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I TROLUCTION

Agriculture production has achieved tremendous
progress in the past three decades. The implementation
of Green Revolution in general, and newer scientific
technology such as use of high yielding varieties, chemical
fertilisers, irrigation and mechanised farming in
pearticular, have revolutionised the World agriculture pro-
duction. It has increased at twice the rate of earlier
periods. The advancement in erop production has not been
vithout problems. Pests and diseases are the most important
agong them and have accounted for 30 to 40 per cent loss
of total crop production. Dr, Norman E. Borlaug, the
Nobel Luareate, warned omc¢e that human life will bve doomed
by starvation if crop pests are not brought under control.
The Indian Agricultur:l Research Institute has assessed
that an annual loss of 20 per cent of agricultural produce
valued at &,7,000 orores accounts to insect pests slone
in India., Today we are conseious of the fact that chemicel
control have been developed and that polsonous substances
are wvidely used to achieve pest cantrol and reduce crop
loss., ‘The cansumption of pesticides in India has recorded
a tremendous incresse for the last two decades. The

advantages of pesticides have reached such a level in crop



production, that few sealous farmers who think that if

a bit of pesticide is good for their crop, the more the
better, This unscientific use and careless handling of
pesticides have lead to adverse consequences. Though
the use of insecticides 1s immemse, they have limitations
too,

An unvarranted danger asacciated with the indis-
eriminate use of pesticlides is that their toxiclty niey be
exerted in unvanted directions, to the detrigent of the
user, the consumer and the biological environment in
which the chemicals are used. JIransloecation of these
chemicals from thelir sites of application also occuwrs
through various media of environosent (aily, water, goil znd
food), S0 exposure to pesticides far remote from the site
of applicatiamn, are also possible in the case of persistant
insecticides like oxganochlorine compounds. They are
highly stnblsz, causing biologiczl concuntration in the
food chain, ultimately ending up in human body. The
public alarm has becn ralsed against the Andiseriminate
use of pesticides after Rachel Carson in 1962 draumatically
enphasised the dangere to the flora and faunz associsted
wvith these polsonous chemicals through her highly laudzble
book ®*3ilent Spring".

dJome of the insecticldes besides being toxic,
hsve been known to be teratogenic, carcinogenic and



mitagenic, Mutagenicity of pesticides have been
established from studies on micro-organisas (Shirasu,

gt al., 1976; Carere gt gl., 1978), plants (Logvindko

and Morgan, 1978), Rromopbils melapogaster (Hanna and
Lyer, 1975) =nd mammals (Yoder e¢% al., 1973). The potemn-
tinlly outagenic insecticides can act vith the genetic
materials of various orgenisms coming in contact with
them -« bhoth target and nontarget - including human beings.
Thus, such chemicals present a gserious health probvles,
not only for the present genherations through chromosome
breakege as well as gene mutations in the somatic cclls,
but also for future generations through the production

of heritable gene mutations and chromosomal abnormalities
ultimately leading to a genetie disaster of unpredictable
proportions someday in human population, Such an inctance
has been reported from Illinois, in U.S.A., where John Bask
developed an aversion to food prepared frou crop procuce
obtained from growing them using chemical fertilizers and
pesticides, The disease 13 known as "Twentleth Century
Syndrome®™,

Insecticides which are potent mutasens are capable
of acting with the genetic material of the pest itself,
pracucing new mtant types, This ¢an lead to the produ-
cetion of new strains of pests wvhich may be reaistant to the
insecticides used. It vaz reported that there are L35



pessticide resistant insects all over the world. Ihis
number cen record prohibitive inorease by the use of

such chemicals., In adcition, a possibility of the break
down of the genetic make up of the crop plants also
cannot be ruled out, by the repeated application of pesti-
cides vhich are mutagenie.

Pesticices, thus appear to de a mixed blessing,
as on the one hiznd they help us to increase the guality
ant quantity of agricultural procuce, on the other hand
tiiey pollute the atmogphere in which we live., 5o they can
rightly be called a "necessary evil®™, Therefore, it
becomes apparent that all the pesticides should be tested
for their various toxicologleal aspects and above al1l,
their putentialaity to act on the genetie material snd a
balance shest drawn by couparing the pros and cons and
oniy if the benef'its out weigh the risks, their use should
be advocated,

Thus, cunsidering that suech stuwilss will have far
reaching implications, the preseni investigation was
carried out to assess the cytotoxicity and clastogenecity
of three insecticides, namely, aldrin, carbofuran and phorste
taking Alliug geps, L. as the test material, The objectives
of the study are:



(1) to soreen the potential cytogenetic effects
of these insecticides.

(2) to find out the cytogenetically safe level
»f each insecticide,
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REVIEW OF LITERATUFE

While the value of various agricultural chemicals
in controlling unwanted organtlus is of unquestionable
economic importance, it has only been during the last
decade toxicologists have realized that their use has msny
secondary and unwanted consequences, It is becoming clear
now that the hereditory constitution of orgenisms -~ both
target as well as nontarget -~ may be changed as a result
of exposure to these biocide chemicals by their indiscri-
minate and careless handling. One such devastating event
which attracted the public attention by newspaper headlines
vas the crippling of a large number of villagers at Hindigodi
in North Canara district of Kernataska, as a result of
poisoning by psrathion and endrin, two potent insecticides
videly used in agricultural operations. The unintentional
deleterious effects of such chemicals on the environment
constitute a prime area of human concern today.

Pesticides couprise ane of the most extensively
used agricultursl chemicsls., Exhaustive literature is
availsble regarding the toxigcologic, mutagenic and
teratogenic effects of various pesticides which are exten-
sively used today. However, an attempt has been made here



to review the cytotoxic, clastogenic and genetic effects
of some of the commonly used carbamate, orgsnochlorine
and organophosphorus insecticides in various test systens.

A. THE TEST S8YSIE!S

In 1975, the Coumeil of Envirommental Mutagen
tociety has recommended a "three tier systes" of approach
for studying the ganetlc effects of various environmental
chemicals, The test systexs ficluded in this approach ares

(a) Microbial system: Yeast (8agcharowmyces gerevisiae),
bacteria (Escherichis goll), Neurospora ete.

(b) Submamaalian system : Progophile melanogagter.

(¢) Mammalien system 3 in yivo - Laboratory miece (Mug
Ruseulus); AR YAWXQ - cultured animal and

human cells.

Howsver, Grent in 1978 did an elsborate comarative
evaluation of the effects of different pesticides and
other environmental chemicels in plants and animal materiasls
for chromosome aberratiocns and mutations and obtained
excellent correlation between effects found in root tip
systoms and mammalian systems, He recom.ended a group of
plants, viz., onion (Alliw gepa, L.)s broad bean (Yicia
Labs, L.), barley (jordeun yulgare, L.), pea (Risupm
sativum, L.), maize (Zep Ravs, L.), soyabean (Glyeine max,
(L) Merr.), tomato (Lycopersicop gsculentum Mill.),



tobacco (Micotiang tabscum, L.) etc. to be accepted as

a first tier system for the detectioun of possible genetic
damage by environmental chemicsls in hi:s report to the
Gene~Tox Programae, an Environmental Protection Agency

in the United States of America, Same type of correla=-
tions werc discernible in the resulie of Behra gt al.(1987).
Logvinenko and Morgam (1982) have also stressed the need
for monitoring mutaticns in plant systems at least of tiose
used as agricultural chemicals,

Plents were used for studying the induction of
chromosomal aberrations from & gquite early tice, due to
its ease and low cost of handling, and amenability to
¢iverse growth and testing conditions. The first cyto~
genetic study of an zgricultural chemical in hi:her plants
dates back to 1931, when Kostoff observed many cehromosomal
irregularities in mitotic cells and reduced seed set in
tobacco and brinjal after the plants had been fumignted
wvith nicotine sulfnte (Grant, 1982a). Subsesuent gtudies
wvith meny autagenic chemicals have shown that plants
exhibit different types of chromosomal aberrations some of
which are specific for cdifferent chemicals.

Alliuzm cepa, L. a5 a classical test systea for
stuéying the effects of chemieals on plant chromosonmes
was developed by Levan in 1938, 3helby (1976) compilecd



and tallied the frequency of different plant species
uged in analysis of chromosome for pesticide toxicity,
anong 538 references for eight plant specles and found
that Vicls fnbg has been used for over a third of the
stucies (3.4%) and was closely followed by Allium gSeps
(299). Grant (1982b) has proposed Allius gops as an
excellant plant speciac for the assay of ahromosonmal
aberrations after chenmical tr-atments, Protocols also
hove been siven for using root tips from either bhulbs
or seeds of Alljum gepp to study the eytological end
paints, vhich help the testing of chemicals in somntic

cells,

D BFFECT OF INSECTICIDHS JN LU IFFERENT TEs5T SYSTE &
I. CHLORINATEL HYUROQCARZIN INCECTICIDES

The synthetic insecticides that had been evolved
earlier bhelonged to chlorinated hydroearbon group., Dwe
to their persistant and slow biodegradation in nature,
they were recomcended to be ideal for vector control,
Aldrin, dieldrin, chlordane, HIC, and heptachlor are used
for sesed dreasing and goil application to control root
attacking pests. Aldrin is used against cockchafer in
coconut, and rhizone wesvil in banana and BIC gantrols
leaf folder, and casewcrm in rice, rhinucerocus beetle in
coconut anc ecrhead bug in sorghum. Endrin 13 used to



1l

control stem borer and trichlorfon controls pests of
vegetable erops. These compounds affect the central
nervous system and result in nervous derangement,
disturbance in the oxidase engyme systex resulting in
ruscular twitching andé fallure of respiration, However,
their persistance has been the cause of great concern

and alarm all over the world due to their adverse effects
on nontarget organisme., The ban of DDT, one of the

broad spectrus insecticide used once both in pudlie health
nd agriculture world wide, singe 1971 should be remetbered
in this regard. These insgecticides generanlly cause
cytogenetic effects like gene mutations, and chronosome
breakage and many secondary effects as reduced fertility.

(2) Plant aystem

Seeds of barley treated with 500 ppm of Lorox
(3-(3,4-dichlorophanyl )~ 1~me thoxy~1-methyl urea) containing
50 per cent active ingredient, for s period of 2k hours
shoved that all the ¢ells were abnormal in meliotic
behaviour, The ancmalies found by Wuu and Grant (1966)
vere stickiness, clumping of chromosomes, chrouatin nodies,
¢ytoplasmic furrowing, unequal distribution of chromatin
material into daughter cells, and asynchronous and multiple
cell division., The abnormalities were gimilar to the
properties of radiominstic compounds.
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Mohandas and Grant in 1972 studied the effects
of 2,k~b (2,4+-dichlorophenoxy acetic acid) and amitral
(3=amino-1, 2, 4-triagole) in 12 species of plants vis.,

A clone 02, Alliun gepa, Yicia faba, Iriticum
seativum, Iritigum dicogcum, Hordeum yulgare, Segale
gereale, Centaureg Jlacea, Clrsium yulsare, Crysepihemup
dsueanthemay, Zlapntago mAJor end Rrigerep cenadengla.
The cytological ahnoruslities induced in root tip cells

were chromosowe bridges, [rogmentation, lsgging and C-mitosis
enc albino wutants in }, generations in seed treatment.

Amer and Ali {197%) compared the effeats of 2, LD,

o h,5-T (2, b, 5-Trichlorophenoxy acetic acid), 2, kb,
5-trichloroshenol snd 2,W=dichlorophencl on meiosis, pollen
viability and yield of Yiecis faba by seed and spray treat-
psnt at 19 days and 35 days after germination. The
sprayings on 35 days old plants showed higher percentage

of abnormal pollen nother cells with stickiness, lagging,
fragments snd chromatin bodies in 4%. The spray of 2, 4, 5T
on 3% days old plant increased the pollen sterility bhut

the yleld was not affected by any of the treatuoents.

In another study on the effect of 2,4=D, picloram (4 amino-3,
546-trichloropicolinic acid) and 2,4-D¢2, 4,5-T in natural
vegetation comprising of Apbrosis artemigpsiiolia.

Baskipags sativn, Solidsgo Sepnalengis, Selidago memoralis
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and Vieis crsgea, Tomkins end Grant (1976) found a

lsrger proportion of laggzging chromosomes and 1lowel pPro-
portion of fragmentation than the abnormalities occurring
spontaneously., Multipolar spimiles were noticed in
simarire (P-chloro-k, 6-bls (ehylemino)e1,3,5-triazine)
treatment, Shokod'ko gt al.(1978) reported the resistance
of Praguitis comrunis to DI'T compered teo BHC .nd the
concentrations of pesticides hac adverse effects on photoe

synthesis,

The prolonged treatment from % to &8 hours of
paradichlorobenzene induced cont:asction and condensation
of chromosomas, pregocious separation af chromatids,
bridges and fragmentation of chromosomes, tetraploid and
binucleate cells on somatic cells of Lens esculents (L)
Moench. var., glorosperma, The chromosome breaks were
restricted to secondary constriction, satellite and
he terochromatic regions and rarely on centromere region
(Sarbhoy, 1980)., Wnen sharme and Agarwal (1580) treated
nrige seediings for three haurs with the ssme chemical
as gbove, it was foum: to cause accelerated cell division

frequency of 50 per cent and induced polyploddy.

The 0.5 mg/ml concentrated spray of monocehloroacetic
acid (MCA) and trichloroacetic acid (TCA) in ¥Yieis faba
et seedling snd flowering stages affected pollen mother



cells significantly as observed by Amer and Ali (1980).
The abnormalities noticed were lagging, stickiness asnd
fragmentation of chromosomes and pentads at telophase II
wvith TCA treatnent, Pollen viability was effected
slightly with both the agents,

Bakale o% al. (1981) reportec that 400 ppm of
2,4-D as lethal to Malyastrun goromandelisnus when seeds
were treated, They tried other doses as well and found
aberrations like bridges, precocious novement of chromosomes,
fragments and persistant nucleolus at metaphase., The same
results were obtained by Bakale and Kolhe (1981) in
somatic cells of Solapupn xanthogarpul on seed treataent
vith sodium arsenite, 2, 4=D and Hyvar x (5-bromo 3-sec-
butyl-6-methyl uracil). 7The rate of division of cells
decreased with 2, 4-D treatuent. Again in 1981, Bakale
ané Hadke scored mitotic abnormalities from root tip cells
of Euphorbis geniculata (Orteg) grown from the seeds
treated with 2, -, Lasgo (2eghloro=2, 6-diethyleNemethoxy-
methyl acetanilide) and sodium arsenite for 2k hours,
The abnormelities recorded were stray chromosonmes, laggards,
clunping, grouping and fragmentation of chromosomes, The
abnorualities were dose dependant. Sodium arsenite incduced
highest percentage of abnormalities and Lasso was least
effective, The mitotic and melotic chromosocaal aberrations



14

and chlorophyll deficient mutations were reported by
Bharghava and Khalatkar (1981) in diploid barley (jorgdewm
Yulgare) treated with 2, W=D, They found no pronounced
reduction in seedling height, pollen fertility and seedset,

(b) Microbinl system

Only very few reports are avallable on the
cytoganetic effects of chlorinated hydrocarbon insecticides,
MeCoy ot al. (1978) reported that the growth of wﬂ;
(IXA polymerase A defecient) Egcherichia ¢oll was inhibited
by allyl ehloride, a caonstituent of a number of hydroesrbon
pesticides, He concluded that it is an indication of LHA
modifying activity of the chenlcesl. A very low toxicity
due to 0,01 and 0.10 per cent treatment of lindane in
Parapecium prizsurelia was observed by Komsla (1978).
Fallon ané Fliermans (1980) found that chlorination of
fresh water resulted in nonvolatile mutagenic activity in
Salmonelln typhimuriup TA-100, a nonliver activated systen,
and concluded that the organic materisls of less than 200
molecular weight disgsolved in water were responsible for
nonvolatile mutagen formation and this activity decayed
with a half 1ife of 1 to 5 days. The mutagenic activity
in 8, typhimurium TA=100 was due to direet action of
mutagens as concluded by Maruoke and Yamanka (1980) from
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their studies on chlorinated water of lazke and river.

The ground and distilled water showed no mutagenesis.
Leoni gt al. (1982) evaluated the haszdards of atrazine
(2-chloro-i-ethyl amino-6-1soprophylaaino-1, 3,5-triagine)
chlorobromuran end carbaryl in bacterial systen of
experiment, Shaw and Garner (1983) in an attempt to test
the carcinogenic effects of benzyl chloride, chloromethyl
biphenyl and hydroxy methyl biphenyl were tested in
Saluopella/microsome and bacterial fluctuation assays,
found that all the three chemicals were biolojically active
in the assays.

(¢c) Submammalian system

In a gtudy Kramers and Knaap (1975) administered
folpet (N{¢richloromethyl thio) phthalimide) and captan
(N-(trichloromethyl thio)-l+ gyclohexene-1, 2-dicarboximide)
by injecticn into adult males or by feeding to the larvae
for mutagenicity testing in Drogophila melanogagter and
obgerved complete and mos:ic sexelinked recessive lethal
mitations, II -~ III translocations and dominant lethals,.

Vijayakumsr gt gal. (1981) reported that epichlore
hydrin (HCH) an iaportant ingredient of many pesticides
was o potent genotoxic compound which had different

responses in two sexes of Dy melanogaster, The femanles
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vere more sensitive than the males in respect to m%
values, the doses being 2,2 per cent and 3.1 per cent
regpectively for fenals and males,

The toxicity of lindane to various developmental
proceasses of P, pmelanogaster was stuiled by Dhingra and
Vijeyakumar (1981). They observed that lindane was
effective as larvicide, The dominant lethal and sex-linked
recessive lethal mutations were not increased siznificantly.
However, the fertility of msles was significantly reduced
at 2.00 and 3,00 ppn.

(é) Mammalian gystem

(1) Animal system: In one of the studies with 100 to
%00 ppm ULT, Johnson and Jalal (1973) reported higher
proportions of deletions, stickiness, rings, and metacentric
chromosones in mice than untreasted animals indiceting
mutagenicity of this chemical, In 1975, Mahu and Hderbvet
declared that LLT and DDD were most potent wutagens based
on thelr results of increased frequency of chromesomal
gaps and breaks snd murked inhibition of mitotic index in
chinsse hamster cell culture., DDE exhibited weaker influence
vhile DDA neither incuced chromosome damage nor did it
affect mitotic index. In a cytological analysis, Baner jee
et al. (1961) observed that chlordane at the rate of



1 mg/100 g body weight for 10 days induced erosion,
stickiness, C-mitogis, gaps anc breaks in bone marrow
cells of albino rat., The DNA content of brsin and lungs
increaged and that of kidney decreased. RNA cantent in
lungs increased, while in other organs it remained
constant. DDT at the dose of 100 mg/kg body weight for

19 days cnused only erosion and a few C-mitosgis.

Gopalaswamy and Aly=r (1981) reportsd that the
molar ratio of binding of lindane (gawmua-HCH) and hexa-
chlorobengene (HC3) to LUNA was of saue ordsr ss that of
dimethyl benzanthracene, a known carcinogen, when they

compared these chemicals in the rat liver mierosome assay.

