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ABSTRACT       
The peptide hormone present in the brain-retrocerebral complexes of the mango leaf webber Orthaga exvinacea (Pyralidae: Lepidoptera) belonging to the 
adipokinetic hormone/red pigment-concentrating hormone family have different functions. The activity of the hormone extract tested both in vivo 
(heterologous bioassays against the polyphagous plant bug Iphita limbata) and in vitro clearly indicated that they are involved in lipid (adipokinetic hormones) 
and carbohydrate (hyperglycaemic hormones) release by activating fat body lipase and glycogen phosphorylase respectively. Injection of hormone extract (5 
µl) containing one gland pair equivalent (gpe) elicited significant hyperlipaemic (up to 15%, P<0.001) and hyperglycaemic effects (up to 18%, P<0.05), 
whereas in the control, injection of 5 µl of insect saline did not evoke any such effects. The brain-retrocerebral complex extract showed significant effect on fat 
body lipid mobilization (up to 17%, P<0.05) and fat body sugar release (up to 18%, P<0.001). HPLC separation of the peptides followed by analysis of the 
fractions for activities confirmed that the peptide hormone extracted has a pivotal role in the mobilization of these metabolites. 
Key words: Adipokinetic hormone, hyperlipaemia, hyperglycaemia, Orthaga exvinacea, Iphita limbata, HPLC. 
 
INTRODUCTION 
Neuropeptides make up the largest and the most diverse class 
of signaling molecules used in nervous system 
communication. The importance of insects as biochemical 
models is supported by the fact that many discoveries in 
insects are applicable to vertebrate systems as well. Because 
arthropod nervous systems contain a manageable number of 
neurons, many of which exhibit consistent morphological and 
physiological properties between animals, these organisms 
provide excellent model systems for investigating 
neuromodulation in well-defined networks. The intermediary 
metabolism in insects is regulated by small neuropeptides of 
the adipokinetic hormone/red pigment concentrating hormone 
(AKH/RPCH) family1 present in the neuronal tissues (brain-
retrocerebral complexes). They are structurally similar to the 
red pigment-concentrating hormone (RPCH) of crustaceans2. 
Common characteristics of the known AKHs are that the 
peptides have a length of 8-10 amino acids, are amino 
terminally blocked by a pyroglutamate residue and end in a 
carboxy terminal amide. They contain at least two aromatic 
amino acids with tryptophan in position 4. The AKHs exert a 
wide range of effects- it acts on the fat body to mobilize 
stored lipids and carbohydrates, activate glycogen 
phosphorylase, accumulate cAMP3,4 and inhibit the synthesis 
of proteins5,6, lipids7, and RNA8. AKHs exhibit similarity 
with vertebrate hormone at functional level. AKHs resemble 
glucagon9, a peptide hormone from the α-pancreatic islets 
cells in vertebrates and the vertebrate catecholamine 
adrenalin10. Another vertebrate candidate whose function can 
be compared with AKHs is vertebrate adiponectin, a hormone 
discovered recently from vertebrate adipose tissue11 which 
increases the oxidation of fat and thereby reduces the 
intracellular triglyceride content of the liver and muscle and 
increases the cellular sensitivity to insulin. 
The present investigation was carried out to study the effect 
of brain-retrocerebral complex extract of Orthaga exvinacea 
on lipid and carbohydrate metabolism using various in vivo 
(heterologous bioassay in Iphita limbata) and in vitro 
experiments and to separate the peptide hormone by 

