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IiTRODUCTION

Cancer 1s a major problem in a number of countries.
Though the incidence of this diseass 1s very low smong Indiens
its frequency 4is high in certain parts of the body. Thus
oral and orophsryngeal ;anncrs have avhigh incidence in the
morbidity and mort’alitvy scens of cancer in Indie. Since the
past 80 years a high frequency of oral and oropharyngeal
~eancer have been observed by all the hospitals treating
cancer in India. In the. cancer hospitsls alse the above
trend is seen (Table-1}.

in majority of these hospitels, ‘& bigh proportion of
cancer in manles is located in the mouth and throat regicn and
in females 50% to 70# of all cancer is in the cervix and
breast together. This tsble suggests reglonal verietions
in the frequency ratio of certsin cencer types, The data
eollected from.various teoching hospitals in the country
providéa further evidence of regional veriations in cencer
types. Cancer of the base of tongus is common in Bombay and
Gujarat. Hypopharynxlarynx cancer has a high frequency all
over the country. The high freguency of 1lip cencer fron
Bihar, palate cencer from cosstal districts of Andhra Prodesh,
'hypophlrynilcnnaer in Agmam sre other features of this

disease.
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The high incidence of oral cancer in Indis and Fap
East 1s closely aas9ciated with the habits of betel chewing
and. tobacco smoking (Orr, 19533 Khenolker, 1945; 3anghvietsl,,
19565 Shenta & Krishnamurty, 1969, 19633 Paymester, 1968;
Hirasyame, 18663 %ahi, 1668; Jussawalla & neahpando; 1971
Reddy et al., 1975 and Khanna et al., 1875). |

| Human oral carcinogenesis 1s evidently & complex
interplay of many cofactors of intrinasic origin like genetic
senasitivity of orsl mucosa, oral hygiene and mucosa condi~-
tioning factors like diet, vitamin deficiency snd extrinsice
origin like chewing ingradients, edible oils to which the
nucosa is exposed. Heoplastic transformation may be
manifested by the appesrance of laukaplakia, melanoplakia
and submuous fibrosis in the bucecsl covity (Faymester, 19563
Podmavatl & Reddy, 19603 Shsnta & Krishnemurty, 18633 Hartin
& Eoop, 194%).

Jussawslla & Deshpande (1871) st the Bombay Reglstry
reported that the risk of developing csncer in the buccal
mucoss was found to be 7.7 times higher in chewers than in
nonchewsrs. ¥ahl (1956) based on the data collectod by
himself in Halnpur district of U.P. reported that the risk
of cencer is 8 times higher aemong the daily chewers as
compared to nonchewers. Again he established the fsact that
the earlier the age at whiech chewing was started ths higher

was the rate of orsal cancer. For example, if the babit of



TABLE « 1

Relative freqguency of oral-pharyngesl and laryngeal
cancer in six mojor concer centres in Indis (1870-.7%).

{Source: 1Ind. J. of Cancer, Supp. Series I, 1973).

Canoay Gahtra

Oralefharyngesl-

Total number of

laryngesl cancer ss cancer - all
yercent of all sites
eancer in A ) _
Msiesn _ Feumales  jaiss Fengles
Tata Memorial Hospital,
Bombay b1¢ 15% 14,772 vv9,498
¥.P. Shah Cancer 7
Hospital, Ahmedabad 6849 19 8,706 £,433
Cencer Institute, :
Hadras 514 188 2,410 3,104
Y,H.J. Cancer Hosgpltal '
snd Redium Institute, : |
Hyderabad 615 £1% 4,3848 7,527
¢hittaranjan Hationsl
Cancer Hospltal, ,
galeutts 5% 164 ‘8,bB6 2,740
J.E. Instituts of
~Radiology aend Cancer _ .
Research, Kanpur 3% 175 3,171 bH,%486




chewing atarted under the age of 14 years it wasg noted that
the provalence rate was 10 times higher in tobacco chewers

than 4in nonchewers.

BETEL_CHEWING

The chewing of betel quid is vary common in South Hest.
Asis. The fpant quid is a combinaticn af betel leaf {Piper
betel), arece nut {Arecs catechu) and slaked lime, tobacco,
cateehu (Acecin acacis catechu) and other arcmatic spices like
clovesn,cardamum are often inciuded as essentiel ingradients

of the quid.,

'In recent yvears many attempts have been made ta'GQVQlop
a8 theory of the origin of betel chewers cancer based on the
chemical constituents of the quid. Extensive biochemical
and other laboratory studlies are golng on, to gsseas the

role of each ingradient that constitutes the total chew,

Aqueous extract of botel leafl by s.c. injections,
however, failed to produce sny tumors (Renedive et al., 1676;
Renadive & Gothskar, 1978 and Bhide et al., 1979). It is
intsresting to note that betei quid produces lesa tumor than
betel nut extrect. It may bo due to protective action of

betel lealf because of the presence of chlorophyll (Ranedive

et al., 1079).

The role of lime appesra rather controversial, though

soms reports do suggest its correlation with the occurrence



of oral cancer. According to Temmeckeon and ertletfltlgsﬁ)
lims might have an important ection, but was used ${n sguch
quantitiss that it s diluted by the saliva. Acanthosis of
orsl epithelium cauged by lime was reported by Sirsat &
Randarkar (1968), aAtkinson et el. (1964) postulated that
lime might play a role of cocarcinogenic sgent by virtue

of tiasue resction it provokes. But Gothasker et al. (1875)
reported no neoplastic trensformation of tissue trested with

lime.

Tobacco as en ingradient of quid has becn regarded as
the prqmottr in changing the oral mucosa which eventuate in
the development of orsl cencer {Khanolkar, 1981; Singhvi, Rao
gné Khanolkar, 19667 Shonta and Krishnamurthy, 196&&5 Fahi
(1968) raporied en intaresting relationship between the habit
of tobacco chewing and the prevalence rate of oral cancer.

He also resported that the risk for oral cancer among the
chewers of Pattiwala tobacco was noted to be gignificantly
lower than the risk of Mainpuri tobaceo chewers though slightly
higher than that of nonchewers. Ixtensive exporimental

works have therefore bsen cerried out to test the csrcino-
genicity of a variety of tobscco extracts on various
sxperimentel models. Seven aiffer:nt fractions gf sun-cu_red
tobacco leaves extracted with various solvents-slcohol,

benzens, chloroform, ether, water etc. were screened for



carcinogenic effect on mouse oral mucoss by continuous
painting, over the entire life spen of animals but no effect

was obaserved in the oral maucoss (Mody & Rsnadive, 1959).

