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.DJTRODUCTIOl~ 

Cancel' la a major problem in a number ot countrlea. 

Though the lnc1dence ot thls dlaeaae 1s ver':J low tuuong lndlans 

ita t"requen07 ls b1gh in certain parts ot tb.e body. Tbua 

oral and oropharyngeal cancers have a high lncidenoe ln the 

morb1d1t7 and mort::::olltJ scene ot cancer ln 1Dd1•· SJ.nce the 

past 80 years a high trequenoy of oral and oroph~rJngeal 

cancer have been observed by all the hospl tala treating 

ce.nc.r 1n India. In the. cancer hospitals alao the above 

trertd la aeen (Table- I). 

In maj.orl ty or theae noap1tala, ·a b1gb proportion ot 

cancer ia males 1a located ln tbe mouth and throat region and 

ln :temales 50s& to '1o;; ot all cancer ls In the cervix an4 

breast together. 'lhla table auggeata regional varlatlona 

1n the frequency ratio ot certain cancer types. Tbe data 

collected .trom various teaching boep1tala 1n the countFJ 

provides further evidence of regional Val'1at1ona in cen.cer 

t7pee. Cancer of' the baae of tongue ia common in Bollbay and. 

Oujarat. HJpopbarynz..larynx cancer he a a high. trequecy all 

oYer tbe country. ihe h1sh .trequencJ ot l1p cancer £rom 

81har. palate cancer from coastal dlatrlcta ot Andhra Pl"Cl4eeh, 

· hypopharJnz cancer ln Aaeam are other features of t-bla 

d!.•••••· 
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;rbe htgh 1nc14ence of oral cancer 1.n India and Par 

Eaat 1e cloael7 nasoolated with the hablta or betel chewing 

and tobacco stll0k1ng (Orr, 1933: Hhanol.kar, 1945; Sangbv~tslJI, 

19&5J Shanta & Kr1abnamurty, 19696 1963J Paymaster, 19t1£iJ 

lilraJama, 1966; Wahl, 1~H\BJ Juaaawalla & Deabpande, 1971 J 

Re4dJ et al., 19?& and Khanna et al., 19?5). 

Human oral oarc1nogenea1a, ls eYldentlJ a coaplex 

lnterplrq or DUil'lJ' coractora of l.ntr1nelc origin llke genetic 

aena1t1v1ty ot oral mucosa., oral hygiene and mucosa condl· 

t1on1ng factor• like dlet, v1tam1n de.tlclency and extrinsic 

or1g1n l1ke chewing 1ngra41enta, edible oils to wb1cb the 

mucoaa ls exposed. fteoplastlc transformation mQ be 

man1teated by the appearance of leukoplakia, melanoplakia 

and IUbmUoua f1broa1s in the buccal o'avlty (i'eymaater, 1956; 

Pedmavatl & Red4,, 19&0; Sbonta at Kr1ebnamurty, 196~J martin 

& Koop, 1942 ) • 

Juaaawalla r.t Deabpende (19'11) at the Bomba7 fteg1etl'J 

reported that the r1ak ot deYeloplng cAncer ln the buccal 

mucosa was found to be 7.? t1mea b1gbor in cbewera than in 

nonobewer•· 1Rah1 (19'76) bAsed on the data collected b)' 

b1maelt in Kalnpur district ot U.P. reported that the rlsk 

ot cancer la 8 tlmes higher among the de1.1y obewera •• 

compared to noncbewera. ~.gain he eatabl1ahe4 the tact that 

the earlier the age at Wh.1o'h chewing waa atAJ"ted tbe higher 

was the rate ot oral cancer. ,For elta:mple. 1f the hablt ot 
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TABLE- I 

Relative frequency ot oral-pbarJngeal and laryngeal 
cancer 1n alx mejor cancer centres 1n India (1970-7~). 

(SourceJ Ind. J. ot Cancer, SU.pp. Serlea 1 1 19'13). 

Cancer Centre 

Lild ... 1 _-

Teta Memorial Hosp1tel, 
llombq 

M.P. Shah Cancer 
Hospital, Ahmedabad 

Cancer Institute, 
Madral 

r~. n. J. Oanoer Hospital 
and R.adium Institute, 
HJcieraba4 

Ohittaranjan National 
Cancer Bo•pital, 
calcutta 

J.K. Institute ot 
. Rao!.olog and Oanoer 

neaearcb, Kanp\U" 

or a l-Pharyngeal­
laryngeal cancer aa 
percent ot all 
cancer in 
Ma!es ~emaies 

51,S· 18,S 

18;! 

Total number or 
caneer - all 
a1tea 

14,7'12 9,406 
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chewing started under tbe age of 14 7eara 1t waa noted. tnat 

the prevalence :rate ••• 10 times bigbel' 1n toba.cco chewera 

tban 1n nonchewera. 

The chewing or betel quld 1s very common 1n SOUth Eaat. 

Aa1a. The 1pan• qu1d is a comb1nat1cn of betel leaf (Piper 

betel), areca nut (Areca catechu) antl slaked lime, tobacco, 

cateehu (Acacia acacia catechu) and other aromatic ep1cea lUte 

clovtta_,cardamum are often f.nclu.decl aa essential 1ngrac11enta 

o!' the quid. 

In recent year a mttnJ attempts have been made to develop 

a theory ot the origin ot betel chewer• cancer baaed on the 

chemical constituents or tbe quid. Extenai-we b1oobem.lcal 

and other laboratory etu<lles .re going on. to aaeeas the 

role of each lngradtent that conet1 tutea the total chew. 

Aqueous extract of betel leaf by ,~o. lnjoctiona, 

howe'fcr. tailed to produce at'lJ tumors (Ranad1ve et 41 •• 19?6; 

Ranadlve & Ootb•kar, 19-?8 and Bhide et al., 1979). It 1a 

lnt•reetins to note tbat betel qu.ld produces leaa ttaor then 

betel nut extract. It RAJ bo due to protective action or 
betel leaf beoauae of the presence ot chlorophJll (Ranadlve 

et al., 1979). 

The role ot lime appeBFs rather controversial, though 

aome reports do susseat lta correlation with. the occurrence 



5 

ot o:ral. cancel'". According to Termeckoon and Bartlett (1969) 

11me might have an 1mport~nt ec tlon. but ••• uaed 1ft such 

quantlttee that 1t 1a diluted bJ the aal1Ya. Acantboa1a ot 

oral eplthel1WI caused b7 l1me waa reported 171 straat; & 

ltandarkar (1968), Atkinson et al. (1964) poetula.ted that 

lime mlgbt plaJ a role of cooarctnogen1.c agent bJ virtue 

of t1aeue reaction 1t provokea. But Oothaakar et al. (19'15) 

reported no ·fteoplastic transtormat1on or t1sau.e tre.ate4 with 

lime. 

'robacco •• an lngradient ot quid has been regat"ded •• 

the promoter ln cbangl.ng the oral mucosa whtcb. eventuate tn 

th~ development ot oral cancer (Kbanolkar. 1961J S1ngbv1. Rao 

and Khanolkar,. 1956J Sbcnta and Kr1abruuaurthy. 1963).. Wahl 
I ' ~ 

(1968) reported m 1ote:reat1ng relat1oneb1p between the bablt 

' ot tobacco chewing and the prevalence rate of oral cancer-

He alao reported that the .risk tor oral cancer among the 
... 

cbewera ot .Pa.tt1wala tobacco waa noted to be a1gn1ftcentlJ 

lower- than tho rlak ot Main.pur1 tobacco chewers t.hoU&b. altghtlJ 

b1gher than that ot nonchewera. l<;';Xtena1 ve experimental 

worka have therefore been carried out to teet the csrc1no­

gen1c1ty ot a varlet} of tobacco extf'acta on var1ou.a 

e.xper1Utentel models. Seven diff'er•:nt tract!.one of eun-cu3re4 

tobacco leaves extracted wtth various aolvnta-alcohol, 

benzene. chloroform. ether, water etc. were screened. tor 
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carcinogenic ertect on mouae or•l mucoaa bJ oo.nt1nuoua 

painting, over the entire l1te span of animals b\tt no et.teot 

waa observed in the oral mucosa: htod:v & Rsnad1ve, 1959). 

Aceton~.t extract ot Vadakkan tobacco when applied on akin w1tb 

weekl1 painting ot cooarclnoaen, croton. oll 1nduce4 26·28% 

epidermoid carcinoma tbua con1'1rm1ng, tor tbe tlrat time, 

the presence at n weak carc1nogen1c prtnclple ln the total 

tobacco extl"act (RGnadlve et al., 196a). In rodents, toba~co 

extract hove completely .ratlod to 1nduce cancer 1n. the oral 

mucoaa, the tGrget oraan 1n human exposure (Modi & Re.naatve, 

1969; Gotboaksr et al., 19?5). fhla •as conalder'ed. aa an 

incomplete cere 1nogen eaeentiall,- requiring help ot 

cocarc1nogon1c and/or aynctU'clnosentc co-te.ctora tor 

aon1taat1ng lts carclnogenlo ettect. In faet previous 

workes- s ;~ Jil<~.~~ Mu1r & Kf.rk ( 1968) and Reddy & Anguli ( 19 6'7) 

auggoated the importance ot other 1ngrad1enta ot betel quid: 

besides tobacco ln the induction ot tUJ'llOrs ln teat anlraala. 

£'~ prel1m1nar1 work done by Rtmadlve et al. ( 1916) wltb the 

coab1nat1on ot betel nut extract with tobacco extract bnve 

lnd1cated m enhanced. etteet with earlJ cancor ln the 

hamater cheek pouch. thus lnd1cat1ng the probab111t7 ot 

enhancing ettect of betel nut 1o carcinoaeneala. 

Areca nut 1s blshl'J acidic and astringent to taste. It 

1a neutrall~ed ~ the a4d1t1on ot ltme. Areeanut promotea 
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aallvatlon (Etaen. 1946) mild exh1larat1on anct to a Cel'taln 

extent of .alupleaanese. It baa aome effect on tbe central 

nervous ayata. 

Dunnam an4 Herrold (1962) and Woetel et 81. (1941) 

.report~ that betel nut had no tv:m.or 1nduo1ng capac1tr. But 

later on in oontraat to their experiment. Sur1 et al. (1971) 

revealed that DM30 extract ot 'betelnut 1a capable ot inducing 

tumors ln hamster cheek pouch at aa high a rate •• aaJ. In 

19'16,. Ranadtve et al. thousb not quan.t1ta.t1vel7 but qual1-

ta.t1velJ contlrmed Surt• e f1nti1ng•• l<urther aubc\ltan-.oua 

injection or aqueous extract ot betelnu.t f1el4ed a high 

incidence (60.) or t:ran.aplantable t1broasr·coma In aw1aa 

mice. Recently RanadS.ve et al. (19f19) and Sh14• et d. (19?9) 

eont1rmed the tumor lndu.clng ability or betelnut wbicb 

productut 63" lealona ln hamster cheek pouch and, 58• or cancer 

1n d1tter.nt organa or the bocty. Inb1b1t1on of DNA Qttthea1a 

in lyaphocytea a.nd tumor cella 1n vitro bJ estl'act ot be~elnut 

1e reporte4 by Yang et al. (19'79). 

