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ASr1cul ture productioD haa .ch1.eftd tremendous 

progress 1ft the past three decades. !be 1mplaDent&Uoo 

or Oreen Reyoluu'on 111 ,eDen1, aa4 no .. r sc1ent1t1c 

teobDol017 auch .a u.o of bip 7lelc11ng yarleUe at chemical 

tert1l1aers, lnlgati<Xl aDd _cbanlaect tand.ng 111 

part1cUlaJ", bay. reyQluU<e!aed the World agriculture pro­

duction. It has 1ncreased at hiee the rate or earlier 

perlods. '!he adY8JlC8_nt in crop product1OlJ haa not beell 

without probl.... Peata and d1 .. a ... are the most 1mponant 

_Oftl ~ and haye aceoUl'lted tor 30 to a.o per oent 108S 

or total. crop prOduotiCl1. Dr. lorman E. Borlaug, the 

Nobel Luareate t wamed ~ that bumaIJ ute w1l1 be doomed 

by sterYat1cm it crop pesta are not brought under cootrol. 

the IDd1an A&r1cul. tur1u. Iles.arch Institute bas a ... ssed 

that an annual 108S at 20 per oent or agricul t.ural produce 

Yal.ued at Rs.?,OOO aror •• acoounts to insect pests alone 

in India. !oclq va are cemaolou. ot the fact thnt chem1cel 

control haye been developed aDd that P018CX10U8 substances 

are ldde1y used to 8ehle" peat control and reduce crop 

10... 1he c<Xlaumpt1()n of p •• Uclc1e. 1D India baa reooJtled 

a tremendous 1Mreaae for the la.to two d..,oatles. 1'"le 

adyantage. of pestic1des have reached such a leftl in crop 



production, that rev .. alous farmers lilo tb1Dk that it 

a bit of pe.ticide 1. gooc1 tor the1r oJ"oP. the more the 

be ttel". This unsc1eDt1t1c use and oarel.as ha.ncU1ng or 
pe. t1c1de s haye lead. to &dyer_ ccmsequenc.a. 1'houg.."l 

t."U? use of insect.icides 18 1m!:lenae, they have 11m1 tat.1oos 

too. 

AD UDWal"ranted clang.- usocia-ted with the indis­

criminate \We at pestl.cidea 1s that their toxic1ty may be 

exerted in unwanted dll-ect1ona, to the detriment of the 

user, tbe ooo.Wler and the b1al.og1cal environment 1.~ 

wh1cl1 the chell10als are used. !ranalocat1on of these 

chemioals trom the1r sites of app~lCa'lQD also OQCUl"~ 

thr'ough yarioUs mec.U.a. of environment (air, vater, soll and 

food). So 8XP?sure to peat.1cldes far remote from tt~e site 

of apPllcati~, are also po.1Ole in the Case or pera!stant 

insectie1ooL1 l1ke ox'garJoohlor1ne cwtpOWldu. ibey aI'e 

highly stnb:A.e, oausing biologioal C0l1C(;UU'at1vn in the 

t 0011 chain. u.l. t1ma'tel,. ending up in hl.WaJl body_ The 

public alarm has been raiaed aga1nst the i:nd130r1mi1late 

use of pesticides attar Bach.el Car.~ in 1962 dramatically 

emphasi8ed th,. danSEJrtt to the nora and fauna assoCJ.ated 

,,'1 th these poisonous che.ad.cala ~r~ hel' hig,hJ.1 laudable 

'book "Silent Spring". 

~oae or tne in.ecticides besides being toxic, 

have been kDovn to be teratogenic, carcinogeniC ane 



mutagenio. Mutagenic1" of peetioidea baYe been 

established tr~ studies on _oro-organl .. (Sh1rasu, 

Ila. t 1916; Canna Il ... , 1978), p1anta (LogV:1D~O 

and tbrpn, 19'18), ~2"'ila]1 _!laDoga!., (Hanna and 

LYEll', 1975') AI'ld _ala (Yoder .t.i Al. t 1973). the pote­

t1el.ly mutagen1c 1DncUc1de. can aot w1 th the geneUc 

mater1Bls or yarious OJ"gaDl_a cca1Jlg 111 COI'Jtaot with 

them - both target and nontarget - 1nclud1ng hWiJ8Il beings. 

!hus, such chend.cals pre88llt a .. r1aus heal til prOblel.ti, 

3 

not only tor the present generations th:rotlgh chromosome 

breakage .a well as gene mdaUoaa in the somatic ~lll, 

but &llo tor tuture pneraUcma through the producUon 

or heritable gene mutationa aPd ahrolD08OlJ'iftl abnormall Ues 

ul t1mstAJly lellding to a ,eMUe ci1.altel 01" unpret!1ctable 

proportions aomedq in human population. ouch all 1nctance 

haa been reported trom nl1noia, ill U.S.A. t where John Ba. 

deftloped All ayeralon to food prepared troIll OJ'op procuce 

obt8ined from groving tn. us1Dg chemical. fertillzers and 

pestic1de.. ~e d1 ...... 1. kaOW) aa "'fwnt1eth Century 

Synd.rome" • 

Insecticide s 'Which are potent mutaJens are oapable 

of acting v1th tnt' genetl0 ma_r1al or the pest ltself t 

prOducing new cutant types. !bls can lead to the prOClu­

etlon of new strains or pesta vb1ch mB1 be reslstant to the 

1n .. ct1c1des used. It va. reported tha.t t.."ere are 435' 



pesticide rea:1stant insects all. over the world. This 

number oan reoorel prch1b1t1ve 1nOreue b7 the use or 

euch. ohemcal.s. In &(klt.1oo, a po_ib1l1ty or the break 

dcnll of the pnetic make up ot the crop plants also 

CRIDlot be ruled out, 'b7 the repeated appl1catioo of pesti­

cides which are mut.apn1o. 

Pesticides. thUIJ appear too. a m:.t.xed llle.s1ng, 

as on the one h('.nd the), hel.p us t.o 1riCreaae the qualit.J 

a.l1C qualrtity ..)! agicultural proQuce. on the otheJ' hand 

th.e1 pollute the atmo.phere 1l'l 1IJb1ch ..,. live. So the, can 

r1ghtl.,Y ba called a ftneoe.s8.17 ... 11". 'l'herefore, 1t 

oecoaes apparent that all 'the peatioides should be tested 

f ox' their variOUs tox1Oo1o.ti1oal aspecta and above all, 

their p\ltent1all. ty to act on i.be aeneUc material and a 

balauce sheet. draVD by oompar1r" the pros and cons and 

oo~y 11" tb. bene!i t.s out. veigh t.be r1*8, theIr u.. should 

be adYooated. 

'rhus, oonaidttring that .such stUdies 'IoIUl have tar 

reaching Impll0at1ons, the pr ... n', investigation was 

cal'net1 out to &SS.88 the qtotox1e1tJ and clastogenec1ty 

of three insecticides, narael.1, aldrin, carboturan and phorate 

tak1ng 41 11'Ua allih L. as the teet material. the obJecti.e. 

of the study are; 



(1) to IIOreeD the potentlal oytopnet1c effect. 

or these insecticides. 

(2) to t1ad out the o1toaenet1cally sate le'vel 

or 8..ic..l-'t insecticide. 

5 
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While the "alue or various agricultural ohem1oal. 

in controlling unwanted orgaDl .. s is at UDquestionable 

economic 1mportance. 1t baa 0Ill.y been dUring the last 

6 

decade toxicologists baft realised that their u •• has maIl1 

secoMBl")' and unwanted OODa4tq\lenoea. It is beooa1ng clear 

now that the bereditol7 ccmstitut10n or orlani ••• - both 

tarlet aa vell as nontarget .. DIal be ananged as a result 

of .spoRre to thea. b1001de Gbell1cala 'OJ their indiscri­

minate and carel.aa handling. One such d."astating •• ent 

which attracted the publio a.ttention bJ newspaper headlines 

vaa the crippling ot 8 large Dumber or v1llager 8 at H1ndigod1 

1n tiorth Canara district of lamataka, a. a Haul t of 

poisan1nl bl p~rath1on and endrin, two potent tns.cticiOea 

v1delJ used 1ft agricultural operations. !he unll'Jt~t1onal 

deleterious .ttecta of such obea1cala on the envlrODme'lt 

constitute a prime area ot b_an conoern today. 

Pesticide. compri •• aDe ot the moat ... tens! vely 

used aartcultural chem1oala. Bxhaust1". literatire 1a 

•• aUable regarding the toxloolol1c. autapn1c and 

teratolenlc ettecta or various p .. Uo1dea wh1cb are uten .. 

s1 vel)' used todq. Howver, an attempt bas been made here 



to renew the eJto\oX1C, olaatopn1c and genetic etrec~ 

of 80me or tne co_OPl.y used carbamate, organochlorine 

and orlBl1ophoapbol'Us 1Jlsectic1dea 1n v8l"1oUa teat 818teme. 

IrJ 1975 t the CouncU or Env1rOllmental ltltagen 

Soc1et7 haa recClDlD8nded a "three tier syatem" or approach 

tor studying the genet1c ettect. or various env1r~ntal 

chemicals. 'l'he test Sl'ot,eQG 1LcJ.ud.d in this approach are. 

"" I 

(a) Microbial. 87s terll Yeast <'_Nl.O., cmy1l1u), 

bncter1a (i,sra,cb1a go11), ti'uro.pOI, etc. 

(b) SuDllaanaU.an s1stem • pr91QM31, meJ.1P9.illtC. 

(0) Mammalian 8l'atem • ill .!l!2 - Laborator1 mioe <la!I. 

Elgul». ); Ja ,,\Eo - 0Ul turec1 animal aJlCl 

h\Darl cells. 

Hove ... r, OraDt in 19'18 d1d an elaborate cO'1lP~~,t1'f' 

evp~U8t1on or the ettects or dUterent pesticides and 

other en'fironmental chemioals 1n plant. and animal mater1els 

tor chromosome aberrations &lid mutations and obtained 

excelleDt oorr818t100 beMIIl etrects toUDd in root tip 

syatems and mammalian 81atell8. He recQID..Jendec1 a group at 

plants t v1z., onion (Al"l.3,ug JIIaA, L.) t broad bean (Uei, 

f 1M t L.) t barl8, (Home. wlm t L.), pea (fa,sym 

'AU,., L.), m81_ (JIA au. L.), sOJ'abean (GJ,xcM • .IIl, 

(1,.) Merr.), t<aato (LYC9P'tac2D ,uuleng,lUll.), 



tobace 0 (IQ.cotilP a kRDo.. L.) etc. to be accep ted aa 

a f1rst tier qstem tor the detecUon or poss1ble gerJet1c 

damage by ~Jrf'1ronDl"ntal obend.c81s 1n hL:l report to the 

Gene-Tax Pragr-8l.IrJ., an Environmental ProtecUoo Agency 

8 

in the Un1ted States or .AlIenea. Same type of correl .... 

tions weJ"C d1seem1ble in the result.u of Behra .Il "". (198f). 

Logvinenko HOO Morg_ (1982) bave also stressed the fJeed 

for monitoring Mutations 1n platlt .,stems at least. of those 

used as agrIcultural chemioals .. 

PleJ1ts vere used for at.wiy1ng the 1nduction of 

chromosomal aberrations trom L quite early ti[j8. due to 

1ts ea .. and loW' coat ot p.ndllng, and amenability to 

olver88 grO\lth 8Ild test1ng oonditione. !he flrst cyto.­

genetic study of an agricultural cbeud.cal. 1n b1,~;her plants 

dates back to 1931, when Kostoff obaerved many chromosomal 

irregularities in mitotic cella and reduced _ad set in 

tobaoco and br1n~al atter the pl8J'1ts had been fum1gtlte4 

w1th nicotine aultnte (Grant, 1982a). Subseouent studies 

vi th men,. mutagenic chemical.a haye shown that plants 

exhibIt ditteren\ types at Chromosomal aberrations some of 

'Which are specific for c1tt'erent chemicals. 

Q,11g ua. L. as a cJ..as1oal teat SY8W::ll for 

stUdying the etrects of chers10als \Xl plant Chromosomes 

was developed by Levan 1."'1 1938. She1b;y (1976) compiled 



and tallied the frequ6flC7 of different plant specie .. 

used in analysis of Chromo.ome for pest1cide toxie1tY7 

soong ~J8 referenc •• for eight plant spec1e. and found 

that '1;;Le. fAA. baa been uMd for O"fer a third of the 

studies (36.4~) and was cl.~sely followed. by Ajl;S.U SJma 

(2~!). Grant (19820) has proposed Al;S.Upl cop,; au ,-)It 

€lxcellant plPlllt speoi~lJ tor the usay ot ohromoso!!ull 

aberr';:iUons after chetl1.oal tr,·atment:i. ~otoools als t ) 

hove "been 6iftfl tor using root tip. troll 81t.her bulh. 

or see4s ot £JJ.um .sma. to study the cytological end 

po1.nts, whiab help the tesUng or ohcud.cals 1n som~t1e 

cells. 

D. EFFECT 0}1' IUtiECTICID1~ )N L nrFElJsNt 3,;;:;1' SYSTt~:~ 

I, CIlLJI\INAl'~ Hl.'Dl')CARB')N n~SECTICWES 

The .)'lIthetic insectic1de. that had been evolved 

earll8r belonged to chlorinated hJdroal'lrbon group. Dm 

to their pernst-ant and 8low btodelradat1on in nature, 

th.,. _re recO&1ended to be 1deal tor vector control. 

Aldrin, dieldrin, chlordane, SHe, and heptachlor are used 

for seed dressing and eon appliOation to control root. 

attacking peata. Aldrin 1s used alainat cOOkohater 1ft 

coconut, and rhizome weavil 1n ba::aaa& and SHe o;J11trola 

10B1' folder, end Ca8ewcrm in r1ce, minceereus beetle 10 

c~onut a.nc!. enrhead bUG in sorghum. Endr1n 13 usod to 
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oODtrol stem borer and t.ricblorfOl1 controls pest. or 
y.get,a.ble orops. !be .. coapOUDds artect the central 

lJeryoua 8J8tem and h.ul t in DerYOU8 deransem.-at t 

disturbance 1n the os1d.aae 8IUIJ- .,.stem resulUng in 

muscUlar tvltoh1ng and failure or .... p1rat.1on. Hovever, 

their persistence b ... be.. the oause or great concern 

and alarm allover the 'World due to their adTer_ ettect.l 

on nootarget org3ll1sme. !he b&n of DDT t Qne of the 

i I) 

br'oad apectrUtJ 1naect1eide used once both :l.n publio hea1\h 

f'11U agr1cUl ture world v1de, since 1911 should be relD@lIbered 

in this redarCl. !hase .illseet1c1dea general.ly cause 

cytogenetic eftects l1ke gene mutations, and chromosome 

breakage and marll aecondar,. ettect. as reduced fertUi11Y. 

(a) P18J'1t, qstem 

Seeds or barley t~ate4 wi ttl SOO ppm of Loros 

()-( 3,a.·d1chl.oropbenyl )-1-aetbox7 .. 1-meth71 urea) oonta1n1ng 

50 per cent acti vP ingredient, t'or a period or 2l+ hours 

ahoved that all the cell. -were abnol1aal. in meiotic 

behaviour. TIle anclla11es found b,. Wuu and GX'allt (1966) 

~re 8t1ck~".t clumping ot ohromoacefts, Ohl'ocat1n bod1e., 

cytoplaem1o furrowing. unequal d1atr1but1on or chrOlDntjn 

material into daughter cells, anci a8ynchrOllOU& and. mul t1ple 

cell div1s1on. The abnormalities were aim1ltll' to the 

properties of radium_tic cOllpOUDds. 



Mohanda. and Grant in 1972 .tuc1ed. the etrect. 

o! 2,lt-1) (2,'+-d1cblorophenox1 acetio acid) and am1tral. 

(3-aJld.no-1 t 2, "'-tria.ole) in 12 species at pl.ants v1z., 

Af adtUapt.1.a GlObe 02, All , • .sIUA, p.cil lila, tr1t1C\UD 

I! 'UXJPI, P1t1caua 41C99cym, il2rsleHIP SlID, §It ... 

serell •• Cepk\W'i ~19'1! QUSPI xulDll, prYIIDtl1'M 

J,g)lSanth,IMP, flAlU;,uo ma,19t and Ertg'l:2l1 gooMenA •• 

The cytological abnOl"wal.1 ties induced 1n root tip cell • 
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• ~r€ ctlI'O%:1';)SOlJ9 bridges, rraciJl(~ntat1on, lagging and C-mito818 

ftI1c albino mutants 1n }~ "enorations in seed treatment. 

Ame r 8I'l~ Ali (19~) oompared the etteo\8 of 2, 4-D t 

~' ,,,,,-1' (2, "', S-tr1cbloropbenosl acetio acid), 2, It-, 

5'-t1"1chloropbeDol ano 2,4-ci1cbloropbenoJ. on melosis, pollen 

Yiablllty and yield or Iiail .t.&Y 01 .. eel ano spray treat­

,mFut at 1, dtqa and 35 481. atter gel'1'l1naticrl. The 

spraying. on 35 d.q. old plants ahowed higber percentage 

of abnormal pollen Gother ceUs v1 th stickiness, laaging, 

fragments and ohromat1n bodies 1n 1t. !he "pr"Y of 2, a.., 57 

on 35' dqs old plant inOreaaed the pollen sterility but 

t..~e yield 'Was not affected b7 fIIl7 of the treatments. 

In another stUdy on the etfect or 2 ,a..D, picloram ('+ a.m1no-3, 

5,6-tr1cblorop1col1n1C acld) and 2,a...v.2, '+,5-! 1n Jlaturel. 

ve,.taUan compI"1s1ng or .broW I£lI5113.~Q]J.., 

PI"iR-a .ati!!lI §ol.1s1aBo 1IIm"-.", Sj;d1dMo -EFqll. 
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and HI" s;ra.aca, tomkins and Gr811t (1~;6) fwnd a 

larger pJ"opor\1on ot lagging chromosomes and lover pro­

portion or fragmentation than Ule aOnormalltlea occurring 

8pontaneoUaly. Multipolar spindles wre noticed 3.n 

simB.:"'1.l1e (?,-chloro-Jt., 6-01"9 (ehylea1no)-1.3,5-tl'1az11'le) 

tri?at.'3ent. Shol:od'ko.l!.I1. (19?8) reported tho res1~tance 

of ffUIlJ11';1§ 90ll1!lUll1:s to Dr! oomp~red to BRC :..rid trlG 

concelltl'atiolW of pest1c:!ces bact aUVBrae sf'fecta on photo­

arn'th881s. 

fbe prolonged treatment from ... to a.,8 hours or 

pal"ad1ohlorobenZ8J)e induced cant::: actic.m arId ooodenaat1on 

of chromosomes t precoc1ous separation tI! chromatids, 

brldg0n and tragmentati()n or chromosomes, tetl'aplo1d and 

binucleate cells on .omat1c cella or ldD.I. .,cu1!pta (L) 

Moench. vnr. agro,per.. the chraaosome break s vel'e 

restricted to eecoodary coostn.ctiQD, aatel.llte and 

be terocilromatlc re glons and rarely on centrOlt8r8 regioo 

(Saroboy, 1980). Wnol1 bhHrM allC! Agarval (1980) treated 

maize aeecU1ngs ror three hour. with the 8lU!Je chemical 

as e.oovo, it was f01IDCI. to OnU" accelerRted cell diy1sioo 

frequency of 50 per cent nr.d induced polyploidy. 

!he 0.5 mg/Ill ooncontrated spray of monOChloroacetic 

acid (MJA) and trichloroacetic acid (reA) in I1qa.1 !:W 

,. t a.cUing anc tlovering stag.. affected pollen mother 



cella s1gn1f1cRD\l1 as o088"ed 07 "-1' and Ali (1980). 

The abnormalities noticed .... re lagging, .tickin.ss and 

tragDJeJ1tat1on ot chromosames and pentads at telophase II 

vi th TeA t.reat..'1l8nt. Pllllen Y1ab1l1ty was ettacted 

al1gbtl, with both the aaenta. 

Bakal. !l Al. (1981) "ported that 400 ppm ot 

2,4-n a. lethal to Hgl.Ylltrwa aot9MM ,l'IlUS when aeeela 
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vere treated. They tr1ed other d088S as well and tOUlJd 

aberrations like bridge., precocious r3oy_nt of ollromo8omes, 

frAgments and per.i8tant nucleolus at metaphaae. the same 

results were obtained by Bakale and KQ1be (1981) in 

SODlatic cells ot U.PDHD xlMDoaarplll on aeeel treatm .. t 

\11th aod1U11 arsenite, 2, "-1> and ByY&r :It (5-bromo 3-880-

but71-6-_tb1l UJ'ao1l). The ra\e of division ot oells 

dec:reaaed with 2, 4-D treatment. Again in 1981, Bakale 

aDO Badke .cored Id.tot1c almormalit1es tro.m root tip eells 

or luphgrbia pn1qu1aB (Orte,) &rcnm trom the ... u 
treated v1th 2, 4-D, LuBO (2-chlorO-2, 6-d1etbyl-N-methoxy­

methyl acetan1l14e) and sodlU11 araen1 te tor 21+ hour •• 

The abnormalities recorded were atr87 cbr0ll08omea. lagards, 

clu.fjp1n" ll"oup1na and frapaen\aUoD or ahromoaOlles. The 

abnormalities were do .. depen4ant. Sodiwa ar88n1te induced 

h15beSt percentage of abnormalities and Lasso vas leaat 

ettective. The mitotic and .iotlo cnrCIDOSO':lal aberration. 
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aDd ehl.oroph111 deficient DlUiat1008 vere reported b7 

lIlnrghaYa and Ibalatkar (1981) in diploid barley Cll9rdeJIP 

DAIS) treaaei with 2, It-D. !hey found no pronounCed 

reduction 1n seedling height, pollen fert1lity and seed .. t. 

(b) Microbial .,stem 

Only "ry tev reports 9l'e s:"1\Uaole on the 

cytogeaetl0 effects ot eblorinated llJdrOCttrboo insect1clcie •• 

McCoy .I! 11. (1978) reported that the growth of .f21.A; 

(ItiA pol..1JI8rue A detectent) ISIJ1&h1a geJ.. va. 1Dh1bited 

by all,1 ohlor1de, a ctX'l8tltuent or a D1Dber ot h7droc~rbOll 

pest101c1es. He conclud.ed that 1t is an indication ot WI. 

modifying activity of the ohem:J.cel. A "1"7 low toxiCity 

due to 0.01 and 0.10 per cent t.reatmltnt of lindane in 

fflllMC,1M1 RJ1.maurd1a vas ob •• rved DI KOI1s.la (1978). 

Fallon and n!erntab8 (1980) tound that oblor1nation or 
tresh vater resulted 111 nonvolatile mutagenio acti'l1tJ in 

1011108"2 B !«Rh&mutiwa T.A,-100, a nonliyer ac'U.vatet1 slst em, 

aIlQ concluded that the organic aateriala ot less than 200 

molecular veight d1 .. olyed 111 water were responsible for 

nonvolatile mutagen to1'll81;1011 aIld thia activity deoayed 

w1th a halt lite of 1 to ~ dq8. The mutaaenlc activit, 

in .L. llPba.muriHll TA-100 vas due to direct actiun of 

mutagens as concluded by Maru<itft and YamaDka (1980) from 
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their stucl1 •• em oblorinaW vater of lake and river. 

The ground aJJCl di.t11led vater showed no JIU'-'enegs. 

Leoni .11 Alr.. (198~?) evaluat4ld the haadarcla or atraam. 

(2-cbl.oroJt.-ett\Ylam1no-6-i8oproph)'18ldDo-1, 3,,-V1a81De) 

cblorfJbromuran and carbaJ7l 111 bacter1al II1stem Gt 

exPeriment. Shaw n.nd Gamer (1983) in an attempt. \0 test 

the caro1Dogen1c etreeta or ben.,l chl~r1de, chloraaetbyl 

bipheayl and b7drQXJ methyl bipheD,.l were tea ted 1ft 

Wmogg1;J.alm1cro8o- and bacterial nuctuatioo a •• ays, 

tOUDd that all the three chem1oaJ.& were blolo,;lcal17 active 

in the a •• ..,. •. 

(e) Subme anallan s1stem 

In a study ltramel's o.nd Ibaap (1975) administered 

folpet (H4J"1chloromethyl th1o) phtba ltm1de) and oaptan 

(N- (trichlorOll8th),l tb1o)-4 o1olohexene-1. 2-d1oarbOlUm1de) 

b1 inJection into adult 1I8l.. or b)" r.eding to the larvae 

for mutaacle1tl testing 1n Jato.9.RhU a IIl.Nloga'Hi aDd 

observed complete and masnie sex-linked re08881 ve l.ethal 

rwtaUons, II - III tranllocat.1on. end doa1nant lethal •• 

V1~qak~.r .11 Al. (1981) reported that ep1chlo:r­

hyd.r1.n (HCH) an ll1Portan t ingredient or maD)' p •• ticide. 

was a. potent genotoxlc compound wh1ch had d.1tterellt 

responses in tva .. xe. of .. _1.811ol.a.r. The t •• ale. 



were more seneitl" than the aale. 1n respect to Ll)50 

Yelues, the do ... being 2.2 per cent and 3.1 per cent 

1"fl8peCtively tor r.Dale and male •• 

The tas1clty at l1Ddaoe to yariOU8 de9810pmental 

pl"ooeaae. or Ita. me1.ilRola.ttt W&8 stl.Klled b7 Dh1Dare. and 

Vl.39.7nkumaJ" (1981). they oba_ned that lindane va. 
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ettecti v. as larv1c1d.e. !he cicaJinant lethal and 18X-llnked 

recesslve lethal fllUtaUons were not usoreased. slgnif1cantly. 

However, the fertillty of male. vas algn1t1cantly reduced 

at 2.00 and 3.00 ppm. 

(d) M8IIIDal.1an 818 tem 

(1) .An1118l 81.teml In one of the studies with 100 to 

"-00 ppm DIJ'l, JobPa<m and Jalal (1913) reported higher 

proporUona of deletions, at1ck1ness, rings, and metacentr10 

chromosome. 111 mice then untreated an1mals indicating 

mutagenicity or this ohem1cal. III 1975, Kahu and iiel"Uet 

declared that LLT anti OOD vere most pote1t tnutageni:.! baaed 

OIl their reaul ts of inCre.8IIt'l fl'8quenc1 or chromoaorual 

laps and break. anCl marked 1rlh1b1\1oD ot m1tot.10 index in 

chin ... hamster cell culture. DDE uh1bltec1 _akar iDtluenoe 

wbUe DDA neither induced chromosOIDe d __ nor el14 1t 

afreet m1toUc index. In a cytologiCal anal.1a18, BaDerJee 

J.l .... (1981) observed that oblordane at the rate or 



1 aa/1oo g body velght tor 10 dqs indueed erosion. 

sUak1n_a, C .. m1toala, gaps and breaks in bone maJ"J'OV 

cella or albino rat. The DNA content of brain and lungs 

increaaect and that or kidDey decreued. RNA content in 

lungs 1rlcreaeed. whUe ln other organs it remained 

constant. DDT at the dose ot 100 IISIkI bod)' weight tor 

1, ,Jays caused only erosion and a rev C-mitodis. 

