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The oral and oropharyngeal cancers predominate in
the mordbid scene of cancer in India. Their incidence
wvaries from .45 to 47.0%. The high incidence of oral
eancer in India has deen associsted with the chewing and
smoking habits (Khanolker, 1944, 1959; Sanghvi gt al.,
1955 Skanta and Xrishnasurthy, 1963; Paymaster, 1971,
¥ahi, 1968; Reddy g% al., 1975 Kharna gt al., 1975).
Prevalence data is availsble on oral éanaer from the
¥ainpur district in Uttar Pradesh (Wahi, 1968), from
- Bhavnagar in Gujrat; from Poona in Haharashira; from
Ernakulam in Kerala; from Srikakulas in Andhra Pradesh
and from Singbhum and Darbhange in Blhar (¥ehta st al.,
1972;: Pindborg g% al., 1968, 1970 and 1971). Data
on cral cancer hss also been collected from a group of
textile mill workers in Ahmedabod in Gujirat and froa
rural population in Alibegh Teluka in the Colada districét
of Kaharashtrs (Jussawals, 1976). After an extensive
survey of different parts of India by Rehta and others,
it was found thet oral cancer is more prevalent in the
southern states of the country than slsswhere.

Among other etiological factors incriminsted to
| explain the high incidence of orsl cancer are vitamin

deficlency, bad oral hygeins, excessive use of splces



and consunption of slcoholic beverages. It is also
beliéved thet the appearance of leukoplakia, pigmentation
{zelanoplskia) and the prevalence of submucus fibrosis
may forecast'thefonaet of neoplastic transforcation in
the oral cavity (Faymacter, 1956; Padmavati and Reddy,
19603 Shenta and Krishnanurthy, 1963; artin and EKoop,
1942). Jussawsla and Deshpande {1571) made 2 retrospective
study of cancer at high rist sites of the Boghsy Hegletry
arnd found sufficient evidence tﬁ fndict chewing arnd
swoking of tobacco as factors to grept lsportance in the
etiology of oral, pharngeal, latgégaai and cezcphageal
cancer. The risk of developing cancer in tde buceal
mucosa was found to be 7.7 times higher in chewsrs than
in nonechewers, Ancther Interesting foet ie deciphered
from this study ig that the oropherynx and oesophagus
slso show high risks in those who chew the betel quid
without tobacco, thus indicating pﬁéﬁiblo earcinogenic/
co-carcinogenic effect ct‘gghg:,xagzggzgnzg of the quid.

Betal chewing -

The chewing of betel, a hablt of great sntiquity is
veary common asong the inhabitants of Ceylon, India, Burma,
Siam, Indo China, Malaya, Singapore, Indoneslia, Phillipines,
New Guinea, New Britein, New Island, Formesa and China.
This habit has alsc prevailed in Zansibar coest Detween
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AD 1200-1400 and mention is made in Dutch archives of
1664 of an imposed duty on betel leaf imported from
India into Malaca (Muir and Kirk, 1960).

Tobacco is generally mixed, flaked, with cracked,
powdered or sliced dried betel mut {the fruit of the
betel palm, Arschs gatechu) and slaked stenazor.sheil'
lime. The whole is wrapped in the leaf of the betel vine
{Piper betel) on which satechy (an agueous extract of the
heartwood of the Acacies Acacis catechy or Acacia m)
has been smeoared, Splces such as cardamon and cloves and
anicseds may be added for additionsl flavour (Sanghvi,
1955). Thls quid is put in the gingivo-buccsl fold and
chewed for haurs(§ﬁanta end Krishmamurthy, 1959). In
Thalland turmarie; the ground root of Curcums aromatics,
is usually added to chew {Ellls, 1921).

The whole betel quid is kept in the mouth for a few
minutes to several howrs and the regular chewers keep
having it one after the other. The habit is sc deep
rooted in some people that they often sleep retaining the
quid overnight in the gingivo-buccal gutter, It is kept
generally on one side of the buccal pouch which may
eventually become susceptidble to praneaplagtic or
'neaplaatic growth.



| In recent years intensive research has been underway
a5 regards the assocletion of betel quid chewing habdbite
and oral cancer. Ezperimental studles are in progress to
aggess the role of each ingredient that canatlwte' the
total betel quid.

The involvement of the main cemﬂmémsﬂ *Pan®-
betel leaf (Piper ying), betel mut (Arsca catechu). tobacco
{Ricotisna tobaccum), slaked sheil or stone lime {sloked
caleium hydroxide) and cztechu {Acacia catechu} have been
considered individusliy or in combination (Mody and
Remadive, 1959; duir and Kirk, 1960y Dunhem, Muir and
Haaner, 1966}, The role of lime appeurs rether contro-
vertial, though some reports do suggest itscorrelation
| with the Joceurrance of oral cancer, aAcanthosis of the
orsl spithilium wee reported (Sirsat and Kendarkar, 1968)
‘enly in snimals exposed to lime and reflected deep injury
to the cellular growth ‘vgat‘tm and also a chronieally
altered spithilium connective tissue interrelationship.
B‘~encé. it could be lime which is invaridly present in the
“betel quid”, acts ,ﬁ;m by virtus of tlssue reasction it
provokes, s the go-garsinosends pgent(ABkinsom et ales

 Tobacco has been considersd the ingredient of the
petel qum ‘mc_aﬁ*iikaly to cause changes in thé oral gucusa
thet eventuate in the development of oral cancer {Khanolkar,
1951y Sanghvi, Rao and Khenolkar, 1955¢ Shants and