The pol'Jphancllc traction ot betelnut wb1cb contalna 

tann1n produces 100,& tumors eons1 sting ot BOJ' t1bro sarcoma 

along w1 th liver and lung tumors 1n awtaa strain mica 

( Sh.1vapurkar • 1978). About 60- of rats aur-.1 vlng tannic 

ao1d 1nJect1ona tor 100 da'a produced liver tumor anQ procesa 
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ooul4 be enhanced ·to a gt"fUlter degree or malignancy by adding 

aetet:ylam1nofluorene (Mozon)'i & Korpaasy. 1953). JU.rby (1~60) 

e.lao reported tbe injection of tannin extl"act could produce 

tumor. Recently in 197&. Dhlde et al.. reported 17ri tumor 1n 

liver and aal1varJ gland. Tbe7 alao made 1t cleel' that betel 

nut extract produced e -a1gn1ficant numbor or tum()rs ot 

saetro1ntast1nal tract where as teed1ng the polypbenol 

traction tailed to induce any tumor in the go.at.rointeat1nal 

trant. But a.c. injection produced e~ tuliOr. So 1t 1• 

aaaum.ed that the nigh frequency or tumor lnd·uetion 1n the 

sastro1nteat1nal tract b)' botelnut extract could be attributed 

to Gome const1 tuent 1n betelnut other than te.nn1n • 

.i.lkaloids from dltteJtent plants which are conaumo4 

el tb.er a a food or local med1c1ne ere l'eported to be carcino­

&en!c (t,ao Htrrono· et al., 197'7; Donn'ld. 19'72J Schoental. 

1968) and mutagenic in different teet S)'aten (Harum.1ch1 et al •• 

19'79: KOl.eatsky, 19?8; Hitoahl, 1980J Br1nk, 196&. 1969J 

Olark_. 19&\1; Gladwin et al., 19'77). 

Literature is poor on the alkalotd part or betelnut. 

Arecoline is one ot the important alkaloid of' areca nut. 

Its content 1s about o.s" in some r1ped nuta (Go award &. 

Ahmed, 1966). 
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1, 2, &, 6-'fet!'abydro-1-m.ethyl-3-pyrtdlne carbo.xyllc 

acid methyl eatera methyl 1, £, 5, 6-tetl"ahytlro-1-metbJl 

1 t1 t l 1 . h . a•• n eo na e; Methy -met yl - /i -tetrahydro-3-nrl.dlne 

carboxylate; methyl tf•ll14thyl tetra bydronicotinete. 

CsH13H02J mol. wt. 1&5.9 ( 0 61.91,;, li 8.44~, 'N 9.0~~. 

0 20.62~). 

Plga 1: STRUCTURE OF AHECOLlN~ 

It is extracte<i from tbe aeeda of' the b&telnut palm .... 

Areca catechu L., Palmaceas (Catechu). 

~eooline, a colourless attbstance w1 th a strongly 

alkaline reaction ls v·olatile in steam end torme well cte.fined 
0 

Bo111ng point 1s 209 c. It 1a miscible wttb water, 

al,cobol and ether. It is soluble ln chloroform. Bydrolys.1a 

of arecoline with b'ydrochlortc acid under pressure or 

boiling b'Jdroiodic acid or hot alkalies. eliminates a met~l 

group and produces crystalline areceidtne. It 1a also found 

1n amorphous for·m ( syntbesl~ed) \tblch ta soluble ln water. 
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PHY510LOGIOAL PROPERTIES 

Arec ol1ne at:lmula.tes tile brain. Arecoline adalDlatered 
'-" 

to rata showed various ettect on. central nervous ayatem i.e. 

lnoreaaed motor activity (Uertz, 1962),. decreased. cond1tloned 

avoidance reapon~e (Hertz. 1962; Hertz 6 Yacoub, 1964i 
en , . 

P!e1tter &: Jentey" • 1957), act1•at1on or eleetro,.cephalogttnm 

(R1ech et sl •• 196Z~. Arecoline cauaea cotaleptogenie. 

etfeets (Oreten, 1999 ). It bes been shown tbat arecoline 

has o. ver1 abort duration ot action and 1 ts effects are 

maximal at tb1s time. Semenov (19'78) reported t..~at the 

Ohollnom!met1.e arecoline led to a rapid. tnittal 1ncreaae 

tn 46ca uptake by rat brain SJnaptoeomea. Tbo 1ncreaae 1n. 

45oa uptake through the action of: arecoline 1s connected 

with the activation ot Na. cherm,els. It may exert a 

deleterious effect on the dental enamel (Riker • 1958). It 

ts u•ed ae veterinary medtc1na .tor taeno1ds. 

Aa tbe literature is very poor on the biological action 

or alkaloids of erecanut the present atudr has been taken up 

to see the tOnromosome breaking ability or arecoline a major 

allfalolC! o'f art:tcanut. ·Certain plant alkaloid a aro both 

mutagenic as well a a corQ1nogen1c (vlde s\lpra). Synthetic 

arecoline induced lung tum.ors 1n ~0~ antmala (ICMR Bulletin, 

1978). Recentl' the cell transformation ability, ,an assa7 

tbat ls good predictor of animal carc1nogen1.c1tJ, or arecoline 

••• reported by Ashby et al. (1¥79)., 
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Hutat1on baa long be~n suggested to be tbe mechan1a$ 

ot carc1nogenes1s. The bypoth&81s that cancer 1& induced by 

alteration of the primary structure or DNA ee$m& to be well 

.mup;>orted by the correlation of' the carcinogenic and 

mu.t.asenlc etrects of many compounds. There la a high 

correlation between onro1nogen1c1t:i and ~tagen1c1tr: 90~ 

ot cerc1nogena are mutagenic (Mccann. 19?&). So 1t .la 

worthwhile to eee the mutagenic et"fecta ot arecoline on 

the mammalian ohz-omosome a.oo this cou.ld shed light on the 

poaalble carc1noaen1c errect ot betelnut alkaloids. Bence 

thla study haa been taken up. 
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MATERIALS AND METHODS 

A· A.NlMALSs-

.Swl~a albino mice were used in thoae experiments .• 

Young adult an1mala of both the ae:xea (10-12 week old) were 

obtained ~om All tnd1e. Institute of R!ed1cal Solenoea 

lixper1mental Animal Paclllty • Hew Delbt. The animals wer• 

ltept ia alum1nlwn cageawitb r1oe husk and maintained in alr 

conditioned room. TheJ· were given Hinduaten Lever mouae 

teed ana treab water ad llbltum. -
B. ARECOLINE INJECTIONs-

Arecoline was obtained &om Sigma Chemical Company, 

u.s. A. Solution was prepared by· 41aaolv1ng the cbemioal 1n 

ph-ystolostcal sn.l1ne at the concentl"o.tion of 5 mg/ml. Freah 

solution was used every tlme. The solution waa prepared 1'1'1 

an al!lbe:r coloured bottle to protect it trom llgbt. 

Tabla-II shows the ozperlmental dealgn. The d.oaea of 

arecoline administered were 2 mg. 1 mg. o.s ms and 0.25 mg. 

1bo t1me of exposure were 10,. eo end 30 da}·a tor each dose. 

Slx an1Du~la ot both the aexes were taken f'or each set or 
experiment. The an~als wore injected with areeoltne stock 

aolutlon da111 by intra peritoneal route (1.p.) at tbe dose 



Part1culara of the Experimental Dealgn 

(A) 

Ex))er!aent Ho. ot animfiia 
u.aed 6:: sex 

Expt-1 

Expt-II 

b:xpt-111 

Expt ... IV 

E.xpt-V 

ixp.-lieni 

-
Expt-I 

Expt-II 

Expt-III 

Expt-IV 

Eltpt.•V 

EXperiment 

Expt-I 

.Expt-II 

Expt•III 

Expt-IV 

expt .. v 

.5() ..3.~ 

&0 • 3~ 
36 + sg 

30 + ag 

s6 • ag 

(B) 

No. or anfmaii 
uaed & sex 

so+ &~ 
so • ~ 
&0 + 82 
ad + li 
a0+3i 

(C) 

No. I r oF' enimala 
U~Jed. & ,sex 

II!! I. 'i 

3d • sg 

ad + ~ 
sd+ ~ 
:sO• &Q 

ad'+ ~ 

• 

Concentration 
o.r dose 
lnJectGCl 

.5mg 

.25mg 

Control 

· n"Oncen tratlon 
o!' dose 
lnJeg:ted 

1 .• + 1~ 

11118 

.a ms 
.2& ms 

Control 

Concentratlon 
or doae 
1n3ecte~ • 

1mg + 1me 
1mg 

·Sms 
.~&mg 

Control 

• 

·14 

befa ol Rewka 
Exposure · 

10 4qa 

10 d~qa 

10 4aye 

10 cllQ'a 

10 •• ,.. 

DaJ& of 
~xposur• 

20 4aya 

20 08)'8 

20 claya 

20 d~· 

P.O d&Ja 

-
-
-
-

ltemarki 

-
-
-
-
... 

'. DeJa .t'ienuarka 
of' 
Esi!o•ure 

30 clays -
30 da,a -
ao daJs -
50 4Qa -
so 4~· ... 
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levels ot 2 mg, 1 mg. 0.6 mg and 0.26 mg. Oftly 1n case ot 

2 ms doae level, two injections (1 mg eacb) were given wtth 

a gap ot 6 bra 1n order to avoid animal mortality. 

latreper1toneal injections or aaltne were gl•en to 

the control animals. 

D. 'MITOTIC ARREST ANO SACRlFXCiis-

An ·1.p. tnject1on of cclch1c1ne (Slgma Chemical Co. • 

u.s. A.) was g1Yen to 1nh1b1t mitoses on an1male on the 

respective days of sacr1tice. The colcn1c1ne waa prepared 

in phyalologtcal saline at the concentr"at.lon ·or 4 ms/ml and 

injected at a dose ot 1 ml/100 g ot body we1gbt. 

The animals were sacr1f1ced by cervical d1sloce.t1on 

2 hr after.- inJection of the colSch1c1ne and 10/20/30 dGJ• 

after chemical treatment or aallne water 1o.Ject1on ro·r 

control aeries. 

B. .BONE t4AR.ROW CELL HEOOVERYt-

Skin and muacle tissue we~e remov-ed ,t'Jtom both teliOri~-

and hwner1 immediately attar· sacr1t1oe. The bones were 

punctured at both the enda b;i needle. l'be bone mari"OW ·was 

flushed out tb:rou~ 0.~.:.! 24-gauge needle conta1n1ng pbyalologicel 

saline 1nto ~•· 16 ml eentr1fuge tube. This process waa done 

twice. Then material were mixed vigorously bJ an 16 gauge 
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needle to aaaure d1sooc1at1on ot the cella. ~hen a final 

'Yolu.me of' 7 ml was attained by addtng physiological salina. 

