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1. INTRODUCTION  

1.1 
Background

Since time immemorial man has been using plants from Himalayas for medical purposes. The earliest use has been mentioned in the RIGVEDH. Medicinal plants are the valuable forest resources of Nepal. Most of the plants are used in the commercial as well as traditional way.

The scientific development presented us with thousands of synthetic drugs of medicinal values. But further investigations show that the use of synthetic drugs cause change in behavior of different phases of cell or carcinogenic effect if the dose or the time interval between the doses is improper as shown by the modern investigations. In other words, this causes the side-effect. So, the belief of people on herbal drugs has been increased once again. Extracts of medicinal plants in curing diseases instead of synthetic drugs, care must be taken to avoid the harmful effects which may arise from wrong or extra usage (Adam and Farah 1989).

In modern agriculture practice different types of agrochemical i.e. Insecticides, pesticides, Herbicides etc are used in order to have better economic crops. The frequent and random use of these chemicals is counter productive to plants as well as human beings.

Therefore to overcome such unwanted consequences and high cost price a series of investigations are being held on cytological changes caused by a variety of plant extracts of medicinal values in recent days. For example Cymbopogan proximas, Pulicana crispa, Tylophora indica and Boerhhavia diffusa etc. all of these causes the mutagenic effect when these plant extracts are treated in dividing cells of the organism.

The wrong usage of these medicinal plants lead to many cytological changes i.e, change in the percentage of total dividing cells showing either retardation or acceleration of growth of organ. 

1.2
Description of plant specimen

Azadirachta indica A. Juss (Syn. Melia azachirachta linn) is known by the name of margosa tree in English. The word derived from Persian “azad charakt” meaning “noble tree”

Neem in hindi and Nepali, Nimba in Sanskrit. It is a member of Melicaceae family. In Nepal, the plant is distributed between 72-900m in eastern and central regions. It is very common rod side evergreen tree which is large, wide spreading with dense crown.

Bark:- Bitter, fissured, dark grey outside and reddish brown inside.

Leaves:- 20-37 am long, crowded towards the ends of branches, leaflets 4-7 pairs, 2-8 x 1-3 cm generally with a terminal leaflet which is short. New leaves appear in March & April.

Flowers:- cream colour, fragment , sepals and petals 5 , the latter spoon shaped, oblong. Staminal tube dentate. Flowering period March to may.

Fruits:- fleshy, 1-2 cm long, egg shaped, turning yellow an ripening with an inner hard stone enclosing usually one and sometimes to seed. Fruits ripen  from June to August . 

1.3
Economic Importance of Plant

The Azadirachta indica  A. Juss. Neem is immense importance as an insecticide yielding plant.

· Neem has considerable medicinal value. Its oil has antibacterial and antifungal properties with extremely effective in treatment of leprosy and skin diseases.

· Oil extracts from seeds has been found suitable for soap making and for hydrogenation. The famous margosa soap is prepared from it .

· It is used to cure for madness in dogs.

· Boosts the immune system on all levels, stimulate immune function by enhancing cellular medicated response .

· The bitter component of oil nimbidin is used for making several pharmaceuticals preparation such as emulsions ointment, shaving lotions-as antiseptic, shampoos, creams and hair tonics.

· It is used as alternative medicine in AIDS, contraceptive (i.e. oil for external application), cooling, expectorant, fever, glandular swelling, night blindness and urinary disorders.

· Farmers use in preparations of tonics, protein-rich oil cake in fertilizers and manure. Leaves repel insects and useful for keeping an area free from malaria, also used as fodder and tooth brushes.

1.4
Chemical Composition 

The identified have major constituents of neem are Azadirachtin and Nimbidin meliantriol, salannin, nimbin alkalaids .
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1.5
Objective

The main objective of the present study is to find out the cytological effects of aqueous leaf extracts of Azadirachta indica A. Juss  in  Allium cepa L. Other objectives are as follows-

· To observe the mitotic index of different concentration of leaf extract. 

· To find out the cytological abnormalities of different concentrations of leaf extracts in phase indices ( PI, MI, AI, TI)

1.6
Justification of the Study

Many agrochemicals like insecticides, Pesticides, herbicides etc are used to get more yield production. However, these Agrochemicals are more hazardous if used in wrong way which  accidentally releases in the environment.

 Farmers specially ethnic groups like Dhimal, Satar, Rajbanshi of eastern terai region used solution of leaf dust particles with ash powder in field of onion crops so as to repeal insects.

The cytological effects of this leaf extracts of Azadirachta indica A. Juss is not  studied yet in living cells so the present study is carried out to understand its effect in the cells of root meristem.

1.7
Limitations of study

The study was carried out under the following limitations.

· The work was absolutely lab based and no experiments were done in the field

· The leaf extract was prepared by non-organic solvent based filtration

· The cytological effect were directly induced by various concentrations  of LEA treatment in  various time interval.  

2. LITERATURE REVIEW

There are many chemicals agents that we use for our beneficial purposes. The evidences accumulated in the past few decades have indicated that a countless number of insecticides, herbicides, fungicides, laboratory agents, antibiotic, food preservatives and plant extracts of medicinal values are capable of inducing chromosomal damages and inhibit cell division in organism. Since the discovery of mutagenic effects of chemical agent, mustard gas (Auerbach and Robson 1946) many other such chemicals have been discovered.

The use of agrochemical and the current agricultural practice is serious set back concern subject. The positive result yield by the use of the agrochemicals in the better exploitation of plant species of economic importance is well known. However, the potentialities of these chemicals as mutagenic as well as carcinogenic agents to the non- target organisms, have been demonstrated by several workers (Wuu and Grant, (1967) Epstain and Legator 1971)

The different ethnic groups have been using the whole plant or specific plant parts of Neem such as barks, leaves, flowers, seeds as many require for the preparation of different indigenous medicines. It is, therefore, a high time for scientists to investigate such plants for their biological activities and to find out active constituents from these plants. In general, public has developed a kind of adverse feeling towards the desirability of synthetic chemicals and a tendency to view the naturally derived substance and extracts as more safe and desirable.