employing HPLC analysis. Furthermore, the role of this 
hormone in carbohydrate and lipid metabolism was also 
confirmed by fraction testing studies.  
MATERIALS AND METHODS 
Experimental insect 
Larvae of O. exvinacea were collected from their natural 
habitat, mango trees, and were transferred to plastic basins 
and reared in the insectary by feeding mango leaves. The 
colony was maintained at 27+ 2˚C and 70%-80% RH. Sixth 
instar larvae were separated from the colony and used for 
experiments. The insects of both sexes were used for 
hormone extraction and bioassay experiments. 
Adults of the plant bug, Iphita limbata were collected from 
University campus and maintained in the insectary on a diet 
of germinating seeds of green gram. Mature adults were used 
for the experiments.  
Preparation of brain-retrocerebral extract and Synthetic 
Lom-AKH 
The brain retrocerebral complexes were removed with the 
help of fine forceps under a stereozoom binocular 
microscope. The tissues were immediately put in to ice cold 
80% methanol and stored at -4˚C until extraction. They were 
sonicated for 1 min on ice using ultrasonicator. The extract 
was centrifuged at 4˚C and 10000 rpm for 10 min, the 
supernatant was collected in to an eppendorf tube and 
vacuum dried. The dried supernatant was stored at -4˚C until 
used for analysis. The synthetic peptide Lom-AKH 
(GenScript Corp; USA) was dissolved in 80% methanol 
(HPLC grade). Required concentrations of peptide solutions 
were prepared from this stock solution. 
Preparation of standard solutions 
The lipid standard solution was prepared by dissolving 500 
mg of chromatographically pure glycerol trioleate in 50 ml of 
chloroform. A working standard solution was prepared by 
diluting 1 ml of stock solution to 10 ml with chloroform so as 
to get 1 µg lipid/1 µl. Appropriate volumes of this solution 
were taken for the quantitation of lipids in the experimental 
samples. 
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A standard stock solution for carbohydrate estimation was 
prepared by dissolving 100 mg trehalose in 10 ml distilled 
water. From this, different solutions having sugar ranging 
from 10 µg-200 µg were prepared by diluting with distilled 
water. 
Detection of biological activity in vivo 
The dried brain retrocerebral extract prepared was dissolved 
in insect saline (the buffer used for bioassays and fat body 
incubation contained NaCl, 130 mM; KCl, 5 mM; Na2HPO4, 
1.9 mM and K2HPO4, 1.7 mM, the pH was adjusted to 7.5) to 
get a final concentration of one gland pair equivalent (gpe) 
per 5 µl. A sample of haemolymph (2 µl) was collected 
directly from the cut end of antenna in to the precalibrated 
capillary tube. The sample was transferred in to the bottom of 
a small test tube. An aliquot of the extract (5 µl) was then 
injected in to the acceptor plant bug, Iphita limbata, through 
the intersegmental membrane between thoracic and first 
abdominal segment. The needle was kept in position for a 
while to allow mixing of the material with haemolymph and 
to avoid loss through oozing haemolymph droplet. After 60 
min, haemolymph samples were collected (2 µl) directly 
from the cut end of the other antenna in to another capillary 
tube and were then transferred in to the bottom of another test 
tube. Haemolymph samples taken before injections were 
taken as controls and 60 min after injection as experimentals. 
Similar experiments were carried out using 5 µl of insect 
saline instead of extract. Haemolymph samples collected in 
various experiments were used to measure lipid and 
carbohydrate concentrations. The total concentration of lipids 
in the haemolymph samples were measured by 
phosphovanillin method12 and the total sugar concentration of 
the haemolymph were measured by anthrone method13. For 
the quantitation of haemolymph lipids, concentrated 
sulphuric acid (50 µl) were added to the tubes containing 2 µl 
of haemolymph samples, heated in a boiling water bath for 10 
min, cooled to room temperature and 2 ml of phosphovanillin 
reagent (a 3:2 (v/v) mixture of O- phosphoric acid and 
aqueous vanillin 0.525% w/v) were added. The tubes were 
thoroughly shaken and the optical densities were measured at 
540 nm against a reagent blank. The change in carbohydrate 
level was measured by analysing the difference between 
sugars in the experimental and control samples. Anthrone 
reagent (3 ml) were added to the haemolymph samples 
collected, mixed well and kept in a boiling water bath for 10 
min. Samples were cooled and the absorbance were measured 
at 620 nm along with a similarly processed trehalose solution 
against reagent blank. 
In vitro analysis using fat body of O. exvinacea to 
investigate the activity of AKH on lipid and sugar 
metabolisms 
For in vitro incubations, fat body from individual insects 
were removed, washed in saline and blotted, chopped and 
divided in to two halves. One half served as experimental and 
the other half as control. These halves were then put in to 
preweighed incubation vials containing 200 µl of standard 
HEPES buffer (the buffer used for fat body incubations 
contained the following composition: NaCl, 10 mM; KCl, 12 
mM; MgSO4, 2 mM; Na2HPO4, 1 mM; CaCl2, 1 mM; 
HEPES, 30 mM; Glucose, 10 mM; Sucrose, 50 mM and 
BSA, 2% (w/v), the pH was adjusted to 7.2) and 20 µl of 
either the hormone of appropriate (1 gpe) concentration 
(experimental) or 20 µl of distilled water (control) and the fat 
body weights were determined. Incubations were carried out 
for 30 min in a shaker water bath set at 37˚C. After in vitro 
incubation, samples of the incubation medium were drawn 