The cell-aal tne ml•ture wae contr 1tuge4 in a centr1-

tuse ( ZANl:irZKI-K?O) using aw1ng1ng COJUt rotor at 1000 rpm tor 

10 atnutea and the aupet-natant traction wcs d.S.acar4ed. The 

material was egi tated. properl} atter oentr1.tugation. A 

seven m1ll1l1tre hypot"On1c aolut1on or 0.075 M KCil was added 

to the residual cell pellet &nd tbe material waa mixed 

tboroughlJ with a disposable pasteur pipette. ·All the tat 

mas a was d1acarded. b7 using the pipette. fb.e cells were 

incubated ln a water bath maintained at S7°C tor 26 minutes 

and then recentrif'used at 1000 rpm.· ror 10 minutes. The 

aupernatant waa discarded and' material ••• agitated 

vigorously. lreezer ... ch1lled Carnoy • a tlxatlve (mettumol s 

acetic acld. 3t1) ••s added to give a total volume or & ml/ 
tube. The cella were resuspended and then refrigerated at 

4°0 tor 2 br.a. The cel.la were again centr1tused tor 10 

minutes at 1000 rpm end the supernatant wae. discarded. 

Fresh Carnoy'a solution was adde4 to glve a volume of 5 ml/ 

tube end th& colla were resuspended; tben the tubes were 

re~igerated tor 2• br at 4°0 'before allde preparation waa 

started •. 
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G. SLIDE PREPARATIONs-

Oreese tree cleaPed altdea were d1pp84, lnto chromic 

acid overnight and waahee thottougbly ln tap water. Tbeae 

were again cUpped 1n aoap water for balt'-aa-bour an4 washed 

properly .ln tap water andkept tot' e bra. !.n running water.. 

-'be slides were rinsed 1n atatllled water an._, f'reab. 41st1lle4 

water was added and kept on freezer betore cell epreadlns 

over lt. 

The fixed cells wore centrifuged t~'l! 10 mlnutea at 

1000 rpm, the SUpernatant WBG d1•o&r4edJ an4 0.8-1.0 ml fresh 

cornoy '• solution was added to each tube depent'l.1ns upon cbe 

quantity ot tho cella. The cells were reauspende4 and then 

dl-opp4Ki trom two teet high on slides that b.ad been ch1lle4 in 
' 

ice bucket af'ter taking out trom: freezer. 111e f'1xat1ve 

content waa wiped out from the under surface ot slide and 

kept tor 2 to 3 mS.nutea on a bot plate maintained at 60°0. 

Slides ••re taken out lind placed in a slide box tor about 

24 bra. 

H. STAlliNG J\HD fdOUN'llltG OF SLIDBSt• 

Slides were ata1ne4 bJ 10~ Ge1msa prepared bJ phosphate 

butter (pH • 6.8) solution tor 20 to 30 mlnutee. These al14ee 

were then rinsed ln the same butter end dried. Deh,dratlon 

waa don• with double washes of acetone. acetone ~ Xylol (ltl) 

and pure XJlol and mounted bJ D.PX mount. 100 metapha~e 

spread, per animal were atudled. · 
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1. CRITERIA FOrt TUE S1'lJDY OF OHROMOSOtiAL ABNORNALITISSl• 

In order to keep the number ot errore aa small aa 

posalbl• it is necessary to 11m1t one eelt' to a small numbor 

ot d1st1n.ct1y 1dent1t1~ble aberration tJpea. 

The tollowing c~omatid aberrations were taken into 

cona1derat1on: 

Chromatid break:-

A chromatid break 1a only d1agnon1aed 1f a 41stal 

c·--' .,<"'"j fragment ls d1aloca,ed. 
'""v./".,>J 

If' two cbromat:l.da are·d:ialocated completel7. 

Transloce.tlon cbromoaome::• 

The tl'analocat1on cbrOJflOeomes can only be reoogn1zeda 

a) it theJ are oona1c.1erably larger or- smaller than 

normal chromoaomeJ 

b) · it' tho s-tructure ot the acrocentric chromosome baa 

been altered to metacentr1c. d1centr1c or poly-

oentr1e chromosome. 

Rigs ohro1110aome S• 

Formation or ring c~omosome t.a easily 14ent1tlable 

having two tragmenta or one joined fragment w1 th one rlng. 



19 

Inver alone-

Only per1centt .. ic 1nvera1on are recognisable. These 

lead to metacentric chromosome wboae length rema1na unchanged. 

~be occurrence of a metacentrie cbromosome ot app~oxlmatelf 

normal elee makoa a d1st1nct1on between a trana1ocat1on and 

a per1centr1c inversion tmpose1'ble. 

Deletions end def'1c1enc1ea are not recognlaeble. To 

avoid b1aa 1n the reaulte. every well spread and complete 

metapl'ul.ae was analysed. The chromosomes ere required to be 

eaa1l:y countable. en·. on cells with multiple aber-rat1on tbe 

single olementa have to be wel.t d1st1ngu1ahed. ~lmost all 

mataphaaea tultllled these requirements• 
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TBEAt'ED S.&ftiES; 

1• Tox1citJt• rureccl1ne ia hlgbly neurotoxic. Aft•~ 1.p. 

injection or lt, violent shivering, salivation, 1nhib1t1on 

of spontaneous activity were noticed. Aft~ 30 minutes of 

lnjoctloD the animals cam.e back to normal cond1t1on. 

2. Mortnl1t}t• Lower doses like 0.26 mg, 0.5 .mg and 

1.0 mg 414 not k1ll the anlmals. But a single tloee ot 2 mg 

waa tatal to meny anlmala, hence this doee was freatlonated 

into two injections with a gap ot six hours. 

s. Mt·tot1c Indexz-

M1tot1c indices were not lnveat1gate6 though the7 

could have served na an 1nd,1eetor ot~ the e£fect ot the 

areoollne tJ"eatment. on account ot the arrangement ot the 

experltaent, ln whtch the stimulation ot some ·marrow was 

variable. these valuoa could no·t be comparH. But ln general 

the mitotic index decJ•eaeed considerabl' wben tbe deJa ot 

expoau~te lncreaae4. 

"· ,f!orpbolog1oal Stud1&s on CbJ:tomoaome Aberrat1ona:-

D1tterent t'pea ot chromoaoWll a.bnorrul1t1ea sueb sa 

chromatid break, chromosome break, ring chromosomes, cella 

wlt.h aultiple breaks and pulvur1aat1on. of chromosomal compli­

ments were observed. Tbe data of chromosomal anal)' ala are 

presented 1n tte.ble-111, IV & V~ It baa been found that no 
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TABLE - IlJ. stao•J.ng nlffe.,et types of .aberrations a't 
10 days of expo~u•o to a.(!!ko11ne. 

NO. of 
anl.aal• 
treated 

£ f 

6 

6 

6 

~. of Type of abe#l'aUons Mean of Total 
Cells c· e.· -:..;:,.U ... ""'. ru ,... .... .:.....~ I i . 1'T ::w ., . '!:J :t!'! nuabel' Mt. of 
SWM.ed b: .• ·=..., u w, .. ..,_. Rlno M~u~u- rf~~!':.. P otGT of dama• damaged 

• -. SOM ·~ • . -'a..,"... · geeS cella cells 
-_' rur ~~ a ·9£•4~ t__:..eM • u t· un. an 

10 2 6 

1 1 

18 1 0 0 

13 0 0 

0 0 0 

·4 

0 

0 

0 

o u.o-* 
1.3 s.e.. 

0 3.16..t 
.L.OC) s.s. 

0 

0 .833-* o.a s.e. 

1.9 

13 

·~ 



TABLE • IV 

s.L. mse Mh of 
an1aols 
tnated 

I J dll . , .. 
1. 2lll 6 

2 1 mg 6 

3 o.~ mg 6 

4 o.z mg 6 

Conuol 6 

• •• 

Showing dlff-eren-t type of abe~htSons at 20 days 
of uposu•• to a•colt.ne. 

of Type of Abu•aUons 
Cells ~ha.tmattd · cs;.,.o: h flC. '·Jiulu- ·s·~ "i»1otCl; stv.dled break. ple rit.Uon :aoae 

t .. b ~au• ~~ .. •• 

600 60 6 0 4 $ 0 
... 

600 4 1 3 0 0 

-600 J.7 0 0 0 1 0 

600 10 a 0 1 0 0 

6(X) 6 0 0 0 0 0 

:M&an of lbtal 
number ••• of 
of dam a• dmnag•d 
g~d cell «:ells ,, 1 

12.5.& ., 
~.61 $.& • 

3.83.1; 23 
~.61 s.&. 

3' 18 o. 3 $-E. 

1.83.-t 11 
o.40 s •. e. 
1 6 o:&:. s.e. 



s.t. mss 

:tMul J 'AWl -lt .. ,., 

1 2•g 

2 1 llg 

3 .5 Ill 

4 .z 116 

Contal 

TABLE .v Sbowing: d1ffel'ent type of abe•l'{lU.ons at. 30 .sa,. 
of upo&un to arecollntt. 

•• of NO. of TYP• of AbenaUon• M•an of 
anl~aals Cell• e&liaaiia tti:b>eo-! l '110. aVID- · pUfvu! · · Plol& .. ftUIJb•l'. of 
trea~ stadled .bE•ak -- ,ple ri~Uon da.uted 

bUB -- · c~1a 
taJe a . I nr t I If ,. 

I-t 11 wt. • ... 

p 2(X) 16 2 0 .1 1 0 10~ S.E. 

6 .·6()0. ~ 1 0 0 0 1 3.66~ 
0.16 .s.s •. 

6 ·600 16 1 0 1. 0 0 ~-~ s.e. 
6 600 6 0 0 .L 0 0 1.16,4 

0.30 S.E. 

6 6 0 0 0 0 0 ~.it S.E. 

1btal •• of 
damMJ•d 
cells 

I I 

20 

22 

18 

1 

6 
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sex dependent ~U"f'erences 1n the trequenc1es ct cbromoaomal 

aberration exists. 1'bc aberrat1otls like gap is not taken 

into account b~cau.se of 1ts contz•.overey though several caaes 

of gaps w.we obae:rved. C F1g. 8 ) • 

Chr-omatid breaks are obeerveCI· at almost all doae leve.la 

or arecoline treatment& 

1) 2 mg dose level; In 10 4aya or exposure 10 casea 

ot chromatid breaks w&Pe observed which is hisheat 1n number 

among d1f't'erent doses and days of ell:poaUJI'e. At ~() d•J s of 

exposure 60 eaoea of chromatid. bPeaks were observed. At 

30 days ot exposure the frequency o£ chromatid breaks ere 

less. Only 16 caaes of obromat1d breaks are seen. 