Erishnamurthy, 1963). Wahi et al. (1965) reported that a
large proportion (66.5%) of the controls but only 9.62% of
cancer cases were not using tobacco. Those who were Loth
chewors and smokers figured at 37.888 in cancer cases and
only 6.4% in controls. The chewing {tabacco) habit alone
was found in 35.44% of patients and 5.9% of control
subjects, This analysis brings an important relation of
tobacco use with the pravalence of oral and oropharyngenl
cancers.: In oxperimental studies, Rulr and Kirk {1960)
have induced tumors in the skin of two of twelve mice at
the site of dally painting with an squeous extract of a
typiesl whole Singapeore botel quid. However, Dunhem and
Herrold {1962) could not induce tumors in the hamster cheek
pouch treated by becswax peollets that contained betel quid
ingredients frop several Asian countries, Suri g3 al.
{1971) had conducted an axperiment on hamsters using e
North Indisn varlety of tobaccs and detel nut. Tobacco
caused anly’leumpmm changes, DESO extract of betel
nut induced tumors in hasster cheek pouch st as high a
rate as 38%. DESC extract of bdetel nut plus tobacco
caused éhaék pouch' topors in ?65 of animale, Recent
reports by Ranadive gt al. (1976) give some positive
results which qualitatively though not quantitatively
support the findings ot Suri gt gl. On subcutanecus
sdsinistration of betel nut extract {in water and mo).



60% of Swiss nice developed transplantable fibrosarcomas
at the site of injection. &kin spplication of NS0
extracts of todacco and of betel nut separately did

not result in skin lesions; but when mixed DESO extract
of tobacco and betel rut was used, skin papilloma and
epidemoid carcinomas developed in some onimals. Similarly,
hamster check pouches painted with a DESO extract of betel
nut showed only malignant changes whereas the réanlt was
noegative whon extract of tobucco was used, However, DESC
extract of & mixture of tobacce and botel mut positively
incressed the incidence of early salignant changes in
the hamster cheek pouch, indicating the cphancing effect
of betel mut in cercinwpgenesls,

Another ingredient of the betel guid, gembier, which
is an extract from the vine, Bnosvis zondbir, is s suspected
concinopen by virtue of its tannin content {(Rorpassy and
Kowonyi, 1950 Kirbdy, 1960},

Areca mut is highly scldic and astringent to taste.
It is neutrilized by the addition of lime. Desides this
1ime mmtes ‘theo amamu of & red dye. Apsrt from
other ingrédients of betel quid, areca nut promotes
intence galivation (Bisen, 1946), mild exhilaration snd
to a certain extent sleeplessness. By and large it has
soma effect on the gentral nervous gvateml{Crs).



Tannin, one of the components of ereca nut (Table 1)
ie a powerful hepatotoxic agent when sdministered topically
or by injection. In one set of experiments, about 505 of
rots surviving tanmnic acid injeotion for longer than
100 days develeped liver tumors. Koreover, sicultansous
dosing with tannic scid and acﬁtﬂamimﬁmm induced
wors liver tumors and a groster degree of mulignancy
than d4id the synthetic carcinogen alone (Kosonyi and
Enrpassf, 1953). This component did not evoke loenl tumors
on eimple applications on the skin {Korpassy and Hosonyi,
1550). Other reports also show induction of tumors by
tarmin cxtract (Kirby, 1960), Tupors were induced in rats
and mice by subcutancous injections of varicus tannin
extracts. Condensed terninc evoked Sarcomsts at the
site of injoction as well as liver tumovrs, but liver tumors

only were produced by extracts of hydrolysable tannins.

Literature is not aveiladble on careinogenic property
of other components of areca mut especially alkaloids
(Teble 1). Arocoline one of these alksloids 18 the most
important conctituent of areca nut. The dried mt
containg about 0,1% of areccoline,

1,2,5,6-Tetrahydro=-1-methyl-3=pyridine carboxylic



gcid methylester; methyl 1,2,5,6-tetrahydro-i-gethyl
- b
nicotinate; mothyl t-methyl- A3' ~tetrahydro«3-pyridine

carboxylate; methyl Nemethyl tetra hydronicotinate.

Cgiy sM0ps mol.wt. 155.9 (C 61.91%, H 8.44%, § 9.03,

0 20,62%).
CH3

L
&~ CO0CH;,

Fig.1:STRUCTURE OF ARECOLINE
It is extracted fron the sceds of the betsl nut palm «

Apecs gptechy L., Palmaceas (catechu).

It is an olly liguid having d.p. 209°¢, b.n, 92-93"6,
Bup.gs 105°C. It is voletile with steam. A strong base
with pk 6.84, k 1.5 X 1077, n 20 1.4302. 4°° 10659,
Eiscible with water, elcohol and ether, It is spluble in
chloroform. It is alsc found in amorphous form (synthesized)
which is soluble in water.

Toxicity data ¢ LDg o, in mice ¢ 100 wg/kg (see Kerck Index).

This alkaloid, like other parasyspothomimitic drugs
stirulstes the brain. It has the actions like acetylcholine.



It is olso called as cholinergic drug. Arecoline
adminictersd to rats has been shown to produce various
effects on the central nervous systen including, increased
motor activity (Herts, 1962) decreaced conditioned avoldance
responses '{Hertm. ‘1962;'. Hertz and i’a@ﬁb, 19564 ,?felff_er
and Jm. 1957) activotion of electroencephelogran

{Riehl at al., 1962)and production of tremors (Holmstedt

and Lundgren, 1966). 1In other words, it is cholinergic,
exerting a sialogogue and diaphoretic action in normal
dosage., 4l) of these offects, émwever. eould be antagonived
by adninlstration of ‘tﬁa G5 m-chollinergic agent, atropine.
It may exert a deleterious offect on the dental enanmel |
{Riker, 1958). it is used in veterinary medicine against
tRDAWOrRS.