2.1
Cytological Effect of Plant Extracts 

The treated root tips of Vicia faba with either Mimosine or Sodium salt in a aqueous solution the result obtained clumping and restric in division of chromosome at metaphase. Sometimes c-mitosis resulted due to treatment with relatively low concentrations. Mimosine also caused chromosome clumping in the root tips of Glycine javanica, Allium cepa, Hordeum vulgare and Leucaena lucocephala (Pritchard and Court 1968). 

Abraham et al. 1976, observed the effects of two commonly used condiments ginger and turmeric rhizomes in Allium cepa. The extracts were found toxic above 4% to root tip cells of Allium cepa and below this chromosomal break c-metaphase, binucleate cells and multipolar Anaphase.

Shakya (1977) studied the effects of colchicines in Vicia faba. The moderate concentration (0.025% and 0.05%) of colchicines produced c-metaphase and polyploid cells in the root tip. The size of nucleus increased with the concentration. But no polyploid cells were found in 0.075% and 0.10% concentration. The mature leaves extract of the betel vine produce clumping of chromosomes and bridges metaphase on the root meristem of Allium cepa, Abraham and Cherijan (1978).

Shehab (1979) studied the cytological effect of medicinal plant water extract of Pullicaria crispa and Allium cepa induce the chromosomal anomalies. The percentage of anomalies with increase of concentration and duration of treatment. The occurring abnormalities were spindle disturbance, stickiness and sticky bridges and laggards.

Shehab (1980 a) reported the effect of water extract of medicinal plant Teucrium pilosum on Allium cepa. It induced the abnormalities like spindle disturbance, stickiness, c-mitosis, lagging chromosome, bridges, polyploids and breaks.

Shehab (1980 b) observed the comparative cytological studies of the effect of aliphatic alcohols and the fatty alcohols from Euphorbia granulate and Pulicario crispa on mitosis of Allium cepa. The abnormalities found were stickiness, disturbed metaphase (pseudo-spindle mitosis, somatic reduction and non-oriented chromosomes) multipolar spindle, lagging chromosome, bridges, c-mitosis, c-anaphase, contracted chromosomes and multinucleate cell.


Various types of tobacco extracts were found to cause pycnosis and dissolution in the interphase cells and a variety of chromosomal aberrations in dividing cells. Several treatments caused irreparable damage leading to death and decay of cells and tissues ( Banorjee and Sharma, 1981).

Patnaik et al. (1984) studied the effects of Zarda extract on the chromosomes of Allium cepa. The most conspicuous features were the stretching and facture in the centromeric regions. Various other abnormalities like clumped metaphase and anaphase, bridge connections at anaphase and pulverization of chromosomes were leading to nuclear disintegration.

Khandelwal (1986) studied the effects of Ophioglossum oil in Allium sativum and Vicia faba. It was observed that mitotic index decreased gradually with increase in the time of treatment and prolonged treatment caused death and disorganization of actively dividing cells. The potential use of this oil as anti-cancer chemotherapeutic agent was also reported.

Adam et al. (1987) studied the mitotic effect of leaf extracts of Ipomoea carnea and Allium cepa. It induced irregularities like spindle inhibition, disturbed prophase and metaphase, sticky and ring chromosomal in metaphase and telophase.

The effect of water extract of Cymbopogan proximus on the mitosis in the root meristem of Vicia faba was studied by Adam and Farah (1988), which was mitodepressive in effect. The number of prophase decreased while metaphase, anaphase and telophase increased. Chromosomal irregularities such as stickiness, disturbance, lagging chromosome and bridges were observed.

George and Geethamma (1990) studied the effects of the leaf extracts of Ricinus communis on Allium cepa. The major abnormalities were heavy pycnosis , Clump of chromosomes, chromosome fragmentation, lagging, unequal segregation at anaphase, chromosome bridge, spindle arrest resulting in the scattering of chromosomes, disintegration of nuclear and chromatin materials, nuclear budding and multinucleate.

Saggoo et. al (1991 studied the cytological effect of Indian medicinal plants. Mitotic effect of leaf homogenate of Tylophora indica on Allium cepa. The lower concentration of leaf homogenate caused mitoactivation while higher ones were mitodepressive. The leaf homogenate induced both physiological (stickiness of chromosomes, lagging chromosomes and hyperploid cells etc) and clastogenic (chromosome breaks, ring chromosome and chromatin bridges) types of aberrations.The relative cytotoxic effects of extracts of different types of tobbacos on Allium cepa mitosis were studied by Banarjee (1992). Mitotic index indicated that the tobacco extract cause mitotic abnormalities such as stickiness, somatic bridge formation, diplochromatid and clumping were general abnormalities.

Hengtai et al. (1997) studied the effect of Chinese liquor on the cell division of Allium cepa. In the anaphase and telophase, laggard chromosome chromatin bridge, a centric fragment and poly polar distribution were found frequently.

Lamsal(2000) studied the cytological effect of Zanthoxylum armatum on mitotic activity and chromosomal behavior in root meristem of Allium cepa.

The result showed that extract was capable of inducing various types of cellular abnormalities like accumulation of prophase and telophase cells, equatorial plate shifting, unequal condensation of chromatin material, non-synchronized precocious arms, delayed cytokinesis and stickiness.

2.2
Cytological Effects of Insecticide 

The cytological effects of insecticides (Dimecron-100 and Rogor-40) were studied on Vicia faba. The type of abnormalities found was chromosome breakages, abnormal chromosome separation and micronucleus formation.

