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Abstract. Different extracts of Capparis decidua stem was assessed to
demonstrate their toxic effects on bio-molecules and certain metabolic
enzymes of Callosobruchus chinensis. Solvent extracts i.e. acetone,
chloroform, petroleum ether, methanol, hexane and water have given
very low LDso values 0.580 pg/gm, 0.290 pg/gm, 0.580 ug/gm, 0.370
pg/em 0.590 p g/egm and 3.05 ug/gm respectively. After 16 hr of ex-
tract exposure of C. decidua extracts the body contents of glycogen, pro-
tein, DNA, RNA, amino acid and lipid were depleted 26.72%, 40.60%,
37.14%, 30.31%, 29.52% and 58.25% compared to control. However it
also suppressed the level of metabolically significant enzymes i.e. ACP
(53.08%), ALP (67.18%), GPT (67.81%), GOT (75.75%), LDH (84.19%)
and AChE (60.66%). Therefore solvent and aqueous extracts of C. de-
ciduas is proved to have strong insecticidal activity against C. chinensis
and can be used for control of stored grain insects.

Keywords: Capparis decidua, Callosobruchus chinensis, biochemical
changes
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1 Introduction

The pulse beetle Callosobruchus chinensis L. (Coleoptera: Bruchidae) are
far more diversified and are highly destructive stored grain insects in compari-
son to moths. Both grubs and adult insects attack the stored food material and
cause loss of grain [1]. Among all important stored grain pests bruchids mainly
the pulse beetle, Bruchus chinensis is highly serious pest of stored grains, cow-
pea, gram, arhar, soybean, moong and urd. It damages food grains, occurs
in storehouses and godowns and has a worldwide distribution. The grubs eat
the entire content of the grain and leave the shell behind. Adult beetles also
reside in the circular holes of the grains. For controlling losses caused by the
pulse beetle, farmer apply several biological control method such as treatment
with burnt wood ash, sand with high amounts of quartz and crystal of NaCl,
but it was not found more successful [2]. In most of the cases to control the
stored grain insect synthetic pesticides are being used [3], that imposed certain
hazardous and lethal effects on non-tagret organisms and put adverse impacts
on the environment. Hence, there alternative and safer formulations should
explored in form of bio-organic pesticides [4]. However, present plant species
‘Capparis decidua’ selected for investigation that possess very high insecticidal
activity and belong to family Capparidaceae and is an indigenous medicinal
plant, commonly known as ‘Kureel’ in Hindi. It is a densely branching shrub
with scanty, small, caduceus leaves. Barks, leaves and roots of C. decidua have
been claimed to relieve variety of ailments such as toothache, cough, asthma,
intermittent fever and rheumatism [5]. The powdered fruit of C. decidua is
used in anti-diabetic formulations [6]. Upadhyay et al., [7] have demonstrated
that compound isolated from C. decidua successfully inhibit the ovipositional
responses of pulse beetle Callosobruchus chinensis. However, in the present
study, insecticidal effects of C. decidua were observed on biochemical and en-
zymatic parameters of Callosobruchus chinensis.

2 Materials and methods

Insect culture

Adult insects of Callosbruchus chinensis L. were collected from the food
grain store houses available in local market in Gorakhpur. The beetles were
reared on healthy, clean and un-infested wheat seeds in glass jars and capped
with muslin cloth for ventilation. Culture was maintained in laboratory un-
der controlled temperature (2842°C), relative humidity (75+5% RH) and a
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photoperiod of 12: 12 (L:D) h in B.O.D. Insects were reared in glass jars on
gram seeds and each time early age beetles were used for the experiments.

Collection of plant material

Stems of Capparis decidua were collected from different places of western
part of India especially from state of Rajasthan. Specimens were identified
by applying standard taxonomic key specially by observing inflorescence and
family formula with the help of a taxonomic expert. Fresh plant material was
used to prepare extracts. Plant material was dried, chopped, grounded and
milled to make powder in domestic grinder.