11) 1 mg <loae levelJ The frequenc7 ot chromatid 'brea.ka 

io leaa than the breaks observed ln the b:lgbeat doae. In 

10 days ot exposure &7 cases, 1n 20 da.,-s 16 cases and ln &0 

days 20 cases of chromatid breaks are seen. 

111) 0.6 mg d.oae level: The t~eq,ueney ot ohrOlJUI.tld bt.•eaka 

ere much lese than that seen in the a.bove dose. In 10 eta-, a 

of exposure 18 cases, .S.n 20 days ot exposure, 17 caaea end 50 

daya 1~ cases of chromatid break.a are seen.· 
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1v) 0.2& mg doae level t Here the lowest nUJj:)ber of 

chromatid breaka are seen. ·In 10. ao and 30 clays or 
or•col1ne exposure the cbromatld breaks are 18. 10 and 6 

rea pee t1velJ. 

Alll()et 86 .4" or the aberrations observed are or the 

chromatid break t)'pe and rest are other types of ehroraoscmal 

aberrations. Random breaks are observed on the chromatid 

e:l ther at proximal. r.d.ddle or distal enO oi' tho chromatid. 

The frequency o£ single break per cell 1a more (Fi~. 11) than 

double breaks per cell (Flg. 8 ). B1sheat number ot breaks 

are obtained 1n the highest doae (2 mg) on 10 days o.t 

expoave. The rrequency or breaka <lecreaaea when the 

exposure time 1ncreaaea an.d the d.oee ot chetd.ca.l clecreaa••· 

Chromo some breAks are obaerved at all'llOat all dose levels 

of erocol1ne bu.t not .at all the lntervala of observation. The 

trequencJ or chromosome breaks 1a leal than cbromat1d bt•eaks. 

Th.e results are a a tollous t 

1) 2 mg dose leveltAt10 deJa of exposure 10 caaea of 

Chro'MOaome br>eaks are noted which ls the bigheat among 

different groupe. In 10 and &0 days of exposure onl.7 6 and 2 

cases of chromosome breaks are seen, respectivalJ. 
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11) 1 mg 4cee levels Tbe trequencJ of cbromoaome 

breaks 1e il1ghtly leso tht,m that f!l&en at the h1gbtiet 4ose 

level. At 10 days ct exposure 9 cesea of cbrolftl;)eome bf!'eaka 

are seen whic~ ls highest among dlftorent groups as compared 

to other intervals at th1s dose level. In 20 and 30 days or 
ex;>osure of ohfnnlcala only 4 and single case of chromoaome 

breaks are seen respecttvelJ• 

111) o.& mg dose level: Bere only 2 casea of ehromoaome 
l 

breaks are noticed. At 10 and. SO 4&Ja ot exposure s.lngle 

chro»U')aome break ln eacb case 1a observed. However. at 20 da:Ja 

not a a1ngle cb:roJJJOaome break ia obeerva4. 

1vr o.~& mg doae level t Chromosome bre•k t:requenoy ia 

"f&ry lean at tbls dose level. Onl:r at 30 day a or exposure 

one c~o110eome break baa been seen. At 10 and. 20 data not a 

a1ngle case or break could be o'beer•ect. 

Thua oDlJ 9 .51,C of chromosome breaks ere obserYeA. 

-.i:bere is no reatonal apec!ticS. ty or break. It 1a either at_ 

proltlmal, middle or distal p01$t c£ tbe obromoeome. In one 

cell botll chromosome and chromatid bt-eaks are observed 

(r-1.g. 7 ) • But 1n no caae more than one chromosome break per cell 

is seen. In most ~ the caaes the breaks oro 1dent1cal an4 

at a correspon41ng site~ But on~y 1n one case both the 

cbromet1ds are broken at 41fterent poa1t1on.. 
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(o) Cells with JfUltlple treakas-

The incidence ot mul t1ple breaks 1a less than that ot 

the chromatid end chPomoaome breaks. 

1) 2 mg dose levels Highest number o~ cells having 

multiple breaks are seen only at this doae level. At 10 <iaya 

ot exposure 6 case a . ot DlUl tiple breaks are aeen. At 20 an4 

30 4a:ra ot exposure 4 and one case of zaul tlple breaks have 

been seen .reapectivelJ. 

ll) 1 mg doae level# At thla doae level tbe rrequency 

ot mul t1ple break a la leas than that seen at the above 4oee 

level. It lncludea on!,- 4 eases ot multS.ple breaks. One 1e 

1n 10 day• ot exposure and other three are in t?,O 4aya ot 

exposure. ln 30 days or exposure no case ot multiple break 

cell hea been observed. 

111) 0.6 ms dcae levelt only alngle case o'f mult1ple 

break c•ll 1a seen. at 30 dQs ot exposure ln tbla dose. Jlt 

10 and 20 aaya not a single case of multiple break cell haa 

been obserYe4. 

1 v) 0. 26 ang do~,te levels Here a leo onlJ a1nsle cell hae 

been ob•erved having ~m~lt1ple break at 20 daya of e.xpoa'Ul"e. 

At 10 and 30 do.ye or exposure no cell having multiple break 

was eeen. 
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'lbua 4. 61~ ot cella having mul t1ple breaks b.ave been 

aeen. It includes number or cnrom,atld as well a a chNmoaome 

· 'breaks ( Flg. 10 ) • Higheat m.tmber ot multiple breaks are seen 

1n tho highest done level at 10 days ot· e.-posure and the 

frequency decreases as the <toae of eb.emical clecret.aea. 

(d) .· 

R1ng type chromosome struc tu.rea are also observed 

after areooline treatment although the ~eQuency 1s very leeaJ 

1) 2 mg dose levela Onl)T 2 caaea ot rtng formation 

ere observed in 10 days of chemical exposure. Bit ln ~0 tmcl 

30 deJa not a single caae ot ring is observed. 

11) 1 mg dose levels One in each case ot ring structure 

baa been observed at 10 and 20 days of chemical exposure. 

At 30 d.a:ya not a single rtng 1& aeen. 

111) 0.& mg dose level= No oase or r1n.g structure la 

observed at any interval ot observation. 

tv) o.t::6 188 dose level a Here alao not. a al.ngle ring 

chromosome is aeen at ai1J interval. 

In total 4 cases or rlng structW"e ere seen and 1te 

percentage is onl7 1.03. Single cell having one ring and one 

fragment are alae seen ( F1g. 9 ) • In no caee cell hav1ns 

more than one ring he.a been observed'! R.lng cbromoaomes are 
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obael'Yed only at highest cioae. Below 1 mg dose level not 

a single ring ls obsorYe4. 

The fl"equency of cella w1 tl't pulw:r.tzed: chl"omoaomes 

1s bigher thml thet or the rlng ch'romoaomes an.d altgh.tly less 

than thet or the multiple b:reakiU 

l) 2 mg dose l&vell B1gbost number or cella with 

pulvur1ze6 chrom.osome~t are observed at this dose level. At 

10, 20, and 30 days of expoaure 4, 5 anCl 1 caaea of cella 

with pulvur1aed chromosomes are seen reepe~t1velJ. 

11) 1 mg dose levelt Single ceU with pulv\lr1ce4 

chromosome la seen at 10 dQ1a. At 20 and ,30 daya no case 

of ,Ulvur1zed cbJ:oomosomes is seen. 0 

111) 0.5 mg doae levelt Here also single cell having 

pulvur1zed chromosomal compliments 1s observed at 20 days of 

expoau.:re. Ro cell wttb pulvuri.zed chromtulomeuJ is seen at 

10 e.nd ao dqs ot exposure. 

11t) 0.26 mg 'doae levels Mot a ain.gle cell having 

pul vurlzed chromosomal compllmenta is aeen at tnle doae level 

at dit£erent iDterYa.ls ot Observation. 

3.10~ o~ cella with pulvur1zed chromosome are seen. 

In aome caaea, except one or two chromoaomee (Fig. 12 ) rea't 
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of the ohromoaomea are tragmented, WbUe as 1n .,tberos all. 
- - f ' 
the ct-.romoaomea ere trasmonted. The :freqUtn?cy or cells with 

pulYUr1&e4 chromosome increases aa tho dose ot tb.e chemical 

J.ncroaaea. 

(f) -ilngle caae of tetraploid cell 1a obaerve4 S.n l 116 

doae level at 30 deJa or upoaure. 

Bealdes the aboye etfects 1ft aevoral cases c-mltotlc 

ettect and corroeiveneaa of chromosomes are observed. 

5. Variation or aberrant :metaphaee cella in bone 

marrow af'ter l.p. injection ot arecoline a-

Aberrant J:Detapbase cella in_ the bone marrow a.t 10. 20 ' 

and SO d&l7a after chronic t.p. injection ot 2 rag, 1 me* 0.6 mg 

and 0.25 mg or areco11.ne are studied. The aberrant metaphase 

cella began to tncrease at 10 4a;y a after chronS.o inJection 

of arecoline and gro.duallJ' decreaae as the 4q a of treatment 

increases which 1a well depleted ~ the Fig. & • 

6. Dose•reeponae relat1onsb1p t• 

1:be ottect o:f' arecoline on the chroaoaomea of metaphaa• 

cello shows Yf'i't'Y good dose-response relatloneb1p. The 

percentage of chr0110somal abnol"ln&llt1oa lncreaaea a• the 

4oae o'£ arecoline 1ncl!'"eaaee. 'The doae response relatlonah1p 

1a evident ~om tbe F1gs.C";c.'4,6&~. . . v 



Flg. ·5o. a. Vw1at1on ot affected metaphae.e 

cella (~) in the bone marrow atter. 

1.p. injection or arecoline at the 

coneentratton or 2 ms. 1 mg. o.5 mg 

and 0.25 mg contained 1n aellne. 

Here control ia taken cut 100 peJ'cent. 



«<) --

-0 

2100 

100 

~,2mg 
/:r--A 1 mg 
.•• o.smg 
o--o 0.25mg 
o-o control 

:: 

31 

• 
-e 

~~lL'------------~--------------0 1 10 
j I 

30 20 

Days of exposure· of Arecoline 



Fig. Bo. • • Percentase ot aberrant cella at 

10 daya a~ter admlnlstration ot 

2 mg, 1 ms, o.& 11tg and 0.25 t1g ot 

arecoline taking control •• 100 

pereent. 
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Fig. Ho. 5 • Percentage or aberrant cella at 

20 ctoys after admlnlatratlon ot 

2 mg, 1 mg, 0 .5 mg an.d o. 26 llJ8 

or arecoltne taking control aa 

100 percent. 
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Ftg.· NO. a. Percentage ot aberrant cells at 

80 daye attet' admln1atrat1on of 2 mg. 

