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Several problems associated with the use of conventional insecticides, have strongly demonstrated the 
need for applying alternative safe compounds such as juvenoids; i.e. the insect (JH) mimics. In fact, the 
hormonal effect on metabolism has long been viewed as a secondary consequence of its direct action 
on specific energy-requiring biosynthetic mechanisms. Therefore, the present study was undertaken 
essentially in a rather systematic fashion as a contribution towards clarifying metabolic and energetic 
changes taking place during non-diapause wandering larvae as regulated by (JH) mimic. For this 
purpose, we applied JH mimic (Ro 11-0111) in a single (standard) dose of 100µg /g bw in1µl acetone 
topically at the onset of non-diapause wandering larvae (WL). The findings obtained can be given in 
brief; these treated larvae underwent supernumerary larval moults. However, this potential the 
wandering larvae proved to possess whereby restoration of larval programming for S. cretica to 
overcome stresses even at this critical developmental period. The results obtained, show that 98% 
wandering larvae were rescued to survive up to one month (vs. 5 days for normal controls), finally the 
formation of larval-adult intermediates. The basal respiratory metabolism (O2 uptake and CO2 output) of 
the (WL), whether un-treated larvae or not had followed reciprocal U-shaped curves all along of their 
developmental duration. The lowest points stood nearly to the day of prepupal formation (571±187 µl 
O2/gfw/h and 553±181 µl CO2/gfw/h) during un-treated in contrast to the larvae treated with JH (210±48 
µl O2/gfw/h and 335±81 µl CO2/gfw/h). Un-treated (normal) larvae proved to utilize carbohydrates as the 
principal source for energy supply. While, the juvenoid-treated larvae and compared with the acetone-
treated control equivalents, there existed no distinguishable differences between them; both had been 
observed utilising carbohydrates as the sole source of energy demand and converting endergonically 
almost similar percentages to fats. The overall profile, treated and un-treated (WL) utilized 
carbohydrates as the principal source for energy demand during this stage. 

Keywords: Juvenile hormone, O2 uptake, CO2 output, Sesamia cretica, wandering phase. 

 
INTRODUCTION 
The corn stemborer, Sesamia cretica (Lederer), 
has been viewed in many parts of the world as a 
major pest of graminaceous crops. Together with 
Chilo partellus Swinhoe and Busseola fusca 
Fuller; all three of which, on a world-wide basis, 

constitute the key stemborer pests of sorghum B. 
fusca in Africa south of the Sahara, and S. cretica 
in north eastern Africa and the Mediterranean 
(Harris, 1989).Its life cycle is comprised of two 
different phases, one is the growth and 
developmental phase (non-diapause) and the 
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other is diapause phase which takes place at the 
last larval instar. 

Diapause is a more profound, endogenously 
and centrally mediated interruption that routes the 
developmental program away from direct 
morphogenesis into an alternative diapause 
program of succession of physiological events. 
The start of diapause usually precedes the advent 
of adverse conditions and the end of diapause 
need not coincide with the end of adversity 
(Kostal, 2006). Insects in diapause 
characteristically feed very little or not at all, thus 
they are largely or totally dependent on energy 
reserves sequestered prior to the entry into 
diapause. Fats are the dominant reserve used 
during this period, but non-fat reserves are also 
important for some species (Hahn and Denlinger, 
2007 and Tan et al, 2017). For example, insect 
metabolism is greatly lowered at diapause 
compared to that of a non-diapausing stage 
(Koštál et al, 2006). Furthermore, larvae preparing 
for pupation have a higher resting metabolic rate 
than those not preparing for pupation (Terblanche 
et al, 2014).The metabolic rate and gas-exchange 
patterns of any organism depend on several 
factors such as: species, activity, weight, and 
temperature among other (Schilman, 2016).   

Previous studies revealed that insect 
hormones only affect the metabolism (O2 
consumption) of particular target tissues indirectly, 
during specific developmental periods and 
according to a genetically programmed schedule 
(Sláma et al, 1974).When the synthetic analogues 
of insect JH became available, they were found to 
cause a great increase in respiratory metabolism 
in the last larval instar of different insect species 
(Sláma et al, 1974). 

For perspective application of such efficacious 
juvenoids as safe and key elements in IPM 
programmes against S. cretica, (Abdel-Hakim, 
1996). 

