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ABSTRACT 

India has an agro-based economy where there is a constant struggle between using pesticides and 
maintaining healthy crop yield. Often, the use of pesticides takes a priority to achieve a good quantity 
of crop yield. This has now triggered a renewed interest in assessing the role of natural products in 
insect growth regulation. Naphthoquinone Plumbagin is one such natural compound extracted from 
Plumbago spp. In the current study, the role of Plumbagin in interfering with the amylase activity was 
assessed. The assay was done using the DNSA reagent. It was found that as the activity of amylase 
decreased with the progressive increase in the dose and duration of treatment 
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Insects form an integral part of any ecosystem. 
They are of great economic importance as they 
act as pollinators, decomposers, also add 
aesthetic beauty to the environment. Many of the 
insects act as pests and cause great economic 
loss by destroying the agricultural yield or stored 
grains. Since India has an agro-based economy, 
controlling the insect pests has been the focal 
point of research. Of all the methods known to 
control insect pests, striking a balance between 
the advantages and disadvantages of these 
methods to efficiently control pest infestation is a 
challenge. The age-old practice of using synthetic 
pesticides has resulted in the development of 
resistance in pests as well as causing aggravated 
human health hazards. In this context, many of 
the natural products are screened for 
understanding the biological activities like insect 
growth regulators, allohormones, antifeedants 
etc. 
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Natural products are organic compounds isolated 
from plants, animals, algae, fungi etc. Albrecht 
Kossel, in 1891, proposed the classification of 
natural products in two major classes- Primary 
and secondary metabolites. Primary metabolites 
are essentially present in each cell of the 
organisms in the form of carbohydrates, amino 
acids, lipids and nucleic acids, and play a vital role 
in the survival of organisms which produce them. 
Similarly, secondary metabolites are present in 
very small amounts in an organism and are 
essential to support/protect organism within its 
environment, through the modulation of 
biochemical and signal transduction pathways. 

There are many secondary metabolites are 
known to show biological activities. 
Naphthoquinone is widely occurring secondary 
metabolites of some actinomycetes, fungi, 
lichens and higher plants. These are highly 
cytotoxic compounds known to be affecting 
mitochondria, cytoplasmic proteins and 
microsomes in the form of free radicals and 
damage DNA and RNA. Some of the secondary 



This paper deals with understanding the 
quantitative changes in the midgut amylase due 

naphthoquinone-Plumbagin in Dysdercus 

cingulatus. 
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metabolites have been reported for their 
insecticidal properties and Inhibitors of larval 
development. Plumbagin, one such to topical application of important 
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naphthoquinone extracted from Bamboo 
-Plumbago spp. is known to possess a wide 
range of biological properties which primarily 
include antimicrobial (Krolicka et. al., 2009, 
Sharma et al 2013), anti-tumour (Bhasin et al. 
2013) and insecticidal properties (Pavela R, 
013). Plumbagin has been reported to be acting 

as insect growth regulator by acting as a chitin 
synthesis inhibitor (Gnanamani and 
Dhanasekaran, 2013). The cuticle of the insects 
treated with Plumbagin becomes stiff, 
consequently hampering feeding and thereby 
resisting moulting. Preliminary studies on the 
control of Dysdercus koenigii have been done 
using the naphthoquinones Plumbagin, Juglone 
and their synthetic analogue Menadione along 
with 24 other naphthoquinones and 
benzoquinones by (Magdum, 1999). 

Insects are ubiquitous and possess different 
enzymatic tools specific for circumventing the 
plant defences and for metabolizing the nutrients. 
The detection and characterization of digestive 
enzymes in the insects is an active field of 
research. Various aspects of digestion in insects 
is reviewed by Day and Waterhouse 1953; 
Wigglesworth 1972; Silva and Terra 1994; Terra 
and Ferreira 2012. 

Midgut is most prominent region for digestion and 
absorption. In Dysdercus cingulatus the midgut is 
differentiated into four distinct ventriculi and are 
denoted as first, second, third and fourth 
ventriculus (V.-V.). Based on this, here an 
attempt is made to study the effects of Plumbagin 
on amylase in particular in Dysdercus cingulatus. 
Amylases are glycosyl hydrolases that break 
down 1,4 glycosidic bonds inside a malto­
polysaccharide linear chain, mainly in starch and 
glycogen, resulting in maltose, maltotriose, and 
residual branched maltodextrins as final 
products. (Jean-Luc Da Lage, 2018). 