Hhojvald (1980) studied the effects of andosulfan,
carbaryl and malathion in albino swiss mice taking
nmitotie index, chromosomal aberrations and spernxiiead
morphology as the parameters after injecting the insecticide
intraperitoneally at the doses 15, 20 and 30 mz/kz body
weight with 24 and 48 hours as period of treatments.
Bhojvald andé Vijayskumer (1981) found hi;her concentrations
of endosulfan and carbaryl to recuce mitotic index and
the el fect was pronounced in 48 hours with an inorease of
1.2 per cent and 0.8 per cent over control with 20 mg/kg
and 30 mg/kg of body weight respectively. The aberraticns
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recorded were chromatid and chromosome breaks, attenuated
chromosomes and polyploid cells.

When the drinking water of mice was incorpor-ted
with Sechlorouracil and s metabolite, Se-chlorodioxy uridine,
Pal gt ai. (19681) noticed that the bases hesavily incor-
porated in liver and testds DNA :nd sister-chromatid
exchonge was induced, The S-ghlorodioxy uridine is five
times more potent mutagen than S-bromodioxy uridine in
sister chromntid exchange. Vijayakumr et al. (181)
reported various types of chromosome anomalies when they
analysed the chromosomes of bohe maryow cells and sperm
h¢ad morphology after treatment with epichlor hydrin.

The chromaticd an¢ chromosome breaks, centric and chromatid
fusion, decondensation, pulverigation, polyplLoidy etc. were
recorded, Certain specific abnorualities like diainished
head wvas most frequent with respect to the affect on

sperm hesd morpholozy.

(44) Human systent The first study on the evaluation
of genetic toxicity on 16 male insecticide applicators
with vnrisble and mixed exposures meinly to trichlorfon,
melathion, diaginon, earbaryl, dicsfol, endosulfan and |
LT were done by Yoder g% al., in 1973. The chrowosomal
preparations from blood samples si-owed s marked increase
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in the mean chromatid break frequency. As no additional
study on these inszecticides had been done, no specific
insescticide could be identified as mutagenic.

In snother study Nazarethrabello gt al. (1975)
compared the worker: of three insecticide plents in direct
contasct with LLT (2,2~bis (p} ~-chlorophenyl)-1,1,1-trichloro
ethane) to see Lhe cytoganetic affects. The results were
negative wnen the frequencies of chromosorial abarrations
i the workers in uireet contact with DiT vere compared
with control population of same plant who were not in
dirvect contnct. Howewer, when the control group from one
of the three plants which showed high DUT plasmie levels,
was added tc the group in direct eontact vith the insecticide,
the frequency of cells with chromatid asberrations was
gisniticently higher, sugsesting that DILT causes ¢hromatdd
lesions. Iessn g% al. (1976) found no correliation between
chirowosomal aberrations and doge of LIT, in hwian leucocyte
culture. However, atl certain coneentraticng of DIT, the
proportions of cells with structurpl chromosome aberrati ns

wvas significantly grester than the control,

Kucerova gk al. (1376) tested the mutazenic effects
of epichlorhydrin on human lyepooyte An yitro nnd compared
vith the mutagenic effects of TRPA. They found that the



effects of epichlorhydrin was five tines lower than

TEPA at saze concentrations, Later Picciano, in 1978
confirmed the above results by reporting chromatid breaks,
ehromosowe bresks, severely damaged and abnormal cells

in the lympocyte culture of 93 workers exposed to
epichlorhydrin,

Twentyfive workers engaged in venyl chloride and
polyvenyl chloride production showed an increased freruency
of sister chromatid exchanges in lympocyte cultures vhich
increased with prolonged occupational exposure (Georgleva
end Tsoneva, 1981).

I1. CARBAMATE INSKCTICIDES

Insecticidal properties of carbamates were known
very recently eventhough they were used as veedicides
since long, The carbamate insecticides like earbaryl,
carbofuran, aldicarb, methomyl etc, are very commonly
used today as systemic/nonsystenic insecticides for the
contral of stem borers, case worms, leaf rollers and bugs
in rice; rhinocerus beetle, red palm weevil and coreid
bugs in coconut; aphids, and thrips in cottong stem borers
in fruit and vegetable crops etc. Corbamate insecticides
interfere with acetylcholinesterase enzyme involved in
passing nerve impulses to muscle tissues, resulting in



peralysis and death of insscts. The autagenic proper-
ties of these group of insecticides are attributed to
its regetion with nitrous agidé to form Henitroso sethyle
naphthyl carbamate, a highly reactive campound,

(a) Plant aystem

The antimitotic properties of carbamate pegticides
wvas reported by Morrison as eayly as 1962, He coula
observe inhibition of mlitosis in plants treated with
isopropyl-R-phenyl carbamats, ethyl carbamate, cytohexyl
carbamate, and Avadax (2, 3 dichloroallyl diisopropyl
thiocerbamate)., Later in 1965, Amer found that in the
roots of Alliunm cgpa treated with Sevin (N-methyl-{=-naphthyl
carbamate ) prepared from both pure end formulation at 22°C
and 60°C for different periods of time, the end effect
depended on the temperature of manufacturing in bhoth pure
and¢ formulated Sevin, 8alutions prepared at 22°C showed
merokinetic tendencies, while that prepared at 60°C siowed
stathmokinetic tendencies and continuous treatuent for
tventy-four hours nearly arrested mitosis. Wuu and Grant
(1967) observed strong inhibition of oell division by
Sevin in barley (Hordeum yulgare)., The colchicine mitotic
activity of carbamates was reported by Storey gt al.
in 1968. They recommended it as a tool for class room



study of Cemitosis in plant cells. Awer and Farah (1968)
whiile studying the effect of Ssvin by spraying on flower
buds of broad bean (Yicia faba) of different ages at
different intervols (that 1s, two wecks old - spraying

at weekly and fortnightly intervals for a month; one month
old - spraying daily for a week and another daily apray
for eight days) found that the percentage of abnornaal
pollen m:ther ¢ells increased by inereasing the nuuber of
sprays. Stickinees, lagging chyomosomes and polyploid
pollern nother 0ells were incdueced at different treatments,
e heziness of chromosomes has been reported after treute
ment with chloropropham end propnam by Herichova (1970).

Amer anc. Farah (1974a) investigated the effects
of both pure and formulated (40 per cent active ingredient)
Fogor (0, O~dimethyl~N-methyl carbaaido-methyl-dithiophosphate)
on mitosts of Yigla fuba and Jossypius bardadense as
seed soak and root treatments. It was founcé to affect
mitotic index adversely in both the plants used. The percen-
tage of abnormalities were more in formulated Logor than
in pure substance., Disturbed prophase, metaphase, and
anaphase, and lagging chromosomes were common in both the
plants. Chromosome contraction was noticed in G.harbadense
while stickiness, fragmentation of chromosomes, ansphase
bridges and multipolar anaphase were geen in YV, faba.



Again in 1974(b), they compared the effects of two
herbicices viz,, IPC (O-isopropyl-Nephenyl-carbamnte)

and Duphsy (a mixture of IPC & CIPC; CIPC is O~isoprophyl-
Ne~(3~chloro) phenyl carbamate) with similar type of
treatwents on the same orops. Duphar was more effective
in root mitosis of Y, faba than G, barbadense roots. The
anomalies were similar to the earlier studies except that
mul tinucleated cells vere also observed when treated with
the latter chemicals., Further, with elaborate studies by
Aver and Farah (1976) compared the secondary consequences
such as meiosis, pollen viability, yield and root mitosis
of carbamates like Rogor, IPC and Duphsr with treatments
like seed soek and spray at seedling and flovering steges
on Y.fabas. Spraying with saturated solution of IPC, at
floverin: stage inducsed a relastively high percentage of
abnormal pollen mother cells. A4ll tae three chemicsals
induced multipolar ansphase II and telophase II, in
adéition to stickiness, laizging and telophase bridzes of
chromosomes. JIPC was capable of inducing tetrgploid pollen
woth-r cells also. The transmission of chromoscmal
aherrations to next gencration was found to be very low,
Hovever, yield vas significantly reduced in the first year
of the treatment with 0.1 per cent Rogor andé 0,5 per cent
Duphar as ssed treatzent and also with 0,5 per cent Dupher
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ag spray at flowerin: stage. A significent inerease in
yield was found in sesgond year, but the inereage was
diminizhed in the third generati-n,

AEajiar and Soliman (1980) reported high
recduction in mitotic index, increase in the duration of
metaphase stage and high percentage of chromosomal irree
gularitiec like annphage bridges vhen seeds of Iriticun
aeativum, L., Triticuq gurum Desf. end jegelops linguisties
were trentod vith Dithane S-60 and Vitavax=200 at tho
r te of 2 g/ks of smeds. Chromosome fragmentation was
noticed in Dithane S«60 treatment apart from the ancve
anomaliez. In the melotic studies on the effect of tie
same fun:;lcides Soliman and Al=Najjar (198C) observed
the production of abnormal pollen mother cells in vhest
en: two yelated species, Total sbnormality of melotic cells
wvas more in A liDguistics, followed by I, peativup and
I Zurup in the decreasing order. Asynenronizaticn
wvithin the some cell in anaphase I was an intsresting
disorder, the other shmormslitier being ring chro. ononres,
lagzards and bridges at anaphase I and II1. Laggerds -nc¢
briéges were the most frequent aberrations.

In a detailed study of pesticide genotoxicity in
plant systems, Behera et gl. (1982) screenec four systemic
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fungicides and a metabolite in Hordeum yulgsre prozeny
test and observed that all the chemicals, vis,, benomyl,
carbendagin, thiophanate-methyl, dexon and dimethyl
phenylene cdismine affected germination, seedling growth,
mitotic and mejotic activity, pollen fertility and seed
set in H., generation to different degrees., The effects
vere much recuced in N2 progeny., However, no chlorophy:l
rutation wes incuced in M, generation.

(o) Microbinl systemn

Few reports of gene conversions and reverse
mutations in microorganismss are avsilable in the litera-
ture with carbamnte pesticide treatments,

Parry (1973) contucted gene conversion studies in
Hyces gereyiziag) to test the mutugenicity

of the heroicides viz., mecoprdp, parequot, gatnun,

unden 0o thely nitrogs derivatives. Mecoprop, jaraquot
~nd dinoseb were found to induce gone conversion in yeast.
Faraquot and éinoseb induced gene conversicn ot high
gurvival levels wheress, mecoprapy wvas active only at
sublethal coheentraticrs. Unden and gatnon displayed marked
canvertogenic sctivities. Highest freguency of mitotie

gene conversion in yeast was reported by siebert and
Eisenbrand in the next year (19%4),



The mutagenic activity of five wmethyl carbamate
insecticide vig., carbaryl, baygon, buxten, lsndrin, and
nethomyl and their nitroso derivatives using histidine
auxotropha of Sglmonalla typhimurjiup derived by Ames was
studied by Hlevins (1977) and observed that nitroso
derivatives alone could increase the number of revertant
colonies, In 1980, Kor and Singh observed that the
reversion frequency of a nubheterocystous rionnitrogen
fixing (het piL”) mutant of blue green algae (Nogtoe
musgorup) to heterocystous mitrogen fixing (het'pif')
to be .09 x 10"5 when treated with carboluran which was
almost equsl to the mutagenicity (2,01 x 1677} of Nemethyl-

E-nitro-N-nitroso-gunnidine (hIG), & known zuiagen.
{(¢) Submamsaalian system

One of the rejorts avallable on the cytogenetic
effects of carbamate insecticides 1a frem Vasudev and
Krishnapurthy (1981), who tested the toxic and mutsgenic
effects of baygon (2-isopropoxyphenyleNeuwthyl carbamate )
ir. Drogophila pelancogastexy by employisg lurval and adult
feeding methods. There mpere oo dowinant lethal, sex linked
recosaive lethals or transglocations uptc 12,5 ppm in the
larva. However, there were significait «ffect on

viability of larvee in concentruticns above 6.25 ppue
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They reported that haygon is neither clastogenic nor
mutagenic as the highest concentrations of 1000 ppm tried
vag also unable to induce any significant sex linked
recessive lethals or 'trandoeat.ionl in adult flies,

(d) Mammalian system

(1) Animal system: Cheng and Conner (1982) examined
the Jn yiyo sister chromatid exchanze induction by venyl
nnd allyl carbamates in alvealar macrophuge, bone marrow
and liver cells of C$7BL/6J X DBA/2J F, mice. Both the
chemicals indicated a striking similarity in relative
potencies for sister chromatid exchange induction and
thedir known bimorigenic potencies,

{(41) Human system: Amed g% al. (1977) observed
that the carbamate insecticides such as carbdbaryl irrever-
8ibly altered the human eelluler DRA in yivo resulting
in numerous alkali sensitive bonds, The nitroso derivative
of oarbamates like ald:lc&’b, baygon, buxten, carbofurage,
lendrin and methomyl induced numerous DNA breakage in
huran cells (Hlevins gt gl., 1977). The INA repairing event
eould not occur after treatment of the chemicals as
otherwise taking place in ultra vollet rays induced damages.
The parent chemiecals, however, did¢ not show much bresks
in DNA.
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III. ORGANOPHOSPHATIC INSECTICIDES

The systemic and nonsystemic insecticides of
organophosphate group is used to control effectively the
sucking insects like fruit-flies, jassids, thrips, borer
pests and other bugs of various crop plants, In rice,
leaf folder, brown plsnt hopper, stem borer and whorl
maggots are effeotively controlled by momocrotophosg and
phorate, Banana aphics and leaf insects of vegetables are
controlled by phorate anc phosphemidon, Melathion 1s
recomnended for pesta of vegetable and fruit crops. In
coconut, red palm weevil and black headed caterpillar are
controlled by dichlorvos and quinalphos respectively.

The toxiecity of organophosphatic insecticides is
mainly due to the blocking of cholinasterase enzyue, This
occurs by the phosphorylation of the ensymes by the
insecticides, The cytogenetic effects in wvsrious test

systems as found by different authors are as follous.
(a) Plant system

The e¢ytological effects of two organophosphorus
systemic insecticides viz., Dimecran=100 and Fojor«+0
with cifferent concertrations were atudied by Feddy snd
Rao (1969) on the broad bean plant. They noticed chromosome
and chromatid breaks, dot deletions, fragments and anaphease



29

bridges in both nmetsphase ané anaphase stages of uitosis,

A maximum of 7,08 per cent aberrent cells were noticed

in 0.1 per cent congentration of FKogor-40 as a;ainat 5.97
per cent in the same concentration of Dimecron-100. The
same concentration produced 9,7 per cent and 4,7 per cent
meiotic aberrant cslls in Rogor-k0 ané Dimecran-1GU
respectively. A lower congentration of 0.05 per cent showed
2z mean of 7.16 per cent and 3.39 per cent averrant cells
treated with Rogor-i0 and Dimecron-100 respectively.

Hladex and phosdrin vhen sprayed separately at
200 to 600 ppm on Yiecia faba and Iradescantis were found
to be lethal to both the plants, The lethality was ascribed
to be due to the increasing frequency of chromosomal
abnormalities induced by the chemionls (Ahred and urant,
1972). The mitotic index in root meristeam cells of Allium
gepg was decreased when Mishra and 5inha (1979) gave
treatments with different concentrations of malathion
renging from 64,73 to L142,6 ppm. The chromosome aberrations
like stickineas, fragmentation and laggards were cbserved.
Amer anc Farah (1979) studied the effects of leptophos
(0, ,-bromo=2, H-dichlorophenyl O-methyl phenyl thio
phosphonate) on ssed geramination and root mitosis of Y, faba.
Of the treatments given, seed sosk for %8 and 72 hours
shoved marked inhibition of cell division and various
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anomalies recorced were disturbed prophase, metaphase

and anaphase. Lagging and fragmentation of chromosones

were nlso observed, Another insecticide phosvel (C-(k-bromo-2,
Se~dichlorophenyl) O methyl phenyl thiophosphonate) vhen
sprayed at two levels of concentrntions at aseedling and
flowsring stages of ¥, faba induced meliotic and chromosomel
irregularities like cisturbed second metaphase anc shophase,
stickiness, laggards, frogments, anaphnge bridges, univalents
in diakinesis, micronuelel in the first and second telo-
irhage stages and multipoler telophase II (Amer and Farah,
1980). Phosvel did not show significant effect on nollen
viability at the end of meiosis.

Panda and Sharma (1980) assessed the toxicity »f
trichlorfon and dichlorvos to the chromogomes of embryonic
meristems and sporogeneous tissue by the progeny test of
Hordeum yulgare. The effects on comparison with ethane
methane sulfonate (EiS), & known mutagen were that dichlorvos
surpassed the effects of EMS at cancentr=tions of 10600
to 1500 ppm but trichlorofon was less effective than
dichlorvos and ethane methane sulfanate but the effects
vere significant vhen tested. The freguency of late effects
in the pollen mother cells was higher than that of initial
effects in the enbryo shoot cells and this differ-ntial
cellular response was thought to be due to the cryptic
nature of aberrations in embryo shoot cells.
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(b) Microbial system

In agar plate test with BEsgherichia goll, WP,
Smith et al. (1972) reported that dimsthoate (dimethyl-S-
Nemethyl carbamyl methyl phosphoro thiolo thionate) and
bidrin appeared to be nonmutagenic. The LUHRA strand
breakaie in £, goll caused by the effect of dichlorvos
anc¢ methyl methane sulfonate was found to be repaired by
LHA polymerase enzyue (Brid:es eb al., 1973). Of the ei;ht
organopnosphate insecticides tried by iohn (1973) in E.goli,
three vig., dimethoate, bdidrin and oxydemeton methyl were
found to be mutegenic, Methyl parathion axhioibed low
toxicity in this systen. Fahrig (197:) tested tae sutagenic
activity of severzl mono-and di.aa.lkyi esters of phosphoric
acic and thiophosphoric acid, products of the partial
hydrolysis of organopihosphate insecticides ip vityo in
Eas gold and yeast (Specharomyces gerevigiae). He £ .unc that
para-hitrophensdl, a metabolite of parathion, and methyl
parpthion were not genetically active in E, goli, but
incuced gene conversion in yesst, Ac many as 140 or:=no-
phosphorus compounds were testsé for their mutagenicity
in bacteria by Hanne and Dyer (1975). Nut of these, 28
compounds were found to be mutagenie.

Shirasu gt al. (1976) surveyed the mutation incuction
eapacity of 166 pesticides using reg assay procedure
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utilising H,-fecs and M ¢ Reg” strains of Bacillus
subtilis, Escherichia gold WP2 and Selgopells typhlmuriup.
Out of the pesticides screened, captafol, captan, dexon,
dichlorvos, HBT (2,t-dinitrophenyl taiogyanate), folpet
and NNN (S-nitro-1-naphthonitrite) were found to be
mutagenié in these tests. In another study, Darell gt al.
(1978) assessad the jp ¥Yitrg breskage of plasmld DiA by
mutagens and pesticldes, Jf the 11 pasticides tested,
positive results were obtained for dexon, DLVP, malathim
and sethyi parathion. They induced bresks in tie plasald
a0lecules at a gignificoantly higher rate than controls.

