd

 

or 4
th

 instar nymphs to PII, can be explained by the retention and distribution of this 

compound in the insect body as a result of rapid transport from the gut of treated 

nymphs into other tissues, by the direct and rapid transport via the haemolymph to 

other tissues, and/or by lower detoxification capacity of adults against the tested 

compound (Osman et al., 1984).  

          It is important to point out that, LC50 or LD50 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 level, method and time of treatment, as well 

as the experimental conditions. For examples, LD50 of PII against the red cotton 

stainer Dysdercus koenigii has been found as 85.46 and 82.37 mgl
-1

 for 4
th

 and 5
th

 

instar nymphs, respectively (Banerjee et al., 2008). After treatment of 4
th

 instar 

larvae of the Asian tiger mosquito, Aedes albopictus with PI and P II, LC50 values 

were estimated in 41.63 and 43.55μg/ml, respectively (Liu and Liu, 2014). LC50 of 

PII against the booklice Liposcelis bostrychophila was calculated in 30.4𝜇g/cm
2
 but 

LC50 of PI was found 64.0𝜇g/cm
2
 (Lu et al., 2014). LC50 of PI against the cat flea 

Ctenocephalides felis was estimated in 10.97 ppm (Rust and Hemsarth, 2017). LC50 

values of Pitavastatin against the tobacco hornworm Manduca sexta and the Pacific 

beetle roach Diploptera punctata were estimated in 5.23, and 395.2 µM, respectively 

(Li et al., 2017). In the present study on E. plorans plorans, LD50 values were 0.388 

and 17.022 µg/cm
2
, after exposure of 2

nd
 instar nymphs and 4

th
 instar nymphs, 

respectively. Depending on these data, the 2
nd

 instar nymphs were more sensitive to 

PII toxicity than 4
th

 instar nymphs. 

 

2. Growth Inhibition of E. plorans plorans by PII: 

         In the current study on E. plorans plorans, PII exerted a slight inhibitory action 

on the nymphal growth of both 4
th

 and 5
th

 instars, after treatment of 2
nd

 instar 

nymphs, regardless the dose, but the growth rate was remarkably regressed after 

treatment of 4
th

 instar nymphs with 40 and 20 µg/cm
2
. These results were, to some 

extent, in accordance with some of the reported results of the inhibited growth of 

various insects by different anti-JH compounds. Several chromene derivatives 

inhibited the growth of the last instar larvae of the mealworm beetle Tenebrio molitor 

(Roberto et al., 1998). PI and PII exhibited growth-inhibiting activities against A. 

aegypti, An. sacharovi and An. stephensi (Saxena et al., 1994; Yasyukevich and 
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Zvantsov, 1999). Larvae of M. sexta were fed on HMG-CoA reductase inhibitors, 

Fluvastatin, Lovastatin or Pitavastatin-treated food, starting with 1
st
 instar. The 

treated larvae grew in significantly slow growth rate (Li et al., 2017). 

         To understand the growth inhibition of E. plorans plorans, in the current 

investigation, PII might block the release of morphogenic peptides, causing the 

alteration in the ecdysteroid and juvenoid titers (Barnby and Klocke, 1990). Also, PII 

may affect the tissues and cells undergoing mitosis (Nasiruddin and Mordue, 1994). 

In addition, PII might exert an inhibitory action on the haemolymph and fat body 

protein contents, as suggested by Lange et al. (1983) for locusts after treatment with 

precocenes. 

 

3. Disrupted Development and Metamorphosis of E. plorans plorans by PII: 

3.1. Precocious Metamorphosis: 

          In the current investigation, exposure of 2
nd

 instar nymphs of E. plorans 

plorans to PII led to 3.33% precociously moulted nymphs into 4
th

 instar, skipping off 

the 3
rd

 instar (only at the lowest dose). These precocious 4
th

 instar nymphs survived 

for more than 20 days and eventually died. After exposure of 4
th

 instar nymphs to 

PII, some treated nymphs precociously metamorphosed into adultoids, omitting the 

5
th

 instar, only at doses of 60 and 40 µg/cm
2
. These precocious adultoids appeared 

without wings. They survived more than one month and eventually perished without 

mating. These results were, 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
th

 instar nymphs of the desert 

locust Schistocerca gregaria to PII (15 µg/cm
2
) induced precocious adultoids (Salem 

et al., 1982 a, b). Different doses of PI or PII (20-100 μg/insect) induced precocious 

metamorphosis in the Mediterranean splendid grasshopper Heteracris littoralis 

(Alrubeai, 1986). Among Hemiptera, PII induced  precocious  metamorphosis in the 

kissing bugs  Rhodnius  prolixus and Triatoma  dimidiata  when  applied  by  either  

contact  exposure  or fumigation  (Tarrant  et  al.,  1982). Ayoade et al. (1996) 

observed precocious metamorphosis in the brown plant hopper Nilaparvata lugens 

after exposure to PII. In Coleoptera, topical application of PI and PIІ onto the 2
nd

 

larval instar of L. decemlineata induced the precocious adultoids (Farazmand and 

Chaika, 2008). In addition, precocious metamorphosis had been induced by 

precocenes in several insects of Diptera, such as the flesh fly Neobellieria bullata 

(Darvas et. al., 1990) and the house fly Musca domestica (Gaur and Kumar, 2009); 

as well as Lepidoptera, such as the tobacco cutworm Spodoptera litura (Srivastava 

and Kumar, 1999) and P. ricini (Khan and Kumar, 2000). Moreover, other anti-JH 

compounds induced such feature of impaired metamorphosis in various insects, such 

as Fluoromevalonate (FMev) against the fall webworm Hyphantria cunea (Farag and 

Varjas, 1983) and the lawn armyworm Spodoptera mauritia (Balamani and Nair, 

1989); ETB (Kuwano et al., 1988), KK-42 (Kuwano et al., 1985; Akai and 

Mauchamp, 1989), KK-22 (Asano et al., 1984, 1986) and 3-pyridine derivatives 

(Yoshida et al., 2000) against B. mori. Treatment of N. bullata larvae with KK-110 

and J-2710 resulted in precocious pupation (Darvas et. al., 1990).  