In the present paper we have extended these 
studies on the relationships between hormones, 
growth, morphogenesis, and respiratory 
metabolism to (non-diapause) wandering larvae of 
the corn stem borer, Sesamia cretica (Lederer) 
(Lepidoptera: Noctuidae) as influenced by JH 
mimic(Ro 11-0111). 

 
MATERIALS AND METHODS 

Insect rearing  
The larvae of stemborer, S. cretica were collected 
from infested, insecticide-free, corn cultivations of 
Zea mays (L.) in the Delta region nearby Cairo, 

Egypt. All test insects were kept under laboratory 
conditions on small sticks of fresh corn plants at 

27-29C, 65-70% RH and 14L: 10Duntil pupation. 
The insects were reared according to techniques 
described previously by (Abdel-Hakim 1996). 

Juvenoid Treatments  
The juvenoid (JH mimic) referred to above by the 
code “Ro11-0111”, is a highly effective “Phenoxy” 
hormone that regulates growth and development 
in S. cretica insect (Abdel- Hakim, 1996). 
The non-feeding phase (non- diapause wandering 
larvae) were treated individually with a single 
(standard) dose of 100 µg of the juvenoid Ro11-
0111/g fw, dissolved in 1 µl acetone. The juvenoid 
was topically applied on the dorsum of the test 
larva. Equivalent solvent controls were each 
topically applied with 1µl acetone alone and 
untreated group of larvae were considered as 
normal control. 

Respiration measurements (manometric 
techniques) and Energy Metabolism 
The energy data required could indirectly be at 
first obtained by measuring manometrically the 
insects‟ gas exchange rates (O2 uptake and CO2 
output) using a Warburg constant respirometer 
according to the standard techniques described in 
(Umbreit et al. 1957) and some precautions by 
(Abdel-Hakim, 2005). The insect were removed 
from food about two hours before every 
determination. They were placed singly in 14-16 
ml respirometer flasks. To slow down the 
movement activity of the larvae to the minimum 
inside the manometric flasks, the larvae were 
captured in soft cotton gauze bags. The difference 
in volume between the oxygen consumption and 
the carbon dioxide output during a period of one 
hour was at first determined without adding KOH-
solution.O2 consumption of the same insect was 
determined thereafter for another hour in the 
same manner except that the Centre-well cup of 
each manometer flask was supplied with 0.2 ml of 
20% KOH solution to absorb the liberated CO2.   
During each experiment, the manometers were 
kept in a thermostatically controlled water-bath at 
30 ± 0.01 °C. Thus, O2 consumption was read by 
the direct change in pressure and CO2 output was 
computed according to the equation:  
CO2 = O2 – (O2 – CO2) 
Where, (O2 – CO2) is the difference between the 
O2 consumption and the CO2 output as obtained 
by the 1st part of the experiment. The exact 
volumes of the gases were expressed in µl/g fw/h 
taking the flask constants into account. 
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 The over-all respiratory quotient (RQ) of each 
insect was calculated by dividing the mean value 
of carbon dioxide output by the mean value of 
oxygen consumption. The RQ mean values were 
calculated for the replicates in each experiment. 
The respiratory quotient ranged between 1.0, 0.7 
and/ or 0.8; these are the three numerical RQ 
limits at which the carbohydrates, fats, and 
proteins for energy production, respectively (i.e., 
exergonic processes). Under a variety of 
metabolic substances, the RQ may, however, 
have a mean value outside the range 0.7-
1.0(Wigglesworth, 1965; Chapman, 1998). An 
example is the situation when RQ mean value 
exceeds „unity‟, thereby suggesting conversion of 
appreciable quantities of carbohydrates to fats.  
The volumetric data of respiration were then 
converted to caloric units (g-cal/g fw/h) using the 
indirect calorimetry methods as advanced by 
(Lusk 1928) and modified by (Harrow and Mazur 
1962). 
 
STATISTICAL ANALYSIS OF DATA 
The multi-variate test (Moroney 1956; Steel and 
Torrie 1960) had been employed for the analysis 
of variance of the discripancies among the data 
representing any of the respiration characteristics 
(O2 consumption, CO2 output, and RQ values). 
The significance level was set at P<0.05. 
 