~ Present study deals with the effect of arecolins,
& major conponent of arm mt on transplantablie mouse
fivrosarcoma. The purposs .is t évahmta whether this
alkeloid has eny tumor proroting or tumor inhibiting
property. Indeed, certain plant slkaloids like
Vinoristine, Vinblastine and Colchicin do display the
dual role carcinoatatioc as well vw carcinogenic properties
{Cutts, 1961 Vailtkevicius gt gl., 19623 Carbone 8k gl..
19603 Cardinsli and Enein, 1960; Palmar, 1963:} « Since
arecoline is & plant alkaloid, it appesred worthwhile to
investigate its effects on imwmuneresponses. Hence, additional
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experinents have been parformed to study the offscts of
arecoline on antibody formation and delsyed hypersensitivity
in aice.



TABLE-1
DIFFERENT COMPONENTS OF ARECA NUT
BETElL NUT

ANTHOCYANIDIN

. |
POLYPHENTLS(?—SS%) FATS (4-24%) CRUDE‘ FIBER POLYSACEHARIDES j‘
ﬁ L GLYCERIDES OF (3-9%) (9-28%)
‘TANNIN(20%)  FLAVONOIDS 1) LAURIC ACID ALKALO'ODS
(QUERCITANNIN) 2) OLEIC ACID l _ I , (1%
3 NerSTIC ARecoLIDINE | ARECAIDINE [ GUVOCOJINE
LEUCOCYANIDIN ARECOLINE GUVACIN

ALKALOIDS

ARECOLINE :CH3 ester of arecaidine

ARECAIDINE :NCH3 Guvacine

GUVACOLINE : CH3 ester of Guvacine

GUVACINE : A3tetrahydropyridine-3-carboxylic acid
ARECOLIDINE : 3:4 dimethoxy 1-CH3 1:2 dihydropyridine




A« Anipals o

Swise albino mice (both inbred and outdred) were
used in these experiements. Young adult animale (7-10
 weeks old) were obtained from Cancer Resesrch Institute
{CRI), Bombay, Indis and Centrsl Drug Research Institute
(CDRI), Lucknow, India., The animals were housed in
metal cages with rice husk bedding and maintained in
an .airconaitianeﬂ anizal house. They were provided
with food and water ad libitum and thelr welghts were
recorded at regular intervals.

P. Tuwors .

_Animels inoculated with 0.1 ml of ouse Pibro~
Sarcoma (HFS) cells suspension were obtained from CRI,
Bowbday. After 10-12 days of invculation the developed
tumor wag transplanted in normzl animals for the
maintainance of the cell line. Animals bearing well
éhve:x_opat; tumoy were gacrificed and their tunors were
serarped out. Halr and other fibtrous tiesue were ;removed.
After wafsz‘;ing in Hank's solution, the tumors were minced.
Cell suspension was made in Hank®a solution with the help
bf} Fumfeﬁ scigsors, 0.2 wl of this cell suspension was
injected in ‘the right thigh of the mice {inbred and outbred)
#ubeﬂtaneausly; 5&-36 hrs after the inoculation the total

Y
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PARTICULARS OF THE EXPLRINENTAL DESIGN

Experiment Strain and Fo. of No, pf

gex of the

control Exptl.

anioal used animnls sninnls

Animals died during

 Bxperimentation

Bapt,

Qut bred

i

Out bred

o
In dred

&

In bred

9 g
(€,-6g)"  (E,-Bg)*

6 &
! *
(Cgo = Cy5) (Bg-Eyy)*
5 ®
P o 5@

. » -
{Cpp=Cag)  {Epp-Eay)

Gguon the 27th day
Eg~ on the 24th day

-

Cy & Cyg-on the 18th ﬂsﬁ
C174C1g & O3 = o0
the 23rd day

522 - on the 19th day

on the 22nd day

*?ha_tlguft in the parenthesisindicate the label of the
individual animals.

*aragolina treatrant started on the 1st day of inoculation.

**Arecoline treatment started on the 7th day of inoculation.

®

“Areccline treatment started on the 5th day of inooulation.
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animale were divided into two groups by mn accepted
randon mothod - one having expsrimental lebel whereas
the other being control,

C. Axecoline inijection

Areccline wos obtalined from Signs Company, U.S.A.
Thie alkaloid was dissolved in physiological saline
‘at the concentration 5 mg/ml. Presh sclution was
uséé every time. Care was taken not to expose the
golution to 1ight. |

After observing palpadility of the tumor, the
experimental aniaal# were injected 0.1 91 of the
fresh solution containing 0.5 mg of arecolins. Control
aniwals recelved the injection of the vehicle only.
These injections were given in tho left thigh by
subcutenscus route. The injections were given twice »
day with the gap of 12«14 hrs dstween the two shots.

 +

All the animals, of experiments I & IL.T1 were
weighed bofore they were inoculated with tumor cells.
Body weight was taken regularly after a particular
interval (Table 3 snd &), |

E. Size gl

Aftier the inoculation of KPS cells on the right



thigh, the site start swelling and after & wesk or so
s prominent tumor is ev(dem. A11 the tumors wers
weasured in cm's with the help of slide calliper.
Length afid bresth of the tumors were noted. MNessure-
ments were token for a smonth or7 sc after every L-& daye
gap. Approxinate “size” of the tumors was calculated
by aultiplying the length with bresgh. S%his is &)

~ usual procedure Tused in several laboratories.

About twenty oight days after the start of the
oxperiments I and II'the aninsls both oxperimentsl as well
as controls were bled, Blood was taken by puncturing the
tail -vein’. : Two axparim:x&a were carried out with the
mnmm ‘blood. |

i._, Enummtmn of REC,

ii. Bateminatian of packed cell volumeﬁl’ﬁnc},
'fhese m axzmrinenta wers performed to asaess the
c:hzmge m mnt of RBC in i:he experimental and control
animls (with am without the treatment of arecoline.
These oﬁperimenta wore :p!.amd aftcr obnerving a steep
tnn ;‘n wmm in the snimh tmateﬁ uith arecoline.