Srivastava and Sarma (1979) tested tne effects of
dimecron and nuvan on the gytology, survivel -nd growth of
fungus, Jidogonium gunngji, The fragmentation of chromosomes
vas cecasianelly seen with 250, 500 and 800 ppn. Asynchronous
cellulsxy anC nuclear divisions were al:o observed The
congentrations of 300 ppm ddmecrun and 250 ppm nuvan were
lethal for the gzoospoures. The lethal concentrations for the
mature filaments was 1000 ppm after 48 hours and 72 hours
of dimecron anc nuvan, 7The lowest percent:ge of survival
of soospores was 8.1 per cent with 250 ppm of dimecran
and 8,00 per cent with 100 ppm of nuvan,
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(c) Submammalian system

Injection of subtle amounts of Lromophos, fenie-
trothion and trichlorophon in prosophils pelsnogagter
did not increase the frequency of dominant lethal mutations,
even when B0 ppm dose was given (Benes ot al., 19733
%1ld, 1975). Wwhen Hanna and Dyer (197%) sxposed seven
organcphosphorus insecticides for 18 months on L, melaRogaster
found that six of them were capable of inducing recessive
lethal mutations. Dichlorvos did not have any autagenic
effect in D, pelancgaster (Krawers and Knaap, 19784 Sobels
and Todd, 1979), Their individual reports showed that
adults and larvae did not give positive results vhen they
vere fed with the chemical in the wedium,

Thingra and Vijayakumar (1981) reported that
din-tioate and malasthion vere not genotoxic in D, gelanogagter
from their exseriment by administering different concene
trations of insecticides %o eggs, larva (III instar) and
adult flies. The adulis were most susgeptible and they
concluded that mitagenicity of the insecticides was over
shadowed by physiological toxicity.

(d) Mamnelian system

(1) Animel system: Dean and Thorpe (1972) found
that the freguency of calls with chromatid aberrations
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including gaps ranged between 0,17 and 1.25 per cent

in dichlorvos treated mice bone marrow and teatis cells,
wnich were not significantly different from spontanecus
frequencies, Epsteiln (1772) confirmed the above results

by both intraperitonial injection and orai feeding at

13 to 15.5 ug per kg and 5 to 10 mg per kg bdody weight
respectively. In pigs parathiion induced significantly
higher frequency of chirawassose fraguents ranging from 11.5
to 18,9 per cent by intratesticular administirtion (Likatith,
19733.

Repeated oral doses of 1 ng per kg of body weight,
each of malathion and parathion over a period of seven
days induced chromosoial changes like frajuments, stickiness,
C-udtosis, caps ete. in rats (Giri gt gi., 1578). Degraeve
&t gl. (1979) roportec that injections of malathlon upto
06 mg per kg and of dimethonte und ddehlurvos at 10 mg per
ks each L0 mouse showod RO gytogenitic effects andé dominant
lethal mutations. 3hojvaild (1980) studied the effects of
malathion in svissalbino mice and found no signiiicant
increase in the fraguency of chromosomal abnorualitics when
compared to the contrals.

Out of the eight organophosphate insvet.cides
tried by Chen gt ai. (1981) wn Chinese hauster Y 29 cells,
six were founki to induce significant incruase in the
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frequency of sister chromatid exchange while diazin

anc disyston had no effect in sister chrometid exchange.
Methyl parathion, dimeton, trichlorfon, dimothoate,
malathion and methidathion showed delay in cell cycle,
They recommended that the cell cycle delay is a sensitive
mechanisnm for assessing the mutagenicity of environmental
pollutants.

airi gt al. (1981) when analysed liver lung and
kidney after administering malathion and parathion at the
rate of 1 mg per kg body weight of albino rats over a
period of seven days, found that INA and RNA contents were
increased in liver, kidney and lung cells, but protein
increased in lungs,

(41 ) Buman system: The chromosome analysis of 31
persons intoxicated by organophosphorous aclc esters showed
a significant increase in gbnormelities, thereby indicating
probable mutsgenic effects of insecticides containing
this compound (Cgeizel gt al. 1973). In another investi-
gation, the chromosomes of 42 pesticide applicators and 16
controls were analysed by Yoder et gl. (1973). A marked
increase in chromatid lesions were observed., The
insecticides most commonly used by these exposed individusls
included parathion, malathion, dicofol, endosulfan, methyl
parathion, dimethoate, DDT and carbaryl.
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VanBao gt al. (1974+) collected dlood samples from
the patients intoxicated with methyl paration (5 patients),
malathion (44 potients), trichlorfor (5 p-tients) a few
by dimethoate, dichlorvos and diazinon, at different
intervals. The samples collected iamediately after the
intoxication shoved eight fold inerease in chromatid bieaks
compared with healthy control, After six months of intoxi.
cntion, the abhormal frequencies approached control indicating
nonresidusl effect of the insecticides,

Georgian (1975) compared the cytogenetic effects
of aldrin and phosphamidon, when these vere administered
in the human lympoeyte cultures. Cultures treated with
phosphamidon showed a high frequency of aberrant cells and
chromogomal sbnorualities in comparison to the ones treated
with aldrin, In a cytogenetie investigation of workers
engaged in the manufacture of orgsnophosphorus insecticides
the frequency of chromatid-type of aberrations was found
to be higher than that of control population (Kiraly gt al.,
1977).

Nicholas g% al. (1979) in a study of sister
chromatid exchan:e in human foetal fibroblast culture by
exposure of malathion found significant increase at
b0 g per ml and a double exposure at 20 g per ml at 20
hours gap showed a cunulative effect.



Sobti et g1.(1982) found that cytotoxic effects
were dose related and often lead to celledeath, In their
investigaticn of eytotoxic, cytostatic and cytogenetic
effects of a nuwber of organopiiosphate insecticides on
human lympoid cells (LAZ-007) in culture, 11 out of 1
insecticides tested significantly incressed sister chromntid
exchan e frequency., Diaginon, dimethoate, dursban and
phosdrin treated liver microsomal S«9 preparations ghowed
significant increase in sister chromatid exchane.
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MATERIALS ANL METHODS

The present investigstion vas undertaken in the
Division of Agricultursl Botany, College of Horticulture,
Vellanikkara, during the year 1981-83.

MATERIALS

A, The Test System

Common onion (Allium gepe, L.) was used as the
test system in this study. Onion 48 a classic test system
for assaying chromosomal aberrations ever sinee 1938, when
it was used for the first time by Levan for studying chemical
effects on chromosomes, This species is advantageous for
assessing the cytogenetic effects of enviranmental chemicals,
because it is simple, reliable and inexpensive to earry out
the necessary experimentation., Onion bulbs are available
year round and they produce large nuxber of roots in s short
time, The chromosomes are relatively large averaging from
8 to 16} m 4in length (Grant, 1982b), depending on the stage
of division, Hence the aberrations can be detected easily.
It has also been reported to be much more sensitive than broad
bean (Viaia faba, L.) to the chemical effects om chromosome
structure (Khilman, 1966), The karyotype of Allium gepa
has been described by Mensinkai (1939). The complement
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consists of eight pairs of chromosomes (2n = 16) as
followss 5 pairs of chromosomes with centromere situated
median to submedian (arm ratios: 1.02, 1,05, 1.1, 1.3 and
1.l+§ chromosomes: 1, 2, 3, 5 and 8); two pairs in which

the centromeres are submedian (arm ratioss 1.6 and 1.8;
Shromosomess 6 and 7); and one pair of satellite chromosomes
in which the satellites are situated at the end of the

short arm (arm ratios 3.%4; chromosomeil+).

Gonsalez-Fernandes gt al. (1966) in a study have
estimated that the division cycle of root tip cells 4is
13.5 hours. In this division cycle, interphase lasts for
11+2 hours and mitosis 2.3 hours, divided into prophase of
64+ minutes, metaphase of 18 minutes, anaphase of 13 minutes
and telophase of 42 minutes durations.

B. Insecticides

Three very commonly used insecticides vig,, aldrin
(as Aldrex containing 30 per cent aldrin), carbofuran (as
pure technicnl material) and phorate (as Thimet containing
10 per cent phorate) were selected for this study. While
twvo of these chemicals, carbofuran and phorate are systemic
in their action, aldrin is a nonsystemic broad spectrum
ingecticide, All these insecticides are widely used in
agriculture to protect the crops from various soil horne
as well as direct crop insects and therefore the chances of
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thelr getting in contact with nontarget organisas are

very much, Thesge three insecticides represent the three

mz jor groups of pesticides, namely, chalorinated hydrocarbons,
carbamates and organophosphates in the order aldrin,
carbofurasn and phorate, A brief deseription of these
chemicals as given by Worthing (1979) is furnished below.

1. AlLdrin
Common name t Aldrin, HHDK
Trade nane t Aldrex
Chenical name t 1,2,3,%,10,10-hexachloro=-1 , W,

ka/;, Soly 8%, Ba/5 hexahydro-1, 4315,
8~dim=thano naphthalene

CA nuaber $  309-00-2

Molecular formula ¢ c1 Hgllg

Molecular weight : 4.9
8tructural formula 13 Ck
/C H\ — C\
CH l CH c—Ch
| e | e |
CH CH c—a
e o
CL
Introcuced by ¢t J.Hymen, snd gompany as coppound

118, under the trade mari Octalene in
198, Its insecticidal property was
descrived 4n 199,
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t It is & colourless orystalline solid,

melting point (M.P.) 104 to 104.5°%,
vapour presure (V.P.,) 7.5 x 10~ m Hg
at 20°C, 1.4 x 107 ma Hg at 25%. The
technical grade is tan to dark brown
solid vith M.P. 49 to 60°C containing
85 per ecent HHDN.

2‘7/1311. wvater at 27°C, moderately soluble
in petroleum oils, readily soluble in
acetone, bengene and xylene.

Aldrin is stsble to heat, toc glkaline

and dailute acids, but oxidising agents

and concentrated acids attack the unchlori-
nated ring. It i& cowpatiovle with most
pesticides and fertiiigers ut corrosive
because of the alow formation of hydrogen
chloride on storsge,

Aldrin is a nonsystemic and persistant
insecticide, effective against goil
insects at rates of 0.5 to 5.,0kg/ha and
is non-phytotoxic. It is readlly oxidised
to dieldrin,
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Formulations 1 These include : e,c.(240-480 g/1),
WoP. (M00=700 g/kg), urea may be added
to prevent dehydrochlorination by
eertain carriersj dusts (25-50 g/kg);
seed dressings; granules,

Toxigology : LDSO rat orals 67 mg/kg body weight,
It is absorbed through skin =lso, In
tvwo year feeding triols rats receiving
5 mg/kg body weight suffered no 1ll-
ef fect, but liver changes resulted at
25 mg/kg dlet,

Source for the 1 /s, National Organic Chemical
present study
Industiries Ltd., Bombay, as Aldrex 30 EC.

2. Carbofuran

Common name t Carbofursn

Synonyms t ENT 27164, Furadan, Curaterr, BAY-70%413,
FMC 10242,

Chemicnl name $ 243~dihydro=2, 2-dimethyl-7-~bensofuranyl
methyl ¢arbamate.

CA number t 1563-66-2,

Holecular formula : C.‘zﬂ,ﬁ%
Molecular weight $ 21.3

Structur-l formula 1
/
l l /CH3
\ / o / \CH3



Introduced by

Chemistyy

bolubility

stablildty

t The Agricultural cheaical division of
the FMC Corporation in 1%67.

t Carbofuran is s colourless orystalline
solid, melting point 150 to 1y2°%;
vapour pressure 2 x 10~° ms Hg at 33°C
d29 1.80.

t 700 mg/l water =t 25°C; 15C s/kg acetone;
40 g/kg benzene,

t It 12 unstable in alksline medis,
nencorrosive and noninflammable. It is
metabolished in the liver and excreted
in the urine of animals 50 per cent being
lost 4n 6 to 12 hours; in soil 50 per cent
is lost in 30 to 60 days. 2,3-dihydro=-3-
hydroxy=2, 2-dimethyl benzofuran=7-yl
me thyl carbamate, which 1s low toxic to
ingects and nematodes, 13 one of the

prouucts formed.

It 1z a systemic insecticide, acaricide and
neaaticide applied to follage at 0.25 to
1.0 kg ai/ha for the cantrol of insects
ano sites or applied to the seed furrow

at 0.5 to %,0 kga/ha to control soil pests
and foliar feeding insects or broadcast at
6 to 10 kg/ha for the control of nematodes.
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Formilaetioms 1+ This include W.P. (750 g ai./kg),
flowable paste (W30 g/ks); granuales
(20, 30, 50 znd 100 g/kg).

Toxicology 3 LE5O rats-acute orals 8«th mg ai. {in
corn oil)/kg body weight. LDg, dogs-
acute orsls 19 mg al. dry powder/kg body
weight, w50 rabbits dermrl: 2°5C mg al.
as %,P./kg body weight,

S8ouree for the t Rellds Indie Ltd., Bombey, ss 10C per cent

present study
technioel Ingredient of earbofurqn,

3. Phorate

Common naxe t Phorate

Synonyms t Thimet, EI-3911, ERT 2h0k2,

Cheriical name t 0,0-diathyl S-ethylthiomethyl phosphorodi-
thioate.

CA number t 289-02-2,

MHolecular formpula @ G?I:LWO‘.‘,,PS3
Molecular weight & 260.4
Structural formulas

CH3—CH20 S
[ H
P—§—CHz—S— CHz—CHs
CH3—--CH20



Chendstvy

Solubility

Stability

Uses

t It 18 & clesy mobile liquid, boiling

point (3,P.)118-112°% per 0.8 mw Hg.

The technic:l grade d29-1.167 1s > 90
per cent pure,

Soluble i weter st the rate of 5¢ mg/l
at roon teupersture, It is iziscible

vith carbon tetrochlorodloxsne, vezetable
oils, xylene, uleohols, ethers and

esters,

It is stable at room tewperature,
Environnental stability optimum in the
range pH § to 7. Highly acicie (pH)> 2)

or alkaline (pil>9) media prouote hydrolytic
decomposition at rates dependirg on
tenperature and pH. 1In plants and aninals
it 1= metabolically oxidised at both

the thioether linkaze and coe=ordincte
sulshwr yielding sulphoxide and sulphone
ani their phosphothioate anslozues as
both the parent and oxidatiun procducts
are readily hydrolysed, only a small
portian of the sulphione results.

Systemic and contuct insecticide and
acaricide used to protect crops primerily
root and field erops like cotton,
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brassica, coffee, rice ate. I{rom sucking
and biting insects, mites and certeln
nematodes, s0il insecticide for malize
anc sugal beet.

Formulations t These include e, co 2f various active
in;:rvecients-Thimet LC~8 (96U g tech/1)
also (206 -ngé 250 g ai./1) and gronules
(10, 5C, 100, 150 g/kg).

Toxiecclogy 3LD5O rat-orsls 1.6 to 3.7 mg/ks body
velgnty detmel: 2.5 to .2 mg/hg wody

welipht,

Source for the $Cyanamid Indias Ltc,, Bombay, as Talmet
present stucy
166G (containing 10 per cent active

ingredient),
C . Fu % ti'e

Carnoy's fluld was usec for fixing oniun roots
=fter treatment, This vwas prepared by mixing ome part of
s1:¢ial acetic aclid arcd three pert of absalute othyl nlcohol.

D. Stain
Peulgen stain 0.5 per cent was used for the mitotic

studies in the present investigation. The stain was prepared
by the method siven by Dsrlington and LaCour (1976).



One gramme basic fuchsin vas dissolved in 200 ml
boiling distilled water, The solution was cooled to 50°C
and filtered thruugh Whataan No.1 filter paper. Thirty =l
of 1N HCY and 3 g potaossium metabisulphate (xészos) vere
adéed to the filtrate., It was kept in dark for 2k hours
in a tightly stoppered bottle. To this solution was added
0.9 g of activated charcoal, shaken well and filtered
through Whatnan No.1 filter paper, The colourless st-in
obtained was stored in a well stoppered bottle covered with
black paper at v,

METHODE

A. Trentments
1. Geraination of onion bulbs

The young and healthy bulbs of common onion
(Allium cepn, L.) of relatively uniform size (about 10 to
25 g in weight) anc which would root profusely, were
selected for the study. The bulbs were denuced by renoving
the loose outer brown socnles, The base of the bulbs were
scrapped gently and carefully to remove the old and dried
roots and then to expose the apigces of the root prinodia,.
The bulbs were then sown in a pure sand tray moisticned
with tap water for two days for germination of roots under
labor:tory conditions.
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2. Fixing the doses of insecticides

The concentrations for the treatments were fizxed
taking into consideration the recommended dosage for fileld
application in the control of pests. Three concentration,
viz., the concentration of normal fielc application, one
dose above and one below were selected for each chemical.
Wherever the lower concentration selected was capable of
induecing considerable degree of chromosomal aberrations,
another lower dose was slso selectec., The cdifferent con-

centrations selected for each insecticide are given below,

(1) Aldrin t 0.03 per cent, 0.05 per cent,

0.10 per cent and 0,15 per cent.
(1i)Carbofuran : 0.0075 per cent, 0.01 per cent,

0.02 per cent and 0.0+ per cent.
(111 )Phorate : 0,02 per cent, 0,03 per cent

0.06 per cent and 0.09 per cent.

3. Giving the treatments

While the atock solution of phorate and carbofuran
were made in 2 ml acetone and the volume further made up
by distilled water, aldrin was dissolved in distilled water
alone.

For giving the treatments with different concen-

trations of the insecticides, onion roots grown for 48 hours
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were used, Thesze bulbs with roots intact were washed
thoroughly in running water and transferred to the winls
containing freshly prepared treatment solutions of the
insecticides of various concentrations as given sbove,
Care was taken to im:erse all the growing roots in the
treataent solution, The treatments were stopped after a
particular time interval by 1ifting the onion bulbs from
the vials and washing them thoroughly in running water.
All the treatments were given for three treatment periods
viz., 12, 24 and 48 hours.

Separate control experiments were also carried out
with the three time intervals (12, 24 and 48 hours) in
¢istilled water as well as in 0.2 per cent ecetone.

For each treatment a3 well as control, ten germinasted

onion bulbs were usged.

B, Mitotic studies
1. Fixation

The roots of onion bulds were washed thoroughly
af ter treastment period was attained and then the roots
vere excised and fixed in 113 acetic-aleohol for 24 hours,
The fixed roots were stored in 70 per cent aleohol in a
refrigerator, whenever the mitotic studies have to be dune
in subsequent days.



2. Staining

The roots wers thorouzhly washed in distilled
vater to remove excess fixative or ethanol as the c:
may be. They were then hydrolysed in N HC1 at 60°C for
6 to 7 minutes in a waterbath, 7These roots were stained
in Feulgen stain for 5 to 10 minutes, after washing out
the hydrochlorie acid from then,

3. 5lide preparation

The meristenatic region of the roots which had
attained the characteristie magenta colour were put on
the slide after removing the rest of the root portion. A
cyrop of water waa added and the root tip was covered with
a coverslip and tapped gently. 3etter spreads vere obtained
by pressing the coveralip after keeping the slide in filter
paper folds, The slides were sealed with clear finger
nail polish to provide a temporary mount for mitotic studies

uncer microseope.