from all vials to determine the amount of lipids and sugars 
using the methods already described above and using 
standard values and the changes in lipid and sugar titres were 
measured colorimetrically with appropriate standards.                       
HPLC analysis 
The dried extract made from the retrocerebral complexes 
from O. exvinacea was resuspended in 20 ml of 80% 
methanol (HPLC grade). The extract was filtered using a 
sample filtration unit (Millipore, U.S.A) with pore size 0.45 
µm. A sample of 20 µl of the brain-retrocerebral extract was 
directly injected into the instrument by a Hamilton micro-
syringe. HPLC separations were carried out using Shimadzu 
system (SPD M 10AVP, LC 10 ATVP, LC-10 ATVP) with a 
reversed phase column (C18) 250 mm long, 4.6 mm i.d. The 
separation was done in a binary gradient from 43% to 53% 
solvent B in 20 min with a flow rate of 1 ml/min. 
Trifluoroacetic acid (TFA) 0.01% in water (HPLC grade) was 
used as solvent A, solvent B was 60% acetonitrile in solvent 
A. All the solvents were filtered through 0.45 µm pore size 
Millipore filter. The eluants were monitored at 210 nm using 
a photo diode array (PDA) detector.  One minute fractions 
starting from 1 min up to 20 min were collected manually, 
dried by vacuum concentrator, and were used for testing their 
biological activities. Similarity of retention time of any 
materials of the extract of O. exvinacea with that of already 
reported peptide, the synthetic locust AKH was tested by 
overlaying this profile with that obtained for Lom- AKH in a 
similar HPLC run. 
Hyperlipaemic and hyperglycaemic activities of fractions 
separated on HPLC 
One minute fractions of the extract of retrocerebral 
complexes of O. exvinacea fractionated on HPLC, were 
collected manually. The hyperlipaemic and hyperglycaemic 
effects of these fractions were determined by in vitro 
bioassays using phosphovanillin and anthrone reagents 
respectively. The experimental and control samples were 
analysed by spectrophotometric methods. Values obtained 
from hyperlipaemic and hyperglycaemic bioassay 
experiments were expressed as mean + standard deviation 
values as well as percentage difference of the experimental 
over controls (E/C%) and were subjected to statistical 
analysis for significance. The data were obtained from the 
research work conducted in the Department of Zoology, 
University of Calicut, Kerala, India.  
RESULTS 
a) Lipid release from the fat body in to the haemolymph 
of I. limbata in response to crude extract and synthetic 
peptide 
The hyperlipaemic effects of the extracts were measured by 
estimating change in the lipid content after the injection of 
extract. The result of the analysis is summarized in Table-1. 
The brain retrocerebral extract induced significant 
hyperlipaemic effects 115.41 + 0.108 (P <0.001). The change 
in lipid concentration by the synthetic peptide was analysed 
in the same way.  It was observed that the synthetic peptide 
also produced significant hyperlipaemia 116.11 + 0.181 (P < 
0.05). In the control, the injection of 5 µl of insect saline did 
not evoke any hyperlipaemic activity (-8%).  
b) Sugar release from the fat body in to the haemolymph 
of I. limbata in response to crude extract and synthetic 
peptide 
The increase in haemolymph sugar concentration was studied 
before (control) and 60 min after injection (experiment), as 
mentioned above. Table-2 represents the result of 
hyperglycaemic bioassay. The data showed that both the 
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native and synthetic peptide induced similar hyperglycaemic 
effects 118.15 + 0.182 (P <0.05) and 118.74 + 0.176 (P 
<0.05) respectively, whereas in the control, no significant 
effects are observed.   
c) Effects of brain-retrocerebral complex extract and 
synthetic peptide on O. exvinacea fat body  
The brain-retrocerebral complex extract and the synthetic 
AKH showed significant effect on fat body lipid 
mobilization, up to 17% (117.63  + 0.35, P <0.05) when 
compared with that of insect saline. While considering the 
role of AKH in fat body sugar release, the crude extract 
produced 18% increase (118.44 + 1.09) in carbohydrate 
mobilization. The synthetic peptide elicited 19% (P <0.05) 
increase when compared with that observed in insect saline 
on fat body sugar mobilization. The results are presented in 
Table-3 and 4. It appears that the peptide hormone had a 
stimulatory effect on the fat body lipid and sugar release.  
d) HPLC analysis and effects of different fractions on 
lipid and carbohydrate release. 
Figure 1 shows the HPLC profile of the brain retrocerebral 
complex extract of O.exvinacea and synthetic Lom AKH. As 
seen in the chromatogram, an isolated large peak had the 
same retention time (10 min) as that of the synthetic AKH. 
One minute fractions of HPLC eluants were tested separately 
for their effects on the lipid and sugar release from the fat 
body. Table-5 presents data on the hyperlipaemic activity of 
HPLC fractions. Results showed that fractions 8, 10, 13, 17 
and 19 have significant hyperlipaemic activity. Highest 
hyperlipaemic activity was shown by fraction 10, which 
induced the lipid release 35% (P<0.001) above the controls. 
The materials in the fractions 8, 13, 17 and 19 min showed 
significant adipokinetic activities with increase of lipids by 
28 (P<0.001), 20 (P<0.05), 16 (P<0.05) and 20% (P<0.001) 
over the controls respectively. Though the fractions 7 and 16 
induced lipid release experimentally by 22%, and 29%, the 
result was not found to be statistically significant. Fractions 2 
and 18 were found to be slightly hypolipaemic, but the effect 
was not significant. None of the other fractions showed any 
significant adipokinetic activity. The results for 
hyperglycaemic activity revealed that the fractions 6, 10, 12 
and 18 showed 30%, 38%, 18% and 14% increase in sugar 
release respectively. The hyperglycaemia induced by 
materials in other fractions were 23%, (7 min), 21% (9 min) 
and 25% (19 min), but none of these values were statistically 
significant. The results are provided in the Table-6                                          
DISCUSSION 
Although lipids are the main fuels for long distance flight in 
insects, carbohydrates are used during the initial phase of 
flight and still contribute substantially during the later 
phase14. They are mobilized mainly from the glycogen 
reserves of fat body resulting in an increased level of soluble 
carbohydrates in the haemolymph. Injection of locust 
retrocerebral extract has been shown to induce elevation of 
haemolymph sugar (hypertrehalosemic effect) in 
cockroaches15 and to cause elevation in haemolymph lipid 
(adipokinetic effect) in locusts16. When the brain-CC extract 
was injected in to locusts or in to lepidopteran insects, it 
showed an adipokinetic effect3,14,17. A significant 
hyperlipaemic response was shown by the fat body of I. 
limbata injected with CC extracts of Spodoptera mauritia18 
and I. limbata19. Similar reports have been corroborated for 
the moth, Manduca sexta, which uses lipids as the main fuel 
for flight muscle contraction20. In M. sexta, a single AKH 
regulates the mobilization of carbohydrates in larvae and 
lipids in adults21. In our study it was observed that, injection 