Acetone extract of Vadskkan tobacco when applied on skin with

wookly painting of eoccarcincgen, croton oil induced Z6-E8%E
epidermold carcinoma thus confirming, for the first time,

the presence of a weak carcinogenic principle in the total

tobacco extract {Ranadive et ai., 1965). In ro&abts, tobueco

extract have completely failed to induce cancer in the oral
micoga, the toarget organ in human exposurs (dody & Ranadive,
1959§ Gothosker et sl., 1875). Thias was considered as an
incomplete carcinogen essentislly reguiring help of
cocarcinogonic enﬁ/br syncarcinogenic co-factors for
monifosting its carcinogenic effect. In fact previous
workers [ like > Mulr & Kirk (19688) and Reddy & Angull (1867)
suggeated the importance of other ingradients of betel quid
besides tobacco in the induction of tumor# in teat animals.
ine preliminsry work done by Hanadive et al. (1876) with the
combination of bstel nut extract with tobacco extract have
indicated en enhsnced effeat with early cancer in the
hamster cheek pouch, thus indicating the probability of

enhancing effect of betel nut in carcinogenssis.

Areca mut is highly acidic and astringent to taste.
18 neutralized by the sddition of lime, Arscanut promotes

It



salivation (Eisen, 1946) mild exhilaration and to a certain
extent of sleeplessness. It has some effect on the eentral

nervous syaten.

ROLE OF NANECANUT ABD ITS COMPONENTS IN CANCER

Dunham and Herrold (196%£) end Woefel et al. {(1041)
reported that betel nut had no tumor inducing capscity. But
later on in contraast to thelir expariment Suri et al. {1971}
revesaled that aﬁﬁe'éxtraet of betelmit is cepable of induecing
tumors in hamater chesk pouch at as high a rate as 38%. In
1976, Hanadive et al. though not gquantitetively but quali-
tatively coﬁfzrmw& Suri's findings. Further subcutansous
injection of aqueous extract of betsinut yielded a high
incidence (60%) of vronsplantable fibroassrcoma in swiss
mice, Hecently Ranadive et al. (1578) and Bhide et s&l. {1978)
eonrirmad the tumor lnanc;ng ability of betelnut which
produces 63% lesions in hamster ehéek pouech and 58% of cancer
in different organs of the body. Inhibition of DNA synthesis
in lymphocytes and tumor cells in vitro by extract of betelnut
1s reported by Yang et al. (1978).

The poiyphonalievrraetion of batalnut which conteins
tannin produces 100% tumara'cansisting of BOZ fibrosaercoma
along with liver anéd lung tumors Iin swia; atrain mice
(Shivepurksr, 1978). about 50% bf rets surviving tennic

acid injections for 100 days produced liver tumor and process



could be enhenced to a greater degree of malignency by adding
acetylaminofluorene (Nozonyl & Korpassy, 1653). z&fby {1960)
alsc reported the injection of tannin extract could produce
tumor, Recently m 1979, Bhide ot al. reported 17% tumor in
liver and salivary glend. Thoy also made 1% clear that betel
nut extrast produced s significent number of tumors of
gastrointestinal tract where as fesading the'polyphenal
fraction falled to induce any tumor &n the gaatrainteatiﬁal
traot. But s.c. Injection produced 804 tumor. So it is
assumed that the high frequency of tumor inducticn in the
gastrointestinal tract by betelnut extract could be attributed

to sonme constituent in betelnut other than tannpin.

&;keicids from different plants whish are egnsh@nd
elther as food or loeal madicine ére reported to be carcino-
genic (Iwso Hirrono: et al., 19773 Donald, 1872} Schoental,
1968) and mutagenile in different test systen (Hsrumichi et al.,
1979; Kolestsky, 19785 Hitoshi, 1980; Brink, 1965, 1569;

Clerk, 1684; Gladwin et sl., 1977).

Litersture is poor on the alksloid part of betelnut.
irecoline iz one of the important ellkalelid of areca nut.
Its content 1s about 0.8% in some riped nuts (Goswaml &
Ahmad, 1956). |
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PROPERTIES OF ARECILINE

i, £, 8, 8~Tatrahydrani-methyl-snyyriéine carboxylic
acld methyl ester; methyl i, £, 5, 6~-tetranydro-i-methyl

3'4

- nicotinate; methyl 1l-methyl - ZS. -tetrahydro-3«pyridine

carboxylate; methyl N-methyl tetra hydronicotinete.

Gsﬁlsﬁﬁ,zg mol. wt. 156.9 (G 61091%9 H Bo“ﬁg 4 9.03%;
0 20.6E%).

§

Chig
%5

!s .
E{lﬁmms

<

Pigs1: 3TRUCTURY OF ARECOLINL

It 1is extratted from the seeds of the betelrnut polme

Arecs catechu L., Palmaceas (Catechu).

PHYS1CAL PHROPERTI®S

ﬁweomline; a8 colouriess subgtance with o strongly
alialine reaction 1s volatile in stesam and forms well defined
salta. Boiling point is 209" C. It ig miscible with uvater,
alcohol and ether. It is soluble in chloroform. Hydrolysis
of arecoline with hydrochloric acid under pressure or
bolling hydrolndic ascid or hot slkalles, eliminates s methyl
group and produces'crystelline srecaidine. It is also found

in smorphous form (synthesized) whien is scluble in water.
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PHY3IO0LOGICAL PROPERTIES

Arecoline stimulates the brain, isrecoline administered
to rats showed various qﬁfedtvanebntral nsrvous system 1.e.
inoreased motor activity (ﬁerta.'isag), éecreaseﬁ conditioned
avoidance response {(Hersg, 19623 Heﬁtz & ¥Yscoub, 198643
Pfeiffer & Jenny, 1957), nctivation of electrécephslogram
(Riech et al., 196Z). Arecoline causes cataleptogenioe.
effocts gﬁrean, 1879}, It hss been shown that arecoline
has & very short duration of asction ané its effects ere
meximsl at this time. GSemenov (1978) reported that the
Cholinomimstic arecoline led to a rapid initisl Lincresse
tn 45¢a uptaoke by ret brain synaptosomes. The incresse in
455, uptake through the action of arecoline 1z tonnected
with the setivation of Na chammels. It may exert a
deleterious offect on the dentel enamel {(Riker, 1858). It

is used ss veterinery medicine for taenoids.