1 mg. 0.5 mg end 0.25 mg of arecoline 

taking control as 100 perccmt. 
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CONTROL SERIESI 

In the control aerlaa ot experiment very tew ceaee 

ot abnoz-mallttes are seen. ~a a.berrat!ona are contin.e4 to 

only chromatid break types. At 10 d&JS of saline treatment 

only 5 oaaee of chromatid breaks are aeen. At 20 dqa and 

30 dQJs 6 cases of ohromat!d breaka in each set are obaervect. 
•, 

In el~ 0.944~ ot abnormal1t1ea are observed in tho control 
I 

set of experiments wb1ch is very leos in compartaon to the 

treated ser:l.ea.· , 



.. 

Fig. ? • Cbro110aome & chromat1d breaks.(x 3750) 
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Fig. 9. · Ring structure & tragment.(x 3750) 

Fig. 10. Multiple breaks or chromosomal 

compllmenta.{x 3750) 



,. 
• 

9 

1 0 

37 



Fig. 11. Single chromatid break.(x 3750) 

Fig. 12. Pulvurization of chromosomal 

compliments~(X3750) 

Fig. 13. Normal metaphase plate (2n = 40Xx3750) 
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DISCUSSION 

JTeacm.t stud}' cleerl,- clemonatrates that a<b:aln1.atrat1on 

of arecoline to mice would. elicit aeversl verlet.1os ot 

cbromosomal aberra.t1one 1n the bono-marrow cella. Control 

an1mala receiving onl7 th& vehicle (physlolog1oal salina) did 

not snow an,. appreciable degree ot aberrations 1n the bone 

marrow coll chromosomes. 

Earlier also some evidences have been reported that some 

plant alkaloids do have s1m1ler type or chromosome breaking 

ab1llty ln d1fterent test materials including bone marrow. 

Alkaloid bel1otr1ne has the mutagon1c a.ct1v1ty in Drosophila 

(Clark. 1959; Brink, 1965, 1969) and chromosomal aberrations 

in the root tS.p eells or Allium oeEa (Avans1, 1965} and ln 

rat lung cella 1n culture (tJmeda et al., l9'77J Hito•h1 et al., 

1980). Ulodw1n.(1977) observed o1gn1f1cMt number of aberra­

tions 1n the bone cuu•row prepar•atlon attar treatment with 

higher doses or ergot derivatives. Other pyrrol1sd.d1ne 

alkaloids like lae1ocarp1ne, petae1ten1no, aonkirldne. 

cl1vor1ne, LX-201, tuk1notox1n, l1gulanl41ne and monocrotallne 

have been tested to be mutagenic tn the aalmon~lls/mammal1an 

microsome teat and modified Salmonella microsome teat (Green 

et al., 1 9'1&; Roletsky, 19'781 H1rom1ch1 et al., 1979J \'lr1ll1ams, 

1980). H1toah1 et al. (1980) ha•e reported the chromosomal' 

aberration and autat1on J~ cultured mammalian cella exposed 
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to pyrrol1sl.c11ne alkaloids. hellotrine,. petasitf:m1ne, l.aa1o­

corp1ne and aenkirktne. . 'l'b.e V.lnea roaea alkaloid• Vinblastine 

aleo :l.ndu.cee various chromosomal abePratt.ona - tb1n t1n1'"epl1-

cated c~omoaomea, chromosomal. segments and cbromoeom• 

pulv\U"1sat1on of vari oua eztents ( .Palyl, 1969). After treat­

ment of m1ce !n .!.!!2• vinblastine and vincr1$t1ne gave a 

pos1t1'Ve reaponae in the micronucleus test (Heddle ·et al .. , 

19'77 an4 Jla1er et til., 1978). Rapora ( 19'18) reported a 

s1gn1t1ca.nt increase tn slater elu"omat1d exchange on expoo.\a"e 

to higher dose or v1ncr1at1ne. 

, Gebhart et al. (1069) observed gape and breaks and few 

exchanges induced by vincr1st1ne. Hotiev·er, the ettect on 

chromoaomea 1n bone .marx-ow ot a hMUJter treated w1th vincr1st1ne 

remalned nega.t1:ve even e.t b1gh ~ose (UU.ller ot ol.., 1976). 

Pl'eaent 1nveat1gatlon· documents e. number ot cbromoeomal 

aberrations induced bJ different doeea or arecoline ln mouse 

bone morrow cella. These atructural lesions 1nclucle chromatid 

breaks, chromosome btteak, oelle wltb multiple breaks o£ 

chromosome, rlng shaped cbrom.oaome end cells with .pulvur1zed, 

ob:romoaome compliments. MostlJ the aberrations are cbroJ:lhltld 

break type (86.~-). Besides the cbromat14 breaka, chx"omosome 

breaks are also observed 1nd1cat1ng the •ftect ot cbem1cal 

both at o
1 

ant\ 02 phases or cell cycle. Appearance of' 



pulvurlzed C.hrODkU!ONOS 1n41Cates the drastic effeCt Of 

arecoline on the genetic material. 

'ibe doae-J-eaponse relationship at 10 and 20 4818 

intervals is nearly 11near. At SO days interval 1t 1a 

41 

11neor up to 1.0 mg dose level but beJond tbla doae there 

ls decllna 1n the response. Well, it baa to be adm1 ttecl 

here that at 2 mg dose level at this interval onlJ two 

anlmala (the rest di.ecl tow4r'd the en<S ot study &.le to 

a.xceaalve loss ot body weight) were available tor screening 

the bone marrow ana this ce7 not be autt1c1ent to conclualvelJ 

demonstrate that at higher doaee there is decline 1n 

abeftroattons. 

Another interesting thing to that longer the duration 

ot tpeataent tor any given doee or arecoline, lesser 1e the 

clamage to the chromosome. Thla may be due to the following 

reasons 

Bone marrow le a cell renewal system comprising 

progi~n_itor and mul t1pl1or compartment e. '!be t:o:x.1c and 

CJtogenetlc eft'ecta or arecoline tn ditt"erent cell popu ... 

la.tlona ot bone marrow oould be different. lt baa al.ree.d,J 

been demonstrated that chronic edm1n1etrat1on or erecol1ne 

to mtce would lead to decltne 1n the number of cells 1n the 

functional compartment (blood) of tbis renewal ttJatem 

(Shahabudd1n, 1978). \lf the cell-damaging an4/or chromosome-._, 

• 
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daaglng aotlon or arecoline .for any g1 ven do·se varies w1tb 

aegm.ent of the cell renewal aeaembli l1ne of bone marrow, we 

could deduce that the observed deollne of chromosomal aberra• 

tiona at lai;er intervals ml@ht be due to depletion end/o'l! 

non-~oductton. or cells population 11ib1c.h are bigbly aena1t1v• 

to arecoline. Thta explanation, ot course, needa e.mpher1oal 

demonstration. 

Another posa1bil1ty, altho\.lgh aeema to be ver, remote, 

is that chronic ada1n1atrat1on of arecoline augmen.ta the 

ettlc1ency or repair meehanlama involved 1n normalization or 
c~omosomal structures attar exposure to toxic aubatanoea. 

This alao nemie experimental ver11"icat1on. 

The blghest mtmbel' or aberrations are reported at 

the higbeat doae {15.55~) whlch 18 sign1f1cant17 mere than 

that 1n tbe control aer1es (. 94~). Bu.t 1 t is less than the 

chromosomal aberrations man1feate4 bJ the treatment of hisblJ 

alk;.vlat1ng agents like cyclopho~16e ,.)hMBb al'ld E.J!;.f!SC~~. So 

it ls assu•ed that tbougb arecoline baa the chromoaome break­

ing capacity Jet 1t 1a very weak mutasenlc agent like other 

alkaloids (vide aupra). 

Arecoline interferes with the blos7ntbee1s ot 

macromolecules. It decreases the incorporation of 8s· 

tbJm1d1ne in muscle and kldneJ t1et!lue which may t1nallf lnb1b1t 

DNA syntbes1a. flbwe•er, DNA synthesis 1a increased in llver 
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and lung t1e&ue (Shivapurkar. 1979). Sed&l8J (1988) reported 

that the alkaloid vinblaet1ne decreased the rate of aynthea1s 

ot DNA but did not 1nhl.b1t the copacl ty t'or the cella to 

syntbealae new DNA. J1ra7aa1net et al. (1969) have reported 

that DllA s,-nthes1s is 1nh1b1ted by 1nhib1t1ns the tncorpore.tlon 

ot 3B-tb)'m1d1ne by the 1nject1cn- or las1ocerp1D.e. Lee1ocerplne 

strongly inhibits polymerase activity. 

It baa been repo:rted that the net RNA levels were 

decreased 1n arecoline treated mice. Thin decrease 1s 

probabl7 due to a very a1gn1f1cant increase in IUlase activity 

(sh1vpurkar et al. • 1979). Ttle uptake of 3u-~1dlne into 

soluble RNA or Bhrlich aac1tes cells recovered from mice 

tt-eated w1tb v1nbl.aet1ne 4ept-assed. by about so~ compared 

with the control va.lue. Since tbe apealtic activity botb 

urldlne and oyt1d1ne 1a reduced, lt appears tha.t the alkaloid, 

1nb1b1ta the Qn.thesls of the whole chain or soluble ftNA 

(Creasey and Morkin. 1964). lf·ollowlng the a.dmln1strat1on of 

laa1ocarp1ne, prominent nuclear abnormal! ties coeur accompanied 

bJ a decrease ln hepatic RNA e.nd protein content ( Svobode et e.l., 

19661 Ret\d)' et al., 1968). Arecoline also decr•ase~ the 

protein contents or the tissue (Shivpurkar, 1978)~ 

All the above inter! erence IDQ be the manltesta.tlon of 

the brea.Jd.ng ot the DUA s1Wan4 b7 ,arecoline • 
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Arecoline is a monofunctional alkflat1ns agent as 1t 

loaea onl7 one or 1ts methyl group during motabol1am (Boyland, 

1969) and by virtue or 1ta addition reaction across the 

reactive f! - ethylenlo bond (Nery. 19'71). Tbi1 methyl 

SJ"OUp ma, alkylate the DNA strand. It has been :-&ported 

that alkalo1da can bind. w1 th nucleic acid a, but the bond 

d1 sappear at high 1on1c strength 1nd1cat1ng that they are 

weak electrostatic bonds (Sem!t~el, 19?1). Mattocks (1969) 

has !"eported tho alkylat1ng oapac1t;v at pyrrol1z1d1ne alkaloids 

au.ch aa retros1ne, monocrotaline, laa1cc8J'p1ne and hel1otrino. 

MoLeaa ( 1.9?0) also postulated the theoretical mecbaniem ot 

allqlat1on nnd chromosome breaking efteot of pyrrol1zid1ne 

(senecio) alkaloids. Tbe breaking or the chromosoaee were 

due tq the cross linkage of DNA strend by bifunctional group 

o1' the alkalolcits. Although some monorunct1onel agen.ts are 

excellent c bromo some breaker (Sal th e t al. , 195&; Swanson, 

c.p. et al., !959). 