1;%5//5'/ i

//i:} nnp ?«enblc nnlhom of blood is infwmillions the blood
,,Wfd 157? be dﬂutm. 8¢ that the red cells would be sesn

C 1AS the number of red cells present
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distinctly and directiy. Therefore, 2 known volume

of bloed wios diluted 200 times with a fiuid which was
isotonic with blood and would prevent its coagulation,
Red cells in known volume of diluted blood were counted
in » spocisl counting chamber snd the mumber of REC,

per c.t.n ¢f the undiluted blood was calculated therefron,

Apparatus and ressents uaed
Haspocytometer - This is & simple ascembly consisting of
REC pipette, o olide and o thick cover slip.

Jluting £iudd -~ The dlluting fluld which was used i
called Hoyon's solution. Its composition is as followss

Sodiunm chlorids Qe gm
Sodium sulfate RS gn
Corrocive sublimate 0.25 gm
Distilled water 100 md

The fluid is isotonic with blood. It /7, therefore,
prevented hasmolysis and roulesux formation. Scdium
sulfate acted a8 an anti-coagulant snd corrosive
sublinate prevented dacterisl growth. After diluting
the dlovd 200 times, a dreop of it was taken on the slide
and the cells were counted under a microacops.

ii.

The packed cell volumo was determined by centrifuging
8 samplo of blood which had been made incosguladle by a
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suitable anti cosgulant heparin, until the corpuscles

were packed to a constant volume.

(i} Clean and dry ¥Wintrobe's haematocrit tubes,
{11) Paraffin to block one end of the tube - j(1ii)
Heparin, (v) Syringe, (v} Centrifuge.

. Tail vein of the animals were punctured, 0.05 nl
Plood was drawn inte & syringe having msome hoparin,.
Aftor pixing properly, blood was filled in the haepatocrit
tube. One end of the tube was blocked with purafin, The
tube so filled with blood was centrifuged in JANETZKI\TH 12
cantrifuge ot the speed of 12;050 rpr for 30 sin, After
the centrifugation, the tnbea‘ were put in a scale which
gave percentage of the wlml of the packed cells.

Animals « 6C female out dred Swiss aldbino mice obtained
from CURL, Imcknow were used in these experiments,
Imunizer - Crystallins BSA from Sigsa Cos, UeSeds
Adjuvant -+~ Complete freund's adjuvent {CFA})-
Difco Lab. Michigan, U.S.A.

10 m»g of BSA was dissolved in 5 nl of physiologlical
salins. Three different concentrations were made from
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this stock solutions:

a. 100 microgram t+ 1.5 ml of stock solution having
3,000 microgram BSA was mixed with 1.5 ml of CFA. An
emulsion was made by continuous jetting through a
hypodermic needle. 0.1 ml of the emulsion contained
100 microgram: of BSA. |

b. S50 sicrosraw s 0.75 ml of BSA stock was diluted
with 0.75 ml saline end the total volume was mixed with
1+5 0l CFA to get 3 ml of emulsion having 1500 slcrogroam
BSA. 0.1 ml of this contained 50 micregram of BSi,

| ¢ A0 microsram.s 0.2 mi of BSA stock was diluted
with 1.8 =l of saline and the total volume was mixed
with 2 ml of CFA to get 4 nl of emulsion having 400 micro-
gram B5A, O.1 ml of this contained 10 nicrogrsm of BSa.

Administration of BSA-CFA emulsion was done in the
following woamn

100 microgran 20 enimals
50 microgranm 20 animnls
10 microgram 20 animals

A1l these 60 snimals were assorted into twelve groups
of 5 animals emch {(Tadbles 2), Booster injection of BSA was
given in all the animals in the sane dosage after 27 days
of the primary lspunization.



TABLE 2

GROUPING OF THE TREATED AND UNTREATED ANIMALS FOR THE
STUDY OF K1 AND CMI RESPONSES

Antigenic Immune No.of animals Operation

dosge rasponse used performed
Control HI 5 A
cM1 5 B
10 pg . -
Exptl, H1 5 A
14+ 5
Control B 5 A
: cri 5
50 pe - f
Exptl. - HI 5 A
cul 5 B
Control HI 5
CEl 5 B
100 pe o
| Exptl. HI 5 A
- _ , _

HI « Humoral Immunity; CHMI - Cell Mediated Immunity.
- A = Bled on Bth, 24th and 32nd days of immunization.
B =~ Glven antigenic challenge of BSA dose according to the

- first dose in the right foot pad after 27 days of
primary immunization.



Experimental snimals were given 0.1 ml of arsccoline
{5 mg/ml) twice a day. Indirect Haemagploutination Test
was _;mrfdme& for Humoral immune responeo whereas Foot
Pad Injcction Kothod was used for Cell Mediated I@unity.

1. Bousge blood serup - Anisals from different groups
wore bled ofter 8, 24 and 32 days of irmmisastion. Bleeding
was done through the infraorbital vein with the help of
capillary tudes. Blcod was collected In small tubes and
kept in cold for coagguletion, Sera wers zeparated ocut
after twenty-four hours and they were cnnee‘teﬁ in another
clean tuba. Thene sers were centrifuged at 1200 rpm for
10 minutes (tomp, = 4°c) and stored in cold. Before the
gxporiment goch sBorum wae diluted 10 times.

lorsal rakbit serum (BRS) - Normal rabbits were
bled through the eer veln. Sera were extracted out after
centrifugation., Host suitable serus {one fres from anti-
bodies againet BSA) was retained for the experiment,

Before this serus could be used, it was decomplemented
by heating at 56°C for 30 minutes in a water bath, Then

it was stored in the cold rooms 1% NAS was prepared in
PBS pH 7.2 bafore use. This sclution was uged as a diluent
for antisera, antigen or cells during the assay.