Amer and Farah (1974) reported that insecticide Ragor was capable of inducing mitotic abnormalities such as disturbed prophase, meta and anaphases in both Vicia faba and Gossypium barbadense, lagging chromosomes, chromosome contraction, chromosome stickiness, fragmentation, anaphase bridges and multipolar anaphases were observed only in Vicia faba L. 

Amer et al. (1986) observed the effect of insecticide Rotenone on root mitosis of Vicia faba. The type of abnormalities induced where disturbed meta and anaphase (where, the chromosomes spread irregularly over the cell) in high percentage, chromosome stickiness, lagging chromosomes and ana-telophase bridges.

Pandita (1986) observed the effect of insecticide Meta systox-R on the root meristem of Allium cepa. The result observed from root tips exposed to various insecticide concentrations. Chromosomal aberrations like bridges, fragments, laggards, chromosomal paling and micronuclei were found very often.

The four organophosphorus insecticides viz. Dichlororos, Monocrotophos, phosalene and oxydemetonmehyl induced clastogenic and turbogenic effects to different degree on root meristem of Allium cepa. These included chromosome breaks at metaphase, heteromorphic diplochromosome at metaphase, anaphase bridge, chromatid connection at metaphase, heteromorphic diplochromosome at metaphase, ring chromosome and fragment at metaphase, micronuelei, lagging chromosome at anaphase, forward chromosome at Anaphase. Among four insecticides, Monocrotophos was observed to be more effective as a clastogenic agent followed by Dichlorovos, phosalene and oxydemetonmethyl respectively (Rao et al. 1987)

Devdas et al. (1987) reported that insecticides produced mitotic effects, cytogenical effects and chromosomal effect. They were capable of producing a variety of mutations in Caspcicum sp. concerning the types of induced abnormalities, disturbed Meta and anaphases comprised the most dominant type. Stickiness of chromosome, fragments, bridges, lagging, micronuclei were also observed.

Bariand and Kapoor (1989) studied the cytogenetic effect of Sodium Salicyclate on the root meristem cells of Allium cepa.The young roots were treated with different concentration (0%,.05%,0.10%,0.25%,0.5%,0.75% and 1%.) of aqueous solution of Sodium salicyclate for different time hour i.e, 2, 4, 6, and 8 hours. The Study Reported the significant increase chromosomal aberrations, which was dependent on both the concentration and duration on treatment.

George and Geethamma (1990) study the effects of leaf extracts of Riccinus communis on the onion cell.There was complete arrest of mitosis at 4% of the extract and increase in percentage of abnormalities with increasing concentrations.The major abnormalities obtained were heavy pycnosis, clumping of chromosomes, chromosome fragmentation, lagging and unequal segregation at anaphase, bridges, spindle arrest and multinucleation.

 Saggoo et al (1991) studied the cytological effects of medicinal plant Tylophora indica on Allium cepa. The lower concentration caused mitoactivation while higher ones were mitodepressive. The chromosomal aberrations include both physiological(stickiness, lagging, hyperploid cells etc) and clastogenic(chromosome breaks, ring formation and chromatin bridges)

Root tips of Allium cepa treated with 10, 25 and 50 ppm of the insecticide cypermethrin for 6 and 14 hours with recovery period of 12, 24 and 48 hours induced mitotic abnormalities which increased in number with increase in concentration (Kara et al. 1995). It also exerted marked mitrodepressive action.

George and Ghareeb (2001) studied genotoxicity of the insecticide Cyolan on mitosis and seed storage protein of Vicia faba. The used insecticide solution had mitodepressive effect and induced a wide range of mitotic abnormalities. The mitotic abnormalities include stickiness, laggards, bridgeness, fragments, disturbed phases, micronucleus and multipolar cells.

Cytotoxic effect of an insecticide Venvalerate on root meristems of Allium cepa L. was studied by Malla and Shakya (2003). The insecticide suppressed mitotic index value significantly. The abnormalities like c-metaphase, precocious chromosomes, chromatin bridge, multipolar anaphase, bi-tri and multimucleated cells, laggards, and micronuclei.

Cytological effect of insecticide Metasystox was studies on root meristems of Allium cepa by Shreshta and Pant (2004). Metasystox was capable of inducing mitodepressive as well as positively chromo toxic effect and abnormal cellular behaviour. The effects included high lethality of cell division, stickiness, c-metaphase, disturbed polarity, nucleas dissolocation, fragments, breaks, laggards etc.

2.3
Cytological Effects of Pesticides 

Amer and Ali (1968) observed the mitotic effects of pesticides (some phenols) on the root meristem of Vicia faba. The pesticide caused accumulation of the metaphase stage on the expense of the Ana-telophase stage. The induced types of anomalies were disturbed type (disturbed metaphase, prophase-metaphase and disturbed ana-telophase), lagging chromosomes, stickiness, fragmentation and cytomixis.

Amer and Farah (1975) studied the mitotic effects of pesticide Isoprop.N.Phenyl carbamate and “Duphar” on Vicia faba and Gossypium barbadense. A clear decrease in the mitotic index was observed. Disturbed prophases, meta and anaphases comprised the main induced abnormalities. Lagging chromosomes, multipolar anaphases, chromosome fragmentation and multinucleated cells were also observed.


Mishra and Sinha (1981) studied the effect of malathion (Dimethyl phosphorodithioate diethyl mercaptosuccinate) mixed with water caused decrease in mitotic index. The decrease was directly proportional to the dose of pesticide administered. Most of such decreases were due to decrease in the proportion of cells belonging to prophase. Abnormalities like fragmentations, stickiness, anaphase bridges, multipolar, spindle and laggards were observed.

John and Sarbhoy (1988) studied the effects of chlorinated and pesticides on somatic chromosome of lens and Pisum. The pesticide induced abnormalities like inactivation of spindle mechanism, condensation of chromosomes below their normal size, chromatin bridges at anaphase and telophase etc.