         For interpretation of the production of precocious 4
th

 instar nymphs or 

precocious adultoids, after exposure of of E. plorans plorans nymphs to PII, in the 

present study, it is well known that the cells of corpora allata, JH-producing organs 

in insects, are selectively destroyed by precocenes (Bowers et al., 1976; Ohta et al., 

1977; Pratt et al., 1980; Brooks and McCaffery, 1990). Thus, precocious 

metamorphosis in the present grasshopper indicated the prohibition of JH production 
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by PII. On the molecular basis of JH action, Wilson (2004) 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 (like the present grasshopper), 

Erezyilmaz et al. (2006) studied the role of br for inducing the precocious adult molt 

in O. fasciatus after application of PII to 3
rd

 instar nymphs, and suggested that a loss 

of br mRNA was caused at the precocious adult molt. However, a deep discussion on 

the action mechanisms of anti-JH compounds in insects was clearly shown by many 

authors (Staal et al., 1981; Hamnett and Pratt, 1983; Brooks and McCaffery, 1990; 

Unnithan et al., 1995; Miao et al., 2001; Kumar and Khan, 2004; Chen et al., 2005 

a,b; Minakuchi and Riddiford, 2006; Amiri et al., 2010).  

 

3.2. Suspended Development: 

          In insects, a state of suspended development attracts a great attention of some 

entomologists. The induction of suspended development was recorded in some insect 

species as a response to some insect growth regulators (IGRs) or botanicals. Among 

IGRs, some authors (Salem et al., 1982a; El-Gammal and Taha, 1984; Ghoneim, 

1988; Abou El-Ela, 1993) observed permanent (over-aged) nymphs of S. gregaria 

after treatment with certain IGRs. Permanent larvae of the European corn borer 

Ostrinia nubilalis were induced depending upon the dose of fenoxycarb and the 

timing of application onto the 5
th

 instar larvae (Gadenne et al., 1990). Permanent 

larvae of P. argyrostoma were induced after topical application of last instar larvae 

with 100 µg/larva of chlorfluazuron (Ghoneim and Ismail, 1995). In addition, some 

botanicals, plant extracts or isolated plant products, had been reported to induce 

permanent nymphs in various insects, such as the milkweed bug Oncopeltus 

fasciatus after injection of the newly moulted last instar nymphs with azadirachtin 

(Dorn et al., 1986); O. fasciatus and D. peruvianus  after topical application of 

Manilkara subsericea (Sapotaceae) extracts onto 4
th

 instar nymphs (Fernandes et al., 

2013); S. litura after treatment of larvae with acetone leaf extract of Withania 

somnifera (Solanaceae)(Gaur and Kumar, 2010); and the confused flour beetle 

Tribolium confusum after treatment of 5
th

 instar and 6
th

 instar larvae with 1µg/µl of 

Andrographolide (a terpenoid isolated from the leaves of Andrographis paniculata, 

Acanthaceae)(Lingampally et al., 2013). Apart from IGRs and botanicals, El-

Gammal et al. (1986) observed permanent nymphs in S. gregaria after exposure of 

gamma irradiation (dose of 20 gray) against the 3
rd

 instar nymphs. 

           In the present work, the deranged development was detected by 'permanent 

nymphs' that induced in 2
nd

 instar nymphs (3.85%) after exposure only to 20 µg/cm
2
 

of PII. Also, similar permanent nymphs were induced during the 4
th

 instar. No 

permanent nymphs had been induced after exposure of 4
th

 instar nymphs to PII. All 

permanent nymphs survived two-fold period of control congeners and eventually 

perished as nymphs. As seen in the available literature, no reported permanent 

nymphs in insects had been induced by precocenes or other anti-JH compounds. 

Therefore, the present study provides the first report of this feature of suspended 

development in E. plorans plorans by Precocene in the world. To explicate the 

induction of permanent nymphs of E. plorans plorans, in the current investigation, 

PII 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. PII might disrupt the 

ecdysteroid metabolism or alternatively acted directly to inhibit the release of 

ecdysis-triggering hormone (Gaur and Kumar, 2010).   
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    In addition, the current investigation obviously revealed that PII exhibited 

multiple activities against E. plorans plorans: anti-JH activity and anti-ecdysteroid 

activity. These data have validated the reported anti-ecdysteroid activity of other 

anti-JH compounds in some insects. The imidazole compound KK-42 was found to 

delay/inhibit the ecdysteroid production in O. nubilalis and S. gregaria (Gelman et 

al., 1995; Wang and Schnal, 2001). Another imidazole, SDIII, had been reported to 

exert strong anti-JH and anti-ecdysteroid actions on B. mori (Tan et al., 1992). 

Results obtained by Yoshida et al. (2000) revealed that the 3-pyridine derivatives 

temporarily act as anti-ecdysteroids against B. mori. 

 

Conclusion: 

           Precocene II exhibited a lethal activity against nymphs and adults of the 

grasshopper E. plorans plorans, inhibited the nymphal growth, induced precocious 

moult to last nymphal instar and precocious sterile adultoids. In addition to this anti-

JH activity, PII exhibited anti-ecdysteroid activity has appeared in permanent 

nymphs. In spite of these findings, it may be recommended to use PII for pest control 

but after study its activity and persistence under the field condition in the foreseeable 

future 

 

Acknowledgement: 

        Authors thank Dr. Heba Hassan, Prof. at Plant Protection Research Institute, 

Agricultural Research Center, Doqqi, Giza, Egypt, for providing us with of PII. 