Az the litersture is very poor on the blologlcal sction
of slkelolds of arscanut the present study has been taoken up
to ses the Chromosome bresking sbility of arecoline e mejor
ellknloid of srecanut. 'Certain plant alkaloide asre both
mutagenic ss well as cercinogenic (vide supraj). Synthetic
arecoline induced lung tumors in £0% enimsls (ICMH Bulletin,
1078). Hecently the cell traensformation ability, an asssy
that 1s good predictor of animal carcinogenicity, of sreccline
was reported by Ashby et al. (19?9);
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Hutation has long been suggested to be the mechenism
of carcinogeneais. The hypothesls thet cancer is induced by
alteration of the primary structure of DHA seams to bo well
supported by the correlation of the careinogenic and
mitagenic effects of many compounds. Therse is a high
correlation between carcinogeniclty end mutagenicity: 60%
of carcinogens are mutagenic (MeCenn, 1978). 8o it is
worthwhile to naé the mutagenic offects of srecoline on
the mammalian chromosome and this could ghed 1iight on the
possible carcinogenic effect of beteinut elkaloids. Hence

this study has been taken up.



BETEL NUT OR ARECA NUT

(Areca catechu)

POLYPHENOLS POLYSACCHARIDES ALKALOIDS FATS CRUDEFIBERS

(7-55%) (9~28 %) (4=24%) o (3-9%)
. , GLYCERIDEFORM
TANNIN FLAVONOIDS L
QU ITANNIN : [ T~ 1
ERCITAN r l 1 LAURIC MYRISTIC OLEIC
ANTHOCYANIDIN LEUCOCYANIDIN ACID ACID ACID
_ , 1%
1 2 .13 4 5 ,s _
ARECOLINE ARECAIDINE A{ RECOLIDINE GUVACINE  GUVACOLINE ISOGUVACINE
CgH130oN  CoHy 0N CgH130N Cs HgOaN  CoHpOaN CgHgO2N

(Important chemical constituents of betelnut)

FIG. 2

ol
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MATERIALS _AND _METHODS

A. ANIMALS:~

3ﬂ1gn elbino mice wore used in theae experiments.
Young adult snimalas of both the sexes (10-1f week 0ld) were
obtained from All Indle Institute of Hedical Sclences
Experimentsl aAnimal Facility, Hew Delhl. The animals were
opt in sluminium cageswith rice husk and maintainud in aiy
conditioned room. They wers given Hindusten Lever mouse

feed and fresh water ad libitum.
B, ARECOLINE IHNJECTIONS«

Arecoline was obtalned from Sigma Chemical Company,
U.S5.A. Solution was prepared by dissolving ths chemiesl in
physiological saline at the concentration of & mg/ml. Fresh -
solution was used overy time. The solution wss prepsred in

an snmber soloured bottle to protect it from light.
C. EXPERIMENTAL DESIOH:-

Table-II shows the oxperimental deaign. The doses of
arecoline administered were £ mg, 1 mg, 0.6 mg and 0.25 mg.
The time of exposure were 10, £0 snd 30 daya for each doge.
Six snimals of both the sexes wers taken for each set of
experiment. The aﬁimals woere injected with srecoline stock

aolution daily by intra paritoﬁeal route {(i.p.} et the dose



Particulars of the Experimental Lesign

TABLE - 11

14

| (a) |

Experiment 1Ho. of enimals Concentration ’*ﬁgya of Homarks

used & sex of dose Exposure '

Anjceted
ExpteI 30 «39 ing + img 10 days -
Expt-I1 56 + 39  amg 10 deys <
Expt-111 | 36 + 3Q . «Sog 10 daye : -
Expt-IV 36 + 39 +26mg 10 éaya -
Expt-V 36 + 39 Control 10 deys -
(B) |

Experiment Ho. of animala  Concentretion — Days of —Hemarks

used & gex of doge axposure

— injected :
Expt-I 36 + 59 1 mg + img 20 days -
Expt-1I 36 + 39 1 mg 20 deys -
Expt-111 36 + 30 .6 mg 20 days -
ExpeIV 36 + 39 .26 mg 20 Gays -
Expt~V 36 + 39 Control 20 deys -
({C)

Experiment Ho. of onimals  uoncentration Days — ReDarks

used & sex of dose of

- , injected JExposure
Expt-I 50 + 39 img + img 3¢ days -
Expt-11 36 + 39 1ng 30 days -
Expt-111 s6+ 20 +Sng 50 days -
Expt-1V 36 + 39 «£6mg 30 days =
Expt-V 30 + 39 Gontrol 30 dys -
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levels of 2 mg, 1 mg, 0.5 mg and 0.28 mg. Only in case of
2 mg dose level, two injections (i mg ench) were given with
& gop of 6 hrs in order to avold animal mortality.

Intraperitoneai injections of saline were given to

the control animaels.
De HWITOTIC ARREST AHD SACRIPICE:-

_ An 1.p. 1njé¢tion of colchicine (Sigma Chemicsl Co.,
U.S+4.) was given to inhibit mitcses on animals on the
reospective deys of gacrifice. The colchicine was prepared
in physiological saline at the concentration of 4 mg/ml and
injected at & dose of 1 ml/100 g of body weight.

The enimals wers sacrificed by cerviecal dislocetion
£ hr after injection of the eol chicine end 10/20/30 days
after chemical treatment or saline water injection for

control asories.
E. BONE MARROYW CELL HREQOVERY s~

Skin snd muscle tissue werse removed from bBoth femora
ant humeri immediately after sacrifice. The bones were |
punctured at both thé ends by needle. Ihe bone marrow was
flushed out through a . £4-gauge needle containing physiological
" saline into .a 16 ml centrifuge tube. This process wes done
twice. Thon material were mixed vigorously by an 18 gauge

!
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needle to assure dissociation of the celis. Then & final

volume of 7 ml was attained by adding physiological saline.