of this peptide hormone in to the plant bug, I. limbata elicits 
both carbohydrate and lipid mobilization in the haemolymph. 
From this in vivo analysis it can also be concluded that, both 
the hormone extract and the synthetic AKH had almost 
similar stimulatory effect on lipid and sugar release. An in 
vitro study with fat body, to investigate the role of AKH in 
carbohydrate and lipid metabolism revealed that this peptide 
hormone play a key role in carbohydrate and lipid 
mobilization. The RP-HPLC separation and further fraction 
testing of the extract showed the presence of a few active 
fractions among which the maximum activity was exhibited 
by fraction 10, having same retention time as that of synthetic 
AKH exhibiting biological activity. The comparison of 
HPLC profiles of the Synthetic AKH with that of O. 
exvinacea retrocerebral extract showed that the extract 
contained materials having similar retention times. The in 
vitro bioassays using HPLC fractions for lipid and 
carbohydrate mobilization showed a prominent 
hyperlipaemic and hyperglycaemic effects in the separated 
fractions.  
The importance of body fat regulation is emphasized by 
dysfunctions resulting in obesity and lipodystrophy in 
humans. Packaging of storage fat in intracellular lipid 
droplets, and the various molecules and mechanisms guiding 
storage-fat mobilization, are conserved between mammals 
and insects22. The basic premise of this research work points 
to those neuropeptides that can serve as potent messengers in 
insects to control various metabolites. From the present 
investigation it can be concluded that AKH stimulates 
intermediary metabolism in the fat body, resulting in 
hyperglycaemia and hyperlipaemia. New approaches in 
molecular biology should be made to exploit the fat 
mobilizing effect of this hormone in order to target this lipid 
mobilizing hormone effectively for therapeutic purposes for 
controlling obesity. Such an indication was given by the work 
done by Schacter and Schacter23 (US Patent. 6852693). The 
invention provides methods for using polypeptide compounds 
based on the structures of insect peptides of the AKH family 
to mobilize lipids in humans. Future research on this area 
should open new possibilities on obesity control. It is clear 
then that the combined effort of insect molecular biologists, 
biochemists and physiologists are needed to further the 
progress in this exciting topic. 
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Table 1: Lipid released from the fat body to the haemolymph of I. limbata in response to crude and synthetic extract of O. exvinacea in vivo 

