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Abstract. An insecticidal effect of solvent extract of Caparis decidua was
exercised. Six extract, acetone, chloroform, petroleum ether, methanol,
hexane and water has shown very low LD5o values i. e. 1.5 ug/gm, 1.2
pg/gm, 1.57 ug/egm, 0.3 pg/gm and 2.0 pug/gm. These solvent extracts
have exerted toxic effects on biochemical and enzymatic parameters of
Tribolium castaneum extracts of C. decidua has shown very potent activ-
ity against T. castaneum when insects were treated with 40% and 80%
of 24-hL.D50. Hexane extract has displayed a significant (p j 0.05) inhibi-
tion in the level of glycogen (34.12%), protein (44.19%), DNA (41.46%),
RNA (33.33%) and amino acid (30.63%). It also inhibit the activity
of acid phosphatase (55.88%), alkaline phosphatase (72.90%), glutamate
pyruvate transaminase (69.45%) and glutamate oxaloacetate transami-
nase (77.02%), lactic dehydrogenase (85.50%) and acetylcholinesterase
(69.85) at a very low concentrations after 16 h treatment.

Keywords: Tribolium castanem, Capparis decidua natural pesticides,
protein, amino acid glycogen, ACP, ALP
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1 Introduction

Beetles (Coleoptera) and moths (Lepidoptera) are stored grain insect pest
(Lepidoptera) which cause heavy loses and damage to food grains. Of these
beetles are for more diversified and are highly destructive stored grain insects
in comparison to moths. Both grubs and adult insects attack the stored food
material while among the moth, only the caterpillars are harmful life stage
that causes the damage. Besides, there are certain insect pests which do not
bread in stored grains but their presence in the stores is harmful because they
generate filth, noxious smell and debris. These insects are cockroaches, ants,
crickets, silverfiches, pscolids, and T. castaneum. Few mites also cause infesta-
tion in grain flour and other stored products. Few major stored grain pests are
Sitophilus oryzae Linn. (Rice weevil), Trogaderma grariarium (Kuapre bee-
tle), Rhizopertha dominca (Fabr), Tribolium castaneum (Herbst) (Rust red
flour beetle), Sitotraga cerealella [1]. Grain and flour moth, Bruchus chinensis
(Pulse beetle). Among all the stored grain insects Tribolium is a dangerous
stored grain pest that damages food grains, occurs in storehouses and godowns
and has a worldwide distribution [2]. It eat the entire content of the grain and
leave the hollow shell of grain behind [3]. Therefore, control of stored grain in-
sects is highly essential. For this purpose framers and ware house owners have
used synthetic chemicals mainly fumigants to control surging population of
stored grain insects. But with the time due to repetitive use of synthetic pes-
ticides, insects become resistant and are resurging enormously. Besides this,
synthetic chemicals were proved highly toxic to non-tagret organisms, entered
in the food chain and put adverse impact on the environment [4]. Hence, their
use should be restricted to minimum. Thus, insect pests have developed re-
sistance to many commercially available synthetic pesticides [5, 6] hence, new
safe alternatives are being searched in form of bio-organic pesticides [7].

However, present plant species ‘Capparis decidua’ selected for investigation
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 [8]. The
powdered fruit of C. decidua is used in anti-diabetic formulations [9]. From
the above plant species both solvent and aqueous extracts prepared and tested.
In the present study, insecticidal effects of C. decidua and its mixtures were
observed on biochemical and enzymatic parameters of Tribolium castaneum.
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2 Materials and methods

Insect culture

Adult insects of Tribolium castaneum (Herbst) 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 under
controlled temperature (28 £+ 2°C), relative humidity (75 + 5% RH) and a
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 Tribolium castaneum were exposed with various increasing con-
centrations of each plant extracts separately. For this purpose, separate filter
paper strips (1 cm?) were coated with different concentrations of plant ex-
tracts 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 solvent 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
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each concentration six replicates were set. Mortality in Tribolium castaneum
was recorded after 24 hr in presence and absence of various plants extracts
separately. LD5g values were determined by Probit method [10]. LD50 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. [11].
For this purpose 500 mg of T. castaneum were homogenized in 2 ml of 5%
Tri-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/100gm of body weight of T. castaneum. 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 [12]. A total 500 mg
of T. castaneum 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/100gm body weight
of T. castaneum. 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 T. castaneum was es-
timated according to method of Scheidner [13]. For this purpose a total 500
mg of T. castaneum were fed with 40% and 80% of LD50 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.
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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. HoSOy,) 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.).