3. Sheep yed dlood corpuscles (SRBC) ~ Sheep blood
waa token out and was mized with an equal volune of
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Alawér"a solution and stered at 4°C. It could be used
upto 2-3 weeks as a wurce of SRBC 1f no con‘tamimﬁon

or haemcljsia nccurred o

e (PBS) « 0.2 B aolﬂtion
of 382390,‘ and RaﬂzP% were prepared separately. They
were mized in the following proportions to get stock
buffer solution. Adjusted the pH with appmpriate
solution {0.1F HC1/0.1 N HaOH).

pH 028 NaHpPO, 0.2 & NagHPOy
7.2 . 28.0 ml 72.0 =l
6.4 736w 26,4 ml

The stock buffer solution was diluted 20 tinmes with
0,158 sodium chleoride solution before uae,

5. Zonnlc scig ~ Tannic scid nethod was followed in
the present study in which tamic- acid wosused in the fixing
or coating of antigen on SRBG. The binding is electroe
valent inter‘aeﬁi&n.

1 mg/ml solution of Tarnic acld was prepared in PBS
pH 7.2 and dilution was made by further addition of PBS.
Total dilution was 1+40,000.

6. Antizen golution - An antigen solution of 20 mg
BS& wan prepared in 1C nl of FBS (pH 6.4).



1. Alsever's solution was diséarded after cen‘-:r;irugmg
SRBC at 3500 rpm {750 g) for 10 minutes. Pellet was
washed 3 tines at 750 g for 10 minutes -1 7 After
final waching the colls were ;saakeﬁ. at 750 g fcr

15 minutes. _

2, 0.2 m of p.acled- cells were taken in esch of the
2 test tubes and suspended sach in 10 sl PBS (pX 7.2)
to giv&_ 2% SKBC m&pana{im. — |

3. 10 2l of Termic acid solution {1:40 dilution) was
added to both the tubes. They were mixed well and
incubated at 37° for 15 minutea.

4, After incubation doth the tubes wers centrifuged for
5 minutes at_ 750 g. Supernatant was removed and the colils
ware washed thrice in sbout 20 al of PBS (pH 6.4). Pinally
it was resuspended in 10 =l of PBS (pH £.4) to get 4F
suspension of tanned SRBEC.

Se To one of the tubea 1€ nl of PBS (pH 6.4) wan added.
This wac taken as control. %o the other tube 10 ») of PBS
(pH 6.4) containing 20 mg BSA (BSA was taken as an antigen)
wae added. Ths tudes were incubsted at ‘3?% for 30 minutes.
The cells trested with antigen {BSA) were labelled as
costed SREC and the other as control SRBC,
7o s1s '
615277.¢4 -
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6. Centrifujed and washed the cclls with 10 ml of

1% NRS in PBS {pH 7.2). ’

7. Finally the cells wers cuspended in 20 =l of 15 NRS
in PBS, Thioc gave 1% suspension of tanned SR of
either type resdy for use in the tube.

0.2 ml of atendard anti BSA was taken and mixed
with 0,18 nl of PBS (pH 7.4).

ARien of BNisuri.

Titration of antlsera was carried out in test tubes

(emall sise of 10 x 75 mm).

1. 0.1 ml of 1% FRS was added in every tube,

2. 0,1 nl of the test serun was added in the first tube
and serfel dilutions were made with the halp of 0.1 =1
pipette, _ ,

3. 0.1 B8l of coated SRBC was added to first eight tubes
containing antiserus dilution.

4, In the last & tudbes 0.1 nl of control SREC was added.

5. Following additional controls were set ups

a. 0.1 ol of coated SRBC + 0.1 =l of 1% HRS

b. 0.1 nl of control SREC + 0.1 =1 of 15 BHS

c. 0.1 81 of 0.1% NBS + merial dilution of staudaré
entiserum + conted SRBEC.

4. O.1 =l of 0,1 NRS + gerial dilutlion of standard
entiserum + contrel SREC.
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6. All the tubes werc oixed gently by topping the test
tube stand having the %;abes.. All the tubes were
covered with sluminiunm foil and kept overnight ot
reonm temperature. -

Titres at diffcrent intervals were recorded for
different antisera fron different gnimale having different
dosage of the antigen.

Aftor I days of the first and 7 days of the second
izmunivation 10 m&ém&rwa 50 microgran and 160 microgranm
of BSA were injected in the right foot pad of ths snieals
aceording to the first imgunizing dose. On the left foot
pad egusl volume of ealine was injected. Thicknaess of

the foot pad V'waa woasured with the help of schnilltester -
callipers aftor 24 and 48 hours of antigenic challenge.
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Fo mortality of the animals wos observed during the
experimental period excopt in experiments 1II and IV where
the control enipmls started dfing after 18th day of
inoculation with tumor cells poasibly due to mass infection
{ses Chart I).

Thore wag 8 continuous Fall in the body weight of the
enimals treated with arecoline. The animals loocked quite
wesk and were dull in their movements. There was less
concunption of food in the exporimental animals me compared
to control. However, the animnls regeined thelir welight after
the treatneat was stopped, Thiz is evident from Tadles 3 and &,
This observation wasc pade only in the animals of experiments
I and II. |

Test for haematologleal changes in control snd experimental
anizals of experiments I and 11 were perforsed. Both RBC
count as well as perceniage volume packed RBLC showed loss in
ruzmber of REC in animals treated with esrecoline. This is shown
in Table 5. The maximum nusber of REC in control animalc was
noted to be 949,0000 where as 1t was 721,0000 in the experimental
snipals. The minium number of RBC in control was 522,0000 where
ag that of experimental wao 111,0000,

The volume packed RBC was 30% saximum in control
where as th.t of experimentnl was 18%. The ainimum mark
in control wog 15% whereas that in experimental was 11%.