Fe INCUBATION AND HARVEST:-

The cell-saaline mixture was centrifuged in s contri-
fuge (ZANITIZRI-K70) using swinging out rotor et 1000 rpm for
10 minates and the supernatent fraction was discarded. The
material wae agitated properly after centrifugation. a
seven milliiitre hypotonic solution of 0.076 ¥ KCY was added
to the residual cell pellet and the materlial wans mixed
thoroughly with a disposable pasteur pipette. 4ll the fat
mags was discarded by using the pipette. I[he cells were
incubated in & water bath meintained st 37°C for £5 minutes
and then recentrifuged at 1000 rpm for 10 minutes. The
supernatant was disosrded and material was sgitated
vigorously. Fredger-chilled Carnoy's fixative (methanols
scetic acid, 3:1) was added to give a totsl voluwe of 5§ mi/
tube. <The cells were resuspended and then refrigorated at
4°C for € bra. The cells wers sgain centrifuged for 10
minutes at 1000 rpm‘and the supernatent was discerded.
fresh Carnoy's solution was added to give a volume of 5 mi/
tube and ths colls were resuspendedi then the tubass were

refrigersted for 24 hr at 4°C before slide prepsration was

started.,.
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G. SLIDE PREPARATIONS-

Greese free cleared slides were dipped into chromic
acld overnight and washed thoroughly in tap water. These
were agaln dipped in soap woter for half-sm-hour snd weshed
properly in tap water andkept for £ hfa. in running water.
‘he slides were rinsed in distilled weter and fresh distilled
water was added and kept on freezer befors cell spresding

over 1it.

The fixed cells were centrifuged for 10 minutes at
1009‘rpm,.tha supernstant wus discarded; end 0.8-1.0 ml fresh
Carnoy 's solution was added to ench tube depending upon the
gquantity of tho cells. The celis were resuspended and then
dropped from two feet high on slides that hed been chilled in
ice bucket after taking out from freezer. The fixative
content was wiped out from the under surface of slide and
kept for 2 to 3 minutes on a hot plate maintained at 60°C.
31lides were taken out and placed in s slide box for about
24 hrs.

He STAINIRG ARD MOUNTING OF SL1DESs-

Slides wers stained by 10% Geimsa prepared by phosphate
vurfer (p% . 6.8) solution for 20 to 30 minutes. These siides
wers then rinsed in the same buffer end dried. Dehydration
was done with double washes of scetone, acetone i Xylol {1:1)
and pure xylol snd mounted by DPX mount. 100 metaphase '

spreads per animai were studied.
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I. CRITERIA FOR THE STUDY OF CHROMOSOMAL ABNORMALITIESS-

In order to keep the number of errors ss smell as
poasibie it §s necessary to limit one self to & small number
of distinotly identifieble sherration types.

The following ctromatid sberrations were taken into

conslderstion:
Shromatid bresl:-

4 chromatid break 1s only diagnonised if s digtael
{:I;;i}fragment is diaslocated.
Chromosome breakie

If two chromatids nre'éislocntea completely.
Trenslocetion chromosomes«

The trsnsiocstion ehromosomes can only be recognigeds

a) if they sre conaiderably larger or smaller then

nornal chromosomes

b) 4f tho structure of the acrocentric chromosome has
been altered to metacentric, dicentric or poly-

centric chromosome.

Rigg ehramogoma}u

Pormation of ring chromosome is easily identifiable

having two fragments or one Jolned fregment with one ring.



Inversiont-

Only pericentric invernibn are rocognissble. These
leasd to mataeentrlé chromosome whose iength remeains unchsnged.
The occurrsnce of a metacentric chromosome of spproximately
normal size makes 2 distinction between a translocstion and

8 pericentric inversion impossible.

Deletions:~

Deletions end deficliencies are not recogniiabie. To
avold blas in the results, every well spread and complete
metaphage was snalysed. The chromosomes are reguired to be
ensily countable, or, on cells with multiple aberration the |
single elements have #o be well distinguished.Almost &ll

metaphases fulfillied these requirementa.



RESUL®S =0

TREATED SERIES:

p Toxieity:i~ arecoline is highly nsurotoxic. after i.p.
injection of it, viclent ghivering, salivation, inhibition
of spanésnaous ectivity were notices. Aﬁter 30 minutes of

injection the animals camé back to normal condition.

2, Bortelltyi~ iower doses like 0.£5 mg, 0.5 mg end
1.0 mg 4id not kill the snimels. But s single dose of 2 mg
was fatal to many snimols, hence this dose was fractionated

into two injections with a gep of six hours,

8. Mitotic Indext= _

.ﬁitotic indices were not investigated though they
could hsve gerved as an indicator of the effect of the
srecoline treatment. On account of the errangenent of the
expsriment, in which the stimulation of some marrow wes
variable, thess values could not be compared. But in general
the mitotic index deeréaaed considerably when the days of

sxposure increcsed.

4. fiorpholegleal Studles on Chromosome Aberrationat-
Different types of chromosomal abnormslities such as
chromatiéd bresk, chromosome break, ring chromosomes, cells
with multiple breaks and pulvurizstion of chromosomal compli-
ments wers observed. The data of chromosomal anslysis are

presentad in Teble-1lX, IV & V. It has been found thst no



TABLE - III. Showing Different types of aberrations at
10 days of exposurs to arecoline,

S.L. SE  Mo. of Ko, of Type of aberrations ~ fiean of  Totol
animals ?zna? od ChFOmatid ChEomo- RING Multi- Pulvu- husber No. of

treated oo , A PWvam PLOLAY of dame-  damaged
N o break g;;:g - g;_'“ rZatich - gedcells cells

1 28 6 600 10 2 6 4 0 15.33: 92
| : | 0.7 S.E.

2 1 g B 600 57 9 i 1 i 0  1.5s 69
| - - - 1.3 5.E.

3 0.9 ¢ 6 600 i8 i o o O 0 3.163 19

4 C.5mg 6 600 i3 o 0 o 0 0 268 13
- QQ So Ba

S Control 6 600 5 i o] o L] O 833¢ S
' ' , Qom f:'u E,u

bLG—-HL



TABLE « IV Showing different wgt of aberrations at X days
of exposure to arecoline.