Ii 

GopalaawaJDY and A1yar (1981) reported tha t the 

molar ratio of b1n41ng at l1n4a.ne (pmrJa-HCH) and ben­

chlorobenaene (IIe:;) to DNA vas of &a.'ll6 order as that of 

dimethyl bellzantbracane t a known carcinogen, wh~n the, 

compared these chemicals 1n the rat liver ruicrosome assay. 

IIloj'V'aid (1980) studied tbe etrects or endosuJ.fan, 

carbal"71 .and malathlon in albino h1as mee t&k1Ds 

m1 to tic index. chromosomal aberrat10na and apenmeacl 

morphology as the parameters &Ct.r 1nJecting the insecticide 

1ntraporitoneal.l1 at the doses 15', 20 and 30 mYkJ body 

.... ight w1th ~ and 48 hours as period ot treatments. 

IIloJ9a1d anQ Vijqn}~umt,r (1161) found h1~~her concentl'aUona 

of efldoaulfun nnc1 aarbnr11 to reduce I!d.tot1e index ar-d 

the effect vas pronoUl1cf?;(! 11'2 48 hours w1't.h an 1norea .. of 

1.2 per clIlt and 0.8 pe-r cent over control with 20 mg/k, 

and. 30 mg/kg ot body \,e1ght respectively_ !be aberration. 
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reoorded vera ohrOllat1d aDd ohrom080_ breaks, att .. ua.ted 

ohr0lD08omeS And polyploid celle. 

When the dr1nk1llg vater ot mioe was inoorporf'1:ted 

with 5'-ohl.orourno1l and a metabolite, 5-oblorod1oxy ur1d1ne, 

Pal 11.cW.- (1961) noticed that tJle baaes M&VUy incor­

porated in l1yer B%Xi testis DNA :illd a1ster-ohI'oraaUd 

excu,)nge wa£, induced_ ~he 5-c..t1J.orod.1.oxy ur1d1l19 is t1ve 

times more potent mutagen than 5-bromod1!lXY ur1d1ne in 

sister chromnt1d exch.~i •• ViJqakumur U 4. (1 )81) 

reported various types or ohromos~. ano-.l.1es ",hen the, 

anal18ecl the ohromosolles of boDe marrow OE'lls and sperm 

head morphology after t.reataent with ep1ohlor h,.dr1D. 

The cbroaat1rl nnd ChrOClOSame break., oentric and chromatid 

fuaion, dec Jndenaat10ll , pulver1aation, polyploidy etc. were 

recorded. Oerta.1n speo1f10 abnorti~al1t1_ like d1ldll1ahed 

head was most frequent w1tb respect to the effeot on 

sperm head moJ'phol.OI1. 

(U) HuaRD 8)'8te!:'.11 the first etudy on the e'la,luaUon 

of geneUc toxicity on 16 JDale 1nseaticide app11oat,.. 

'Vi th v~:r1able end miXed exposures I!I81nJ..: to trichlorfon, 

~el8th1on. d1aa:1J1oo, onrbaryl, dio<:Jtol, endoaulfaa and 

Dr T were done by Yoder. !l.il.. 1J'j 1913. Tile chromo801tal 

preparations rr<Mi bJ.ood. 8tlJJlFles showed e. marked incn_ 
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1%1 tbe _an chrOll8. tid break tNqueDC1. Aa DO add 1 tlonal 

III tudy on thee. insectiCides had been done, DO specifiC 

in 18ct1c1de oould be ldeDt1t184 as Jlutapn1c. 

In 8llo\ber stud, H.aarethrabello .Ii JW... (1975) 

compared thti vol1s:.r~ of tbree 1n .. ctic1de plants in direct. 

contact '1It'1th l.}l. T (2.2-b1s (f> -ohloropl'um),l )-1, 1.1-tr1cr..loro 

etJlaJle> to B80 t.he c)'to6~et:lc .tfect.. The reeUl.t8 "ere 

ne~at1ye wneD ~~ freQusnc1.s of chramo8a~al aberration. 

itl 'tbe vorkeX':; in ou'act COllt;8Ct w1 th Dr! vero compared 

vI til cootrol population at ... pJ.ant who were not. in 

direct contRCt. Ho-weYf:!r t when the con\ral group from on. 

of th~ three plants 'Wnich an0ve4 h1e;h J.)l;T plasno leyels, 

valli added tc tbe group in direct oontaot '~1th the In_atloide, 

the treqUeflCY of oella with chrOJilaW abel!'l"at1ans \II&S 

s1grl1fiol",.ntly hic;her, SU&1eat1ng that. DI!,r onuses Ohromatid 

ltHiiol'la. .1.6£8(1 Jt.l AJ... (1976) found Ill) correlation beMen 

cbromoso:aal aberrations and doee of DDT, 1n htnrtn leucocyte 

culture. BowYer, at, eet-tain conoe-ntl"nt1cns t:£ Dr!, the 

proporUons ot cells \.11th structurnl chrOliiosoroe ftoorretl.ns 

",..8 .1l~11'1oantJ.1 til'E~ater thah the conVol. 

KunTova .Ii Al. (1976) tested me mutagenic eftects 

or .p10hl()1~hldr1rl (Ill hl&aD l1'mPocyte In UVP and CompareCl 

w1tb the mutagenic errects of taPA. They found tnat. the 
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.ffect. or ep1cbl.orbydrtD va. f1V. ti .. a lover than 

TEPA at same ccmoentraU~.. Later Picclano, 1n 1978 

conf1rmed the above results by :reporting ohrOilaUd breaks, 

chromosome breaks, 88ftrelJ de •• ,ed and abnormal cells 

10 the lJlllPocyte culture at 93 workers ezpoaed to 

ep1cblorh,.dr1.D. 

fventyt1ve workers engaged 1n veD71 chloride and 

polJYeDl1 chloride production abowed an increased rrer~uene7 

of s1ster chromat.1d exOhan ... 1n lympoolte cultures \A'l1eh 

inCreased v1 ttl prolOllged occupational exposure (Georgieva 

and T.en.va, 1981). 

II. CARBAMATE INSECTICIDES 

In.atlaldal properties ot carbamate. were knO'tll 

Y817 recently eventhough t.h., vere u .. d as -weedlo1de. 

since long. !he carbamate In_oUcid •• like carbaJ71t 

oarboturan, ald1oa.r'b, .. thOlQ'l etc. are "ry commonly 

us.d today a8 system1c/Don81.tem10 1nHct1c1des tor the 

control ot .tem borer., ca .. vora,a, leat rollers and bugs 

111 r108, rh1nooerua beetle, reel palm wenl and oortJ.d 

buss 1n coconut, aphids, and thrips 10 co,ton, stem borers 

10 tru1t and vegetable crops etc. Carbamate insecticides 

interfere with acet,1chol1Jle.tera .. eD~ involved ill 

paaslDg narYe 1IIpul. ••• to JlWJcle t1ssues, reault10g in 



paral.7s1s and death or b.-eta. the mutapn1c proper­

Ues or these group of in .. o\lo1de. are attributed to 

') " , 

(..; .l 

1 ts reaction with n1VOWI ac14 to form i-nitros.., met.h11-

naphthyl carbamate, a b1ahll reaot!.e oOllpOUDd. 

the ant1.m1 to tic properties at carbamate pesticides 

va. reportec! b7 ~rr1.son as early as 1962. Be coulo. 

observe 1nh1b1 t10n ot m1 to.is ill plants tl~ated wi tll 

1sopJ"op.yl-J.-pheJl71 carbamate t ethyl carbamate, eytuhe:xyl 

cftrbaUlate. and AVEldax (2. 3 d1ohloroal.l71 d1isoprop11 

th1ooarbruante). ,Later in 1965! AIDer found that 1.n tile 

root. or QJ,&WD C.Ia treated lf1th S.Yin (N-methyl-1-naphthyl 

carbl.Uftf!lte) prepared tram both pure end tormulation at 22°C 

8lId 60°C tor different periods of time, the end etfect 

depended, on the temperetux'e of Ilnnutacturing in both pure 

aile formulated Sevin. Solutions prepared at 22°0 si.towd 

mercld,netic tendencies, whUe that prepared. at 600c showed 

.tathmok:1Det1e tendenci8. t\l'1d corl't1.nuous treatlaerit for 

t,ven\J-tour hours nearly arrested lid. toa1s. Wuu aDd Grant 

(1967) observed strong 1Dh1b1 Uon of 0811 diY1s1on by 

Sevin in barlCIT UI0rdtYl JUl,"re). !he oOl.ch1otne mitotic 

activity at ca.rbamate8 was repor"'d 1»,)' Storey i1 a_ 
iD 1968. They recommended it ... 8. tool tor class room 



atud)' or C4itoda 111 pl. .. , oella. Mer and F arab (1968) 

whUe atutiJ1ng the etteot of dev1D bJ .praying QD novel' 

buds or broad bean (BPi. ,.) of aUt.rent. age. at 

different 1ntervel.a (that 1., two w~k. old - apray1n8 
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at week),), and fortD1ibtly :intenale tor a JlCr2till ODe IIIOIlth 

old - sprq1ng c:la11y for a ~ek aDd another da1l7 apr..,. 

tor e1ght days) found t.ha\ the percentage or atmormal 

p011111 Di,:.thel: cells inC:teaaed b1 1ncreuitl8 the numbel' or 

sprnys. stickin ••• , la,gPDC chromosomes and iiol1p~old 

p(.)11en l';)Qthel 00.11s wen: 1rn:luced at d1ftelent 'treatments. 

!h til hMnJleaS of ahromo.sOlDe8 haa been :reported atwr tt'.at­

nlent with. ~hlorol.J·opham end propb •• bJ Her1cb.ova (1970) • 

.AlaeI' • F!lJ"ab (19'J't.a) U.,.8Ugated the etrects 

or both. pure and formulated. ("0 per oent acti," ingredient) 

FogoI' (Ot o-d1I:De\b71-U __ 1:b.yl oarbaad.do-aettvl-dltb1opb08phate) 

OIl 01 to81s or ns" LIlIa aDd Ao.p3.ua llAr0.IDa as 

... d soak 8l'Id root treatmen\a. It vaa rotlllC to a1'tect 

m1 totle index ad"raely 1D both the pleJ'Jts used. The percen­

tage of abaoJ'Jlal1 Uu vere mor8 111 tormulated nogol than 

1l'l pure substance. Disturbed prophase t metapbaae, and 

anaphaae, aIld.lasg1rJg obl'oaosOliea lIere oo.oa in both the 

plantae CbromoaOM eontracUGJ vas noticed 111 j. raarlladtpa 

vhUe stiCkine8s, .fragmentat1an or ohrOJlO80lDfla, anapnue 

bridges s.nd DtU1 tlpolar anaphue vere __ in L. tala. 



Aga1n 1n 19"1't-(b), the, cOII,Parec1 the ettecta of two 

herbicides Viz., %PC (o-1aoprOPll-l-pbeD7l-carbam.nte) 
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and Duphar (a m:l.xtun of %PC + eIPe; eIPC is o-1soprophyl­

Il-(l-cbloro) phenyl c~te) with dmi3ar tJpe of 

treatments OIl the same orope. 1>uphar V&8 more effective 

ill root ad.t0a18 ot It. t.I1a thaD ia. bllbad!ma roots. the 

an0ll8l1e8 \Ie" similar to the earl.1er studies except that 

mul t1nucleated cella were also observed vhelJ treated with 

thE' latter chemicals. Further, 1ii'tb elaborate studiea by 

Amer aJ')(1 Fl\rah (1976) ecapared the secondary oonaequence. 

such as _doals, pollen 91ab1l1ty, 71eld and root m1 toa1a 

of carbaaaate 8 11k e Rogor t IPC and Duphnr With tnatmen ts 

11ke .. ad soak and apra.v at seedling !lJQd flowering stp.gee 

on I . .tIJ!I. Spraying with 8aturated solution of IPC, at 

flower1n.&; stnge induced a relativol)" high percentage of 

abnormal pol1tC1 mother cells. All t.1.e three ohel'.ll1cala 

induced mul. tipolar anR~h8.e II and telophase n, in 

add! t10n to stlck1ne8., laiJI1ng and telophase brid;p!s or 
chromosomes. IPC was capable or indUcing tetraplo1dpollen 

mothf:r ceU8 al80. 1\le tl'aDSDd. •• lon of chromosomal 

.. 'benationa to next pneratieD Vd found to be yeJ'f low. 

Hove"er t yield. was s1gn1f1cautl, reduced. 1J) the first feu 

of the treatment with 0.1 per cent ~.ogor a.nc 0.5 per cent 

Duphnr as seed treA.trDent and al80 with 0.5 per cent Duphar 



&1 sprq at nowring stag.. A a1gn1t1cant increase 1r.t 

yield waa found in second rear t but the 1..'lcrea8e wu 

diminished in the th1rd &enerati'm. 

Al-iflj~ar l'lll!' Sol!otm (1980) rt'ported high 

rerlucUoo in mitotic 1ndo, 11lorease 1n the duraUon ot 

metaphase stage am high poroentage of ohromosomal 11"N-

6uJ.tl.rlt16~ 11l-::snnn.pha:ilO 131'10&;85 ,,:hen seells of l!.~t4£l:'£~ 

it' aY:nu;, L.) n+ t~sln'l ~U1,De8f.. and A1lS1S'R!. 1.1Diy111t101 

vere tr!'ntc'(! -• .1. ttl D1t.'1nnp. S-60 and V1tt!;vnx-200 ~t tt~o 

r t~ of 2 i~~i';~ :>f S1Jet\s.. ChrOllOSOIDft tra~ntatl-:'>Tl ':as 

noticed 11'1 IJlthnflft, S-60 treatJDeflt apart from the above 

anomnl1es. In the meiotiC stufi1es on the effect of the 

SaJ:e 1'UDi;1c:J.des Soliman am AI-Hajjar (1980) observed 

the- production ;'lr abnOTmftl pollen mother cells in \:he~t 

an:: twf ... related spec1ff~. 'fotal. abnormality ot meiotic cella 

vas more in ... ~iDp1O!ti*t follo,.,"ed by 1a. S,y'IYm Z!110 

L. dHrHl in the dfgereasing ore.r. AsynClu."onlzat1on 

within the same cel..1. in .. e.phs" II was till 1nt;;restl.ng 

d1!3order t the othf)r e.bnormel1tles be1ng J'j,ng ehro~ OllOnf'S, 

laR.~a.rt18 nnd bridges At ana,phaae I and II. Laggards ~""C 

br1«!ge. wr. the moot freqU8Dt abel'Tat:kms. 

In a d~ta1led .t~ at pesticide genotax1e1ty 1n 

platlt systems, Bebera nil- (1982) 80reeneci fou.l" S,l.lItem1c 



tung1c1dea and a IMtabol1te 1n AJonlewa JUl,sple progen7 

teat aD(1 ob_rftc1 that &1.l the cbeaical.., vis •• beDomyl, 

enrbendas1n, thlophaDate-_ thfl t dexon aIlc1 d1.Iae th11 

phenrlene dla.m1ne atreoted gera1natlO1l, Medlin, gro1Yith, 

ad. tot1c and _lou.o uti vi t7. pollen tert1l1 ty and seed 

set in ..., ,_aeration to d11'terent degrees. the effect. 

~re much reouced 111 ~ prog8D1. Howe .. r, no ohlorophy':'l 

flUt.tlon va. induced in M, generation. 

(0) M1croblnl .,ste.tl 

Few reports of gene cony.raloDs and reyerse 

mutations in microorganisms are .Yfillable in the l1tel'a,­

ture with carbamnte pea tic ide treatments. 

parry (1J73) cCln:-,ucter: g{~ne convel'si-..m studies in 

(;>;J.oSCl,.;j::t9ij.i.lQU 2!l'ErV;~Gi') to te:; t. the llutugen1c1 t1 

unden :.\!ltl their n1 troao der!":~t1ve3. Hacoprop, )araquot 

f>n~. Cin'·)l$8b were fount! :'0 induce gone eonversiO:'1 in ,east. 
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Paraquot flnd d1noseb incuced iuue conversion at high 

!;urviv!'.l lovels wheX'Cas, mecopra,p vas activ~ only at 

s..ubllt!thal cOl.oent:r-at,1(.;cS. Undel'l en~ 8utrlun clisplayed marked 

cQJlV~rtt;SeDic I.c'1v1t1ea. H1g118t.»t treqlWllc1 of mitotio 

g&ne oon"en1vn 1n yeaDt \lias nporuc1 b)" ti1ebel't and 

.t~1ae14brarj(i in the next lear \197"). 



the -\aleDto aoUy1ty or t1Y. metbyl carbamate 

insecticide v1a. t oar~ar7lt balloo, busten. l&ndrin t aIld 

methOlD1'l 8hd their n1voao derivatives us1nc h1st1d1M 

auxotroph. or &e1l12Ptlll lYMiSNlia cier1ved bJ Me. vu 

st.udied 01 m.anns (1977> aDd obaened tbat n1troao 

derivati,. •• alone could inc"aae the number of revertant 

colon1es. l'Il 1980, Knr aDd SaSh observed that the 

reyers10n trequeDC1' ot a b~b.etel'OCy.\o\iS Donrlltrogen 

fixing (~-DU.-) mutant or blue Ix ... n 8liati (101m 

M99J3l1) 'W heterocystoua nivogttli f1xUlg (auof-mt+) 
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to be 2.09 .x 10"~ when tr-eated. with oarbuL"urbJl wh1ch lilY 

~ 
almot>t 60Ual to the mutagenicity (2.01 X 1C-;t) of N-Jletbyl-

N-n1t~o-N-n1troao-guan1d1ne (~TG)t a kno~ mut~gen. 

(c) SU."'" '" an 878 toe. 

OJlt1 or tbe r6,ilortoa available on tlw cytuieDetic 

effects of carbam~te inSEtct101des 18 from Vasude ... and 

K%'1shrHlmurthy (1981), who tes ted the tox10 and. wut"gen1c 

effect. of baygon (2-1DoPropoS7Pbftll11-l .. 1ltithyl carballate) 

1r~ D£2.Ioph1J.a IilAll9Slm~ OJ employ1Ug If:Jva.1. and adult 

ftied1n~ methods. Tilt)Je ,,1'8 no d01ll1ntm't, lGthal, 88X l1nked 

recesa1 Vf; lE! thals 01' tralJalocativns lApto 12.5' ppm 1n the 

larva. Iiowevel', there _-ere a19.1f1c&nt 6.ft€ct on 

viability of' lan-He in oonc;:Dtr~t..1or.S aboVe 6.2; pp:;.;. 
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!be1 reported ttla' bq&OIl 1. ne1ther c1 .. topnlc nor 

mutagenI0 as the high_' concentrat1oDa or 1000 ppm tried 

was also unable to mouee an1 algn1t1cant 8U 11nke4 

recess1ve lethal. or tranalocat.1ona 1n adult n1.a. 

(d) Maana1.1an a,stell 

(1) AD1mal sy.tel .. Chen, and CQJlner (1982) uam1ned 

the a.DD. 81ater chrOllaUd .schan~e induction b1 venyl 

ond allJl carbamate. 1n alftQ].al' macropboget bone marrow 

ano 11 vel' cella of C5?BL/6J X DS.A/2J F 1 _ca. Both the 

cbem1cala indicated a etr1kiDs e1mU&rltJ 10 relative 

potenc1ea tor sater obrollatr1d .xch8D~ induction and 

their known bimorigen1c poteDCles. 

(11) Hl8aJJ 87stema Abmed U.... (1977) observed 

that the carbaate 1n .. ct1otdes sUCh as carbaryl 1rrever-

81bly al tared the hWlaD eellUlar IliA .ill DYo reau! t1D8 

ill IlUllerous alkalI aala.t1ft borx1s. !the n1troeo der1vat1ve 

or Garb_ate. 11k. ald1cU-b, ba7IOD t buxten, cnrboturale. 

lendr1n and meth0ll71 induced DWDeJ"OUS DNA breakage 1n 

human cells (BLevins.u.l1... t 19??). The mAo repairing .went 

could not occur atter treatment ot the cbeud.cala ae 

otherv1 .. ,*1ng plaoe 1ft ultra YOUet r81s 1nduoe4 clamaps. 

'J!he parent chemicals, hovever, dld not. 8hov much breaks 

1n DNA. 
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III. ORGABGPaOSPHAfIC INBECrICIDES 

The .,.teco and aan81$tem1c inHct1c1des ot 

organopnosphate croUP 1e used to oontrol ettect1Yf:;)ly the 

sucking inaect. 11ke tru1t-nle., ~aa.148, thrips, borer 

pest.s and other bUIS or varioua crop plants. In rice, 

leat folder. br0\4n plant hopper, stem borer and whorl 

maggots are etf ecUyely controlled 01 IUOD'JCrotopbo8 and 

phorate. Banana aphids and leat ina.cts or vegetables are 

contrOlled by phorate ~ pho8phamidoD. ~atb1Jn 1. 

reoollll'l'lencled tor pesta of Yea-table and frUit crops. I'D 

coconut, red palla weey11 and black headed oaterpUlar are 

e01'ltrol.led by dichloryos and Qu1n&lphos reapect1Yel.v. 

1'he tox1city ot OrilaDopbosphat1o in_ctie1defl 1. 

ma1D17 due to the bl.ock1ng ot ohol1n •• ter .. 18 euzytlle. 1'r4.a 

occurs by the phospuoJ71aU?n or the 81'1a,ymes bJ the 

insecticid... The cltogenetie effects 1n var1ou8 te$t 

.ysteU18 as found b1 illt.r_t authors are a s follow •• 

(a) Plant system 

!he cytolo&1oal ettfttots ot "0 Ol'ganophospllorws 

systemic 1nHoticld •• Yiz., Dt.cr(ll-100 aDC J;,o,;or..Jt.O 

with c:1tferent conceritra\1ona were studied b,. Reddy ~Dd 

Rao ( 1969) on the broad bean plant. 1'be7 noticed chrollloaoM 

and chroraatid breaks, dot deletions, tragFDts and aDapha .. 



bridge. 1n both lIekpb_ aDd atlaphue stages at m1tow. 

A IIaX1IalBl ot 1.08 per oeDt aberrant ceUa were noticed 
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in 0.1 per oent oOlloenua'UOfJ of Fogor.a.o as a,; ainst 5. rn 
per cent in the ... OODC81tra.t1on ot D1mecrcm-100. The 

e.. concent:raUOll produoed 9.7 per oent and 4.7 per oent 

meiotio aberrant cdl. in ROSor.J.o e.Dd DimecrorJ-100 

l'espect1"el.,.. A lower coacentra\101'l ot 0.05 per cent showed 

e mean or '1.18 per cent and ).39 per cent aberrant aella 

treated with Rogor~O and D1aecrOD-100 respectivel,. 

m.adex and phosdna vbe sprayed separately at 

200 to 600 ppm on nol. f'a aDC1 6EacleaanlU ,were tound 

to be lethal to both tbe plantae !he lethalit.y was ascribed 

to be due to the 121Creaa1llg tnquellC7 at chromosomal 

abnormal1 ties induced b7 the ohera1oal8 (Anmed and Jrant, 

1972 ). The m1 tot.1c inaex in root iJl8r1atem cells of AliwD 

AlRA was decrea.u when H1abra and S1nba (1979) gave 

treatment. with. d1tterent concelltrnUoas or malath10n 

rp.»g1na trc. 64.73 to 4142.8 ppm. the o.nromosome aberrations 

11ke stick in ••• , fragmentation and lauards vere observed. 

Am.r and Farah (1979) studied the eftect. or leptoph08 

(0 ,4-bromo-2, ~-d1obloropb-.rl O-aeth11 pbeD)'l thio 

phoaphOllate) on 88ed germ1naUOIl aad root m1 t08i.s of .L. lYA. 
or the treatments g1 ... , seed 80* tor 1t.8 and 12 hour. 

showed marked 1nh1b1 t10n of cell d1 Y1a1on oPd Various 



anoauellea recorde' were disturbed propbaae. metaphue 

and anaph.... Lagg1D1 and trRgmeDtaUOll of ohromosomes 
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Wf'l"e also obs.~d. Another insect101de phonel (o-(4.bromo-2, 

5-dlohloropbeayl) 0 -tI'l7l ph.,l tb1ophoaphona te) vben 

sprayed at two le'f'els of conoentrnUon. at aeecUlng and 

flo_ring atapa ot L.. tIl!a induced _lotie and ohromosomal 

irregularlties like clisturbed second _taphase snt~ angpha .. , 

stickine8s, laggards, frogtll8Dta, annpna .. bridges, uniVI'Ilents 

1n diakinesis t micronuclei in thE first. and secoDeS telo.-

phase stages and lIUl Upolar telophase II (Amt-:>r and Faran, 

1960). Ph08Y81 did not. show significant effect on 11011_ 

Viability at the end or meiosia. 

Panda and Shal"Jla (1980) .s.saed the toxIcity ·.,r 
tr1chlorton and dlohlorYos to \be chromosomes of embr)'OIl1c 

Hr18tema and aporogeneous ti... by the progeny test of 

BmJ. !.Yrl'ar'. !he eftects CI'l oomparison with ethane 

methane sultonate (IUS). a kDOldJ autagen ,..re that d1ohlonoa 

Burp.Ned the effects at EMS .t cQD04tflUnt1oos ot 1000 

to 1,00 PPID but tr1cblorofon was 1 •• 8 etfectl". than 

dlohlonos and ethane _VI... auJ.t aDa te but the ettecta 

vere slgn1t1cent when .steel. !he trequeDC1 of late .rrec\s 
1J') the polle lIOtber cella va.a h1gller than that ot 1111 t.ial 

eftecta 1n the eabryo Iboot ettlla and. tbi. d1tf'.ri~fltd.al 

cellul.ar response was thOUlht to be d.ue to the Cl"ypt1.0 

nature or aberrat10ns 1a eilbl"1o ahoot oells. 
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(b) Hlcrob1al s,ate. 