ZABLE 3 25

THE EFFECT OF ARECOLINE OR THE.BOLY WEIGHT OF THE ANIMALS
INOCULATED WITH ¥PS CELLS, ARECOLINE TREATMENT STARTED ON THE
IST DAY AKD STOFPED OR THE 15T DAY OF INCCULATION.

Anieal 0 day 19th day  38th doy 67th day
ci - 19.5 19.5 19.5 205
¢,  18.0 18.0 18.0 18.1
<, 23.8 M0 0 W0 28,6
< 19,5 20.0 20.6 19.6
¢ 19.5 20.0 20.6 20,8
¢ 21.0 21,5 21.8 21.8
c, 20,6 20.4 20.5 21.0
¢g 20.8 21.0 2.0 21.6
¢ 21.0 21.5 . .
B, 17,6 15,8 15.3 17.1
E, 20,3 17.0 17.4 19.1
E; 2.2 © 21,6 22.0 24,0
B, . 230 18.6 20.2 22.3
Eg 27.1 21.6 22,5 2740
B, 2.1 19.2 19.8 23.5
E, 26.5 21.00 21.5 27.2
Eg 24,0 23.1 e e

G - Comtroly E - Experimental,
** - Anipal died.
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THE EFFECT GF ARECOLINE TREATKENT OR THE BODY WEIGHT OF THE
ANINMALS INOCOLAT:D +YTH KPS CELLS. THE TREATMENT STARTED ON
THE 7TH 4N STOPPED ON THE J3RD DAY OF INOCULATION.

wel 0. day 20th day  37th day 95th day
0 20.0 22.8 21.6 21.8
Cq1 20.9 22.8 21.6 22.0
C., 23.2 25.% 25.1 25.2
Cyq 27.2 31.0 28,2 - 28.2
€y 19.2 - 20,0 20.1  20.1
Cys 2ha1 25.0 . 2545 25,7
Eg 19.% 18,0 20.6 20.8
Byo 21.6 20,6 20.6 22.0
By, 20.9 19.0 20.8 22.8
B, 21.9 20,3 21.2 22.3
E, 17.4 16.1 17.2 17.9
E, 23.5 22.4 233 23.8

¢ « Gontrol; E - Experimental.

NN DA e g E e
NDC ) ¥l MV 5 E 8
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EFPECT OF CONTINUGUS TREATHENT OF ARECOLINE ON THE TOTAL
REC COUNT OF THE ANIMALS BEARING TRARSPLANTABLE TUKORS
AFTER 281K DAY OF INOCULATION

Animal  No.of RBC/cimem. Animal  Ho.of RBC/c.m.m.

Bo. Ro.
¢, 776,0000 E, 72150000
C, 684,0000 E, 211,0000
Cy 225,0000 Eq 111,0000
Cy 829,0000 E, 596,0000
c, 62150000 Eg 570000
Ce 522,0000 Bg 43,0000
¢y 769,0000 E, 552,0000
s 717,000 By we
c 9 e |
Co 749,0000 B, 429,0000
Cyq 949,0000 By, 650,0000
€45 §73,0000 E,, 507,0000
Cy4 895, 0000 Eyq 34,0000
51 5 807,0000 El@ 61509&0@
C = ccﬂtﬂzl Ew Elperiﬁﬁnta:: ‘l—mw‘
4% - Animal died. Control Experimental
Bean # SE__ Mean + SE d
7.6 x 10° 4,86 x 10°  Co.001
| 6 3

#1.01 x 1 41,65 x 10
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EFFECT OF CONTINUOUS ARECQLIBE TREATRENT OR TRE PERCENTAGE

VOLUME PACKED RBC OF THE ANINALS BEARING TRANSPLANTABLE

TUKORS AFTER 28TH DAYS OF INOCULATION

Animal % VPRBC

% VPRRC

50.' KRo.
¢y 20 B, 14
B 22 E, 15
. 33 | 28 EB : 1?7
c, 15 Ey, 15
¢, 20 Es 15
&, 27 E? 15
¢y 25 By oe
¢y .
10 21 39 11
011 - 19 £10 12
12 22 Eil 15
613_ - 38 Ei2 12
18 25 By3 16
C1s 2 | Em 13

C - Control; E - Experimental. +§t tigtica) Anslysis:

%¢ . Aniral died.

Control Experimental
Rean + SE Kean & SE P
22.57 15.30
0.001
s . <

3.87

1.95
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C. Rize” of the tumorg

in the first experiuen@ wherein out bred femsles were
used 88 the reciplents of fhe mouse fibrosarcoma, the tumor
grew progressively in the snimals treated with arscoline. The
untrested animals falled to show any sign of tumor development
which could be peasured., One animal out of 9 controls did show
appreciable growth in the beginning., This animal, however, died
on the 27th day of inoculation (see Fig. 2). There was general
regression in the gize of the tumores of the experimental animals
in the 1inter ztages.

The second experinent was aleo done on the out-bred female
Swiss albino mzea; But this gave slightly different result fros
the first experiment. Hers both the treated and the unireated
animals showed development of tumors (see Fig. 3). like the
first experinent, the trested animals showed a fast growth at
the early stage. In the untrested anlumals there was incresse
in the size of the tumors but the growth rate was slower than
that of the tumors of the treated animals, The rate of increase
in the size was significantly high in the experisental animals
as compared to control during 13th to 18%h days of inoculation.
Like the first ezsgrinent. regression in the sise of the tumors
was gbserved here aslso. Both control and experimontal aniahls
~ gshowed regression in the tumor sise. But regression in the
tumors of experimental animale was faster as compared to that
of control. The difference in regression rate was significant.