73 . mSE No» of no,. of - V’firpareri &htﬁaﬁa’nﬁ' - H&ah of mtat
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TABLE « V Showing Jdifferent type of aberrationg at X days
of sxposure W arcoline.
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sex dependent differences in the frequencies of chromogomel
sberration exists., The aberrations 1ike gap 1s not taken
into account becsuse of its controversy though several cases

of gaps were observed (Fig. 8 ).

{a) Chromatid breskte

Chromatid breaks are observed at almost all dose levels

of arecoline tresatmants

1) £ mg dose level: In 10 days of exposure 10 cases
of ehromatid breslta were ohgerved whieh i; highest in number
‘emong different doses and days of expoaure. At 0 days of
exposure 60 csses of chromatid breaks were observed. At
30 daeys of exposurs the frequency of chromatid bresks sre

lesa. Only 16 cases of chromsatid bresks are seen.

i1) 3§ mg dose level: The fregquency of chromatid breaits
15 leas than the breaks observed in the highest dose. In
10 days of exposure 57 cases, in 20 days 15 csaes and in 30

days 20 cases of ctrometic breaks are seen. .

111) 0.5 mg doss level: The frequency of chromatid breaks
are tuch less then that sesn &n the above dose. In 10 deys
of exposure 18 cases, in 20 days of bxpasurg,17 cases snd 30

days 15 cases of chromatid breaks sre seeén.
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iv) 0.26 mg dose level: Hers the lowest number of
chromatid bresks are seen. In 10, 20 snd 30 daya of
asrecoline expogure the chromatid bresks are 18, 10 and €

respectively.

Almost 86.4% of the sberrations observed are of the
ehromatid break type and rest are other types of chromosomnal
aberrations. Rendom breaks ers observed on the chromatid
either st proximal, middle or distel end of tho shromatid.
The frequency of aiﬁgla bresk per cell is more (Fig. 11) than
double breaks per cell (Fig. 8 ). Highest number of breaks
are oﬁteinad in the highest dose (£ mg) on 10 days of
sxposure. The fregquency of brenks decresses when the :

exposure tims increases and the dose of chemicel decresases.

(v) Chromosome Brealst-

Chromosome breaks are obgerved at aslmost all dose levels
of erecoline but not st all the intervals of observation. The
frequency of chromosome breaks is less than chromatid breeks.

The results sre as followss

$) ¢ mg dose leveliit 1D deys of exposure 10 ceses of
chromosome bresits are noted which ia the highest among
different groupas. In 10 and 30 deys of exposure only € and 2

cases of chromosome breasks are seen respsctively.



26

iL) 1 mg dosme levels The {reguency of chromosoms
bresks is $lightly less then that seen at the highest dose
level. At 10 da?s of exposure 9 cases of chromosonme breéks
ere seon which is highest among éifrerent groups as compared
to other intervals at this dose level. In 20 snéd 30 days of
exposure of chemicals only 4 and single case of chromosome

brenks a&re seen raspectively.

1i1) O.5 mg dose level: jHere only £ cases of chromosome
breaiks are noticed, At 10 and 30 days of exposure single
chromogome breask in each case is observed., However, at EQ days

not 2 single chromosome break is observed.

iv) 0.85 mg dose level: <Chromosome break tre@ueuoy is
very loss at this dose level. Only at 30 deys of exposure '
one chromosome break has been seen. At 10 and 20 days not a

single case of bremk could be observed.

Thus only 9.51% of chromosome bresks sre obgerved.
inere is no regionel specificity of bressk. It is elther #ﬁ
proximal, midﬁie or distal pert of the chromosome. In one
cell both chromosome snd chromatid bresks ére observed
(sig. 7 ). But in no cesse more than one chromosome breek per cell
is sesn. In most of the cases the breaks sre identicel and
at a corresponding site, But cnly\in one case both the

ehrometids are broken et different position.
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\

(o) Cells with Hultiple Breaks:-

The incidence of multiple breaks 1a less than that of
the chromatid end chromosome breoaks.

1) 2 ng dose level: Highest number of cells having
multiple breaks are seen only at thig dose level., it 10 days
of exposure 6 cases of multiple breaks are seen. At 20 and.
30 days of exposure 4 snd one case ef‘multiple'braaks have

baen seen raspsctively.

11) 1 mg dosme level: At this dose level thes freguency
of multiple breaks is less then that geen at the sbove dose
level. It includes only 4 cases of multiple breaks. O{ne is
in 10 days of exposure snd other three sre in 20 days of
exposure. In 30 days of exposure no case of miltiple break

cell héa been observed.

114) 0.6 mg dese levelt Only single case of multiple
breek cell 1s seen at 30 days of exposure in this dose. it
10 and 20 days not a single case of multiple brsak cell hsas

been obgerved.

-

fv) 0.26 mg dons level: Here also only single cell has
been observed having multiple treak at 20 days of exposure.

A%t 10 ané 30 days of exposure no cell having multiple bresk

w88 s8N,
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Thus 4.61% of cells having multiple breaks have been
seen. It inciudes nunber of chromatid cs well as ahromascée
bresks (Fig. 30 )+ Highest number of multiple bresks are seen
in the highest dose lsevel &t 10 days of exposure and the

frequency decreases as the dose of chemical decresses.

() RBing Type of Uhromosomess=~

Ring type chromosome structures are slss observed

~after arecoline treatment although the frequency is very leas:

i) € mg dose level: Only £ cases of ring formstion
are observed in 10 days of chemical exposure., Bt in £0 and

30 dsys not a single canss of ring is obaerved.

11) 1 ng dose level: One in each case of ring structure
has been observed at 10 and RO days of chemical exposurs.
At 30 dasys not a single ring 1s seen,

111) 0.5 mg dose level: Ko case of ring structure 1s

observed at any interval of observation.

tv) 0.25 mg dose level: Here also not & single ring

chromosome is seen at any interval.

In totel 4 cases of ring structure are seen and its
percentage is only 1.03. 8ingle cell having one ring and one

fragment are also seen (Fig. ¢ ). In no case cell having

more then one ring has been observed. Ring chromoscmes are



29

obpserved only at highest dose. EPEelow 1 mg dose lsvel not
a single ring &s obaecrved.