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 T. castaneum were estimated according to Lowry et al.
[14 ]. For this purpose 500 mg of T. castaneum were treated with 40% and
80% of LDs5q of different solvent extracts of C. decidua. These treated T.
castaneum 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 ug, 20 pg, 40 pug, 80 pug and 100ug of Bovine serum
albumen. Data obtained was statistically analyzed by ANOVA method.

In vivo Determination of enzymatic parameters

To observe the effect on enzymatic parameters 500 mg of adult termite
workers were provided sub-lethal doses (40% and 80% of LDsg) of different
solvent extract of C. deciduas 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 [15]. For this purpose 500 mg of 7. castaneum 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 0.10N 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 [16]. 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 p 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 [17]. A total of 500 mg T. castaneum 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. [18]. For this purpose 500 mg treated T. castaneum were
homogenized 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 10-4 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 [19].

3 Results

Toxicity determination

The solvent extracts of C. deciduas have shown potent toxicity against the
insect T. castaneum as have shown very low LD50 i.e. 1.5 ug/gm, 1.2ug/gm,
1.2 pg/gm, 1.57 pg/gm, 0.3 ug/gm and 2.0 ug/gm of body weight of T casta-
neum for acetone, chloroform, petroleum ether, methanol, hexane and water
extracts respectively (Table 1).
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Table 1: LDsq of different extracts of C. deciduas against T. castaneumn (Herbst)

Solvent extract ~ LDso (ug/gm) UCL LCL  Slope function

Acetone 1.5 2.724 0.825 1.98
Chloroform 1.2 2.198 0.655 2.00
Petroleum ether 1.2 2.313 0.622 2.12
Methanol 1.57 2.902 0.849 2.02
Hexane 0.3 0.562 0.160 2.05
Water 2.0 6.296 2.541 1.68

Determination of bio-molecules

Treatment of T. castaneum with sub-lethal concentration of C. decidua ace-
tone, chloroform, petroleum ether, methanol hexane and water extracts have
significantly depleted the glycogen content up to 36.66%, 52.09%, 47.76%,
58.08%), 34.12% and 60.84% after 16 hr. (Table2-7). Same extracts have also
retard the protein synthesis and cut down it’s level up to 57.44%, 46.36%,
47.57%, 46.45%, 44.19 and 54.85%. Similarly, the solvent extracts signif-
icantly inhibited the DNA content up to 58.15%, 46.96%, 42.93%, 50.08%
41.46, 54.85% and the RNA was inhabited up to 26.20% 46.82%, 61.27%,
33.33%, 47.39% and 33.91% In a similar way the amino acid content was also
found to be reduced up to 52.05%, 41.76%, 28.08%, 53.87%, 30.63% and 46%
(Table 2-7).

Determination of enzymes

Significant alteration in the activity of certain metabolic enzymes of T.
castaneum was found with respect to treatment with sub-lethal concentration
of different solvent extracts of C. decidua. Hexane extract has shown higher
inhibitory activity against the enzymes and significantly reduced the body
content of ACP (55.88%), ALP (72.90%), GPT (69.45%), GOT (77.02%),
LDH (86.74%), and AChE (69.85%). Contrary to this, aqueous extract have
shown lower activity against the enzymes and have shown lesser inhibition i.
e. 81.54%, 87.37%, 94.36%, 92.74%, 96.69% and 91.58% in ACP, ALP, GPT,
GOT, LDH and AChE contents (Table 8-13 ). Meanwhile, acetone chloroform
petroleum ether and methanol have shown moderate activity against these
enzymes, data presented in tables 8-13.
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4  Discussion

The present investigation clearly demonstrates that both solvent and aque-
ous extracts of C. decidua are highly toxic to T. castaneum. Each extract has
shown very low LD50 value. However, maximum toxicity was obtained in hex-
ane extract of C. decidua i.e. 0.3 ug/mg, while acetone, chloroform, petroleum
ether methanol and water extracts has shown 1.5 pg/gm, 1.2 ug/gm, 1.2
pg/gm, 1.57 pg/egm and 2.0 pg/gm LD5p50 value. (Table 1). Similarly,
Artemisia princepi and Cinnamomum camphora (L) have shown potent toxic
activity against Sitophilus oryzae and Bruchus rugimanus [20] having low
LDsg value. Chemical constituents of Foeniculum vulgare [21] and Japanese
mint (Mentha arvensis) [22] have successfully control the damage caused by
S. oryzae, T. castenum and Rhizopertha dominica (F) [23].

