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The oral and oropbar,ngeal cancers prodoainate 1n 

the morbid scene ot cancer in Ind1a. Tbelr incidence 

,varies 1"rol!D 4.~ to 4?.!$. 'l'he high incidence of oral 

cancer in India bas been associated wi tb tbe chewing all4 

aaoklftfl habi-t• (Khanolkar. 1944. 1959t Safl&bv1 .11 .11• • 

195St Sbn-ta an4 Kr1shNUWrthr. 1963• PaJDleter, 19111 

Wahl, 1968s RedQ .al Al•• 1975• Ktum:na Jd d·, 1975). 

Prevalence clota is ava11sbl• on oral Cai\Cer troa 'tbe 

Ma1npur 41strlct 1ft Uttar Pradeah (Wah1,. 1968). hom 

· Bhamapr in Gu~ra'ta fl:'oa Poona 1n llabarasb:trat from 

Emakul&u ln K:enlat from Srlkattulu 1ft An4hra Pradaeh 

an4 trom Slftsbh\lm and Darb!um&e 1n Bihar (.Mehta u .11•• 

l972t Plndberg .11 al•• 1968. 1970 aJtd 19?1). Data 

1 

on oral canc-.r baa alao been collected .troa a grroup of 

'textile 11111 workers 1n .t.baedaba4 in GuJrat aDd ·f'roa 

rural po~ation 1n Al1ba&h Teluka In the Colaba dlstrl~t 

of Maharashtra (Jussawala, 1976).. After an extensive 

eurver or different part• of Indla br aehta: a.nct otbere. 

it waa found ths~ oral cancer is aore prevalent 1n the 

aouft.ern nates of the countey than elaewben. 

Among other etiolo&ical factors 1ncrteinated to 

explain the high incidence of oral cancer ·~ v1ts.tn 

deficiency. bad oral hyge1ne. excessive use of eplces 
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and consumption of alcoholic beverages. It 1e also 

bel\%vec:t that. the appearance ot leukoplakia. plgmentatlon 

(melanoplakia) and the prevalence of aubmucuo t1broa1.a 

aa,- forecaot ·'the onae't of neopleotio transforcet1on ln 

tho oral cavitJ" (Fa~JM.ster. 1956t Padmavati and Bed-· 

1960t Shan-til and Kriahnamurthy •. 196)t martin an4 Koop. 

1942). .Jusaawala and Deahpande (19?1) aade a ~troapectlve 

atu4J of cancer et hiBh rlst sites ot the DotlbaJ Reglatr7 

and foun4 sutt1c1ent evl.Sence to 1ndlct cMtd.n.t end 

81ll0k1na ot tobacco aa facrton to areat 1•por'teftC• Sa 'lbe 

et1olog of oral. pha17J14eal. leeyageal. and oesophageal 

cancer. 'he r.1a1t of de11•lop1ng cancer in 'tbe buccal 

aucoa •aa fo\11'ld to be ?.? 'titma blghe.!"" 1ft cbettft"B tblm 

in. non-cl•utwera. .Another' lntere~Jtlng tac.rt le decipb.ered 

fro• tbla attldJ' 1• 'that 'the oroptrarJnx and oeaopha&U• 

also show .hlgb r1ake s.n thOse who chew 'tbe l\Je-tel qul<l 

w1ttlou1 tobacco. tbua 1ncd.ea:t1n,s possible carcinogente/ 

co-cuc1nogen1c effect ot d.1ltE i.uere.Aenil ot the quid. 

DIStl 9b.1!1ns 
The cbewln& of betel, a habl 't ot great antlqul'tJ 1e 

ver7 co11a0n l1.llO'ft8 'tho 1nbab1tarrts ot Ce~lon.. Indla. Buna. 

Sla. Indo Cl'd.na. llal&Ja• Sl~. lnd.oneala. Ph1U1p1nes. 

'ftn Cuinea. New Brl toin. ltew Island. Foraosa and China. 

Tbla habit has alao prevaUea in zand.bar coed between 



AD 1200.1400 and mention 1s made in Dutch archives of 

t664 · of an imposed duty .on betel leat ~rted fro.m 

India into Malaca (Muir and Kirk, 196o). 

fobaceo 1e generallN m1xed, flaked. wl th cracked, 

powdered or sliced dried betel nut ( 'tbe fruit o'f the 

betel palm. ArJCbl ,satgcbJ&) and slaked stone or shell· 

ll.a. The whole is wrapped in the leaf of the betel vine 

(fbeX: lmtel) on which GI'SUW (an aqueous extract of the 

heartwood of the Asl&AIIa AIA91a a-&egbJ or AAAN mm) 
has been smeared. Splcea sucb ae carct.amo:a and cloves am 
aniseeds may be added for a4d1t1onal flavour (sangb.vl, 

1955). · This qu14 is put ln the g1ng1vo-buecal tol« antl 

chewed for hours (~~nta and Krishui!Nrthy. 19.59). In 
~ ..... ' 

T-hailand tumeric. the ground root of QJ!rsRIIB &mm~»PI• 

te usuaU7 added to chew (Ellis. 1921). 