They, also, thank Locust and Grasshopper Department, at the same Institute, for 

providing a sample of susceptible strain of E. plorans plorans. 

 

REFERENCES 

 

Abdel-Fattah, T.A. (2002): Toxicological effects of certain entomopathogenic fungi 

on the grasshopper, Euprepocnemis plorans plorans (Charp.) Ph.D. Thesis, 

Plant Protec. Dept., Fac. Agric., Zagazig Univ., Egypt, 164 pp. 

Abdullah M.A.R. (2009): Toxicological and histopathological studies of Boxus 

chinensis oil and precocenes II on larvae of the red palm weevil 

Rynchophorus ferrugineus (Oliver) (Coleoptera: Curculionidae). Egypt. 

Acad. J. Biolog. Sci., 2(2): 45-54. 

Abou El-Ela, R.G. (1993): Morphometric and morphogenetic aberrations induced by 

the IGR Chlorfluazuron (IKI) and two formulations of Triflumuron in 

Schistocerca gregaria Forsk. Bull. Ent. Soc., Egypt, Econ.Ser., 20: 217-227. 

Aboulafia-Baginsky, N.; Pener, M.P. and Staal, G.B. (1984): Chemical allatectomy 

of late Locusta embryos by a synthetic precocene and its effect on hopper 

morphogenesis. J. Insect Physiol., 30: 839-852. https://doi.org/10.1016/0022-

1910(84)90057-X 

Akai, H. and Mauchamp, B. (1989): Suppressive effects of an imidazole derivative, 

KK-42 on JH levels in hemolymph of Bombyx larvae. J. Seric. Sci. Japan, 58: 

73–74. 

Alrubeai, H.F. (1986): The effects of precocenes in grasshopper Heteracris littoralis 

(Orthoptera: Acrididae). International Journal of Tropical Insect Science, 

7(4): 529-531. https://doi.org/10.1017/S1742758400009784 

Amiri A.; Bandani, A.R. and Ravan, S. (2010): Effect of an anti-juvenile hormone 

agent (Precocene I) on sunn pest, Eurygaster integriceps (Hemiptera: 

Scutelleridae) development and reproduction. African Journal of 

https://doi.org/10.1017/S1742758400009784


Assessment of the toxic and disruptive effects of Precocene II on growth and metamorphosis of the grasshopper 

 

77 

Biotechnology, 9(36): 5859-5868. https://doi.org/10.5897/AJB09.1751 

Amsalem E.; Teal PEA.; Grozinger CM. and Hefetz A. (2012): The effect of 

precocene, a JH biosynthesis inhibitor, on the establishment of reproductive 

dominance in bumblebees. The 5
th

 Meeting of the European Sessions of the 

I.U.S.S.I. (Book of Abstracts), p.127. 

Amsalem, E.; Teal, P.; Grozinger, C.M. and Hefetz, A. (2014): Precocene-I inhibits 

juvenile hormone biosynthesis, ovarian activation, aggression and alters 

sterility signal production in bumble bee (Bombus terrestris) workers. The 

Journal of Experimental Biology, 217: 3178-3185. doi: 10.1242/jeb.107250  

Asano, S.; Kuwano, E. and Eto, M. (1984): Induction of precocious metamorphosis 

by dietary administration of 1-citronellyl-5-phenylimidazole in the 4
th

 instar 

larvae of the silkworm Bombyx mori L. Journal of Pesticide Science, 9(3): 

503-510. https://doi.org/10.1584/jpestics.9.503 

Asano, S.; Kuwano, E. and Eto, M. (1986). Anti-juvenile hormone activity of 

imidazole compound (KK-22) and its diminution by the methoprene in the 4
th

 

instar silkworm, Bombyx mori L. (Lepidoptera: Bombycidae). Applied 

Entomology and Zoology, 21(1): 63-69. https://doi.org/10.1303/aez.21.63 

Attathom, T. (2002): Biotechnology for insect pest control.  Proc. Sat. Forum: 

"Sustainable Agricultural System in Asia". Nagoya, Japan, pp: 73-84. 

Ayoade, O.; Morooka, S. and Tojo, S. (1996): Metamorphosis and wing formation in 

the brown planthopper, Nilaparvata lugens, after topical application of 

Precocene II. Archives of Insect Biochemistry and Physiology, 32: 485-491. 

https://doi.org/10.1002/(SICI)1520-6327(1996)32:3/4<485::AID-ARCH20> 

3.0. CO;2-7 

Balamani, E. and Nair, V.S.K. (1989):  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, 10(5): 583-589. https://doi.org/10.1017/ 

S1742758400021706 

Banerjee, S.; Kalena, G.P.; Banerji, A. and Singh, A.P. (2008): New synthetic 

precocenoids as potential insect control agents. J. Environ. Biol., 29(6): 951- 

957. 

Barnby, M.A. and Klocke, J.A. (1990): Effects of azadirachtin on levels of 

ecdysteroids and prothoracicotropic hormone-like activity in Heliothis 

virescens (Fabr) larvae. J. Insect Physiol., 36: 125-131. DOI:10.1016/0022-

1910(90)90183-G 

Bede, J.C.; Teal, P.E.; Goodman, W.G. and Tobe, S.S. (2001): Biosynthetic pathway 

of insect juvenile hormone III in cell suspension cultures of the sedge 

Cyperus iria. Plant Physiology, 127(2): 584–593. DOI 10.1104/pp.010264.  