III agar pl.ate •• , v1t:ib "gb,rlaM. 1.9U. WP2 

8D1tb .d~. (19'/2) reponed that du.tboat.e (d1llethyl-S ... 

!I-_th,l carb8lD7l -th71 phoaphoro tb1Qlo tb1onate) aDd 

b1dr1n appeared to be nonmu'agen1c. The DNA 8trand 

breakage 1n L. A9J:a. caused b,y the etrect or <U.chlorvoa 

eno -thJl methaIJe sul.!"onate was tOWla to be l'epaired by 

DNA pol111oraee eJly,yme (Bl1.d~~ •• J! .... , 1973). Of' the ei.;ht 

Ol'gallOpIlOkJpnate insect101des tried b)" 11.>hn (1913) in l.~, 

three viz. t d1metboate t bidr.1n and oxydeJDet~l methyl were 

found to be wtagenic. *th71 parath.1on exb1b1ted 10\1 

toxicity in th18 systeS!!. ralU1..g (19~) te;Jted t.'1e :nutagen1c 

nota v1ty or severul tlOllO-and ai-alkyl ester$ of phosphoric 

.cic fUld th1opho8lhl:iortc acid, products of the partial 

hycl'olys18 of ol-garlOpilosphat.e iDsect,1Cides a YJ.trR in 

L. s.siU.. niJd yea.t (iDCSRatSNlUfI ",E'Jim.). He r JUDe that 

para~4itrophenol, a metabal1g or parathion, and: cet.hl1 

paro.thion 'orient r.ot gfmet1oal17 &CU •• in L Jl2l.1, but 

induced gene cOllvers101l 1n ,..at. As many a8 ,"0 or5,~no­
phosphorus compounds were hsted tor their mtagen1c1,¥ 

in bacteria b7 BazmA and Dyer (1975'). nut of these, 28 

CompOUDda were found to be mutagen1o. 

Bh1rasu .!.i.!Q.. (1916) wrY-red the mutation 1nduction 

capacity of 166 P'!titic1des using D..Q-aas81 procedure 
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uU11s1fta 11~ aJId .... S IU.- strains of Bact 1 J WI 

'ubYll', Isphlram" JISU WP2 and §Ale" J I ;t,vR9aa&r1W. 

Out of the "",SUC14e8 8Oftened, oaptatol, captan, dexOD, 

d1chlonos t Nat (2,4-41nitropQenyl tb1oo1a1'late), tolpet 

and miN (5-n1tro-1-napbthordt.r1te) were fouad to be 

mutagenic in these testa. In another atud)" Darell .Ii Al,. 

(1978) as ••• sed the .Ml yitr9 breakage of plaam1d Dt4A by 

mutagens and p8St.1cid.8", or ttl. 11 pestioides tested, 

pas 1t1vfl resul. ta were obtained t olJ' daxon. DliVP. malath1.:m 

And lI8tbyl p$;\J'ath1an. hI induced breaks in tho plaa.m1d 

z:loleculos at a s1g.n1t10nD\l7 b18il~r raW than cODV'ola. 

Srivastava and SanDa (1979) tested tho effects ot 

dlmecJ'QIl t1l1d nuv~Jl on the C1tol~y f su:rVival ~nd tlJ"O'Wt.h of 

fun~Ns, J~doG9I!1Wl1 swmU. Th.e fragmentation of el'lromosOlZleB 

was Cocc~s.:1.CIlw.ly seer. li1 \1'1 2;0 t ;00 and 800 ppm. Asynollranous 

oellular anc! nuclear d1Y1siona were aJ.~ 0 ob8~rved The 

concerjt1'·~t1ons of 300 Pi,m d11Decr~ and 250 ppm nuvan wr. 

lethal tor the zooapores. !he l.thal CODCctrat1ona tor the 

mature f11amen\s was 1000 PPII after 48 hours 8Ild 72 hours 

or 41_crCll and nuvan. 1be lowest pero.nt~~ge of sun1.val 

of soo.pores va. 8.1 per cet. v1tb 2,.0 ppm at d1mecrcm 

and 8.00 per cent 'With 100 ppm ot nu'hfl. 



(0) su"-_eUan 57St. 

Injection or aubU. aDIOUDta at oromopbos, ten1-

trotb1on and tr1chloropban 10 ~919pbi}. IIlIRQlaliit 

33 

dld not 1ncre ... tbe IJ'equeD07 or dOlld.Dant lethal mutation., 

even .en 80 ppIB do.e va. aiyen (Bene • .t.i Al., 19731 

W11d, 1975'). When Hanna and DIe!" (1975) exposed .. Yen 

orgulophosphorus insecticides tor 18 months on ~ "lfl.IPO, •• tK 

found that six of them .n capable of inducing hee.siYe 

lethal mutations. D1chlorvo. did not haft any mutasenl0 

effect 1n a.. •• IIl2Ia1WI (~rs and 1CDaap, 1918; Sobela 

and Todd, 1979). Their 1nc:11y1Qual reports showed that 

adult. and larvae did not giY. positive results wen the,. 

wen red with the chemical 1n the aed1um. 

Dh1ngra anc V1j~akumar (1981) reported thfl4t 

d1n::~·~tl~oate ana malathion were not genotoxic ill l?t.. f4tl.IP9Ialter 

!rO:1 tJlo1r ex?~r1.Jnt by aclr.d.n1l'Jt.eriDt1 dUfer9nt concep­

t:-~1t1'..)ns ~ insecticides to esas, lc;.M'a (III in star ) end 

adul t tlies. the adul. ts were most 9usoept1ble and t.bey 

concluded ttlat mutaaeniclt,. of the 1nseot1cide. vas oYer 

8badowed b1 ph¥s1olog1oa1 'ono1 ty. 

(d) Hamrnal1an system 

(1) Animal qstElII Dean and Tharpe (1972) tQUDd 

that the tftquene1' of oell.. w1~ o.Qr<aat1d aberration. 



including gape rallied betveell 0.17 ADd 1.25 per CeDt 

1n d1chl!l"~' treated mioe boo., marrow 8Ild teaUs cell., 

"hiGh were not 81sn1f1cantly di.rt.rent froa .pontarJeOUI 

frequencies. Epa.1n (1)12) con1~1rmeci 1ibe aboye l-esulta 

b1 both intrape1"1\Qn1al 1DJeotivn ana oral reeding at 

13 to 1~.5 t.Ii& PWl~ k& aud 5' to 10 ~ per k& Ooc:l1 weight 

respectively. Iu ~1's l'aratb1oll 1Dduaed s1gnif1C:'lJlt.l, 

higher tl'€JQueucy at cllrW1.)~(Jme :rJ'a~nts ran&1nfJ l'l"Om 11.5 

tt.> 18.5 per cent by 1ntruteat.lcuJ.ar a.dm11i1at:n:tioD (.DikaUth, 

1973). 

Repeated oral d.oses ot 1 cas pel" ka or body weight, 

each of malath101l aIld p&rath.1un over a period or seven 

day 8 induced chrOlli..lsom&l ohanges 11ke t'r&.dtl.iGll\s, stickines., 

C-:ll1tosiil, :.;a..p~ etc. :11: rats (Ciir1 .Il ..... t 1978). jJegla.". 

~.&1.. (19?:n :r(tpOI·t&~ th.tlt 1njuctions at malatJ'l10l1 upt.o 

300 lila JJS:C' k~ a.nd or (l1liMth~nte dlld d1c1tllurvos at 10 mg per 

kG each to m~uso sho'wad l'l~ oytog911i tic effeot.. ant dominant 

lethal Jaut~t1Qns. atojva1d (1980) studied the erfecta of 

malath1m in sv1asalb1no :d.C. and found no signif1cant 

1ncreaae in the tl"equenc1 or ohromoaQlal abDorLGal1t1_ when 

compared to the oontrols. 

Ou·t or tho eight 'lrgQllJphospllate 1l1~HCC:;.C:1d.Fls 

t:x'1ed b,. Ch,m .!! AL,. (19('51) .~ Cb1nci::e hHl1St/:;l· y 72 cella, 

six were found to induce s16D1f1oall\ 1llcreaae 1n the 
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trequeDC1 or s1ster chroatid exchange 'While d1azin 

anc d1878ton had no ettect in siater chromatid exchange. 

Methyl parathion, cl1aeton, trlchlortOl'l, d1mothoate, 

malathion and metb1dathion showed delay in cell cyele. 

They recOJt;JeDded that the cell cycle delay 1s a .ens1 t1 'Ie 

mechanisJD tor •••••• 1ng the mutaaen1clt, of enVironmental. 

pollutants • 

Girl .Il A1... (1981) 1tlen anAly.ed liver lung and 

k1dDey attar adm1nistering malathiOD and paratil10n a~ the 

rate or 1 mg per kg body we1ght of albino rat. oYer a 

period of seven days t round that IliA and RNA content. wre 

!ncreaaed 1n llftr, kidne, UJCl lUDS cells, but prote1Jl 

1noreaaed in lungs. 

(11) Human system. the chromosome analY8is ot 31 

persons intox1cated b)' orsanophoQhoroua acld esters showed 

a significant iIlera." 1n abaoraal.itiaa, thereb)' ind1cating 

probable mutngen1c .ttacu or 1n_cticl4ea containing 

this compound (C •• izel 11 Al. 1973). lD another 1nftsU­

gat1on, the chrOlaoaomes of "'2 peatic14e applicators aDd 16 

controls were analysed D)' Yoder .11 Al. (1973). A 1laJ'ked. 

increase in chrOlDat14 1_dons .... re observed. The 

in sect1cicles most coanonl1 used D1 these exposed ind1 vidUal. 

inoluded parathion, malathion, d1ootol, endo8Ultan t metbJl 

parathion, d1methoate, DDT and oarbar,1. 
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VanBao ti.... (197't) collected. bl.ood •• plea tn. 

the patients intoxlcated with methyl paratiCXl (5' il~t1~flts), 

malathion (14 Pfl!tientB), trichlorfon (5 p~,t1enta) a rev 

by dll1ethoate f dichlorvos and diaz!non, at d1tfel'"ent 

1ntenela. !he samples colleoted 1il1llecttately after the 

1ntox1caUan sh~td e1ght told 1nerea" in chromatid bleak. 

compared. w1th healthy conVol. After s1s months or intox1-

cnt1on, the abnOl"lBal trequene1es approached ctmtrol 1nd1cat1nl 

nanreslduel ettect ot the insecticid ••• 

CJeorg1an (1975) ctapered the cytopneUc errect. 

of AldJ'1n a.nct phoaphall1don, vben these 'Were a4rd.n1ntered 

ill the h_8Zl 17mpoqte cultures. Cultures tJ'tlated t.;1tb. 

phoapbaad.dOl1 showed a high frequency of aberrant cella and 

chromoaomal abnormal1ties in comparison to the one. treated 

wi th aldrin. In a 01togenet10 1n"est1gat.1on of work ere 

_gaged 1n the manufacture or orllPophosphoNa insecticid •• 

the treq\leDC)' of chrCDiUcl-Q'pe of abeJ'ft.t1ooa was found 

to be higher than tha.t or OOIltrol populat1on (K1ra1.y sl Al., 

1977). 

H1cbQ].u .Il Al. ( 1919) in a .tud1 or slster 

chromatid exchan)e~. 111 buaan foetal t1broblast culture by 

espoaure f4 lDalath1cm to\a1d a1p1f'1081lt incre ... at 

"'0 g per al and. e. double gposure at 20 I per III at 20 

hours gap aboved a oumula\1ye erfeet. 
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Sobt! !! ,a. (1982) found that cytotoxic etrect. 

were dose related o.nC otten leae. to cell .. death. In their 

1J1vestigatton at cytotoxic. cytostatic and cytogenet1c 

efrect. or a nwaber of organophosphate 1rlsect1c1des 00 

huI'laIl lympo1d cella (LAZ-007) in eul ture, 11 out of 11t 

1t)zect1ci4ea tested sign1ficantly increa_d t;1stel' chrOllD.t1d 

exchI311~;e tl'lquency. Dlaz1nOl't d1meWloate t dur.ball aad 

pho8drin treatect 11 .... 1' microsomal 8-9 preparations abo'*' 

significant increase 10 s1ater chromatid exchan;,;e. 



=====~=----=.;;0.--=-~~-- - -- --



!he pre.Dt lIrfeaUg&Uon vas undertaken in the 

Dlv1s1c:m or ACr1culturF'.l lbtaD7, College at Horticulture, 

Vel1a.n1kkara, dur1ng the lear 1981-83. 

MADBIALS 
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Co.on oo1an (Al11" IIPI, L.) was used 88 the 

test 81atem in this atud.7. Ord.on 18 a ala88ie teat system 

tor .8a&J1Dg ohromosomal aberraUona eYer 8100e 1938, vIlell 

it vas uaecl tor the t1rat tt. b1 I.e.an tor studying chem1cal 

err eots OIl cnromosOl'le8. !hi. species 18 advantageous tor 

ass.8sing the c1togenet10 ettecta of emirfXl:aental ahemoala, 

because it 18 81mple, reliable an4 1nupens1 •• to 081T7 out 

the necessary exper1mentaticm. Onion bulbs are ayallable 

,ear round alld they produoe lara. DUalber ot roots in a abort 

tlme. !be ohromosomes are relati yal7 larae aftrag1ng tro. 

8 to 16tt II 111 leDgt.b. (Grant, 1982b), depending on the stage 

or division. Henoe the aberrat10ns can be detected ea81ly. 

It baa also been report;ed to be IRIOb IIOre .. nsitive than broad 

... (Vlcd.a teba, L.) ~ the ohell1cal errect. em chromoaa. 

atructuJ'e (lh1lan, 1966). !he karlovpe of Ql!,. IIDA 

haa been deacnb8d b.r Hena1Dkal (1939). !he complement 
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consiats or eight pairs ot ehromOS0Jl88 (211 • 16) as 

tollows. 5 paira or chromosom •• with centromere situated 

median to aubIDed1an (arm ratios I 1.02 t 1. ~, 1.1, 1.3 and 

1.4 1 chrOlllOSCJlleS I 1, 2, 3, 5 and 8); two pairs 1n which 

the oentrameres are .alb_dian (arm ratios. 1.6 and 1.8; 

JhrollOsc.ea. 6 and 7); ancl one pair of satellite chra.osomes 

in which the satellites are 81 tuated at the end of the 

short arm (arm ratio. 3.4, chromosome.4). 

Gonsalez-Fernandes J.l.IJ.. (1966) 111 a study have 

estillated that the division c7Cle of root tip cells 1. 

13.5 hours. In this din.iOll OJcle, interphase lasts for 

11.2 hours and mitosis 2.3 bour., divided into prophase ot 

6l+ minutes, metaphase or 18 m1nutes, anaphase of 13 m111utes 

and telophase of 42 Dd.nutes durations. 

B. Inseot1c1des 

Three very commonly used inseoticides v1z~ aldrin 

(as Aldrex containing 30 per cent aldrin), oarbofuran (as 

pure technienl material) and phorate (as Thimet conta1ning 

10 per cent phorate) were selected tor this study. While 

two ot these chemicals t carbo£ul"an and phorate are systemic 

in their action, aldrin is a nana1stemie broad spectrum 

in8ecticide. All these insecticides are widely used in 

agricul ture to protect the crops J:rom various 21011 borne 

aa well a8 direct crop insecta and therefore the chances of 



their gett1Jlg in cOIl\act wi ttl Dontarget organ.1ama are 

very mucb. Th ... three .insectioides represent thf' three 

maJor IlrouP& or pesUcidee, namely, ehlor1l1ated hydrocarbons, 

ce.rb8llates and organophospl'lates 11:2 the order aldriD I 

carborut'~ and pharote. A brief descr1ptivn at these 

chemicals as given by Worthing (1919) 18 furnished belove 

1. Aldrin 

Common nde • Aldrin t fIHIJi 

TrMle n._ I Aldres 

Cherd.oal D8IIIe & 1.2.3, ..... 10, 1G-haxachloro-1o( t "'0(, 

ltafot 5o{t 80(, Sap baahydro-1, 4.5, 

8-d.1metbano naphthalene 

CA nuslber I )09..00-2 

l<tJlecular formula ,C1ttsC1t, 
Molecular veigh t • 36'+.9 
structural tonaula I Cl 

r 
~H C 

CH I ~cH~I~c--Cl 
1 r~ cl r /J-CL 
~CH/ ~c/ 

I 
Cl 

Introduced by • J . H7man t and company as compound 

118, UDder the trBde mark Octalene in 

1~8. Its insecticidal property va. 

deacr1bediU 1 ~9. 
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• It 1& a 0010url ••• crystallin •• ol1d, 

ral. ttng point (M. P.) 104 to 1O't. 5°c, 

vapour pre.un- (V.P.) 1.5 x 10-5 lID Hg 

at 20°C, 1.4 x 10 .... _ Ug at 2SoC. The 

tech.VJ1oal grade 1s taD to da.rk br01ifl 

so11d with M.P ... , to 60°C conta111ina 

85 per oent HHDH. 

I 271"1. vater at 21°C, moderately soluble 

in petrol.eum oUs, readily sol.uble 1n 

acetone. ben_ne and xylene. 

I Aldl"1n is stable to heat, to alkal.1ne 

and c11lute 8c148, but ox1dising agents 

aDd eoncentrated ac1ds attaCk the unchl.or1-

Dated ring. It 1s oompat1ble with moat 

pest1cide. and fertilizers out corrosive 

becau .. ot the alow formation of hydrogen 

chloride on atorage. 

I Aldrin i8 a DonByatam1e and persistent 

insMUoUe, ettecUve ag~1nst soU 

inseats at rates of 0.5 to 5.0kg/ba and 

1s nan"pbJtotoxic. It 1a reailly o:x1d1sed 

to dieldrin. 
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2. Carboturan 

C~on naM 

Chf'mtonl DaIle 
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• .... 1nclude & a.c. (~o.lt80 g/1), 

w.P.("OO-100 g/k,), urea 88.3' be added 

to pre .. nt deh7drocblor1na'1on b7 

oerta1D carnera. dus '8 (25 ... .s0 g/kg); 

_d dre 88ing., ,ranul ••• 

I W 50 rat orall 67 rq/kg body we1gbt. 

It is absorbed through sk1n also. In 

tvo year feetUng trials rats race1 "ing 

5 ma/ks 'body weight suttered no Ul­

arfect., but liver changes resulted at 

25 ms/kl diet. 

• MI •• National Orgarl1c Chemical 

Industries Ltd. t BombS7, as Aldrex 30 IC. 

• CarboturtdJ 

I EN! 2116't-, Vuradan, curaterr, BAI-70413, 

FMC 10at.2. 

• 2.)-ci1IQ'dro-2, 2-d1meth,1-?'-benaorur8llyl 

_thyl oarb8Jlate. 

CA number I 156)-06-2. 

lblecular forlJlUl.a I C1A;N03 
Molecular wight • 221.3 
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• !he ASr1cultural cbencal d1vis1on at 

the FMC COl'poratioo in 1961. 

I Carboturan 1s a colourless orystalline 

.ol.id. melting ilo1nt 150 to 152°C I 

vapour pre.sure 2 x 10-? DID HS at J30c 
20 80 420 1. • 

I 700 uas/l vater e t 25°C C 15'0 g/kg acetone I 

40 g/kg benzene. 

I It 15 unstable in alkaline medJ.s, 

noncorrosiVe and llon1n1"lammable. It 1s 

metabol1shed :1D the l1ftr and excreted 

111 the urine of an1.mals 50 per cent be1n~ 

los t in 6 to 12 hours; 111 soll 50 per cent 

is lost 111 30 to 60 da,s. 2,J-d1h1d.ro-J­

bJdrOX1-2 t 2-Q1methy~ benzofuran-?-yl 

JD? thyl oarb_ate, wh1cb 1$ low toxic to 

1Ilaect. and nematodes, is one ot the 

proo.ucta t orme4. 

• It 1s a 818te1l10 1n_cticide, acar1c1de and 

ne'!lat1c1de applied to follage at 0.25 to 

1.0 k(J a1/ba tor the control or insect. 

ana J»1 tas ur applied to the seed furrow 

at 0.5 to •• 0 k&/ba to control s011 pest. 

and foliar feeding insecta or broadcast at 

6 to 10 kg/ba tor the control at nematod ••• 



Tox1co1og 

Source for tt'1e 
present. study 

3. Phors\e 

C OInr.'lon Dmte 

SynODJID8 

Cher4.caJ. naJnE: 

CA number 

, This 1nc~udo w.p. (750 g a1./kti), 

flOtmble paste (480 ~tti); ~:r8llual..s 

(20. 30. 50 and 100 tV1t.). 

• LL50 rata-acute orals 8-14 mg &1. (in 

COIn oil )/kg 1.>001 ve1f.:ht. LD;O 4018 -

acute or?J.. 19 mg 61. dry povder/kg bodJ 

wight. LD;o raltb1ts dernwll 2;50 mg a1. 

as \;i.P./ks boo!" w1&ht. 

• R~.ll1n Indla Ltd. tBaaba)', all 100 per cent 

techni0al Wf;J"flf!ient or carbofursn. 

I Phorate 

• 1'h1met, EI-3911, Eft ~ot.2. 

I O,o-d1~tb11 S-etbyltn1omethyl pbOlphorod1-

th1oat •• 

, 289-02-2. 

Holecular formula I C.,a,t>2P83 

!401ecular weigbt & 260.4 

struotural formulas 

CH3 -CH"Q s 
~\I 

P-S-CHZ-S-CH2.-cH3 

CH3 - CHZO 
/ 



Ch(l\[J1s try 

Solub1lJ.',. 

u •• 

• It 1. a clear InObU.e liquid, b)111ng 

po:lnt (3.P .. )118-112°0 per 0.8 mm JIg. 

The tecbn1Cfl gt',,;:·,de ~S .... 1.167 is '/'90 

per c~nt pur~. 

I Soluble 1n wete]' £It the Tat.e of 50 nag/]. 

at I'OCD tet.apel"sture. It 1s fsisclbl& 
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\i1th carbon tetrrlohlorooios9119, vegettllble 

oUs, xylene. alcohols, etilers arlO 

eaters. 

I It 15 st8,ble a.t rOOJO tewpera tut e. 

EnvtronmerJtal .tabU1 '7 optimum in the 

range pH 5 to 7. H18hl1 aci(J 1e (pH> 2 ) 

Ol~ alkaline (p1!>9) media proal:)t~ hydrolytic 

decomp:l8i t10n at rates depend1rg on 

terl,llerature and pH. In plants anc.; anloals 

it. is metabol1oally oxidJ.sed at both 

the tb10ether llnk~. and oo-ordinf!te 

a uJ.:lQW.' y1eld1n6 aulpboxide and aulphooe 

and their phoaphot..l-t1oste anr-J. '>gues as 

both tbe parent and oxIdation product. 

are rea.clU1 hl"croJ.,yseo, only a _all. 

portion of \he auJ.phcme results. 

• Syatemlu a.nd contaot 1nsecticide and 

aoa.r1cic1e used to protect crops pr1mar1l1 

root and tield crops 11k? cotton. 
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brunOtt. colt ... I'i<:e etc. i"om suc.k1n& 

anci otUn& i.nHcta I mites and certain 

n_toci ••• So11 insectioide for maize 

I these lIJcludw e. c. of yar10ua active 

1:nii!'4Jtl:16Dt. .. thimet LC-S (96!J t; tech/i) 

alljO (200 ['no 250 g ai./i) and gr9J1ules 

'U),o rat-ot'€J.; 1. t to 3.7 mg/kr. bocy 

W(,ig.i1ti e.tn1Ual: 2.5 to 6.2 mgt.n,;j ',.locy 

aCYaD8Ilid India Ltc.. Bvabay, t).!i, T:l1met 

10G (eurJt&in1Da 10 pel' Cflll t a.ct! ve 

ingredient) • 

CamQ1's rl~lO \Was usec: fOl~ fixtug ora1w: root. 

~tcu treatment. !h1ij vtui prepared OJ ud.x1ng one part of 

!,l"e1al noetic ftc1!! 8l:C three pax-t or a.bs())..ut~ otb11 r~coool. 

D. sta1n 

Peulgen sta!n 0.5 per cent vas used for the mitotic 

stu~1ea 111 the pr ... nt 1lJve3t1gat1on. Tlle a't~)1n vaa plf!pared 

by the _thad given by Darlington and LACOUl' (1976). 



One grSJDe 'baa1c tuoha1n vas d18.olyed in 200 m1. 

boUinS distilled vater. !be solution vas cooled to 50°C 

and rutered thr'J\lgb Whataaan Jlo.1 fUter paper. ThirtJ ml 

ot 1N HC1 and 3 g pO\a .. i\a _tabisulpha.te (Y20S) lIere 

adCed to the t1lUa.. It .. kept in dark tor 2lt. hours 
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in a Ugbtl1 stoppered bottle. fo this solution was added 

o.s g or aot1y~ted Charcoal, shaken well and fUtered 

throUih Wbatroan No.1 fUter I>aper. !be colourless st~:1D 

obtained was stored in a well stoppered. botUe covered with 

black paper at it °e. 

A. !rea1ilDel1t. 

1. Germination or on101l bulb. 

The lOUDg and heal tb7 bulbs ot cc:.mon onion 

(Al~1u. S!.IRAt L.) or relat1Ye].y un1torm size (about 10 to 

25 g 111 veigh t) and 'Wh1ch woUld root protu .. l.y, were 

selected tor the stUd1. !he bulbs,~J'e denUded by removing 

tbe loose outer brown ecoles. fbe base ot the bulbs were 

acrapped genU, and carefully to remove tne old and dried 

roots and then to expose the apices or the root pr1::lod1a. 

The bulbs were then 801dl 1n a pure sand trfJ7 molstioDe4 

td th tap water tor tvo dqa tor aeJ'lId.nat:1on ot roota under 

labort~ tory cond1 tiona. 
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2. Fixing the dONS of 1n .. ctic1dea 

!be concentration. tor the treatments \lere fixed 

taking into consideration the recOJIUleDded. dosage for field 

appllcation in the control or pesta. three concerltratlon, 

viz., the concentrat1on ot normal £1810 appl1cation, one 

dose above and one below were seleoted tor each chemical. 

Wherever the lover concentration selected was capable or 
1nducing considerable degree at chromosomal aberrations, 

another 10ller dose was also selec"tea • The difterent con­

centrations selected tor each insectlcide are given below. 

(i) Aldrin I 0.03 per cent, 0.05 per cent, 

0.10 per cent and 0.15 per cent. 

(11)Carboturan ,0.0015 per cent, 0.01 per cent, 

0.02 per cent and O.~ per cent. 