The Whole betel quid 1s kept 1n the mouth tor a t'ew 

minutes to several hours and the regular chewers keep 

having l't one after the other. The habit is so deep 

rooted in some people that tbey otten sleep reta1n1.ng 'the 

qu1d overnight in 'the gingivo-lmccal gutter. It 1s kept 

generallJ' on one side ot the buccal pouch Which mQ' 

eventuall)T become wsceptible to preneoplastic or 

neoplastic growth. 



1n recent 7ears 1ntens1 ve resean:b bas been underwa,. 

as regards the assoc1n't1on of betel quid. chewt.n& habi'ta 

and oral cancer. EQOrlmen'tal stU41es are in progress to 

assess the role of each 1ne;re41en't -that conatl tute the 

'toul betel q1J.ld. 

tile 1nvolveaent of the main ceu'tli:utnte of •Pan•

betel leat (PlRK JiDt), betelftUt (AtJAI galg)g). tobacco 

( I!I,RttbM lahacsml. slaked Shell or trtone line (slaked 

calc1u 1'13-drod.de) and catechu (Acacia catechu) have betm 

cons14erecl 1ndiv1ctuall; or in coaib1Bat1on (lllott,- a.n4 

'J'i1madtve. 19.59• Muir an4 Kirk. t960t Dunh•• llu1r oct 

llat~Mr. 1966),. The role of lbae aJ;pean rather contro

vort.lel., ·though aoae reports. do sugg,est. 1 te correlation 

with the ·.:>0~• of oral cancer. Acanthosis of the 

oral .ep1'thlllua was reported (Sina~ and Karuladtar. 1968) 

o'll17 1n anbmle GQOSK to lime .aftd reneoted deep lftJur.r 

to the cellul,ar powth pet'tem sn4 also a obron.leal~ 

alte~ed. .~1 tb111ua connective tiaaue 1nterrelat1onsblp. 

Bence, lt could be lime which 1s 1nvar~bl~ prosent in the 
\ ~ . ~· 

•betel qu14•. •. acta , thu• bJ v1rtus of tlama.e reaction 1 t 
. :.. ' ; . 

provoke$, as the a•UEGiD96GC ME ($-'bklneon ~ iil• • 
. .~· 

Tobacco bee been considered \he 1ngre,1U.ent of 'the 

betel quid .aoat 'l1kel7 to cause changes 1n 'the oral mucuoa 

'tbet ev~tuate: ln·the developaen't of oral cancer (Khanolkar. 

19S1t San&b:vi• :Rao and Jthanolku. 195St Shanta an4 
; . l 
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Krlabnmuurth,J. t96:U. Wahl a ill· {1965) reported that a 

large proportion ( 66."') of the controls bu't <m17 9.6~ ot 

cancer cases were not using tobacco. Those Who wex-e both 

cbewera and smokers .figured at 3?.8$ 1n cancer cases end 

onlJ 6.41' 1n controls. ~e chewing (tabacco) habi't alcme 

was found in 35.~ of patients amt s.9'P ot co~ttrol 

aubJecte. ftlls analysle brings an ift.!POrisnt relation ot 

tobacco use with th~ prevalence of oral and oro~eal 

cancere. ln tncperillental studies., lu1r and Jt1l'k (1960) 

have induced tu.aors ln tbe skin of 'two or t•el ve alee at 

'tbe slte ot dallN .pain't1fl& wl th an aqueous estract of a 

tJ'plcal whole Singapore tM.n•l quid. However. Dunham all4 

Herrold. (1962) cou14 net induce tuaors 1n the haaster cheek 

pouch treated b; beeawax pollete tbat contained betel quid 

ln&redlmta fro• HVOWl Adan countries. Surl .11 &l• 

( 1971) had co-nducted aft apGrb.lerrt on heltsters us1nc a 

North lnd1an varie'tJ' of tobacco and betel nut. i'obacco 

caused only leuk:op1ak1al changes. maso extract of betel 

m.tt induced 'tUMn 1n haf.leter eheek »>UCh at as h1ah a 

rne as 381'. miSO extract of betel nut plus tobacco 

cauee4 cheek pouch tQmors in ?16 of animals. Recen-t 

reports b7 Rana~lve s1 al• (1976) give soae positive 

results Whlcb qual.ltatlvet¥ thoup not qwmtltatlvelJ 

support the f'ind&ncs of Sur1 .11 al· on subcutaneous 

adll1n1strat1on o~ betel nut extract (in water and DMSO), 



60$ of Swiss rdce developed traneplantable f1bl'osaroolll88 

n't the al te. of 1nJec't1on. Skl:n appl1cat1on .of mtiSO 

extracts ot tobacco and of betel DUt soparatel7 did 

no't result 1n ok1n lesions, but When al2te<l DJGSO enmot 
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of tobacco and ttetel. nut tree uae4. skln pap11lo• and 

epldemoid carcinoma <htVf4oped 1n 8011e. anlulfl. SlmllerlJ'. 

buster cheek pouches painted with a maso extrac-t of betel 

nut ehowed only ealignan't changes whereae 'tbe result waa 

ncptlve when extl"act of tobacco wae usetl. However. DXSO 

extract ot a alxtun of tollacco and: betel :rmt poel.tlvelJ' 

increased. \be ino14ence of earJ.J: malignant clumgee 1n 

the bat!a'ter oheek pouch. 1n41cating the Oftbanciq efteot 

of be'tel nut 1ft oarclno~ds. 