Preparation of extracts

Stem of C. decidua was collected and chopped in to small pieces, dried and
pulverized to make fine powder in an electric grinder. The powdered stem
(200 gm) was then extracted with various solvent according to their polarity.
Extracts were allowed to evaporate in a speed vac to get residue. It was dried
and weighed and re-dissolved in known volume of different solvents. Dissolved
residues were stored in cold at 4°C temperature for experimental purpose.

Toxicity bio-assays

Adults of C. chinensis were exposed with various increasing concentrations
of each plant extracts separately. For this purpose, separate filter paper strips
(1 cm?) were coated with different concentrations of plant extracts were placed
in the glass culture tubes and open ends were plugged with cotton balls.
The coated filter paper strips were air-dried before application. Only sol-
vent treated filter papers were strips used to set control. Ten adult insects
were released culture in glass culture tubes (10 cm Height x 4 cm diameter).
For each extract, five different concentrations were used and for each concen-
tration six replicates were set. Mortality in C. chinensis was recorded after 24
hr in presence and absence of various plants extracts separately. LDs5o values
were determined by Probit method [8]. LDsg values were calculated in pg/gm
body weight of the insect.

Determination of glycogen

Glycogen contents were measured according to method of Dubois et al., [9].
For this purpose 500 mg of C. chinensis were homogenized in 2 ml of 5% Tri-
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chloro acetic acid with the help of glass-glass homogenizer and centrifuged.
Optical density of the reactant was read at 530 nm. Glycogen contents in
unknown (supernatant) were calculated by using standard curve drawn with
known amount of glucose. The blank was set by taking 0.50 ml of 5% TCA
and 6 ml of concentrate HoSO4. The amount of glycogen was expressed in
gm/100 gm of body weight of C. chinensis. Three treatments were performed
at three trials. Data obtained was statistically analyzed by using ANOVA
method.

Determination of total free amino acid

Level of free amino acids was determined following Spies, [10]. A total
500 mg of C. chinensis were homogeninzed in 2 ml of 95% ethyl alcohol.
Homogenate was centrifuged at 15,000 x g for 20 minutes and supernatant
was separated. For estimation of total free amino acids 0.1 ml of supernatant
was taken and to it 0.1 ml of distilled water and 2.0 ml Ninhydrin reagent were
mixed. The reaction mixture was kept in boiling water for 15 minutes. A total
of 2 ml of 5.0 % ethyl alcohol was added to the above boiled mixture. A violet
color was developed in the reaction mixture which was measured at 575 nm.
For calculating the total free amino acid content standard curve was prepared
by using known amount of glycine and was expressed in gm/100 gm body
weight of C. chinensis. Three replicates were used and data is statistically
analyzed by ANOVA method.

Determination of nucleic acids

Level of nucleic acids in the whole body extracts of C. chinensis was esti-
mated according to method of Scheidner [11]. For this purpose a total 500
mg of C. chinensis were fed with 40% and 80% of LD5g of different solvent
extracts of C. decidua separately. Insects were scarified and homogenized in
5%TCA with glass-glass homogenizer at 15,000 x g for 25 minutes.

DNA estimation

For DNA estimation, 0.2 ml of supernatant was taken and it was diluted
by adding 3.8 ml of distilled water. Then 4.0 ml of diphenylamine reagent (1
gm of diphenylamine, 100 glacial acetic acid and 2.5 ml of conc. HaSOy4) were
added to it. The mixtures were kept in boiling water bath for 10 minutes. A
blue color was developed in the solution which is measured at 595 nm (O.D.).
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RNA estimation

For RNA estimation 0.2 ml of supernatant was taken and it was diluted by
adding 4.8 ml of distilled water. Now 2 ml of orcinol reagent (1 gm orcinol,
100 ml conc. HCI and 0.5 gm ferric acid) was added to it. The solution was
kept in boiling water bath for 10 minutes, a green color was developed, which
was measured at 660 nm. In both cases three replicates were set and data
obtained was statistically analyzed by ANOVA method.