(11l)Phorate I 0.02 per cent, 0.03 per cent 

0.06 per cent and 0.09 per cent. 

3. Gi viDg the tre atmen ts 

While the stock soJ.ut1on at phorate and carboturan 

vere aade in 2 111 acetone and the vol.ume turther made up 

b7 dlstUled vater, aldrin 1IU dissolved in d1st1l1ed water 

alone. 

For giving the treatments with difterent canoel')­

tratians or the insectic1des, OI1ion roots grown tor 48 hours 



were used. ~ese bulbs vith roots tDtact weTe washed 

thoroulhly 1ll running vater and tr aIIar.ned to the rt!3~S 

conta1n1ng rreably prepared treatment solutions of the 

insectlcides or various cODOentration8 .s given above. 

Car'8 vas tak.. to 1l1l:ie,.ee all the &rOving roots 1n the 

treAtment solutlon. The treatments ".re stopped. atter a 

part1cu11!.r time interval by l1fting the onlon bulbs from 

th. vlals and vaah1ng them thoroughl7 in running y;ater. 

All the treatments were given tor three treatment periods 

v1a.t 12, 24 and ~8 hours. 

Separate oontrol exper1MDh were also carried out 

vi til the thJ"8e time 1nt.I~. (12, 2lt and lt8 hours) in 

d1st1l~ed water as well as 111 0.2 per cent acetone. 
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Por each treatment u well as control t ten germinated 

on1on b\llbs ...,.re u .. d. 

B. Hi totic studi .. 

1. Fixation 

1be root. of on10n bulbs were vashed thoroughly 

after treatment period WeB attained and t.h.~n the roots 

were elfc1serl and filled. in 1') acetic-aloohol tor ~ hJUJ"S. 

The fbed roots were stored 111 10 per cent aloohol 1n a 

refrigerator. vlwnever the :a1tot10 stud1es have to be doo. 

1n subsequent da, •• 



The roots were thorou!J,bly washed. in distilled 

water ~o remove esee •• t1zaU ... or ethanol. as the C~ 

may be. 1'be1 were then h1drol.1aed in iN lIel at 60°C for 

6 to 1 ldJ1utea 1n 8 waterba~. !hese roots were st."1:l ned 

in 'aulgen aWn tor 5 to 10 lI1nutes, atter washing 'Jut 

the ~drOQhlor1c a01d trOll them. 

3. Sllde prtepat'at1on 

The _ristell.Ue J'ftgion or the roots which haCl 

attained the eh.aractel'":tstio magenta colour were put Of) 

t.he slide after remov1l1e the rest or the root portion. A 

crop ot water was added and the root t.ip w •• covered Wi til 

en .J 

a coveraJ.lp and tapped gently. Better spreads were obtained 

by pressing the cO'Yeral1p atter keeping the slide in t11 tel" 

pap~r folds. the alldes were .. aled with clear ringer 

nail pol181 to provide a temporal7 JDOUDt tor m1 toUc studies 

under microscope. 

%he 8l.1dea vere made perll8lUIDt atter removing the 

eoyerglnas by d1pp1nC; them 1Dftrted in "'5' per oent acetic 

a.ald.. the sUdes were then pa.sed through acetic acid and 

butanl)l series in the proportions 3'1, 1", and 113. F:1nall1 

the slides W'Hl dehydrated in butanol alone and mounted 

in oanada balsam. 



the photom1orog~. or typical abnormalities 

vere taken 111 a Liet. 3 _ photom1cro8Cop. using blue 

fUter in ORWO HP22 slow negative film at 322.S6 ')(. magn1-

ric~t1on. 

4. M1 tot1c index 
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Two to three random fielda from each slides were 

scanned tor 8cor1ng dividin& and nond1v1d1.ng cella in all 

t.'l~ treatments and controls. The dividing cal13 inclUded. 

t.hOS() showing ally stages of cell d1vision, such as prophaae, 

mr«taphase, anaphase aDO telophaae. Mitotic index was 

calculated using the fomula, 

Nt totic index (HI) • Humber or d1 viding cella 

Total Dumber ot cel.ls scored 
x 100 

About It-ooo cells: from 10 to 1S ali.des prtlllared from 

each of thft treatments were scanned tor t:ll:s. Ind1ces of 

d1tfp.rent division at~gl!s were al80 calculated by the 

rollo~ng formulae. 

Fropha.. index (Pi) • Number of prophase cella x 100 
'fotal DUlI';er or d1iidIiig cells 

Metaphaae 1Dd.ex (Hi). IfUaber or metapba8e cella x 100 
total. number or dividing oella 

Anaphase index (Ai). Number ot anaphaae c,,11s x 100 

Total aaber of dividing cells 

Telophase 1Ildex (%1). Numb~ of t,e10phaae ce~ls x 100 
total DUlDber or div1cl1n:; cells 



5'. Relative oell ct1'f1a101l rate (JU)R) 

In order to hay. a comparative estimate of' tile 

errect or dirterent treatments on at to.is with respect to 

controls, the relat1ve d1nsian rnte va. computed. The 

relatift cell din.ion rate in the treated variant. vas 

computed using the moc1t1ed equation ot Epm1 and Hyado­

Taguch1 (1913) a8 cited by Mi8hra and dUlba (1981). 

~2 

F.elHtive cell d.1v1siun rate II: 

(RDR) 

Per cent of oells 1n Per cent of 
division in treuted -cells in 

c1v1ai01'l 1n 
oontrol -------------x1\ 10o-per Cd1t or cells in 

UYld.an 1n contJ'o1 

The relative ceU d1vlsiOb rate of total. division 

ond 1n c1tre:re:nt JI1totic division phases vere also calcl..:lated. 

The slides prepared trom the root tips of the 

treated and control exper1ments -were acanned throughly 

for var10us types of abnorll8l1t1ea in cUferen" stases ot 

cel.l df,vlo1on. About 100 to 15'0 c4111a in enoh 9tage or 
d1 v1siCll1 (proptuuJe t me taphaae, 8llaphaae and telopha •• ) Ul 

each trentroenta vera acannec1. The abttrrations which vere 

8corec. included. at1akineSt;, 'b.l.'flMS, nvllOI'ientution of 

chromosome at the equator1.8~ p-lntl1 of m!tapl1ase, C-metaphase t 

star _tnphaae, laggards. Ch:rODllSOLe bl'id..,;eu t LtLerOllucle1. 

chroll8t1n bridges etc. 



The total treqUeJIC7 and percentap of aDn;)I1llal1 t1 

1n each d1v1a1cm .tap vere computed. Cbi-square (~ ) 

te at was used to OODpare the etrect of each treatment 

against COI'lUol with reapect to the aberrations 1nduced. 

!be Chi-square teat vas dOlle using the follow1ng formula. 

The a1iD1f1cance Qr vnr1aDoe3 of dirt'erent treat,... 

menta with the control '111&:3 tested using tile l'2.taole at 

fi va per cent and 008 ;per cent levela. 
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USULTS 

lieaul 1;8 of 'farlous cytologioal observntion. made 

in 61 1i. Ala, I.., root .. rlstema treated with three 

mas t commonl.y used 1nsectic1des Via.. aldrin, carbofuJ'aD 

and phon., 1n order to u .. a. their cytotoXicity abc:l 

clastogen1e1ty alOlJg with proper oontrol treatments are 

pre.ented belolll. The visible anomal1es, mitotox1c1ty 1n 

general, and obJ'ollOsomal aberrations 1n partlculPJ" under 

miaro8Cope were used as the }lar._.ra tor this 8t001. 

Likew1., tne results are presented in two separate subheads, 

as cytotoxicity and ohromosomal abnormalities. 

A. Cn'OTOX Ie m~ 

The oytotoxic1ty ot the .. leawa 111sect101d •• were 

determined b.,aed an the rnltotlc indices 1n well spread 

fields or) tht-' slides prepaJ:ed from truated root tip cells 

in comparison with control exper1ments. !he efCects at 

each insecticide used are given .. parBte17 hereunder. 

In ~'lE! COD trol experiment "sing dJ.atilled water tor 

12 hours, the mitotic index recorded va8 7.70. It was 

reduced to 'i'.40 and 6.52 \tlen the time or treatments were 

inoreased to 2lt and 48 tlOUl"S r.apectively. The 1nd1oea of 

d1tl'erent stages of cell division when aDalyaed t 1 t ",.. 



tound that propha.e index vas ~1.6~, metaphase 1r1<18X 

11.54 • anaphase index 9.89. and. telophase 1ndu 26.92 
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in 12 hours or treatment. At ~ hours the spread speotrum 

or mitotic 1ndex ".re 5'6 ....... 11.04, -'.60 and 21.91 tor 

prophase. metaphase, anaphase and telophase respectively. 

The values 1II8re 5; .... 1 t 9.9+. 6.23. and 28.;2 respect1vel1 

for the dUterent d1vis1on phases at "8 hours 1n 41stllled 

water. I'D each period "728, a.a.o6 anc:l "'679 cells lIe:re 

exam1Decl tor the cOilputat1on or these indices. 

I'D another cot1trol experlment, 0.2 per cent acetone 

waS used since this vas the solvent tor two or the pesti­

cides used V1z., OarbaturnD aJ'ld phorate. !he mitot1c 

indices tor 12, 2't- and. -'8 hoUl'S or treatments were ;.62, 

5'.5'8 and 4.08 respectively. Prophase, metaphaae. anaphase 

and telophase 1nd1ces were 37.63, 23.20, 13.92 and 25.26 

respect1vely at 12 hours and 36.32. 18.91, 16 .... 2 and 28.)6 

at 24 hours. At "'8 hours theae ind1ces were It.2.21 tor 

prophase, 13.6t tor metaphase, 9.'" for anaphase, and 

~."'2 tor telophase. 

1. AldriD 

Table 1 gives the mitoUo index and the indloe. of 

d1fferent stages or oell div1810n w1th Yarying ooncentra­

tions of aldr1n treatment. Aldrin in general. reduced the 

mitotio 1ndex 111 Q,11U1i1 J.&a. The m1tot1c index was 3.61+ 



'lable 1. C7totonc effects or d1..fterent concentrations or aldrin in 1111.9 c'pa, L. 

CoDoen- Trest- 'total No. at M1.to- StAgeS of divis10n 
traUon _lit nuf.!Jber cU.1&!- tic Prophase Metaph8J18 mapba .. 'felopbue (perccm- period or cell.. in& 1n4ex 
tage) (hours) _amined cella Total. Index Total, Ind.x total Index Total Irsdes 

12 3651 13~ ~.6\. 

'" 
-'0.60 29 21.80 , ... 10.5"3 ~ 21.~ 0.03 ~ 2226 10 .51+ ItS .!2l+ 22 21.78 7 '·X3 ~:21 "8 3161 143 4.52 47 )2.87 26 18.18 21 .,a.. 9 49 

Me. of trea"-Dt - 4.23 39.67 - 20.59 - 10.12- - 29.03 per1od. - -
12 3211 99 ).08 39 39.39 25 25.25 11 11.11 ~ :zt..~ 

0.05 ~ 326sZ 111 3.58 39 ~~:~ 21 2l:08 9 ,.69 "2 ~:~ .. 8 31 ~ 2.33 21 12 1 .22 10 1),51 31 
lie an at tre.t.malt 3.00 33.10 21.52 10.71 1t.01 perioda - - - - - -

:e 3018 ;~ 2.18 26 ]8.81 10 ~·Xi 11 16.42 20 29.85 
0.10 =g 2.43 30 ~.46 10 12. 6 7.69 32 41.0~ 

" 35 1.01 12 .29 6 17.1lt. 4 11.43 13 37.1 
He an or treat.wnt 1.87 - Yl.19 - "".96 - 11.85 ]6.01 periods - -

~ 28]6 ~ 2.61 30 40.~ 16 21.62 9 12.16 19 25.68 
0.15 2'/25 ~:~~ 9 14.06 6 9.~ l 4.~ 46 71.88 

"8 ~ 46 16 1+.18 10 21. 13- 20 It. 3.48 
Maan ~ treatment 2.21 29.79 17.S8 - 9.96 47.01 per104. - - -
Couwol 12 = J6I+ 1.zg 188 51.6, 42 11.~ 36 Z·S9 9B 26.92 
(d1stl- ~ 326 1. 19. 56.it- 36 11.~ 15 .60 ~ ~.91 l1ed "'8 4679 3~ 6.52 169 5'5.41 30 9.8+ 19 6.23 2 .52 
water) - - 7.21 54.50 - 10.81 6.91 27.78 Mean of treatment C..J1 
~er1od. ~ 



at 12 houri with 0.03 per cent ot aldr1rl and the increa .. 

or treatment period tl"Oll 12 hours to 2lt- hours inoreased 

the m1 \otic index to a..,a.. How • .,.r, further iDc"a_ ot 

period to .. 8 bow. did not bring about any notable change 

as the decrreue 'Was Q1l17 trOll a..5't- to "'.52 (difference 
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ot 0.02) 'When 3161 cella were ob88ned. fhe spread spectrum 

of indices in d1tterent division stages showed an accu­

mulation ot metaphase and 8I1ap11&.. cells compared to the 

control and deerea .. in propbaae 1nd1cea. !he telopb&ae 

1ndlces of oontrol and 0.03 per cent aldrin treated cells 

did not vary considerably. 

!he 0.05 pel" cent ooncentration ot aldrin reduced 

the 81totio 1Ddex to 3.08, 3.~8 and 2.33 at 12, 2lt- and 48 

hours respeoU'lely. The .. were reneoted as decrease4 

prophase index and increa .. d metapba8e and anaphase indices. 

The normal donse ot field applioation (O.10~) 

shoved much more inhibition in cell diviSion 'With mitotic 

indice. 2.18, 2.43 and 1.01 at 12, 21+, ami "8 hours respe­

ot1 'f'el,.. The arlaphaae and telophase indica8 were t OUlld to 

be incHas1na 111 this do_e. 

the highe.t dosage \r1ed vas 0.15 per cent and 

the mitotic indic •• ~ .. re 2.61, 2.35' and 1.68 at 12, 24 and 

"'8 hours. tn. propha •• and .\apha" 1nd1oea 111 12 and 

48 hours were tOUlld to be 1mpJ"(JlJiDg oompared to tho lower 



VIGt.1. DOSE RESPONSE OF ALDFlIN FOR MITOTIC INDEX 
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!'able 2. Bel.aUve dlY1s1oo rate or cells and m1tot.1c phase. iII PJ1ym saa, L. 
tre a ted. ,,:ttll al.driD. 

-
CODe .. - freat.­
trRtlon IleDt 
(peroen- period 
tap) (hours) 

0.03 

0.10 

O.1~ 

If 
Its 

12 
24 
.. S 

12 
~ 
Its 

~ 
.. 8 

Control 12 
(distilled 2't 
water) .. 8 

Percen- Jiela t.1 •• Stag.. of d1 "ia1em 
t~ ~ _11 -.-----------------------------------.----------------d1Y1d1ng diYlal;)D Prophaae 14)tapha" Anapn!, " telopbaae 
ceUa rate (FDR) 

2.61 
2.3S 
1.68 

-
-

Percen- 1:t'nb Percen- tT\b Percen- 'DT",t !&p .\Un tap ~ '!Ie .t'~ 

1.~8 -2.60 0.79 -0.10 0.38 -0.38 
2.07 -2.20 0.99 .0.17 0.31 -0.03 
1.~9 -2.58 0.82 +0.18 0.66 .0.25 
1.21 -2.88 
1.19 -3.12 
0.66 - -3.06 

O.Slt -3.21 
o.~ -).38 
0.]5 -3.)8 

--

0.78 
0.83 
0.)8 

0 •. ]2 
0.31 
0.17 

0.;6 
0.22 
0.36 

0.89 
0.82 o.s. 

-0.11 
.0.01 
-0.26 

-0.58 
-o.S1 
-C.lt? 

-0.33 
-0.60 
-0.28 

---

o.~ -o.lt2 
0.28 -0.06 
0.31 -0.10 

0.)6 -a.1tO 
0.19 -0.1; 
0.12 -0.29 

0.32 ... 0.· .... 
0.11 -0.23 
0.22 -0.19 

---

0.96 
1.11 
1.5~ 

0.75 
1.29 
0.97 

0.65 
1.00 
0.38 
0.67 
1.69 
0.73 

2.01 
2.06 
1.86 

-1.11 
-0.91 
-0.32 

-1.)5 
-0.19 
-0.91 

---

CJ1 
uo 



dopge or 0.01 per oent a141l"1D. !he anaphase aJld 

telopha. indice8 reJDeJn _ 1n12 hours ot treatment 

as that of the Dext lover dose (O.01~), whUe they ware 

improved in the lt8 hours or Veatiileat. In;}+ hours, 

the prophase, metapha .. and anaphase indices decreased 

vhUe teloJ;ila8e index increased when compared to 0.01 

per cent treatment. 

The dose response curve at m1toUo index with 

aldrin treatrJent 18 presented 1n 71g.1. In order to have 
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a oomparative eYoluat1on or the 1nhib1tion of cell d1v1a1011 

wi th respect to control the relative cell dlY1s1on rates 

are g1ven 1n Tuble 2. 

2. Carboturan 

rite response spectrum or II1totonc1ty w1th ditterent 

canceJlVation8 or carbatuJ"AD i. liven in fable 3. At the 

lowest cOIlcentrat1on used, namely, 0.0075 per cent, the 

mitotio indu va8 5.43 at 12 hours or treatment, lIb11e the 

other per10ds t ~ and 48 hours, decreased the vRlue to 

4.82 and It..53. HoveYer, the II1tot10 index of It.5'3 at lt8 

hours showed an increase in rate or dlv1810n (+0 .... 7) v1th 

respect to control. This C'iD be .. en troll Table 4, which 

giftS the relati" cell div1sion rate. with oarboturen 

treatment. !his inorease of m1toUc 1.n4ex was manifested 



!'able 3. C,totax1c eft"ect. of d11'ffa'8nt concer.tre.t1oos or carboturan 1rJ All.wiI Mpa, L. 

-
Concen- !reat- total. ~o.ot )flto- stages or a1.v1.a1.on 
UaUon _at naraber c!1vld- t10 • 
(percen- penod of 0811.. iDa 1ndex Prophase MI tapb aM ADQhue !el.ophs._ 
t&ge) (hours) _audned cell. 

'lotal Index Total. Index 'total lD4u Total IDdex 

12 me 2C)l. ,.43 91 ..... 61 ... 8 23.Z2 20 9.80 45 22.06 
0.0075 2It r,f, 1lt6 .82 63 43.15 2't 16. 18 12·a >+1 28.08 

48 "'3 1t.53 ... , )2.81 26 18.18 21 11+. "'9 1+.:n 
Mean or treatment .... 93 ltO.21 per10ds - - - - 19.)8 - 12.27 - 28.1lt. 

12 3351 152 .... ~ 11 lt6.,1 ~ 11.76 15 9.87 ~ 25.66 
0.01 ;1+ 3518 166 2+.18 78 "'6. 5 26 1S.lt8 20 11.~ 26.19 

1t8 3685 131 3.55 62 47.33 14 11.)8 17 13- "'0 32.;2 
Mean ot treat.nt 
periods - ... 4.29 - 48.82 - 1 .... 87 - 11.86 - 28.12 

~ .1511 ~~ l:18 48 n·09 22 16.9t- 22 16.~ 41 ~.83 0.02 ~ .11+ 1:1 1.01 M 16.67 23 11.61 "'1 .71 
"'8 316) 115 5.53 8.00 13.71 25 1it.29 "-2 ::t..OO 

MeaD or trea'-Dt 5.15 "S.03 1;.6\ - 14.15 ... 2;.18 peri048 - - - .. 
12 

~~ 
16\ 4.79 87 53.05 23 1 .... 02 20 12.20 1+ 20.13 

o.~ Lit- f1 2.20 22 32.1Jt. 1, 22.39 10 14.,3 20 29.85 
..,8 1.93 2S ;2.08 8.33 5 10. 2 14 29.11 

Mean or treatm ... t - 2.97 - 45.99 .. 1&..91 15.52 - 26.58 periods -
Solvent ~ l6~ 1~ 5.f2 73 31.63 ~ 2a·2O ~ 19-92 49 ~.26 

201 ,.58 73 )6.)2 1 .91 33 1 .1+2 57 2 .~ t;'trol 4S 3711 151t- .08 65 1+2.21 21 13.61+ 15 9.74 53 'j+.2 
~tcr\reatment 5.09 38.72 18.58 13.]6 ... 29.35 periods - - - -



1IJ the tOl'8 of iDOn __ 111 _tapha •• and. "&pha •• 

mdi •• t lihUe the other two treatment periods were 

oapabl.e to atteet the prophaae index. 

Carboturan at 0.01 per cent vaa 1nh1b1 U.. of 

oell d1v1a.oa a. exPrea.d bJ the reduced l2d.tot1c index, 

that i8, ..... 5'+-, 4.18, and 3.,5 at 12, ~ aDd .... 8 hours of 

treatment ftapect1vely. Wh1J.e three treatment duration. 

have inoreased the prophase UMtex 1Jl ooapar1son to tbe 

control, the JDetaphue, anaphase and telophase 1Dd1oe. 

hnft r80orc1ed a 8l1ght reduo1i1on. 

With 0.02 per cent oarboturan Veatment tor 12 

hours t the lid. toUc index vas :recluoed to 3.78 and vi th 

~ aDd .... 8 hours treatments the values were 6.14 and 5.;3 

respectively. !he .... 8 hours treatment inorea_d the 

relat1" oell di'f181on rate ya1ues 111 all the pha ... 

except telopha ... 
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DraaUc III1todepre.s1an with a Dd.tot1c index 'fdue 

ot 1.93 in oomparison to a..08 or the control va. the 

obsenAt1on macle v1Ul 0.01+ per cent of carbotuJ'nn treat­

meDt tor 48 hours. W1tb. 12 and ;1+ hours the m1toUc 

index values wre ..... 79 and 2.20. All. the din8ioa pha .. 

indices also decrea .. d except propbaee index in 12 hours t 

whioh showed an inorease of 0 ..... t'roll the CCIltrol. the 



'lab1e 4. Re1ative d1y1a1on rate of cells and m1tot1e pha ••• in Al1Jum ;SVA, L. 
treated \lith carbofurliD 

-- .--
ConceD- Treat- Perc_- &lat!ve Sta6ea of c1via1an 
traUon meat ta c;e or cen Prophase Metaphase Anapba. .. 'rel.ophase (percen- per106 div1ding d1'f1a1oa 
tag.) (hours) cella rate (RDR) -

Parcea«> !lDIi Percen- ftDB Percen- RDli PerceD- mm 
~ tag. tage \ t&p .-

12 ,.t.3 -0.20 2 .... 2 +0.)2 1 .. 28 -0.02 0.53 -0.25 1.20 -0.22 
0.0075 2J+ .82 -o.?'t- 2.08 +0.06 0.&9 -0.26 0.59 -0.32 1.)5 -O.:l ... 8 It-.~3 +0."7 1 .... 9 -0.23 o. 2 +0.26 0.66 +0.26 1.35 -0. 

12 ~.~ -1.1'+ 2.12 .0.01 0.81 -0.50 0.45 -o.~ 1.16 -0.26 
0.01 ~ 4.78 -0.78 2.21 +0.19 O.7't -0.31 o.~ -0. 1.25 -0.1+ 

48 3.55 -0.55 1.68 -o.Olf. 0.38 -0.18 o. +0.06 1.09 -0.32 

12 3.18 -1.~ 1.)6 -0.17 0.63 -0.69 0.63 -0.15 1.11 -0.25 
0.02 2It- 6.14 ...0.66 3.13 +1.1) 1.02 -0.03 0.11 -0.20 1.27 -0·31 

its 5.53 .1.52 2.6, +o .. 9S 0.76 +0.20 0.79 +0.39 1.33 -0.08 

12 4.79 -0.88 2.9+ +0.""" 0.67 -o.9t- 0.,8 -0.20 0.99 -0.41. 
o.dt- ~ 2.20 -3.51 o.n -1.~3 0.49 -0.,'1 0.33 -0.59 0.66 :g.U "8 1.93 -2.~4 1.00 -0. 3 0.15 -O.tO 0.20 -0.20 0.56 

Solvent -:1' 5.62 - 2.11 1.30 - 0.18 - 1 .... 2 -control ,.S2 - 2.02 - 1.05 - 0.91 - 1.,8 -(acetone &.8 .08 - 1.72 - 0.56 O.lto 1. 1 -O.2~) 

en 
[',,:) 



F"U:; .:2. DOSE RESPONSE OF PHORATE FOR MITOTIC INDEX 
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do .. napOllIl8 au". tor IIltoUo index \d.tb ditterent 

oODlentrat1~ of oarbGtUl'aD Veatment 1s given 1l'l 

Pig. a. 

3. PhoJ'ate 

rne d1tfeJl8nt dos8. of phorate used tor t.reat.ment 

in this atW1J were 0.02, 0.03, 0.06 and 0.09 percentages. 

The data OIl II1tot1c etteeu are 81 'fen 10 !able ~. At the 

lowest oOl'loentraUon, that 18, 0.02 pel" cent a C<>naistant 

inarea" 111 JI1toUo incle. in oomparison to the control 

was observed for all the t;.h.n. v.at.ment durations. th1s 

incre.... oan be oOll.t1raed from the :relaU'18 0811 d1 vislon 

rate 11"11 1n fable 6, \!bieb shows posit1ve "slues. When 

the diVision phases vere aDalJsed. tor their indices, 1t 

vas to\lDd. that vblle the propha.. indl0.8 recorded a con­

s1atant 1ncre.ee, the metapba.. .indlces esh1b1 ted reduct101l 

111 oOllpar18aa to the oontrol. The _\apha888 with 12 

and .. hours treatments aboved re1aU ... cell diyision 

.. a1u .. or ..0.11 an4.o.22 re.pecUyely. 

AD 1nC:reaeed conoeJItraUoa of 0.03 per cent 

4eorea .. d the Idtot1o index 1JJ1t1al.l,y to ..... 38 and 4.60 

at 12 .,4 2't- hours or treatments "8P8cttyel.r. Wlth 48 

hour. treat;uaeDt the yalue vas ".51 vb.1ch vu a.1JDoat 

compvable to the oontrol. 
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hble;. Cltotax1c .ttects or difterent eoneeDtrat1ons or phorate in Al,).iwp "llI, L. 