The third and the fourth experiments were done on the
in-bred male Swiss albino mice. Both these experiments had the
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similar pattern as the second experiment. But in these - two
experiments the untreated animals started dying after 18th

day of inocnlation\{Flge. h and 5). During the period svailadle
for comparison the treated enimals showed significantly faster
tusor growth than that of untreated. control in early stages.
In these two experiments also experimental animals showed
regreséiun in the tumor size. The rate of regression cannot

be compared since all the control snizmals died during the
experiment,

D.

Haemagglutination oxperiionts gshowed 8 low titre value in
onimals treated with srecoline ae compsred to that in untreated
animals. The titre values in both the cases increased with time.
That is titre values on 24th and 32nd days were more than that
on Bth day. Challenge dogse of 50 e and 100 JE of BSA had 8
higher value ag compayed to that‘ﬁf‘iﬁjpl. Boostar injections
brought slzmost & fold increase in the hmemagglutinaticn titre
but still its valucs were considerably less than that of the
control. The differenca in the titre value of the experimental
and the control wae almost 4-8 folde (Table 7).

Delayed type hyperasensitivity response waz determined by
increace in foot pad thickness as measured by Schnilltester
';iaracallipers. The rosponse was higher at 48 hrs as coapared
to 2b hrs. There was considerable amount of difference in the
thickness of the foot puds of the animals treated with and
without arecoline. And this difference was more after 48 hrs
of antigenic challenge {Tables 8 and 9).



HAENAGGLUTINATION TITRES ON THE 6TH, 24TH and 328D DAYS
OF IMMUNIZATION WITH BSA

1 ¢ 20

Antigenic | 8th dey 24th day 32nd d&y
dose ‘ ' ‘

Control 1380 14640 1+ 1280
10 pg

Exptl, 1 s 20 1+ 80 11 160

Control 13 160 1 s 1280 1 1 2560
50 pg

E@tlt 1.3 20 11 80 _ 11 320

Comtrol 1+ 160 1 s 1280 1 1 2560
100 pg E

Exptl. 1.4 160 1 ¢ 640




DELAYED TYPE HYPERSENSITIVITY RESPONSE IN MICE AFTER 24 HRS OF THE

ANTIGENIC CHALLENGE

Antigenic dose

Right foot pad Left foot pad

Differonce t
thickness thicknoes Mean % S5.E.
Mean & S.Ba Mean * S.E,
Control 1.95 145 04525
2 0.18 20,20 * 0,27 .
10 pe , - ‘ t 2.52
Exptl. 1.6 ’ , 1.5 0.1
20 + 0.08 + 0,08
Control 2.06 1.6 0.46
50 + 0,10 + 0,06 + 0,10 20"
& , , t 3.20
o Exptl. 1,86 1.7 0.16 R
4+ 0.23 + 0,08 % 0417
- Control 25‘025 1;-62 05‘5
+ 0,10 * 0,08 £ 0,07 e
100 pe t 7.83
Exptl, 1,55 1,475 0,075
1% § . $.0.,08 2 05048

« § Not significant; * ¢

Significant at 5%; **y Significant at 1%.

Z el



DELAYED TYPE HYFPERSENSITIVITY RESPONSE IN MICE AFTER 48 HRS OF THE
ANTIGENIC CHALLENGE |

Antigenic Right foot pad Left foot pad Difference ¢

dose ~ thickness thickness Mean & S5.E,
‘ : Mean & S.E, » Mean & S.E. “
Control 2.5 j ‘ 1.5 g ' 0.9
| + 0,28 + 0.23 . 2048 -
10 Pg : * ' t 6.82.“
Exptl, 1.63 C 1.83 ot |
4 0.1 . - 2 0,08 " * 0,08
Control 2,72 ' 1. 64. 1.08
2 0,11 ' + 0.04 + 0.11 - PP
50 pg | | t 8.99
Exptl. 1,933 1.8 , 0.133
+ 0,26 | £ 0.75 . 20,18
Control 2.6 o 1.675 04925
2 0.15 2 0,04 * 0,12 X
100 pg | ’ ) t 12.57""
* 0.07 : % 0.1 3 0.05
13 | | | CD‘
X

¢ Significant . 'at 1%,
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DISCUSSICH

In the present study arccoline showed some interesting
effects on the mouse fidbrosarcoma as well as the host.
Animals getting reguler dose of arecoline showed loss
in the body waight and became aneemic. Pllot experiments
on normal animals also showed the sane effect after srecoline
treataent. This may de decause ¢f the toxic effect bduilt
ﬁuring the contimuous fecding of the compound {arecoline).
This was * indicated also by the low REC count and the low
percsntgga pf HBC packed volume in the trezted animels.

411 these chenges may be considered as the slde effects of
akrecolina. 4s 1t is evident from the previous raports,
| some othor plant slkaloids 4o have sinilsr type of side
ar-facté.; Y.{nbiaatim shows 8 depressant effect of certain
runctiané of bone smarrow (Noble gt pl.. 1958}. Ite other
side effocts consist in sherp leucopenis, not accospanied
by considerable thrombocoytopenie (Johnaon g% al.., 1963
DeConti and ¢reassy@ 1975). & fall in the haemoglobin
level is alsa noted. Vincristine alsc shows certain side
effects like constipation, nausaa, vomiting, reduced
reflexes and weskneas {Johnson gt sl., 1963; DeConti and
. Creasey, 1975). According to Lovisstto gt al. (1950, 1952)
and Veronesi (1952} plant resinuous products, like Podophy-
notoxin amt the Peltantima cause in rats depression of
done marrow function, marked 1aucaymh snd also anaemia.
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Colchicine was found to give s nunber of toxin mani-
festations - disrrhes, ﬁ-spreaéian of haemopoiesis, polyneuritis
{Tudford, 1945). Colchamine csuses fall in body weight,
disrrhoea, leucopenia and ansemia and at high doses

irivolvensnt of the nerveus system. In the blood the griate‘at
fall occurs in the number of neutrophils (Sharapov, 1556).

