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Abstract The sublethal effects of methanolic leaf
extracts of some indigenous plant, Azadirachta indica
(Neem), Ipomoea carnea (Beshram), Vitex negundo
(Nirgudi), Tridax procumbens (Kambarmodi) and
Pongamia glabra (Karanj) studied to determine the
biochemical and histopathological assay of midgut of
household insect pest the carpenter ant, Camponotus
compressus F. The methanolic leaf extract of Ipomoea
carnea and other plants induced  sublethal
cyto-morphological changes disturbing the biochemical
composition of the midgut of the carpenter ant. During the
treatment of formulations, 5%, 10%, 15% and 20%
methanolic leaf extracts against the group of carpenter ants
demonstrate maximum percentage mortality. After the
interval of 24, 48 and 72 hours of the treatment the
biochemical constituents such as total proteins,
carbohydrates and lipids were significantly reduced in
concentrations. The biochemical studies and ultra
structural changes in the midgut were observed significant
variation in biochemical composition with greatly
elongated, vacuolated columnar cells and reduce diameter
of nucleus. The study on application of the 20% methanolic
leaf extracts of Ipomoea carnea followed by other plants
suggested the significant sub-lethal effects on the digestion,
absorption and bimolecular metabolism in the midgut due
to the action of toxicant present in the leaf extracts. The
present study evaluates the physiological and biochemical
changes induced by the application of natural organic

herbal formulations prepared from some easily available
indigenous plants to control household insect pests.

Keywords  Azadirachta indica, Ipomoea carnea,
Tridax procumbens, Vitex negundo, Pongamia glabra,
Camponotus compressus, Sublethal, Biochemical

1. Introduction

The black carpenter ant, Camponotus compressus is an
ecologically diverged, dominant polygynous,
cosmopolitan found in the tropical and temperate region in
India. Due to high species richness and intraspecific,
geographical variation these ants generally adapted
different habitats playing a dominant aggressive territorial
role as household pests and share their nest with other
nuisance species like wasps and termites [17,28]. The
heavy usage of pesticides created a great concern on
environment especially in case of household control of
pests leftovers the residues which further causes health
hazards to humans. These residues bio-accumulated
discharging in milk, cattle drinking water, fodder and feed
collected from cattle colony [23]. So to control the
population of such insect pest some indigenous plant
extracts containing ovicidal, repellent, anti-feedant,
sterilization and toxic compounds are used [2,20,13]. The
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effect of alkaloids and toxic compounds isolated from the
leaves, flowers and seeds of the plants, inhibit the
carbohydrate, lipid and protein metabolism in certain
insect pests [25,29,11,22]. Some plant based insecticide
used as the fumigants studied as directly effects on the
respiratory tracts of active stages of insect pests [4,32].
There has been numerous research studies conducted at
laboratory level on plant products against the household
insect pests. Besides toxicity tests, attention has been
focused to elucidate their mode of action on insects
[33,9,14,15]. The purpose of this study was to evaluate the
sub-lethal dose and toxicity of the locally available plant
extracts to control the adult carpenter ant, Camponotus
compressus.

2. Materials and Methods

2.1. Preparation of Methanol Extract

The fresh tender leaves of the five plants, Azadirachta
indica (Neem), Ipomoea carnea (Beshram/sadafuli), Vitex
negundo (Nirgudi), Tridax procumbens (Kambarmodi)
and Pongamia glabra (Karanj) were cut and chopped in to
small pieces and dried in the shade. The 5 mg dried coarse
powder of each plant were packed and processed in a
Soxhlet Apparatus using 100 ml methanol as the stock
solvent. The extracted methanolic leaves extract powder
was dissolved in methanol to prepare the 5%, 10%, 15 %,
and 20% working formulations for spraying as stomach
poison under the Potter’s Tower. To check the lethal
concentrations and percent mortality of adult stages as
experimental set [Number of ants (N) =30] was compared
with control set (N=30; treated with distilled water) and
Boric powder (1% Aqueous formulation of conventional
synthetic insecticide, as check) (Table-1).

After the Probit analysis for determination of lethal
concentration, effects of the 20% methanol leaf extracts
studied for the biochemical estimations and histology of
midgut in carpenter ant. The sets of (N=10) adult stages of
ants were again exposed and treated with 20% methanol
leaf extracts of all the plants as the experimental (Exp.) set
comparing with control set at the interval of 24, 48 and 72
hours under optimum laboratory conditions.

