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Abstract 

 

Insect growth regulators are specific chemicals with hormonal effects on insects and these types of 

chemicals target to reduce the nonspecific effects of pesticides on nature and living things. In this 

study, we investigated the effects of one of the insect growth regulators, fenoxycarb which mimics the 

juvenile hormone action, on the growth of a harmful lepidopteran species Galleria mellonella, and it’s 

some developmental parameters. For this purpose, fenoxycarb was applied on day 0 of 7th instar 

larvae of the greater wax moth, Galleria mellonella. The treatment with 100 ng fenoxycarb had no 

developmental effect on Galleria mellonella larvae. The treatment with relatively high doses of 

fenoxycarb on day 0 induced the supernumerary larvae formation of 99% and larvae which molted 

extra larval instar formed healthy pupae in the ratio of 98-99%. Consequently, the effects of 

fenoxycarb on Galleria mellonella larvae occurred in a dose-dependent manner. Although fenoxycarb 

is a potent insect growth regulator, late Galleria mellonella larvae are not susceptible to this chemical, 

unlike some other Lepidopter insect species. 
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1. Introduction 

 

Insect growth regulators are produced to develop more 

specific chemicals against harmful insects that target to 

reduce the nonspecific effects of pesticides on nature 

and living things and they show hormonal effects on 

insects. Most insect growth regulators today are juvenile 

hormone (JH) analogues, which mimic the mechanism 

of action of JH. JH provides the continuity of larval 

characters for holometabolous insects [1]. JH or JH 

analogues applications disturb the endocrine balance of 

many insects and finally induces abnormal development 

[1-4]. No synthetic JH analogue can instantly kill the 

target organism with a direct toxic effect. Instead, it 

leads to developmental abnormalities, causing 

insufficiency in development and reproductive functions 

[5, 6]. Fenoxycarb, 0-ethyl N-(2-(4-phenoxyphenoxy) 

ethyl) carbamate, is one of the most effective chemicals 

among these JH analogues [1]. 

 

Galleria mellonella, the greater wax moth, is a harmful 

lepidopteran species that causes economic losses in the 

beekeeping industry because its larva feeds on combs, 

and also their larvae and pupae are one of the oldest  

 

experimental models used in insect physiology [7-10]. 

Until now, there has been no quantitative report that has 

examined the responses of the larvae of Galleria 

mellonella to treatments with fenoxycarb.  The present 

study attempted to clarify the response of Galleria 

mellonella to different doses (100 ng to 10 µg) of 

fenoxycarb during the last larval stage. For this purpose, 

molting, growth, and some survival parameters after 

treatments were evaluated and statistical analyses were 

carried out depending on application doses.  

 

2. Materials and Methods 

 

Galleria mellonella larvae were reared at 30 ± 0.5 °C, 

60 ± 5% relative humidity and constant darkness in the 

incubator on a diet containing bran (420 g), honeycomb 

(160 g), honey (150 ml), glycerol (150 ml) and distilled 

water (30 ml) modified from Bronksill [11]. 

 

Eggs were collected every day. During the feeding 

period, larvae were classified in every 24-hours. The 

first 24 hours were named as day 0 (Figure 1c- d). At 

larval-pupal metamorphosis, the classification of larval 

development was performed according to the 
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morphology and morphological characteristics of the 

migration of the pigments from the stemmata [12]. This 

retraction of pigments occurs in several stages (S1-S5) 

under hormonal factors [12, 13]. Also, the head capsule 

width of the larvae was measured by millimeter ocular 

and was statistically evaluated. After pupal molting, 

pupae were also classified every 24 hours.  

 

 
Figure 1. Different developmental stages of Galleria 

mellonella larvae; a) Galleria mellonella eggs, d) 

Feeding early larva of Galleria mellonella, c) 6th instar 

newly ecdysis larva, d) 7th instar newly ecdysis larva. 

 

On day 0 of 7. instar, every ten larvae were topically 

treated with eight different doses of fenoxycarb (100 ng, 

250 ng, 500 ng, 750 ng, 1 µg, 2 µg, 5 µg, and 10 µg) 

(Fluka, 34343) in 2,5 µl acetone (solvent) with a 

micropipette along the dorsal midline. Control larvae 

were treated with an equal amount (2.5 µl) of solvent 

without fenoxycarb. The groups treated with fenoxycarb 

were cultured in different incubators and laboratories to 

prevent any contamination with the control group. The 

larvae that remained in the 7th instar more than 20 days 

were defined as “dauer larvae” [1, 14]. Each 

experimental procedure was performed three times. 