(e) Bulvurized éhramogomeg:»

The freguency of cells with pulvurized chromosomes
is higher than thet of the ring chromoacmes and slightly less
than that of the mulitiple breaks:

1) € mg dosgse levels Bigheét number of cells with
pulvurized chromosomes are observed at this dose level. at
10, 20, and 30 days of exposure &, 6§ and 1 omrses of cells

with puivurized chromonomes are seen respectively.

11) 1 mg dose level: Single cell with pulvuriged
chromogome is seen at 10 days. 4t 20 snd 30 days no cease

of pulvurized chromosomes is seen. ¢

134) 0.5 mg domse level: Here also single cell having
pulvurized chromosomal compliments is observed at 20 days of
exposure. Ho cell with pulvurigzed chromosomes is seen st

10 and aé days of exposure.

iv) 0.25 mg done level: Hot & aingle cell having
pulvuriged chromosomsl compliments is seen st thlg dose level

at different intervals of observation.

3.10% of cells with pulvurized chromosome are seen.

In aome cases, except one or two chromosomes (Fig.iz ) rest



of the chromosomss are fragmented, while as in others all

3 . :

the chromosomes are fragmented. The frequency of cells with
pulvurized chronosonme 1néroasea ag the dose of the chemical

Increasss.

{r) dingle cane of ﬁetrepluid cell i3 observed in 1 ng

dose leovel at 30 days of exposure,

Besidps the above effects in several aages C-nmitotic

- effect and corrosivensss of chromosomes sre observed.

5. Verietion of sberront metsphase cellz in bone

nmarrow after 1.p. injection of srecolinesi-

Aberrant metaphase celils in the bone marrow at 10, 20
and 30 deys after chroniec 1.p. injection of 2 mg, 1 mg; 0.8 ng
and 0.26 mg of erecoline anre studied. The aberrant ametephase
cells began to incresse at 10 deys sfter chroniec injection
of arecoline and gradually decresse as the doys of troatment

increases which 1s well depicted by the Fig. g .
6. - Uose~response relationshipie

The offect of arecoline on the chromosomes of metaphase
oalls shows very gebd dose-rosponse relationship. The
percentsge of chromosomal sbnormalitics incresaes sa the
dose of a:ecolina\ingreaﬁeas The dogse response relationghip

is svident from the 9155$:35,5§$.



Fig. No. 3.

Variation of affected metaphose
cells (%) in the bone marrow after
i.p. injection of arecoline at the
concentration of 2 ngs i ng, 0.5 mg
end 0.6 mg contained in seline.

Here control ia taken as 100 percent.,



31

g | - A—A 2mg
- 2100} | | A—d) '1 mgq
\ - | . eo—e 0.5mg
' 0—o0 0.25mg

1700¢+ o—O control

1300
900}

300

% of aberrant metaphase cells

- b 3
[ o— O -
AL// | —— i . |
0 "0 20 | 30

Oays of exposure of Arecoline



Fig. Vo. 4« Percentage of sberrant cells at
| 10 days after administration of

2 mg, 1 mg, 0.6 mg and 0.25 mg of
erecoline taking contrel as 100

percent.
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Fig. Ho.s .

Percentage of eberrant cellis at

20 days after administration of
2 mg, 1 mg, 0.8 mg and 0.206 mg
of arecoline tsking control as

100 percent.
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Fig. Ho. 6. Percentage of aberrant cells at
30 days after sdministration of £ mg,
1 mg, 0.5 mg aﬁd 0.5 mg of srecoline
toking contrel as 100 percent,
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CONTROL SERIES:

| In the control aseries of experimsnt very few canes
of abnormalities are seen. The sberrstions are confined to
only chromatid bresk types. 4t 10 deys of seline treatment
only & caeses of chromatid Lresks are seen. At EO daye and
3C days 6 cases éf chromatid breaka in each set are @baervad,
In 8ll 0.944% of ebnormslities are observed in the control
set of experimenta which 1g very less in coﬁpar&son-eo the

treatod seriea,’



Fig. 7. Chromosome & chromatid breaks.x3750)

Flg., 8. Two chrometid bresks and one gap.x3750)
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Fig. 8. Ring structure & fragment.(x 3750)

Fig. 10. Hultiple breaks of chromosomal

compliments.(x 3750)
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Fig. 11. Single chromatid breakdx 3750)

Fig. 12. Pulvurization of chromosomal
compliments.x3750)

Fig. 13. Normal metaphase plate (2n = 40 )x 3750)
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DISCURSION

Present study clearly demonstrates thit aduinistration
of arecoline to mice would elicit seversl verieties of
chromosomal aberrstions in the bone-msrrow cells. Control
enimels receiving only the vehicle (physiological saline) did
not show any apprecliable degree of aberrations in the bone

marrow cell chromosomes.

Esrlier slso some evidences heve been reported %h&t some
plant alkaloidés do have similer type of chromosome bresking
abilﬂty in different test matcriais inciuding bone narrow,
Alkaloié hellotrine has the mutagonic activity in Irosophila
(Clsrk, 186595 Brink, 1965, 1968) snd chromosomal aberrations

in the root tip cells of Allium ceps (4Avensi, 1963) and &n
rat lung cells in culture (Umeds et al., 1977; Hitoshi et al.,
1980). Uladwin (1877) observed aignificsnt number of aberrs-
tions in the bone marrow preparation after treatment with
higher doses of ergot derivetives. Other pyrroiisidine
slkaloids 1like lasiocarpine, petasitenine, senkirkine,
elivorine, LX-£01, fukinotoxin, ligulanidine and monocrotsline
have been tested to be mutsgenic in the Salmonells/mammalilan
microsome test and modified Lslmonells microsome test (CGreen
ot al., 1076; Koletsky, 1978; Biromichi et al., 19793 Willlams,
1980). FHitoshi et al. (1860) have reported the chromosomal

aberration and mutation in cultured mammsiian cells sxposned
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to pyrrolisidins alkaloids, heliotrine, petasitenine, lasiow
carpine and senkirkine. The Vines rosea alkalolid, Vinblastine
glso induces various chromosomal aberrations - thin unrepli-
cated chbamosamen, chromosonal segpments and chromogoms
pulvurigation of varl ous extents (Palyi, 1968). After treat-
ment of mice in vive, vinblastine and vinceristine gave a
positive responae in the mieromicleus test (lleddle ot al.,
1977 and Maler st 51., 1878). Rapora {1978) reported a

significant increase in sister chromastid exchange on axpoéure

to higher doss of vinoristine,

- Debhart et al. (1660) observed gaps and breaks and few
exchanges induced by vineristine. However, the effect on
chromosomes in bone marrow of a ham@ter troated with vinoriatine

renmained negative even at high dose (Muller et al., 1878).