 
No 

 
Source 

Lipid release (µg/µl)  
E/C% 

 
Significance* 

Control 
(C) 

Experiment 
(E) 

1 Insect saline 3.53 3.27 92.63+2.77 N.S 
2 Brain-retrocerebral 

extract 2.53 2.93 115.41+0.11 P<0.001 

3 Synthetic AKH 2.52 2.93 116.11+0.18 P<0.05 
 

Values are expressed as means + standard deviation values (n=6). * indicates the significance of difference between the controls and experimentals. 
 

Table 2: Sugar released from the fat body to the haemolymph of I. limbata in response to crude and synthetic extract of O. exvinacea in vivo 
 

No 
 

Source 
Lipid release (µg/µl)  

E/C% 
 

Significance* 
Control 

(C) 
Experiment 

(E) 
1 Insect saline 2.95 2.78 94.27+2.73 N.S 
2 Brain-

retrocerebralextract 2.72 3.21 118.15+0.18 P<0.05 

3 Synthetic AKH 2.39 2.84 118.74+0.17 P<0.05 
 

Values are expressed as means + standard deviation values (n=6). * indicates the significance of difference between the controls and experimentals. 
 

Table 3: In vitro analysis using fat body of O. exvinacea to investigate the effect of AKH in lipid metabolism 
 

No 
 

Source 
Lipid release (µg/mg)  

E/C% 
 

Significance* 
Control 

(C) 
Experiment 

(E) 
1 Insect saline 

63.35 60.95 96.21+6.03 N.S 

2 Brain-retrocerebral 
extract 83.22 97.9 117.63+0.35 P<0.05 

3 Synthetic AKH 75.11 89.72 119.45+7.93 P<0.05 

 
Values are expressed as means + standard deviation values (n=8). * indicates the significance of difference between the controls and experimentals. 