COUCeD- Treat- Total No.at Hlto-
tration _Dt naber d1Ucl- tic 
(percen- period or cells 101 
tege) (hours) aam1ned cell. index 

•• 

!f 302] 
0.02 ~ 3366 

"'8 282, 
Mean of treatm_t 
periods -

12 3S6it-
0.03 ra ~~~ 

Mean of treatment 
periods -

12 2~8 

0.06 ra ~~ 
Mean or tr.a_ent 
period. -

12 ~; 
0.09 ~ ~19 

4S 2lt71 
Mean of treatment 
periods -

-
156 
1"'2 
195 

-
102 
128 
.... , 
-

-
1~ 
201 
1~ 

-

6.15 
6.71 
6.85 
6.17 

It. 38 
.... 60 
4.;7 
It..;2 

4.:ft. 
.... 91 
5."; 
.. ·.92 

5'.39 
).83 
2.79 
.... 00 

Propha_ 

Total. Index 

-

-
lt3 "2 73 

62 

~I 
-

-

"2.16 
12.81 
't8.99 

41.32 

"-).36 
a.;.(J. 
lto.,8 
It-2.99 

37.63 
.16.)2 
"2.21 

38.72 

stages of div1a1an 

total IDdex 

-
35 
10 
30 -

-
21+ 
17 
13 

-a.., 
J8 
21 

-

11.65' 
12.39 
1),92 
1 .... 6; 

22 ..... 
1.c1+ 

15.38 
1'+.95 

11.76 
18.75 
16.18 

15.76 

16.78 
12.98 
18.9. 
16.20 

2J.20 
1B.91 
1).6\. 

18.;8 

28 
1+ 
21 

-
18 
20 
26 

-
12 
1; 
19 

-
1; 
11 

9 

:0 
33 
1~ 

... 

13.13 
15.~ 
10.82 
13..20 

11.5't 
"'.08 
1).33 
12.98 

11.16 
11.72 
12.15 

12.08 

10."9 
12.98 
13.O't 
12.17 

13.92 
1~.42 
9.7'+ 

13.)6 

!e1opbase 

Total. lDc1ez 

,.. 
10 
52 

-

-

-
"'2 38 
19 

-
"'9 
57 
53 

-

I 

26."7 
30.97 
26.80 
28.08 

2S.6It. 
25.35 
31.79 
27.59 

1+.31 
36·Z9 21. 8 

)0.86 

29."R 
29.00 
27.54 
28.64 

25.26 
28.36 
~.1t2 

29.35 



!be llitot1o 1nd.1oes w1tb 0.06 per cent phorate 

treatmet tor 12 and ~ hours wre .... 3't ana .... 9'1; v1tb 

... 8 hours ve8ta~t 1t ".. 1nor •• 88d to 5 .... ' rna the 

corre8ponding a..08 or the control. All tb. stagea ot 

4lv181cm eseept telophase eowed 1Dcrea81 in thelr 

re.pect1ft indioes 111 ooaperlson to control. 
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!he highe.t concePtration t 0.09 per CeDt, reoorded 

a g8Deral. c1ecl1ne in the II1totlc ind..x. rhough with 

12 hour traatment the value .... ,.39, prolonged periods 

ot treatments or 21t. and ... 8 hours tended to drast1cal17 

reduce the rd.totic iDdex to ).83 and 2.79 respeotivel,. 

'.me respoose of difrerent. oonoenv.Uons at difterent 

tl'eataW!nt periods are "presented lJ'aph1cHl~ 1n :rlg.2. 

, oomparison ot lid. 'otlo ertecta ot all tbe 1.nl. 

or aldr1Jl, carboturan and pbornt.e wre raade b1 mean. or 
b18togr~ in r11 ..... 

The 01""0Ie111cl ty and o~r ohrOllO\ox1o eftecta 

or the insecticide. were scored trom well spread stages 

of cell d1vla1oo. About 100 to 1~O cells at each pha_ 

from each treatment were exudned tor abnormalities. 

11'le normal cell d1vision stage. are mown in Plates 1a. 

0, 0 and d. !he almormal1t1es obaerved vi th eaah 



!'able 6. Rel.atlTe d1.1a1on rate ot cells and Id.tot.1c ph ... in All. gepa, L. 
veated with pborate • 

• 
COIIeen- treat- Pereea- Belative stage s of' d1 y1a1c:m 
\raUan _t tap or cell 
(perceu- per10d d1 Q.(Ung dlylal_ Propb ... Metapha •• .ADapha8e 1'eloph ... 
tap) (hours) cella rate (lUlF.) 

Pe:rc .... JU:Il Paz-oeD- Rm Percell- JUm Percen- lU.ft 
tap tag. ' tap tap 

~ 6.75' +'.1S 2.8t- +0.7S' 1.19 -0.11 0.93 +0.15 :i ~·S 0.02 6·Y +1.26 2.19 +0.79 0.83 -0.22 1.01 +0.10 +0. 1 
48 6. +2.89 3.]2 +1.62 0.95' ... 0.39 0.'" +o.1tt 1 • +0. 

12 4.~ -1.31 1·a -o·a O.ts -o.~ 0.S1 -0.2"1 1.12 -o.~ 0.03 2It- a.. -0.97 2. +0. S 0.32 -0. 0.65 -0.26 1.17 -0.2 
.. 8 a..51 +0.,1 1.80 +0.08 0.10 +0.20 0.61 +0.21 1.'" ... 0. ott 

12 a..,. -1 • .)S 1.83 -0.29 0.S1 -0.80 0.51 -0.27 1."9 +0.01 
0.06 ;I. a..~ -0.,8 1.63 -o.1to 0.93 -0.12 0.,8 -0.33 1.83 .o.~ .. 8 S. S +1. 3 2.67 +0.9'1 0.91 +0.]5 0.69 +0.29 1.17 -0. 

12 ;·i' -O.~ 2.1+ +0.23 0.90 -0 .... 1 0.;6 -0.22 1.58 +0.16 
0.09 ~ 3. 3 -'.~ '.73 -a. fa 0.;0 -0.56 0.50 -0.'" o.~ -0.82 

.. 8 2.79 -1. 1.13 -0. 0 0.;) -0.03 0 • .]6 -O.d+ 1. +0 ..... 

SOlftDt 12 ,.62 ,.. 2.11 .. 1.30 - 0.78 - 1.42 -
C01'ltrol 2It Z·S2 - 2.02 - 1.OS - 0.91 - 1.,a -(acetone .. a .08 - 1.12 - 0.56 - o.~ - 1. 1 -o.~) 

en 
en 



FIG 4- COMPARISON OF MITOTIC INDICES 
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Plate 1 lforaa1 II1tot1o oell UnslOP nap. ill 
Q] ,. IIPlt L-

a. Propba .. 

la ... upha .. 

e. ADaphue 

4. !elopbaae 
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m •• cUaid. 88 well aa the oantrol.a an a1 ... 

III the aontrOl, vb ... Nota ot OI'11on bulbi wr 

1n 41 Wled vater tor 12, ~ and 48 hear, 

au •• bDoX1la11t1e1 to the enent of 0.6 p r cent, 

0.88 p cent. d 0.71 per ceDt respec 1;1 vel7 wer. 

r oorded. !'be bt'lQnaal1t1ea were UP" 1n the fo 

ttloldDea8 chro ." in propha cbrOJaO 

ridges lnd laggardCl 1n aDaPbas8 oe1la. 

In the aoly.-,t ocmtrQl with 0.2 per nt ace 

, 

• 

the total abnorma11U •• obaened wre 1.89, 3.69 aft« 
~.46 percentqea at 12 t '1+ and lt8 bours or \rea _, 

res ctlvelJ. !heM l)Domal.1t1 a induced tiCk1D ••• 

non-oJ1.entation t 1 8iDg and bridl1l'lg of chromosomes to 

YeX"11ng 1e"18 at 411fterent periods of r t. 

, Aldrin 

t 

the treq1l$nC1 ot d1tteroJat typ or abnormal! tie. 

atter al. l'1n tr. tmen t are 81 'feD 1n h ~e 'I II !he 

percentap or abnoX1!lal1t1 ranaecl t II 3.24 to 25'.iS' 1ft 

ar1OU8 ooncentrations an4 per10d or treatment.. the 

Ue. in elation to the v lou. cone 

ti are gr h1oally . re ent4d iDS, .5. lbe co.ncentr 

t1 of aldrtn h d a direct lationab1p n 1nduct.ioD ot 



FIG.5. CHROMOTOXIC RESPONSE OF ALDRIN 
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Ifable 8. Chroaosa.al. abnOJ'DlQ1J.t1ea induced b7 d1f'terent. C~ceDtrat1on. ~ 
aldr1D 1D propba.. ce11s of Q ~ alill 1.Ib L. 

Ccnc __ t'reat.Dt SUoJtiDeas Stir.,.. BlurJ"eCl Total. ~ota.1 tratlce period. cl1romo.ome 
a~ oel.l.. (perceo- (hour.) B1Dgle Double lJ.t1e. ezaadDed tap) 

12 2 0 0 0 2 162 

:It 
(1.23) (1.23) 

0.03 (2.~) 0 0 2 'I 16'1 
(1.20) (1.8'9) 

"'8 ? 0 0 1 111 
(6.]1 ) (0.90) (7.21 ) 

12 10 2 0 2 ,.. 88 
(11.)6) (2.;.',/ ) (2.~)7 ) (16.90) 

o.os ~ 'I 0 0 2 9 100 

.. 8 
('1.00) (2.00) (9.00) 

138 10 0 0 ; 1; 
('/.2S) (3.62) (10.87) 

12 , 2 1 .. 16 120 

~ 
('1.;0) (1.67 ) (0.8) <Ja33) (13.33) 

0.10 12 1 1 22 139 

.... (8.63) (0.72 ) (0.12) (;.16) (1;.8) 
10 0 0 2 12 6'1 

( ..... 93) (2.99) (1'1.91 ) 
12 11 0 0 It. 1; 160 

~ 
(6.88) (2.5'0) (9.]8) 

0.1' 12 0 0 3 1; 62 

"'8 
(19.]5) Pt.8It) (2It..19) 

1S 2 0 (8~06) 22 62 
( ..... 19) (].23) ()5.It.8) 

~otal. ,'0 'I 2 38 ", 1316 ( ,.99) (O.S1 ) (0. ") (2.76) (11. 1) 

0') 

(Ccatd. ) C.D 



~e 8 (Ccmt4.) 

!JreatlleDt CODe .... 
tratiOll 
(percen­
tale) 

periOd SUck iDe as 
(hours) 

12 1 
(0.18) 

Control 
(diatUlecl 1 
vater) (0.11) 

.. 8 2 
(1.69) 

%otal It 
(1.06) 

S1ngle 

0 0 

0 0 

0 0 

0 0 

Blurred total. %otal 
ctaomoaorae abDorma- cell.. 

l1t1es exam1ned 

0 1 129 
(0.18) 

0 1 130 
(0.17) 

0 2 118 
(1.69) 

0 .. 
(1.06) 

Figures g1yeu in parenthaaes 1ndicpte percentage 



!fable 9. Chromosomal abnormalJ. tie. induced by dirferent concentrat1.on. or 
alt'lr1D 1n _taphaae cella or All:lup SUA, L. 

-
COlleen- Treat- Stick i- Break X.oriented star c-meta- m.urftd ~otal %otal traUcm MDt ne. *9"0

8
" 

_ta- phaae cbromo- aberra- eella (percen- period Single MUltiple S1ng1e Double Mul. tlple phaae SOlIe tiona .s .... tage) (bour.) 1ned 

12 ~ 0 0 0 0 0 0 0 0 S 122 
(l..~O) (4.10) 

0.03 ~ 0 0 2 0 0 1 0 0 '} 109 
(3.67) (1.83) (0.92) (6."2) 

a.. a 3 0 0 1 0 0 0 0 0 .. 101 
(2.W) (0.99) (3.96) 

12 , 2 1 1 0 1 1 0 0 11 121 

:1+ 
(3.~) (1.57 ) (0.19) (0.19) (0.79) (0.79) (8.66) 

88 0.05' 6 1 0 2 0 0 1 0 0 10 

"'8 
(6.82) (1.1" ) (2.;2'l ) (1.1lf.) (1~]6) 

8 0 0 0 0 2 0 0 110 
(7.~) ().s.) (1.81 ) (12.73) 

12 '} 2 0 2 1 0 2 1 2 17 113 
(6.19) (1.17) (1.17) (0.88) (1.17) (0.88) (1.71) (1;.04) 

0.10 2It 8 0 0 211 1 0 0 13 96 

"8 (B·l) (2.08) (1.O't-) (1.~) (1.~) (13.54) 
68 0 0 2 1 0 3 1 0 13 

(8.82) (2. ~) (1.1t? ) ( ..... ,) (1.a.7) (19.12) 

12 12 0 0 3 0 0 2 0 5 22 120 
0.15 (10.00) (2.;0) (1.67) (1..17) (18.33) 

21+ 

CI+·r l 
1 0 3 0 0 0 2 2 11 66 

"8 
(1.52) (4.52+ ) ().o,) ().03) (16.67) 

0 0 5 0 0 0 1 ,a.. 'R 
(7.22) (5.1S) (1.03) (1.03) (1it.43) 

Total. ,.. 6 1 2'1 3 2 13 5 10 .... , 1211 
(6.08) (0."'9) (0.08) (2.Z0 (0.25') (0.16) (1.07) (O.~1) (0. 2) (11.59) -.J 

~ 

(cantd. ) 



fable 9 (coated.) 

-
CODCen- Treat­
tration .eDt 
(percen- period 
tap) (hours) 

Cmt1"Ol 12 
(41sWl.ed :It-
vater) 

.. 8 

~ota1. 

St1ckJ.- Break 

De_ --------
Single Mul ts.ple 

0 0 0 

O 0 0 

0 0 0 

0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

F1gur •• giy., in par~th .... indicate percentage 

0 0 0 " 0 0 0 90 

0 0 0 96 

0 0 0 281 



i3 

Aldr1n at 0.03 per oent 1JIduoed J.2't, 5.)0 aDd 

6.22 per oent al:a1or.:J.lt1ea with 12, 2l+ and a.s houn 

treatments. The d1ttereDt t1,"8 of abern,Uons recordecl 

were at1old.nea. (Pla. S) Dtmorleatat1on of chromoao_. 

in equatorial plate, lauaJ'4a (Plate 18), aDapba.. 'br1.4p. 

(Plates 10 and 11) pJ"Hooiows IIOftraent or chromo..... in 

anaphas., IDl0rOlluola1 (Pl.te 21) etc. At a higher OOP­

centra\1on, that 1., O.OS per cent, 'tile_ aberrations 

were reoord.ed wlth blaher frequenCies. ~le percentages 

or aberratioos were 11101'8 .... 4 00Il81derabl¥ to 11.11 at • 
12 houre of 0.05 per cent oonoe.ntrat1on trOll 6.22 at a..a 
hours or 0.03 per cent or ald.r1D. IILUJTed borc1ers of 

chromosome, 1rresular :DOYeII8llt durina anaphase and ObrOllOSa. 

br~8k were aleo tound 1.rl tew cells (Plate. 2, 14, 4). the 

ohranatin bridge (Plate 20) and ehrOJlat1n bodie. were 

regular types or a'bnormal1Ue. noted in aldrin treatment. 

t'he 0.10 per cent cCIloentrat.1on ".. oapable of 1raduo1n1 

C-metaphase cells (Plate 7) though to a leaser peroentap 

of 0.25 and 0.36 at 12 and. 48 hours 111 acld1ti<m to oiber 

tlPes of abnormal1t1e.. Very raJ'e17 unequal s1zed 

nuole1 van tormed (O.36!C> in tbi. cODoentration. !he 

total abnormalities ailO\li8d an incl"8all1ng trend al~oUSh 

mall1te.ted in "tined fonaa. Stra7 chromosomes 11'1 proJ)ha .. 

were also seen 11'1 12 and 2lf. hours treatmentJ 0.73 per cent 

or beaked telopha.. nuclei were obaerved 1D It-e. hours of 

treataeDt. 



nate 2 

Plate 3 

Plat .... 

Plate S 

Plate 6 

Prophase ~ 61] &. glR, baY1D1 chromo .... 
with bl.urnO borders. 

B1propha .. ill 61:&'. g,Ra. 

Prophue or Al l 1.um ItPI ahOV1Dg brat_ chromo.ames. 

Me\aphaae of Q' 'I. qepa abOV1ng lticky ohromosomes. 

Metapbaae of Al)'. IIWl allowing end to end tuaion 
of ohrOlllO.OII8 •• 



I'.l ... J 

Plate .. 



~le 10. Cbro;;Josomal. abnormallties 1nouced by different conceratrationa of aldrlD in 
anapbaae cel~8 or AJaI. s~u., L. 

CODC8Jl- !reat- SUck 1- Bridge Laggard Precocious IrnlU- 1'otal %otal. 
trat10n -.nt 

neIIS manmeat or 1ar &berra- c.u.a 
(pereen-per1od. Single Double Mult1pl.e S1Dgle Lou.i_i.e MJl. U- cbromoaome aDapbaa. t.1an8 es __ 
tap ) (hours) pl.e Single Dou1ii. 1.ne4 

12 0 3 1 0 1 2 0 1 1 0 9 137 

21+ 
(2.19) (0.73> (0.73) (1.46) (0.73) (0.73) (6.~7) 

0.03 
(1.i.) (1.~) 1 

(c.L) 
0 0 2 0 0 0 122 

48 
(o.e:? ) (1.9+ ) (6.56) 

0 2 0 1 0 0 1 1 0 0 5 ,. 
(2.13) (1.06) (1.06) (1.06) (5.)2) 

12 0 S 0 0 1 0 0 0 2 1 9 86 

~ '+ 
(5.81 ) (1.; 16) (2.33) (1.16) (10."',) 

0.0; 3 1 0 0 0 J 0 3 ,8 rn 
'+8 

(4.12) (3.09) (1.03) (".12) (3.09) ()'09) (18.56) 
; 2 3 0 ($.~) 0 0 2 0 3 20 95 

(;.26) (2.11) (3.16) (2.11 ) (3.1;) (21.05) 

12 2 3 2 1 1 2 0 2 0 0 13 76 

~ 
(2.6) (3.~) (2.63) (1.)2) (1.)2) (2.63) (2.63) 

It 
(17.11 ) 

<J+ 0.10 5' 3 2 0 (;.Sa) 0 0 3 0 22 

"'8 ('03:» (1;'9) (2.13) (3.19) (4.26) C23.a..o) 
0 0 3 0 0 1 0 2 10 61 

(;.97) (4.'ta) (1.lt9 ) (2.99) ( .p.. 93 ) 

12 3 It. 2 1 2 0 3 0 0 It 19 92 

0.15 2't-
().26) (4.);) (2.17) (1.09) (2.17) (3.26) (4.)5 ) (20.65') 

At3 0 2 0 0 2 0 0 2 0 2 8 

1t8 
( (4.6~ ) (4.65' ) (".65) (4.65 ) (18.60) 

0 1 1 1 2 0 ; 3 1 2 16 6lf. 
(1.56) (1.56) (1.56) (3.13) (7.81) ( .... 69) (1.56) ().13) (25.00) 

%ota1 21 1+ 13 
(O.Z7) 

26 ... 11 18 It 21 '~ 1067 -.1 
(1.91) (3.19) (1.22) (2."") (0.37) (1.03) (1.69) (0.)7) (1.97) ( .71) ..... 

-¥Ii.----.... , , 



-rable 10 (cont4.) 

Caaoen- Treat- Bridge Lagprd Precocious Irrecu- Total. ttotal 
trat1Ol'1 meat St.1cld.- J 140Yem811t. of lar abena .. cell. 
(percen- pertod neas S1ngle Double Multiple S1ngl.e Doub~e Multi- chro!DOs~e 8DaphA .. tiona ..... 
tage ) (hour.) pl. sYiiil e Double 1nt8Cl 
• r _ 

12 0 0 2 0 0 0 0 0 0 0 2 90 
(2.22) (2.22 ) 

Control 
(d1sU- :rt+ O. 0 2 0 0 0 0 0 0 0 a 92 
1184 (2.11) (2.11) 
vater) 

"'8 0 0 1 0 0 0 0 0 0 0 1 98 
(1.02 ) (1.02 ) 

~ota1 0 0 S- O 0 0 0 0 0 0 5 280 
(1.78) (1.78) 

*-- I. •• . . -

Figures g1Yel1 1.n parentheses inc1cate percentage 



!'abl.e 11 •. CJ1romo8omal abaol1lalltl.s 1nd.uced b1 dU'ferem concentration. or aldr1D in 
ta'lopbue ce1l8 or AJ ~ ,. SllJIllh 1.. 

Cooe __ !reat- M1cJ"o- Br1.d&e Lagard Beaked lbIqual au-o.a.- %ota1 %otal 
vaUaa --, Duel .. Duol.eu nucl.eua t1D abllor- eel.1. 
(percell- pel'1od tingle Dou.ble S1ngl.e bod.7 1I&1.1t1es exall1De4 
tale) (hours) 

12 0 2 0 0 0 0 0 0 
(1.f9) ," 

~ 
(1.a.,) 

.of 0.0) 2 1 0 0 0 0 2 6 130 

1t8 
(1.51t-) (0.71) (1.S't) (0.1?) (".62) 

(1~'9) (O.J9) 
0 0 1 0 

(2.1S) 
2 

(S.Za.> 
112 

(0.89) (1.79> 
12 3 2 0 2 0 0 (2.l;) 2 12 113 

~ 
(2.6;) (1.17) (1.17) (1.77) (10.62) 

0.05' 3 2 0 0 0 0 2 3 10 110 

1t8 
(2,') (1.82) (1.82) (2.73) (9.09) 

10tt 1 0 1 0 0 
(2.k) (2.L) 

12 
().85 ) (0.96) (0.96) (11."') 

12 
(]'\') 

2 1 t 0 0 1 0 8 88 
(2.27 ) (1 ..... ) (1."') (1·t) ... (9.09) 

0.10 ;7\ ; 3 0 0 2 0 18 9'1 
.. 8 

(;.1;) (3.09) (2.06) (1+.12) (It.12 ) (18.56) .. 3 0 0 2 1 (6.1;) 0 1S 7) 
(;."8) (".11 ) (2."") (1.)7) (20.;;) 

12 (;.Ln 
2 0 

(3.(' ) 
1 0 .. 2 17 88 

2It 
(2,2'1) (1 ...... ) (a._,;) (2.21 ) (1~32) 

0.1; 2 0 2 1 0 1 61 

.. 8 
(2.99) (;.9'1) (2.99) (1."'9) (5-f') (1.a.9) (20.90) 

82 ; S 0 1 2 1 3 as 
(6.10) (6.10) (1.22) (2.~) (1.22 ) (9.16) (3.66) (30."9) 

~tal 38 28 1 10 9 2 39 21 .... 8 1198 
().17) (2.)4) (0.08) (o.s. ) (0.7; ) (0.17 ) ().26) (1.75 ) (12.)5) 

(CaaW. ) -J 
en 



!'able 11 (Coatd.) 

Coacen- ~8t­
trat1cn .. , 
(percen- period 
tag.) (hows ) 

12 

Cootrol. ~ 
(d1stule4 
vater) "8 
~k1. 

Htoro- BridC· 

Ducl eua 81J'l8l.e Double 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 0 

1 0 0 0 
(0.71 ) 

0 0 0 0 

1 0 0 0 
(0.27) 

Ptgurea glY4Il 111 parerltbesea indicate percentage 

0 0 125 
0 1 ,a.o 

(0.11 ) 

0 0 111 

0 1 
(0.21) 

Y/6 



Plate " 
nate 8 

Plate 9 

C-metaphe.se or Q.lJ1.8 28 P'. 

*t8Pb." or AlP!f ... abov1ng mal Uple 
Ohromoscaae abnom~1 t1es. 
*tapbaae of APium R"*PC shov1ng chr,~oaome 
tr~' •• 

Ple.te 10 Anaphue of Allay. q.p. lIhow1llb s1ngle oh1"omos,.. 
bridge. 



-
, .Plate 8 

Plate 9 

.Plate 10 



H1illeat oonceIlVaUCIl or O.1~ pel- oent 

!ncrea .. c:l t.be an'lMJ1 •• to 15.81 per oent. 20.17 

per cent and .25 .2S per 08,.'t a' 12. 24 and 1;.8 hour. 

respectivel.)' anC. the total frequeDO¥ of ul"8&ul.arltle8 

vere 81gn1f1oant at both 1 and 0.1 per cent 1e .... 1. 

or ohi square l'alue.. fhe sUak1n .. ". laggAX'd. and 

b!'~d.eee oanDt1tu~ed. the major proJ;oJ'tlon of total. 

abnormality at this dosr:ge. /In anal,sis of the man1-

festr::t1on or abeJTntiOlls 1.n diU.rent mitotio phaa •• 

enov:ec. thnt the maximum frequetlc), 01' aberrat10n v1a., 

14.71 per ceat, .... re 111 the 8liaphaae. 1\.1s vas followed 

by telophase (12.35%) msta.p..~n.8C (11.~9") and pl'ophue 

(11 .... 1~). The types and distribut.ion of ch.1'~onae 

aberration. in different d.1v1a1an phd." are presented 

111 Tabl.es 8, 9. 10 end 11. 

2. CarboturaD 

Carboturan indac$d yar1ou:J types of OiU'OlB08OlH 

abnor~f.j.l1t1e& 11ke at1ck1ness. baz1n03s, DOI1orl_tat10&'1 

at metaphase chromosomes, bl'"eaks, lauaJ"d., bridge. and 

C-.tepha.ae.. fheir f"requenO)' at yarj.ou8 concentrst1c.ma 

or carboturan treatment tor varioua time intervale 1. 

presented 1n fable 12. !he dOile response CurYe of 

c arboturan induced ahromtoxio1 '1 1a pre8anted 1.n :r11.6. 

Aberrations induced at 0.0075' per ceDt alIQ 0.01 per cent 

78 



79 
~ ~ _ ciiffennt. OOftOId'aU'&Uone 

•• • •• I 
• I ••• 
~ ." .•. M1alo- ~- 'foUl tbt.a1 __ of 

INQI ... HCI OhIO- ebeI'J:a- _lla .... -...... 1I080Dt tJ.oa . - ... 
~ '-, 1ned par10da 

, . WI , . . F. --
• j 0 0 10 ", 

(2.31 ) 

M 'b 0 0 12 •• 8.75 0.0071 (aM) 'h 0 0 1a ~ 
(a.t2) ... (4.00) ( 

12 0 0 0 ao 512 

'0 
(3.G) 

0.01 at 0 0 27 442 16.'1 

ft (4.H) (5.-') .. 1 0 32 38S , (0.24) (a.31) 

12 0 0 1 •• G. 
c,. (o.u) (I •• ) 

M 2 0 ~. .. J 34.20 o.oa 14) (0.48) (9.68) (8.16) .. 0 0 0 18 442 
(a.to) 

12 0 0 0 30·· -n, 
(7.12) 

0.0& at 0 0 0 12- ... M.H 
(7.17) (8.1') 

48 0 0 0 39· tas 
(9.18) 

1 3 1 326 lue 
.(2) (0.06) (O.Qa) (6.20) 

12 0 0 0 10 uo sol.- Ct .. 89) 
GCIdtal II 0 0 0 ao $42 10.06 
( ..... (3.19) (3.35) 
0."') .. 0 0 0 35 HI. 