MATERIALS AND METHODS 

Insect Culture: Insects were handpicked from 
cotton fields in Ankai village of Manmad, Nashik 
district. They were then transferred to plastic jars 
containing 5-6 cm of moist soil and the mouth of 
the jars was covered with a muslin cloth. The 
ambient temperature was maintained at 25°C ± 
5°C. The insects were fed with cotton seeds 
soaked in water, which were changed on 
alternate days. The walls of jars were wiped clean 
every day to prevent fungal and bacterial 
contamination. Freshly moulted 24-36 hours old 
adults were separated from the culture and were 
used for experimentation. 

Test compound: Plumbagin is 5-hydroxy-2-
methyl-1, 4-hydroxy naphthoquinone obtained 
from Sigma (1 gm) was dissolved in acetone 
(1mg/ml) 

0 
H 3 

OH 0 
Plumbagin (5-hydroxy-2-methyl-1, 4-hydroxy naphthoquinone) 

Treatment: Freshly moulted 24-36 hrs old adults 
were treated with varying sub-lethal doses of 
Plumbagin (2, 4, 6, 8 µg/ml). The doses were 
administered topically on the ventrolateral side 
With the help of Hamilton microlitre syringe. 
Topical application was chosen as the mode of 
treatment so that the haemolymph does not ooze 
out. The insects were treated in a group of 20 for 
every dose keeping controls for each group. 
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Extraction of amylase: Insects were dissected in 

ice-cold Citrate Phosphate buffer (6.2) under the 

stereoscopic dissecting microscope and 

alimentary canal was pooled out of the body and 

the additional tissue adhering to it was removed. 

Foregut, midgut and hindgut were homogenised 

separately at 0°C for 3 minutes and the tissue was 

screened for detection of the active amylase in 

the alimentary canal as mentioned by Pickford 

and Dorris (1934 ). Amylase was extracted by the 

method described by Hemlata et al (2014) 

Enzyme quantification: Enzyme quantification 

with respect to the amylase was done using the 

methods described by Sadasivam and 

Manickam, 2008. 2 % soluble starch was used as 

a substrate for quantification of the enzyme. 

Data Analysis: Two factor AN OVA was carried out 

in Excel. 

RESULTS AND DISCUSSION 

Identification of amylase in alimentary canal: The 

alimentary canal of Dysdercus cingulatus 

measured about5.2±1 cm long and as seen in 

other insects consisted of anterior foregut, middle 

midgut and posterior hindgut. The midgut is the 

largest part of the alimentary canal in Dysdercus 

cingulatus and measured about 3.5±0.2 cm long. 

It showed the presence of four ventriculi namely 

V,to V.. V, appeared sac-like and forms nearly 

one-fourth part of the midgut(0.8±0.1 cm). 

Second Ventriculus (V~) is thin long and slender 

and measures 1.5. Third ventriculus (V,) is again 

sac-like with a smaller size (0.4±0.1 cm) than V,. 

The third ventriculus is curled which joins to the 

fourth ventriculus which is tube-like(0.5±0.1 cm) 

and joins posteriorly to the hindgut. At the junction 

of V, and hindgut, two rows of gastric caeca are 

present in the female which is lacking in males. 

For analysis of amylase foregut, midgut with V,, 

V, V, V, and hindgut of 4 insects were separately 

placed. 2 drops of 0.2 M Sodium Chloride was 

added to the incubation mixture to activate the 

enzyme. Along with normal control, a positive 

control of a 0.2 % diastase solution is added 

instead of gut extract for comparison. The micro 

method described by Pickford and Dorris ( 1934) 

for the detection of amylase confirmed the 

absence of amylase in the foregut, V, - V, and 

hindgut extract. Very feeble weak reaction was 

noted in the extract obtained from the foregut 

region and hindgut region. 

Table 1 Distribution of amylase in positive control 

and Normal control in different regions of the 

alimentary canal of Dysdercus cingulatus 
(+ means Present,++ more amount of amylase 

reaction, - means absent,* feeble amount) 

Foregut Midgut Hindgut 

V1 V2 V3 V4 

Positive control + ++ - - + 

Control(Nonnal) • ++ - - -
Majority of insects in this infra order are predators 

and seed sucking insects with few exceptions, 

showing feeding on phloem-sap. Due to this 

reason variation is seen in their digestion. 