RESULTS  

The experimental results obtained for the 
physiologically different groups of S. cretica, i.e. 
treated and un-treated non-diapause wandering 
larvae, are to be considered in a comparative 
fashion.This will help recognise the main 
variances that would distinctly differentiate 
between them, particularly with regard to several 
important criteria; the most conspicuous amongst 
which are the larval developmental duration which 
elapsed between the day of onset wandering 
larvae and the day of pupal phase formation, 
larval weight, ecdyses, as well as the basal 
metabolic rate and energetics underlying these 
criteria. 

Responses of non-diapause wandering larvae 
to juvenoid topical application.  

It should be noted that the JH mimic has led 
to the restoration of larval programming by 
reactivating treated wandering larvae to resume 
feeding and to undergo then supernumerary larval 
moultings.  

The results obtained, with the dose of (100µg 
/g live body weight) used, show that 98% 

wandering larvae were rescued to survive up to 
one month (vs. 5 days for normal controls), finally 
the formation of larval-adult intermediates (see 
Fig.1).The solvent control larvae (topically applied 
each with 1 µl acetone) were found more or less 
similarly affected as the juvenoid-treated 
congeners except that they had undergone in 
about 18% additional, but stationary ecdyses. 
However, most of ecdyses in the defective larvae, 
irrespective of their types, were considered the 
main cause of their deaths.These results show 
that the juvenoid application had changed the 
programme course of larval development from 
non-diapausing to diapausing course (see Tables 
1&3). 

 
Figure 1. Showing a larval-adult intermediate 
resulting from wandering larva treated with the 
JH mimic in a single dose of 100  µg/g live 
body weight. Note the protruded imaginal 
wings 

Basal respiratory metabolism 
Non-Diapause wadering S. cretica larvae 
demonstrated a respiratory gas exchange mean 
values of O2 uptake and CO2 output, both of which 
gases had been observed following inverted U-
shaped curves all along the greatest part of their 
developmental duration (Fig.2A). The highest 
mean value of (788±275 µl O2/gfw/h and 890±272 
µl CO2/gfw/h) on day-3 of their age. The lowest 
points at the day of prepupal formation that 
occurred on day-5 (571±187 µl O2/gfw/h and 
553±181 µl CO2/gfw/h).  
Topical application to non-Diapause wandering S. 
cretica larvae at (day-0 of age) with the JH-mimic 
Ro11-0111 at a dose of 100 µg /g fw had followed 
a reciprocal U-shaped respiratory gas exchange 
curves similar to the control larvae (compare Fig. 
2C and Fig. 2A). The respiratory gases had 
undergone a slightly increased in their rates, 
reaching up a mean value of 558 ± 158 µl O2 /g 
fw/h and 754 ± 217 µl CO2 /g fw/h on day-5 of age 
with an average larval body weight (186±17 mg).  
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Figure 2. Comparison between respiratory gas exchange mean values of (O2 uptake and CO2 
output) and mean larval body fresh weight (fw) values at the ages indicated during non-Diapause 
wandering S. cretica. (A) (un-treated), (B) acetone-treated and (C) juvenoid-treated larvae.   
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During the remaining portion of the developmental 
duration both gases showed a gradual decreased 
in their rates to equal mean values of 220 ± 45 µl 
O2/g fw/h and 160 ± 29 µl CO2 /g fw/h, which then 
elevated to mean values of 935 µl O2 /g fw/h and 
1016 µl CO2 /g fw/h. Finally, the rates of both 
respiratory gases so rapidly descend a sign of the 
initiation of prepupae on day-29 of age with an 
average 210 ± 48µl O2 /g fw/h and 335± 81 µl CO2 
/g fw/h (138 ± 21mg fw). For the whole 
determination period, the grand average of the O2 
uptake in the treated larvae were found to reach 
for 488 ± 35 µl/g fw/h (N = 448, multivariate test), 

a value significantly higher (p> 0.01) than that of 

the normal larvae which reached to 638 ± 127 (N 
= 54) (see Tables I&III for comparisons).  
Fig. (2B) showed that the mean daily gas 
exchange rates of the non-diapausing solvent 
control during the wandering larvae with prepupal 
phase, inclusive. The rates of both respiratory 
gases were found reciprocal U-shaped curves 
parallel to each other all along of their 
developmental duration. Thereafter, the gas 
exchange rates ending with a slight elevation on 
the day of prepupal (day-7 of age). The grand 
average value of their O2 uptake for the whole 
wandering larvae with prepupal phase, inclusive, 
was estimated at 617±66 (N = 144 multivariate 
test) which was found to be more than the 
average of the juvenoid-treated group (488±35, N 
= 448, p< 0.001; see TABLE I, II&III for 
comparisons), but did not differ significantly 

between untreated larvae. 