Another ~dtent of t'he betel. quld. a-bler, whioh 

la an •nrao't fna the 'VtJle,. PnMiliiHlb.iCt ls a auapected 

ctmOlnogen bJ virtue of .l'ts tann.ln content (l.el!'pay and 

litoaon,-1. 19SOt .Klrby. 196o). 

£bDiQJoalaJ. tttwa pt B.ceJa. ll.VS 

Areca 1'IUt 1a hiGhlY aoldic and astringent to 'taste. 

It ls netttr111~ bJ' the a4ditton of 11110.. Bea14n 't'hla 

11• promotes tho appenl"8!'lC• of a red dfo. Apart fzoa 

other ingr6d1ents of betel qu!.ct. areca mJt pzo*lt•• 

intense sal1vat1on (Elsen. 1946). m114 exhilaration am 
<to a certain e:Rent eleeplemmesa. By ll1'l4 lara• it batt 

sou effect on the tftD!al DJDOVI avda4CNS). 
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IIlli pt; gitfermt QOI\RPDC»tg Pt. II:IH mG iD .Pnl UllfCAJ' 

'fannin. one ot the components of areca nut (Table 1) 

ls a powerful hepatotoxic agent when admini.stered 1op1caUy 

or by inJection. In one set of experimen•s• about ~ of 

rats suftiving tannic ac1d inJection tor lonaer than 

100 d8J8 clevelope4 liver 'tuaors. 14oreover. sbul:tanewe 

dosing with tannic ec14 and acetNlaminofiuorerae 1ft11uced 

110re 11ver tuaora and. a sroater ttearee ot aal.I&Mnc7 

than 414 the a,nthetic carci:noaen alone (lloGOnJi and. 

E.orpasJilf • 19.53). Thls coaponeJlt did not evoJt• local tumors 

on e1aple applications on the ain (hrpaBSJ' and lloao~QY1. 

1950) .. other reports also show inductlon o-t tuore b7 

'tannin extract (Eirb)'. 1960). ~rs were lllducea 1n rats 

and .mlco bJ subcutaneous lnJecrtlons of var1oua tannlft 

extracts. Con4tmsed tannlft8 evoke« Sarcomata at the 

site of in~·ectloft as well as 11ver tumon. ·but llver tuaorw 

onl)' were produced bJ ex:trac•s ot ~Z'OlJ'Uble tatm1na. 

Literature 1a not available on carolrlosenlc property 

of other C08f.POMfttS of areca rmt eapeoiallJ' alkeloJ.da 

(2able 1),. Arecoline one of these alkaloids 1a the .est 
illportan't constl. 't.uen:t of areca nu't. fte dried nut 

contaiM abou"t o.!$ ot arecoline. 

£m»arttcv of Artumtlot 

t ,2.5.,6-fetrahydro-t-aethJ'l• 3-pJricU.M carboQ'llc 



acid. MthNleaterr ae'thyl 1., 2.5. 6-tetrahJ'(Sro-t-aethyl 

'•"' n1cot1natet aotbJtl t•meth~- [i •'tetrehydro-).pJr1d1ne 

carboxylate, •etb71 ll•metb,-1 tetra h)'dronicotinate. 

8 

CaK1,no2, sol.wt. 155.9 tc 61.911'. H a.~. • 9.031', 

0 20.~). 

IH3 

OcoocH3 

F1g.l: STRUCTURE OF ARECOLINE 

It le extracted !%'om the eeeds of the betel mt pa1a • 

"DU IIS.UhJ •• • Pal•oeaa (catechu) .. 

Phrdcal umPRU..a 

lt ie an Oll)' liquid tmvlng b.p. 2oV'C, b. If 92-9f'C • 

b.p.12 tos0c. It 1s volrrtlle with otea11. A strong baee 
. . -1 20 

wlth pJt 6.84. k 1.5 x 10 • 'b20 1.1J.J02. d t.OAJ..S9. 

JU.ac1ble w1th water. alcohol and ether. It is soluble 1ft 

cblorofora. I't 1e also touiltl 1n aaorpbous tora (eNntho.aized} 

wblch is soluble in water. 

f.IU19lu1£11 tU'd 
!hle elkalold. 11Jte other parasJ'IIl)atboldllit1c drugs 

stimulates the brain. It has tbe actions like a.ce'tylcholine. 
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It 1s also called as cbol1nerg1o drug. Arecoline 

a<tminletered to ra'ta has been shown to produce various 

eftecta on the oentra1 n•rvwa Q'stem 1nclud1ng.. increased 

aotor act1 vi t)f (Hertz. t 962) decreased cond1 t1oned evoldanco 

responses (Herta. 1962a Hertz and Ytlcoub. 1964t Pfeiffer 

and Jf!JI'nl,. 195?) activation of ele.crtroencephelogram 

(Riebl .11 Al•• 1962}and production of tremors (Jlolmotedt 

and ~n. 1966). In other words. 1't is ohOl.lnordc. 

exerting a sialogogue and diaphoretic ac't1on 1ft nol"mDl 

<loaqe. All ot 'these offecta. bo~ever. could bG antagonlao4 

by adld.nl5'trat1on cf the ens a-choUntn'glc agent. atrop~. 