The slides were made permanent after removing the
coverglaas by dipping them inverted in k% per cent acetic
acid. The s3licdes were then passed through acetic acic¢ and
butannl series in the proporticns 331, 1311, and 1313, Finally
the slides weie dehycrated in butancl alone and mounted
in caneda balsan.
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The photomicrographs of typical abnormalities
were taken in a Lietz 3 mm photomicroscope using blue
filter in ORWO NP22 slow negative film at 322,56 X mayni-
fieation,

L, Mitotic index

Two to three random fields from each siides were
scanned for scoring dividing and nondividing cells in all
the treatments and controls, The dividing cells included
tioge showing any stages of cell diilision, sucih as prophase,
a-taphase, angphase and telophase, Mitotic index was
calculated uaing the formula,

Number of dividing cells
Total number of cells scored

Mitotic index (MI) x 100

About 000 cells from 10 to 19 slides prepared fronm
sach of the treatmsnts were scanned for this. Indices of
Gifferent division sing2s were also calculated by the
folloving formulae.

Prophase index (P1) = Nwiber of prophase cells x 100
¥otal number of dividing cclls

Metaphase index (Mi) w Number of metaphase cells  , 449
Total nuaber of dividing cells
Anaphase index (Ai) = Kumber of anaphasgs cells x 100
Total number of dividing cells
Number of telophase cells

Total number of dividin: cells

Telophase index (T1) = x 100
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5. Relative cell division rate (RDR)

In order to have a comparative estinmate of the
effect of different treatments on mitosiz with resgpect to
controls, the relative division rate was computed. The
relative cell division rate in the treated variants vas
computed using the mocified equation of Egami and Hyatdoe
Taguchi {1973) as cited by Mishra and sinha (19061).

Pexr cent of cells in Per cent of
division in treated e-cells in
¢ivision in

gontraol ‘
X 0

Felative cell division rate =
(RDR)

100=~per c:nt of cells in
divigion in control
The relative cell division rate of total division
and in cdifferent mitotic division phases were als> calculated.

6. Secoriig of curouuswmal abnorwalities

The slides prepared from the root tips of the
treated and control experiments were gcanned throuzhly
for various types of abnormalities in different stages of
cell d¢vision, About 100 to 150 cells in sach stage of
division (prophase, metaphase, anaphase anxi telophase) in
each treantuents were scanned, The aberrations which were
scorec included stickines:, bresxs, nunorlentution of
chromosome at the squatorisl plats of petaphiase, Cemetaphase,
star metnphase, laggards, chromosoue bridges, mlcronucled,

chromatin bridges ete,



The total frequency and percentage of abnormality
in each division stage were computed, Chi-square (1&3)
test was used to compare the effect of each treatment
against control with respect to the aberrations induced.
The Chi-square test was done using the following formla.

(0 - E)?
E

X= 5

The significance of variances of cifrferent treat-
ments with the control was tested using the X*table at

five per cent and une per cent levels,



)Qeﬁult:!




RESULTS

Reaul.ts of various gytological observations made
in Allium gepay L., root meristems treated with three
most commonly used insecticldes vis,, aldrin, carbofuran
and phorate, in order to assess their cytotoxicity and
clastogenicity along with proper control treatanents are
presented below, The visible anomalies, mitotoxicity in
general, and chromosomal aberrations in particuler under
microscope ware used as the parameters for this study.
Likewise, tne results are presented in two separate subheads,
as cytotoxieity and chromosomal abnormalities,

A. CYTOTOXICITY

The gytotoxicity of the selected insecticides were
determined bosed on the mitotic indices in well sprend
fields on the slides prepared from troeated root tip cells
in comparison vwith control experiments, The effects of
each insecticide used are given separately hereunder.

In the contrel experiment using distilled water for
12 heurs, the mitotic index recorded vas 7.70. It was
reduced to 7.4C and 6,52 when the time of treatments were
increased tc 24 and 4E hours respectively. The indices of
differant stages of cell division when ahalysec, it was
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found that prophase index was 51,65, metaphase index
11,54, anaphase index 9.89, and telophase index 26,92

in 12 hours of treatment, At 24+ hours the spread spectrum
of mitotic index were 56.W, 11,04, %.60 and 27.91 for
prophase, metaphase, anaphase and telophase respectively.,
The values were 55.41, 9.8+, 6.23, and 28,52 respectively
for the different division phases at 48 hours in distilled
water. In each period 4728, W06 and 4679 cells were
examined for the computation of these incdices.

In another control experiment, 0.2 per cent acetone
was used since this wvas the solvent for two of the pesti-
cides used vig., carbofuran and phorate., The mitotic
indices for 12, 2+ and 48 hours of treatments were 5.62,
5.58 and 4,08 respectively. Propnase, metmphase, anaphase
and telophase indices were 37,63, 23.20, 13.92 and 25,26
respectively at 12 hours and 36.32, 18.91, 16.42 and 26,36
at 24 hours. At 48 hours these indices were 42,21 for
prophase, 13.6¢ for metaphase, 9,74 for anaphase, and
.42 for telophase.

1. Aldrin

Table 1 gives the mitotic index and the incices of
different stages of cell division with varying concentra-
tions of aldrin treatment, Aldrin in general reduced the
mitotic index in Alliup ceps. The mitotic index was 3.6



Table 1. Cytotoxic effects of different concentrations of aldrin in Alliuw gepa, L.

8tages of division

Clm T e M HE
TaLion me nmunber vigd-~ 41
tage)  (hours) exauined cells Totel Index Total Indéx Total Index Totsl Index
12 3657 13 3.6!» «& 40.60 29 21.80 1 10.53 36 27.
0.03 2 2226 10 o Sh L5 5 22 21.78 7 6.93 26 .
%8 3161 ™3 &.52 47 .87 26 18.18 21 11».29 L9 ?.2‘7
;;gm"ﬁ treatuent « 4,23 - 39.67 - 20,59 -  10.72 =  29.03
12 3217 99 3.08 39 39.39 25 25.29 11 1.1 2 2,20
0.05 2 3267 17 .58 9 33. 27 23,08 9 7.69 L2 .
W8 3180 P 3.%3 31 23.33 12 12:22 10 13.51 31 3’ .33
o ody Toatment - 300 - 3370 - 21552 =  10.77 -  3.01
12 3078 6 2.18 26 38,81 10 #,93 1 16.h42 20 29.85
0.10 20 ﬁs 7 2.43 30 L6 10 12.39 6 7.69 32 k1.0
" Mu:a . 0 3» 1.01 12 29 6 17. ™ 4 1143 13 37.%
an taen
periods 8 - - 1.87 - 37.19 - ™. 96 - 1.8 - 36.01
12 2836 Vi 2.61 30 Lo,54% 16 21.62 9 12.16 19 25.68
0.1 2 2725 (2 2. 9 1,06 6 9. b, 46 71.88
L8 2740 L6 1.2% 16 .78 10 21. 13.32 20 L3,48
o ody Trestament - 221 - 2979 -  17.58 - 9.96 -  47.01
Control 12 4728 364 7.70 188 51.6 L2 1M1 36 .89 98 26.92
(disti- A 326 7.Ze 184 564 36 11.04 15 3.60 1 2‘g.91
lled L8 L&79 305 6.52 169 5541 30 9.5 19 6.23 28,52
rater ) reatment - - 7.21 - h50 - 1081 - 6,91 - 27.78

periods

96




at 12 hours with 0,03 per cant of aldrin and the increase
of treatment period from 12 hours to &+ hours increased
the mitotic index to 4.,5%. However, further increase of
period to 48 hours did not bring sbout any notable change
as the decrease was only from h.5% to 4.52 (difference

of 0,02) when 3161 cells were observec. The spresd spectrum
of indices in different division stages showed an accue
mulation of metaphase and anzphase cells compared to the
control and decrease in prophase indices, The telophase
indices of control and 0.03 per cent aldrin treated cells
éid not wvary considerably.

The 0.05 per cent concentration of aldrin reduced
the mitotic index to 3.08, 3.58 and 2.33 at 12, 24 and L8
hours respectively. These were reflected as decreased
prophase index and increased metaphase and anaphase indices.

The normal dosage of field application (0.10%)
showsd much more inhibition in cell division with mitotic
indices 2,18, 2.43 and 1,01 at 12, 2+, and 48 hours respe-
ctively. The snaphase and teslophase indices were found to
be increasing in this dosage.

The highest dosage tried wvas 0.15 per cent and
the mitotic indices were 2.61, 2,35 and 1,68 at 12, 24 and
48 hours. The prophase and metaphase indices in 12 and
48 hours wvere found to be improving compared to the lower
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Table 2. Relative civision rate of cells and mitotic phases in AlLJiup ceps, L.
treated with sldrin. ’

gomiim- Tm:t- ?m‘&-” 2%3“" Stages of division
Tﬂ On m a‘e - €5
(percen- period diviaing Siresln Proghase Me taphs.se Anaph: se Telophase

tuge) (hours) cells Percen- ... Percen- oo Percen- g o Percen- BIR

tage tage tage tege

003 £ 22 AN e 2% o %P o8 0¥ eP N
W8 .52 ~2. 1 1.9 <2.58 o.gg +C.1 0.26 +0.25 1.99 -0.32

cos % 3% 2R 13 2B Nl Sar ok 2 o 2
L8 2.33 I Pl .66 - «3.06 0.33 -0, 26 0.31 «(.10 0.97 «0.91%

o0 X % 2 M ok S <R3 3 SR S 110 S
L8 1.01 } gg 0.35 -3.38 0.17 -0.27 0.12 «0.29 0.38 ~1.51
IR S R R R R
%g?.g.:%led x g:g - 3:23 - g:gg - g.?;c’s - 2o -
vater) L8 6.52 - 3.61 - 0.6 - .01 - 1.86 -

§G
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dosage of 0.01 per cent aldrin, 7The anaphase and
telophass indices remain same in12 hours of treatment
as that of the next lower dose (0,01%), while they were
improved ir the 48 hours of treatment, In 24 hours,
the prophase, metaphase and snaphase indices decreased
wvhile telophase index incressed when compared to 0,01

per cent treastment.

The dose response curve of mitotic index with
aldrin treatment is presented in Fig.1. In order to have
a comparative evaluastion of the inhibition of cell division
with respect to control the relative cell division rates
are given in Table 2,

2. Carbofuran

The response spectrum of mitotoxicity with different
concentrations of earbofuran is given in Table 3. At the
lovest congentration used, namely, 0.0075 per cent, the
mitotic index was 5.43 at 12 hours of treatment, while the
other periods, 2+ and 48 hours, decreased the value to
4,82 and 4,53, However, the mitotic index of 4,53 at 4§
hours showed an increase in rate of division (+0.47) with
respect to control. This can be seen from Table &, which
gives the relative cell division rates with earbofuran
treatnent, This increase of mitotic index was manifested



Table 3. Cytotaxic effects of different concerntretions of carbofuran in Alliua gepsa, L.

Concen~ Treat~ Total ko.of Mito- Stages of civision
tration ment nawsbery divid- tic
(percen- period of cells ing index Prophage Metaphase Anaphose Telophase
tsge) (hours) sxamined cells
Total Index Total Index Total Index Totsl Index
12 3758 20k E.lq 91 M .61 L8 23.&} 20 9.80 L5 22,06
0,007 2 1hé .52 6 h3.15 2 16. 18 12.33 L1 28,08
" c:_ tr:am R ?‘%23 3 k.53 h% . 26 18.18 21 %.29 49 }.27
an 11
periods a - 4,93 - 40,21 - 19.38 - 12.27 - 28,1
12 3351 192 L,.5% 71 L46.71 27 17.76 15 9.87 9 25.66
0.01 M 3518 128 4,78 78 %15 26 15.48 20 1. el» 26,19
48 3685 131 3.59 62 W7.33 ™ 11.38 17 13. N 32,52
N gy reatment - W29 - 48,82 - .87 -  11.86 - 28.12
12 3517 13 3.78 L8 09 22 16,54 22 16.5% L1 .83
0.02 2 3225 1 2:1l+ 101 5.01 16.67 23 11.61 b1 23.71
L8 3163 175 5.53 B 8.00 g 13.71 25 .29 42 2,00
Mean of treatment " . 545 - 4503 - 156 - B5 - 25.18
12 }27 6 W.79 87 $3.05 23 1,02 20 12,20 k. 20.73
C.O 2 8 6 2.20 22 . 7 15 22.39 10 1%, 93 20 29.8%
" . n—hsm . g‘;o L 1.93 25 gg.oe 2 8.33 5 10.32 1t 29.17
an o @ on
periods a - - 2.97 - 45,99 - %.91 - 15.52 - 26,58
Jolvent 2 Yo % 2% B3 O¥¥ R OBY % %% 3 ggee
:%%%“&“l W8 3771 v 6,08 65  B2,21 24 13.6¢ 15 9. P 53 P b2
p@ri&ﬂ mamnt - - 5;09 - 38.72 - 18-58 - 130% - 29.35

ug
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in the form of increase in metaphase and enaphase
indices, while the other two treatment periods were
¢apable to affect the prophase index,

Carbofur=n at 0.01 per cent was inhibitive of
cell division as expressed by the reduced mitotic index,
that 18, 4.5%, 4,78, and 3.55 at 12, 2+ and 48 hours of
treatment respectively. While three treatment durations
have increased the prophase index in comparison to the
control, the metaphase, anaphase and telophase indices
have recorded a slight reduction.

With 0.02 per cent carbofuran treatment for 12
hours, the mitotic index was reduced to 3.78 and with
2+ and 48 hours treatments the values were 6,14 and 5,53
respectively, The 48 hours treatument increased the
relative cell division rate values in all the phases
except telophase.

Drastic mitodepression with a mitotic index value
of 1.93 in comparison to 4,08 of the control was the
observation made with 0,04 per cent of carbofuran treate
ment for 48 hours., With 12 and 2+ hours the mitotic
index values were 4,79 and 2.20. All the division phase
indices also decreased except prophase index in 12 hours,
vhich showed an increase of 0.4+ from the control. The



Table 4, Feletive division rate of cells and mitotic pheses in Alliup ceva, L.
treated uith carbofuran. ’

Concen~- 7Zreat- Percan~ Kelative Stages of civigion

tration ment taje of cell , . .
(percen- period dividing division Prophase ¥etapliase Anaphase Telophase

tage) (hours) cells rate {RDR)

Parcen- HDR Percen~ RDR Percen~ ROR Percens RDR

tage tage tage tage
12 ; oh‘3 -0, 20 2ok2 -0-0.32 1-28 -.02 Gi53 *‘0.25 1.20 -0,22
0.0075 24 A 2.08  30.06  0.79  0.26  0.59 ~G.32 1.35 -0.2
“‘8 l“¢53 *0.%7 1:“9 10023 chz +0.26 0-66 Q‘th 1.% -0.08
o E YR B BE B M 2T 3% 2® pr oIy
. Y - - +Us . e 3 . -tle . -l
48 3.55 “0:55 1 168 "Oad“ Q. 38 Qe 18 0036 404 06 1.09 =0, ﬁ
’2 3:78 "1:% 1.36 ‘0!?7 0063 "'3069 0063 "0.15 1.‘7 "0.25
0.02 2“' 6.1“‘ "‘0066 3013 ‘.‘1.13 1.02 -0003 0.71 Q.20 1.27 '0-31
l"& 5.53 +1'52 2;65 +0;95 0-75 "0020 0479 4'6939 1033 "0008
12 ,79 -0. 88 2.54 +0.bY 0.67 -0 .64 0.58 =0.20 0.9 -0 JLelp
0.0 s 2.2¢ ~3.51 0.72 -1.33 0.9 =0.57  0.33 -0.59 0.66 -0
l"a 1.93 "2-?1" 1.00 "O. 3 0a15 ~0.+0 3020 "{}020 0-56 -00
Solvent 12 5.62 - 2. 11 - 1.30 - 7 - 142 -
contm * 2052 - 2.02 - 1.05 - 0 91 - 1028 b
(mtOﬂe !’8 008 - 1.72 - 0056 - .h’ - 10 1 -

0.2%)
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dose response curve for mitotic index with different
congantration of carbofuran treatment is given in
Fig.3.

3. Phorate

The different doses of phorate used for treatment
in this study were 0,02, 0,03, 0.06 and 0,09 percentages.
The data on mitotic effects are given 4in Table 5. At the
lowest concentration, that is, G.02 per cent a consistant
increase in mitotie index in couwparison to the control
was observed for all the three treatzent durations, This
increase can be confirmed from the relative cell division
rate given in Table 6, wvhich shows positive values. When
the division phases were analysed for their indices, it
was found that while the prophase indices recorded a con=-

sistant increase, the metaphases indices exhibited reduction

in comparison to the control. The metaphases with 12
and 24 hours treatments showed relative cell division
values of «0.11 and«0.,2¢ respectively.

An increased concentration of 0,03 per cent
decreased the mitotic index initially to 4,38 and 4,60
at 12 and 24+ hours of treatments respectively., With 48
hours treatuent the value was 4,57 which was almost
comparable to the control.

e}



Table 5. Cytotoxic effects of different concentrations of piorate in Allium cepa, L.

Concen~ Treat- Total

Ko,of

Stezes of division

tration ment number divid- gg‘"
(percen~ period of cells mfl index Prophase Metaphage Anaphase Telophase
tege) hours) exsmined cells
Total Index Total Index Total Index Total Index
12 302 20  6.75 86 42,16 %6 17.69 28 13.7 h 26,47
0.02 2 2 226 6,71 o 41.59 8 12.39 * 15.03 70 30.
Mean of 8';m . 332 19 6.%5 9 :.3,35 27 13.92 21 10.82 52 26.%
pegad. ealument - 6.77 - Lk 07 - 1,65 - 13.20 - 28,08
12 3560 1&5 u.gs 6 L0, 38 35 22k 18 11.5% WO 25,6k
0.03 24 089 h2 4.60 72 53.52 10 7.0 20 %.08 6 25.
Mean of “:8 . 3271 195  4.57 77 39.49 3 15.38 26 13.33 22 31.;3
ataen
Nriw' - - "".52 - ""l‘c% - 1»0% - 12098 - 27059
12 298 102 L. L3 k2,16 12 11.76 12 11.76 35 .31
0.06 2 2575 128 4,97 &2 81 2 18. 15 11.72 Wy 36.79
W8 2736 Hh9 545 73 ?5.99 25 16.% 19 12.75 32 21.38
Mean of treatment
mrid' - - ,"092 - “‘1032 - 15.76 had 12.08 - 30:86
1 2655 %3 5.39 62 *a-3.§ P18 16.78 15 10.% L2 29,37
0.09 23 1 131 5 45, 17 12. 17 12. 38 29.00
L8 - 7? 9 3:73 2 %0.58 13 18. 9 13.0% 19 27.5%
;‘;g;ﬁ troatzent - 4,00 - 42,99 16.20 - 12.17 - 28,64
o X 7 BOEE OB 2 % ORR 3O ORE ¥ B
con 6o . . . “e .
(acetane) b8 3771 154 Eg 65 2,21 21 13.64 15 9.7 53 02
Mean of treatment
pariﬁ! - -~ 5’09 - 38.72 - 18858 - ‘30% - 29.35

4 Q



The mitotie indices with 0,06 per cent phorate
treatment for 12 and 2+ hours were &, and 4,97; with
48 hours treatment, it was increased to 5.k5 from the
corresponding %,08 of the control, All the stages of
division except telophase showed increase in their
respective indices in comparison to eontrol.