Energy metabolism 
Evaluations were here made by transforming and 
processing the basal respiratory metabolic data 
just reported above, using indirect calorimetry 
methods whereby volumetric data of respiration 
were converted to caloric units (g-cal/g fw/h). 
The non-diapausing wandering larvae till the 
completion of prepupation, could readily be 
distinguished from treated ones by being looked 

at energetically as a „non-fats-dependant’ larvae 

(Table I). Only a negligible amount of energy 
(1.417 g-cal/g fw/h) was produced on day-5 of age 
as a result of proteins combustion in conjunction 
with (1.280g-cal/g fw/h) caused by carbohydrates‟ 
combustion and respiratory quotient (RQ) 
(0.968±0.451) at the onset of the prepupal phase 
(Table I). With regard to carbohydrates, they have 
proved to constitute, in wandering larvae, the 
major substrates for energy demand almost 
without undergoing endergonic conversion 
processes to fats. 
On the other hand,topical application of Ro11-
0111 in a single dose of 100 µg /g fw to non-
diapausing S. cretica larvae at the onset of 
wandering phase, had been found consuming 
carbohydrates and few amount of fats (see Table 
III and compared with Table I).  
 

Table I. Respiratory Metabolism and Energetics of Non Diapausing S.Cretica Larvae During The 
Wandering Phase (N=18) * 

* (n), Number of larvae used      ** (Fw) means larval body fresh weight.  *** (N), Number of items (points) 
representing the grand average of each respiratory gas mean volumes for the whole determination period which was 
terminated by prepupal (pp) formation. (SD), The mean standard deviation for the distribution of the constituting items 
of the grand average was estimated by the analysis of co-variance, using the multivariate test.  RQ, respiratory 
quotient mean values. The significance levels (at 0.05 or better) of the differences of an RQ mean value from 1.0, 0.8, 
and 0.7, i.e., the numerical limits of the 3 main body metabolites ــ Carbohydrates (C) Proteins (P) and Fats (F), 

respectively, when fully oxidized.  

These larvae were characterized during their 
development at the day before prepupal formation 
(day-27) by a prominent energy demand reaching 

up an amount of 4.719 g-cal/g fw/h (Table III) as a 
function solely of carbohydrates combustion which 
might partially justify their higher average of O2 

Larval  
age 
(days) 

Larval fw** 
(mg) 

Mean ± SD 

O2 uptake       CO2 output 
(µl/g/h)               (µl/g/h) 

Mean±SD         Mean±SD 
 

RQ 
(processed) 
Mean ± SD 

Source & amount of 
energy yield / each          
metabolites’ type 
 C             F             P 
(g-cal/g/h) 

‘Total’ energy 
produced 
(g-cal/g/h) 
 
 

day- 1 177 ± 25 556±186 
691±22

2 
 1.243±0.576   2.806                              2.806                           

day- 3 160 ± 26 788±275 890±22  1.129±0.525   3.977                                 3.977                             

day- 5  136 ± 25 571±187 553±11  0.968±0.451   1.280         1.417     2.697                               

Grand 
average 

   638±127 
(N=54) *** 

711±12  1.113±0.301   2.688     3.160  
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(935 µl O2 /g fw/h) uptake and (1016 CO2 /g fw/h) 
output for the whole determination period. 
Furthermore, carbohydrates in such juvenoid-
treated larvae had undergone endergonic 
conversion processes to fats. 
Table II shows the energetic profile of the non-
diapausing solvent control when compared with 

juvenoid-treated, there existed no differences 
between them; both had been observed utilizing 
carbohydrates as the sole source of energy 
demand and converting endergonically almost 
similar percentages to fats. (Compare Tables II 
and III). 
 