Extract from C. deciduas has potentially reduced the body content of glyco-
gen highest in hexane extract i.e 34.12%. This may be due to Depletion of
glycogen indicates more and more utilization of food reserves to cope up the
insecticide induced stress [24]. This decrease in glycogen level may be due
to high release of glucagon, corticosteroids and catecholamines which stim-
ulate glucose production to combat energy demand. Normally in the body
free glycogen floats in the haemolymph/ blood that after breakdown help to
maintain glucose level in hemolymph. These changes provide ample stimulus
for glycogenolysis in insect tissues and rapid utilization of glycogen units in re-
sponse to stress caused by pesticide treatment [25]. Highest reduction in DNA
i. e. 41.46%, RNA i. e. 33.33% and protein i. e. 44.19% was also reported in
hexane extract (Table 2-7). 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. [26, 27].

Similar results were reported in Pimpla turionella wasp when its larvae, pu-
pae and adult females were treated with cypermethrin. Cypermethrin affected
the level of glycogen, protein and lipid [28]. Similarly cypermethirn decrease
the protein level in Spodoptera litrua larvae in comparison to control [29]. Few
organophosphorus insecticides such as chloropyrifos, thiamethoxam, fipronil,
and malathion caused significant depletion in total protein in haemolymph and
fat body of silk worm Bombyx mori [30]. Normally in the body free glycogen
floats in the haemolymph/ blood that after breakdown help to maintain glu-
cose level in blood. 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].
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In the present investigation hexane extract of C. decidua worked as en-
zyme inhibitor and check the activity of ACP (55.88%), ALP (72.90%), GPT
(69.45%), GOT (77.02%), LDH (85.50) and AChE (69.85) (Table 8-13). Simi-
lar effects were obtained in 7. castaneum treated with sub-lethal concentration
malathion and permethrin combinations that have check the activity of activ-
ities of acetylcholine esterase, carbohydrate-metabolizing enzyme- lactate de-
hydrogenase, protein-metabolizing enzymes (GPT and GOT), as well as acid
and basic phosphatases (ACP and ALP) [26]. Acid and alkaline phosphatase
has been studied as enzymes significant in detoxification. The compound iso-
lated from C. deciduas inhibits the phosphatase enzymes and made its body
defense week.

Moreover, both GPT and GOT also play an important role in protein
metabolism and were inhibited by the C. decidua extracts that affected the
level of glutamate pyruvate transaminase (GPT) and glutamate oxaloacetate
transaminase (GOT) in treated insects [31]. However, fat body and heamolymph
exhibit higher glutamate oxaloacetate transaminase activity than the gluta-
mate pyruvate transaminase. Hence, the level of heamolymph aminotrans-
ferase gets significantly decreased. Similarly an increase in glycogenesis causes
a significant decrease in free amino acid level [26]. Therefore, a sharp decrease
or increase in the level of above enzymes effect oxygen consumption in insects.
However, inhibition of phosphatase and lactic dehydrogenase level shows tissue
necrosis in insects [32]. However, this imbalance in enzyme level indicates inhi-
bition of important metabolic pathways [33]. Similar effects on phosphatases
activity were observed in Pectinophora gossypiella after insecticide treatment
[34]. Hence, all significant changes in the level of ALP, ACP, GPT, GOT, LDH
and AchE indicate very high insecticidal activity of the C. decidua extracts
towards the T. castaneum. However, it can be concluded that C. decidua
possess few active ingredients that might be highly effective against stored
grain insects. It is proved by the results that these ingredients cause high
lethality in 7. castaneum at a very low dose and caused significant inhibition
of metabolic enzymes. Therefore, it is recommended that C. decidua active
ingredients could be used for preparation of herbal insecticidal formulation to
control stored grain insects.
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