Determination of total protein

Total proteins of C. chinensis were estimated according to Lowry et al.,
[12]. For this purpose 500 mg of C. chinensis were treated with 40% and
80% of LDsq of different solvent extracts of C. deciduas. These treated C.
chinensis were homogenized in 4.0 ml of 10% TCA with the help of glass-glass
homogenizer. The obtained homogenate was centrifuged at 15,000 x g for 15
minutes. Each experiment was performed three times. Standard curve was
prepared by using 10 pg, 20 pg, 40 pg, 80 pug and 100 pg of Bovine serum
albumen. Data obtained was statistically analyzed by ANOVA method.

Determination of Total lipid

Level of total lipid in whole body extracts of C. chinensis was estimated
according to method of Floch et al., [13]. A total of 500 mg of insects ho-
mogenized in 5 ml of chloroform and methanol mixture (2:1 v/v). Total lipid
contents were weighted at the end and expressed in gm/100 gm body weight
of insect. Three replicates were set and data was statistically analyzed by
ANOVA method.

In vivo Determination of enzymatic parameters

To observe the effect on enzymatic parameters 500 mg of C. chinensis were
provided sub-lethal doses (40% and 80% of LDjg) of different solvent extract
of C. decidua was provided. Insects were sacrificed at the 4 h interval up to
16 h for measurement of various enzyme levels. Insects were homogenized in
phosphate saline buffer (pH 6.9) in a glass-glass homogenizer and centrifuged
at 4°C for 25 minutes at 15,000 x g. Supernatant was isolated in a glass tube
and used as enzyme source.
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Determination of acid and alkaline phosphatase

Level of alkaline phophatase level was determined according to the method
of Bergmeyer, [14]. For this purpose 500 mg of C. chinensis were homogenized
in 1 ml of PBS buffer at 4°C and centrifuged at 15,000 x g for 15 min. A 0.2
ml of supernatant was taken in a test tube and 1.0 ml of acid buffer substrate
solution was added. Contents were mixed thoroughly and incubated for 30
minutes at 37°C. Now 4.0 ml of 0.10 N NaOH solution was added to the incu-
bation mixture. Similarly, for determination of ALP, 0.10 ml of supernatant
was taken in a test tube and 1.0 ml of alkaline buffer substrate was mixed
with it. The mixture was mixed thoroughly and incubated for 30 minutes at
37°C. Now 5.0 ml of 0.02 N NaOH was added to the incubation mixture. The
reaction was stopped by adding excess of NaOH. The p-nitrophenol formed
as result of hydrolysis of p-nitrophenyl phosphate gave a yellow colour with
NaOH. Optical density was measured at 420 nm. Standard curve was drawn
with the help of different concentrations of p-nitrophenol. Enzyme activity
was expressed as p moles of p-nitrophenol formed /30min/mg protein.

Determination of lactic dehydrogenase

Activity of lactic dehydrogenase was measured according to the method of
Annon, [15]. For this purpose, 100 mg of insects were homogenized in 1.0 ml
of 0.1 M phosphate buffer (pH 7.5) in ice bath and centrifuged at 10000 x
g for 30 minutes in cold centrifuge at 4°C. Supernatant was used as enzyme
source. For determination of enzyme activity 0.05 ml of enzyme source was
added to 0.50 ml of pyruvate substrate. Now the contents were incubated at
37°C for 45 minutes. Now 0.50 ml of 2,4- dinitrophenyl hydrazine solution
was added and the contents were mixture and kept at the room temperature.
After 20 minutes, 5.0 ml of 0.4 N NaOH was mixed and left for 30 minutes at
room temperature. The optical density was measured at 540 nm and it was
converted to LDH unit by drawing a standard curve. Enzyme activity has
been expressed as moles of pyruvate reduced/45min/mg protein.