(4 •• " .,...1 0 0 0 55 1au 
(3.37) 

• • • I • , I F • 

coenu;. 



1'ab1. 13. Chromoaomal abDonrmJ.1t1es 1nouced b7 d1:tterant concentratica8 or 
carboturnn 111 prophue cell_ 1D a~~1I! II., L. 

CODe_ ifnat- stickS.- Breaks Suq_ 
Baz1- ~otal ~\al Ua\1oa -, ne88 .... alMrra- .. 118 (percea- period. 8.1.Dgle Double Mult1.ple Single Double tiona aa-tap) (hours) lI1Ded 

• 

12 It 0 0 0 0 0 0 .. 121 

~ 
(~~) (~5) 

161 O.OO1S ( • 8) 0 0 0 0 0 0 (2. 8) 
.. 8 S 0 0 0 0 0 1 6 , . 

P..39) (0.88) (5.26) 

12 2 0 0 0 0 0 1 1 1S6 

~ 
(1.28) (0 6\) (1,92) 

.... 3 0.01 3 0 0 0 0 0 1 

"'8 
(2.10) (0,'0) (2.80) 

10S 5 0 0 0 0 0 , 
~.76) (,3.81 ) (8.57) 

12 0 0 0 0 0 0 it .. 120 

2t. 
()"33) ().33) 

0.02 2 0 0 0 (o.~) 1 8 12 116 
(1.72) (0.86 ) (6.90) (10.j. ) 

.. 8 ... 0 0 0 0 0 3 1 112 
().S?) (2.68) (6.25' ) 

12 2 0 1 1 0 0 3 1 96 

O.ca. 2It 
(2.08) (1.0&.) (1.0'+ ) (3.13) (1.29) 

S 1 0 0 2 0 3 11 151 

1t8 
(~31) (0.66) (1.~) (1.99) (7..28) 

0 0 0 0 S 1lt 111 
(2.92 ) (2.jt) (2.92 ) (8.19) 

'" 1 1 1 7 1 33 85 1512 
(2.61 ) (0.06) (0.06) (0.06) (o.4~ ) (0.06) (2.10) (5 .... 1 ) 

(Canto. ) 
CJ) 

C) 



hbl.. 13 (Coote!.) 

• 
CoueeD- Treat- st.1ck1- Breake strtO"e llaz1- Total fotal. 
traUon mont • D"~ &berra- ceU. 
(perceD- period nee. Single Double Multiple Single Double tioo. exauainecl 
tnp) (hoUl".lJ ) 
,-

12 3 0 0 0 0 0 0 1 1S8 
Solvent (1.90) (1.90) 
COllOQ]. S 0 0 0 0 2 1 15'5 (acetone 
O.~) 

().2) (1.29) ~.~2) 

"8 'I 0 0 0 0 0 2 ca.?86) 18S 
(la7S) (1.08) 

'fotal 1; 0 0 0 0 0 It- (~L) "'98 (]..01 ) (0.80) 

-
Figures given in pa!'entbeees indicate percentaae 



!able 1 .... Cbromoso:JRl abnormalities induced by different concentrat.1.0ll8 or 
carbof'uraJI ill aetapbaseeell. or QJa.. Sla, L. 

• 
Conc __ treat- BUok1- Breaka !ion-oriented chromo- Conden- C-aeta- total. "otal. 
traUcm lIeD' -- .. ICIII. .ed. .Ph- &berra- O8lla 
(percen- period S1ngle Doubl.e 81n81e Double MUl tipl.chromo- tim. exa-
tap) (hours) somes Jld.ned 

12 0 0 0 1 1 0 0 0 2 10S 
(0.95 ) (0.95) (1.90) 

O.00?5 2It 0 0 0 2 0 0 0 0 2 107 
(1.87 ) (1.87) 

... 8 2 0 0 2 0 0 0 1 5 106 
(1.89~ (1.89) (O.~) (4.12) 

12 3 1 0 1 1 0 0 0 6 109 

~ 
(2.:15' ) (0.92) (0.92) (0.92) (5.S0) 

0.01 1 0 1 1 0 0 0 7 101 

... 8 
().96) (0.99) (0.99) (0.99) (6.93) 

6 0 0 0 0 0 0 1 7 73 
(8.22) (1.37) (9.59) 

12 2 0 0 1 0 0 1 0 ... 109 

2It-
(1.83) (0.92) (0.92) (3.67) 

0.02 
, 2 0 1 0 0 0 2 10 101 ca..7S ) (1.98) (0.99) (1.98) (9.90) ... a 5 1 0 1 2 0 0 2 11 99 (;.05 ) (1.06) (1.01 ) (2.02) (2.02) (11.11) 

12 3 0 1 2 0 0 0 0 6 101 

O.oa. 2It 
(2,80) (0.93) (1.87 ) (;.61 ) 

0 0 2 1 1 0 0 8 122 
(3.28) (1.64) (0.82) (0.82) (6.56) 

.... 8 6 1 1 1 0 0 0 0 9 53 
( 11.32) ( 1.89 ) (1.89) (1.89) (16.98) 

Total a..o 6 2 15 6 1 1 6 17 1192 
(3.)6) (0.5) (0.17 ) (1.26 ) (0.5) (0.08) (0.08) (0.50) (6.46) 

(Cantci. ) 
00 
rv 



hbl.e "'" (Contd.) 

ConceD- Treat- Breaka NOll-Or1ented chromo- COlldeD-
tration ment SUek1- ------ 8<.W188 sect 
(perceD- ~r1oct Dess Single Double chromo-
tage ) (hours) S1ngle Double MuJ. t1ple somea 

12 1 0 0 2 0 0 0 
(o.~) (1.68) 

Solvent 2't- 2 0 0 2 0 0 0 OODtrol (1.60) (1.60) (acetone 
0.2;C) 1t-8 3 0 0 .. 0 0 0 

\2.75) (3.67) 

fotal 6 0 0 8 0 0 0 
(1.70) (2.2'1) 

C-meta­
phue 

0 

0 

0 

0 

Figures give 1n parenth .... indioate percentage 

fotal 
aberra­
tion. 

3 
(2.52) 

It-
().20) 

(6.Z2) 

1lt-
(3.97) 

Total 
eella 
ua1d.ne4 

119 

12S 

109 

3~3 



Pla~ 12 mapba .. or Alll- uaa lIhow:l.DC obI'a.o ... 
br1c!ge and bre • 

Plate 13 ma;pb ... of Q,llw .RI ahow1n& unequu Mparat10n 
or chromo ••••• 

Pla'-'" ADsphaae or QJ_ .IJl.I1t ahov1Dg 1rrel\1l8l" lIOy-.ent 
af chrOJlOftOliM. 

Plate 15 ADapba •• of "1& .. 9IRI ahov1.ng lIUlt1polar •• ggre­
gation 01: Ohr'0lit0601lfJ8. 

nate 16 telopba8e o!, .~!3. flRI ahowintl perll1.'1ns 
ehrOllOsarrm .• l ,,;t..~p.. 





oono.,trat1~a were no\ 81p1flo3D\lJ dUtanDt 1"J'O. 

the sol •• t OCDVGl. Bove ... r, 1ihe h1Cher ccmo8llVaticm 

of 0.02 and 0.<'+ per ceDt _re "17 eftecU •• 1n 

ind11010g chromoaQIDal abnonaaUU .. to a1gn1tican\l)' 

higher proportions. !he h1Sbest aberration 1"reqUeD01 

vas notioed with 0.02 per oent oarbotUI'8J) treataent for 

2'+ hours. !b. 1JlOre888 or OODcentraUon trOll 0.02 to 

o. d+ per oent did not ahow oonslderable d1tterenoe 1D the 

trequency or aberra\1ons vb.a _aDa of periods at treat­

mct were oODlPared. 

M1orcauclei, mul. Upo1ar anapbase (Plata 15) and 

chromosome oontraotion vare reoorded wi ttl frequencies 

0.)6, O.at. and 0.23 por od a' 0.02 per cent of oarbo­

luraJl, the nOJ"al field appl1cation dosage. CbrOllOaome 

brldpa vere very frequent a8 they were recorded to the 

t\me of 1.86 per oent, vb10b was ralloved b7 at1ck1ne.a 

(1.5'5'}C) and lauarcls (0.82,,), when the tot,.~ frequency 

or each aberrant type8 in oarboturaD vaa cons1c1erecl. 

ChromosCIIM breaks were noUoed SD all the 111 tatio pbas .. 

(tables 13. 1~, 15 and 16). 8111ale, double and mul tipl. 

breaks were observed. with the Veatllen\s of this 1naeot1-

01de. 8ina1e, double and multiple ohrom08OJM bridges 

84 

ud laagards were alao observed. !he anaphase etag •• 

record.d _xi .. peroenkge. of &'berration. (10.03~), vh1le 

telopb88e atases recorded. 188.8\ 1"J'8queno1ea or 1JTqula­

rlt1e8 (3."7~). 



2ab1.e 15'. ChrOlDOsaaal. abrlorr.l.1t1es induced by different cancentl"atiooa of 
carboturaa 1D aDapbaae cell.a M a1 ~ 1.um 1121.. L. 

Cooo.,- 't.Nat- Brealr Bridge Laagards Multi- ~ota1 ~otal 
vaUon Mnt • polar abDor- cella 
(percen- per1.od S1ngle Double Single Double S1n61e Double Mul. tilll8 aDaphaae -.11.- exe.-
teae) (hours) ties 1 lied 

• 

12 1 0 1 0 0 0 2 0 ... 101 

2't-
(0.99) (0.99) (1.98) (3.96) 

0.0075 1 1 2 1 1 0 0 0 6 100 
(1.00 ) (1.00) (2.00) (1.00 ) (1.00 ) (6.00) 

48 0 0 3 0 2 0 0 0 S 100 
( (3.00) (2.00) (J .. OO) 

12 1 0 3 1- 2 1 1 0 9 11a. 
0.01 ~ 

(0.8<3) (2.63) (0.88 ) (1.1;) (0.88) (0.88) (7.89) 
0 0 ~~85) 3 2 0 2 0 12 103 

"'8 
(2.91 ) (1.~) (1.~) (11.6; ) 

2 0 3 2 1 1 0 0 9 99 
(2.02) (3.03) (2.02) (1.01) (1.01 ) (9.09) 

12 0 0 8 3 1 0 ~ 0 17 107 
(1.48) (2.80) (0.93) (4.67) (15.89) 

0.02 aa. 2 1 S 0 2 0 1 1 12 91 

a..e (2.20) (1.10) (;.~9) (2.20) (1.10) (1.10) (13.19) 
1oa. 2 0 'I 3 1 0 0 0 13 

(1.92) ( (6.13) (2.88) (0.96) (12.50) 

12 1 0 3 1 2 '+ 2 0 (~t.25) 80 

0.04 ~ 
(1.25 ) (3.15) (1.2; ) (2.,0) (5.0) (2.50) 

2 0 2 0 2 1 1 0 B 88 

'+8 
(2.21) (2.2'1 ) .. (2.21) (1.14 ) (1 .. 14) (9.09) 

1 1 2 1 0 0 0 9 79 
(1.27 ) (1.27) (2.;3) (;.06) (1.27 ) (11.39) 

total 13 3 ..... 18 17 7 1'+ 1 117 1166 
(1.11 ) (0.26) ()'17 ) (1.54 ) (1.46) (0.60) (1.20) (0.09) (10.03) 

(Contd. ) 
(fJ 

CJ1 



1'&146 1~ (Contd.) 

Concen- !reat- Break 
trat1an _Dt 
(percen- per10d S1ngle Double 
tap) (bours ) 

• 
La&6IlJ'd.a Mul t1- Total fotal 

------------ polar almor- cella 
Single Double Multiple aDaphase mal1- esaraine 

ties 

Bridge 

S1.ngle Doubl e 

12 0 0 2 1 1 0 0 0 It 10] 
Sol'YeDt (1.~) (0.97 ) (0.91) (3.88) 
cantrQ'J. 
(acetone 0 0 It. 2 2 1 0 0 9 118 
O.~) (3.39) (1.69) (1.69) (0.85) (1.63) 

... 8 0 0 3 2 3 1 0 0 9 99 
(].O) (2.02 ) (3.03) (1.01 ) (9.09) 

Total 0 0 9 ~ 6 2 0 0 22 320 
(2.81 ) (1.~6) (1.88) (0.6) (Cites) 

• 

Figures gi.VCl in parentheaea indicate percen~..g. 

00 
en 



'fable 16. Cbromoaollal abnormalit1es induced b7 d1fterent cCII1centrnt1ona of 
carbofwaD 111 tel.ophue cells of Al,1j,WD clpr.. 1.. 

• •• • 
CODe.,.. tret'J.t- Break Bridge LaaggJ'4 Micro- ~tal Total 
traUOIl _Dt nuclp.us &berra- 0811. 
(percen- period Single Single Double Single tiona aa-
tage) (hour~ ) m11'led. 

12 0 0 0 0 0 0 100 
O.OO'I~ ~ 0 0 0 0 0 0 1~ 

48 0 0 0 0 0 0 80 

12 0 2 0 0 0 2 173 

~ 
(1.16) (1.~6) 

0.01 0 2 1 1 0 ". 
(2.11 ) (1.05 ) (1.05 ) (It.21 ) 

'*8 1 3 0 2 1 
(6.ZS) 

108 
(0.93) (2.78) (1.85 ) (0.93) 

12 0 1 2 0 0 (3.~') 83 

0.02 2lt 
(1.20) (2 .... ,) 

1 2 1 0 2 6 105 

1+8 
(0.95) (1.90) (o.~) (1.90) (5·11) 

0 ... 3 0 0 'I 127 
(].1;) (2.]6) (5.;1 ) 

12 0 2 2 0 0 ... 96 
O.QI. 

~ 
(2.08) (2.08) ('+.17 ) 8, 0 3 0 2 0 

(5.L) 
48 

().53) (2.35 ) 
0 ~ 2 0 0 (5.~) 122 .I 

("'.10) (1.6'+) 

Total 2 24 11 5 3 (3~'7) 1298 
(0.15 ) (1.8, ) (0.85 ) (0.39) (0.23) 

(Contd. ) 
00 
-..J 



!able 16 (Contcl.) 

C:mcen- Treat- Break aridg. Laggard Micro- !otal 10t.&1. 
tr)lt1on a<>aat -- nucleus aDem.- cella 
(perc_. J::4r1od S;tngle Single Double ~nglQ 

tiona exaJD1.ned 
t~.;J8 ) (hours) -. 
S~1YeDt 12 0 0 0 0 0 0 1S0 
control 24 0 0 0 0 0 0 1 ..... (a.cetone 
O.2!C) 40 0 0 0 0 0 0 168 

total 0 0 0 0 0 0 "'62 

-
'FIgures i~1 .. en in parenth ••• indicate percentage 



FIG.6.(>iNOMOTOXIC R.ESPONSE OF' CAR80FURAN 
FI6.7. CHROMOTOXIC RESPONSE OF PHORATE 
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Pl~h'7 tel-nph!\s~ o.f Allum a.tma .having brGken 
OhrOJlOSOIMt bridee. 

nate 18 !elor.hase of U1 &.,. 912. Iiloving laggil1& 
Chromosome. 

P!ute 19 fel~j:'~1t1se,.,( ~ ~~ &1;O\dng .?l'tlQocious 
.001~nt of Chl't*tJ;ll(,hU", 

Flate 2(\ '1\!lI')I'.:!l1S9t ';~ ~.t" 1.ln ~t'N1n8 per.latins 
obroms.t1n br1dse oorm.cUans and ohrOllO .... 
tr~ent4 

Plate 11 t.u ')_.\ha"~"' ~~ ~ 8llov1ng mioronucleus 
&1-a v:l.\h r nUCl.l. 



PJ._te 18 

Plate 19 



). PboraW 

%he trequenc1e a or obI'oao.-al abnormal! ti •• 

1rKiueed b7 12, 2lt- and. "8 houra treataent with 

89 

(littereDt canoentrat1ona or pbOl"ate is l1yen in !able 17. 

Total abnormalities ranged tro. 2.21 to 14.69 per cent 

at Various do_e8. !be JlaJor an01'l8l.1.a observed 1n 

phoJ'at. treatment were at1ek1ne.s, nonor1entatiorl or 
metaphase chromosomes, break., laagards, and Chromo.o_ 

bridle.. Micronuclei and 1rreaular anaphase vere alao 

mFm11'estecJ but to a l.a.er extent and. ¥Ire uaua1l.y noted 

at higher concentrations and a' prolonsed treatments t 

vb1le biprophaae (Plate 3) and blurred ohromosome 

borders vere a .... ry rare pbeOllenOll that occurred 

oocaa1onal.l7 • 

!he 0.02 per cent concenVation, the lowest 

dosqe tried t did not abov &1gn1t10ADt leY8la at 

aberraticz& 111 all the tbree tl'eatmen' periods. !he 

next h1gher concentration ot 0.03 per cent vas eftecti .. e 

to the canUlaant 1 ... 1. at ~ hour.. !he merea.d 

t1JIe 1nte"el ot "'8 hours 118. DIlCh more .trectiYe than 

the 214- hours treatment and 1t reool'ded a toW abnormalit,. 

of 10.59 pel' cent. The two b1&her dos •• Via., 0.06 

and 0.09 per cent were potential d088s tor the induct1cm 

of abDol'lliallt1es. Both concentration and time ot trea'­

MEmt. had linear ralat10nahp w1th abnormalities, &8 shown 



90 

---.ut..a.e .t.DduoId ." cUI ...... .". ........ cu 

II MI. • • ,. ...... , t 

a:.aaa.. ,l'ft_J.c' ~l 1\)t.al )ban of ........ Bc'Jdfe MiG»-

(P ••• '" 
auoleta8 ----- aban:'a- _11.8 ~~ 

-.ton ... UJed ~ ..... , 
ped.od 

"" •• "" • , , I • I • 

a 0 • 9 408 
(0.49) (a.21 ) 

O.oa 4 1 0 15 t40 '.88 (0.91) (0.23 ) (3.41) (3.21) 5 I) 0 1. 315 
(1.33 ) (4.26) 

11 0 0 20 .. 
0.03 (2.25) (4.10) 

10 .1 0 33· 4. 22 •• 
(2.30) (0.23 ) (7.59) (1.43) 
18 2 a .... 110 

(J.53) (0.39) (0.39) (10.H) 

1. 0 0 U·· 45' 
0.08 (3.!)(» (1.aa) aa.aa u 2 1 40*· tal 

tl.OI) (O.'S) (o.at) ('.50) ('.41) 
16 3 2 ., .. M7 

(a.93 ) (0.55) (0.31 ) (11.S2) 

'I 0 3 a·· 416 
0.01 

(3.51) (0.66) (9.al ) 
30 " 0 •••• 451 M.7. C4.43) (0.89) (10.M) (U.S9) h 2 1 68 8 ta 

(3.24) (0.43 ) (0.12) (14.89) 
lAl 15 9 ... 2 M5l 

(2.68) (o.as) (0.11 ) (8.11) 

so.l",* 3 0 0 -to 510 
~ 

(0.:'1 ) (1..,) 
(~ 

s 0 0 20 M2 10.0& 
0..,.) (l.U, (3.69) (J.lI) 5 0 0 as sa 

(0.89) (4."' -.1 14 0 0 55 1133 
(0 •• ) (3.37 ) 

•• • 
• • 

It .tnd1 .... PfI&"OGIlUige 
left 1 
lit vel 



hble 18. Cbromoacaal abDonaal.1t1es 1nduced by d.1f'terent cancentrnUQD8 of 
phOZ"ate 1n propla. cells of I~~~ YI1 112 •• 1.. 

Conc __ 2rett- SUck 1- Bl'eek Bad.- aLpro- Blurred %otal ~otal traU_ -- DeSS IMUI8 pb ... chromoaome abDona- _u.. (perceD- per10da Single Double 
\age) (houra) UU •• examined 

12 1 0 0 0 0 0 1 105 
~ 

(0.9:i ) (0.95 ) 
108 0.02 2 1 0 0 0 0 3 

(1.8; ) (0.93) (2.78) 
1t-8 3 2 a 0 0 0 S 100 

(3.00) (2.00) (5.00) 
12 1 0 0 0 0 0 1 136 

at. 
(O.~) (0.,-.) 

1'" 0.03 0 1 0 0 1 0 2 
(0.96) (0.96) (1.92) 

-"8 3 3 0 0 0 2 8 1S0 
(2.00) (2.00) (1.33) (S.33) 

12 2 2 0 0 0 0 It 119 

~ 
(1.68) (1.68) (3.36) 

~ 0.06 6 2 1 0 0 0 9 
\8 

(6.)8) (2.13) (1.06) (9.57) 

(2.11) 
3 2 0 0 3 13 178 

(1.69) (1.12) (1.68) (7.)0) 

12 1 2 1 1 0 0 S 109 
(0.92) (1.83) (0.92) (O.92) (4.59) 

0.09 ~ 6 2 0 S 0 0 13 111 

1t8 
(5."') (1.80) (It..;0) (11.71 ) 

7 2 0 3 0 1 13 127 
(5.;1 ) (1.57) (2.]6) (0.79) (10.21+ ) 

rotaJ. (2~) 20 4 9 1 6 77 1"' (1.39) (0.28) (0.6» (0.07) (0.42) (5.-;' ) 

(Coutd. ) 

c..o 
~ 



%able 18 (Contd.) 

Conee!'l- treat- Break Baa1.- Bipro- Blurred ~~ ttot.al 
tratiOD ..at. SUck 1- abDor __ cella 
(perceo- periods De.a De88 phase chromosome li.ti.8 uudDed 
tap) (hours) Single Double 

-
12 3 0 0 0 0 0 3 1S8 

(1.90) (1.90) 
Sol ftD t 24 ; 0 0 2 0 0 , 155 control ()..2) (1.29) (It.''2 > (acetana 
O.2~-') ... 8 '/ 0 0 2 0 0 <'t.L> 

18S 
(3.78) <1.08) 

~otal 1; 0 () .. 0 0 (3~t2) »+98 
(.).01) (0.80) 

Figures given 1n parenthe8f!8 1Dd.ica.te percen'tage 



hbl.e 19. Chromoacaal aboormal.t.t1es induced b1 d.1.fter8llt coocentration. at 
";'I.ulate in lDeSapba,ae cells or Al] ~Mm Alpa, 1.. 

• • 
Coaeen- be.t- Break BOIJOJ'iea ted lUuned fotal ~ta.l traUan _at SUck1De .. • c:hroIIosome Obromoaa. abD ___ ean. (perceD- periOd. Single Double l1U .. ezua1ned· tap) (hours) S1ngle DouQ'Le 

12 2 0 ·0 0 0 0 2 1~ 
(1.'-;) (1.92) 

0.02 2lt (2.i!a. ) 0 0 0 0 0 (2~) 123 

"-8 0 0 0 0 0 0 0 ·82 

12 0 0 0 0 0 0 0 102 
0.03 2&t 3 2 0 3 0 2 10 113 

"'8 
(2.6~ ) (1.71) (2.65) (1.7'1) (8.8S) 

1~ (~.L) 2 1 2 
(2.1,) 

0 11 
(1.92) (0.96) (1.92) (10.S8) 

12 (4.~2) 1" 1 1 0 0 8 113 
0.06 ~ 

(0.88) (0.88) (0.88) (7.08) 
2 3 0 2 0 0 ? 112 

"'8 
(1.19) (2.68) (1.19) (6.25 ) 

6 3 2 3 2 0 '6 110 
(5.'*'; ) (2.13) (1.82) (2.13) (1.82) (14.~) 

12 :; 3 1 1 0 0 10 114 
0.09 ~ 

Cl+.~9) (2.63) (0.88) (0.88) (8.7?) 
2 0 2 0 0 8 11S 

"'8 
(3 .... 8) (1.?i;.) (1."") (6.96) 

5 a. 3 ... 3 3 22 119 
(4.20) (3.)6) (2.;2) (].36) (2.52) (2.52) (18.&'S) 

fotal 38 20 8 18 8 :; 9'1 1311 
(2.90) (1.53) (0.61 ) (1.3'1) (0.61 ) (0.)8) (1."0) 

(Coatd. ) 
u:> 
U..) 



Tab1e 19 (Cantd.) 

Concen- Treat- St1ckiness 
trat10n ment 
(percen- per10d 
tage) (hours) 

12 1 
(0.84) 

So1vent 2 control 
(acetone (1.60 ) 

0.2%) 48 3 
(2.7, ) 

Total 6 
(1.70 ) 

Break 

Single Doub1e 

0 0 

0 0 

0 0 

0 0 

Nonor1ented 
chromosome 

Single Doub1e 

2 0 
(0.68) 

2 0 
(1.60 ) 

4 0 
(3.67 ) 

8 0 
(2.27) 

Bl.urred 
chromosome 

0 

0 

0 

0 

Figures given in parentheses indicate percentage 

Total. 
abnorma­
l1ties 

3 
(2.,2) 

4 
(3.20) 

7 
(4.,9 ) 

14 
(3.97) 

Total 
cel1s 
examined 

119 

125 

109 

3,3 



%able 20. Chromosceal 8.lx1orntal1.t..1es 1nd~d by d1.fterellt CODCc-ntrat1ons of 
pbcwl1t.e in aDapbue cel.l.s at Q.:u.w& S";PAt L. 

.. ifIi --
Coacen- !'.Nat-. Irregu1.82' Bridge Break LagpJ'(l ~o'-l !o'tal, 
traUoo .. t aDaphaae I. e .. .-. - .btlonJe- cella 
(pereen- periOd S1n&le Double Hul t1ple Single D·~ble Single D\JIUble 10M tipl. Uti. es .... 
tap) (hOlJra) 1ned 

12 0 2 0 0 1 0 1 0 0 .. 99 
(2.02) (1.01 ) (1.01 ) (4.0.) 