Bowers, W.S. (1982): Toxicology of the precocenes. In: "Insecticide Mode of 

Action" (Coats, J.R. ed.) pp. 403-427, New York, Academic Press. 

Bowers, W.S.; Ohta, T.; Cleere, J.S. and Marsella, P.A. (1976): Discovery of insect 

anti-juvenile hormones in plants. Science, 193: 542–547. 

http://www.jstor.org/ stable/1742746 

Brooks, G.T. and McCaffery, A.R. (1990): The precocene antijuvenile hormones 

(Allatotoxins): a case history in insect toxicology. In: "Chromatography and 

isolation of insect hormones and pheromones" (McCaffery, A.R. and Wilson, 

I.D., eds). Pp: 33–43. Plenum Press: New York.  

Cedric, G. (2005): Insects and humans. Anon: (Eds.). Entomology, Third Edition. 

Springer, Dordrecht, pp. 725-782. 

https://doi.org/10.5897/AJB09.1751
https://doi.org/10.1584/jpestics.9.503
https://doi.org/10.1303/aez.21.63
https://doi.org/10.1002/(SICI)1520-6327(1996)32:3/4%3c485::AID-ARCH20%3e%203.0.%20CO;2-7
https://doi.org/10.1002/(SICI)1520-6327(1996)32:3/4%3c485::AID-ARCH20%3e%203.0.%20CO;2-7
http://www.jstor.org/%20stable/1742746


Ghoneim, K.
*
 and Basiouny, A.  

 

78 

Chen, Y.R.; Chen, S.C.; Chang, H.W.; Sun, G. and Kou, R. (2005a): Effect of 

exogenous juvenile hormone III and precocene II on agonistic behavior and 

the corpora allata in vitro activity in the male lobster cockroach Nauphoeta 

cinerea (Dictyoptera: Blaberidae, Oxyhaloinae). Zoological Studies, 44: 409-

416.  

Chen, Z.; Madden, R.D. and Dillwith, J.W. (2005b): Effect of precocene II on fatty 

acid metabolism in the pea aphid, Acyrthosiphon pisum, under cold stress. 

Journal of Insect Physiology, 51(4): 411-416. https://doi.org/10.1016/j. 

jinsphys.2005.02.006  

Chowański, S.; Kudlewska, M.; Marciniak, P. and Rosiński, G. (2014): Synthetic 

Insecticides- is There an Alternative? Polish Journal of Environmental 

Studies, 23(2): 291-302. 

Costa, L.G.; Giordano, G.; Guizzetti, M. and Vitalone, A. (2008): Neurotoxicity of 

pesticides: a brief review. Frontiers BioSci., 13: 1240-1249. DOI: 10.2741/ 

2758 

Damalas, C.A. and Eleftherohorinos, I.G. (2011): Pesticide exposure, safety issues, 

and risk assessment indicators. International Journal of Environmental 

Research and Public Health, 8(5): 1402-1419. doi: 10.3390/ijerph8051402 

Darvas, B.; Kuwano, E.; Eto, M.; Tag al-din, M.H. and Timar, T. (1990): Effects of 

some anti-juvenile hormone agents (Precocenes-2, J-2710, KK-110) on post 

embryonic development of Neobellieria bullata. Agricultural and Biological 

Chemistry; 54(11): 3045-3047. https://doi.org/10.1080/00021369.1990. 

10870450 

Davies, T.G.E.; Field, L.M.; Usherwood, P.N.R. and Williamson, M.S. (2007): DDT, 

pyrethrins and insect sodium channels. IUBMB Life, 59: 151-162. DOI: 

10.1080/15216540701352042 

Dorn, A.; Rademacher, J.M. and Sehn, E. (1986): Effects of azadirachtin on the 

moulting cycle, endocrine system and ovaries in last instar larvae of the 

milkweed bug Oncopeltus fasciatus. J.Insect Physiol., 32: 231-238. 

https://doi.org/10.1016/0022-1910(86)90063-6 

El-Gammal, A.M. and Taha, M.A. (1984): The morphogenetic effects of 

Diflubenzuron on the desert locust Schistocerca gregaria (Forskal). J. Fac. 

Educ., Ain Shams Univ., Egypt, 11: 275-286. 

El-Gammal, A.M.; Abdelsalam, K.A.; Mourad, A.K. (1986): The neurosecretory 

activity in the permanent nymphs of Schistocerca gregaria (Forskal) as a 

result of gamma irradiation of the third nymphal instar. Isotope and Radiation 

Research, 18(2): 147-153. 

El-Garhy, M.S.; El-Sayed, A. and Harb, M.F. (1988): Insecticidal efficiency of 

certain toxicants against desert locust and grasshopper insects on potted 

maize. Agriculture Developmental Research, Ain Shams University, Proc. 2
nd

 

Conf., pp: 170-177.  

El-Ibrashy (1982): Juvenile hormone mimics in retrospect and antagonists in 

prospect.  Journal of Applied Entomology, 94: 217-236. https://doi.org/ 

10.1111/j.1439-0418.1982.tb02569.x 

El Sayed, G. (1998a): Effects of nutrition on longevity, fertility, ovarial yield, food 

consumption and metamorphosis of the grasshopper Euprepocnemis plorans. 

Int. J. Tropical Insect Sci., 18(4): 341-347. 