65

The highest concentration, 0.09 per cent, recorded

a general decline in the mitotic index, Though with

12 hour treatment the value was 5.39, prolonged periods
of treatments of 2k and 48 hours tended to drastically
reduge the mitotic index to 3,83 and 2.79 respsotively.
The te-pa:se of different comgentrations at different
treatment periods are represented graphically in Fig.2.

A comparison of mitotic effects of all the levels

of aldrin, carbofuran and phorate were nade by means of
histograms in Fig.k.

B, CHROMOSOME ABNORMALITIES

The clastogenicity and other chromotoxiec effects
of the insecticlides were scored from well spread stages
of gell divisian. About 100 to 150 eells of sach phass
from each treatient were examined for glmormalities.
The noraal eell dlvisiun atageas are shown in Plates1ta,
b, ¢ and d, The abnormalities observed with each



Table 6. Relative division rate of cells and mitotic phase in Allium ceps, L.
treated with phorate. ’

Concen- Treat~ Percen- Relative Stages of division
tration ment tage of cell
(percen~ period dividing division Prophase Metephase Anaphase Telophase
tage) (hours) cells rate (RDR) - o oo ~
reen- reen- rcen~ reef-
tage RIR tage RIR tage RDR tage RER
e B OGF ONE 3% BF MR 2L 4R 2% 1B 58
. - +%a - . . -l » T L 2 ¢
‘4‘8 .& +2e 89 3.32 I‘ 062 0-” +0. 39 0*?’ '.'0.} 1. +°.
'2 "’o "1- 31 '0 —0. 0093 ‘0. 005‘ .09” 1-‘2 -0.
0.03 - b, -0.97 2.22 m.eg 0.32 -O.% 0.65 «0.,26 1.17 -.o.eg
48 k.57 +0.51 1.80 +0.08 0.70 40.20 0.61 0,27 145 +0.00
o6 & wy wB 0 1 2B o 0 on 2E 1w uZ
* .8 5:3?; *1253 2.67 +40.97 0.91  +0.35 0.69 +0.20 1.17 0z
‘2 5t 9 "'Oog’ 2.3“ 4‘0023 Oa% ‘0."1 0.56 -0, 22 1058 Oe 16
0.09 2 3.33 1.7 1.73 =0, 0.50 ~0.56 0.50 <001 o.g :o.aa
LY 2.79 -1, 1¢13  =0.60 0.53 =0.03 0.36 0.0 1, +0. Ml
Sol'ent ’2 5062 "y 20 11 ‘- 1.” - 0'?8 - 1:"‘2 -
e¢on “01 * 3552 - 2002 - "005 - 0:91 - 1:38 -
{()ag;i)zanc L8 .08 - 1.72 - 0.56 - C.M0 - 1.1 -

99



4__4

mitotic index

FIG 4 COMPARISON OF MITOTIC INDICES

wnbrol  aldrin carbofuran E_homte

. T 7 e T E—
G - —
-—1 -
-
] —1— 12 nours
al i
—
. -
-
= [ ]
_ T ]
4 - 24 hours
-
-
il - ,
[ ] 48 bours
- -
r——"
<
S

cebone-02



Plats 1 Normal mitotic cell divisiopn stages in
Alllus gepa, L.

a. Prophase
b. Metaphase
¢. Anaphase
d. Telophase
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insecticide as well as the controls are given
below,

In the control, where roots of onion bulbs were
grown in distilled water for 12, 2+ and 48 hours,
various abnormalities to the extent of 0,68 per cent,
0,88 per cent and 0,71 per cent respectively were
recorded, The abnormalities were expressed in the form
of stickiness of chromosomes in prophase andé chromosome

bridges and laggards in anaphsse cells.

In the solvent control with 0,2 per cent acetone,
the total abnormalities observed were 1.89, 3.69 and
L, 46 percentages at 12, 2+ and 48 hours of treatment
respectively. These abnormalities induced stickiness,
non-orientation, lagging and bridging of chromosomes to
varying levels at different pericds of treatment,

1« Aldrin

The frequency of different types of abnormalities
after aldrin treatment are given in Table 7. The
percentage of abrormality ranged from 3.2% to 25,25 in
various concentrations and periods of treatments, The
total abnormalities in relation to the various concentra-
tions are graphically presented in Fig.5. The concentra-
tions of aldrin had a direct relationship on induction of
chromosomal abnormalities,



abnormaliby (%)
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FIG.5. CHROMOTOXIC RESPONSE OF ALDRIN
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Table 8.

Chromosomal abnormalities incuced by different concentrations of

aldrin in prophase cells of Alljun ¢epa, L.

toent Klurred
Sratien  period .  Stickiness ohromosose Total  Total
t(pegrc!) en- (hours) Single Double lities examined
122 2 0 0 0 2 162
(1.23) (1.23)
0.03 & ] 0 0 2 7 167
(2.99) (1.20) M.19)
48 ? 0 0 1 8 111
(6.31) (0.90) (7.21)
12 10 o 2 1% 88
(11.36) (2.27) (2.27) (15.90)
0.05% P13 7 4] 0 2 9 100
(7.00) (2.00) (9.00)
L8 10 0 0 15 138
(7.25) (3.62) (10.87)
12 9 2 1 b 16 120
(7.50) (1.67) (0.83) (3533) {13.33)
0.10 & 12 1 1 2 139
(8.63) (0.72) {0.72) {(5.76) (15.83)
L9 10 0 o 2 12 67
(™.93) (2.99) (17.91)
12 1 0 0 b 15 160
(6.88) (2.50) (9.38)
0.15 2 12 0 o 3 15 62
R A o UE G g
(. 19) (3.23) (8.06) (35.48)
Total 10 7 2 38 1 1376
(2.99) (0.5%) (0.15) (2.76) (11?31) 3

(Cmtd. )
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Table 8 (Ctmtd.)

Concen- Treatment Strays Hurred Total Total
tration period Stickiness chromogome abnorma- cells
égg:gen— (hours) Single Double lities exanmined
12 1 0 0 o L 129
(0.78) (0.78)
Control
(distilled & 1 0 0 0 1 130
vater) (0.77) (0.77)
48 2 0 0 0 2 118
(1.69) (1.69)
Total b 0 0 4] 4
(1.06) (1.06)

Figures given in parentheses indic-te percentage



Table 9.

aldrin in metaphase cells of Alliupm ceps, L.

Chromosomal abnornalities induced by different concentrations of

Concen- Treat- Break Nonoriented
Sticki- 8tar Ceneta- Zlurred Total Total
%r:::::. “g:d ness ShIomosonp meta~ phase chromo- sberra- cells
tﬁ ) I()I‘iourl) Single Multiple Single Double Multiple phase some tions exam-
ge ined
12 5 0 0 0 0 0 0 +] 5 122
(+.10) (+.10)
0.03 P & 0 2 0 0 1 0 ] 7 109
(3.67) (1.83) (0.92) (6.02)
W8 3 (#] 1 0 0 0 b 101
(2.97) (0.99) (3.96)
12 5 2 1 1 0 1 1 0 127
(3.94) (1.57) (0.79) (0.79) (C.79) (0.79) (8.66)
0.05 2 6 1 0 2 0 4] 1 0 0 88
(6.82) (1.14) (2.27) (1e ) (11 36)
L8 8 0 0 b 0 0 e 0 [ ¢) 1‘0 110
(7.27) (3.64) (1.81) (12.73)
12 7 2 2 1 2 % 2 17 113
(6.19) (1.77) (1.77) (0.88) (1.77) (0.88) (1.77) (15.04)
0.10 & 0 0 1 0 0 13 96
(8.23) (2.08) (1 oh ) (1.0\&) (1.04) (13.5%)
L8 0 0 3 1 (4} 13 68
(8.82) (2. 90) (1 1¢7) eole1) (1.47) (19.12)
12 12 0 0 2 5 22 120
0.15 (10.00) (2.50) (1.67) (+.17) (18.33)
* P 1 3 0 2 2 11 66
(ho5h)  (1.52) (454 ) (3.0%) (3.03) (16.67)
L8 0 5 0 1 1h 97
(7.22) (5.15) (1.03) (1.03) (te.bh3)
Total ™ 6 1 27 2 1 0 e 1217
(6.08) (0.%9) (0.08) (2.22) (0?25) (0.16) (1.%7) (0.'43) (0.&2) (11.59) :’,

(Contd. )



Table 9 (conteds

e Bresk Nonoriented Star C-meta Alurrec Total Total
%:?t:”m” ::;:t' iﬁg"‘i chromosome metas phase chromo= aberrmllu
,, ?h&“ some ong exXaRke
{pergen~ pericd, Single Multiple  5engle Double Multiple ined
contror 12 0 0 0 0 0 o 0 o o 9%
Dvdoualf % 0 0 0 0 o 0 90
%8 0 0 o 0 0 0 o 0 o ¢ 96
Total 0 o 0 0 0 o 0 0 0 0 281

Figures given in parentheses incicate perecentage

¢l



Aldrin at 0.03 per cent induced 3,24+, 5,30 and
6.22 per cent abnormalities with 12, 24 and 48 hours
treatments, The different types of aberrations recorded
vere stickiness (Plate $) nonorientation of chromosomes
in equatorial plate, laggards (Plate 18), anaphase bridges
(Plates 10 and 11) precocious movenent of chromosomes in
anaphase, micronuclei (Plate 21) etoc. At a higher con-
centration, that is, 0,05 per cent, these averrations
were regorded with higher frequencies., The poercentages
of aberrations were increased consideravly to 11.11 at
12 hours of 0.05 per cent concentration frow 6.22 at 48
hours of 0.03 per cent of aldrin, Hlurred borders of
chromosome, irregular zovement during anaphase and chromosome
bresk were also found in few cells (Plates 2, 1+, &), The
chromatin bridge (Plate 20) and ehromatin bodies were
regular types of sbnormalities noted in aldrin treataent.
The 0.10 per cent concentration was Gapable 9f inducing
C-metaphase cells (Plate 7) though %o a lesser percentage
of 0,25 and 0,36 at 12 and b8 hours in addition to other
types of abnormalities, Very rarely unequal sized
puclei were formed (0.39%) in this concentration, The
total abnormalities showed an increasing trend although
manifested in varied forms., 8%ray chromosomes in prophase
were also seen in 12 and 2+ hours treatmentj 0.73 per cent
of beaked telophase nuclei were obssrved in 4& hours of
treatment.



Plate 2

Plate 3
Plate b
Plate 5
Plate 6

Prophase of Allium gepa having chromosomes
with blurred borders,

Biprophase in Alliuy ¢eps.
Prophase of gllium ceps showing broken chromosomes,
Metaphase of Alldup gepa showing sticky chromosomes,

mt:gl;an of Allium cepg showing end to end fusion
of omosomes,






Table 10. Chromosomal abnormaslities incuced by different concentrations of aldrin in

anaphage cells of Alliup cepa, L.

Concen- Treat- Stickd Bridge Laggard Precccious Irregu~ Total Total
tration ment = movement of lar aberra- cells
(percen-period hess Single Double Multiple 8ingie Louusie Miiti-~ chromosome apaphase tions exam~
tage) (hours) ple Sinzle Doubile ined
12 0 3 1 0 1 2 1 1 9
(2.19) (0.73) (0.73) (1.46) (0.73) (0.73) (6-%7)
0.03 .S e a 1 0 0 2 0 0
(1.64) (1.8+) (0.82) (0.82) (1.64) (6.56)
L8 0 e 0 1 0 0 1 1 5
(2.13) (1.06) {(1.06) (1.06) (5.32)
12 (4] 5 0 0 1 0 2 1 9 86
{5.81) (1.16) (2.33) (1.16) (10.%7)
0.05 & 3 1 ™ 0 3 0 3 18 97
48 5 2 3 9 0 2 0 3 20 95
{5.26) (2.11) (3.16) {(5.26) (2,11, (3.19) (21.05)
12 2 3 2 4 1 2 2 0 13 76
(2.63) (3.9%) (2.63) (1.32) (1.32) (2.63) (2.63) (17.11)
0.10 . 3 2 0 9 0 3 LW %
(5.32) (3‘;19) (2.13) (5.32) {(3.19) (L.26) (23&(})
W8 0 4] 3 4 1 2 67
(5 97} (1.148) (1.59) (2.99) (11&.93)
12 3 2 3 0 " L 19 92
(3.26) (‘+ 35) (2.17) (1.09) (2.17) (3.26) %.35) (20.65)
0.1% p 1 o 0 2 2 8 L3
( &, 65) (L. 6‘5) (&.6%5) (b.65) (18.60)
48 0 1 1 5 3 1 e 16 &4
(1.56) (1.56) (1.56) (3 13) (7.81) (#.69) (1.56) {3.13) (25.00)
Total 21 * 13 E 26 N 11 18 N 21 123 1067 -1
(1.97) (3.19) (1.22) (0.47) (2.M%) (0.37) (1.03) (1.69) (0.37) (1.97) (h.71) o

e



Tahle 10 (Contd.)

Iridge Laggard Prescocious Irregu~- Total Total
2gﬁ:;g; Z:g%t’ Sticki~ aovenent of lar aberrae cells
(percen- period ness Single Double Multiple Single Double Multi- SHYoZ0some anaphase tions — exam-
tage) (hours) ple Single Uouble

12 4 o 2 0 o 0 0 0 0 0 2 90
(2.22) (2.22)
Control
(disti- 2 o 0 2 0 o 0 0 ¢ 0 (¢ 2 92
1led (2.47) {2.17)
water)
L8 0 0 1 0 0 0 0 0 0 0 1 98
{1.02) (1.02)
Total 0 0 5 0 0 0 c o} 0 0 5 280
(1.78) (1.78)

Figures given in parentheses incicate percentage

GL



Table 11. Chromosomal abnormalities induced by different concentrations of aldrin in
telophase cells of Alliue gepa, L.

Concen~ Treat- Micro Bridge Loggard Deaked Unequal Chrome~ Chroma~ Totsl Total
tration pent nucleus nucleus nucleus tin tin abnor- c¢ells
(percen~ period 8ingle Double Single bridge body malities examined
tage) (hours)
12 2 0 0 (4] o o 1™
0.03 2 2 (1'.;9) 0 o 2 4 (1.%9) 130
) o e ) 1 . (1.5 (0.77) (h.gz) 1o
(1.79) (0.59) (0.89) (2.28) (1.79) (8.0%)
12 3 2 0 2 0 0 2 12 113
0.05 a (2365) (1577) o (1.37) o 0 (2.%5) (1.;7) (12662) 16
) S C Y n;az) ) 1 . . (1.82) (2.73) (9:09) o
(3.85) (0.96) (0.96) (2.38) (2.&) (11.5%)
12 3" 2 1 1 0 o 1 0 8 88
0.10 o (3; 1) (2327) (1a1h) (1.;*») 2 o (1.3') \ (%09) -
’ (5.15) (3.09) (2.06) (+o12)  (4.12) (18.56)
w8 L 3 0 0 2 1 g 0 15 73
(5.48) (4.11) (2.M%)  (1.37) (6.35) (20.55)
12 5 2 0 e 1 0 b 2 17 88
(5.68) (2.27) (3.41)  (1.9%) (h.ES) (2.27) (19.32)
0.15 24 2 4 0 2 1 0 1 L 67
"8 (2.;9) (559‘7) o (2.29) (1.'59) ; (5.39) (1.‘;9) (22590) 8
(6.10) (6.10) (1.22) (2.40%) (1.22) (9.76) (3.66) (30.49)
Total 39 1198

38 28 1 10 9 2 21 W8
(3.17) (2.3) (0.08) (0.84) (C.75) (0.17) (3.26) (1.75%) (12.35)

(Contd., )

9L



Teble 11 (Contd.)

Concen- Treat- Micro- Bridge leggard  peakea Unequal a‘tﬁ“” o fgg_ m
oy Damtoa "1%% singie Double  Single  PUCLUS DURlEUS prygge pody  malities exas-
tage) (hours )
12 0 0 0 0 0 0 0 0 125
Control 2 ¢ 0 0 1 0 0 0 1 ™o
(distilled (0.7%) (0.71)
vater)
W8 o Y 0 0 0 o e 0 0 "M
Total 0 0 1 0 0 ¢ 1 376
(0.27) (0.27)

Figures given in parentheses indicate percentage



Plate ?
Flete €

Plate 9

Fleate 10

Plate 11

Cemotaphese of Alliup geva.

Metaphase of mgw showing multiple
¢hromosone aMom&igge . 8 L

Metaphase of Sjllium eaps showving chromoaone
fragments.

gtlg.ghw of AlJium geps showin; single chromosope
ridgs.

giag::u of Alliup geps showing double chromosome






Highest concentration of 0.15 per cent
increpgsed the anomalies to 15,87 per cent, 20,17
per cent and 25.25 per cent at 12, 2% and %8 hours
respectively and the total frequency of irregularities
vere significant at both 1 and 0,1 per cent levels
of chi square velues., The stickiness, lagzards and
hridpes qungtituted the major proportion of total
amorpality at this dos~ge. Ab analysis of the pani-
featrtion of gberrstions in different mitotic phases
ehoved that the marimum frequency of aberration vis.,
14,74 per eent, were in the snsphase. This was followed
by telophase (12.35%) metaphsse (11.59%) and prophase
(11.41%), The types and distribution of chromosome
aberyratiocns in different division phases are presented
in Tables 8, 9, 10 snd 1t.