Besides; these changes, arecoline drought about some
other changes alec. The moct ifsportant to be noticed was the
fast increase in the size of the tumer in the early stage.
Control anizals did show growth of the tumors size dut to a
laessor extent as compared to experisentsl animals. The carly
sugmentation of tumor pmlitgration ooy be due ’to‘ faxuno-
supreossion elicited by arecoline administration. This may
be the reasson why in the first experiment, experimental

“aninals only showed growth of considerable size of the tuxor.

Isrunolopnical tests done indeed support this preposition.
Hassegglutination titres and delaycd type hypersensitivity
skin responses using ESA as an iomumizing agent in sice were
used to show the effect of arecoline on the famune r'gepcnae
of xice, Three dossges namely 10, 50 and 100 ug of
BSA with CFA were used for ilmmunization. The antibody
regponne with 50 and 100 ug dﬁéagﬁs waS, however, bgtter
than 10 ug. & minioup amount of antibodies was raised
sven on the Bth day of immunization. The sgglutination
titres increase on the 24th day. A booster enhenced the
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'titre and the response could be seen on the 4th doy of
the aeconﬂary jmmunizotion., In all the cases the response
in the ﬁroéoliue injected enimals was significantly less
as compared to control icmaterial of the dogages used,

Delayed type hypersensitivity (DTH) skin responges .
are o umeasure of in yivo cell mediated imeunity status.
In mice the DTH is measured dy incresse in the foot pad
thickness after 24 snd 48 hours of antigenic challenge,
However, & significant increpue in the foot pad thickness
is deponstrable in the control enlmals vhersas there was
herdly sny response in the anisals given arecolino.

Prom these studies, it is not poseidle tn corment
on the mode of action of areccline on the Swmme systen,
It might be acting directly and interfering with the
wetabolism of B-cells or T-celle or the effect could be
by iMeﬂemi of the T-helper cells or aight be gonerating
the supressor cells which in turn effect the antibody
production and cell mediated immune response. Similar
type of fmt_lingfc have been reported dy some workers using
other p;aht alkaloids like vincristins, vinblastine and
colchicine. The vinca alkaloids inhibited both the
fomtib;i pf_amihoéiea to serum albumin and delayed
hypme;naiﬁvity in mgté {Alsenderg, 1963}, although these

drugs are not anmong the more effective inmunosuppressive
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agents. Both cblchicine ond vineristine Anhibit the
secretion of Izl antibody (Teplitz gt al., 1975), tut in.
contrast to cytochalasins, neither these antimitotics nor
colecemid influenced antibody-dependent cytotoxieity
measured by lysie of antibody-coated target cells (Gelfand
et ales 1975). Besides, these alkaloids chemical suppression
of fmmunological responses ham been achieved by several
classes of compounds, In particuler, the alkylating
agentes {Hektoen and Corper, 1921}, the antipurines
{Schwerts, Eiﬁner and Demeshok, 19597 and the folic acld
antazonists {Uphoff, 1958} have been offective chenicals.,
Howaver, since none of these druge has offered complete
suppression under condition of clinical trial, the
discovery of new closses ﬁf‘ehaﬁxcélﬁ’uhich Inhibit iwmume
reactions remains an loportant objective. Intensive work
on arecoline has to be done defore it could deo employed

&g a potent imrunosuppresant in clinical field.

Continuous injection of arecoline brought adout
regression in the size of the tumors at later intervals.
Slight regression was nlso ﬁ%sarvéﬂ in the controls dut
in this case the changes were glow. Appreciable degree of
regression in the experimental animals mey Be due to genersl
toxic effect, of fhe long term treatment of arscoline which
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resulted in the loss of pody weight and anaemia and
secondly necrosis of the tmra which facilitated the
shrinking of the tnu&rs. In controls whatever degree

of regression was seen could be attribduted to necrosis

in the central region of certain tumors. It is isplicated
that the imnuno suppressive action of arecoline may
faciiitate the progression of Tfc)l-cancer suspectedly
induced by some agent present either in betel nut itself
or in the other ingredients of detel quid.
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3.
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CORCLUSIONS

 Arecoline st the given dose level in the precent

experiment does not elicit mortality in mice,
Continuous administration of arecoline results in
the progressive loss of body weight of experimentsl

enimals. Animels alsoe suffer from snoenmia as indicated

by such hsematologicsal changes as 3£311 in 383 count
and low perecntage of RBC packed volume, ﬂbw@vgr.
withdrawsl of arecoline treatment ewaatuataéﬁgggwiody
weight snd general health.

Arvecoline treatment enhances the growth of transplanted
fivrosarcoms in mice during the early intervels. 7ZThis

®ay be due to immunosuppressive action of arecoline.

~ Rapid regression in the size of the tumor was seen at

the later intervals of arocoline treatuent. The
rogression of tumors at the lator intervals could be
prigarily due to the toxic effects of the alkaloid
which had sade the animals suffer from loss of body
weight and anaenmia. Whatever contridution in tumor
regression made by central) necrosis was connon to both
control and exporimental animale.

Specific experiments conducted on Swiss albino aice
clearly indicate immunosuppressive acticn of arecoline.
Arecoline inhibits both the formation of antibodies to
Bovine serum albumin and delayed hypersensitivity

reaction.
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