 
Table 4: In vitro analysis using fat body of O. exvinacea to investigate the effect of AKH in sugar metabolism 

 
No 

 
Source 

Lipid release (µg/mg)  
E/C% 

 
Significance* 

Control 
(C) 

Experiment 
(E) 

1 Insect saline 27.991 25.79 92.12+3.74 N.S 

2 Brain-retrocerebral 
extract 18.005 21.17 117.58+1.49 <0.001 

3 Synthetic AKH 18.774 22.24 118.44+1.09 <0.001 
 

Values are expressed as means + standard deviation values (n=10). * indicates the significance of difference between the controls and 
experimentals. 
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Table- 5 
Hyperlipaemic activity of the HPLC fractions tested in vitro. 

 
   

Fractions 
(min) 

Lipid release (µg/mg)  
E/C % 

 
Significance* 

 Control 
(C) 

Experiment 
(E) 

1 11.03 11.86 107.52 + 2.01 N.S 
2 10.4 10.01 96.25   + 3.37 N.S 
3 11.73 13.38 114.06 + 3.07 N.S 
4 10.64 12.56 118.05 + 3.05 N.S 
5 

13.06 13.86 106.12 + 2.95 N.S 
6 11.72 13.21 112.71 + 3.16 N.S 
7 10.94 13.36 122.12 + 2.63 N.S 
8 11.66 14.93 128.04 + 0.89 <0.001 
9 10.97 12.84 117.05 + 3.08 N.S 
10 10.83 14.6 134.81 + 0.58 <0.001 
11 

11.4 12.58 110.35 + 4.01 N.S 
12 11.23 12.17 108.37 + 3.01 N.S 
13 10.95 13.19 120.45 + 2.06 <0.05 
14 10.51 11.59 110.28 + 2.13 N.S 
15 10.73 12.41 115.66 + 2.17 N.S 
16 10.88 14.04 129.04 + 3.12 N.S 
17 11.07 12.86 116.17 + 1.43 <0.05 
18 10.94 10.31 94.24   + 2.60 N.S 
19 11.81 14.19 120.15 + 0.65 <0.001 
20 11.84 13.39 113.09 + 3.14 N.S 

 
Values are expressed as means + standard deviation values. (n=6). 

* indicates the significance of difference between the controls and experimentals. 
 
 

    Table- 6 
Hyperglycaemic activity of the HPLC fractions tested in vitro. 

 
 

Fractions 
(min) 

Lipid release (µg/mg)  
E/C % 

 
Significance* 

 Control 
(C) 

Experiment 
(E) 

1 23.25 26.211 112.74 + 1.09 N.S 
2 25.887 27.94 107.93 + 2.01 N.S 
3 23.69 26.14 110.34 + 2.63 N.S 
4 21.55 19.41 90.07   + 8.77 N.S 
5 20.84 20.74 99.52   + 4.08 N.S 
6 18.94 24.63 130.04 + 1.09 <0.001 
7 20.61 25.37 123.10 + 6.97 N.S 
8 22.8 23.82 104.47 + 7.75 N.S 
9 20.42 24.81 121.50 + 6.92 N.S 
10 17.61 24.31 138.05 + 1.14 <0.001 
11 25.55 27.35 107.05 + 2.16 N.S 
12 17.85 21.08 118.10 + 0.77 <0.001 
13 18.42 20.64 112.05 + 2.87 N.S 
14 16.55 17.49 105.68 + 1.69 N.S 
15 18.13 20.66 113.95 + 2.54 N.S 
16 19.04 21.53 113.08 + 2.07 N.S 
17 22.71 26.16 115.19 + 4.09 N.S 
18 19.11 21.89 114.55 + 2.14 <0.05 
19 20.52 25.74 125.44 + 6.08 N.S 
20 24.02 26.53 110.45 + 2.66 N.S 

 
Values are expressed as means + standard deviation values. (n=6). 

* indicates the significance of difference between the controls and experimentals. 
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Fig. 1: The HPLC profiles of brain-retrocerebral complex extract of O. exvinacea (a) and synthetic Lom-AKH (b).  
The extract was run with a gradient of 43-53% solvent B in 20 min with a flow rate of 1 ml/min  

(solvent A = 0.01% Trifluoroacetic acid (TFA) in water, solvent B = 60% acetonitrile in solvent A). 
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