It aar exert a deleterious ef1'eot em 'the dental f!Nlllel 

(!U.ker. 19S8). It is used in v.-teriftfl!7 adic1ne against 

tapeworaa. 

Pruen't etudJ 4eala w1'th .'the effect of arecol1l'lfh 

a •Jor cottpOmmt of ar.eea rmt on 1%'8.ft8Plantable eouee 

f1brosa:rcoaa. "the pur.pose 1a to evaluate llrhother thia 

altalo14 has eny -t'bor promtlftg or tUIIOr 1nh1b1 'tlng 

propert7.. lntl&ed. certain plant alkalold:a 11ke 

VJ.norlstine. V1nbla•t1ne and Colchloln do display the 

dual role oarcincuna'tio as well as cerclnogenlc properties 

{Cutts, 1961a Va.ltluw1c1us .e1 al.•• 1962t Carbone d al•• 

1960t Cardinali and Bne1n. 1960a Palar. 196)) •. Since 

ancollne 1.a a plant alkaloid• lt appeared worthwhile to 

investigate 1ts effecta on iaunereoponsea. Hence. additional 
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es.periDents have been perforae4 to study the effecte of 

arecoline on antibody formation and delBJed b,ersensit1v1t7 

in aice. 



TABLE-I 

DIFFERENT COMPONENTS OF ARECA NUT 

BETEL NUT 

POLYPHENOLS C7-55 %) 
I 

FATS (4-24 %) 
GLYCERIDES OF 
1 l LAURIC ACID 

CRUDE FIBER POLYSACCHARIDES 

I I (3-9%) (9-28%) 
.TANNIN(20%) FLAVONOIDS 

IOUERCITANNIN) I 
I 

ANTHOCYANIDIN 

2) OLEIC ACID 
3) MYRISTIC 

ACID 
I 

LEUCOCYANIDIN 

ALKALOIDS 

ARECOLINE 

ARECOLINE : CHJ" ester of arecaidine 

ARECAIDINE :NCH3 Guvacine 

GUVACOLINE: CH3 ester of Guvacine 

GUVACINE : fl3 tetrahydropyridine-3-carboxylic acid 

ARECOLIDINE: 3:4 dimethoxy 1-CH3 1:2 dihydropyridine 

ALKALOIDS 
(1%) 

.. 



A. jnlpls 

Swiss albino mice (both lnbre4 and outbred) were 

used in these experiemmte.. Young adult animals (?-10 

weeks, ol4J we~e obtained .from Cancer Research Institute 

(CRl}., Jlotlba¥• ln41a and Central Drug Boseareh Institute 

(CDRI), Lucknow. India. The alaala were housed 'tn 

aetnl cages wlth r1oe husk bedding and u1n1a1ned lb 

an aJ.rcon41tione4 wal houa.e. fheJ were provided 

w.lth .tood ana tater ad 11b1 tum and thelr wel&hte were 

recorded. a't regular 1nten'ala .. 

D. ZPmRr..l . 
. Animal& lftocula~ett with 0.1 ml ot liouae F1bro

Sarco.-a (IllS) oell(b ouopeM!on were obtained .hoe cu. 
BolabQ. A;fter 10.12 da7o ot 1mC\Ilat1on the developed 

tumor ~s 'traDBplafttetl ln normal anleals for the 

aain'tainance of the cell line. An1111la bearing well 

4evelope4 ttw!or were sacrif'lced aa4 tbelr tuDora were 

ecrax;.p .. d.- C':Ut. Sal'" Ud other fibrous Uesue were .;r.~~C>X.e'"d. 

After waabl~ 1D Hank. 0 solution. the tumors wen 1\lncect. . . ; . 

C~l ~apens1on was made in Hant~s .solution with 'the belp 

'of:~"" aclsure. 0.1 •1 0~ 'th1e cell ouapenel.cm was 
,· ! ' 

lf"Jected, in the rlght thigh of 'the mice (inbred 8M oirtbre4) 



bpt. I .Out bred 

B.apt.UI 

• 

9 

(C1-G9) • 

12 

c,-on tb.e 2?th dQ 

E8- on tbe 24tl!. da7 

6 , ... 

• (ClO - CIS) (lfrEt4)• 

5 1iJ • c16 • c19-oa the t8th 4a, 
t~.s-Et9> ct?•cl8 • Czo - em 

the 23M c.l&J ., 
S c22 - on the 19th daJ 

• <Eu-Ea4> c21 .c2,.'c;24 • 8z.s -
on the 221\d 4Q 

The figure in 'the parentbesisindlca'te the label of tbe 
1nd1 vidual animals. 