 

Ten randomly selected larvae and/or pupae from groups 

were weighed from day 0 of the 7th instar to the end of 

the pupal stage in 24 hours intervals at the same time 

each day. Analyses of the data were carried out by using 

SPSS 20.00 software (IBM) (p<0.05 level Mann 

Whitney’s U-test). 

 

2. Results and Discussion 

 

Hemolymph JH levels are low at the beginning of the 

last larval stage to provide a pupal commitment of the 

insect body. Moreover, this period is extremely 

sensitive to JH applications [3, 15]. In this study, 

fenoxycarb was applied at the beginning of the last 

larval stage to evaluate the sensitivity of Galleria 

mellonella to the various levels of JH presence.  

Control group larvae were fed for three and a half days 

(78-84 hours) and then terminate feeding activity and 

reached the highest weight values (310 mg) at 78-84 

hour period from the beginning of the 7th instar (S1) as 

similarly reported by Beck [16]. Wandering and cocoon 

spinning (S1-S5) ranged from 2 and 3 days, 99% of the 

larvae developed normally to the pupal stage. A gradual 

decrease in weight was observed until the larval-pupal 

ecdysis. Increasing silk secretion, degeneration of 

tissues, and organs such as the silk gland and intestine 

which occupy large volumes and space in the body 

should be the main reasons for this decline. The pupal 

period lasted 7 days.  

 

No appreciable difference was found in insects treated 

with a dose of 100 ng fenoxycarb per larvae when 

compared with control larvae. Application of doses 

among 250-750 ng caused to stop feeding activity 

resulting in growth deficiency in 5% of larvae, 3% of 

larvae died in these groups. Extra larval molting 

occurred in the ratio of between 35-65% (Table 1). 27-

47% of larvae showed a prolonged larval stage of 1-2 

days and then pupated following a normal course 

(Figure 2a).  Previous studies showed that low and 

moderate doses of juvenoids caused a significant 

prolongation of the last larval stages in Holometabola 

[17] and also Galleria mellonella [2]. These differences 

may be due to differences in the greater wax moth strain 

used, the rearing conditions, or the chemical factors 

used because these factors have been shown to influence 

the actions of JH analogues [1]. 

 

The last larval stage of Galleria mellonella was 

sensitive to higher doses of fenoxycarb (1-10 µg) and 

caused supernumerary molt. 5 µg and 10 µg doses 

caused extra larval ecdysis occurred synchronously on 

day 5. Extra larval molting was observed between 95% 

and 97% (Figure 2b). 8th instar larvae pupated normally 

in the ratio of 99% and they were morphologically 

normal. (Table 1). Similarly, early in the last larval 

instar, the implantation of active corpora allata results in 

supernumerary larval ecdysis in Galleria mellonella 

[18]. The effect of JH and JH analogues is due to 

interference with the physiological programming of the 

secretory functions of the prothoracic glands and the 

modification of the prothoracic-tropic brain activity [2]. 

Fenoxycarb treatments may have caused ecdysteroid 

secretion, so that new larval-larval molting may have 

been triggered due to high levels of JH and 20-

hydroxyecdysone in the hemolymph. The larval-pupal 

intermediate form was detected in 1-2% of larvae 

(Figure 2c). After treatments of JH and JH analogues, 

prolongation of larval stages, larval-pupal intermediate 

formation, dauer larva formation, and mortality were 

observed in different ratios in Epiphyas postvittana [19], 

Ephestia kuehniella [5], Bombyx mori [1, 20]. Extra 

larval molting was stated in a ratio of 30% in Ostrinia 

nubilalis [21, 22]. 
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Table 1. Effects of fenoxycarb on the development of Galleria mellonella larvae 

Dosage 

(in 2.5µl 

acetone) 

Number 

of 

treated 

larvae 

Prolongation 

of last larval 

instar 

Dauer 

larvae 

(%) 

Darkened 

and dead 

(%) 

Poorly 

development 

and death (%) 

Extra 

larval 

molting 

(%) 

Pupation 

after extra 

larval 

molting(%) 

Controls 30 - - - - - - 

100 ng 30 - - - - - - 

250 ng 30 1-2 days 10 3 5 35 98 

500 ng 30 1-2 days 10 3 5 42 98 

750 ng 30 1-2 days - 3 5 65 98 

1 µg 30 - - 2 3 95 99 

2 µg 30 - - 2 3 95 99 

5 µg 30 - - 1 2 97 99 

10 µg 30 - - 1 2 97 99 

 
Figure 2. Galleria mellonella larvae and pupae; a) 

Normally pupated Galleria mellonella, b) 

Supernumerary larvae of Galleria mellonella, c) Larval-

pupal intermediate pupa formation after 8th instar, d) 

9th instar larva molted partially. 