Two pesticides roger and Baristin and an antibiotic-streptomycin induced cytological effects on the pollen mother cells of Lathyrus sativus grown after seed treatment. All chemicals were capable of inducing cytological disturbances and genotoxicity effect (Upendra  et al. 1991)

Priya et al. 1995 studied the genotoxic effect of an organophosphorus pesticide Malathion on the root meristem of Allium cepa was carried out. The root tips were exposed to the Malathion and post treated with the phyllanthus sp extracts and distilled water. This could neither restore the normal mitotic index nor bring about reduction in the chromosomal irregularities. However the residual analysis of the treated and post treated cells showed the absence of pesticidal residues.

Manandhar (2000) studied the effect of pesticide metacid and water extracts of Taxus buccata on meristem of Allium cepa. It was found that various types of cytological abnormalities like c-metaphase, chromosomal irregularities, retardation of chromosome movement were observed. Mitodepressive and clastogenic effect of the extract were also noted.


2.4
Cytological Effect of Herbicides

Adhikari 1982 studied the tow herbicides, 2, 4-dichlorophenoxyacetic acid and 2,4,5-trichlorophenoxy acetic acid induced both cytological and morphological effects. The most common type of abnormality was formation of bridge and fragmentation .2,4-dichlorophenoxyacetic acid was found more effective in producing morphological as well as cytological abnormalities.

Badr (1983) has found the cell reaction in Allium cepa and Vicia faba against Aventox. He observed the decrease in mitotic index (MI) in Allium cepa than Vicia faba.
EL-Khodary et al. 1989 studied the herbicide Garlon-4 which was capable of inducing various chromosomal abnormalities on meristematic cells of Allium cepa. The observed effects were chromosomal stickiness, c-metaphase, c- anaphase, tetraploid and restitution nucleus, laggards, bridges tripolar and disturbed metaphase and anaphases, micro and binucleated cell as well as multinucleated cells at the interphase stage.

Chauhan et al (1990) observed the effects of urea in plant cells and cytological effects of isoproturn on the root meristem cells of Allium cepa. Moreover conspicuous feature was the turbogenic nature rather than clastogenic. Various other abnormalities and high percentage of chromosomal abnormalities like stickiness, micronucleates were abserved.

Topakta and Rencuzogullari (1991) studies the effect of herbicide Gesagard and Igran in Barley in which abnormalities like c-metaphase, chromosomal contraction, lagging chromosomes etc were observed.

El-Ghamery et al (2000) also studied the action of Atrazine herbicide as an inhibitor of cell division on Vicia faba. The percentage of abbreviations in Allium cepa was higher than in Vicia faba. The types of abnormalities induced were stickiness, lagging distribution, fragments and few cells micronucleus of interphase stage.

Shrestha S. (2002) studied the effect of herbicide isoproturon on root meristematic cells of Allium cepa. She studied various abnormalities like plasmolysed cells at metaphase, non-synchronized movement of daughters chromosome, stickiness, c-metaphase, precocious arms, laggards and micronucleated formation. It was observed both mitodepressive  and cytotoxic in effect.

2.5
Cytological Effects of Fungicides

Joshi et al. 1982 studied the Fungicides Bavistin and Dithane M-45 which are used in Nepal, was found to inhibit mitotic activity and induce chromosomal abnormalities such as stickiness, breaks and bridges but exerted a weak c-mitotic activity in Allium cepa, Eleusine corocana and lycopersicum esculentum  root meristem.

Somashekar et al, 1984 studied the cytological effects of fungicide Topsim in case of Allium cepa. It also induced c-metaphase spindle abnormalities and inhibited cytokinesis. He also studied Vitavax, a systematic fungicide was tested for its antitoxic and clastogenic effects on Allium cepa. The various types of spindle abnormalities inhibit cell plate formation and exhibited antimitotic activity.

Prakash et al. 1988 studied fungicides like Bivistin and Diathene was found to inhibit seed germination and seedling survival and induce chromosomal aberrations such as univalent and multivalent stickiness and non orientation of chrosomomes at metaphase-I, chromatin bridges and laggards were observed at an anaphase.

Pandey et al. 1994 studied the treatment of different concentration of Diathene M-45, Aldrex-30 and metalid-50 showed positive chromotoxic effects in Allium cepa root meristem. Effects included high lethality  for cell division. Clumping bridges, fragments, cytomixis, disturbed polarity etc.  effects were observed frequently observed.

2.6
Cytological Effect of Industrial Effluents

Mercykutty and Stephen 1980, studied Adriamyecin is one of the best antibiotics used in cancer chemotherapy. The antibiotic showed mitodepressive effects and induced chromosomal abnormalities like c-metaphase, clumping and disintegration of chromatin and nuclear material in Allium cepa cells.

Plant or animals are directly or indirectly being exposed to wide variety of industrial pollution whose cytological effects have not been fully assesed. Cytological effects of  plywood and sugar factories effluent on Allium cepa root meristem was investigated by Rangaswamy et al. (1981). The effluent on Allium cepa root meristem was investigated by severe inhibitory action on cell division and induced various types of mutagenic, nuclear and chromosomal abnormalities. The possible reason for this was assumed to be due to the presence of organic and inorganic chemical traces.

Kaushik et al.(1997) studied the cytological effect of sugar mill effluenet on meristamatic cells of Allium cepa. The result show that severe inhibitory action ion cell division and induced varios types of mutagenic, nuclear and chromosomal abnormalities.

Sudhakar et al.(2001) studied the effect of effluent of silk dying industry in root meristem of Allium cepa, varios types of chromosomal abnormalities likestickiness,fragments, bridges, laggards, binucleated cells etc.

3. MATERIALS AND METHODS

The Leaf of Neem is used as both medicinal and insecticide by the inhabitants.At present the Cytological effect of LEA on meristamatic cell of Allium cepa has been carried out. For the experiment work, root meristems of common onion (Allium cepa L., 2n=16) were used as bioassay. 