0.02 2lt- 0 2 0 0 0 2 2 0 0 6 106 

'+8 
(1.89) (1.89) (1.89) (5.66 ) 

88 0 1 2 0 1 1 0 C 0 5 
(1.1'" ) (2.2'7 ) (1.14 ) (,.11+) (;.68) 

12 0 9 0 0 2 0 0 " (3~') 16 sa' .. 
0.03 ~ 

(10.23) (2.2'/) (2.~? ) (18.18) 
0 8 0 0 2 1 1 1 3 16 112 

48 
(7.'''') .. (1.79) (0.89) (0.89) (0.89) (2.68 ) (''+.29) 

2 10 0 3 1 0 0 5 2, . 120 
(1.67) (8.l3) ()'33> (2.,0) (0.83) (l...17) (20.83) 

12 0 
(6.ZS) 

2 2 0 0 2 0 3 16 108 
0·.06 211-

C 1. B5) (1.85) (1.85) (2.78) (~,81) 1at. 1 6 1 3 0 0 1 2 0 
(0.96) (;·Z7) (0.96) (2.88) .. (0.96) (1.92 ) (13.46) 

48 2 6 1 2 3 2 0 2If- 11; 
(1."'" ) (3.q.8) (5.22) (0.81) ().4B) (1.~) (2.61) (1.71+ ) (20.87) 

12 3 6 1 1 .. 2 0 0 0 17 115 

24 
(2.61 ) (,.22) (0.87) (0.8?) <).48) (1."') (14.18) 

0.09 0 
(6?25) 2 cZ 1 0 2 0 0 11 112 

48 
(1.19) .46) (O.89) (1.19) (1;.10) 

1 8 2 3 .. 0 ·1 2 S 26 100 
(1.00 ) (8.00) (2.00) (3.00) ~.OO) (1.00) (2.00) (5.00) (26.00) 

fotal 9 70 20 1$ 22 9 13 9 19 ,. 1267 
(0.71 ) (5.$2 ) (1.5 t3) (1.1.)j) '1.?l.) (0.71) (1.0]) (0.71) (1.!H» (14.63) 

(Contci. ) CoO 
c..n 



kOla 20 (Cootd.) 

-- .... ~ ....... "" . .-....-----,----, 
Coaeeo- 1'roat- .IrJ'esu- i3Iidge Break La&gaN fotal ~otal 

tratiOll _at laJ' aDa- .- alaDora- cells 
(peroen- per10d ~ ·'::l1nslQ Double lhl t1ple Bingle Double S1ngle Daubl~ MulUple litl_ u .... 
tap) (hours) 10ed 

.. . . . 
12 0 2 1 0 0 0 1 0 0 .. 103 

(1.~) (0.9'1) (o.m) (3.88) 

SQl .. vent 0 .. 2 0 0 0 2 1 0 9 118 
cont.rol (3.39) (1.69) (1.69) (0.85) (7.63) 
(acetoDe 

1+8 0.2.) 0 3 2 0 0 0 3 1 0 9 
(l.Ol) (2.02 ) ( 3.03) (1.01) (9.09> 

~tal 0 (2.X, ) S 0 0 0 6 ~ 0 2"') 320 ... 
(1.S6) (1.88) (J.63) (6.88) 

-. . . 



~. 21. ChromoaOMl abDormal1t1ea 1Dduce4 b7 d1tterent concentrations or 
phorate 1.D telopbaae oel.1s ar au. ~t 1.. 

Coaeeh- !JteataaDt. Break Drlcip Lagard Mlczo- Tot.aJ. ~tal 
trat&s- DeCl.eua abDonra- cell. per10d (perCtD- (hours) S1ngle Double S1Dgle Double Slngle 11t18& exall1ned 
tac.) 

• 

12 2 0 0 0 0 0 2 100 
(2.00) (2.00) 

0.02 ~ 0 0 2 0 0 1 
(2 .~,) 103 

(1.~) (0.97) 
.. 8 2 0 2 0 2 0 6 105' 

(1.90) (1.90) (1.90) (5.71 ) 

12 0 0 2 0 1 0 
(1.iS) 

162 
(1.23) (0.62 ) 

0.0] 2't 2 0 2 0 0 1 ~.~) 106 
(1.89) (1.89) (0.9t- ) 

.. 8 2 2 a. 0 0 '2 10 1]6 
(1.47) (1.a.1) (2.fj. ) (1."'7) (7.]5> 

12 0 0 It 1 0 0 S 117 
(,1.a.2) (0.85) (4.27) 

0.06 2»+ 3 0 3 0 2 2 10 111 

Ita 
(2.70) (2.70) (1.80) (;.80) (9.00) 

0 0 .. 1 2 3 10 ," (2.71) (0.69) (1.]8) (2.08) (6.~) 
12 2 0 6 2 0 0 10 118 

2,It. 
(1.69) (,.08) (1.69) (8.a.7) 

0.09 0 0 S 1 1 It- 11 113 

&.8 
(4."2) (0.88) (0.88) (3.5\) (9.73) 

(O.~) 1 2 0 1 2 7 111 
(0.85 ) (1.71) (0.85 ) (1.71) (5.98) 

~otal 11t- 3 )6 S 9 1S 82 11t32 
(0.98) (0.21) (2.51 ) (0.35 ) (0.63) (1.{)5) (5.73) 

(Contcl. ) 
CD 
-.] 



%able 21 (Coatd.) 

COIIeeD- TreatmeDt Break 
traUcm perJ.od ---------
(perceD- (hours) Single Double 
tap) 

12 0 0 

Sol'Yent 2lt- 0 0 
COJItJ'Ol 
(acetcme 1+8 0 0 
O.2~) 

~otal 0 0 

Bridge 

Single Double 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

.FigUr •• giVP.D 111 parEl1the88a 1Jxl1cate percentag. 

0 

0 

0 

0 

Total 
08118 
aam1nec1 

1'0 ,.... 
168 

lt62 



FI6.f3.c..OMPARI60N OF Cl-IROMOTOXIC RESPONSES 
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in P1g_ 7. fable 17 " .. ale that Gbroaoaolle br1dge. vere 

the IDOS t trequent tJpe of abnormal 1 ty 10 all the conceD­

trations or phorate. !bey oonst1tuted 2.68 per cent ot 

the total aberrationa. Break. (1.8.)C>. 8t.1oky CbrOlllo8omea 

(1.)8~) and lagards (0.92%> in the decreasing order ot 

occurrence wre the other maJor types or anomaJ i 88 in 

jJl3.JII AID. root menstem cells atter phorate treatment. 

AD examination at th. cI1etr1but1on or chromosomal 

aberrations 1n the Yarioua .tases of nd.toal. (fAbles 18, 

19, 20 and 21) "ye&led that the _nllUt'J fnqueD01 ot 

abnOJ'l!lal1tles .... re man1tested dur1D, anaphase. 1be _~or 

types ot aDODIa11es 1n this stases vere Obl"omosome bridges, 

ehrOllosome breaks and lacaarda. Thus, whUe the trequency 

of amormal1tle. during an~. 1iU 1"'.68 per cent, tne 

corresponding value. vere 5.;', 7.lto and 5.73 per oent 

during prophase, meta.pba8e and telOpba .. respect1vel,. 

the chromatono etteota ot tour levels at aJ.c1r1n, 

carboturan, and pborate were OOllPareel wl~ the control 

and among tnemeelve. at d1tt.rea' perlods of t1ll. b1 meana 

or h1stogr~1n Pig.8. 
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DISCUSSIOII 

%be results or various c1totos1c and clasto-

genic 1D ••• t1gat1ons of three Snaect1oides, Viz. t alclrm, 

earboturaD and phorate em root. m1tow or "'Up eep', L., 

are dlacu ... d hereunder 111 the l1&ht of akiD loveaUgationa 

carr1ed out b7 different workerl. 

A. ClTO'roXICm 

1'be C7tl)tos1c1t1 of &nJ cbem1oa1/agent is 

Ilanit.ated as total m1todepreaa101l, DUol..ar P7CD0818 and 

chrClDOsOIIe olw:apina (Gahu J1 AI.-, 1981). the dOlage at 

which th... S1JIPtoaa appear la Qona1d'Ted as the cytotoxic 

conoentration. !be Id.todepre881ye property of a ehea1cal. 

or aI'l agent can be .... and bJ the oOllput~t1on of mitotio 

index 1n the treated 8J1d oonvQl experiments. !he 1Id.totic 

index Ten.eu t.be percent,... or cU.yld1ng cells at all)' 

part1culaJ" atap of d .... lopDld\. It IDa1 1ncrea88 or 

d.oreU18 b1 the Wluane. of extemal agencT acting «I it. 

NJ 1noJ"ea" mtiY le84 to an uapreoedentad multiplication 

of cella which resUlt in tuaaor or cancerous out growth 10 

organiaed tissues or an1mnll, or pl.l 11k. protruaion 111 

or ganlaed u. •• ues or plant. or tall and lank)' growth of 

plants 11" the ti •• ue artee_d are meriateJBa. A decrea884 

rate of II1tot1c dlV1a1Ol1 compared to coatrol ahov the 

100 



{ '1 {C .L (~ 

II1to4epre8ai" properl, of the 

or st1mtecl grov~ of the orJan1a. More ..... re etteet 

of such cheDd.cals enn 1_ ~ Id.totoxlcl'.Y - vnerebr cella 

111 the treated organisms vUl not be 10 a posltlC1l to 

oul t1p1y and grow. 

A reduction in ad. toUc index may ma1nll be due to 

(1) d1sturbftnce 111 DNA .)'nth.d. dur1.ng interphase whicb 

i8 a pre-requla1te tor ceU 4iv-lalon (11) disturbance in 

the synthesis at pro\e1Jl whereb)' var11lU~jt enzymes Deceas8l"Y 

ror the proce8S of cell dj,Y1s1on are affected, or (111) 

disturbanoe m the metabQ1.1o aoUv1t1es which Day lead to 

the non-aft1lab11i ty of .. e1'11 required tor cell divis1on. 

1. Aldrtn 

lrJ the present 1nves t1&ftti on t the m1 totlc index 

was reduced 81gnU1cantl,y b7 aldl'"1n trce.tmPnt~1. It vas 

reduced to haU that or cantrol. in the lOwest dose (0.01') 

tried. !his ind1cate. the obron1o effects of aldrin OIl 

root 1II1\cJ81a. this nOiat1ve effect continue further at 

nigher cOllCeJlvatlooa w1 til a 11rl.ar relationship or 
mltodepreaa1<.m arlO c«loentratiCll1. Such 8Jl 1nh1b1t1on or 
mitot1.c 1l14ex bJ organochlorine pesticides vas observed 

b1 SchQ].ss (195~) in P] '!WI IUA with heptachlor ana 

Bakale U Al. (1981) jz) WYN"" ,olOJllQ4fl t ,pwo w1th 

2, It-.u1chloropnenoxy ace t1e aCid. .M1 tocleprlJs Ii" @ffects 

or DDT. DW and DDE have been reported by Hahu and Berbet 

(1975) in 11108. 
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the obsanatim tbat amon~ the Y&r1ous divisional 

ph .... , the trequeDe1 or prophas. vas reduced to madmum 

yi til aldl"1n treatment suagesta that the number ot cella 

entering into di.-181on vas reduced by th.se treatruenta. 

This 1181 point to the possib1lity that aldrin inhibit. the 

Dl~A synthesis resul t1ng 1n detective synthetic phase 

(S-phaee) of interpbase rende~ing JI8J11 a calls incapable ot 

entering into di.-181on. !he 1Dh1b1t1on or DIIA synthesis 

102 

by ol"ganoohlor1Jlated 1nsect1c1des 1D albino rats ha,s Rlread,. 

been reported by Banerjee 0 ..... (1981). They haft c:,lso 

found in 1;he1r study that the aDtOUDts ('f totnl proteine 

aIlt lipids are unaffected. by the treatment with these 

elle meals. tis c an be ascribed as the reason why ill the 

pre.ant tnYest11at1on the drastic reduction 1n prophase 

index wa. not expressed 111 the indleea or other din8ial 

pha.... 1'1e cells entering ink; pr{)pba .. coapletes the 

cell cycle throujjb the rest or the d1 vis10nal stages, aWD­

though 111 n low key, with the Anllable enzymes in the 

cytoplasm1c ftnvirooment ot the _11. !he period of treat­

ment could not .manifest 8Il'1 significant ch.~nge 1D m1 totio 

index. The inCrease of me~ase and 8Ila,pha8e indices, 

at least in lover doses, IM1 probably be due to t.lte tact 

that these st~ge8 were teJ:lporarl1y arrested 84 a result 

o.f the delay 1Jl ,-pine.].. fibre fOJ'mat1on and slow coUing 

and uncoll1ng ot these fibres at anaphase to carry the 
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chromosom.s to the pole.. !his Bugsests tb.~.t the 

spindle proteins are Dot cOlipletely tae trom the effects 

or .&leirin. '!he lipid and proteiD taking part 1n call vall 

formation d1tl not .. em to haye attected BUCh. 

2. C • ..rbofuran 

Carbatur8l'l has been found to produce marg1Jlal 

deereue 1n mitotic index oOllpared to the control. HJWever, 

h1gh~r coocentration (O.dt-~) haft 'brought about aii;n1f1cant 

rerlucti on 111 rd. tot1c 1J1dex. At lower doses, the marg1nal 

reduotion in mitotiC index recorded 'With 12 hour. treat-

m~t was tound to get nulUt1_ vtth increase in Vcotr:leot 

period at least in 0.02 per oent. Th1s points to the 

P0881bU1ty that the cbem10al i8 either gett1ng neutralised 

or th~ "'abol.1c proeucts are rendered 2netfecti Ye. However, 

Ahmed !! oil. (1977) haw reported that .-a1 troso 4e1'i vaU vea. 

the degradation product of carbaraate, Is not completely 

maot1.1'e en au .• !'he present obB.ryqU~ suggests that 

carborur~n 18 not an eft.cU.. o7totox1cant at lover doses. 

lio dflr1n1i;e dose dependarlt babaY10ur also is noticed aa 

already reported by .AIDer and Far~ (19?'t-b) in the case of 

DuphnT and IPC, tvo oarb8llate 1naect101d ••• 

the prophase inc'u,ces shoved increased frequency 

in all the cooeentrat1C1'ls 'While the anaphase and telophase 



indices deena.d. !b1s sua.ata that elther the number 

or cella enterinl to d1Y1s101'l Is more than the control 

or the propha.. stase 1e proloaged bl lett1ng the frequencl 

ot other d1Yisional stap. pt reduced. A reduction in 

anaphase and telopbaee 1nd.1ces 18 observed with v:-riou8 

treatments. It seems to be reuODable to suggest that the 

prote in. 1Ilb1ch are cOIlst1 tueat of enqJl8s which trigger 

the dl •• olut.ton of nuclear _brane dur1ng prophase are 

enhanced bJ carbotuJ'All. This IIa1 be dUe to ita nltro8o -

aerivatiYe affecting the pro'-ln which 111 turn can be as a 

result of change cllluaed 1n the DBA (Morr1son. 19(2). 

!he increa88 in proph .. e index recorded at the 

highest concentration tended to MOW drastic reductiCXl b7 

extending the period of \reatiment. This may be attributed 

to the N-D1 vosa derlYnt1ft wb~ 111 sufficient CODCeI)­

trat10n 1s capable or arteoUnS the DNA as suggest.ed. oy 

AbIle4 .Ii AL. (1 Cfl1 ). Baner ~.e d..... (1981) also bave 

found tbPtt the IliA pM FJfA tend to decrease \-11th carbaryl 

(a oarb_ate 1nsecticide) aDd. proteiD rema1ned constant 

rr~ their studte. CI'1 albino rat.. !he reduction 1n 

nuoleic aoirl synthe 818 might haw hindered the m1 taUc 

01v1&1oo 1n higher conceI'ltrat.ion.. The proteins rema1n 

constant and ther~tore the me\a.phaae and anapha .. stag.s 

contuNe Bt tbe __ rate aa the ap1rtdle mechanisI4 seem 

to be unaftected. 
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]. Phorate 

Phorate 1Doreued the II1tot1c 1Dd8X at tbe 

lowest dose or 0.02 per cent when compared with the control. 

At higher conoenvaU0D8, boweYer, tlle IId.tot10 index 

started decree.1ft, and madB. reduction va. noted at the 

b1ghest concentration t.r1ad (O.O~). the spread speotrum 

or 1nd10es of Id.tot10 phuea shoved that lrlcrea .. in m1totic 

index was shared b7 all the d1v1s10nal phases in equal 

proportloo8 as • .,1denced by the pos1 tty. v~ilue8 or relati.e 

o1ns1CX1 rates. G1rl.11 a. (1981) haYe observed all 

1ncrease 10 totu DBA, IUiA and protein cant.,t ot albino 

rats treated with JIalatb10n and paratlUon, two orgr>Dophos­

phatio inBect1c1des. !hUB, the 1neJ'e&ae 1n m1totio index 

as a result of ph ora te treatment IDa7 be aBonbed to be 

assoc1ated with wcres. in the nucl.e1c acids and protein 

act1vity v1th thls chemical. 

Higher ooncentrat1ons or phorate could lead to 

the tone 1 t,. ot the in_cUOlae d1aturbing the internal 

m1111e.u. or the cells and could not permit thed to enter 

into prophase, e1 ther by 1Dh1bJ.t1ng DNA synthesis t or the 

synt.h.d, or otber prerequisites of the cell d1v1s1cm as 

opined bJ M1ahra and S1nha (19'l9) wlth their studies v1th 

malath1011, and Panda s.nd Bhara (1980) vith trichlorton 

and d1chlervos in barley _1'1.'-.8. !hi. can be the reasoa 



tor a decreasing teclellOl or the 111 totic 1nCles 01 increasing 

concentra\1on.. fhe Uy1a1oa pbaae.. except tel.pha .. t 

proceeded at the .... ra\e ae d1.reoted. b7 the prophaae, 

the st"rter of ttle d1v1a1Qft 0101e. telopha .. was to\:l1d to 

1norea8e compared to oonvQ1 wh1ch -81 be at.tr1buted to tne 

arrest of this stage by the delay in formation ot cell vall 

ine1cat1nl the poss1ble effeot of phorate an proteins. 

The extens10n of period o~ trt-~atment ha..,e;")~1 t1ve 

reapoose 'IId.'t.~ r •• peet to m1tot1c index. the mit?t.1c index 

was low ~t 12 hours atd1t 1JDpro •• s with 21t and 48 h<>urs 'Jt 

treatment. !his imp11es tb~t the m1tadepress1ve propert, 
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of the inseoticide 88811 in 1a hour. of VeBtmf!nt 1s n tranai­

tory one and high m1t.~t1c index ","'~uea 1ft a longer periods 

sugS'" that the metabolite/s at phorote resulting due to 

its dep'ftdat1on b~Ye no m1totox1c properties or even they 

may haTe oert:f.1n e.JI)OW')t or aUJaulatory aotivity. 

B. CHIWUOSOME ABNDl~ :tALITIFS 

Chromo.Olle abnonaal1Ue. have been used as a 

measUl'e of repraduc\1ye BUOO ..... in plaIlts tmu have 6lso 

been cOJ'J"81ated w1\b ~rphQl.O&1oal and taxonomical changes, 

tertU1ty and sterilIty rela'101'lal11ps, mutatiuna and 

other characteristics (Gl"8l'lt. 1978). In atXi1Uon, tae,o 

may lead. to lethal mutations in Bube.-al1ane and 

ID1croorpnislIS and deleterious effects CIl 1lallDa1.1aD cell. 



or to the future geDeraUone. !he chromosome abnorma-

11 ties which can be a lI8l1itestation of the eftects at 

a part1euler chemical on the genetic material ot an 

organ1 •• can be taken as a parameter to knaw whether the 

chemioal is olaetoganic. In ..... eral t chromosome aDeITa­

t1on8 ID81 prov1c1e both qUalitative and qunnt1t~t1.e data. 
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on tho effects ot exposure to mutagens or aJly such agent. 

"h1eh oan praYs cletJ"1meJ)Ul. not onJ.y to the organism.iZ£. 

but to 1ts future generations u weU (Grt'.r.t. 1978). 

1 .. Aldrin 

'.rlle chlQr1.ftated hydJlOCaI"bon pestiCides are noted 

for the1r per.i.tance follovinl ~pllc.\1OD and widespread 

disruption 111 tn. 800818t... FrOID th~ torego1ng rest.ll ts 

1 t 1s apparent that trea tments or A1 wm l&& L. t root 

tip. w1th 8ldrtn pr~uce8 Ii high percentages ot chromosomal 

abnormalities. It is clear from the dat!~. thnt the etfects 

_1'e dose respCI'lsi'Ye. !he aberrations effected even at 

the lowest concentration tried significantly 'Y~r1ed tram 

control. 

%he lDQ$t common a.nd. trequent anomaly was st1ckines. 

of chromosomes. Th13 abnormality had n linear relation­

ship wi til close. :I'rd.e vas vose"e;:; to the tune of 4.22 

per cent 1n the lawest dose tried 8lXi was apread an prophaae, 



metapha.. 8Ild aDapbue ChJ"OJIOsomes. Ia.aater *a Jl .... 

(1976) op1ned that obrCl108orae stickiness arises trom 
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the improper foldulg of tile chl'omoaoIM fibre into !Jingle 

ahramatid. and olU"omo8omea. All a result there 1s an 

1nterm1na11ng ot f1bres, and the chromosome becoa attached 

to each other. 3tephan (19'19) suggested that. st1ck.1neas 

is due to ~tr1pp1rlti ot protein trOll the CbromosO<lles. 

Inc.uct1on of Bticky cbromo8Olle. by Cal"bar11 treatw~nt ,..,.. 

Tf:'portec1 ~ar11er b1 lImer (1965) in Alli • .5W?A and 

Johnson flIld Jalal (1973) in mi.e. 2, 4-D and 2, 4,,-T were 

also found to be capable of produc1ng at1ck1ness or 
chromosomes t in broad bean (Aller and Al1, 19?!+). Depol1-

Eler1satlon of nucleic acid. lead1Dg to stickiness and 

clumping or ehro~osome has bee reportec1 by 13terrett f:ll'Ki 

Fretz (1975) 1n cmion root t1p oella treated with asulUlI&, 

nIl organochl.ortnated. hel·b1.c1de. 

The sUolt1n.s. of chromosomes 1s further prolonged 

to me\aphase as well, eyen thoUSh \11th a lower frequency. 

The reduction 1n the tl'8QueDC7 IIq be ciue to partial 

rectification of the 811""'188 OtiUIIGci to tne chromosome 

structure and tunotion b7 aldrin treatment. As the div1sion 

proceeds through anaphase ann iel.ophaae, the f'requenc7 or 
this chromosome abnormal1ty 18 further re<.iuoed. In the •• 

tvo stages the •• are manUea.d .s chromosome br1dge., 



either due to simple .ticking or due to the fuaion 'Of 

broken etlds or chromosome. Three types ot br-1dge II -were 

ob8erved in the pr •• ent inVestigation. 8ingle t double 

and multiple. the trequency of single bridges was more 

than 15 per oent, while that of multiple br1d.;es were 

le.s than 6 per cent.. Amnr and All (19~) reported 

O1'1d i~e8 10 Itc1a ~ an trp lAtmont \:1 th 2, 4·-D and 

:' ,it, 5-T and ){ahtlncifl8 and Grant (1 m) in Ilnd.;)UQ yyJ.sare 

treatftd 14th ?l It.-D. At telophase the ol'1l'Ol..I:)SOme bridge. 

mRy ult1Z1&.tely bnak 81'ld br<*en er.ds r.laY be 'tr.'1thdra'WZ) 

into the nuclei, ",h1eh show a pear shaped or ~ak l1ke 

projection an tb..,. rmole1 (beaked nuclei). Sor;:s or the 

orgnnoohlor1nF.lted oompounds 11ke psrr:-d1chloroaenzef,ie are 

reported to be capable of prOducing $\loh abnormal nuclei 

ill I!l1tot1lJ teJ.ophase cells or IIDi 'fouleptuw (~"bhOl, 

1980). Higher eoneentratiCf)s of aldr1n is tOWld to 

induce this abnormal-ity ill 6'J.~&. Bpa, though the 

frequency is not v~r1 high. 

Eztre .. st.1ck1lle •• or obl"OlDOsomes \blah persist. 

even after the compl.t1~ of the oell c1cle 1s man1f!?stad 
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in the loriS or ma •• 1ye thick caanection between two 

ohrOJlat1n bodies. i')uch chromatin b11.d;j;es hrr.ve been I'ePOl"ted 

es.r11er 01 tanaka (1956) in fraQ'HMUi aalu49H 1)" 
Datur8~ rad1s.t1<m P.lJd by S:r1V8.stn'l'a (1966) in pa.re-

d1chlorobenr.en~ trflat8d !leta tabl cell •• 



Oocu1cmal,1l' the prophe" &8 well as lIetapna .. 

chromo-.es appear with blurred border probably due to 

their partial dl8801ut1on. Jagoda (1980) reported SUCh 

BnCllal1es 111 611, ..... wb.en We ated with a herb1c1de, 

81IJaz1ne. This Dl81 again po1nt to the possib1lity that. 

aldr1n is capable of acUDa on the chromosomal. praWns, 

both h1st(¥)e. and nOllb1stones. 

Lc..gi.~:1ng chrO!:l:)dooes vera a l. ..... ~ular )ht:'m,.)i{)'~:1':-.n 

ob~~e.rved with the various treat:'lellts 'Of aJ.or-ln. these 

are c..lu'030.om&S 'Which lag or move slowl.y to the poles 

f'ur1n;; 8ll:4'ihase. Chromosome lagging can be due elth':r 

to the partial dysfunct.1on1ng of Sl)1ndle f! bren O~ to the 

inuctivfI! oolltromel"e of these chromosomes. This 1s 

indiCatiVE! of the poas1bla effect of alcr1n on spindle 

plot~1n as vel1 as chl"omosoatal pl'"Ote1.n r;:nd/or DNA. ~;uch 

a ~o.s1b111ty of ~ct1cn or 2,~ in different weed plants 

(Tomkins and l'Jrfmt, 1716 )qnd enann in bHrley (S1nllh 

i1! 11., 1977) hli.'fe been reported .arl1E~l". Sakale and 

Haake (1981) also observed la&iJU4a in a weed species 

(ltm>llorttia £'llUW •• lA) treated with 2,4 ano Lasso, 
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the two we dlc ide s. In the pre.ent atudy, the third maJor 

type or ohromosomal abnorm811 t7 vas ot tb1s type • 

Break in the chroaJOsomes WaB a rare pnen':>lJ!en~ 

noted 1n aldrin tr{·:atr.A7nt. 1b.e chromosome break 18 



g8l'leral~ COD.ldered to 1nvQ\ve DBA mo1ecw.e. 1'11e DNA 

modlfying property or 80M of the Obl.oriDated b7dro­

carbcm pes\1c1des 18 reported by MoCo~·ti978) and Pal 

.11.&1.. (1981). Another po.alble aeohaniam thought 1:0 be 

responsible tor ebromo ... breakage 'Wi t.h chem1cel.s 18 

the 1Dhlb1t1on ot b100heud.cal process of catalysis or 
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UZA moleoules. Inseot1cj4e. 1181 d.stroy or eDhanae aynthes1a 

or certain .,:qmea (Wuu aDd OI'an", 1966). A fl"e.folc 

inCl"eaee 1n tne trequeD01 ot breaka w1th pest1cide. ".. 

reported in human cella b7 Yoder d .... (1973). Markas-JaD 

(1967) vi ttl aldr1n ant heptachlor and BhoJ"a1d and 

V1J8.7ukUDltir (1981) wIth tDdoaultan observed chromosoM 

breaka 1rl baIle IlaJ"l"OW oella 01 moe. 