El Sayed, G. (1998b):  Evaluation of food consumption, haemolymph protein content 

and survival of the grasshopper Euprepocnemis plorans fed on clover, lupine 

or horse bean. Int. J. Tropical Insect Sci., 18(4): 333-339. 

https://doi.org/10.1016/j.%20jinsphys.2005.02
https://doi.org/10.1016/j.%20jinsphys.2005.02
https://doi.org/10.1080/00021369.1990.10870450
https://doi.org/10.1080/00021369.1990.10870450
https://doi.org/%2010.1111/j.1439-0418.1982.tb02569.x
https://doi.org/%2010.1111/j.1439-0418.1982.tb02569.x


Assessment of the toxic and disruptive effects of Precocene II on growth and metamorphosis of the grasshopper 

 

79 

https://doi.org/10.1017/ S1742758400018567 

Erezyilmaz, D.F.; Riddiford, L.M. and Truman, J.W. (2006): The pupal specifier 

broad directs progressive morphogenesis in a direct-developing insect. 

Proceedings of the National Academy of Sciences of USA, 103(18): 6925-

6930. https://doi.org/10.1073/pnas.0509983103 

Farag, A.I. and Varjas, L. (1983): Precocious metamorphosis and moulting 

deficiencies induced by an anti-JH compound FMev in the fall webworm, 

Hyphantria cunea. Entomologia Experimentalis et Applicata, 34: 65-70. 

https://doi.org/10.1111/j.1570-7458.1983.tb03291.x 

Farazmand, H. and Chaika, S.Yu. (2008): Effects of Precocene-I and II on the 

development of Colorado potato beetle, Leptinotarsa decemlineata (Col.: 

Chrysomelidae). App. Entomol. Phytopath., 76(1): 14pp. 

Fernandes, C.P.; Xavier, A.; Pacheco, J.P.F.; Santos, M.G.; Mexas, R.; Ratcliffe, 

N.A.; Gonzalez, M.S.; Mello, C.B.; Rocha, L. and Feder, D. (2013): 

Laboratory evaluation of the effects of Manilkara subsericea (Mart.) Dubard 

extracts and triterpenes on the development of Dysdercus peruvianus and 

Oncopeltus fasciatus. Pest Manag. Sci., 69: 292–301. 

Finney D.J. (1971): Probit analysis. 3
rd

ed. Cambridge, England: Cambridge 

University Press, 318 pp. 

Gäde, G. and Goldsworthy G.J. (2003): Insect peptide hormones: a selective review 

of their physiology and potential application for pest control. Pest 

Management Science, 59(10):1063-1075. doi: 10.1002/ps.755 

Gadenne, C.; Grenier, S.; Mauchamp, B. and Plantevin, G. (1990): Effects of a 

juvenile hormone mimetic, fenoxycarb, on postembryonic development of the 

European corn borer, Ostrinia nubilalis Hbn. Experientia, 46: 744-747. 

https:// doi. org/10.1007/BF01939954 

Gaur, R. and Kumar, K. (2009): Effect of precocene on morphogenesis in housefly, 

Musca domestica Linn. Entomon, 34: 107-110. 

Gaur, R. and Kumar, K. (2010): Insect growth-regulating effects of Withania 

somnifera in a polyphagous pest, Spodoptera litura. Phytoparasitica, 38(3): 

237–241. DOI: 10.1007/s12600-010-0092-x 

Gelman, D.B.; Bell, R.A.; Demillo, A.B. and Kochansky, J.P. (1995): Effect of KK-

42 on growth, development, molting and metamorphosis of the European 

corn borer, Ostrinia nubilalis (Hubner). Archives of Insect Biochemistry and 

Physiology, 28: 1-15. https://doi.org/10.1002/arch.940280102 

Ghoneim, K.S. (1988): Anti-JH effects of Cycloheximide on Schistocerca gregaria 

(Orthoptera: Acrididae). J.Fac.Educ., Ain Shams Univ., Egypt, 13: 93-103. 

Ghoneim, K.S. and Ismail, I.E.  (1995): Survival, developmental and morphogenic 

deficiencies of Parasarcophaga argyrostoma (Diptera: Sarcophagidae) 

induced by the chitin biosynthesis inhibitor, Chlorefluazuron (IKI-7899). 

J.Egypt.Soc.Parasitol., 25(2): 561-581. 

Ghoneim, K.S.; Ismail, I.E.; Fouda, M.A.; El-Gammal, A. and Sarhan, R. (1994a): 

Reproductive potential of Euprepocnemis plorans Charp. (Orthoptera: 

Acrididae) as affected by feeding on different host plants. Al-Azhar J. Agric. 

Res., 20: 105-118. 

Ghoneim, K.S.; Ismail, I.E.; Fouda, M.A.; El-Gammal, A. and Sarhan, R. (1994b): 

Metabolic activity of the grasshopper Euprepocnemis plorans Charp. 

(Orthoptera: Acrididae) as affected by feeding on some host plants. J. Egypt. 

Ger. Soc. Zool., 16 (E): 325-354.  

Ghoneim, K.S.; Fouda, M.A.; Ismail, I.E.; El-Gammal, A. and Sarhan, R. (1995): 

https://doi.org/
https://doi.org/10.1073/pnas.0509983103
https://doi.org/10.1111/j.1570-7458.1983.tb03291.x
https://doi.org/10.1002/arch.940280102


Ghoneim, K.
*
 and Basiouny, A.  

 

80 

Biological responses of the nymphal stage of Euprepocnemis plorans Charp. 

(Orthoptera: Acrididae) to feeding on various food plants. J. Egypt. Ger. Soc. 

Zool., 16 (E): 285-309.  

Ghoneim, K.S.; Mohamed, H.A. and Bream, A.S. (2000): Efficacy of the neem seed 

extract, Neemazal, on growth and development of the Egyptian cotton 

leafworrn, Spodoptera littoralis Boisd. (Lepidoptera: Noctuidae). J. Egypt. 

Ger. Soc. Zool, 33: 161-179.   

Ghosh, A.; Chowdhury, N. and Chandra, G. (2012): Plant extracts as potential 

mosquito larvicides. Indian J. Med. Res., 135: 581-598. 