3.1
Materials 

Onion (Allium cepa L.) meristems is used  as bioassay

3.1.1
Onion Bulbs and Bulb Rooting Experiment

Healthy looking and approximately equal sized bulbs of onion (Allium cepa L.) were collected from market of Kathmandu. The onion bulbs were selected because of easiness in handling fast growth rate and convenience in cytological observations.

The bulbs were thoroughly washed with tap water and old roots present in bulbs were removed properly to obtain the actively growing root tips. These bulbs were placed with their basal side facing downwards over coupling jars filled with tap water. The water in the jar was replaced at 24 hours interval so as to check the growth of microorganism and prevent an injurious effect on the growth of the roots due to dissolution of a yellow pigment from the outer scaled of the bulbs by the tap water.

3.1.2
Preparation of leaf Extract of Azadirachta indica A. Juss

10 gm of fresh and healthy Neem leaves were taken. These leaves were cut to small pieces then finely grinded in mortal and pestle. The contents were then mixed with 100 ml of distilled water. The mixture was boiled for about 5 minutes and filtered. The solution was considered to be standard solution.

3.1.3
Preparation of Different Series of Concentrations

From the standard solution, a series of descending concentrations (5%, 10%, 15%, and 20%) were prepared by mixing 5 ml, 10 ml, 15 ml, and 20 ml of extract with 95ml, 85 ml, and 80 ml of distill water, respectively. The control was designed as Co.

3.2
Methods

3.2.1
Treatment of the Rooting

When the roots of onion (Allium cepa L.) were about 2 cm long they were exposed to freshly prepared test solutions of different concentrations for 3, 6, 12, 24 hours at room temperature. As the period of treatment was prolonged and high concentrations were found to be lethal, they were avoided. Control roots were simultaneously treated with tap water in order to compare with that of treated leaf extract.

The schedules of treatment were given in table 1.

Table 1: Schedules of Treatment 

	Times of transferring the materials to the leaf extracts
	Time period

In hour
	Fixing time

	10:30 am (control)
	0
	10:30

	07:30 am
	3
	10:30

	04:30 am
	6
	10:30

	10:30 pm (previous night)
	12
	10:30

	10:30 am (previous day)
	24
	10:30


3.2.2
Preparation of Agents for Cytological Study

The following agents were used for fixing and staining the tissues:

Fixing agent – Acetic – alcohol:

Glacial acetic acid                                                      1 parts

Absolute alcohol                                                        3 parts

Preserving agent – alcohol:

70% Ethylacohol was use for short time preservation of tissues before staining.

Stain – Aceto – carmine   2%.

Carmine                                                     2 gm

Glacial acetic acid                                     45 ml

Distilled water                                           55 ml

Ferric hydroxide                                        Few drops

3.2.3
Cytological Fixation

The treatment and control root tips of onion (Allium cepa L.) were excised, thoroughly washed in tap water and fixed in freshly prepared 1:3 acetic alcohol for 2 hours and preserved in 70% ethyl alcohol. The fixing time was around 10:30 am.

3.2.4
Aceto–Carmine Squash Technique

Cytological preparations were made by using the aceto–carmine squash technique, where by the fixed roots (about 1 cm) were stained in 2% aceto–carmine mixed with 1N HCl in ratio 9:1 for hydrolysis – and squashed ( about 2 mm root tips ) were made in 45% acetic acid on a clean  slide. The cell were spread well so that it become clearly visible under microscope.

3.2.5
Preparation of Permanent Slide and Mounting Media

Celarier (1956) was followed for the preparation of permanent slides. The composition of dehydration grade was as follows:

A) Glacial  acetic acid 

1 part

Butyl alcohol     

1 part

B) Glacial acetic acid    
1 part 

Butyl alcohol   

3 part

        C) Butyl alcohol       

pure (100%)

After dehydration the mounting media of the stained meristematic tissues was done in Euparol. Necessary photomicrographs were taken from permanent and freshly prepared temporary slides.

3.2.6
Cytological Observation and Analysis

The prepared slides were studied under compound microscope. The observation were recorded on around 4000 cells from at least five different root tips treated with various concentrations of leaf extract. The indexes and abnormalities were scored and analyzed by using the following formulae:

According to Levan in 1949 (cf. Kihlman 1972;  Mederios and Takahashi 1987).

Mitotic Index (MI) = 
[image: image48.jpg]Fig. 1 Flowering twig (Azadirachta indica)
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3.2.7
Statistical Analysis

“The Friedman’s two way analysis of variance by ranks” method (Siegal 1956) was applied to calculate whether the time of treatment and concentrations effected the mitotic index of Allium cepa root tip cells or not. The data from the table no 7 and 8 were submitted for calculation as follows:
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Where,

N = Number of rows (Concerntrations)

K = number of columns (duration of treatment)

Rj = Sums of rank in the jth  Column    
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 = directs one sum of the squares of the sum of ranks over all k conditions.

The degree of freedom (df) will be determined by the reference to the chi (χ) square distribution with df = K – 1 and the significance value will be matched at 95% probability (P) < 0.05 . 

The standard deviation (SD) will be determine by the formula 

S = 
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Where, 

S = Standard deviation
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4. RESULTS 

From the experiment the cytotoxic effect of leaf extract of Azadirachta indica was analysed on dividing cells of Allium cepa. Leaf extract of Azadirachta indica is capable of producing numerous mitotic abnormalities. The extract is found to have lethal effect on dividing cells in various and concentration at the given treatment period.  

The cytological effects have been estimated on the basis of change in mitotic index and percentage of abnormalities at different concentrations and duration of treatments.

The results are tabulated and elaborated under the following subheadings.