!he a08ntr1c tra.,.ah resUlt1ng trom cbromoeome 

bre~)ks as vel1 as the lqg1n1 ohJ"OIIOsOlH. norma.1.ly do not 

move to either ot the pole. in pace nth the rest or the 

chromosOlll •• and therefore ,e' excluded from the daughter 

nucl.e1 and torm m1oronucld or resUtution nucleI other 

thaD tile normal nuol.e1. this 1s endenced by the regular 

occurrence at sucb structure 1D aldrin treated \eloph ... 

cells. !hus the micronuclei are the chromosome residues 

of spindle d1atunct1.~ as e'f1denoed b7 some or the 

abllormel1t1 •• and breaks (Sb.arma and iahu, 1977; ~ 

.11 al.. t 19811 SubhaBh and. RaJ •• 1983). The chramoaome 

or chromosome fragments in the .. II1croaucl.1 in tn. next 



d1 v1s1onal atap DO~.u7 appear as stT81 ohrceosomea 

atMI' trom the nonaal OOIIPl.-nt or prophaae chrOllOsome_. 

!his pheJ1OJ1Bnon &1.80 haa been not1ee4 in 8<118 or the 

treatments 1n ~e present investigaUOll. 

!he _'-Ph ... GhroaoaOlle8 eboved various types 

or abnlJl"IIal1 Ue. in aldrin treated cells. me or them 

vas the Donor1entat.ion or OhromosOIIe. at the equater1al 

plote at earlJ _tapha,... Barthel .. a. (1957) op1ned th~t 

the phenomenCll or DooorieDtaUon or ohrOlD'.)8omes due to 

irregular prome tal)ba" lIov_nt vas 8CCOIIIpan1 ed. by 

adhe.1011 ot centromere to tne al.ovly d1saolv1ng nuclear 

membrane or the 8urrouad1.n& plasma. Tba sin,a.. chromosome 

nonor1entation va. more than tJt. per cent of the total 

llononentat1on (including do~ aDd multiple chromosODes 

nonor1entRUon). ~1a twe vaa rOUDd in all tile Gonce­

trrUona. A nonfunctional centr~re uso can be attributed 

to be the reason tor ftQ1')or1eDtaUon of that chromosomes 

iD the aqua ton al plate. 

ltd' _tapha ... vere another almormal1t,y regularly 

occulTing 111 thea. tl-eat.nts. 2he chrcaosOllu DI81 or 

Bta7 not d1 vide long! tud1Dal.ly but the, .et and aggrega tA 

b1 the centre of the cell \d ttl their k1netechore bea, 
adhered together at the __ po1nt g1v1Dg a star 11ke 

appearence to the chromosome cOllPl_nt. ~rt 1965 observed 
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th18 type or abDonaal.l" 1n Sevin treated. !WI 'abl 

lid. to tic oella. 
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Aa reported earlier in oa •• or aome of the 

organochl.or1nated 1I'I.ect1cldes (Wuu ADd GJoant. 1967; Dntta, 

1966; Baner3 •• .u. Al., 1981) al.dr1n alao 18 round to be 

o..,able or 1Dduc1Dg Cl-ms. tot,1e .. '~pha"8. 'lbls may be due 

to the coaplete inac\1Yatien or the 8PiDdle mechaDtam and 

oono<8J1tftftt disturbance or the chrOlD0801D8 lDOy.ment 

1ndlcatSnI the possible aoUon or aldrin on the spindle 

proteins. !he irapaiment or sp1ndle mechan1sm 1s further 

suggested bJ 1rrel\llar anaphue and precoc1ous lDO'ffH1Itnt of 

chJ"omo8ome. recorded 1ft tbis experimentation. as reported 

ear11er bJ De,.a801l (1968). !he ao'ion or the chemical 1s 

comparable to the phenomenon reporied by MerclkuttJ aDd 

stephan (1980) with attrlu;yo1D 1ft "Jill JJ.IU oe1l •• The 

1rJ'8SUlarlty and precoolty 1n the lIOYement of ohromosome 

durlng anaphue haa probabl7 led to tlla formation of uuequal 

aized telophase Dual.1 W10h vas observed 11'1 the treatment •• 

Thus, this pben~ncm Ita1 lead to the production of 

_euploid cells anti aasoclated 8I1011all •• as suggested bJ 

De,.on, 1968. 

ChrOllRtin bodles, a 1 ••• rrequent ~be:'rat1on ill 

thi. treatment, vh1ch appeal" a ... srelAted or coale.cent ft.. at chJ"OlD080meS of various aina were observed 1D the 



late tel.opba_ and 1nterpha .. cells. fbi. m15ht be dUe 

to the d1a1ntegrat.1on of Chromo8omes 1Dto a ChromatiD 

lDa88. this type of abnormal1 ty vas recorded by WW and. 

Grant (1961) 1D baJ'ley 11810818 treated v.1th Lorox. ibis 

phenomenon 1s 1ncUaat1't'e of the dJ.tunaUoa1ng ot en.,me. 

by bio1oJ1aal.l1 aaU.,. oraanooblor1llated oompounds a.a 

suggested b7 M.lhaP4as and Grant (1972) and Shaw and 

Garner (1983). 

2. Carbott.:nrl 

Cuboturan also abovect cl.aRollDia properties. 

though to a lover extent, in comparison to aldrin. the 

maximum trequeDo1 ot chromo SOlie a.brlormal1ti8. were recorded 

a8 ChJ'oJlO80_ bridge 8 and tbia was tollowed by the 
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't'u1ous other aDoaal1 •• like atlok1n ••• , lacgard., baa1n ... , 

break. t nonor1entatton or chromo.a ... , 8tar7s aDd C-_tagha •• 

1n the1r deoreasing order aDd alao 't'ery ran pheDcaenOll 

11k. lI1aronuole1, multipolar anaphase aDd chromosome 

contraotion. !he .. oDsenationa indJ.ca_ the p08a1ble 

act10n of oarboturen OIl the DNA and protein in living O8Us 

as reported earller 1n .... ot Y8J"1oua oUter carbamate 

insect101d •• b1 dUf.rent workers (Parry. 19731 Ahmed .Il ..... , 

1m; meVins .d .... , 19711 ehBDI fald Conner, 1';l82). 

Basin_. ot ohrolBOaomea 1n late propha8e i. reterred 

to the long thin threads of chromo.om .. resulting frca 



the1r partial deap1ral1aat1cm probdl, dUe to lntlective 

proteinaceoua b1Dding. Such ettee_ of oarbaaate 1D.ct1-

oleles l1ke cbloropropbam. propbam and mcmwon have alrea47 

been observed in barle,. (lferichova, 19'1O; and Wuu all(; 
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Grant, 1967). SUck1.neas and the resultant atiCky c..~OrRO­

somes further indioate the 1Dact1 vat10n or ohromosomal 

pl"t")te1Ds. St1ckinea. or chr00l08omes vas a 00Bm0lll type of 

irregularity toUDd 111 prophaae anc metaphase. rhe stlck1De •• 

z1ght have le4 to the tormata.on of anaphase brldges aa 
a 

auggesterl by Aller 8Jld Ft'.rah (1~; 19'/6). 

Eftect at earbof'uran on \he chromosomal protem 

1s turther suggested b1 the appearanoe or chromosome eoo­

traction due to change in th~ normal cbrol'!JOsome coUing. 

Extreme colling as the result of -.1.funcUt;m1JJg at the 

proteiD uaociaW vi til chI'0lrl080Jl@ cao be the IDajor reason 

for th1s type or abnormal1ty. Carbaaat.e iDsect1c14ea l1ke 

IPC hAft been found to be capabl e of inducing such al:Ilor­

mali ti.. 111 various tea t 878 ~m. (storey nl'Kl Mann t 1967) 

anei AIDe r and F aJ"ah, 19'}1. b ). 

The carbamate. induced oreaka 1D ohJ'oalOaomes aa 

1ndicat.d in the pr •• nt sWd7. It was round in all the 

ooncentJ-ati.ons Wied. fbi. property at cUr.rent carbamate 

1fts.ct1c1ciea have been repl,)l'ted earlier b7 'VariOUs Warker8 

(Wuu and Qr~lnt t 19661 1967; Prasad aile P~_r t 1968; 



ToMaa &rld GraD'. 1976 ana AhJBed Il AL. t 1m). !he breaks 

were recorded in all the stases, 81ngle bre.s being more 

trequeDt tban double aDd mul:t1ple ...... !be bnaka 

pardsted in the annph... stag.. too. La&gartia probably 

orig1J1atUig trcm tbe br<*en aocentr1c traaments or chromo­

a01M. with and detect1ve centromerea wre also a freqwmt 

abnoraal1ty 1n all the treatments. !he incidence .. ems to 
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be 4088 dependant. Occurrenoe ot laasarG.s haw been repor\act 

earlier 1n ilia. 11M aI1d QoIrpww 12arbt4tpM (MaeI' aDd 

Parah, 19';'+ a) aPd in wheat (A1-HaJJar and soliltan. 1980) 

vith oarbaata inseotiolde treatmenta. these l&l&sr4s and 

accentric hapenta 1I08t of the Umea ,.. t118 shape or 
m1cranU4le1 during telopbaae aa .. en in tew or the treat­

ments 1D this atuel1_ OCC~reDc. or Jld.oronuelei 1n JUM 1Ha 
!Dduced by Duphar baa Deen repor~ bJ .. r and Farah (19'1'+b). 

Chromosome breaks expose thelr at1aky and8 'Wb1eh 

are oapable or tua1ng together to giye riae to br1dges 

during their anaphase movement. Suob. auapbaae brlc1gea also 

were ob_ned with all the do ... ot OaJ'boturan treatment. 

!his egdn vas doe. dependant aUllesU Ye o£ their origin 

trom the broken chromo8~"'l8a. Chromosome bnaka and br1dges 

as ve11 aa the probable action or carbama\es have been 

discussed ear11er by y,'r1oo8 author. (aaer and Farah, 19761 

.Al-HaJJar and Sol1aan, 1980 and Soliman and Al-NaJJar, 1980). 



3. Pborate 

Pnorate 1s foUDd to 1nduce higher proportions or 
chromosome aberrations compared to earbofuran. The eftecta 

of phorate was dose aa wall as U. responslye exh1b1tiDg 

a linear relationship oe ... _ the.. two ant the fregueOC1 

or abnonaa11U" pI'Od.uced. The abDonr.t&l.1Ues noteci were 

bridges, breaks, et1Ok.1neast 181SRJ'ds, nonor1entation of 

chl"0D08cues 111 flquatorlal p1ate, lI1orcmucle1, blurred 
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chromo. oms bbrder t haziness, irregular anaphaatt and b1J)X'oph_ 

in their deoreas1Qg order of oocurrence. 

SUOJd.D.SS ot obrcaoa.e, u reported earlier by 

Aller and Farah (1979) in l&cil ,e 1a tound to be induced 

by the var10\18 tNatIDeD'" v1 \h pborate in "} 1wp .l1l.I 

1D the pre.ent my.aUga_ian. ChromolM)Dle break a lI_re alao 

obaened 1n all the treatment. and the frequency was 

det1nI tely do.. dependaDt. I. vas \tUj second l~rgel1t type 

o! abeJ"raUOD. Ib.e organopboaphOJ'UB 1na .. t1clde. are t oUDd 

to briDi &boot alk.71at1an of b ..... of DNA atrand, pr1mBl'1l1 

guan1Jte (Wroth .il .... , 19691 Pallele and Shar'r!aa, 1980). 

Bridges breaks induced by vanolla organophosphorus WHet!­

cide. haft been reported ira cU.tterent plant s7Steu 

(Mer and Farah, 1979; Singh..u.A1.., 1m). 

Stickiness ot obI'OJI080z. ... well •• broken chromosome 

m1ght baYe led to the formation of ohromosome brIdges lIIhich 



vas also a regular abnormality recorde'" :In the Tar10u. 

phorate treatments. Induction or chromosome bridges by 

some at the GrgaDopbosphorua oampounds 11ke tr1chlorgon, 

d1chlorvoa, D1_cron-100. Rogar.Jt.O etc. haft been reported 

earlier (Reddy and Rao, 19691 AIDer and Farah. 19'791 

P8Dda and Sharma, 1980). !he" authors haft also obsened 

tile exlstance of laggal~8 probabl.y result.ing from Ohl'OlDo­

SOlie 'breaka. The acetltric fragments or the chromosomes 

wlth nonfunctional CeDtrumeres usualJ.y form the laggalus. 

1'111B caUses a detini toe cbange 1n the genet1c make up of 

the daughter cella. In the pre.ent study, different con­

centrations ot phorate 1s found to be capable of induction 

of la&garcls t both in metaphaae and anaphue thc)ugh no 

det1n1 te rel& tiODsh1p beMen ttl e frequency or break s and 

1 auards could be envisaged. 
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Reddy and nao (1969) have reporteti that D1meeron-100 

and liolaf'4.0 could inciuce .ar1au8 spindle abnormalities in 

barley. However, phorate 1s found to have very little 

errect, 1f at all 1 t hu, on the spindle proteins. fbis 

becomes evident from the laok ot C-.ta,pha •• and other 

almormal1 Ues &88ociatecl wi ttl a defect! va spindle mechani8ID 

of dividing oells. A _all frequency of' irregular anaphases 

vere, however, observed in tu.~s study 1ndicating that the 

act10n at phorate on spindle protein s cannot be ruled out 



altosether. the oocurl"enoe or o1propbue 1Jl one or the 

treatments, probably due to the lack or oytok1nea1s in 

the proceeding 41V181on also 18 suggesUve ot the pONible 

acUon or this Ohem1cal em proteins. 

H1cronuole1 are the re8l.lltant products of laagflnis 

as sues-sted by Aller and Farl~h (1979). Dose and duratiOll 

of treatment responsive induction of micronuclei is obsened 

in the experiment. 

fil6 presellt irlftst1sa't1on OD the cytotoxicity and 

clastogen1cit1 ,:>t elc.rirJ t earboturr.ri and. phor8.tc ·;jugge.ta 

th&t the insect toxicity 1 .... 1. (1be eoamonly u.s.d field 

d03es) CaD'j~t be considered oomplete17 .ate on the cellular 

CQH5t1tU8Ilts of the organ1_s cOIling 111 cor~tact. All the 

UU'.. che1:l1euls t86 teel, could act OIl tho protein. and &lao 

the genetic material, mAt thoUlh to difterent magn1 tudes, 

u evidenced by their aErect aD mitotic index aa .-ell .. 

the Yar10ua type. of chrQUlOssOllal abnormal! t.1 as 1nduced. 

While nldrin 1s round to be the moat potent m1 t(.)c1epress1.e 

and ollJl8togen1c oompound, the other chemicals were also 
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flot sat. at the1,r field do ... s. !he results obtained 1nci1cate 

the potential genetic danger usoe1ated vith the three 

chemicals by their 1ndiscr1m1nate and carel.as handl.1ng. 

In Oa" of oarbafurfJa and phorate t the lovest 

COIJcentx'utiolt8 tr1f.3(:~, Viz. t 0.0075 and 0.02 per oent 



r.~t1""3l1 Ctm be O«ls1dered a. sate doae8 in the 

present teat -",st.. lb1fewr. nth regard to aldrin, 0.03 

per cent, which 18 much balo¥ the f1eld dose also haa been 

f otUlci to 1nc.t uce s1gnU1oant cyto\onc and claatogen1c 

potentiality sUU •• ting that a 'ftr'1 low per cent of t.be 

chemical reach1ng in the c;ytoplaam1c Dd.ll1eu of cells can 

hampor Yith their normal. tUQation1r;g ardi lead to change. 

1n the genetic make up ot the. cella. 

An ext,raPola~ion of the J"eaul t5 obtained in thi. 

s tuclY to hit~!'ler al111DE:tls and lauaaft beinga md)' U:lt De an 

easy ta.k. However. it ",Ul be '1Jfortu\lhilQ cautioning about 

tlw AJo'tential. dangel's uaociated with the ind1scr1m1nate 

aIJC ca:tE?less handlin~ of these cheud.cal.tS aa well .s the1r 

far J'tulch1ng 1m,p11eatiOll on huum.n wlfare. 
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SUltlAltY 

WhUe the value of pesticides in agriculture 

production 1s 1mIDenae, the Uflsclent1fic and 1ndiacr1m1nate 

use at them has lead to 118ft1 seconclal"J unwanted and/or 

deleterious consequences in the biological environment. 
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Some or tbem are known to be o1totoxio, oarcinogenic, 

teratogenic t olastogan1c and 1DU'tag_io by the works of 

yar10us inYest1gators. Consielering the yarlou8 genetic 

potent1alities of theae oompounds, the present investigation 

was carried out to assess \be oytotos1c1ty and clastoge­

n101 ty of thr.. very oomODl.1 used in_cticid •• , viz., 

aldrin t oarbotur'lD and phorate aDd also to rind out cytogene­

tically sate levels or then ohell1cttl.a using Q,11W; 1&1, L. 

root tip aasq. 

1be concentra.tions at the .. 1nsecticide~ vere 

tixed takinS 111\0 cOIls1derAUcm or their field dose of 

app11oat1cm 111 insect oontrol. Four concentrntions ot 

each insectioide. vere used tor this stud,._ The treatments 

were given tor d1tferent durations such as 12, 2't and 48 

hours. !he aqulltah preparations of treated root tips were 

made using teulgen .~ tor stud.y1ng m1totic index and 

chromosomal abnormal1 ties. 



!he m:1tot10 index vas computed trom about 4000 

cell. in each treatment. Ihdlce. of each stages of 
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mi to tic a1 via10n we,.. also computed. the chromosome abnor­

JDallties were scored trom vell spread stages of cell 

d1vla1oo. About 100 to 1~0 cells ot each phases at division 

tor each treatment were soanned for this. 

~ldr1n was round to be highly mttodepreasive in 

the present test system. It was dose l"f)sponslve. The 

inhiblt10n ot DNA synthesis was reflected as reduction in 

prophase index and 1t also atteoted the spindle protein as 

int; loM.ted by the accurnaln tion or metaphase and anaphase 

cells. T.1me of treatment could not maniteat any si~lf1cant 

change In mitosis. 

Carbofuran brought about marginal. reduction 1n 

ml tot1c indes. The present In.e.t1gation suggested that 

carbotur,:;n 1s riot an effective toxicant at lower dose •• 

At higher c·~centrnt1ona extension of period ot treat-ellent 

showed a drastl0 m1todepres81on compared to control suggesting 

the effect of byproduct at suffioient ctlncentratlon •• 

Phorate, on the other band, increased mitotic inc!ex 

1n lowest concentre.t1oo8 (O.02)C), but at h11Y1t.~r concentrations 

ahoved decreasing tendenC7 and the reduotion vas -naJUDl at 

0.09 per cent.. The longer periods of treatment increaeed 

m1 to\10 index t suggesting a at1mulato17 effect of phorate 

on metabolites ot oell ocmst1tuen\8. 



Wblle study-iDg the ahromosolDft abnormalitie. it 

waa observed that aldr1D had a direct do. relationsb1p 

with aberrations. The percentage of aberrations 1l1duced 

ranged from 3.21+ to 25.25 per cent. Stickiness of 

chromosomes 'Was moat CQm.JOO type ot aberration ("'.22%) 
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in prophase Bnd meta,p.M.ae. %beae abnornaalities were mani­

rested as bridges in anaphase and telophase stages. While 

stickiness in extreme ca... appeared as Chromatin bridge, 

the br<*en chromosome bridge appeared aa be &ked nuclei. 

Lagging or chromosome vas the tb1rd largest phenomenon. The 

laggards and breaks gave r1 •• to m1cranuclei in late telo­

phase and stray ohromoaomea in next. divisional phase. Sin;le, 

dauble and m\1l t1ple non-orientation or chromosome. vere 

noticed in all cuneentrationa at d1tterent. frequencies. 

star metaphase, C-metaphase, irregular anaphase, precocious 

movement to poles ana unequal nuclei were also recorded to 

a leper degree In various treatments. 

carbofuran, unlike aldrin, cvulo not inciuce abnor­

malities to a significant level in lowest dose (O.007'~) 

tried compared to control. At. higher ccncentrat1oru:f 

chromosome bridges were at maximum trf!quencies (1.86:'). 

the secone larpst. anoma11 reoorded vas at1cld.neas (1.5~~). 

This was rolla",.d. by the various anomalies like laggards, 

has1ne8s, breaks, non-orientation or ohromosomes, strQ8, 

C-metapbaae, m1orCI'Julei, multipolar anaphase antI chrO:Josome 
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contraction. !be 8ax:l..au trequency or chromosome anomalies 

(9.68~) were not1ced at ~ hours or O.O~? per cent oarbo­

luran. The concentrat1oo8 0.02 per cent and 0.0.. per cent 

could not b.1ng out any notable change 1n abnormalities. 

The type or abnol'm1il1t1es 1.nc1uced by this inseoticide 1na1cated 

that it affect both nucleic acids and proteins. 

As 'With carboturan, phorate also could not inouce 

ChrOllK)tox1c1ty to s1gn1f10allt levels nt lowest do .. (0.02%). 

HOViever. it could 1nciuce aberr~t1.;.ns at higher concentrati ·ns. 

It exhibited a linenr relationship with concentrations and 

period ot trcfltment 1n inducing aberrations. .8ricges were 

recorded to max1mum level (2.68~) followed by breaks (1.83%) 

and stickiness (1.18~). The laagarcl8, non-orientation of 

chromosora6S in equatorial plate t mioronuclei, blurred 

ohromosome border. has1neas, 1rregular anaphase and b1prophase 

were also <>bsprved in the1r deoreasing order of' occurrence. 

The anotD9l.1es suggested tho effect of phornte on LlNA and 

protein. 

The present investigation an the cytotoxicity and 

o.l.asto6enic1ty of aldrin, oarboturnn and phorate BUlgests 

that the field d~se of BPp11oA.t1an carmot be considered sare 

0I'l the celluls.r cOllst1tuents of the orgaJl1_. In the Ca .. 

of oarboCurall and phorate the lovest concentrations tried, 



viz., O.007S and 0.02 per cent respectively can be 

considered as sat. d,oae in the present test syaten. 

Aldrin at 0.03 per cent, l)elov field dose was found to 

induce s1gnif1c~t mttodepreas1ve and clastogen1c 

etfects suggesting its adverse ertect on genetIc make 

up of tbe cells nnd organism as a wnQ].e. All the three 

insecticIdes tested seems to have the po1;ent1allty to 

act on thf=' genetio materIal as \rell as Pl"ote1nS t at least 

in hIgher dos ••• 
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In t.t}.e present invest1gnt1oD, the cytotonc and 

clastogen1c ettect. or thre. ftry 00IIm0n11 used inaeoU­

eides t n~J'tlely, aldrin, oarbotul'nn and phOl't.\te vare _.ted 

in Q,l.1y;n SJm.A. L. t a test system. 

Four concentrations or each inaecticid.s vere 

used for the stud,.. These cCI1centratims were t1xe4 

t81d.ng into oODslderaUon or their fleld d088 of apPl1cat.lon 

ill insect contrQl. the treatment periods tixed were 12, 

~ and "'8 houri. !be JD1 tot1c index was computed trom "000 

cella and indices of each division phsMa were also 

computed. The chromoac.e aQnorraal1tie. 'Were scored tl'Oll 

about 100 to 150 cells ot each ph.eea 1n each veatmente. 

Aldrin wae found to be drast10ally IIl1todepreaa1'fe 

compared to carbofurpn and phorate. While phornte 1ncreaaed 

mi to tic index ill the lo'Wftst dose, carbofur~n ahoved only 

marginal reduction. lIcnJeftr, both the CompOund.B reduced. 

mitot1c index in higher dose. and the field doses. Aldr1n 

~:xh1b1ted a dose and per10d respons1venell8, vbile carbofuran 

nnd phor'ite could not w1th rega.rd to mitotic :lnc1ex. 

The study also r."ealed that aldriJl 18 all e1'reot1Ye 

tox1oant 00 both genetio .\erial and proteins. The 

var10us Chromosome abnormal1ties noticed were atickings, 

bridges, laagartis t blurred cnrOllOsome bordera, ohro:nat1n 



.. 
bridge, m10ronuc~l, DCIl-orlentat1on of metapha_, 

precoclous movement in aIlaphue, cnromatin bodles, irre­

gular aDaphue •• tar _taphaee, strays, oeaked nucly!, 

break t C-rnet:'rp~nse and unequal nucle1 .in tbe1r deoreasing 

order ot occurrence. UDl11te aldrin, car!>otursn and 

phorpte could not 1nduoe anOllalles to a aign1f1cnnt level 

1n the lwest doses tried, 0.007, and 0.02 per' cent r .... 

pect1vely. Cnromo8ome bl'1dge being tbe :aost frequent 

abnormal1 ty found 111 cnrbofuran, whlch 'Was followed by 

stickiness f'l,nc laggards. the frequency of abnormallUes 

found in f1eld and h1gher d088 ..... re more or le.8 8_e. 

Phor~tet on the other hand showed l1near relationah1p 1n 

inducing ohro:;:;otox1c1t1es with respect to conoentrations 

and perluu of treatment. !be major types of abnormal1ties 

recorded vel"'" brld 1~.9, breaks and stickiness. 

The results showed that all the w:.iect1c1dea 

trIed were capable of ntfect1ng the genetic material aa 

well as proteil1, but to d1tf'erent dec;reea depending on 

cJncentrritivDs. It Call be tentati"ely concluded that 

they oannot De considered cOlllpletely sate at the fl8ld 

dose of applicllti',)n 00 the cellular constituents of the 

organiam. 'lne results oall fOI' extensive testing or 
these cnemicals 1Jl oth~r test systems also. 
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