Preaent investigetion documents & number of chromosomal
aberretions induced by different doses of srecoline in mouse
bone merrow cells. These structurel lesions include chromatid
bresks, chromosome bresk, cells with multiple breakas of
chrompsoms, ring sheped chromosome and cells with pulvurized
chromosoms compliments. MNostly the sberrations are chromatid
bresk type (86.41%)}. Besides the chrometid bresks, chromosome
preaks are also observed indicating the effect of chemical

both at G, ané G, phuases of cell cycle. Appearance of

i
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‘pulvurized shromosomes indicates the drastic effect of
srecoline on the genetic xaterisl,

The dosseresponse relationship at 10 ané £0 days
intervals is nearly linesr. At 30 ﬁ&ya‘intarval it 1s
linear up to 1.0 mg dose level but beyond this dose there
is decline in the response. Well, it has to be admiﬁtedv
here that at £ mg dose level at this intervasl only two
animals (the rest died toward the end of study due to
excessive loas of body weight) were available for screening
the bone marrow an& this mey not be sufficlent to conclusively
demonstrate that at higher doses there is decline in
sberrations.

Another interesting thing 1s that longer the duration
of treatment ﬁor'any given dose of arecoline, lesser is thes
damage to the chromosome. This may be due to the following
reasons ;

Bone matrow 1s a cell renewal system comprising
progenitor end multiplier compartments. The toxiec end
cytogenatic sffecta of erecoline in different cell popu-
lations of bone marrow could be different. It has slreedy
beon demonstrsted that chronic adminiatration of arecoline
to mice would lead to decline in the number of cells in the
functional compartment (blood) of thie ren@tal system

{Shahsbuddin, 1678). I the cell-damsging and/or chromosome-
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damoging sotion of arecoline for any given daﬁa‘varies‘viﬁh |
segnent of the cell ranaunltasaembly line of bone marrow, we
could deduce that the obaerved decline of chromosomal aberrse
tiong.nt later intervala might be due e@ ﬂépléblan end/or
non-prodéuction of cells populstion which are highly sensitive
to arscoline. This explenstion, of course, needs empherical
damnﬁntratian.

Another possibiliiy, slithough sesma to be very remote,
is that ochronic administration of arecolines uugmant# the
efficiency of repalr mechanisms involved in normelization of
chromosomal structures after sxposurs to toxic substances.
This alao needs sxperimental verificaetion.

The highest nunber of aberrations are reported at
.the highest dose {(13.35%) which 1is significantly more than
that in the control ssries (.94%). But it 1s less than the
chromosomal aberrations manifeated by the treatment of highly
slkylating agents like cyclophosphamide , NHS, snd _EMS . Seo
it is as=umed that though arecoline has the chromosome breske
ing cepacity yet it is very weak mutagenic agent like other
alkaloidjfﬁvido supra).

Arecoline interferes with the blosynthesis of
macromolecules. It decroases the incorporation of “H-
thynmidine in muscle and kidney tissue which may finally inhibit

DHA synthesis. However, DHA synthesis is increased in liver



43

an¢ lung tissue (Shivapurker, 1079). Sedgley (1988) reported
that the glkaloid vinblastine decreased the rate of synthesis
of DHA but 4id not inhibit the cepscity for the cells to
synthesize new DiiA. Frayssinet et al. (1966) have raported

~ that DBA synthesis 13 inhibited by inhibiting the incorporation
of 38-thyu1éine by the injection of laslocerpine. Lasiocerpine
strongly inhibits polymerase setivity.

1t hes been roported that the net RNA levels were
decressed in srecoline treated mice. This decrease is
probably due to & very significant increase in Riase sctivity
(shivpurker et al., 1978}, The upteke of Si-uridine into
solﬁble RNA of Ehrlich sscites cells recovered from mice
treatod with vinblastine depressed by sbout 80% compared
with the control value. Since the specific sctivity both
vridine and eytidine is reduced, it apﬁears that the slkaloid
inhibits the synthesis of the whole chain of soluble RHA
(Creesey and Morikin, 1964). Following the sdministration of
lasiocarpine, prominent nuclear abngrmalitiea'caenr aecompqnieﬂ
by a decrease in hepatic ENA and protein content (Svobods et sl.,
19663 Heddy et al., 1868). irecoline slso decreases the
protein contents of the tissue (Shivpurkar, 1978).

All the sbove interference may bs the nenifestation of

the breaking of the DNA strand by arecoline.
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Arecoline is a monofunctional alkylating sgent as it
loses only one of 1its méthyl group during metabolism (Boyland,
1968) end by virtue of its sddition resction scross the
reactive <£§ - #thylenic bond (Rery, 1971). This methyl
group mey alkylete the DNA strand. It has been reported
that elksloids cen bind with nucleic acids, but the bond
4issppear at high ionic strength indicating that %hay are
vesk slectrostatic bonds (Semnel, 19?i). Hattocks (1968}
has reported tho alkylsting capecity of pyrrolizidine alkslolds
such as retrosins, monocrotaline, lasiocarpine and hellotrine.
¥oLean {(1970) also postulated the tﬁe@retieal mechanism of
alkyiation ond chromosome breaking effect of pyrrolizidine
{Senecio) slkalolds. The Ereaking of the chrompsomes were
due to the eross linkeges of DBA strené by biruncuonal group
of the alkalolds. Although some monofunctional agents are
excellent chromosome bresker {Smith et al., 19883 Swanson,

C.P. et 8l., 1859},

Boyland and Nery, (1969) reported that in squeous media
‘there was no svidence of resction between arecoline and the
bases of the nucleic acida;sgsin they hed mentioned that such
reactions might oceur in yivo because of the presence of
microsomal engymes. Fortunately, in 1871, i%erjfl nadfvraparted'

the binding of aracoline with naclelc soids and protein.
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Possible Mechanliam of Alkviation end Chromosome Break

Biological alkylating agents are chemicals that
ﬁ'gnafa?a alkyl groups to biologieally b.aporﬁant. MECYD=
moleculss and scoopts one hydrogen atom under physiological
condition. It has been investigated in many blologleal
systems (Review-Ross, 1962; Lswiey, 10663 Loveless, 1868
Singer, 1875).