+ 
Are ... ollne 'trea'tment started on the tat d.fl¥ of inoculation. 

++Arecoline trea-taetrt started on "he 7th d&J ot inoculation. 

i)Arec:oline treatment started on tbe S'tb daJ of 1noculat1on. 
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ant.nle were d1 vlde4 1nto two groups b¥ an accepted 

random method ... one having experlmen.tsl label whereaa 

the other being control. 
. .:: 

c. AmcolJ.ne injgaSiaD 

Arecoline W:l8 obtained from Siaaa CoiiPaJ2l• U.S.A. 

This alltaloid woe 41osolved 1n ph¥tJ1ologlcal saline 

, at the eoncent.ratio:n 5 as/ml. Presh solution was 

used .,er7 t1•• Care was taken 110t to expoae ~he 

sclutlcm to light. 

After observing pa1pa.b111"tr of Ute tut10r. the 

experlaental anlaale were 1n3ected 0.1 ml of tbe 

fresh solution ecmtail\ing o • .s 118 of arecoline. Ccmtrol 

aniala received 'Uta injection ot 'the veh1c1e .onl)r. 

fbese ln~ectlou were glven in tho lett tblgh bJ 

subcUtaneous 1'0\l'tta. !'he 1nJeet1one were given twice a 

~ w1tb •he caP of 12-14 hra ba~ween the two ehote. 

All the anillalatL:.o·i:expe~iment-s~-r: &":~rt~:.":l' were 

weighed. bqfore theJ' were 1nocula'te4 with tuaor c•ll·s. 
; -

!odJ we1gbt was taken reg11larl7 after a partlcular 

1nterva~ . (Tabl• 3 am 4). 

! 

B. §111 -' tbt I -SUliK' 
_, 

A~-~ tbe inoculation ot .rs cella on ~he right 



thi&h. the s1 te start awellin.g 8ftd after e. week or so 
/ 

a prominent tumor is avldent.. All the 'tuaora were 

uasurad l.n e~~•a wlth the help of elide calliper. 

Leng'th .&ad brea)h of 'the tuaors were nctett. Meaeure

aente were taken tor a aonth or so after ever.r 4-6 <~Qe 

gap. appro1daate *else• of the ttmore '":'D calcula:ted 

bJ wl tiplyina the length w1 ~h bre4h. fhie 1a a;_J 

usual pl"'cedure ·~sed 1n several laboratories. 

p. llu.utd9Bial 111~1 

14 

About 'hen- el&h't clap after 'the san of the 

nperlaenta . 1 8ftd IIP~he an1aals both experlaental as well 

as controls were bled. Blood waa taken bJ' puncturing the 

tail.veln •. 2wo exporl.r.leftt.a were carried out tdtb the 

collected,blc()d. , 

1. Enu•oratlon. of RIC. 

11. J1e'termlnation of packed cell vo.twao(.vPRDC). 

fh4!se. two experiael'l'to were pertoraetl to assess 11\e 

ebange; 1n ~ o~ aBC 1n the experi.mental. end control 

anlaaia .1''1tb> 8ft4 wl thou-t 'the treatmen:t or arecoline. 
"' J • ~ 

fh••• ~erl~t:~ ••re pl&Md after obsft'Ylng a ateep 
, / .; ; I, i i 

tallf1~~;}'~~, in the ani.ala treated tJi.tb arecolin•. 
; I • '! , . : 

l~i~/i$JU.Usm .9t SIS a As the number of red cells pnrsent 
'J ·'' 1\ 

,/~~;on~j~bJc aillbetre ot blood 1s ln{~11llliona the blood 
' J,·, '/,Jj ·, :[v¥d t'j(/be cUluted,! ao that: the red cells would be seen 



15 

distinctly and dlrectl¥. Therefore. a known volaae 

of blood w.c.a cU.lu'tecl 2:00 'tlmes with a fl \114 wbich was 

laotonlc w1 th blood an4 would prevent its coaeulatlon. 

Red cella irs tmow volume or dilute4 b1o04 ...,..e counted 

in a SJHtclal counting cbamber ana -tbe JIUJlber ot BDC.~ 

pe-r c ••• m of the undilu-ted bloo4 was calcula'ted therefrom. 

Aa.ml'l»l &lllSi UBIUIISG »MSS 

B~:lt£ - th1e 1a a staple aaserabl)r eonsiatlnc. ot 

RJIJ plpe'tte, a sllde an4. a thick ccv•r sllp. 

tiJ.IISJ.us tlal.tl - 7tte diluting fl.ul<l Whlcb wu ua4 1• 

cal. led KQa• a i&Olutloll. Its cospoal tlon 1a u fo11owst 

Sodlua chloride o.s p. 

