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ABSTRACT

In tropical regions, the application of phytotherapy to protect a crop against pests is traditional and
centuries old. The plant species which is probably best investigated for its effects against insects is the
neem tree, Azadirachta indica A. Juss. (Meliaceae). The seeds of this tropical tree contain bitter
compound azadirachtin that have an antifeedant effect and can interfere with hormonal processes in
insects. Extracts or crude parts of this plant are mixed with cereals and pulses for protection of these seeds
against pests and for storage. In this experiment, root tips of Pisum sativum seeds were used to assess the
cytotoxic effects of agueous and methanolic seed extract of A. indica. P. sativum is an important
proteinaceous pulse crop. The germination rate and radicle length of treated seeds decreased in aqueous
extract whereas methanolic extract treated seeds showed positive response with increasing concentration.
It can be assumed that toxic effect of neem seed extract containing azadirachtin reduced in presence of
methanol and thus stimulate the germination of the seeds whereas in agueous state it causes cytotoxic
effect on Pisum seeds.
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INTRODUCTION

Plants have been a source of medicine in the past centuries. Today, scientists and the common people
recognize their value as a source of new or complimentary medicinal products (Premanath and
Lakshmidevi, 2010). The medicinal value of these plants lies in some chemically active substances that
produce definite physiological action on the human body (Aiyela and Osamudiamen, 2009). Azadirachta
indica A. Juss. is native of India that belongs to the family Meliaceae and have great medicinal
importance (Hashmat et al., 2012). Every part of A. indica (leaves, bark, fruit, seed, flowers, oil and gum)
has been reported to be associated with various remedial properties such as the treatment of general body
pain after child delivery, pyorrhoea, intestinal worms, antimicrobial effects, storage behaviour, in vitro
antiviral activity and antibacterial agent (Biu et al., 2009). The indiscriminate use without toxicological
evaluation has been neglected in the past.

In search for environmentally safe pesticides, studies have been undertaken on the use of plants for the
protection of crops in the field or in storage. In tropical regions, the application of botanical material to
protect a crop against insects is often traditional and centuries old. The plant species that is probably best
investigated for its effects against insects is the neem tree, Azadirachta indica. All parts of this tropical
tree contain bitter compounds (Nat et al., 1991) that often have an antifeedant effect and can interfere
with hormonal processes in insects (Schmutterer, 1990; Ascher, 1993). Extracts or crude parts of this
plant are often mixed with seeds such as maize, grain, rice and beans in storage to protect these seeds
against insects. However, if products of this tree are to be used to treat stored seeds against insects, the
mammalian consumers of these seeds ought not to be affected by the residues of such treatment. Much
controversy exists in the use of oil extracted from neem tree. Naik and Dumbre (1985) mentioned that it is
hard to remove the very bitter oil from treated seeds, and the germination of treated seeds is negatively
influenced. Therefore, use of various neem-derived products may have residues derived from the
treatments being present at the time of consumption which may be the risk for consumers.

To evaluate the safe consumption dose of A. indica that may be used as an environmental friendly
pesticide, the effect of aqueous and methanolic neem extract on Pisum seeds has been assessed. Pisum
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sativum is an herbaceous annual plant of the family Fabaceae. Peas are very widely consumed because of
their high seeds protein content (on average 20-27%), their balanced amino acid composition (rich in
methionine, cystine and tryptophan), good taste and digestibility. The main objective of this study will be
to evaluate the cytotoxicity of methanolic and aqueous seed extract of A. indica at different concentrations
along with control on Pisum sativum seeds by comparing the seed germination, radicle length, mitotic and
abnormality index.

MATERIALS AND METHODS
The seeds of A. indica were collected from the university medicinal and herbal garden. Seed kernels were
opened and seeds were powdered in a blender. Suspensions of different grades were prepared by stirring
the ground seed powder in 500 ml of methanol (Merck) and distilled water separately followed by
filtration using Whatman filter paper. The seeds of P. sativum were procured from Krishi Progati,
Santiniketan (agricultural shop). The seeds were treated with methanolic and aqueous seed extracts of A.
indica at different concentrations i.e. 2.5%, 5%, 7.5% and 10% for 2 hours along with a control set. After
treatment, the seeds were transferred to petriplates lined with moistened blotting paper for germination at
room temperature in the month of February-March at 8+1 hour photoperiod. The experiment was repeated
thrice. The germination percentage of Pisum seeds were calculated after two days of treatment whereas
the radical lengths were measured thrice at 2™, 4™ and 6" days. The root tips of appropriate size were
collected and fixed in a 1:3 Carnoy’s solution for overnight. The root tips were hydrolyzed in SN HCI for
7 minutes at 12° C, washed with distilled water thrice and kept in 45% acetic acid for 10 —15 minutes.
Finally, root tips were stained with 2% aceto-orcein for 2 hrs and observed under a light microscope. The
Mitotic and abnormality index and response coefficient of extract of A. Indica were calculated by
following formulas.
Mitotic Index = No. of dividing cells X 100
Total No. of cells
Abnormality Index = No. of abnormal cells X 100
Total No. of cells
Response coefficient = Value of treated set — Value of control set
Value of control set