Hamnett, A.F. and Pratt, G.E. (1983): The  absolute configuration  of  precocene  I  

dihydrodiols  produced  by metabolism  of  precocece  I  by  corpora  allata  

of  Locusta migratoria  in  vitro.  Life Sciences, 32: 2147-2153. 

https://doi.org/10. 1016/0024-3205(83)90395-8 

Hoffmann K.H. and Lorenz, M.W. (1998): Recent advances in hormones in insect 

pest control. Phytoparasitica, 26(4): 323–330. 

Khan, I.A. and Kumar, K. (2000): Precocene II acts as insect growth regulator in 

polyphagous pest, Pericallia ricini F. (Lepidoptera: Arctiidae). Proc. Nat. 

Acad. Sci. India, 70(B): 279-285. 

Khan, I.A. and Kumar, K. (2005): Effect of precocene II on imaginal differentiation 

in flesh fly, Sarcophaga ruficornis F. (Diptera: Sarcophagidae). Entomon, 30: 

187-191. 

Kumar, K. and Khan, I.A. (2004): Effect of precocene on development of ovarian 

follicles in flesh fly, Sarcophaga ruficornis F. Indian J. Exp. Biol., 42(1): 74-

80. 

Kuwano, E.; Takeya, R. and Eto, M. (1985): Synthesis and anti-juvenile   hormone 

activity of 1-substituted-5-[(E)-2,6-dimethyl-1,5-heptadienyl]   imidazoles.  

Agricultural   and Biological   Chemistry, 49: 483-486. https://doi.org/ 

10.1271/ bbb1961.49.483 

Kuwano, E.; Tanaka, Y.; Kikuchi, M. and Eto, M. (1988): Effects of anti- juvenile 

hormones and related compounds on development in the larvae of Bombyx 

mori. Journal of  Faculty of Agric., Kyushu Univ., 33(1,2): 17-28. 

Lange, A.B.; Phillips, D.R. and Loughton, B.G. (1983): The effects of precocene II 

on early adult development in male Locusta. Journal of Insect Physiology, 

29(1): 73-81. https://doi.org/10.1016/0022-1910(83)90108-7 

Li, Y.-M.; Kai, Z.-P.; Huang, J. and Tobe, S.S. (2017): Lepidopteran HMG-CoA 

reductase is a potential selective target for pest control.  PeerJ., 5: e2881.  

DOI 10.7717/peerj.2881 

Lingampally, V.; Solanki, V.R.; Kaur, A. and Raja, S.S. (2013): Andrographolide- an 

effective insect growth regulator of plant origin against Tribolium confusum 

(Duval). International Journal of Current Research, 5(1): 22-26. 

Linton, Y.M.; Nisbet, A.J. and Mordue (Luntz), A.J. (1997): The effect of 

azadirachtin on the testes of the desert locust Schistocerca gregaria (Forskal). 

J. Insect Physiol., 43: 1077-1084. https://doi.org/10.1016/ S0022-

1910(97)00060-7 

Liu, X.C. and Liu, Z.L. (2014): Evaluation of larvicidal activity of the essential oil of 

Ageratum conyzoides L. aerial parts and its major constituents against Aedes 

albopictus. Journal of Entomology and Zoology Studies; 2 (4):  345-350. 

Lu, X.N.; Liu, X.C.; Liu, Q.Z. and Liu, Z.L. (2014): Isolation of insecticidal 

constituents from the essential oil of Ageratum houstonianum Mill. against 

Liposcelis bostrychophila. J.Chem., Article ID 645687,6 pp. http://dx.doi.org/ 

https://doi.org/10.1016/0024-3205(83)90395-8
https://doi.org/%2010.1271/%20bbb1961.49.483
https://doi.org/%2010.1271/%20bbb1961.49.483
https://doi.org/10.1016/0022-1910(83)90108-7
https://doi.org/
http://dx.doi.org/%2010.1155/2014/645687


Assessment of the toxic and disruptive effects of Precocene II on growth and metamorphosis of the grasshopper 

 

81 

10.1155/2014/645687 

Martins, F. and Silva, I.G. (2004): Avaliação da atividade inibidora do di-

flubenzuron na ecdise das larvas de Aedes aegypti (Linnaeus, 1762) (Diptera, 

Culicidae). Rev. Soc. Bras. Med. Trop., 37: 135-138. http://dx.doi.org/ 

10.1590/S0037-86822004000200004 

Miao, Y.; Jiang, L. and Bharathi, D. (2001): Effects of Jinlu, an anti-juvenile 

hormone on the growth, ultra structure of the corpora allata and prothoracic 

gland of silkworm, Bombyx mori L. J. Zhejiang University (Science), 2(3): 

294-297. 

Minakuchi, C. and Riddiford, L.M. (2006): Insect juvenile hormone action as a 

potential target of pest management. Journal of Pesticide Science, 31(2):77-

84. https://doi.org/10.1584/jpestics.31.77 

Mohamed, G.A. (2014): Effect of Diflubenzuron against the berseem grasshopper 

Euprepocnemis plorans plorans (Charp.) (Orthoptera: Acrididae).  J. Plant 

Protec. Pathol., Mansoura Univ., Egypt, 5(8): 849-853.  

Moroney, M.J. (1956): Facts from figures. (3rd ed.). Penguin Books Ltd., 

Harmondsworth, Middlesex, 228 pp. 