Sodlua sulfa'te 

Corrosive au~~e 

D18Ulled water 

.2.5 sa 
o.z.s-
100 at 

The fluid 1a 1sotWc wl"th blocxt. lt CJ, th•retore. 

prevented haaolpls end rouleaux fonation. So41ua 

sul.ta'te acted. as an ant.1-coagu1an't and corrosive 

au'bllllate prevented bacterial growtb. After d11ut1na 

the bloo4 200 tlaes. a clro-p of it wes tate on the slide 

and the cells were counted un<ter a lllcroacope. 

u. i:IQkd. c111 YR;luma 
the paCked cell volu110 was d4l'tem1ned bl' centr1fug1ag 

a auplo of' blood which had been u4e 1ncoagulabl• by a 



sul 'table anti coagulant heparin, untll the corpuscles 

were packed. 'to a -constant volume. 

A'QPDD!JlD &Q1 t.Hitm1D u§.d 

(1) Clean and cl:r7 1'1ntrcbe'a haematocrit tube•• 

Cll) Parattln to block one end ot the tube ~J(l·U) 

Heparin •. (1 v) S)frlnge. ( v) CentrifUge. 
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Tall vein o't the an1male were punctul:'ed. o.o.s ml 

blood wa& d:ron into a QT'1n£• !laving SOJI.e keparln. 

Aftor Dla1ng properlJ', blood w.e fllle4 ln the llae.a:tocrit 

'tube. cme .end o~ th• tube wae blocked with paftlfln. ·The 

tu~ so f1Ue4 wltb blood waa c«mtrittuse4 1D ,~Y"~IiE_!!.:l51\TH 12 
. -. o.--:- . ( 

cantrifqe a't the speed ot 12,000 rpm .tor 30 Jdn. After 

the etmtrltunatioa.., the 'tubes were put in a ecale whlch 

caw percentage of the volu.e- o~ 'the packed. o.-ells. 

G. IIPKiMDSI SO' &bD IUUS ot angllnt PD tg l.nnml 

••• Qt .• , •• 

!D&M'I- 60 faal• out bred S.1as albino aloe obtained 

troa CURl"' lAlokftOw trere used ln tbeae. exper111ente. 

IwmnJ.atr ... cr;vstelline BSA troa s1gaa eo.. u.s.A. 

AsUnyi1JI -Complete fnand•s a43uvent (CPA))• 

»i.fco Lab. li1cbi8an. U.S.A. 

PQwtas1on of dlftfrw pgnc:entmt1onu &(. ii6 
t.O ag of BSA was dlsaolved 1n S Ill of pJl7s1olo&lca1 

saline. fhree cllflerent concentrations were made from 
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t!lla stock solution.: 

a. J.AO USll!BDm 1 1.$ al of stock solution having 

3.000 slorogra. BSA was Dlxed. with 1.5 ml of CPA. .An 

elltllsion was aade by contlmtoue ~ett1ng through a 

hJP04ermlc needle. 0.1 111 ot the eaulaion contained 

1.00 •lcroara-; of BSA. 

b.. 51 atQEP&rM • o.?S m1 of :BSA stock .ae diluted 
-

wlth 0.7.5 tel saline an4 the 'to'ttd. volaae was abed w1th 

1.5 m1 CP.A to get 'ml of emulsion ha'Vlng 1SOO alcrogra 

.BSA. o.t ml of this contalne4 50 mlcrogra et' JSA. 

c. 1Q alGJ'PflJJMI • · 0.2 IR1 of BSA st:ook wae diluted 

wl'th t.8 al of saline alld tbe total ve>lue as ml.xe4 

wl th 2 Ill of CPA to get 4 Ill ot RA11a1on having 400 mlcro

graa BSA. 0.1 a1 of this contained 10 mlcrocna of l3SA. 

AdmJ.miaSkm~ sat B§A -. kf6. CMJltkm 
Acla1nletra:t1on of IS.l-CPA eauls1on wae d:oM 1n 'tbe 

followtns W&¥• 

100 atorograa 20 enbaala 

50 alcrcgru 

10 aicroa:ru 

2.0 aalaals 

20 artiula 

All tbene 60 animals were assorted into t'WGlve g~upa 

o-r S an1aale each (fable 2). Joos'tar lnjeatlon of JSA waa 

g1 ven ln all 'the anima1a 1n the saae dosage after 21 daya 

of the priaarJ 1mmuniu:t1on. 



2NAI. 2 

GROtlPll~G OF THE TREATED .A1m UNTREATED AfilMAitS FOR THE 

SftlDY OP HI AND CMI RESPONSES 

Antigenic 
4ose 

Control 

Control 

Control 

100 pt. 
Exptl. 

Immune 
response 

HI 

CJII 

HI 

CJli 

Hl 

CMI 

Hl 

Clll 

H"l 

Clil 

HI 

ceo: 

No.ot animals Operation 
used performed 

s A 

s B 

s A 

5 B 

s A 

s B 

5 A 

s B 

5 A 

5 B 

s A 

5 B 

HI • Humoral Immun1tya CMI • Cell Jlediated Immunity. 