2, Carbofuran

Carbofuran induced various types of chroumosome
abnorunlities like stickiness, haziness, nonorientation
af netaphase chromosones, breaks, laggards, bridges and
C-petaphases. Their frequency at various concentrations
of carbofuran treatuent for various tinme intervals is
presented in Table 12. The dose response curve of
carbofuran induced chromotoxiecity 1s presanted in Pig.o.
Aberrations induced at 0.0079 per cent and 0.01 per cent



?nhsf“' induced by different concentrations

79

Treag~

T3 o Miczo- Jonden- Total Total Mean of

Congan- lar nucleus sed chro- aberra~ golis treat-
(B‘m') thours ) ined par
5 0 0 10 433
” ¢ o 0 mi? ) 493
0.0078 A 6 o . (2.4) (2529
48
D 0 0 20 552
= & 0 0 ‘3532 ‘ “2 1691
0.01 % (4.98) (5.64)
w ° 1 0 32 385
( {(D.24 (8e31)
a O 0 Y 28%* 419
‘1 (0.23) f&u“)
" 2 0 40** 413 24.20
0,02 24) (0.48 {(9.68) {(B.16)
w O 0 0 38 442
{8.,60)
0 30%* 379
” 0 o 13587 ws 2636
0,04 » (77) (8.19)
w O 0 0 39* 425
(9.18)
| 1 3 i 324 5238
Total 02) (0.06) (G.02)  (6.20)
32 O 0 0 10 530
Solvent (3.89)
comtrol .. 0O o o 20 542 10404
{avotone - {3.69) {3.35)
0e2%) w O 0 0 25 $61
(4.46)
| o 0 0 55 1633
Toeal (3.37)

woentage



Table 13. Chromosomal abnormnlities incuced by different concentraticons of
carbofursn in prophase cells in Alljum gepg, L.

onsen- Trest-  Stiexi- Breaks Strays Hazi- Total Total
(percen- period  P®%°  gsingle Double Mdtiple Single Double ~ DeS®  Sherra-  cells
tage) (hours) zined
12 ( 4 5 0 0 0 ) 0 ) ( “15) 127
‘
0.0075 M 0 0 0 161
(27%8) (2248) ,
L8 5 0 0 0 0 0 1 6 19
M.39) (0.88) (5.26)
12 2 0 0 o 0 0 1 3 156
{1.28) , (0 &) (1.92)
0.01 P 3 0 0 o /] 0 1 b 3
{2.10) (0.70) (2.80)
L8 5 0 0 0 o +) b 9 105
(.76) (3.81) (8.57)
12 0 o 0 0 N L 120
(3.33) (3.33)
0.02 - 2 0 36 1 8 12 116
(1.72) (0.86) (0.86) (6.90) (10.})
48 & 0 0 0 3 7 112
(3.57) (2.68) (6.25)
12 2 0 1 1 0 0 3 7 96
(2.08) (1.04)  (1.04) (3.13) (7.29)
0.0% .Y 5 1 0 0 2 0 3 1 151
(3.31) (0.66) (1.32) (1.99) (7.28)
48 5 0 0 0 0 5 W 171
(2.92) (2.3+) (2.92) (8.19)
Total | 1 1 1 7 1 1572
(2.61) (0.06) (0.06) (0.06) (045)  (0.06) (3?10) (gaw)
{(Contd. )

08



Tsble 13 (Contd.)

Concen~ Treat- Sticki~ Bresks Strays Hagle Total Total
tration =ent ne aess aberra- cells
(percem- period 088 Single Double Multiple 8ingle Double tions examined
tage ) (hours)
3 0 0 0 0 0 0 3 158
gontral = o, g 0 0 0 0 0 2 ? 155
3¢+ i (3.23) (1.29)  (4.52)
48 7 0 0 0 0 2 9 185
(3.78) (1.08) .86)
Total 15 0 0 0 0 0 Y 1 498
(3.01) (0.80) (3.82)
Pigures given in parentheses indicote percentage

18



Table 1. Chromosomal abnormalities induced by different concentrations of
carbofuran in metaphasecells of Alljiug gepa, L.

Concen= Treate Sticki- Bregks Hon-oriented chromo- Conden- C-meta- Total Total
tration ment ness somes sed phase aberra- cells
t(pa s;rcene) %g:%:g) Single Double Single Double Hultiplcf;;g?' timns ;;;" od
12 Y) 0 1 1 ¢ 0 2 105
(0.95) (0.95) (1.90)
0.007% b Q (1287) 0 0 “ g?) 107
18 2 0 0 2 1 ‘g 106
(1.89) (1.89) (0.9%) (4,72)
12 3 1 4] 1 1 (4 0 é 109
(2.7%) (0.92) (0.92) (0.92) (5.50)
0.02 2 k 1 0 1 1 0 7 101
(3.96) (0.99) (0.99) (0.99) (6.93)
L8 6 0 0 0 0 o] +] 1 7 73
(8.22) (1.37) (9.59)
12 2 o 0 1 0 1 & 109
(1.83) (0.92) (0.92) (3.67)
.02 2 (u575) (1°98)  © (0.99) ° 0 (1298) (9:90) 101
48 5 1 0 1 2 0 2 3 99
(5.05) (1.06) (1.01) (2.02) (2.02) (11 11)
12 3 ) 1 4] 4] 107
0.0k 2, (2,80) (0693) (t.87) (5561) 422
) .8 (3.28) (1 &) (0.82) (0.82) ; (eass) 5
(11.32) (1.89) (1. 89) (1.89) (16.98) 3
Total LT3 15 6 1 1 6 77 1192
(3.36) (0.5) (0.17) (1.26) (0.5) (0.08) (0.08) (0.50) (6.,k6)
(Contd. )



Table 1 (Contd.)

Concen~ Treat- Breaks Non-oriented chrono- Conden~ Cepneta- Total Total
tration nent Sticki~ somes sed phase aberra- cells
(percen- period ness Single Double chromo- tions examined
tage) hours) 8ingle Double Multiple somes
12 1 0 0 2 0 0 4] 0 11
(0. %) (1.68) (2.?2) ?
Solvent o, 2 o 0 2 0 0 0 0 b 125
iyl (1.60) (1.60) (3.20)
0.2%) u8 3 0 0 N 0 0 o 0 7 109
(2.7%) (3.67) (6.h2)
Totsl 6 Q 0 8 0 1) 0 0 ) L 353
(1.70) (2.27) (3.97)

Figures given in parentheses indicate porcentage

£%



Flate 12
Plate 13
Plate 1k
Plate 15

Plate 16

Anaphase of gspa showing chromosome
bridge and break,

of Allium gepa showing unequel separation
of chromosomes.

Anaphagse of Allium gcpe shoving irregular movement
of ehromosomes,

Anaphase of Alliup cepa showing multipolar seggre-
gation of ehrososomss,

Telophase of é],,nm fopa showing persisting

)
"

ehromosome Lricoe,



Plate 1%




concentrations were not significsntly different from

the solvent control. However, the higher concaentration
of 0.02 and 0,04 per cent were very effective in
indueing chromosomal abnormalities to significantly
higher proportions, The highest aberration frequency
wvas noticed with 0,02 per cent carbofuran treatment for
24+ hours. The increase of concentration from 0.02 to
0.0+ per cent did not show considerable difference in the
frequency of aberrations vhen means of periods of treate

nent were compsred,

Mieronuclei, multipolar snaphase (Flate 15) and
chromosone contraction were recorded with frequencies
0.36, 0.2+ and 0,23 per cent at 0,02 per cent of carbo-
furan, the normal field application dosaie, Chromosome
bridges were very frequent as they were recorded to the
tune of 1,86 per cent, which was fallowed by stickiness
(1.55%) and laggnrds (0.82%), when the tot-l frequenecy
of each aberrant types in garbofuran was considered,
Chromoscme breaks were noticed in all the mitotic phases
(Tables 13, 1+, 15 and 16). 8ingle, double and multiple
breeks were observed with the treatments of this insecti-
cide, Bingle, double and multiple chromosome bridges
and laggards were also observed., The anaphase stages

84

recorded maximum percentazes of aberrations (10,03%), while

telophase stages recorded least frequencies of irregula-
rities (3.47%).



Table 15.

Chromosomal abnormalities induced by different cancentrations of

carbofursn in anaphase cells &ff Alliunm eepp, L.

Concen~ Treat- Break Bridpe Laggards Multi- Total Total
tration ment polar abnor- cells
(percen= period Single Double Single Double Single Double Multipls anaphase mali- exa-
tage) (hours) ties imed
12 % 1 0 0 0 e 0 Y 101
(0.99) (0.99) (1.98) (3.96)
0.0075 2 1 1 2 1 1 0 6 100
* (1.00) {1.00) (2.00) (1.00) (1.00) (6.00)
48 0 0 3 0 2 0 0 5 100
( (3.00) (2.00) (5.00)
12 1 ¢ 3 p 2 1 1 9 1M
0.01 2 (06&5) (2363) (3.88 ) (1575) ( 8.88 ) (OéSB) (3589) 103
.85) (2.9%) (1.94) {(1eN) (11.65)
W8 2 0 3 2 1 1 0 9 99
(2.02) (3.03) (2.02) (1.01) (1.01) (9.09)
12 0 4] 8 3 1 0 5 0 17 107
(7.48) (2.80) (0.93) (. 67) (15.89)
0.02 13 2 1 5 0 2 0 1 1 12 9"
(2.20) (1.10) (5.49) (2.20) (1.10) (1.10) (13.19)
L8 2 0 7 3 1 0 0 0 13 104
(1.32) «( (6.73) (2.88) (0.96) (12.5C)
2 (1125') ° (3375) (1125) (2250) (5h0) (?2”0) (;2 %) %
0.0k A 2 0 2 0 2 1 ¥ 8 88
(2.27) (2.27) (2.27) (1) (1.9k) (9.09)
L8 1 1 2 L 1 0 0 9 79
(1.27) (1.27) (2.53) (5.06) (1.27) (11.39)
Total 13 3 L 18 17 7 1 1 117 1166
(1.11)  (0.26) (3.77) (1.5%) (1.446) (0.60) (1.20) (0.09) (10.03)

(Contcd. )

S8



Table 15 (Cmtd-)

Conecen= Troat- Break
tration ment

Bridge

Lagg4ards

(percen- period 8ingle Doudble

Multi- Totasl

Total

polar abnore- cells

8ingle Douhle Single Double Multiple anaphase mali- exanine
tage) (hours ) ties
12 0 (4] 2 1 1 o ¢ 0 " 103
Solvent (1.94) (0.97) (0.97) 3.88)
coantral
(acetons 2 0 0 L 2 2 1 (4] 9 118
«2%) (3.39) (1.69) (1.69) (0.8%) (7.63)
L8 0 0 3 2 3 1 0 9 99
(3.03) (2.02) (3.03) (1.01) (9.09)
Total c 4] 9 6 2 0 22 320
{2.81) (1?56) (1.88) (0.63) (€.8¢)

Flgures given in perentheges indicate pereentage
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carbofuran in telophase cells of Alljum cepg, L.

Table 16. Chromosomal abnormalities induced by different concentraticns of

Concen Trent~ fAreak Bridge Laggard Miero- Total Total
tration ment nucleus aberra- cells
(pere¢en- period Single Single Double Single tions exa~-
tage) (houre ) mined
12 ¥ 0 0 4] 0 0 100
0.0075 24 0 0 0 0 0 0 124
L8 4] ] 0 0 O 0 80
12 0 2 ] 4] 0 2 173
(1.16) (1.16)
0.01 P8 c 2 1 1 0 N 95
(2.11) (1.05) (1.05) (+.21)
48 1 3 0 2 1 - ? 108
(0.93) (2.78) (1.85) (0.93) (6.48)
12 0 1 - 0 O 83
(1.20) (2.141) (3.31)
0.02 p- 1 2 1 0 2 6 105
(0.95) (1.90) {0.95) (1.90} (5.71)
L8 o % 3 o 0 7 127
(3.15) (2.36) (5.51)
12 (2 §8) (2 ge) ° S ’;7) %
0.0 2 3 "o 2 ,'& 85
(3.53) (2.35) (5.88)
48 ) £ 2 0 7 122
(+.10) (1.6M) (5.7%)
Totsl 2 2 11 5 3 " 1298
(0.15) (1.85) (0.85) (0.39) (0.23) (3.47)
(Contd, )

~1



Table 16 (Contd,)

Concen~ Treat- Break Bridge Laggard Micro- Total Total
t;ataon ment nucleus aberra- cells
g';:‘;m' fﬁ?g y Single Single Doubie Single tians exanined
Salvent 12 0 0 0 0 150
con . ,
{zcetone 2 0 e ¢ Tels
0.2%) L9 0 o o 168
Total 0 0 0 0 0 4] 462

Fimures siven in parentheses indicate perceniage
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PLats 17

Plats 18

Piate 19

Flote 20

Plate 21

Telophasa of AL)dum aeng showing broken
chromosope bridge.

Telophase of Alliws Gepg ehowing lagging
chromosone,

Taliochase of Alliwg gepa showing pregocious
movernt of GhYXumusaue,

Delochiese <0 cifdvm 960s showing persisting
chronntin bridge connections and chromosome
frasment.

Telo hare of Alid Ya showing micronucleus
along with aﬁ‘&? nuclel.






3. Phorste

The frequencies of chromosamal abnormalities
induced by 12, 24 and 48 hours treatment with
different concentrations of phorate is given in Table 17.
" Total abnormalities ranged from 2.21 to 14.69 per cent
at variocus dosages. The major anomalies observed in
phorate treatment were stickiness, nonorientation of
metaphase chromosomes, breaks, laggards, and chromosome
bridges, Micronuclei and irregular anaphase were also
msnifested but to a lesser extent and were usually noted
at higher concentrations and at prolonged treatwments,
wvhile biprophase (Plate 3) and blurred chromosome
borders wére a8 very rare phenomenun that occurred
occasionally.

The 0.02 per cent concentration, the lowest
dosage tried, did not show significant levels of
aberrations in all the three treatment periods. The
next higher concentration of 0,03 per cent was effective
to the significant levels at 2+ hours. The increased
time intervsl of 48 hours was much more effective than
the 2 hours treatment and it recorded a total abnormality
of 10.59 per cent, The two higher doses vis., 0.06
and 0,09 per cent were potential doses for the induction
of abtmormalities. Both concentration and time of treat-
ment had linear relationshp with abnormalities, as shown
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anormalities induced by different concentragions

TS

coo0i-  Bridge Iiaro- Irregular Total  Total  Mean of

i muclous anaphase aberra- Oells groate
{perosn« tion axamined Nt
tage) period
m
2 o 0 9 408
(0.49) {2.21)
0.3 (o‘sz y ! . ) ° (3121 ) o 358
' Q.23 .
5 0 0 16 375 (3.29)
(1.33) (4.26)
11 0 0 20 488
0.03 (2,25) (4.10)
. 10 1 o 33 435 22.28
(2,30)  (0.23) (7.59) (7.43)
18 2 2 sS4 510
(3.53) (0.39) (0.39) {10.59)
(;s ) 0 0 (133*; 457
0406 50 22
) 13 2 3 s au 302
{3 +O9) (0.45) (Ded) {(9.50) *
s 3 2 g3 547
{(2.93) {0.55) {(Ge37) {11.52)
18 0 3 43 458
(3.51) (0.66) (9.321)
0.0 cf) 43) . ) ? u“;;; 1 34.76
| 0489 0
is 2 1 6% 463  (1139)
(3.24) (0.43) (0e23) (14.69)
Total 146 15 9 442 5451
(2.68) (0e28) (0ed7) (8.11)
3 0 o 10 530
m (0s57) (1.89)
(scstone (1611 ) o 20 542 10,08
0‘“’ ( 3 ; o 0 (3529’ m ‘3035)
0,89 (4.46)
Total 14 0 0 55 1633
(0.86) (3.37)

5 indigate percentage
aval
Bbvel



Table 18. Chromosomal abnormalities induced by different concentrations of
phorate in prophase cells of Allium geps, L.

Concen- Tregqt-

Break

tration men Sticki- Bazi- Bipro- Aurred Total Total
(pen;en- %gm ness Single Double ness phase ehromosome i.:;:lo::a. % d
12 1 o 0 0 0 1 109
(0.95) (0.95)
0.02 - 2 1 0 0 3 108
(1.85) (0.93) (2.78)
48 3 2 0 0 5 100
(3.00) (2.00) (5.00)
12 1 0 0 0 0 0 1 136
(0. 7) (0.7 )
0.03 S 0 1 0 0 1 o 2 100
(0.96) (0.96) (1.92)
48 3 3 0 0 o 2 8 150
(2.00) (2.00) (1.33) (5.33)
12 2 2 0 0 0 o b 119
(1.68) (1.68) (3.36)
0.06 2 3 2 1 o 0 0 9 oM
(6.38) (2.13) (1.06) (9.57)
w8 3 2 0 s} 3 13 178
(2.8%) (1.69) (1.12) (1.68) (7.30)
12 1 2 1 1 o (1] 5 109
(0.92) (1.83) (0.92) (0.92) ®.59)
0.09 2 6 2 0 5 0 13 111
(5.+1) (1.80) (+.50) (11.71)
L8 ? 2 0 3 1 13 127
(5.51) (1.57) (2.36) (0.79) (10.24)
Total 20 & 9 1 6 77 ke 1
(23§7> (1.39) (0.28) (0.63) (0.07) (0.12) (5e3)
(Contad. )

Ib



Table 18 (Contd.)

Conean- Treat- Break Total Total
?ranm m:?m Sticki- ﬁ:ﬁ" m ;%gg;gma isgaéru- cells -
percen- pe nzes o8 examin
tege ) (hours) Single Douile
12 3 (4] 0 0 O ¢ 3 158
Solvent o 5 o) 0 2 v) 0 7 155
?‘;g%;},, (3.23) (1.29) (4.52)
0.2 L8 7 0 o 2 0 o 185
(3.78) (1.08) (1..36)
Total 15 0 -0 4 0 0 1% 498
(3.01) (0.80) (3.82)

Flgures given in parentheses indicate percentage

¢b



Table 19. Chromosomsal abnormalities induced by cifferent concentrations of
piorate in metaphase cells of Allium gepg, L.

Concen- Break Nonoriented
Treat~ HKurred Total Total
?;:?;’g_ uaa: Stickiness Single  Double chromosone chromosome abnorms- oells
tage) s Single  Double lities  examined
12 1 g,?) o 0 0 0 ¥ “292) 104
0.02 2 'ek 0 0 0 o 0 '3“ 23
(2.0 ) (2.4 )
48 0 0 0 (V] o 0 o
12 0 0 o ¥ o c 1] 102
0.03 oy 3 2 o 3 0 2 10 113
(2.65) (1.77) (2.6%5) (1.77) (8.85)
L8 38 2 1 2 gﬂ ) 1" 100
(2.88) (1.92) {0.96) (1.92) - (2.88) (10.58)
12 Z 1 1 1 0 o 8 113
0.06 (W.%2)  (0.88)  (0.88)  (0.88) (7.08)
. 3 2 3 4] 2 0 4] 7 112
(1.79) (2.68) (1.793) (6.25)
48 6 3 2 3 2 o 16 110
(5.45) (2.73) (1.82) (2.73) (1.82) (the5%)
12 5 3 1 1 0 o 10 1%
0.09 (h.ea) (2.63)  (0.88)  (0.88) (8,77)
. 2 2 o} 2 0 o 8 115
(3.48) {1.7%) (1.74%) (6.96)
48 5 b 3 L 3 3 2 119
(+.20) (3.36) (2.52) (3.36) (2.52) (2.52) (18.48)
Total 3& 20 ;] 18 8 5 97 1311
{2.9C) (1.53) (0.61) (1.37) (0.61) (C.38) (7.%40)

(Contd. )

£6



Table 19 (cmtdo)

Break Nonoriented Biurred Total Total
%gggig; g:g%t— Stickiness chromo some chromosome abnorma- cells
(percen- period Single Double 1ities examined
tage) (hours) Single Double
12 1 0 0 2 4] 0 3 119
(0.84) (0.68) (2.52)
Solvent
2 2 0 0 2 0 0 L 125
et (1.60) ' (1.60) (3.20) |
0.2%) L8 3 0 0 N 0 0 7 109
(2.75) (3.67) (4+.59)
Total 6 4] 0 8 0 0 1 353
(1.70) (2.27) (3.97)

Figures given in parentheses indicate percentage

76



Table 2C. Chromosasal smormelitiss induced by different conc-ntrations of
phorate in snaphase cells of Alliug ¢:px, L.