RESULTS AND DISCUSSION

The Figure 1A shows that in control, seed germination is lowest in methanol and highest in water. The
rate of seed germination percentage increased progressively with the increase in concentration of extract
of A. indica seeds prepared in methanol. However, the rate of seed germination has decreased with the
increase in concentration of the aqueous extract of A. indica.
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Figure 1: Graphical representation of Germination rate (A) and Radicle length (B) of aqueous and
methanolic neem extract treated Pisum seeds at different concentration
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The Figure 1B plotted for comparison of radicle growth after seed germination in laboratory condition
(Figure 3b) also showed that the radicle length upon treatment with methanolic extract of neem increased
with the increase in concentration.
The 7.5 and 10% methanolic extracts have nearly same radical lengths which were higher than control.
The aqueous extract showed lowest value of radicle length at 10% concentration compared to the control.
Thus response coefficients (Table 1) for seed germination and radicle length were positive for methanolic
extract with increasing order and negative for agueous extract.

Table 1: Response coefficient of methanolic and aqueous seed extracts of A. indica

M SI.No. Conc. (%) Response coefficient
E Seed germination Radicle length Mitotic index
T 1 25 +15.58 +0.54 +1.06
H 2 5.0 +30.41 +0.90 +1.15
A 3 7.5 +32.31 +1.36 +1.52
N 4 10.0 +33.6 +1.45 +1.86
O
L
I
C

1 2.5 -0.09 -0.21 -0.23
A 2 5.0 -0.10 -0.29 -0.27
Q 3 7.5 -0.11 -0.35 -0.33
U 4 10.0 -0.92 -0.48 -0.34
E
O
U
S

The methanolic extract of neem had shown increase in mitotic index and decrease in abnormality index
with the increasing concentration (Figure 2A and 2B). The value of response coefficient for mitotic index
was positive for all concentrations of methanolic extract with increasing order similar to seed germination
and radicle length. The most frequent abnormality was stickyness observed in all concentrations of
methanolic extract. The mitotic abnormalities like anaphase bridge and clumping were observed in 2.5%
methanolic extract with higher abnormality index.
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Figure 2: Graphical representation of Mitotic Ihdex (A) and Abnormality Index (B) of aqueous &
methanolic neem extract treated Pisum seeds at different concentration
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In contrary to this, the aqueous extract had shown decrease in mitotic index and increase in abnormality
index with increasing concentration and the response co-efficients of mitotic index were negative in all
concentrations. The mitotic abnormalities like clumping and stickyness were common in all
concentrations of aqueous extract. The diagonal anaphase and anaphase bridge (Figure 3a) were
additional abnormalities observed in 10% aqueous extract of the plant with higher abnormality index.

The methanolic seed extract had shown positive response coefficient in progressive manner for all
concentrations and parameters under study. The aqueous extract had recorded higher and different types
of mitotic abnormality with increasing concentration. This might be due to the fact that neem extract
affects the mitotic spindle apparatus and chromosome structure leading to mitotic abnormalities in
somatic cells of Pisum sativum. A. indica seeds contain azadirachtin, which is a tertanotriterpenoid
compound that interrupts metamorphosis in insect causing pesticidal effects (Raizada et al., 2001).
According to Klopman et al., (1985) and Chandra and Khuda-Bukhsh (2004), during the metabolism of
azadirachtin, electrophilic ions and radicals are produced which interact with the nucleophilic sites in
DNA, leading to breaks and other related damage in DNA. These aberrations were termed as mitoclassic
and chromato-classic effects (Deysson, 1968). Stickyness has been interpreted to be due to
depolymerization of DNA (Abraham and Kashy, 1979) and physical adhesion of chromosomal proteins
(Patil and Bhat, 1992). The anaphase bridge is a sign of clastogenic effects resulting from chromosome
and chromatid breaks. The cause of clumping can be a swelling and thickening of metaphase chromosome
which finally stick together and form a clump (Gaul 1964).

EN

Figure 3: Aqueous & methanolic neem extract treatment of Pisum seeds and chromosomal
abnormalities study; (a) Mitotic plate of root tip showing DA (Diagonal Anaphase), St (Stickyness),
CI (Clumping) and AB (Anaphase Bridge); (b) Germinating seeds showing well developed radicle.

Rosenkranz and Klopman (1995) proposed the structure based toxicity relationship for azadirachtin, the
major active principle in A. indica. They identified the presence of at least 5 copies of biophores in
azadirachtin and predicted it to be a potent carcinogen. The electro-negativity of azadirachtin was of the
same order of magnitude as that for DNA-reactive molecules. Thus azadirachtin has the features of a
potential mutagen that has the capability of inducing damage in genetic material including some
clastogenic changes. The results showed that chromosomal damage due to azadirachtin augmented in
aqueous condition than methanol. The methanol may be acting as inhibitor on chemical action of
azadirachtin and facilitate seed germination and elongation of radicle. It was observed that the potentiality
of carcinogenic or mutagenic action of azadirachtin was reduced in methanolic extract. Therefore, it can
be concluded that although lower concentration of agqueous extract of seeds of A. indica may act as a
better pesticide but methanolic extract of seeds can act as excellent biopesticide with very less clastogenic
and mutagenic action.
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