2.2. Biochemical Estimations

After the treatment of 20% methanol leaf extracts of all
the plants the alimentary canal of adult worker carpenter
ants was dissected in the Ringer solution under the
Stereoscopic Binocular microscope. The midgut was
removed from the alimentary canal after each interval of
24, 48, and 72 hour of treatment. The midgut was
homogenized for estimation of total protein [18] total
carbohydrate [7] and total lipid [8].

2.3. Histochemical Preparations

The 20% methanol leaf extracts of Ipomoea carnea
shows reducing biochemical compositions. So to study the
histochemical changes in the midgut of carpenter ant after
the application of 20% methanolic leaf extracts of
Ipomoea carnea the midgut was dissected and fixed in
Bouin’s fixative, after each interval of 24, 48 and 72 hours.
Fixed tissues were dehydrated in alcohol grades; 70%,
90%, 100% while cleared in xylene and embedded in
paraffin wax at 55-56°C. To study the cellular alterations
in midgut structure of carpenter ant the histological slide
prepared performing H-E staining technique [12]. All the
data obtained were generated in triplicates and analyzed
using mean, standard error and one-way (one factor)
analysis.

3. Result and Conclusion

The present study based on application of methanolic
leaf extracts of five different plants treated as the potent
insecticide against the household pest, carpenter ant,
Camponotus compressus. The treatment of these leaf
extracts applied in viz., 5%, 10%, 15 %, and 20%
formulations at the interval of 24, 48 and 72 hours. The
exposed groups of carpenter ant divided into two
chambers such as Experimental and Control set. The
treatment of the 20% methanolic leaf extracts indicated
maximum lethal effects and percent mortality only after
the interval of 72 hours against the adult stage of the
carpenter ant as compared to synthetic insecticides. The
greenhouse trials revealed that the 20% methanol leaf
extracts may acts as the stomach poisons with higher
repellent activity showing non-target toxicity at highest
mortality rate of adult carpenter ants (Table-1).
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Table 1. Effect of Methanol Leaf Extracts of different plants on percent mortality of the carpenter ant, Camponotus compressus after 72 hours

Percentage Mortality/ hour
S. No. Leaves Extract of Plants
5% 10% 15% 20%
1 Pongamia glabra 5.92+0.72 7.96+0.88 10.41+2.32 65.34+2.41
2 Tridax procumbens 6.22+1.12 9.27+1.32 13.34+3.84 68.56+ 7.83
3 Azadirachta indica 12.55+1.62 14.67+2.44 28.55+5.75 72.38+6.48
4 Vitex negundo 21.44+3.93 26.56+ 3.35 47.32+6.26 85.58+ 10.75
5 Ipomoea carnea 22.52+4.35 32.55+5.24 50.51+8.28 92.36+ 12.82
6 Check-1/ 1417221 15.44+ 2.15 25.42+3.12 80.22+2.24
Boric powder
7 Control(Distilled water) 0 0 0 0
(P<0.001)

To determine the sublethal effects of 20% methanol leaf extracts among all the plants estimations of biochemical
constituents in the midgut of carpenter ants studied after each interval of 24, 48 and 72 hours of treatment (Table-2, 3
and 4). The biochemical composition of total protein, carbohydrate and lipid in the midgut of experimental set of
carpenter ants shows significant decreasing concentrations as compared to control group (Figure 1, 2 and 3).

Table 2. Effect of 20 % Methanolic Leaves Extract on the Biochemical composition of Midgut of the carpenter ant, Camponotus compressus after 24
hours (Exp.-Experimental group of ants)