 
Table 2. Respiratory Metabolism and Energetics Of Non Diapausing S.Cretica Larvae, When 
Treated Topically Whith Acetone (Solvent) At The Onset Of Wandering Phase (N=24) 

Larvl age 
(days) 

Larval fw** 
(mg) 
Mean ± SD 

O2 uptake     CO2output                         
(µl/g/h)                   (µl/g/h) 
Mean ± SD        Mean 
±SD 
 

RQ 
(processed) 
Mean ± SD 

Source & amount of 
energy yield / each 
metabolites’ type 
      C         F       P 
      (g-cal/g/h) 

‘Total’energy 
produced 
(g-cal/g/h) 
 
 

day- 1 186 ± 31 958±257 1196±308  1.248±0.464   4.835                       4.835  

day- 2 194 ± 26 406±94 552±136  1.360±0.455   2.049         2.049  

day- 4 176 ± 12 763±102 873±135  1.144±0.234   3.851                            3.851  

day- 5 186 ± 15 592±119 768±181  1.297±0.402   2.988  2.988  

day- 6 196 ± 11 326±44 449±85  1.377±0.319   1.645  1.645  

day- 7 143 ± 16 658±234 927±313  1.409±0.689   3.321   3.321  

Grand 
average 

   

617±66 
                       
(N=144) *** 

794±87 
 
 

 
 

1.306±0.184   3.115   3.115 
 
 

*** N, n; ** (Fw); RQ; as indicated in footnote to TABLE I. 
 

Table III. Respiratory Metabolism and Energetics Of Non-Diapausing S.Cretica Larvae, When 
Treated Topicalsly Whith Juvenoid (Ro11-0111) At The Onset Of Wandering Phase (N=32) 

Larval 
age 

(days) 

Larval fw** 
(mg) 

Mean ± SD 

O2 uptake         CO2 output 
   (µl/g/h)    (µl/g/h) 

Mean ± SD       Mean ± SD 
 

    RQ 
(processed) 
Mean ± SD 

Source & amount of 
energy yield / each 
metabolites’ type 
 C            F          P 

(g-cal/g/h) 

Total’ energy 
produced 
(g-cal/g/h) 

 

day- 1 161 ± 21 522±157 693±209  1.255±0.523   2.786 2.786  

day- 2 166 ± 32 524±117 68±157  1.298±0.418   2.645 2.645  

day- 3 178 ± 26 588±196 712±255  1.211±0.592   2.968                                                  2.968                             

day- 5 186 ± 17 558±158 754±217  1.351±0.545   2.816  2.816  

day- 6 206 ± 17 560±153 658±219  1.223±0.513   2.826  2.826  

day- 8 202 ± 12 436±180 509±206  1.167±0.675   2.200  2.200  

day- 10 201 ± 45 486±93 577±124  1.187±0.341   2.453  2.453  

day- 12 199 ± 42 457±139 539±166  1.179±0.510   2.306  2.306  

day- 15 167 
±
   

40 220±45 160±29  0.727±0.196  1.031 1.031  

day- 17 162  
±
   

43 320±93 377±98  1.178±0.461   1.615                   1.615  

day- 20 136   
±
   

25 367±90 411±96  1.120±0.376   1.852 1.852  

day- 23 137  
±
   

19 621±133 630±143  1.014±0.18   3.134 3.134  

day-27 136  
±
   

27 935±147 1016±141  1.087±0.228   4.719 4.719  

day-29 138  ± 21 210±48 335±81  1.595±0.530   1.060 1.060  

Grand 
average    

488±35 
(N=448)*** 

577±44 
 

1.185±0.124   2.568 
 

2.458 
 

                      *** N, n; ** (Fw); RQ; as indicated in footnote to table 1 
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DISCUSSION 

The wandering phase of the nondiapause S. 
cretica, topical application of JH mimic(Ro11-
0111) with both untreated as well as solvent 
controls, had resulted induction of supernumerary 
larval moultings with mimic treated and stationary 
larval moultings (with acetone treatment). This 
response of wandering larvae, as the post-feeding 
phase should be viewed as a highly safe 
mechanism whereby restoration larval 
programming. This larval programming was 
reported earlier for Spodoptera littoralis by (El-
Ibrashy and Aref 1985) when its wandering larvae 
were topically applied with either epofenonane or 
with phenoxycarb. Mohandass et al (2006) 
reported when larvae of wandering phase Indian 
meal moth (Lepidoptera: pyralidae) were exposed 
for maximum duration to hydroprene , the 
developmental time and mortality increased 
manifold. 