Concen- Treat- Irrveguiar ' Bridgze Break Laggard Potal Total
tration pent anaphase abnorme- cells
{percen- period Single Louble Multiple Single Louble Single Double Multiple lities exan~
tage) (hours) ined
12 0 2 o (¢ 1 0 1 N 99
(2.02) (1.01) (1.01) (b.0+)
0.02 24 0 2 0 0 0 2 2 > 6 106
(1.89) (1.89) (1.89) (5.65)
L8 o] 1 2 - 0 1 1 ¢] 5 88
(1.1 ) (2.27) (1.14) (1.9%) (5.68)
12 0 9 0 0 2 0 0 £ %b 16 88
(10.23) (2.27) (2273 (3.41) (18.18)
0.03 2 0 ) ) 0 2 1 3 12
' (7.1h) (1.79) (0.89) (0.89) (C.59) (2.68) (1%.29)
L8 2 10 L ] 3 0 0 5 25 120
(1.67) (8.33) (3.33) (2.50) (0.83) e17) (20.83)
12 0 Z 2 2 0o - 0 ¢ 3 108
. 0.06 - ; (6.68) (1;85) (1385) o o (1. 85) (26?8) (1“.81) 108
(0.96) (5.77) (0.96) (2.88) (0.96) (1.923 (13.#&)
48 2 1 6 1. & 2 3 0 P 115
(1.74) (3.48) (5.22) 10.87) {(3.48) (1.74) (2.61) (1'?%) (20.87)
12 3 6 1 1 L 2 o 0 0 17 15
(2.61) (5.22) (0.87) {0.87) {3.48) (1.74) ' (1+,78)
0.09 24 o 7 2 (E 1 0 2 0 0 17 112
(6.25) (1.79) M6) {0.89) (1.79) (15.13)
4“8 1 8 2 3 4 0 2 5 26 100
(1.00) (8.00) {2.00) (3.02) (&4.,00) (1. OO) (2.00) (5.G0) (26.00)
Total 9 70 20 15 2 9 13 9 19 186 1267
(0.71)  (5.52) (1.52) (1.13) {1.74) (0.71) {1.03) (0.71) (1.50) (1.563)
(Contd. )

Gb



Table 20 (Contd.)

Congen~ Ireat- Irregu-
tration went ler ana-
(percen- period phase
tage) (hours)

By idge

Break Laggard

Totaml Total
abnorme~- cells

Z4n3le Double Huitiple

Binglie Double Single Double Multiple lities ;:::.

12 G
Salvent 2% o
contraol
(ace tope
0.2%) L8 o
 Total s)

2
(1.9%)

N
(3.29)

3
(3.03)

(2.8

1
(0.97)

2
(1.69)

2
(2.02)

(1?56)

0 0 1
(0.97)
0 0 2
(1.69)
0 0 3
(3.03)
0 0 6
(1.88)

0

‘
(0.8%)

1
(1.01)

2
(Ue63)

0

Y 103
(3.88) .

9 118
(7.63)

9
(9.09)

b A 0
(5.88) 32

Fizgures ziven in parentheses indicate percentaze
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Tadble 21. Chromosomal abnormalities induced by d.tfrerent concentrations of
phorate in telophase cells #f Allium cepa, L.

Concene Treatment Break Bridge Laggard Micyo- Total Total
tratiom riod necleus abnorma~ cells
a’:rc):m- %; Surs) Single Double Single  Double gingle lities examined
(]
12 2 o o 0 0 0 2 100
(2.00) {(2.00)
C.02 24 ] 4] 2 0 ] 1 3 103
(1.9%) (0.97) (2.91)
48 2 0 2 0 2 (o} 6 105
(1.90) (1.90) (1.90) (5.71)
12 0 0 2 o 1 ¢ g 162
(1.23) (0.62) (1.85)
0.03 P 1S 2 0 2 G 0 ) | ;2 106
(1.89) (1.89) (o.w) +.72)
48 2 2 b 0 0 10 136
(1.47) (1.47) (2.9%) (1 '!'7) (7.35)
12 0 0 & ) | (v} 0 5 117
(3.42) (0.85) . 27)
0.06 2 3 0 3 0 2 2 11
(2.70) (2.70) (1.80) (.80) (9.00)
L8 0 0 , 1 2 3 ™
(2.77) (0.69) (1.38) (2.08) (6.90)
12 2 0 6 b4 0 G 10 118
(1.69) (5.08) (1.69) (8.47)
0.09 & 0 0 1 1 N 11 113
(b.M2) (0.88) (0.88) (3.5) (9.73)
L8 é5 1 2 0 1 2 7 111
(0. ) (0.89) (1.71) (0.85) (1.71) (5.98)
Total 3 36 5 9 15 82 32
(0‘98) (C.21) (2.51) (0.35) (0.63) (1.05) (5.73)

(Contd. )



Table 21 (Contd.)

Concen- Ircatment Break Bridge Laggard MLCro= Total Total

traticn period - nuclcus  asbnorma- cells

(per?an- (hours) BSingle Double Single Double Single lities examined
12 0 (] 0 0 150

Solvent 2 ok

control

(acetone LR 0 0 v} 0 0 0 168

0.2%) ‘

Total 0 0 0 0 0 4] 0 462

Figures given in parentheses incicate percentage
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in Fig.7. Teble 17 reveals that chromosome bridges were
the most frequent type of atnormality in all the concene
trations of phorate, They constituted 2,68 per cent of
the total aberrations., Breaks (1.83%), stiocky chromosomes
(1.38%) and laggards (0.92%) in the decreasing order of
occurrence were the other major types of anomalies in
Allliz: cepa root meristem cells after phorate treatment.

An examination of the distribution of ehromosomal
aberrations in the various stages of mitosis (Tesbles 18,
19, 20 and 21) revealed that the maximux frequency of
abnormalities were manifestec during anaphase. The major
types of anomalies in this stages were chromogome bridges,
ehromosone breaks and laggards., Thus, ﬁhne tiie frequency
of abnormalities during anaphase was 1,68 per cent, the
corresponding values were 5,3, 7,40 and 5.73 per cent
during prophase, metaphase and telophase respectively.

The chromatoxic effeats of four levels of aldrin,
carbofuran, and phorste were compared with the control
and among themselves at different periods of time by means
of histogramsin Fig.8.
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DISCUBSION

The results of various cytotoxic and clastoe
genic investigations of three insecticides, viz., aldrin,
e¢arbofuran and phorate on root wuitosis of Alllum gepa, L.,

are discussed hereunder in ths light of akin investigations

carried out by different workera.
A. CYTOTOXICITY

The cytotoxicity of any chemical/agent is
nanifested as total mitodepression, nuclear pycnosis and
chromosome clumping (Sahu g% al., 1981). The dosage at
vhich these symptoms appear is considered as the cytotoxic
concentration. The mitodepressive property of a cherical
or an agent can be assessed by the computstion of mitotic
index in the treated and control experiments. The mitotic
index reflects the percentsge of dividing cells at any
particular stage of development, It may increase or
decrease by the influence of external agency acting on it.
An increase may lead to an unprecedented multiplication
of cells which result in tumor or cancerous out growth in
organised tissues of animals, or gell like protrusion in
organiged tissues of plants or tall and lanky growth of
plants if the tissue affected are meristems, A decreased
rate of mitotic division compared to control show the

100
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mitodepressive property of the agent leadin
or stunted growth of the or ;anism, More severe effect

of such chemicals oc=n lead to mitotoxicity - whereby cells
in the treated organisms will not be in a position to
multiply and grow.

A reduction in mitotic index may mainly be due to
(1) disturbance in DNA aynthesis during interphase which
is a pre-requisite for cell division (11) cisturbance in
the synthesis of protein vhereby variou: enzymes necessary
for the process of cell division are affected, or (iii)
dizturbance in the metabolic activities which may lead to
the non-availability of energy required for cell division.

1. Aldrin

In the present investigation, the mitotic index
vas reduced significantly by aldrin trcetoments. It was
reduced to half that of control, in the lowest dose (0.03%)
tried. 7This indicates the ghronie effects cf aldrin on
root mitosis, This negative effect continue further at
higher concentraticns with a linear relationship of
nitodepression and concentration. Such an innibition of
anitotic index by organochlorine pesticides was observed
by Schales (1955) in Allium geps with heptachlor and
Bekale ¢t gl. (1981) in Malvastrum ¢
2, “eDichlorophenoxy acetic acid. Mitodepressive effects
of DLT, DD and DDE have been reported by Mahu and Herbet
(1975) in mice.




The observation that amons the various divisional
phases, the frequency of prophase was reduced to maximunm
with aldrin treatment suggests that the number of cells
entering into division was reduced by these trcatments.
This may point to the posaibility that aldrin inhibits the
DHA synthesis resulting in édefective synthetic phase
(S-phase) of interphase rendering many a caells incapablie of
entering into division, The iphibition of DHA synthesis
by organochlorinated insectieides in plhino rats has aliready
been reported by Banerjee gt al. (1981). They have clso
found in their stucy that the amounts of total proteins
snd¢ lipids are unaffected by the treatment with these
chiemicals, This ¢an be ascribed as the reason why in the
present investigation the drastic recduction in prophase
index was not expressed in the indices of other division
rhases. The cells entering intc prophase completes the
cell cycle throuzh the rest of the divisional stagec, even.
though in a low keoy, with the avaeilable enzymes in the
cytoplasmic environment of the cell, The period of treat-
nent could not manifest eny significant chonge in mitotie
index, The increase of metaphase and anaphase indices,
st least in lover doses, may probably be cdue to the fact
that these strges were temporarily arrested as a result
of the delay in gpindle fibre formation and slow coiling
and uneoiling of these fibres at anaphase to carry the



chromosomes to the poles, This suggests that the

spindle proteins are not completely free from the effects
of aldrin. The 1lipicd and protein taking part in cell wall
formation did not aeem to have affected much,

2. Carbofuran

Carbofuran has been found to produce marginal
decrease in mitotic index compared to the control, lHowever,
higher concentrstion (0,0+%) have brought about sisnificant
recuction in mitotic index. At lower dozes, the zarginal
reduction in mitotic index recorded with 12 hours treat-
nment was found to get nullified with increaze in treatnent
period at least in 0,02 per cent. This points to the
possibility that the chemiocal is either getting neutralised
or the getabolic procducts are rendsred ineffective, However,
ahmed et al. (1977) have reported that Ne-nitroso derivatives,
the degzradation product of c¢arbamate, is not completely
inactive on INA, The present observstion suggests that
carbofuran is not an effective cytotoxicant at lower doses.
No definite dose dependant behaviour also ic noticed as
already reported by Amer and Farah (19Ab) in the case of
Duphar and IPC, two carbamate insecticides,

The prophase indices showed inereased frequency
in all the cancentrations vhile the anaphase and telophase



indices decreased. This suggests that either the number
of cells entering to division is more than the control

or the prophase stage is prolonged by letting the frequency
of other divisional atages get reduced. A reduction in
ansphase and telophase indices is observed with v-rious
treatments. It seems to be reasonable to suggest that the
proteins which are constituent of engymes which trigger
the dissolution of nuclear membrane during prophase are
enhanced by carbofuran, This msy be cue to its nitroso -
derivative affecting the protein which in turn can be as a
result of change caused in the DNA (Morrison, 1962).

The increase in prophase index recorded at the
higheat concentration tended to show drastic reduction by
extending the period of treatment., 7This may be attributed
to the N-nitroso derivative which in sufficient concen-
tration 1s capable of affecting the DNA as suggested by
Ahmed gt al. (1977). Banerjee gt gl. (1981) also have
founc that the INA and ENA tend to decrease with carbaryl
(a carbamate insecticide) and protein remained canstant
from thelr studies on albino rat, The reduction in
nugleic acicd synthesis might have hindered the mitotic
division in higher concentrations, The proteins remain
constant and therefore the metaphase and anaphase stages
continue at the same rate as the spindle mechanisn seen
to be unaffected.
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3. Phorate

Phorate inoreasged the mitotic index at the
lowest dose of 0,02 per cent when compared with the control.
At higher comcentrations, however, the mitotic index
started decreasing and maximum reduction wvas noted at the
highest concentration tried (0,09%). The spread spectrum
of indices of mitotic phases showed that increase in mitotic
index was shared by all the divisional phases in equal
proportions as evidenced by the positive v:lues of relative
d¢ivigion rates, Giri gt al. (1981) have observed an
increase in total DHRA, RNA and protein content of albino
rats treated with malathion and parathion, two org-nophos-
phatic insecticides. Thus, the increase in mitotic index
as a result of phorate treatment may be ascribed to be
associated with increase in the nueleic acids and protein
activity with this chemical.

Higher concentrations of phorste could lead to
the toxicity of the insecticide disturbing the internal
milliew of the cells and eould not peruit the:u to enter
into prophase, either by inhibiting DKA synthesis, or the
synthesls of other prerequisites of the cell division as
opined by Mishra and Sinha (1979) with their studles with
malathion, and Panda and Sharma (1980) with trichlorfon
and dichlarvos in barley meristems. This can be the reason
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for a decreasing tedency of the mitotic index by inereasing
concentrations, The division phases, except telephage,
proceeded at the sane Tate as directed by the prophase,
the starter of the division cycle. Telophase was foumd to
increase compared to contral which may be attributed to the
arrest of this stage by the delay in formation of ¢ell wall
incicating the possible effect of phorate on proteiuns.

The extenaion of period of treatment have >ositive
regponse with respect to mitotic index., The mitotic index
was low at 12 hours agdit improves with 24 and 48 hours of
treatment, This iwmplies that the mitodepressive property
of the insgecticids seen in 12 hours of treatment is o transi-
tory one and high mitotic index v-lues in a longer periods
suggest that the metabolite/s of phor-te resulting due to
its degrrdation h=ve no mitotoxic properties or even they
may have cert:in amount of stimulatory activity.

B. CHROMOSOME AINOKMALITIFS

Chromosome abnormalitiea have been used as &
measure of reproductive successes in plants znd have slso
been correlated with morphological and taxonomical changes,
fertility and sterility relationsghips, mutations and
other characteristics (Grant, 1978). 1In adiition, they
may lead to lethal mutations in submammalians and
microorganisms and deleterious effects on mammalisn cells



107

or to the future generations. The chromosome abnorma-
lities which can be a manifestetion of the effects of

a particulsr chenmical on the genetic material of an
organism, can be taeken as a parameter to know vhether the
chemical is clastogenic. In general, chromosome aberra-
tions may provide both qualitative and quantitative data

on the effects of exposure to mutegens or any such agents
vhich can prove detrimental not only to the organism per g0
but to its future generations as well (Grarnt, 1978).

1. Aldrin

The chlorinated hydrocarbon pesticides are noted
for their persistance following application and widespread
disruption in the ecosystem, From the foregoing results
it 1s apparent that treatments of Allium cepag L., root
tips with sldrin produces s high percentzges of chromosomal
ebnormelities, It is clear from the datr, thnt the effects
wvere dose responsive, The aberrations effected even nt
the lovest concentration tried significantly varied from

control,

The most common and frequent ancmaly was stickiness
of chromosomes. Thl: abnoraality had a linear relation-
3hip with dose, Tinis was observec to the tune of 4,22
per cent in the luwest dose tried ami was spread an prophase,
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metaphase and snaphase chromosones, Klasterska gt al.
(1976) opined that chromosome stickiness ariges from

the improper folding of the chromosome fibre into single
chromatids and chroazosones, As a result there is an
intermingling of fibres, and the chromoscme becoxae attached
to each other. Utephan (1979) suggested that stickiness

is due to stripping of protein from the chromosomes,
Incuction of sgticky chromosomes by carbaryl treatiznt was
reported earlier by Amer (1965) in Alliug gepa =nd
Johnson and Jalal (1973) in mice, 2, k=L and 2, 4,5-T were
also found to be capable of producing stickiness of
chromosomes, in hroad bean (Amer and Ali, 197%). Depoly~
merigation of nuelelc acids leading to stickiness and
clumping of chromosomne has been reportec dy sterrett -nd
Fretz (1975) in onion root tip cells treated with ssulun,
an organochlorinated herbicide.

The stickiness of chromosomes is further prolonged
to metaphase as well, even though with a lower frequency.
The reduction in the frequency may be cue tc partial
rectification of the anomalies c:used to the chromogome
structure and funetion by aldrin treatuwent, As the division
proceseds through anaphase anu telophase, the frecuency of
this chromosome abnormality is further recuced. In these

tvo stages these are manifested as chromosome bridges,



103

either due to simple sticking or due to the fusion of
broken ends of chromosome. Three types of bridges were
observed in the present investigstioni single, double

and multiple. The frecuency of single bridzes was wmore
than 75 per cent, while that of multipls brid;es were
less than 6 per cent. Azer and All (197+) reported
bridges in Vigin f£abp on treatment with 2, L4.-D and
©44,5«T amxi Moh-ndag and Grant (1972) in Jordsun yulzare
treated with 2, kD, At talophase the chrounsome bridges
may ultimately break and broken ends nay be withdraun
into the nuclei, vhich show a pear shaped or besk 1like
projection on the nuclel (besked nuclel), Soms of the
organochlorinated compounds like pars-dichlorobenzere are
reported to be capable of producing such abnormal nuclei
in mitotic telophase cells of leng esoulepntun (Starbhoy,
198C0). Higher concentraticms of aldrin is found to
induce this sbnormality in Alljum cepa, though the
frequency is not very high,

Extreme stickiness of chromosomes vhich persists
even after the completion of the cell cycle i3 manif=sted
in the fora of massive thick comnection between two
chromatin bodies, sueh chromatin bridzes have been reported
esrlier by Tanaka (1956) in Irgdegesntis paludogas by
natural radiation and by Srivastnrve (1966) in parse
dichlorobenzene treated Yicin faba cells.
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Occasionally the prophase as well as metaphase
chromosomes appear with blurred border probably due to
their partial dissolution. Jagoda (1980) reported such
anomalles in Allium cepg when trcated with a herbicide,
simazine. 7This may again point to the possibility that
sldrin s capable of acting on the chromosomal proteins,
both histones and nunhistones.