Determination of glutamate pyruvate transaminase and glutamic-
oxaloacetic transaminase

GPT and GOT activity was measured according to the method of Reitman
and Frankel, [16]. A total of 500 mg C. chinensis were homogenized in 2 ml
ice cold PBS buffer and centrifuged at 15,000 x g for 15 min at 4°C. For
determining the activity of GPT, 0.10 ml of enzyme source was taken and
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0.50 ml of GPT substrate. Similarly, for determination of GOT, 0.10 ml of
enzyme source was taken and 0.50 ml of GOT substrate was added to it.
Now 0.50 ml of 2, 4-dinitrophenyl hydrazine solution was added and contents
were left stand for 15 minutes at room temperature. Then 5.0 ml of 0.4 N
NaOH was added and mixed well and allowed to stand at room temperature
for 20 minutes. The optical density was read at 505 nm after setting the
blank. Standard curve was prepared by using oxaloacetic acid as working
standard. The enzyme activity was expressed in units of glutamate pyruvate
transaminase or glutamate oxaloacetate transaminase activity/ hr/mg protein

Determination of acetylcholinesterase

Acetylcholinesterase activity was determined according to the method of
Ellman et al., [17]. For this purpose 500 mg treated C. chinensis were homoge-
nized 50 mM phosphate buffer (pH 8) in ice bath and centrifuged at 1000 x
g for 30 minutes in cold centrifuge at 4°C. To the supernatant 0.10 ml (5
x 107* M) of freshly prepared acetylcholinethioiodide solution, 0.05 ml of
DTNB reagent (chromogenic agent) and 1.45 ml of PBS (pH 6.9) were added.
The changes in optical density were monitored at 412 nm regularly for three
minutes at 25°C. Enzyme activity has been expressed as moles ‘SH’ hydrolysed
per minute per mg protein.

Statistical analysis

The LD3g for each extract was determined by using Probit analysis. Mean,
standard deviation, standard error and Student t-test were applied [18].

3 Results

Toxicity determination

The solvent extracts of C. decidua have shown a higher toxic potency a
against the insect C. chinensis exhibiting very low LDsg i.e. 0.580 upg/gm,
0.290 pg/gm, 0.580 ug/gm, 0.370 pg/gm, 0.590 ug/gm, and 3.05 pug/gm of
body weight of C. chinensis respectively for acetone, chloroform, petroleum
ether, methanol, hexane and water extracts (Table 1).
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Determination of bio-molecules

C. chinensis exposed with sub-lethal concentration of acetone, chloroform,
petroleum ether, methanol hexane and water fraction of C. decidua have shown
significant depleted in glycogen content up to 39.85%, 33.05%, 33.24%, 33.33%,
26.72 and 34.86% after 16 hr (Table2-7). The same treatment have retard
the protein synthesis and protein content was found 49.79%, 53.73%, 49.11%,
50.24%, 40.27% and 49.60% in comparison to control insects (Table 2-7). It
significantly cut down the DNA level up to 46.94%, 44.61%, 37.14%, 43.58%,
38.16% and 43.62%. In a similar consequence RNA content was also found to
be decreased 35.62%, 30.31%, 43.15%, 48.28%, 49.27% and 52.82% (Table 2-7).
Similarly, a remarkable suppression (49.49%, 43.78%, 40.49%, 48.61%, 29.52%
and 53.22%) was reported in amino acid content, while a initial increase was
observed in lipid content later it was cut down up to 66.34%, 74.59%, 74.67%,
75.08%, 74.75% and 58.25% compared to control (Table 2-7)

Determination of enzymes

Sub-lethal doses of acetone, chloroform, petroleum ether, methanol hexane
and water fractions of C. decidua have expressed physiologically little or more
toxic effects on certain enzymes in insect body. Concerned to this significant
(p i 0.05) deletion in acid phosphatase was recorded 83.97%, 71.83%, 64.37%,
71.65%, 53.08% and 81.38% in comparison to control respectively for the above
fractions (Table 8-13). Similarly, alkaline phosphatase was cut down up to
77.28%, 73.15%, 68.58%, 70.25%, 67.18% and 83.53% after 16 hr (Table 8-13).
Further, depletion was also noticed in GPT (75.87%, 72.18%, 72.47%, 72.06%,
67.81% and 97.87%) and GOT (89.46%, 77.54%, 76.31%, 76.25%, 75.75% and
86.15%). These extracts caused a slight decrease of 95.30%, 84.19%, 85.78%,
85.83%, 85.37% and 95.30 in lecatic dehydrogenase level (Table 8-13). However
it have also caused neurotoxic effects and block AChE activity up to 75.15%,
75.26%, 64.39%, 75.15%, 60.66% and 84.32% in comparison to control (Table
8-13).
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4 Discussion