Heny altes of DHA are very prone to being attacked by
sikylating agenba., The numerous sites of resctions In nuclele
acids for monofunctional alkylating agents sre now known to ’
include the followingt in adenine residuss, N-1i, H-3 and N-7;
in guenine, K-3, N-7 and 0-63 in cytosine, N1, H«3 aAnd 0-2

&né in thymine N-3 ané O-4.

Arecoline being s monofunctional alkylating egent may
resct on the above mentioned site. %he major site of reaction
for meny alkylating agent is the N-7 position of guanine end

some times accounts for upto 90% of the total slkylation.

Secondary effect of the alkylation {methylation) of
guanine, is the loosening of the bond between the base (guanine)
and the sugar phosphste chaln leadi‘ng to the removel of purine
boge (guanine) forming aspurinic geps. This depurinstion may

l1ead to the broeskage of the chrompogomes.
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But 2t this stage it is very difficult to aay
sctually in which base it is reacting and in this srea

much work is needed.

Frobable

Hechaniam of Carcinogenesias-

Day by day data on the role of rlkaloids on carcinoe
genesis are sccumulating slthough there is no clear cut
pleture of the elkeloids ceusing cancer. The evidence has
been raviewed by Barnes enéd Schoental (1988), idcehoentael
(1968), Bull et al. {(1988) and Styles et al. {1880).
Campbell (1956) rsported the incidence of primery liver
tumér in the fowl Injected with Rugwort alkalold seneci-
phylline. Harris and Chen (1970) sgein reported the livgr
tumors, intrshepatic metastesis, puloonary metastasis and
hepatic sngio”sarcomas with mulitiple nodules after prolonged
sdministration of dried Seneclo longilobus in the diet of
rats. The role of epoxides in carcinogenecity by
pyrrolisidine elkaloids were discussed by Schoental (1670).
Svoboda & RHeddy (167¢) observed 81% of hepatocellular
cercinoms and 334 of aqaamaﬁa cell carcinoma of askin of
rat treated with Laslocerpine. They also reported that the
tumors could be transplanted successfully through five
generstions. Schoental (1075) reported the pencreatiec
islet cell. and other tumors in rate given heliotrine a
monoester pyrrolizidine alkalold and nioatinamidé. He also
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observed s single cese of aﬂanoma‘of the pancraatié islet
. cells only by the injection of heliotrine, Liver tumors
ware slgo reported by the sdministraetion pstasitenine snd
senkirkine in rat (Hirono et al., 1877; Hirono et al.,
1879); ‘

Arecoline preoduced 2035 lung tumors in the mouse
(ICMR Bull., 1978). In 1878, Ashby et sl. proved the
éarciﬂoganic ability of garecoline by cell transformation
method. But the exact mechanism of tumor is not yet known.
Thavprobahility of csrcinogenesis may bes attridbuted to the

following reassonse.

Hethylation of DNA and later ef'fect of ehfamna@me
breakage mey be a probable csuse of cercinogenesis. There
have been,numéraua attempts to correlate overall methylation
of DHA with the incidence of tumors in verious tissues
(Sehoental, 1967; Swan and lagee, 16683 Den ingelse, |
1§69-7G). Humber of alkylating agent reacts with the
electrophiliec aites of DHA, only some of which will ceuse

mutations leasding to caneer.

3econdly effects of chemlonis on the main molecular
biosynthesis play an important role in carcinogenesis.
#¥any of Qapc&nogensinhibit the DNA synthesle and socondery

effeot like decreanse of ANA synthesls and protein content.
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it még be due to strand geparation or DHA pblymeraso
activity. Ais mentioned earlier, arecoline inhibits ONA

synthesls, end decresses RNA synthesis and protein‘cantent;'

Several carcinogens possess an activated carbton double
bond which is known to resct with biclogleelly occurring
nucloophﬂeg. Sueh type of reaction sre detected by the
‘4golation of cysteine or methionine sdducts {Chessesud,
1978) and con be taken es an indicator of the cstablished
carcinogenecity of the compound. Arecoline is converted
into cysteine adduct amongst other metabsolitea (Rery, 1071
Boyland and ﬁcri@ 1969) {ﬁigalg}}.‘ Similarly, cyasteine
adduct has been 1solated from rats injected with careincgen,
viny) chloride{treen ond Hathway, 1875). But all the
| compoundas that react with sulphur compounds snd forming

sdducts are not carcinogens (Herrington, 1967).

Lostly, arecoline 1s metaboliaod.by i-oxide formation
(NHery, 1671). Tho effect of Heoxidation of tertiary amine
drugs 1a:cften to increase the bioclogical action of drugs,
f.e. the oaramogamc action of aminoquinoline (arad and
Bekayama, 1952) and 4-nitroquinoline (Kaynzoe, Tachibana,
Aokl and Takahasra, iBG?). S0 it masy be one of the svidences

of cercinogenesis.:

Beaides the sbove evidences on mutagenic end

careinogenic properties of arecoline the exnct mechanism



is not known. Arecoline as sn alkyleting agent can be
fully ca;:firmed by further mutagenic end carcinogenic
oxpwimanta' in different test mate‘riala.- Much work harz.
to be done to knoﬁ the exsct position of resction with
the nueclsotides of LHAs



CORCLUSION

Arecoline, the alkaloid of betelnut et the given
dose levelsin the pregent experiments on mice doss not
evoke mortality except at £ mg dose level. Arecoline
treatment éecroéses the motitic index of the bone marrow
cells of mice. Arecoline causes the chromosomal
aberrstions in the bone marrow ceolls of mice. The
aberrations ere chromatid tresk, chromeosoms break,
cells with multiple break@,ring structure of chromosgsome
end eells with pulvurized ehromsaem§1 conmpliments. The
frequency of chrematid bresk is more. 3o arecoline is

a weak mutagenic chomiaal.“ﬁ
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