Bo:;lond and T~or'f; ( 1969) reported that 1n aqueous mer.Ua 

there was no evidence or reaction between arecoline and the 

baaea ot the nucleic acids; again tbe1 hed ment1on~d tbs.t sucb 

reactions might occur !n vivo because of the presence of 

m1croaoaa.l enapes. Fortwu~telJ, 1n 19'71, Net".y had reported 

tbe blndlns of arecoline w1 th nucleic · a.c1de and protes.n. 
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81olog1eal aUcylating agents are chemice.l.e that 

trensf8ra alkyl aroups to biologically important macro­

molecules and acoupta one hydrog6n atom under physS.ological 

condition. It bas been investigated in many biological 

syatema Otov1ew-Roas. 1962; Lawley, 1966; Loveless, 1966; 

Singer • 19'15). 

14tllll' s1 tes of DnA ere very prone to being attacked bJ 

alkyla t1ng agents. The nu.tr~ous al tes of reactions ln nucleic 

aclda tor. "'t?notunctlonal alk.7lat1ng agents 81"& now known to 

1nclud.e the followinga in aden!n,; rostdues, N-1. R-3 and N-7J 

1n guanine, K-3, N-? and 0-6; 1n nytoaine, 8-1, U·3 and 0·2 

End ln thymine N-3 and o-4. 

/ 

Arecoline being a monorunet1onal alk.ylatlng agent ~ 

react on the above mentioned a1te. lhe major site of :reaction 

for many alkylat1ng agent is the N-? position or guanine end 

some tlmsa accounts for upto 90'f' o1' the total alkylation. 

Secondary effect or the alkylation (methylation) ot 

guanine. 1s the loosening of the bond between the base (guanine) 

and the sugar pb.oopbate chain leading to the _removal of purine 

bf:lae (guanine) forming apurin1c gaps. This depur1nat1on t».&J 

lead to the breakage .or the chromosome. 
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But at this stage 1t is very d1.ft1cult to aa} 

act.uall7 in wb1cb baae it 1a reacting and ln this area 

much work 1a needed. 

Probable MechRnlsm ot Carelnosene§isl-

Day bJ day data on the role or alkaloids on caro1no­

genes1s are accumulating although there 1a no clear cut 

picture of thfl alkaloids causing cancer. ihe evidence haa 

been reviewed by Barnes anc! Schoental (19&8), .;lchoental 

(1988), Bull. et al .. (1968) and Styles et al. (1960). 

Campbell (1956) reported the lncldence ot prtmar1 liver 

tumor 1n the fowl injected wltb RGgwort alkaloid eenec1· 

pbylllne. Barris and Chen (1970) agein reported tbe llver 

tumors, 1ntrahepatlc rutaatee1s, pul.mon.BPy metastasis and 

hepatic angto:aorcomas with multiple nodules atter.prolonged 

adm1n1strat1on o-r dried senecio lonsilobua in the diet oS 

rats. The role ot epaxtdes in carc1.nogenec1 t7 bJ' 

P)'rrol1ald1ne alkaloids were discussed by Seboental (1970). 

Svoboda & Reddy (197Q) observed 61,-& of hepatocellular 

carcinoma and S3,C ,ot squamous cell carcinoma of akin ot 

rat treated with Lae1ocarplne. They also reported thet the 

tumors could be tranapl~tnted aucceastully thr'ough .t1Y• 

senerat1ons. Schoental ( 1975) reported the penereat1c 

islet cell1~ and other tumor• 1:n rato given hol1otr1ne a 

monoester pyrrolludine alkaloln and nicotlnamlde. He alao 
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observed a single ce.se ot' adenoma of the ptme:reat1c lalet 

cella only bJ' the injection ot ·hel1otr1ne. Liver tumors 

were also reported by the administration petas1 ten1ne end 

aenkirklne ln rat (Birono et al.., 191'7; H1rono et al., 

1979). 

Arecoline produced 2ot' lung tumor• 1n t'ne .mouae 

( ICM!t Bull. 19'18). In 1979, Aabbf et •l· prove4 the 

carc1nogenle ab111ty of &,..eeollne by cell tronsforma,lon 

method. But the exact mechanism of tut'lOr ls not yet k'Down. 

The probability of carctnogenes1a may be attrlbutea to the 

following r.-eaaona. 

Metb7latton of Dt~A and lat~r effect of chromoaome 

breakage maJ be a probable cause ot carc1ncgenea1s. There 

have been tNJ!leroua attempts. to correlate overall methylation 

ot ONA w1tb the 1ncl4enoe of tumors 1n various tlasuce 

(Schoental, 1967; Swan and Ue.gee, 1968; Den mgelse, 

1969-70 ). :Dumber of alkylat1n.g agent reacts with the 

electroph111c sites of ORA, onl7 some ot wblcb ttlll ceuae 

mutations leading to ca.nee:r. 

Secondl' ettecta or ebetd.oale on the ma:ln moleeul.er 

b1oqntbea1a play an important role in cerc1noaenea1e. 

~«any or carc1nogons1nh1b1t the DNtl a,.nthes1s and eeoondarr 

etteot like decl'eo.sa or RNA .,.ntheo1s and p:ro'te1n content. 



Fig. No.1~] 

. I. Arecoline 

II. Cysteine 

III. lJ-Acetyl-3(:5-metho~oarbonJl-l­
methylp:lper14-4-yl)•L-cyatelne 

IV. Arec aidlne 

V. N- Acetyl-s- ( 3_ CarbolQ'·l-methy'l 
plper14-4-yl )-L-cy atelne 

VI. N-Acetyl-s-(&-metboxycarbonyl-1-
methyl p1per1d-4..oyl)-L-cyate1ne 
methyleatep 
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It ma.y be due to atran.d separation or DNA polymerase 

act1Ytty. As mentioned. earlier, a:recol1ne 1nh1b1ta DNA 

&}'nthea1a, and decreases RNA eyntheete and protein content. 

several cwc1nogena poaaeaa an act1 vated carbon. double 

bond which 1s known to react with biologically occurring 

nucleopht!ea. Such type of reaction Sl"'e detected bJ the 

isolation of eratolne or methionine adduct a ( Cbe.aaeeud., 

19"19) and crm be taken QS an indicator or the established 

carc1nogeneclty or the compound. AJ'taeollne 1a converted 

into cysteine adduct amongst other metabolites Ulery, 19?1; 

BoTland. and Ner·~, 1969) (F18•2[4} ). Slmilar>lJ, eJatelne 

ftdduct bea been isolated trom :rata 1njeote4 with carc1nogen, 

vinyl chlortde(Green an4 Hathway, 19?5). ~t all the 

compounds that react w1tb sulphur compounds an4 formtna 

adducta are not oarc1nogena (Barrington, 1~7). 

LaetlJ, arecoline 1a metabolised bJ 1•ox1de tormat1on 

(Nery, 19'71). Tbc ettect ot N•ox1dat1on of' terttary amine 

drugs is otten to lnOl"eaae the biological action ot• drugs, 

1.e. the oarolnogenlc action ot aminoquinollne ( Ar·ad and 

Bakayusa, 1962) Gll(l 4-nitroqu1nol1ne (Kawasoe. Tacb1baDa, 

Aok1 and TAkahara, 196'7). So 1t may be one of the ev14enees 

ot CII'Cinogen.esls.-' 

Besides the above evidence a on mutagenic. and 

caretnogenle properties ot arecoline the exact mechan.1em 
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1e not known. Arecoline aa an allqlatlng agent can be 

tully confirmed by .further mutagenic and carc1nosenS.c 

experiments ln 41rt'erent teat materials. Much work baa 

to be done to know the exact poa1t1on of l~eactl·OD w1tb 

the nuclsot1dea of DNA~ 
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CotiOUJSION 

A'l'"ecollne, the alkalo1tl of betelnu.t at the given 

dose levels ln tbe prtuJent experiments on mice doea :not 

evoke mortality except at 2 mg doe& level. Arecoline 

treatment decreases the mcti tic index of ttle bone marrow 

cells of mice.· Arecoline causes the chromosomal 

aberratlona 1n the bone marrow cella o.t m1ce. The 

aberration& are chromatid break. cbromoaome break, 

cella with multiple break&r1ng structure of obromoeome 

and eella w1tb pulvurS.zed chromosomal compliments. The 

frequency ot chromatid break 1s more. So .arecoline 1a 

a weak mutagen1c chemical.-



52 
BIBLIOGRAPHY 

~~ Arai, I. and liake.yama, I. (1952). J. Pbarm. Soc., Japan, 
?2: 16'1. -

4ahby, J., Styles, J .lh and Boyland, E. ( 197."9). Betelnu.ta, 
· Areca.id1ne and Qral Cancel', Lancet, !I 112. 

Atkinson, .L., Cheater, I. c., Smyth, I.G. and Ten Seldam, 
U.E.O. (1964). 'CoJtal Cancer in New Ou1nea., 4 StU4J 
ln DemofV&pb)' & Btlology•, Cancer, B.Y., 17: 11289. 

Avanzt, s. ( 1963). • <.;"ht"omosome breakage by PYiol1z1d1ne 
alkaloids and. mod1f1cattcna ot the ot'feota bJ 
cyatetne, Cer;yologla, 16t 493. 

Barnes, J.M. and Schoentel, R. ( 1958). t i.:'.xperimental liver 
tumor~ Br1t. Mea. Bull., 14: 166. -

Sh1de, u.v., Sb1vapurkar, N.M., Gothoskar, s.v. and Hanad.1ve. 
K. (1979 ). C.wc1nosen!.c:lty or betel g,uld 1ngre.4.1enta 
.Feeding mice with a,ques extract and the polJphenol 
traction or betel nut, Sr. J. Cancer, 40(6 h 92'2. 

Soyland and Nery, B. (1969). Mercapturic acid formation 
during the metabol18t1 of Arecoline and Areca141ne 
in the rat., B1ochem. J., 113: 123. ,; 

Brink, I.G. (1.965). The mutagen.1c setlvlty of' the PJX"rolizlciive 
alkaloid i)Iellotrlne 1n Drosophila 'ilelanogattett. I. 
Complete and mosaic sex linked ietfiols, ftbt. Res •• 
a: 66. · -

Brink, N.G. (1969 ). The mutagen.lc activity or tlle pyrrol1-
e1dine alkaloid bol1otr1.· ne in ,nr\soph1la melanosast!£• 
II. Ohromoaome rearrangement, 1m • Mtta • ., !: tW. 

Bull, L.S., 0\ll:venor, a.c.J. and Dick., A.T. (1968). ''lhe 
pyrrollaidine alkaloids' ln Chap 10: John Wiley & SOns, 
Inc., New York. · -

Campbell, J.G. (1956). 'An Investigation of the Hepatoxlc 
Effects 1n the J?owl of 11agwal't ( SenecioJacoboea Llnn) 
with special ref'erence to the induction of Lever 
tumor a with 3enec1pb::rll1ne•. PJ-oc. Roy. Soc. 
Edinburgh. !:!,!u 111. 