Lagodng ohroncsomes wers a rejular shenoranon
shoerved with the warious treatqents of gldrin. These
are chronosomes which lesg or move slowly %o the psles
curdng ansphase, Chromosome lagzing can be due edither
to the partial dysfunctioning of spindle fihres or to the
inactive contromere of these ehromoscumes, This 1s
indicative of the possible effect of aldrin on spindle
protain as well as® chromosomel proteln snd/or DNA. Such
a8 possivllity of acticn of 2,beD in different wead plants
(Tomkdins and Grant,; 1976) and endrin in barley (Singh
et gl., 1977) have besn reported earliecr, Bskale and
Hadke (1981) zlso observed laggards in a weed species
(Euphorbin zeniculata) treated with 2,4-D snc Lasso,
the two weecicides, In the present study, the third major
type of chromosomal atnormality was of this type,

Sreak in the chroumsomes was s rare phenomensn
noted in aldérin tregtment.,. The chromosome bDreak is



generally considered to invalve DNA malecule. The DHNA
wodifying property of some of the chlorinated hydro-
carbon pesticides is reported by Hccayef&s;?&) and Pal
2% al. (1981), snother possible mechanism thought to be
responsible for chromosome breskage with chemicals is
the inhibition of biochemical process of catalysis of
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INA molecules, Insecticides may destroy or enhance aynthesis

of certain enzymes (Wuu and Grant, 1966), A five~folc
inerease in the frequency of bresks with pesticides wvas
reported in human cells by Yoder e% al. (1973). Markaryan
(1967) with sldrin anc heptachlor and Bhojvaid and
Vijaynkunmar (1981) with endosulfan observed chromosome
breaks in bone marrovw cells of mice,

The acentric fragments resulting from chromosome
bre-ks as well as the lagging chromosomes normally do not
move to eitner of the poles in pace with the rest of the
chromogomes and therefore get excluded from tne daughter
nuclel and form micronuclei or restitution nuclei other
than the normal nuclei., This is evidenced by the rezular
occurrence of such structure in aldrin treated telophase
cells., Thus the micronuclel are the chromosome resicdues
of spindle dysfunction as evidenced by some of the
abnorzalities and breaks (Sharma and Sahu, 1977 SKahu
et al., 19815 Subhash and Rajam, 1983). The chromosome
or chromosome fraguments in these micronuclei in the next



divisional stage normally appear as stray chramosones
away from the normal complenmsnt of prophase chromosomes.
This phenomenon also has been noticed in same of the
treatments in the present investigation,

The netaphase chromogomes showed various types
of abnormalities in gldrin treated cells. One of them
wvas the nonorientation of chromosomes at the eguaterial
plate at early metephase. Barthelmess (1957) opined that
the phenomenon of nonorientation of chromosomes due to
irregular prometaphase movement was accompanied by
adhesion of centromere to the slowly dissolving nuclear
wembrane or the surrounding plasma, The sinide chromosome
nonorientation was more than 8+ per cent of the total
nonorientation (including doubsf and multiple chromosomes
nonorientation). This type was found in all the concen-
tr-tions, A nonfunctional centromere also can be attributed
to be the reason for nonorientation of that chromoscues
in the equatorial plate.

Star metaphases were snother abnormality regulasrly
ogcurring in these trestments. 7The chromosomes may or
may not divide longitudinally but they meet and aggregate
in the c¢entre of the cell with their kinetechore being
adhered together at the same point giving a star like
apyearence to the chromosome complement. Aner, 1965 observed

112
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this type of abnormality in Sevin treated Yigia faba
mitotic cella.

As reported earlier in case of some of the
organochlorinated insecticides (Wuu and Grant, 1967; Datte,
1966; Banerjee gt al., 1981) aldrin also is found to be
capahls of inducing Cemitotic metaphases. This may be due
to the complete inactivation of the spindle mechanism and
congommitant disturbance of the chromoaome movement
indicating the possible action of aldrin on the spindle
proteins, The %Lupanirment of spindle mechanism is further
suggested by irregular anaphase and precocious movement of
chromosomes recorded in this experimentations as reported
earlier by Deysson (1968). The action of the chemical is
comparable to the phenomenon reported by Mercykutty and
S8tephan (1980) with adriamycin in Allium cepa cells. The
irregularity and precocity in the movement of chromosome
during anaphase has probably leé to the formation of unequal
sized telophase nuclei vhich wvas observed in the treatments.
Thus, this phenamenon may lead to the production of
aneuploid cells and assoclated anomalies gs suggested by
Deyasson, 1968,

Chromatin bodies, a less frequent =berration inr
this treatment, which appesr as asggregated or conlescent

mass of chromosomss of various siges were observed in the
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late telophase and interphase cells. This mi:zht be due
to the disintegration of ehromosomes into a chromatin
mass, This type of abnormality was recorded by Wuu =nd
Grant (1967) in barley meioais treated with Lorox. This
phenomenon is indicative of the dysfunctioning of engymes
by biolo;ically active organochlorinated compounds as
suggested by Mohandas and Grant (1972) and Shaw and
Garner (1983),

2. Carosfuran

Carbofuran also showed clastogenic properties,
though to a lower extent, in comparison to aldrin, The
maximun freguency of chromosome abnormalities were recorded
as chromosome bridges and this was followed by the
various other anomalies like stickiness, laggards, haziness,
breaks, nonorientation of chromosomes, starys and Cemetaphase
in their decreasing order and also very rare phenomenon
like micronuclei, multipolar anaphase and chromosome
contraction, These observations indicnate the possible
action of carbofuran on the DNA and protsin in living cells
as raported esrlier in case of various other carbamate
insecticides by different workers (Parry, 1973; Ahwed et 8l.,
1977; Hlevins gt gl., 19773 Cheng =nd Conmer, 1982).

Hasiness of chrowosomes in late prophase 1s referred
to the long thin threads of chromosomes resulting from
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their partial despiralisation probably due to ineffective
proteinacecus binding, Such effects of carbamate insecti-
cides like chloroprophan, prophas and manuron have already
been observed in barley (Herichova, 19703 and Wuu anc

Grant, 1967)., S5tickiness and the resultant sticky chronoe-
somes further indicate the inactivetion of chromosomel
proteins, &Stickineas of chromosomes was a coxman type of
irregularity found in prophase anc metsphase, The stickiness
gizsht have led to the formatiun of anaphase bridges as
suggeztad by Amer and Ferah (197§§ 1976).

Effect of carhofuran on the chromosomal protein
is further suggeated Ly the appearance of chromosome CON-
traction due tc change in the norzmal chromosome coiling,
Extreme coiling as the result of malfunctioning of the
protein associated with chromosome can be the major reason
for this type of abnormality. Carbamate insecticides like
IPC have been found to be capable of indueing such abnore
malities in varicus test systems (Storey and Mann, 1967)
and Amer and Ferah, 1974b),

The carbamates incuced oresks in chrouosomes as
incicated in the present study., It was found in ali tie
concentrations trisd, This property of different carbazate
insectiicides have been reported earlier by wvarious workers
(Wuu and ar«nt, 19663 1967; Prasad anc Papmer, 1968;
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Tomking and Orant, 1976 and Ahmed gt gl., 1977). The breaks
vere recorded in all the stages, single breaks being more
frequent than double and multiple bresks. The breasks
persisted in the annphase stages too. Laggards probably
originating from the broken accentric fragments or chromo-
somes vwith and defective centromeres wrre also a frequent
abnoraality in all the treatments. The ineidence seeas to
be dose depsndant, Occurrence of laggards have been reported
earlier in Yicia fabas and Goggvpiup barbadenpgs (Amer and
Farah, 1974 a) and in wheat (At-Najjar and Soliman, 1980)
with carbamate insecticide treatments., These lagg-rds and
accentric fraguents most of the times tske the shape of
micronuclei during telophase as seen in few of the treat~
ments in this study. Occurrence of mieronuelei in Yigcis faba
induced by Duphar has been reported by imer and Farah (1974b),

Chromosome bresks expose their sticky ends which
are capable of fusing together to give rise to bridges
during their anaphase movement, Such anaphase bridges also
vere observed with all the doses of carbofuran treatment,
This again was dose dependant suggestive of their origin
from the broken chromosones. Chromosome breaks and bridges
as well as the probable action of carbamates have been
discussed earlier by v-rious authors (amer end Farah, 1976
Al-Najjar and 8oliman, 1980 and Soliman and Al-Najjer, 1980).



3. Phorats

Phorate is found to induce higher proportions of
chromosome aberrations gompared tc carvofuran, The =ffects
of phorate wvas dose as well a3 time responsive exhibiting
a linear relationship betwean these two ané the {resuency
of abnormalities produced. The abnormelities noted were
bridges, breaks, stickiness, laggards, nonorientation of
chromoasomes in equatorial plate, micronuelei, blurred
chromosome border, haziness, irregular anaphase aml biprophase
in their decreasing order of ogeurrence.

Stickiness of chromosome, as reported earlier by
Amer and Farsh (1979) in Yicia faba is found to be induced
by the various treatments with phorate in Allius geps
in the present investigation, Chromosome breaks were also
observed in all the treatments and the frequency was
definitely dovse dependant, It was the second largeat type
of aberration. The organophosphoru: insecticidas are found
to bring about alkylation of bases of DNA strané, prinmarily
guanine (lLofrotnh gt al., 19693 Pande anc Sharma, 1980).
Bridgea breaks induced by various organophosphorus insecti-
cidea have been reported in different plunt systeus
(Amer and Farah, 1979; Singh g% al., 1977).

Stickiness of chromosome as well as broken chroposome
might have led to the formation of chromosome bricdgzes which
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was also a regular abnormality recorded in the various
phorate treatments. Induction of chromosome bridges by
sowe of the organophosphorus compounds like trichlorgon,
dichlorvos, Dimeeron-100, Kogar-40 etc., have been reported
earlier (Reddy and Kao, 19693 Amer snd Farah, 1979

Pande and Sharua, 1980), These authors have also observed
the existance of laggards probably resulting from chrowmo=
somwe breaks. The acentric fragments or the chromosomes
with nonfunetional centrumeres usually form the laggards,
This causes a definite change in the genetic make up of
the daughter cells. In the present study, different con-
centrations of phorate is found to be capable of incduetion
of laggards, both in metaphase and anaphase though no
definite relationship betwsen the frequency of breaks and
laggards could be envisaged.

Feddy and LKao (1969) have reportec that Dimeeron-100
and Kogaplt0 could incuce verious spindle abnormalities in
barley. However, phorate is found to have very little
effect, if at all 1t has, on the spindle proteins. 1Ihis
becomes evident from the lack of Ce-metaphase and other
abnormalities associated with a defective spindle mechanism
of dividing cells. A smell frequency of irregular anaphases
were, however, observed in this study indicating thszt the
action of phorate on spindle proteins camnot be ruled out
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altogether. The occurrence of biprophase in one of the
treatments, probably due to the lack of cytokinesis in
the proeeeding division also is suggestive of the possible
action of this chemical on proteins,

Micranuclei are the resultant products of laggsrds
as suggested by Amer and Farsh (1979). Dose and duration
of treatment responsive induetion of micronuclel is observed

in the experiment,

Tixs present inveatigation on the cytotoxicity and
ciastogenicity of zlcdrin, earbofursn and phorate swigests
that ths insect toxicity levels (the commonly used field
doses ) camxot be considered completely safe on tiie cellular
constituents of the orzanisms coming in contact. A1l the
thiee chemicnls tested, coculd act on the proteins and also
the genetic material, DNA, though to cdifferent magnitudes,
as evidenced by their effect on mitotic index as well as
the various typesa of chromosomal abhormalities induced.
While aldrin 1s found to be the moat potent mltodepressive
and clastogenic compound, the other chemicals were alsgo
not safe at their field doses, The results obtained indicate
the potential genetic danger assoclated with the three
chemicals by their indiseriminate and careless handling.

in case of ocarbofursn snd phorate, the lowest
congentyativns tried, viz., 0.0079 and 0.02 per cent
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respectiv:ly canh be eorisidered as safe doses in the
present test system, However, vith regard to aldrin, 0,03
per cent, which is much below the field dose also has been
found to induce significant cytotoxic and clastogenic
potentiality suggesting that a very low per cent of the
chemical reaching in the cytoplasmic milileu of c¢ells can
hamper with their noraal functioning and lead to changes
in the genetic mske up of these cells.

An extrapolavicn of the resuits obtained in this
study to hijher animals and Imimen beings may not bde an
easy tesi:, However, it will be worthuhile cautioning about
the potential dangers associated with the indiscriainate
and ecareless handling of these chouicais as well as thelr

far reaching implication on husan welfsre,
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SUMMARY

While the value of pesticides in agriculture
production is immense, the unscientific and indiscriminate
use of them has lesd to many secondary unwanted and/or
deleterious consequences in the bilological environment.
Some of them are known to be cytotoxic, earcinogenic,
teratogenic, clastogenic and mutagenic by the works of
various investigators. Considering the various genetic
potentialities of these compounds, the present investigzation
was carried out to assess the gytotoxicity and clastoge-
nicity of three very comuonly used mucﬁcidea, vig.,
aldrin, carbofursn and phorate and also to find out cytogene-
tically safe levels of these chemic:ls using Alliuz geps, L.
root tip assay.

The concentrations of these insecticides were
fixed taking into consideration of their field dose of
application in insect control. Four concentrations of
each insecticides vere used for this study. The treatments
were given for different durations such as 12, 2% and LS
hours, The squagh preparations of treated root tips were
made using feulgen stain for studying mitotic index and
chromosamal abnormalities.
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The mitotic index was computed from about 4000
cells in each treatment. Indices of each stages of
mitotic division were also computed., The chromosome abnor-
malities were scored from well spread stages of cell
division, About 100 to 150 cells of each phases of division

for each treataent were scanned for this.

£18rin was found to be hilghly mitodepresslive in
the present test systea. It was dose responsive, The
inhibition of DHA synthesis was reflected as reduction in
prophase index and it also affected the spindle protein as
incicnted by the accumulation of metaphase and ansphase
cells. Time of treatment could not manifeat any siznificant
change in mitosis.,

Carbofuran brought about mariinal reduction in
mitotic index., The present investigation suggested that
carbofur:n is rot an effective toxicant at lower doses.

At higher cmceentrations extension of period of treuatzent
shovwed a drastic mitodepression compared to control suggesting
the effect of byproduct at sufficient concentrations.

Phorate, on the other hand, increased aitotic index
in lovest concentrations (0.02%), but at higher concentrations
shoved decreasing tendency and the reducticn was maxizum at
0,09 per cent, The longer periods of treataent increased
pitotic index, suggesting a stimulatory effect of phorate
on metabolites of cell constlituents,
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Wnile studying the chromosome abnormalities it
waa observed that aldrin had a direct dose relationship
with aberrations. The percentage of aberrations induced
ranged from 3.24+ to 25.25 per cent. Stickiness of
chromosones was ost com:on type of aberration (4,22%)
in prophase and metaphase. These abnormalities were mani-
fested as bridges in anaphase and telophase stages. While
stickiness in extrexe cases appeared as chromatin bridge,
the broken chromosome bridge appeared as besked nuclei,
Lagzing of chromosome was the third largest phenomenon., The
lagaards ancd breaks gave rise to micronuclel in iate tslo-
phase and stray chromosomes in next divisional phase. Sinile,
double and multiple nan-orientation of chromcsomes were
noticed in all cuncentrations at different frequencies.
Star metaphase, C-metaphase, irregular anaphase, precocious
movement to pules and unequal nuclei were also recorded to

& lesser degree in various treatments.

Carbofuran, unlike aldrin, coul¢ not induce abnor-
malities to s significant level in lowest duse (0.0075%)
tried compared to control. At higher concentrations
chromosome bridges were at maximum frequencies (1.86%).
The seconc largest anomaly recorded was stickiness (1.5%).
This was followed by the various anomalies like lagiards,
hasiness, breazks, non-orientation of chromosomes, strays,

Cemetaphase, micronulel, nultipolar anaphase and chro:osome
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contraction. The maximum frequency of chromosome anomaliles
(9.68%) were noticed at 3+ hours of 0.02 per cent carbo-

furan. The concentrations 0.02 per cent and 0.0¢ per cent
could not bring out any notable change in abnormalities.

The type of abnormalities imnduced by this insecaticide incicated
that it affeet both nucleic acids and proteins. |

As with carbofuran, phorate also could not incuce
chromotoxicity to significant levels at lovest dose (0.02%).
However, 1t could induce aberrgtions at higher concentrati ns.
It exhibited a linenr relationship with concentrations and
period of trestmant in incdueing aberrations., Bricges were
recorded to maximum level (2.68%4) followed by breaks (1.83%)
and stickiness (1.38%7). The laggards, non-orientation of
chronosones in equatorial plate, micronuclei,blurred
chromosome border, haginess, irregular anaphase and biprophase
wvere also obscrved in thelr decresaing order of occurrence,
Ti:e anomalies sugzesied the effect of phorate on LNA and

nrotein,

The present investigetion on the cytotoxicity and
¢lastogenicity of aldrin, carbofuran and phorate suggests
that the field dose of applicstion eannot be considered safe
on the cellulsr constituents of the organism., In the case

of earbofuran and phorate the lowest concentrations tried,



viz., 0.0075 and 0,02 per cent respectively can be
considered as safe dose in the present test syste:n,
Alérin at 0,03 per cent, below field dose was found to
induce significont mitodepressive and clastogenic
effects suggesting its adverse effect on genetic nake

up of the cells and orgenisw as a whole. All the three
insecticides tested seems to have the potentiality to
act on the genetic materigl as well as proteins, at lsast

in higher cdosea.
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ABSTEACT

In the present investizetion, the cytotoxic and
clastogenic effeets of three very comnonly used insecti-

cides, n=mely, aldrin, carbofuran and phorate were tested
in Alliun gepa, L.y a test system.

Four concentrations of each insecticides were
used for the study. These concentrations were fixed
taking into consgideration of their field dose of application
in insect control, The treatuent periods fixed were 12,
2 and 48 hours. The mitotic index was computed from %000
cells and incices of each division phases were also
computed., The chromosome aunornmalities were scored from
about 100 to 150 cells of each phases in each treataents,

Aldrin wes found to be drasticnlly mitodepressive
compared to carbofursn snd phorate, While phorate increased
mitotic index in the lowest dose, carbofur n showed only
marginal reduction, However, both the compounds reduced
mitotic index in higher doses and the field doses, Aldrin
exhibited o dose and period responsiveness, while carbofuran
and phor:te coculd not with regard to mitotic index.

The study also revesled that aldrin is an effactive
toxieant on both genetic mauterial and proteins, 7The
various chromosome abnormalities noticed were stickiness,

bridges, laggsrds, blurred chromosome borders, chromatin



bridgze, m&eronuci&, nan-orientation of metaphase,
precocious movement in anaphase, chromatin bodies, irre-
gular anaphase, star metaphase, strays, beaked nuclif,
break, C-metzphnse and unequal nuclel in their decreasing
order of occurrence, Unlike aldrin, carbofuran and
phornte could not 1nduéa anomalies to a significnnt level
in the lowest cCoses tried, 0.007% and 0,02 per cent res-
pectively. Canromosome bridge velng the @ost frequent
abnormality found in carbofuran, which was followed by
stickiness ~nc laggards. The frequency of abnormalities
found 1n field and higzner doses were more or less same.
Phornte, on the other hand showed linear relationship 4in
inducing chrouotoxicities with respect to concentrations
and period of treatment, The major types of abnormalities
recorded wer-~ bridges, hreaks and stickiness.

The results showed that all the insecticldes
tried were czpable of affecting the genetic material as
vell as protein, but to different deireses depending on
concentratiuns. It ¢sn be tentatively concluded that
they cannot bDe considered completely safe at the field
dose of application on the cellular constituents of the
organism. The results call for extensive testing of
these chemicals in other test systems also,
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