A - Bled on 8th. 24th and )2n4 dap of immunization. 
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B • Gl ven antigenic challenge ot liSA dose according to 'the 
- f'irst dose in 'the right foot pad after 2!1 days ot 1 

prlmar,r immunization. 
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AasRIJD inJftAt&QQ-
Experieen~l enltmle were given 0.1 IDl of erecoline 

(S mg/ml) ·twice a day. Indirect Kaemagglutl.natlon fest 

was portontu!td tor lbmtoral lmmme response Whereas Foot 

Pact InJection Jaethod was used for Cell Med1ate4 IraunltJ. 

lndlrld, IIUBASJHlllmliM lgtt 

1. lst'UDI. hind imP .... Anlaala troa different groupe 

tr0!"1t bled nner 8, 24 and J2 dayu ot 1m1JlUJllaat1on. Bleeding 

was don.e 'tbrvugb the lnfraor'bltal votn with the belp of 

cap111~ tubes. Bloocl was collected in SMll tubes and 

kept in cold for coaggule'tlon.. hN nre a«tpaft'te4 out 

after ttrat.v-tour boun and they tteN colleutfld. 1n another 

clean tube. Then sen were centrlfu&ecl at 1200 rpm for 

10 almltes (temp. - 4°C) and uurect in cold. Before. the 

e.xper!Mnt each nna waa diluted to 'tlses. 

2. UQI:BJ. IDJllt1S §SSUI (fiRS) - Ronal. nbblts wen 

~ throuah tbe ear vein. Se.nl were ennc'tad ou~ etter 

cen'trifbt!a'tlon. flest eultabl.e serwa (one ·tree fro~~ an't1-

bod1es agaln&'t BSA) wa-c retalned for the experJ.aent. 

Before tble orum_could~ be used, l't was 4ecoap1eaented 

bJ h•.rtina at 56°C t'or JO mii'IUtes in e water bath. ften 

1 t was stored 1n the cold room. U' IGlS was prepared in 

PBS pH ?.2 before use. fttla solution waa U:Hd aa a dlluen~ 

for arrttsem. antl.gen or oelle during the &SSaJ'• 

).. SUD red J)).iQd mr.mut;J,oa (SRBC) - She$1) blood 

•• 'taken out. and N8 mlx:ed wlt:h an equal vol'W'Ite ot 
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Aleevorts solution and stored at 4°C.. It could be used. 

upto 2-) weeks~ as a source of SRBC 1t no con:tamlna"tion 

or haemol~els 'occurred.-. 

,.. i!btabdl Wf(i£ ul.lne,.(PBS} - 0.2 11 solution 

ot rta~4 and NaHaf04 were prepared separatelN• the,-· 

were mixed in 'the following proportions 'to get stock 

butter· solutJ.cm. AdJusted the pH w1 th appropriate 

eolutlou (O.!R HfJ.l/O.l fi ftaOB). 

pH o.a BaH~o4 o.2 • !fa~4 
? .2 28.0 Ill ?2 .. 0 Ill 

6.4 ,,.6 ml 26 •• Ill 

the stock buffer solution was ttlluted 20 tiraeo with 

o.tSM sodium chloride solution before use. 

s. lmmJ.s; o;:W- h1mlc acid •tho4 ns followed 1n 

the present study In wh.ich 'temlc acid, wa.s used ln. the tlxing 

or coating of antlaeD em SP..BC. ~.e bindina ls electro

valet interaction. 

l 118/111 solution or famlc ao14 was prepared 1n PBS 

pH ?.2 end dilutioD was ade by further ad41tion ot PBS. 

rotal d1lut1cm was telMl.ooo. 

6. An$1BtD Pa1§1gn - An a:ntiga solution of 20 118 

BSA was prepared 1n tO Ill of PBS (pH 6.4). 
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Er.t.PltnliaD Rt aJdiun ADftld .§JUS 

t. Alaever' a solution was dlaCe.rded after centrifuslng 

SRBC at 3500 rpa (150 a) for 10 minutes. Pellet wae 

washed .) times at 150 g for 10 minute. t::;~.:J.,? Aftezo 

fiftal washing the colla were paokecl. at ?.SO g tor 

15 '8i.nutes. 

2.. 0.2 Ill of packed. cella were 'taktm in eaCh of tbe 

2 test 'tubes and suspended each in tO &11 PBS (pJl ? .2) 

to &~ve ,_ BltBC suapeneton • 

.). 10 a1 of Tannic acid· solution (1 t40 dilution) waa 

added to both the tubes. ~bel were . mi.xed nll and. 

lncubatecl a't )'/> for t.S aiJ'lutee. 

4. After incubation both 'tbe tubes ware centrltuged for 

S Jd.nutes at_ ?50 &• SUpomatam •• removed 811d tbe cells 

were washed thr.lce 1n about 20 al of Plm (pH 6.4). l1nall7 

lt was resuepended 1n 10 fd or PBS (pH 6 •. 4) to get 41' 

suspension of tanned s~. 

S· 2o one of 'the tu'Hs 10 m1 ot PBS (pH 6.4) waa adde4. 