(Bhaskaran et al, 1990) stated that the 
corpora allata (CA) of Manduca sexta larvae 
become incapable of synthesizing juvenile 
hormone (JH) early in the wandering stage of the 
last larval stadium.  

Needless to say, that the study of hormonal 
regulation of the respiratory metabolism should 
reflect the rate of energetics and hence the 
capacity for endothermic metabolic processes 
underlying development and overall growth in 
general (Keeley, 1972; Abdel-Hakim, 2005). 
Because the gaseous exchange (O2 consumption 
and CO2 production) can be used as a 
physiological parameter for detecting the effects 
juvenoids. It has been found that the consumed 
O2 quantities and CO2 production decreased as 
the result of juvenile hormone treatment when 
compared with control insects. These results 
agreed with the findings of several authors such 
as (Abou El-Ela et al. 1990) (using Altosid ZR-
515), (Fouda 1991) (using fenoxycarb Ro 13-
5223).  

Bakr (1986) observed no U-shaped pattern of 
O2-consumption of Musca domestica pupae after 
treating their larvae with Dimilin, Bay SIR-8514 
and Altosid (ZR-515). Also, slight deviations of the 
U-shape were observed by (Abou El-Ela et 
al.1991 and Khalaf 1998). Several authors 
studying the effect of hormones on respiratory 
metabolism in insects came to the conclusion that 
the effects were indirect depending on the degree 
of morphological and physiological changes 
induced in the reacting tissues (Novák and Sláma, 
1962; Sehnal and Sláma, 1966). Our results with 

the bio analogues of insect hormones are in full 
accord with this conclusion. 

The respiratory quotient (RQ) mean values 
are used as an indicator to the type of substrate 
(metabolite) combused for energy production as 
measured in several insect species such as S. 
littoralis (Ghoneim 1981; Amer 1985).It should be 
pointed out in this connection that the RQ values 
exceeding „unity‟ might suggest conversion of 
carbohydrates into lipids rather than carbohydrate 
combustion, whereas those below „0.7‟ suggest 
conversion of lipids into carbohydrates rather than 
lipid combustion (Gilmour, 1965).  

In fact, the results obtained with S. cretica 
showed the importance of carbohydrates as the 
chief substrates for energy demand and 
converting endergonically to fats. This was more 
evident in non-diapausing than in diapausing 
larvae whether being naturally or artificially 
induced by juvenoid treatment. These results are 
quite comparable to those obtained by (Ghoneim 
1981). Who concluded that the carbohydrates 
were the chief metabolite combusted during the 
first half of the pupal period since RQ means 
values were calculated above „unity‟. 
Carbohydrates may play a central role in the 
energy economy in S. littoralis. Generally, 
carbohydrates serve as the labile energy source 
of most insects and may be converted to lipids for 
storage and many other purposes as well as to 
amino acids (Chapman, 1969). 

The overall this particular energetic profile 
would represent the cause underlying induction of 
their failing metamorphosis and their eventual 
death should remain an issue to be critically 
resolved particularly from pragmatic pest control 
perspective (Hayes et al, 1972 and contained 
references). 

CONCLUSION 
The present study was undertaken essentially in a 
rather systematic fashion as a contribution 
towards clarifying metabolic and energetic 
changes taking place during non-diapause 
wandering larvae as regulated by (JH) mimic. For 
this purpose, we applied JH mimic (Ro 11-0111) 
in a single dose of 100µg /g bw in1µl acetone 
topically at the onset of nondiapause wandering 
larvae (WL). The results obtained can be given in 
brief; these treated larvae underwent 
supernumerary larval moults. The basal 
respiratory metabolism of the (WL), whether un-
treated larvae or not had followed reciprocal U-
shaped curves all along of their developmental 
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duration. The overall profile, treated and un-
treated (WL) utilized carbohydrates as the 
principal source for energy demand during this 
stage. For perspective application of such 
efficacious juvenoids as safe and key elements in 
IPM programmes against S. cretica. 
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