Absence of amylase in foregut, V, - V, of midgut 

and hindgut could be due to the nature of feeding 

in Dysdercus. Major insect enzymes are 

amylase, maltase, invertase, tryptase, peptidase 

and lipase. 

Food that is taken in by insects defines the type of 

enzymes they possess in the digestive tract. 

Adaptation to a particular food by insects, its 

digestive processes and mechanism of digestion 

is understood only by the detailed study on its 

digestive enzymes. Predominantly it is found that 

carnivore insects possess proteolytic and lipolytic 

digestive enzymes and lacks amylase and 

saccharases. Omnivore and herbivore insects 

possess carbohydrase. Dysdercus feeds on 

cotton seeds. Nearly 45% of carbohydrates are 

glucose and small oligosaccharides especially 

disaccharides are more important sugars in 

cotton seeds. These are soluble forms and starch 

is totally absent (Silva, 1994 ). Even though lipids 

and proteins are the major constituents of seeds, 

their digestion is not discussed here. 
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Quantification of enzymes amylase: The activity 
of an enzyme is a measure of its catalytic ability 
which converts oligosaccharides to reducing 
sugars. The Amylase concentration in the gut of 
Dysdercus cingulatus was assayed using the 
protocol described by Sadasivam and Manickam, 
2008. The spectrophotometric the analysis was 
carried out and total amylase in both the control 
and different doses of plumbagin treated insects 
were recorded in µg/ml of tissue extract. As 
shown in table 2, amylase activity decreases with 
the progression of dose and duration of 
treatment. There is a dose-dependent effect 
observed in treated groups. 

Table 2 Amountof amylase (µg/mg of tissue) 
in control and Plumbagin treated 
Dysdercus cingulatus 

Control 2µg/ml 4 µg/ml 6 µg/ml 8 µg/ml 

0.82±0.05 0.79±0.1 0.75±0.13 0.64±0.02 0.57±0.07 

2 0.82±0.07 0.81±0.09 0.79±0.02 0.69±0.11 0.66±0.05 

3 0.82±0.04 0.80±0.02 0.78±0.05 0.71±0.01 0.68±0.01 
4 0.81±0.05 0.79±0.07 0.77±0.02 0.75±0.06 0.69±0.03 

0.83±0.02 0.79±0.05 0.76±0.08 0.73±0.02 0.72±0.04 
6 0.82±0.03 0.78±0.01 0.75±0.02 0.74±0.01 0.73±0.01 
7 0.83±0.02 .o ().79±0.05 0.74±0.06 0.71±0.01 0.69±0.03 

2µg/ml of Plumbagin/adult: There was a 
reduction in amylase concentration in 2µg/ml of 
Plumbagin per treated Dysdercus cingulatus 
when compared to control. After 24 hours of post­
treatment period, 96.34% of amylase observed 
which reduced to 90.00% on the seventh day of 
the post-treatment period. Not much difference 
was noted on the second and third day of the 
post-treatment period. It was found to be 95.29% 
and 95.51% respectively on the second and third 
day of treatment. Subsequently, on the fourth, 
fifth and sixth day, the amount of amylase was 
less than the control group. 

4µg/ml of Plumbagin/adult: With 4µg/ml dosage, 
it was observed that there was a further reduction 
in amylase concentration when compared to 
control. Hereafter one day of post-treatment 
period, 91.46% of amylase was observed. This 
further reduced to 87.88% on the seventh day of 

the post-treatment period. Throughout the course 
of the experiment, there was an increase in the 
amylase concentration noted in this group but the 
amount was less than control as well as the 

previous dose (2µg/ml). 

6µg/ml of Plumbagin/adult: With a slight increase 
in dosage i.e.,6 µg/ml it was observed that there 
after 24 hours of post-treatment period, 78.05% 
of amylase was observed. The trend of amylase 
concentration in the midgut of Dysdercus 
cingulatus was the same as that found in control 
andpreviousdoses.Therewasanincreaseinthe 
concentration of amylase noted on subsequent 
days of post-treatment period but this 
concentration was found to be lesser than the 
both 2 and 4 µg/ml dosage. This further reduced 
to 72.88% of amylase was found on the seventh 
day of the post-treatment period. 