Although stored grain insects are being controlled by synthetic pesticides, it
is contaminating the environment and causing food poisoning. However in the
present investigation natural extracts isolated from C. deciduas have used to
observe its lethality in C. chinensis. Results obtained in the present investiga-
tion clearly demonstrate that both solvent and aqueous extracts of C. decidua
are highly toxic to C. chinensis as each extract have shown high toxicity with
very low LD35g values. However, maximum toxicity was obtained in chloroform
extract i.e. 0.290 pg/mg, while acetone petroleum ether, methanol, hexane
and water extracts have shown 0.580 pg/gm, 0.580 ug/gm, 0.370 ug/gm, 0.590
pg/gm and 3.05 pg/gm LDsg value. Similarly, active compounds isolated
from Piper nigrum have shown strong insecticidal activity Tribolium casta-
neum [19]. Besides this, Foeniculum vulgare [20] and Azadirachta indica [21]
have been reported to have strong toxic potential against stored grain insects.
Fractions of C. decidua have shown significant decrease in glycogen (26.72%),
protein (40.27%), DNA (37.14%), RNA (30.31%), amino acid (29.52) and lipid
(58.25%) contents after 16 hr of exposure.. Similarly, Pimpla turionella wasp
treated with cypermethrin have dsisplayed remarkable changes in glycogen,
protein and lipid [22]. It is the sign of stressful condition and to meet the
energy demand glycogen was broken down [23]. It is evident that glycogen
is primary reservoir of energy then protein and lipid compensates the energy
demand. Parallel depletion in glycogen, protein and lipid indicates more and
more utilization of food reserves to cope up the insecticide induced stress [24].
These changes provide ample stimulus for glycogenolysis in insect tissues and
rapid utilization of glycogen units in response to stress caused by pesticide
treatment [25]. Similarly protein and nucleic acid synthesis may also block at
cellular level and catabolism get increased which results into low availability
of proteins and nucleic acid.

More specifically, C. decidua extract have shown significant inhibition in
certain enzymes i.e. ACP (53.08%), ALP (67.18%), GPT (72.18%), GOT
(75.75%), LDH (84.19%) and AChE (60.66%). This reduction indicates the
obstruction in their chemical pathways. This led to the formation of abnormal
state in the insects and make insects unable to survive. Similarly solvent and
aqueous extracts of Gloriosa superba [26], Cassia obtusifolia [27], Artemisia
annua [28], Teucrium royleanum significantly inhibit certain enzymes like
acetyl cholinesterase, lipoxygenase, urease and alkaline phosphatase, amino
transferase of insects [29].
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To fight with stress insect show significant induction in hydrolytic activities
with in the body tissues which cut down the acid and alkaline phosphatase
level [30]. Similarly in presence of toxicant transamination of amino acids
get increase, hence the synthesis glutamate pyruvate transaminase, glutamate
oxalo acetate transaminases get retard [31]. Similarly increase in lactic dehy-
drogenase level shows tissue necrosis in insects. Therefore, a decrease in the
level of above enzymes effect oxygen consumption in insects. Solvent extracts
significantly altered phosphatases, transaminase, dehydrogenase and esterase
levels, which indicate very high toxic effects on body tissues of the insect.
Hence it can be concluded that above plant species can be used for isolation
of bio-pesticides to control pulse beetles (C. chinensis). For this purpose,
constituent’s level study along with structure activity relationships of natu-
ral products is to be required. Certainly active components from prepared
plant species would show wider insecticidal performance and efficacy against
C. chinensis.

Table 1: LDsg of different extracts of Capparis decidua against C. chinensis

Solvent extract  LDjo (ug/gm) UCL LCL  Slope function

Acetone 0.580 1.057 0.317 1.99
Chloroform 0.290 0.598 0.140 2029
Petroleum ether 0.580 1.141 0.294 2.17
Methanol 0.370 0.751 0.182 2025
Hexane 0.590 1.10 0.316 2.04

Water 3.05 5.758 1.615 2.07
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