Biochemical Composition in pg/mg,
S. No.. Leaves Extract of Protein Carbohydrate Lipid
Plants
Exp. Control Exp. Control Exp. Control
1 Pongamia glabra 3.25+0.05 6.76 +0.02 7.41+0.023 10.4 £0.015 0.66+ 0.027 1.25+0.027
2 Tridax procumbens 3.14+0.12 6.62+ 0.055 6.16+ 0.42 10.15+0.11 0.52+0.043 1.35+0.056
3 Azadirachta indica 2.83+0.13 7.01+0.23 4.25+0.03 10.5+0.33 0.41+0.018 1.15+0.06
4 Vitex negundo 2.23+0.03 6.21+0.32 3.35%0.21 10.25+0.74 0.31+0.03 1.1+ 0.05
5 Ipomoea carnea 1.83+£0.95 6.51+0.88 1.35£0.85 10.15+0.94 024+ 0.74 1.25+0.82
(P<0.001)
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Figure 1. Effect of 20% Methanolic Leaves Extract on the biochemical composition of midgut after 24 hours
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Table 3. Effect of 20% Methanolic Leaves Extract on the Biochemical composition of Midgut of the carpenter ant, Camponotus compressus after 48
hours (Exp.-Experimental group of ants)

Biochemical Composition in pug/mg,
S. No. Leaves Extract of Protein Carbohydrate Lipid
Plants
Exp. Control Exp. Control Exp. Control
1 Pongamia glabra 5.12+0.015 7.16+0.012 8.2+0.05 11.4+0.6 0.65+0.03 1.15+0.014
2 Tridax procumbens 4.2410.15 7.1240.05 7.1+0.03 10.1+0.2 0.51+0.02 1.35+0.075
3 Azadirachta indica 3.83+0.22 7.01+0.26 6.25+0.7 11.4+1.25 0.4+0.02 0.925+0.7
4 Vitex negundo 3.23+0.12 7.11£2.27 41+121 10.2+3.17 0.32+0.04 1.15+0.01
5 Ipomoea carnea 3.83+0.58 6.51+1.22 4.2+121 11.3+£3.16 0.33£0.03 1.21 £0.017
(P<0.001)
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Figure 2. Effect of 20 % Methanolic Leaves Extract on the biochemical composition of Midgut after 48 hours.

Table 4. Effect of 20 % Methanolic Leaves Extract on the Biochemical composition of Midgut of the carpenter ant, Camponotus compressus after 72
hours. (Exp.-Experimental group of ants)

Biochemical Composition in pg/mg,
S. No. Leaves Extract of Protein Carbohydrate Lipid
Plants
Exp. Control Exp. Control Exp. Control
1 Pongamia glabra 55+0.15 7.76 £0.17 9.41+0.125 11.4+0.06 0.75+0.05 1.35+0.007
2 Tridax procumbens 4.6x0.12 7.62+0.28 7.56 +0.12 11.2+0.05 0.622 +0.06 1.25+0.05
3 Azadirachta indica 38+0.11 7.51+0.27 6.45+0.18 11.4+0.04 0.54 +0.02 1.78£0.03
4 Vitex negundo 3.2+041 7.21+0.19 5.15+0.18 115+0.04 0.44 £0.02 15+0.02
5 Ipomoea carnea 24+0.11 6.85+0.14 3.35+£0.17 11.45+0.03 0.32+0.12 1.35+0.021

(P< 0.001)
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Figure 3. Effect of 20 % Methanolic Leaves Extract on the biochemical composition of Midgut after 72 hours
Table 5.  Effects of 20 % Methanol Leaves Extract of Ipomoea carnea on the cellular structure in the midgut of adult carpenter ant, Camponotus
compressus after 72 hours
Size of Columnar cells .  Nuclei (um)
Time Interval - Diameter of Nuclei (um
S.No. in Hours Length (um) Width (um)
Exp. Control Exp. Control Exp. Control

1 24 135.4+12.5 124+24.5 34.35+15.6 39.5+16.4 715+21.3 8.22+32.5
2 48 145.4+24.2 123.1+26.1 31.2+315 40.15+22.8 543+184 8.15+27.5
3 72 152.2+32.5 122.5+41.5 28.65+32.8 40.5+46.2 3.5+385 8.25+42.4