 

The growth rate of larvae is defined during the 

development period by measuring the head capsule 

width of the samples taken from the population [8]. We 

determined that the last larval instar head capsule width 

is 2000 μm, similarly in Beck [8]. Measurements of 

2264.6 µm and 2667.1 µm of head capsule width in 

different developmental stages (extra larval stages) also 

proved that fenoxycarb could affect Galleria mellonella 

larvae by molting more than once (Student T-Test, 

p<0.05) (Figure 3a). 
 

 

Measuring the body weights of larvae is also an 

important parameter in determining the growth rate of 

larvae [8].  Larvae treated with 5 µg of fenoxycarb were 

fed for the first 4 days and total body weights gradually 

increased, but this increase was found to be statistically 

lower than the control group larvae (Mann Whitney’s 

U-test, p<0.05) (Figure 3). Feeding inhibition is a 

general behavior of insects that comes in contact with 

various harmful agents [23]. 

 

The larvae of the 8th instar were fed for 8 days actively 

and showed a continuous and significant increase in 

weight until the 8th day (8-8) (Figure 3c). Sehnal [24] 

reported similarly weight values in super larvae 

produced by corpora allata implantation. Between days 

8 and 11, their feeding activities decreased or stopped, 

and weight gain slowed statistically (Mann Whitney’s 

U-test, p<0.05). The deceleration in the weight gain is 

thought to be a result of suppression of nutritional 

activity with excessive growth in animal size and, also 

the tracheal system probably does not adapt to these 

changes [25]. The maximum bodyweight a larva can 

reach and the weight gain that can be achieved in a 

single larval stage are species-specific [2, 25] and this 

value is not affected by JH and JH analogues [2]. These 

phenomena restrict the growth of insects. Larvae, when 

they reached 200-300 mg cut off from the feeding in 

normal development [16], but in some records, this 

weight could be 590 mg [2, 8], and larval growth is 

terminated irreversibly [2]. In our study, the ecdysis of 

the larval-pupal was observed near the known upper 

limit. The average weight of the 8th instar larvae was 

596 mg and the lowest value was 410 mg. All these 

findings clarify the cause of feeding and growth 

inhibition and death in the 9th instar. 

 

Pigment migration, which is the main characteristic of 

the S1- S5 stages, was not observed in S1 and S2 in the 

8th larval instar larvae, which is why the distinction 

between S1 and S2 was not appropriate in this group. 

Their developmental stages in the graphs were edited 

every 24 hours up to S3.  At the end of day 11, the 

spinning behavior began following the gut purge and the 
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total body weight decreased continuously, for the same 

reason as the control group. The pupal bodyweight of 

the group treated with fenoxycarb was significantly 

higher than that of the control group all day (Mann 

Whitney’s U-test, p<0.05, Figure 3d). Pupal molting 

occurred within 2-3 days and the pupal stage lasted for 7 

days as in the control group.

 

 

Figure 3. Weight average and head capsule measurement of control and 5 µg fenoxycarb treated groups; a) Head 

capsule measurements of control and 5 µg fenoxycarb treated group, b) The average of control group weight, c) The 

weight average of 5µg fenoxycarb treated group, d) Similar developmental stages of the control group and 5 µg 

fenoxycarb treated group were compared according to their weight changes, e) Comparison of the control group and 

5 µg fenoxycarb treated group 7th instar values, T: Transition day from, the bars indicate standard errors. The 

asterisks indicate the statistically significant differences compared to the previous development stage (p<0.05). S1-

S5 represents the stages of development based on the retraction of pigments from stemmata, P0-7 represents the 

pupal days. 

 

3. Conclusion 

 

In comparison to other Lepidopteran species such as 

Bombyx mori and Ephestia kuehniella and when applied 

doses are considered, Galleria mellonella is found to be 

highly resistant to the fenoxycarb at the beginning of the 

last larval stage. Relatively high doses (5-10 µg) have 

possibly stimulated the secretion activity of the 

prothoracic glands and triggered the extra larval ecdysis. 

However, applications did not affect pupal development 

and resulted in healthy adults and a new generation 

developed from their eggs was also healthy. These 

results clearly showed that fenoxycarb will be not a 

suitable agent for the biological control of this insect. 
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