4.1
Effect in Mitotic Index 

Table No. 3 shows the effect of extract in mitotic index in different concentration. The highest value of mitotic index was found of that control (34.75%). The value of the mitotic index decreases with increasing time and concentration. 5% of concentration in 6 hrs treatment period showed the highest value of mitotic index among the treated groups. The least value of the MI was found in 24 hrs treatment in 20% of concentration. The observation indicates that mitotic index has inverse relation with that of duration of treatment and concentration. (Table: 4) 

4.2
Effect in Phase Indices 

4.2.1
Effects in Prophase Index

Table 3 shows the value of Prophase index increased with increase in time and concentration. The prophase index of control is 86.63. The minimum value of PI is 86.61, at 3 hrs treatment time and on 5% concentration. The highest value of PI is 93.5% at 12 hours treatment time and on 15% concentration.

4.2.2
Effect is Metaphase Index 

Table 3 shows the values of metaphase index. The value of metaphase index of control is 5.13. The highest value of metaphase index is 6.84 at 3 hrs treatment period on 15% of concentration. The minimum value of metaphase index is 3.35 at 24 hours duration on 20% concentration. 

4.2.3
Effect in Anaphase and Telophase Index

Table no. 3 shows the anaphase and Telophase indices. There was no regularity in the value of these indices maximum of the Ana and Telophase index of control was 8.23 which was highest value. Among the treated groups the highest value was that at 12 hrs treatment time at 5% of concentration i.e. 7.19 and lowest value is 3.01 in 10% concentration at 12 hrs. treatment time. 

4.3
Relation between Mean Mitotic Index and Mean Phase Indices

Mean mitotic index and mean phase indices are shown in Table no 4. The value of mean mitotic index gradually decreases with time period of treatment from 30.03 at 3 hrs treatment and 19.20 at 24 hrs treatments respectively. The mean mitotic index value of control is 34.75. Mean prophase index increases with the increase in time period of treatment hrs but mean metaphase index didn't show any regularity. Mean Anaphase and Telophase index showed decreasing tendency with increase in time period but didn't show any regularity. 

4.4
Percentage of Abnormal Cells         

Table no. 5 shows the total percentage of abnormal cells at phase treated with different concentration of neem extract.

4.4.1
Total Percentage of Abnormal Cells 

Total percentage of abnormally cells is shown in Table no. 5. Least no. of abnormal cells is observed in control i.e. 1.42. Among the treated groups highest percentage of abnormal cells were observed in the cell treated with 20% concentration at 24 hrs treatment duration. 

4.4.2
Total Percentage of Abnormality in Prophase

The values did not show any regularity. The highest value 3.35% of abnormality was observed in 20% concentration at 24 hrs treatment period. The lowest value is 0.73% observed in 15% of concentration at 3 hrs treatment period. (Table  5) 

4.4.3
Total Percentage of Abnormality in Metaphase

Table no. 5 show the percentage of abnormality metaphase cells. With in the treated groups the maximum abnormality value was observed in 15% concentration at 24 hrs of treatment i.e. 3.74 and lowest value obtained is 1.50 in 20% concentration at 3 hrs treatment period. 

4.4.4
Total Percentage of Abnormalities in Anaphase and Telophase 

Among the chemically treated groups the highest value of abnormality 4.91 was observed in 24 hrs treatment period of 20% concentration and lowest value was 1.36 in 15% concentration at 12 hrs treatment period. The control value was 0.49%.  (Table 5)

4.5
Proportion of Abnormalities in Phases among Experimental Groups 

Table no. 5 shows the proportion of Abnormalities in cells of different phases with Azadirachta extract treated roots of different concentration at different time period. 


4.5.1
Abnormal mitotic phase on 5% Azadirachta 

Table no. 5 shows the abnormal mitotic phases treated with 5%. Abnormal mitotic phase increased from prophase to ana-telophase. The highest value 4.91 % of abnormal was obtained in Ana-telophase at 24 hrs of treatment period and lowest value 1.47% was obtained at 6 hrs of treatment in prophase. 

4.5.2
Abnormal mitotic phases on 10% Azadirachta Leaf Extract 

Prophase abnormality increased with increased time period of treatment. In other phase there was no regularity in abnormality. The highest value of abnormality was observed in prophase at 24 hrs of treatment period. i.e. 3.12

4.5.3
Abnormal mitotic phases on 15% Azadirachta Leaf Extract

Table no. 5 shows the abnormal mitotic phases on 15% of Azadirachta Leaf Extract. Prophase abnormality increased with increase time period of treatment from 0.73 to 2.10 at 3hrs to 24hrs of treatment hrs. Increasing tendency was also shown from prophase abnormality to Ana-telophase abnormality in each treatment period. Metaphase and Ana-telophase scored highest in abnormality at 24hrs of treatment period and lowest value 0.73 was obtained prophase at 3hrs treatment period. 

4.5.4
Abnormal mitotic phase on 20% Leaf Extract of Azadirachta
The abnormal mitotic phases on 20% of leaf extract of Azadirachta is shown in Table no. 5. The abnormal cells in prophase increased with increasing time period of treatment. Abnormality in metaphase also increased from 3hrs treatment period to 24 hrs treatment period. Ana-telophase abnormality didn't show any regularity with increasing treatment period. Lowest value of abnormality was obtained in 3 hrs treatment period i.e. 1.5. The highest value 4.91 of abnormality among phases was obtained in Ana-telophase at 24 hrs treatment period. 

4.6
Effect in Chromosome Behaviour


Different types of chromosomal abnormalities were observed in treated with different concentration of leaf extract of Azadirachta in root meristem of Allium cepa L. Some of the abnormal phases are shown photo plate. 

4.7
Nature of Abnormal Cells in Different Mitotic Phases

4.7.1
Nature of Abnormal Cells in Prophase 

Clumping of chromosomes, unequal condensation of chromatin thread, stickiness were the abnormalities found in prophase. Among them clumping of chromosome were frequent. 