Chaaseaud, t.F. (1979). •The rolo of Glu~athione and 
Glutathione S...trllftsfel'asee in the metabolS.am of 
chemical carcinogen and other elcctropb1ll1e agents•. 
Adv. Can .. Res., 29t 176. 



53 

Clark, A.M. (1969). 'MUtagenic act.1v1.t:v of the alkaloid 
hel1otrlne ln Dr>oaophlla•, Nature (Land.),. 16St 7~1. 

CZ.eeaey, w. and Markin, M. ( 1964). • 8lochem1cal effects 
· ot· Vlnc.oe alkaloid•• I. Utec•• ~t vlnblaatlno on 

nucleic acid 8Jntbea1e 1n mouse tumor cells •, 81ochem. 
Pbarmaco 1. , 15: 156. · 

•Den h'ngelse. L., Bantvelaen, /t.J. and F.mme:lot, p. (1969;...70). 
Cham. Blol. lnteraot. 1J· 395. · ..... . . 

Dunhan, L.J. and. Herrold, K.M. ·(1962). •Failure to produce 
tumors ln the hametere cheek pouch by e.xposure to 
ingradlen.ta ot betel ,quld., blatopatbo.lcgical change• 
ln tho pouch and other organa b7 expoaure to known 
·C&rc1nogens•. J. lfat. Gen. Inat., 291 10t7. -

cancer Rea., 6: 139. -
Fr&.Jsainet, o. and JAoule, Y. (1969). •Ettecta of Laa1ocarp1ne 

on tranacrtpt!on tn Llver cells•, Nature, ~2aa 1269. 

~Gebhart, E., Sehwanltz, G. and. H.artw1ch. G~ (1969). 
'zYtogenetlsche n1rkung voD V1ncr1stln aut menach1che 
Leukozy a ten in •1 vo und ln v1 tro •. fled. Kltnlk. 
84: 2866. -

Gladwin. T.R. tmd Michael. J.a. (1GT7). •liiltects or aoae 
hl'-got derivatives 1n bone morrow of mice•. Mut. Rea., 
661 &9. -

Goawam1, R. •·nd Ahmed, A. (1966). • Study of Arecoline 
con ten ta ln Aaaamese Areca mt t ' • Incl. J. Med. Sci. • 
10.: 656. -

Oothoakar. s.v •• Sent, s.u. and RenadlV'e, K.J'. (1975)'. 
'l3£tect of' tobacco and l1m.e on oral mucosa of rats 
fed on vlt. a. der1c1ent diet•. Ind. J. Cancer. 
12: 42&. 

Green. 

Green. 

A.R •• Bloom£1elcl. M.B •.• Atterw1ll. C.K. ancl Coeta1n. 
I>.w. (1979 ). •Jilectroconvul.s:tve shook reduces the 
cataleptogen1c ett'ect ot both haloperidol and 
arecoline ln rtrta •. NeuropharmacQlogy .. 18(5h 447. 

u.n. L. e.nt'l. Muriel. fi.J. ( 1975). •Use ot repair 
clet'iolent strains of E. ~oll and liyer mlcroeomea to 
detect and chaJ'acterlu DNA damage caused by the 
P71"rolizS.dlno alkaloids. hellotr1ne and Monocrotaline' • 
MOt. Rea., !!• 331. 



54 

Green, T. and Hathway, D.4i:. (1976). 'The biological tate 
in rats ot Vlnlfl chloride in relation to 1ta 
oncogenlc1ty ', Chern. 81ol. Interact., .11z. 545. 

Horr1n.gton, J. s. ( 196?). 1fbe SUlfhyclrJl grooup o.nd cerc1no­
genea1e •. Ad¥. Can. Rea. • 10: 248. -

Harris, P.N. and Chen, K.K. (1970). •Development of Hepatic 
tumors in rata following 1ngoat1on of Senecio 
lonft1lobus •. Can. Rea. • :!Q: ~881. u • • 

Harumichi, Y., M1.nako, N., TGk.aah1, s., Fu.ruya, s. and 
Mataush1mla (19?9). P..!utagenlclt)- ot p:Jrrol1z1elne 
alkalo1da 1n the Salmonella/manna11a mlcroaome test. 
Mut. Rea., 69c 21'1. 

Heddle, J. and Bruce, w. (197'1). •On. the uae of multiple assaya 
for mutasen1clty, especlall'J the micronucleus 
Sa~monalla and aperm abnormality assays•, 1n ~. Scott, 
B. Drldgea and F.H. Sobela (Eda.) .Pt-ogreas in Genetic 
Toxtcolog, Vol. £, Elaevler/Uorth. Rolland, Am.aterdam., 
PP• 265. · · . · 

oHertz, A. (1962). Arch. Exp. Pat.h. u. Pharmak., £42: 414. 

oHertz, A. and Yacoub, P. ( 1964). Psychopharmacologia, 
6t 115. -

Hlreyama, 't. (1966). 'An epidemtologicel-atud:r or oral end 
pharJngeal cancers in central and South-East Asia •, 
Bull. WHO, 8f: 41. -

H1rono, I., H1deki:mor1. K., Y.o.m.ade, Y., Hirota, u. • Ha.ga, H. 
Tlltemat.,u and Kanle, s. (1977). •earclnosen1c e.ctlvltJ 
ot petaa1ten1ne. a New alkaloid isolated from Pptaeitea 
japonicus &Iaxton\ J. Nat. Can. I nat., 6fh U&5. 

Hil'ono, I •. , Hasa, u. ·and Fuj11, M. et al. (19'79). 'Indu,ctton 
of Hepatic tumors 1n rata by Senklrk1n-e and _symphytlne'. 

· J • Nat. Can. tnBt•, 63t 469 • -
BS.to8h1, T. • Nakoto, u. • Blrono, I. (1980-). 'Chromosomal 

Aberrations and MUtation in Cultured mammalian cells 
induced. by p~rro11zld1ne alkalolda'. !bt. R•a•• 
'18: 6?. -

lCll.R Bnllet1n ( 19'18). ·*.EXperlmental carc1DOgene.s1s vie-a-"Yia 
environment-al oarcinos•n apec1f'1c to ln41a. !;. (1); 1· 



55 

Juaaawalle., D.J. and Deahpande, V.A. (1971). '£valuation 
. ot. cancer l'1sk ln to.baeco chewers and smokers - an 

ep14em1clog1c assessment•. Cancer, !!= 244. 

Kuwaaoe, Y., Tacblbana, '-'• • Aok1, lt .. and Takehara, w. ·(1.967). 
•Th.e a true ture-carc1nogen1e:t t7 relat1oneh1p among 
clerivatives ot 4-nlt:ro and 4-h:ydroxy:lan[lno 
quinoline 1-ox1dea •. Bioch~.m. Pharmacol., J§.s 651. 

Khanna. N.N., Pant, o.o., fripatbi,· F.M., ~at1Jal, B. and 
0\tpta, s. ( 1976). •some observat1ona on the et1olosy 
ot ctmce!i''. Ind. J. Carioer>, J.!: 77. 

Khanolkal, V .R. (1945). 'SUacept1bll1ty of lndiana to cancer •. 
Ind. J. M. Rea., SS: 299. -

K1rb:v, tt.s. (1960). 'lftdtiot1on of tumora b)' tannin extracts•. 
er. J. Cancer, 141 1t'1. -

Ko~ot.aky, A., Oyaou, a. and ReddJ, J.K. (19'78). •MUtagen1citJ 
· of tho P.Jrrol1z1d1ne (Senecio) alkaloid., Laa1oeere1ne 

1n the 3almonell!{fU.oroaome Test'. Lab. !nvea£. • 
3S{S): SIS!. 

oLawley, j).D. (1966). .frog. Nucleic Acid fiea. Mol. Biol., 
8: 89. -

Loveleaa, A. ( 1966). Inc Oenetlc and Allied ettect of 
Allqle~lng ·Agents•. Butterworth, London. 

l'la1er, p. and Scbmicl, w. (1978). 'Ten model mutagens 
evaluated bJ the micronucleus test•. Mut. Bes., 
40: 326. -

».attocka, A.R. (1969 ). •DlbJdl"oPJrrol1z1dine derivative-a 
trom unsaturated pJrro11e1d1no alkalo1de •. J. Cbem. 
Soc. (Lond. ), 116&C._-:J. 

Mccann, J., Cho1, E., Vema:eakl, E. and Alnee, B.M. (19'15 ). 
•Detection ot carclnogens as mutagens in the 
SG.lJaOnella microsome teat: Aa•a, of 300 chemicals'. 

oc. at. Acad.. Sol. USA, 72(12): 5135. 

McLean, E.K. ( 19"10). ·'The toxic actions or pyrrol1a141ne 
(StnectgJ elkalolda'. Phar:mscol.~ nevl••• 22(4): 429. 

Mody, J.It. and Rena.dive, K.J. (1969). 'Biological study ot 
tobacco 1n relation to oral ea.ncv•. ·flnd. J. Med. Rea., 
4'11 1023. -



Moson71. m. and Korpaaay_ ~. (1953). •Rapid production of 
Malignant Hepator.uaa by simultaneous adm1n1atrat1on 
of Tannic acid end :2~ Acetvl amino fluorene•. Rat .. 'll!'e 
1?1s 791. ·· • - • -

J#.u1r, c.s. and Kirk. R. (1000). 'Betel, tobacco and cancer 
ot tbe mouth'• B.r. J. Cancer. !!,: 59'7. 

~ller. D., t~ni. P., Frlte. H •• Langeu.er, N. and Strasser. 
F. (1978). 'Comparative studies of 14 l.!Ntagenic_ or · 
cnrc1nogen1c substances 1n seven mutagenicity test 
ay stems (Point mutation teats, cytogeneti.c test and 
tho dominant lethal tests )'• Mut. Res. • 53~ 23&. -

Nery, R. (1971 ). 1The ·metabolic Intercon9ers1on of Arecoline 
and Arecol1n.e-l-ox1de ln the Hat •. B1ocbem. J., 1~2 s 
50&. 

Orr • .J.M. (1933). •oral cancer 1n betelnut ch<!wers in 
I'J"a.vancore, its aetiology, patholog:J end treatment •. 
Lancet, 2: 6'75. -

Paly1. I. and Palyt. v. (HI69). •vinblastine-induced 
ebromoaomal alteration in cultured chinese hamster 
cells. 'l Naturwlsaenschetten, &61 287. -

Paymaster, J.C. (1971). The problem of cancer 1.n India•. 
J. Ind. Med. Assoc., 57: 5'7. -

* Fte1t1'er, o.c. and Jenney, s.u. (1957). Ann. N.Y. Aoad. 
set., !§.: ?5S. 

Ranadive, K.J. and Gothonker, S.V. (19?8). In' Proc. end 
Int. taoeting on l)etect1on & Prevention ot Cancer. 
Part-t. Vol. 2. &i. Nleburga, !tlarcel Oeck1r Inc P. 
1?46. 