8µg/ml of Plumbagin/adult: Amylase 
concentration was further seen to be lesser in the 
insects treated with 8µg/ml of Plumbagin. On the 
first day of the post-treatment period, it was 
69.51 %; which was 26.83 % less than 2µg/ml 
dosage. From table 2 it can be seen that on the 
fourth and fifth day of post-treatment period there 
was no change found in the amylase 
concentration in this particular dose. Maximum 
reduction was found on the seventh day of 
treatment (60.00%) 

Data Analysis: From Anova Analysis using excel 
was carried out and it was found that 
concentration in amylase was varying amongst 
different doses. This supports the effect of 
Plumbagin. The data were considered to be 
significantly different within the treatments as the 
PI0.05 (Annexure I) 

Characterisation and quantification of enzymes in 

insects is carried out by many of the workers like 
Ford (1962), Saxena (1955), Herzog (1967). 

An attempt is made here in the present study to 
elucidate the effect of plumbagin on carbohydrate 
digestion by amylase. This is because plumbagin 
exhibits antifeedant activity in third instar larvae of 
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Achaea janata and Spodoptera litura (K Rajendra 
Prasad et al., 2012).Similar results were found in 
Dysdercus koenigii when treated with plumbagin 
and Juglones (Magdum,1999) Earlier studies 
have also shown that Plumbagin interferes in the 
growth of insects (Singh-Gupta et al., 2015, 
Kumar et al., 2002, Banerjee et al., 2001). As a 
result of this, Dysdercus koenigii were found to be 
flattened abdomen, indicating loss in feeding, 
(Singh-Gupta S et al., 2015). 

From the present observation can be seen that 
there is less amount of amylase in the midgut of 
Dysdercus cingulatus in the entire treated group. 
The decrease is dose-dependent and time­
dependent. The maximum loss in amount of 
amylase was noted in 8µg/ml dosage. This could 
be presumed due to the following reasons (1) 
Dysdercus is sap feeder and so food source itself 
lacks carbohydrate polymers, so there is a 
possibility of low synthesis of amylase itself. (2) 
Dysdercus is a discontinuous feeder (Chapman, 
1985), and as the synthesis of the 
digestive enzyme depends on the presence of 
food. There are chances which will affect the 
synthesis of amylase. Amylase is found in a 
soluble form (Silva, 1994) Major carbohydrate 
digesting enzymes a- and B-mannosidase are 
found in the midgut of Dysdercus and is 
associated with membranes. (3) In Dysdercus, 
NSC stimulate intake of food and through the 
secretagogue, mechanism enzymes are 
released (Muraleedharan and Prabhu, 1979), 
disruption in this mechanism can also hamper the 
release on amylase enzyme. Magdum in 1999 
reported the presence of low in the secretory 
granules in the neurosecretory cell of plumbagin 
treated Dysdercus koenigii. The lower level of 
amylase in the treated group could be thus 
correlated with this. 
Symbiotic bacteria also play a major role in 
digestion. These bacteria by their enzymatic 
action help in digestion of food in the organism. 
Here this part was not considered and is planned 
for future studies. 

.. 
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Graph 1 Graphical representation of amount of 
amylase(µg/mg of tissue±SD) in control 
and Plumbagin treated Dysdercus cingulatus 

CONCLUSION 

Plumbagin a natural quinone adversely affects 
the amylase concentration in Dysdercus 
cingu/atus and is dose-dependent. Further 
analysis dealing with proteomic studies will help 
in understanding the changes in amylase 
synthesis. 

From the present study, it can thus be concluded 
that Plumbagin interferes in the metabolism of 
Dysdercus cingulatus and can be used as a 
means to control its infestation. 
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SUMMARY Count Sum Average Variance 

Control 
2µg/ml 
4 µg/ml 
6 µg/ml 

8 µg/ml 

ANOVA 

Rows 

Columns 
Error 

Source of Variation 

5 3.57 0.714 

2 5 3.8 0.76 

3 5 3.96 0.792 

4 5 4.08 0.816 
5 4.17 0.834 

6 5 4.24 0.848 

7 5 4.36 

7 6.42 
7 6.01 

7 5.84 
7 5.13 

7 4.78 

ss df 

0.08887 6 
0.25499 4 
0.01361 24 

0.35747 34 

0.872 
0.91714 
0.85857 

0.83429 
0.73286 

0.68286 

MS 
0.01481 
0.06375 
0.00057 

0.01113 

0.0066 
0.00842 
0.00878 
0.01098 
0.01252 
0.00872 

0.00452 
0.00201 
0.00233 
0.00502 

0.00319 

26.1175 
112.401 

P-value Ferit 

2.11O45E 
3.55394E -15 