Mosallanejad, H. and Smagghe, G. (2009): Biochemical mechanisms of 

methoxyfenozide resistance in the cotton leafworm Spodoptera littoralis. Pest 

Management Science, 65: 732-736. doi: 10.1002/ps.1753 

Moya P.; Castillo, M.; Primo-Yufera, E.; Couillaud, F.; Martinez-Manez, R.; 

Garcera, M.D.; Miranda, H.A.; Primo, J. and Martinez-Pardo, R. (1997): 

Brevioxime: a new juvenile hormone biosynthesis inhibitor isolated from 

Penicillium brevicompactum. Journal of Organic Chemistry, 62: 8544-8545. 

doi:10.1021/ jo970397y 

Nandi, P.S. and Chakravarty, K. (2011): Juvenoids and anti-Juvenoids as third 

generation pesticide to control lepidopteran field crop pests. Indian Streams 

Research Journal, 1(6): 15pp. 

Nasiruddin, M. and Mordue (Luntz), A.J. (1994): The protection of barley seedlings 

from attack by Schistocerca gregaria using azadirachtin and related 

analogues. Entomol. Exp. App., 70: 247-252 . https://doi.org/10.1111/j.1570-

7458.1994. tb00753.x 

Nassar M.M.; Hafez S.T.; Farrag A.M. and Abahussain M.O. (1999):  Efficacy of 

BaySir-8514 and precocene II against the grey flesh fly Parasarcophaga dux 

(Thomson) (Diptera: Sarcophagidae). Journal of the Egyptian Society of 

Parasitology, 29(3): 697-707. 

Ohta, T.; Kuhr, R.J.; Bowers, W.S. (1977): Radiosynthesis and metabolism of the 

insect anti-juvenile hormone, precocene II. Journal of Agriculture and Food 

Chemistry, 25: 478-481. doi: 10.1021/jf60211a059 

Osman, E.E.; Rarwash, I. and El- Samadisi, M.M. (1984): Effect of the anti-moulting 

agent "Dimilin" on the blood picture and cuticle formation in Spodopterea 

littoralis (Boisd.) larvae. Bull. Entomol. Soc. Egypt (Econ. Ser.), 14: 3-46. 

Pathak, S.C. and Bhandari, R. (2002): Effect of frontal ganglionectomy and 

administration of precocene II and exogenous juvenile hormone on 

reproductive behaviour in male Blattella germanica Linn. (Blattoidea: 

Blattellidae). Entomon, 27: 11-19. 

Pratt, G.E.; Jennings, R.C.; Hamnett, A.F. and Brooks, G.T. (1980):  Lethal 

metabolism  of  precocene  I  to  a  reactive  epoxide  by  locust  corpora 

allata. Nature, 284: 320-323. DOI: 10.1038/284320a0 

Relyea, R.A. (2009): A cocktail of contaminants: how mixtures of pesticides at low 

http://dx.doi.org/%2010.1155/2014/645687
http://dx.doi.org/
https://doi.org/10.1584/jpestics.31.77
https://doi.org/10.1111/j.1570-7458.1994
https://doi.org/10.1111/j.1570-7458.1994


Ghoneim, K.
*
 and Basiouny, A.  

 

82 

concentrations affect aquatic communities. Oecologia, 159: 363-376. DOI: 

10.1007/s00442-008-1213-9 

Resmitha, C. and Meethal, K.V. (2016): Toxicity of insect growth regulator, 

Pyriproxyfen, on larvae of Spodoptera mauritia Boisd. (Lepidoptera: 

Noctuidae). International Journal of Agriculture Innovations and Research, 

5(1): 173-176. 

Ringo, J.; Talyn, B. and Brannan, M. (2005): Effects of precocene and low protein 

diet on reproductive behavior in Drosophila melanogaster (Diptera: 

Drosophilidae). Annals of Entomological Society of America, 98: 601-607. 

https://doi.org/10.1603/0013-8746(2005)098[0601:EOPALP]2.0.CO;2 

Roberto, C.F.; Sosa, M.E.; Favier, L.S.; Penna, F.; Guerreiro, E.; Giordano, O.S. and 

Tonn, C.E. (1998): Growth inhibitory activities of benzofuron and chromene 

derivatives towards Tenebrio molitor. J. Nat. Prod., 61: 1209-1211. DOI: 

10.1021/np9800248 

Rust, M.K. and Hemsarth, W.L.H. (2017): Intrinsic activity of IGRs against larval 

cat fleas. Journal of Medical Entomology, 54(2): 418-421. 

https://doi.org/10.1093/ jme/tjw201 

Salem, M.S.; El-Ibrashy, M.T. and Abdel-Hamid, M. (1982a): Disruption and 

abnormalities induced by precocene II, Cycloheximide and/or C16-JH in the 

desert locust, Schistocerca gregaria Forsk. Bull. Entomol. Soc. Egypte, Econ. 

Ser., (13): 127-136. 

Salem, M.S.; Eid, M.A.; El-Ibrashy, M.T. and Abdel-Hamid, M. (1982b): Effect of 

precocene II, Cycloheximide on flight and coxal muscles respiratory 

metabolism in the adult desert locust, Schistocerca gregaria Forsk. Bull. 

Entomol. Soc. Egypte, Econ. Ser., (13):117-125. 

Sariaslani, F.S.; McGee, L.R. and Ovenall, D.W. (1987): Microbial transformation of 

precocene II: Oxidative reactions by Streptomyces griseus.  App. Environ. 

Microbiol., 53(8): 1780-1784. 

Saxena, R.C.; Sharma, M.; Kumar, M.L.; Bansal, S.K. and Shrivastava, D. (1994): 

Developmental effects of 6, 7-dimethoxy-2,2-dimethyl chromene on the 

preimaginal stages of Anopheles stephensi.  Proc.  Acad.  Environ. Biol., 

3:181-184. 

Shuto, A.; Kuwano, E. and Eto, M. (1988): Synthesis of two optical isomers of the 

insect anti-juvenile hormone agent fluoromevalonolactone (FMev) and their 

biological activities. Agricultural and Biological Chemistry, 52(4): 915-919. 