Ranad:tve, K. J. 1 Gothookar • S. V • and .Knanolkar, V • a. ( 196:i) • 
1 .4xper1mental studies on aetiology ot cancer typea 
apec1f1c to India (a) Oral caneer ('b) Kangr1 cancer•. 
Acta. Unlo Int. Contra. Cfil.ncrum., !!t 6~4 • 

.Ranad:ive, K..J., Gothoskal:, s.v., Rao, A.a., Tezabwela.,. B. 
and Ambaye, R.;t. (19'16). 'Experimental etud1ea on 
betelnut end tobacco cRroinogenlcltJ'• Int. J. 
Onncer • !1: 469. 

ftanad!ve, K. J. • .«ane.d1ve, s. N., Sb1vapurkar, N. M. and 
Oothosker. s.v. (19'19). 'Betel g:utd chewing tm4 
oral cancer: Experimental .studies on hamster• • Int. 
J. Cancer, £..!t 83&. ' 



57 

Aapoaa, s.. (19"18). 'Slater chromatlq: exchange stucUes tor 
mont torJ•ng JlNA cluuage and :repair capac1 ty at' tel' 
cytostatl.st1ea !n v1tro and in lJmpboc7tea of luckemic 
patients under c:ytaatat1c tberapJ'. Ji!ut. Nea •• 5?: 
9.41· -

Roddy, o.G. and Anguli.. v.o. (196'7). 1Jt:xper1mental production 
of caneer with botelnut, tobacco and slaked l1rne 
mixture•. J. Ind. U:ed. Aaeoc •• 49a 315. -

Reddy,. ·c.R.R.t.t., Prehled,. D. and Ramlu, c. (1975')• ttneldence 
of oral cancer with part:l.cular rete:rence .to hard pala.te 
cancer ln one m1ll1on popul.atlon 1n the Oiatrict o£ 
Vlsakhapatnam•. Ind. J. Ca:ncer • !!= ?2. 

rieddy, J·. • Harris, c. and .Svoboda, D. (1966). 'Inh1b1t1on by 
l.as1ocarp.1no or fUM. syntheala, RNA polfmerase and 
induction of Tryptophan Pyrrolaae Activ1tJ •. Nature,. 
21'h 6&9. -

Re1bl, J.L., Paul-OavJ,d. J. and Unna, K.R. (1962). •ecmper1aon 
of the e.fteota of arecoline ·& .muscel'ine on the central 
norvoua system•. Int. J. Neur-opbermacol., l,J 393. 

Riker• W.P. Jr. (1958). 10hol1nerg1c Drugc•, Part.7-261. 
Pbn:rmac ol • in Med • Ed. by Dr 111 , V. A. , p. 36 '1, 
McGraw H1ll. 

ft.osa, W. o.J. (1962). 1Biolog1cal allqlatlng agents• (monograph). 
Butterworth, London. 

sanghvi, L.D., tiao, K.o.M. and Rbonolkar, V.R. (1956). •smoking 
and chewing of tobu.cco t.n relation to cancer or the upper 

alimentary tract •. Br. tfed. J., !• 1111. · 

.iJchoental (196'1}. 'l4etbylat1on of Nucleic acid by. N( 14c)­
rtethyl-N-n1trosouretbane .!:!:!. vitro 6: !9. vivo•. Blochem. 
J., &02• &e. · 

~choental, R. (1966). •Toxicology and corc1nogenio action ot 
Pyrl"'l1z1dino a.lkelolds'. Cancer Res., !§.1. tl23? • 

.Scboental, R. (19?0). •Hepetotox1c actS.v1ey of retrosino, 
aenk1rk1n.e o.nd hydro~ aenklrkine in newboJ"n 'rats and: 
th• role or epox1des in care1nogenea1s bJ pyrrol1a1d1ne 
alkaloids end atl a,toxlna• • Nature, 22'h 401· · 

Schoental, R. (10'1&). 'Pancreactic islet-cell and other 
tumors _i.n rats glven bellotrlne_ a mon"!ester_ pyrro~1z.1d1.ne 
alkaloid. and n1cot1nam1de 1 • Cancer hes., !§_c 20tJO. 



58 

Sedgley, Bell. (1968). 
tetrahy-mena •. 

•DnA SJDtheala in v.lnblaatine-treatod 
J. Oell B1ol., 39s 121a. · -

~f.!llmlel, M. (1971). •Interaction 1n v1trodea aaeldea nucle1quea 
e.vecdes alkaloids extra1ts de Vinca rosea et l 'ac14 
qul.atam.1que •. B1ocb1m1c, 53: 457. · · 

. -
Semenov, E.V. (1978). •E.rtect of Benactyzlne and Arecoline on 

the 46~11 ~uptake bJ Rat. Brain Nerve End.1nga •. Sll. Exp. 
Blol. li'iea. &lgl. Tr •• _ 86(9): 1168. . · 

Shahabudd1n (19'78). ·~ftecte ot arecolln.e on tumor•• M.Phiii• 
thesis submitted to Jawsharlal ~ehru Un1vers1tJ, · 
lfew Delhl. · 

Shante, ·V. and Kr1shnamurt1, s. (1969). •A ~tudJ ot etiological 
factors ln squamous cell c&rcinoma• •. Sr. J. Cancer,. 
131 381. -

Shan.ta,. V. and· Kr1shnamur. t1,. s. (1963). '~'urtner · rttUdJ ln. 
aetlolog of c erc1nomaa of the ~pper allaenel'J tract' • 
Bl"lt. J. ·Cancer, 171 B. . < • • 

Sh1.vapurkar. H.M •• !bide, s.V.· and ltanadlve, K.J. (19'1'8). 
•B1oobem1ea.l atudtes Ol'l betelnut conat1tuenta•. Ind. 
J. Pharmacal •• 10(3h 191. 

Sh1vapurkar 11 N.Y. and Bblde, s.v. C1979). ·•hf'rect of Betelnut 
constituents on N\lcleic Acid Metabolism•. Ind. J. Exp. 
B1ol., .!!• 1141. 

os1nger, B. (19'15). Proo. Huele1c Acid llea. ~ol. B1ol., 
15s 219. -

,;lrae.t. s.u:. and Jq:,andarkar, s.v. (1968). •ntstologtcal 
changes ·in the oral mucosa O·f the wieta:r rat treated 
w1th commercial lime (calcium hydroxide - an optical 
nn4 aub mlc:roscopic atudoy '. Sr. J. Ganc:e~, !,!: 303. 

Sm1tb. H. H. and Lofty, *r.A. (19&&).. 'Eff'.ecta of ~prop1ol-
1 ac~tone and cupryn on chromeaome or .V1c1a and Allium • 

AJner • .1. aot •• te, ?5o. 

styles, J., AabbJ, J. Rnd Mattock, A.R. (1980). 'J;.-valuat1on 
1n vitro or several pyrrolizidine alkaloid carc~nogena. 
Oiaervat1on on the t.:esential P,yrl'ollc Hucleasea '• 
Carcinogenesis, JJ.!Ut 16'1. 



59 

Sur1, K., Goldman, B.M~ and Herbert, w. (1971). •oera1no ... 
genic effect of' • neo extract ot betelnut on the 
mucosa or the hamster buccal pouch•. Nature (Lend), 
230: ~es. . -

SVoboda, D.J. and Reddy, K.J. (1972). ·~alignant fumors in 
Rats. G11[•n laa1ocarp1ne (n"l1rroliz1d1ne) •. Can. nea., 32 goer· ·, · r.1 

t ' • 
...... ._]l\•f ... 

Svoboda, D.J. and Soga, J. (1966). •~arly eft'ects ot 
PJrrollaid1ne alkalo1da on the fine atructure of 
rat liver cella•. Am. J. Patbol.; !§_; M?. 

B1ochem. J. 110s 39. -
$wanson, C.P. ano/ .. Mera, T. (1959). •Factors 1Rrluonc1ns, the 

effect ot ,;8-.Propiolactone on chromosome or V1c1a 
febq ' • SCience, !!! c 1364 •. 

Tenn:eckoon, O.E. and Bartlett, G.c. (1969). •c.rteota of 
betol chewing. on the oral mucosa•. ar. J. Cancer, 
23: 39. 

Umed.a, 

Wabi, 

-
v. and Saito., M. (19?1 ). 'The •ttecta of monoorotal1ne, 
a pyrrol1z1d1ne alkaloid, on Bela cella and pr1marJ 
cultured cella from rat liver and lung'. ACta. Petbol. 
Jpn •• 21: 50'1. 

P.N. (1968). 1'l"he epidemiology of cral and Orophnr)'ngeal 
Cancer t. Bu.l. Wl.d. Health orp., !!,s 495. . . 

Wahl, P.J. (1976). •oral and oropharyngeal tumot"aJ Oann 
monograph on Cancer Res. tEl s IJ • .i.:;.,,...;,_., 

Wlll18l'l'la, G.M., U1dek1, fl., Htrono, t. end Sagao, M. (1960). 
•Genotoxictty of pyr-ro11zid1ne alkaloids in tbe 
hopetocyte primary cul. tu:re/DUI\ repa.1r test • • Mut. Rea ... 
?9: 1• -

hoetel, w.a., ~pies, J.W. and Crlne, J.K. (1941). •Cancer 
or mouth. I. Some chemical aspects ot bu1o-cheek 
cancer 1 • Can. fies., 1' '748. 

Yang, J.A.., Huber, S.A. and Lucas, _z.J. (19?9). 'lnb1blt1on 
ot DMA 8ynthea1a 1n eul ture lymphocJtes and tumor cells 
bJ' extracts of botolnut, tobacco and leaf. Plant. tol'J 
,ubatances associated with cancer ot the ororesp · a 
epithelium•. Can. Rea~, 39(2}: 4802 • 

.o · Orl glnal la not aeen • 


	TH5790001
	TH5790002
	TH5790003
	TH5790004
	TH5790005
	TH5790006
	TH5790007
	TH5790008
	TH5790009
	TH5790010
	TH5790011
	TH5790012
	TH5790013
	TH5790014
	TH5790015
	TH5790016
	TH5790017
	TH5790018
	TH5790019
	TH5790020
	TH5790021
	TH5790022
	TH5790023
	TH5790024
	TH5790025
	TH5790026
	TH5790027
	TH5790028
	TH5790029
	TH5790030
	TH5790031
	TH5790032
	TH5790033
	TH5790034
	TH5790035
	TH5790036
	TH5790037
	TH5790038
	TH5790039
	TH5790040
	TH5790041
	TH5790042
	TH5790043
	TH5790044
	TH5790045
	TH5790046
	TH5790047
	TH5790048
	TH5790049
	TH5790050
	TH5790051
	TH5790052
	TH5790053
	TH5790054
	TH5790055
	TH5790056
	TH5790057
	TH5790058
	TH5790059
	TH5790060
	TH5790061
	TH5790062
	TH5790063
	TH5790064
	TH5790065
	TH5790066
	TH5790067
	TH5790068
	TH5790069
	TH5790070
	TH5790071
	TH5790072