4.7.2
Nature of Abnormal Cells is Metaphase (Plate No. 1)

C-metaphase, equatorial shifting, fragmented chromosomes, were prime abnormalities seen in metaphase. Among them pole shifting were frequent. 

4.7.3
Nature of Abnormal Cells in Anaphase and Telophase (Plate No. 1)

Shifting of poles, binuleated cells, unequal condensation of chromosome bridge, precocious arm, laggards, fragmented chromosomes, were prime abnormality found in these phases. 
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Fig. 1: Graph of Mitotic Index of Allium cepa root tip cells Vs Treatment time with given concentration of Leaf extract of Azadirachta 
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Fig. 2: Graph of Prophase Index of Allium cepa root tip cells Vs Treatment time with given concentration of Leaf extract of Azadirachta 
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Fig. 3: Graph of Metaphase Index of Allium cepa root tip cells Vs Treatment time with given concentration of Leaf extract of Azadirachta 
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Fig. 4: Graph of Anaphase and Telophase Indices of Allium cepa root tip cells Vs Treatment time with given concentration of Leaf extract of Azadirachta  
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Fig. 5: Bar diagram of Mitotic, Prophase, Metaphase, Anaphase and Telophase indices Vs Treatment time with 5% concentration of Leaf extract of Azadirachta 
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Fig. 6: Bar diagram of Mitotic, Prophase, Metaphase, Anaphase and Telophase indices Vs Treatment time with 10% concentration of Leaf extract of Azadirachta 
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Fig. 7: Bar diagram of Mitotic, Prophase, Metaphase, Anaphase and Telophase indices Vs Treatment time with 15% concentration of Leaf extract of Azadirachta 
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Fig. 8: Bar diagram of Mitotic, Prophase, Metaphase, Anaphase and Telophase indices Vs Treatment time with 20% concentration of Leaf extract of Azadirachta 
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Fig. 9: Graph of Mean Indices of Mitotic, Prophase, Metaphase Anaphase and Telophase Vs Treatment time with mean percentage concentration of Leaf extract of Azadirachta 


[image: image27.wmf]0

3

6

9

12

Control

3

6

12

24

Time (Hours)

Total Percentage of Abnormal Cells

control

5%

10%

15%

20%


Fig. 10: Graph of Total abnormal cells percentage Vs Treatment time with given concentration of Leaf extract of Azadirachta 
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Fig. 11: Graph of Percentage of abnormalities among the abnormal cells in Prophase Vs Treatment time with given concentration of Leaf extract of

Azadirachta 
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Fig. 12: Graph of Percentage of abnormalities among abnormal cells in Metaphase Vs Treatment time given concentration of Leaf extract of Azadirachta 
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Fig. 13: Graph of Percentage of abnormalities among the abnormal cells in Anaphase and Telophase Vs Treatment time with given concentration of Leaf extract of Azadirachta 

5. DISCUSSION AND CONCLUSION 

The present work was aimed at to find the cytotoxic effect of leaf extract of Azadiractha on chromosome behavior and mitotic activities during somatic cell division in root meristem of Allium cepa. It has been found that the extract was capable of producing various abnormalities. The observation of mitotic and different phases indices were used for both positive and negative effects on the cell including orientation of chromosomes. The attempt had been made with an aspect of antimitotic or mitodepressive effects observing lethality in dividing cells, prophase poison, c- mitosis and chromosomal irregularities. 

The value of the mitotic index decreased with increasing concentration of the leaf extract of Azadiractha and treatment period. This proves the inhibitory effect of the extract. Similar results were obtained in pesticides (Amer and Farah 1974, Rao et al. 1987), Herbicides (Badr and Ibrahim, 1987), Plant extracts (Shehab 1980, Abrahim et al. 1979). 

From the present experiment the abnormal chromosomes during mitotic division on root tip cells of Allium cepa reflects that leaf extract of Azadiractha possess mitodepressive property. Similar cytological effects have been shown by water extract of Pteridium aqualinum (Prasad and Shrimal,1976).

The decrease in mitotic index may due to inhibitory effect of essential oils and some alkaioids present in leaf extract of Azadiratha. These organic compound might effect enzyme production and functions such   as induction repression. Similar interpretation was reported by (Kaul, et al 1972 )

From the statistical analysis it can be concluded that the time of treatment does affect mitotic index value. The((2 value obtained was 11.1 which show that the experiment performed is less error prone and is statistically significant. Medeiros and Takahashi (1987) also reported the similar results in Allium cepa root cells treated with Luffu operculata extract. 

Prophase index increased with increase in concentration of leaf extract and duration of treatment. The increased value of prophase index might be due to prophase poisoning which is the direct effect of the extract on root meristem of Allium cepa. The delayed prophase stage might be due to the disruption in the formation of spindle formation. Kaul (1972) obtained similar results by studying the cytological effects of some amides. Prasad and Das (1977) also reported the effect of some growth substances on root meristem of Allium cepa Table no 4 revealed that the mean metaphase index didn't show any regularity. The highest value of metaphase index obtained is 6.21 at 3 hrs of treatment duration and least value was obtained at 12 hrs period of treatment i.e. 4.02. The control value of metaphase index was 5.13.

The mean value of Ana and Telophase indices were comparatively higher than that of mean metaphase index with a few exceptions.

Fewer abnormalities were observed in control however higher frequency of abnormality was observed in cells treated with leaf extract. Anaphase and Telophase abnormality did scored higher than Prophase and metaphase abnormalities

In the present observation, the decrease in metaphase and anaphase index is noted as the time of treatment and concentration increased. This may be due to prolonged prophase or the dividing cells blocked in prophase (Shrestha, 2002) or may be due to disturbed spindle mechanism in dividing cell. 