DOI: 10.1080/00021369.1988.10868759 

Singh, D. and Bhathal, S.S. (1994): Role of insect growth regulators in integrated 

pest management. J. Insect Sci., 7(1): 1-9. 

Singh, S. and Kumar, K. (2011):  Sensitivity of last larval stadium of Chrysomya 

megacephala (Fabricius) to anti-allatin ageratochromene Precocene II. Indian 

journal of Experimental Biology, 49: 600-608. 

Srivastava, S. and Kumar, K. (1999): Juvenilizing effects of ethoxyprecocene in a 

lepidopteran insect. Indian J. Exp. Biol.; 37(4): 379-383. 

Staal, G.B. (1976): Insect control with insect growth regulators based on insect 

hormones. Pontif. Acad. Sci. Ser. Varia., 41: 333-352. 

Staal, G.B. (1982): Insect control with growth regulation interfering with the 

endocrine system. Entomologia Expermentalis et Applicata, 31: 15-23. 

https://doi.org/10.1111/j.1570-7458.1982.tb03115.x 

Staal, G.B. (1986): Anti juvenile hormone agents. Annu. Rev. Entomol., 31: 391-

429.  

https://doi.org/10.1603/0013-8746(2005)098%5b0601:EOPALP%5d2.0.CO;2
https://doi.org/10.1093/%20jme/tjw201
https://doi.org/10.1111/j.1570-7458.1982.tb03115.x


Assessment of the toxic and disruptive effects of Precocene II on growth and metamorphosis of the grasshopper 

 

83 

Staal, G.B.; Henrick, C.A.; Bergot, B.J.; Cerf, D.C.; Edwards, J.P. and Kramer, S.J. 

(1981): Relationship and interactions between JH and anti-JH analogues in 

Lepidoptera. Int. Conf. Regulation of Insect Development and Behaviour 

(Karpaz, P.; Sehnal, F.; Zabza, A.; Menn, J.J. and Cymborowski, B., eds). pp: 

323-340. Worclaw: Technical University Press. 

Szczepanik, M.; Obara, R.; Szumny, A.; Gabryś, B.; Halarewicz-Pacan, A.; Nawrot, 

J. and Wawrzeńczyk, C. (2005): Synthesis and insect antifeedant activity of 

precocene derivatives with lactone moiety. J. Agric. Food Chem., 53: 5905-

5910. DOI: 10.1021/jf058034j 

Tan, Z.D.; Kong, L.W.; Fan, H.L.; Gong, X.X.; Han, Y.D. and Yan, R.A. (1992): 

Induction of 3-molt silkworm by using of SD-Ⅲ and its effect on silk quality. 

Acta Seric. Sinica, 18(4): 237-242.  

Tarrant, C.; Cupp, E.W. and Bowers, W.S. (1982): The effects of precocene II on 

reproduction and development of triatomine bugs (Reduviidae: Triatominae). 

American Journal of Tropical Medicine and Hygiene, 31(2): 416-420. DOI: 

10.4269/ajtmh.1982.31.416 

Tiryaki, D. and Temur, C. (2010): The fate of pesticide in the environment. J. Biol. 

Environ. Sci., 4(10): 29-32. 

Unnithan, G.C.; Nair, K.K. and Syed, A. (1980): Precocene-induced metamorphosis 

in the desert locust Schistocerca gregaria. Experientia, 36(1): 135–136. 

Unnithan, G.C.; Andersen, J.F.; Hisane, T.; Kuwano, E. and Feyereisen, R. (1995): 

Inhibition of juvenile hormone biesynthesis and methyl   farnesoate epoxidase 

activity by 1,5-disubstituted imidazoles in the  cockroach  Diploptera 

punctata.  Pesticide  Science, 43: 13-19. 

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

Waldbauer, G.P. (1968): The consumption and utilization of food by insects. Adv. 

Insect Physiol., 5: 229-288. https://doi.org/10.1016/S0065-2806(08)60230-1 

Walkowiak, K.; Spochacz, M. and Rosinski, G. (2015): Peptidomimetics- A new 

class of bioinsecticides. Postepy Biologii Komorki, 42(2): 235-254. 

Wang, Q. L. and Liu, T.-X. (2016): Effects of three insect growth regulators on 

Encarsia formosa (Hymenoptera: Aphelinidae), an endoparasitoid of Bemisia 

tabaci (Hemiptera: Aleyrodidae). Journal of Economic Entomology, 109(6): 

2290-2297. DOI: 10.1093/jee/tow216 

Wang, F. and Schnal, F. (2001): Effects of the imidazole derivative KK-42 on the 

female and embryos of Schistocerca gregaria. Entomol. Sci., 4: 387-392. 

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

Williams C.M. (1967): Third generation pesticides. Sci. Am., 217: 13-17. 

Wilson, T.G. (2004): The molecular site of action of juvenile hormone and juvenile 

hormone insecticides during metamorphosis: how these compounds kill 

insects. Journal of Insect Physiology, 50(2/3):111-121. DOI:10.1016/ 

j.jinsphys.2003. 12.004 

Yasyukevich, V.V. and Zvantsov, A.B. (1999): Effects of antihormones on the 

susceptibility of Anopheles sacharovi mosquitoes to the malaria causative 

organism Plasmodium gallinaceum.  Meditsinskaya Parazitologiya i 

Parazitarnye Bolezni, 68: 46-48. 

Yoshida, T.; Shiotsuki, T. and Kuwano, E. (2000): Synthesis and precocious 

metamorphosis-inducing activity of 3-(1-alkenyl)pyridines. Journal of 

Pesticide Science, 25:  253-258. https://doi.org/10.1584/jpestics.25.253 

 