The present study focused on the utmost lethal effects
on the histopathology of midgut caused by the 20%
methanolic leaf extracts of Ipomoea carnea treated as the
stomach poison against the carpenter ant, Camponotus
compressus. The histological study during the treatment
of 20% methanol leaf extract of Ipomoea carnea showed
maximum impairment of midgut cytological content and
alterations in columnar cell size. The columnar epithelial
cells in the midgut were observed elongated with
increased length and decreased width (Table 5). The size

of nucleus was observed decreased in diameter located
towards the lumen with reduction of chromatin material
due to lysis within the nuclei. The treatment of the
methanol leaf extracts of Ipomoea carnea after the
interval of 24, 48 and 72 hours causes cellular
vacuolization with extreme damages to the epithelial cells
and nuclear material. These results were predominantly
appeared as the sublethal effects like the highly persuasive
insecticide (Table 5 and Figure 4).
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Figure 4. Effect of 20 % Methanol Leaves Extract of Ipomoea carnea on the cellular structure in the midgut of adult carpenter ant, Camponotus

compressus after 72 hours

The present study revealed the significant alterations in
biochemical composition and histology of the midgut in
carpenter ants. The midgut is the important as an organ
therefore any such cellular alterations may lead to
disturbances in insect’s physiology and behavior. The aim
of present study was to examine whether of exposure of
leaf extracts of some indigenous plants correlates with the
insect mortality and ultra-structural parameters in adult
stages of the carpenter ants.

From the results obtained during the present study it
becomes quite apparent that the 20% methanol leaves
extract of the locally available plant, Ipomoea carnea
showed the highest sublethal toxicity and can be
considered as the most competent herbal insecticide
against the carpenter ant, Camponutus compressus

followed by the plants, Vitex negundo, Azadirachta indica,

Tridax procumbans and Pongamia glabra respectively.

4. Discussion and Conclusion

The carpenter ant, Camponotus compressus along with
some other ants, form a group of household insect pests
causing consistent nuisance and damaging store grains,
food materials, bakery products, sweets and ornamental as
well as vegetable plants [14,15]. Ant behavior depends
upon a number of environmental conditions one of which
is the availability of different food resources. In general
by applying an ant bait consisting boric acid at variable

concentrations used to control the developmental stages of
household ants and colony population. The treatment of
these oral toxins distributed among the nest mates and
larvae through regurgitation during trophyllaxis [19,5,6].
Such synthetic insecticides give maximum mortality by
exerting nervous, digestive and respiratory toxin [16,24].
These substances are, moreover found to be inducing high
mortality of chicks and poisoning food and bakery
products [1,10]. Riemann and Flint [26] noticed lethal
effects on the boll weevils, Anthonomous grandis due to
the loss of midgut epithelial cells and regenerative cells
caused by insecticides. The Annona seed extracts effects
on the reduction of total protein content influencing
adversely the protein metabolism and the vital process in
insect life [3]. Derivatives of local plants such as kernel
powder and seed oils of Azadirachta indica [29] were also
reported to be effective against coleopteran pests due to
their antifeedant, ovicidal, insecticidal and other growth
regulatory actions. In the carpenter ant, Camponotus
compressus the midgut is lined with enteric epithelium
with thin peritrophic membrane as the innermost layer. It
is the main site for the synthesis of different enzymes and
biochemical components that carry out the digestion and
metabolism similar to hymenopteran bees [34]. The
histopathological studies on midgut of carpenter ant
resulted in degradation of the basal membrane and
degeneration in the epithelial lining after the treatment of
20% methanol leaf extracts of the plant, Ipomoea carnea.
These observations were almost similar to that reported in



58 Sublethal Effects of Indigenous Plant Extracts on the Biochemical Composition of
Midgut of Carpenter ant, Camponotus compressus F. (Hymenoptera : Formicidae)

Hieroglyphus nigrorepletus [27], Heliothis herrata [21]
and in Periplaneta Americana [31] after the treatment
some synthetic insecticides. So the mode of action of the
leaf extracts may be directly effects on the histopathology
and physiology of midgut of the carpenter ant acting as a
sublethal concentration within exposed populations.

The present study determined the action and sublethal
concentration of leaf extracts of Ipomoea carnea extracts
as the potent insecticide directly affected on biochemical
constituents such as total proteins, carbohydrates and
lipids. This is the first study suggesting sublethal effects
of the 20 % formulations of leaf extracts of locally
available indigenous plants on digestion, absorption and
metabolism ultimately leading to death of the ants. It
becomes apparent that these insecticidal effects of the
plant extracts are exerted due to the action of toxic
substances like alkaloids and enzymes as discussed above.
Therefore this study revealed the effective use and broad
spectrum mode of action of botanical insecticides as the
stomach and contact insecticides exercises knock down
effects in future and reduces the use of synthetic
insecticides.
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