The major types of abnormalities found in metaphase were c-metaphase, sticky chromosomes equatorial plate shifting but fragmented chromosomes were rarely found. Shifting of equatorial plate and formation of c- metaphase may be due to inhibition in spindle mechanism due to negative effect in RNA synthesis(Pun,1994), Amer et al.1971 )


The delay in chromosomal movement resulted in c-metaphase  was frequently observed abnormality. Merakutty and Stephen (1980) obtained similar results. The possible, reason behind c-metaphase might be due to inhibition in transcription of spindle protein. 

Stickiness, equatorial plate shifting were frequent similar results were obtained by Shebab (1980) in Allium cepa treated with water extract of Teucrium pilosum. 

Sticky  metaphase constantly increase as time period and concentration increases, Stickiness is a type of physical adhesion involving mainly pertinacious matrix of chromatin material, such stickiness appear s due to depolarization of nucleic acid of chromosomes, cross linking of DNA of chromosomes.(Darlington & Lacour, 1978).

The chromosomal fragmentation at metaphase by the extract might have an action of DNA molecule responsible for the linear continuity of the Chromosome (Grant 1978). A disturbance in the metabolism of RNA affects the protein synthesis in the chromosomes, this leads to hazards in protein reduplication, ultimately resulting in chromosome breaks (Sharma and Ghosh, 1963).

Anaphase and Telophase gave abnormalities like, laggards, ferocious arms and precocious chromosomes, unsynchronized movement of daughter chromosomes, pole shifting, binucleated cells, 

Lagging chromosomes may be due to hindrance of the pro-metaphase movement accompanied by adhesion of the Centromere of one or more chromosomes to the outer layer of the plasma and movement of the others toward the equatorial plate (Barthelmess, 1957). 

Lagging chromosomes were also the result of stickiness of chromosomes besides that delayed terminalization also play vital role. Bridge formation was less commonly observed during this experiment. Bridges are the results of stickiness of chromosomes and subsequent failure of anaphase separation. Laggards may be due to retardation of chromosome movement due to stickiness (Kaur and Grover1985) 

Bi and Trinucleated cells are the result of inhibition of cell cycle where chromosomal DNA is replicated, but not distributed in usual way. The disorder occurred in phragmoplast formation might lead to the formation of bi –nucleated cells. Pole shifting might be due to depolymerization of spindle apparatus (Medeiros and Takahoshi, 1987) binucleated cells, unequal cytokine sis were frequently observed abnormalities in Telophase similar results were observed by Rangaswamy et al. (1981) in root meristem of Allium cepa treated with effluent from Lac and Paint.

Besides these abnormalities in dividing cells some abnormalities were observed in non dividing cells. The abnormalities found in these cells were shifting of nucleus to the polar position of plasmolysed cells(shrinkage of cytoplasm)and reduced size(agglutination or stickiness).The shifting of nuclease  to the polar position may be due to the imbalance in the osmoregulation of the cells,(Rangeswomy et al.(1981).

Present observation indicates that the leaf extract of Azadirachta indica is capable to inhibit the cell division and cause anomalies in interphase as well as chromosomal behavior during mitotic cycle. Clastogenic effect was noticed in use of LEA in higher dose for longer treatment. The low concentration cause blockage among different phases causing variety of abnormalities in each phase while high concentration caused toxic effect to plant.

This work has been done strictly under controlled environment so the results might not correspond with those when performed in natural field under the influence of a number of physical factors like solubility, PH, photolysis, temperature, etc. Hence, further rigorous study in the field is recommended considering all physical and biological factors and correlative statistical methods should be applied to find out the effective time and concentration of LEA, able to cause cytotoxicity as well as genotoxicity in plants and animals, including insects, pests and humans.

6. SUMMARY

Azadiractha plant is widely used   as both medicinal and insecticide by local inhabitants. At present the cytological effect of leaf extract of Azadirachta indica.A.Juss was studied in the root meristem of Allium cepa, treated with four different concentration viz.5%, 10%, 15%, and 20% for 3hrs, 6hrs, 12hrs, and 24hrs respectively. The chemical has toxic effect in the dividing cells of Allium cepa showing the reduction in the value of mitotic index. In every case of treated roots tip cells showed the depression in the value of mitotic index clearly indicating the mitodepressive effect of the leaf extract. From statically analysis the value of the chi square obtained is which indicates that the extract has significant toxic effect on the dividing cells of the plant.

The present study shows the correlation between concentrate of LEA and duration of treatment. Higher Concentrate of LEA as well as longer duration of treatment generates the inhibitory effect on the division of cells. Lower concentration of LEA shows less effect on mitotic index value (MI) in comparison with control value, which is attributed to delay in metabolic activities. The retardation and the blocking of different phases of cell division appear on lower and higher concentration at given different treatments period. However, retardation of cell division is prominent with increasing concentration of LEA along with longer treatment periods. 

The result show that LEA has potential capability of inducing a number of cellular and chromosomal abnormalities, such as accumulation of prophase and telophase cells, equatorial plate shifting to different orientations, unequal condensation of chromatin materials and chromosomes, on synchronized movement of chromosomes including precocious arms as well as delay in cytokinesis and stickiness. Higher abnormality was obtained in longer treated roots. Observation of such characters indicates towards metabolic disturbance, disturbance in spindle formation and depolymerisation of nucleoprotein.Clastogenic effect was noticed in use of higher doses for longer treatment of LEA. The low concentration caused blockage among different phases while high concentration caused toxic effect to the dividing plant cells.

Conclusively, the present findings showed that leaf extract is cytotoxic as well as mutagenic effect.                

Further more intensive research in this field should be carried out in future considering physical and biological factors which should be used to find out cytotoxicty and genotoxicity in plants, insects and humans.       .
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Photo Plate 1
Abnormalities showing in Mitotic phase induced by leaf extract of Azadirachta indica  
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