4lhls was taken as· control. 7o 'thG other 'tube 10 m1 of PBS 

(pH 6.4) comeinln& 20 -s BSA (BSA wao taken es an et1een) 

was odded. Who tubes were incubated a't 3?°C tor 30 llinutea. 

The cells treated with arrt1ge~a (BSA) were label.led aa 

c:oa'te4 SREC and the other ae cont.rol SBBC. 



6. Oentr1fuce4 and washed tbe cells .S.tb tO m1 o~ 

1" IllS 1n PBS (pH 7•2). 
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1. PlnallN the cella were suspended 1n 20 •1 of 11& lfRS 

1n PBS. tttds gave 1" suspension ot 'tanned SfUIC. ot 
ei-ther tne ready tor use in the tube. 

£J::t'RD13i$l,on At dftlldu:d .. ftntl B§A 

0.2 ml of standard 8.'1'lt1 BSA was taken an4 alud 

wlth o.t8 lll ot PBS (pH ?.4}. 

za.sasum pr wtun • 
T1trat1on of antlaora was ca:rr1e4 out 1n teet 'tubea 

(eull aise o~ 10 x ?S u). 

1. o.t m1 of '" :rms was adde4 in eveey tube. 

2• .o.t Ill ot the test aerum wae ad4ed ln the ftrat 'tube 

am\ serial dUu'tiom nre llt14e wl:tb the help ot 0.1 al.. 

plpe<tte. 

). o.t at ot: coated S1UlC was added to t1rst -el&bt tubes 

containing .mrt1serua dilution. 

4. In the last 4 tuM& o.t til ot control SRBC wae: ad4ect. 

5· Following ad-41tional controls were set up1 

a. o.t Ill of coat.s SRBC • o.t Ill ot U' mrs 
b.. 0.1 al of con'trol saJC + 0.1 Ill of 2$ liBS 

c. o.t Ill of o.u; lfBS + aerial 4Uu'ti.on o~ ata-c«lard 

entlnrua + coated SRDC. 

4. o.t at ct o.t ftRS +, eer1al d1lut10ft ot stan4arcl 

ant1seru~~ + control SRBC. 



6. All ~he 'tubes were mixed gently by tapping tbe test 
. •' 

tube stand having the iubes. All 'the tubes were 

covered w1 th alumlnlum toll and. kept overnight at 

room temperature. 
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T1tree at dlfferen't in:tervale wen recorded r-or 

different antisera froa 41fferent enlmalo having different 

dosaae o~ the. an~lgen. 

lAd £m1 laSec:Uan ldhAII 
Aftu 34 dqe of the flrnt 8ftd ? dap ot 'the eecomt 

bt.nunlQUcn to lllcrocnua. SO ldc:roftZ'D aft4 100 adci'Ogra 

ot BSA wen in.tected 1n the rit.ht toot pad at 'the s!d.ale 

acconlns to tho flrtrt 11Mll'tm111n& dose. On the l•tt toot 

pad equal volume of ~lne was inJected. Tbickneae ot 

the toot pa4 was &e:aaured w1 "h the bel.p ot echnUl te&t4U!' -

oalllpere attar 24 end 48 hours of an'tlgenlc cballe.n&e• 
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A. lqrtl),j.t;v . QDd watt DJ.US .12M 

No mortality of the aniaala wns observed. durin& the 

experiaental period except ln experiments lll anct IV where 

the control anlaala started dtln& after 18th daJ of 

1noculat1on with toaor cells posslbb' 4ue to •os 1Dtect1on 

(sea Chart l). 

There was a continuous fell 1n the bod7 ftl&ht of tbe 

antula treated wl th arecollne. ~he anlula looked qui.t• 

woak and: 1<1ere d'Ull 1n their .,.ants. There was lee• 

con~tlon of fooct ln the .xperi:MJmll emal• u eoapare4 

'to control. How~Wera the anllmla regained. 'their wel&b' otter 

the trea1u&nt as atoppe<t. '!hie is evident boa tables ) and 4. 

fttls obaerva"tion was aa<le oftl.J 1ft the an1aala of e3perl11enta 

I ancl XI. 

D. HIUUl'At6liG8iGl\l llum«ll 

Test tor haematologlcal changes in corrtrcl tmc1 ezperiaemal 

anlmale of experlaenta l and li were perf'onaed. Doth RBC 

count ae well as percentage volume packed R8C showed loaa 1n 

number of iUlC 1n an1aals trea•ecl with arecol!M. · 7b1s 1• ahown 

1n Table s. The 1101mum number ot aBC in control anla!als was 

· noted to be 949.oooo where as 1' was 121.0000 1n the uperlaental 

animals. 'l'he ain1ua nuakr of RBC iil con'tl'Ol waa 522.0000 when 

as that of experlllfm'tal waa 111.0000. 

The volume packed RDC was 30J' •x1raua 1n control 

where as ·tb1~t o<f eXperimental was U¥. The raln1aua urk 

ln control was 1~ whereas 'tha't in esperiaen'tal waa 1U'· 
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.mE BFFh'Cf OF ARECOLlf;£ ON THE, BOLlY WEIGHT OF fKE AftlaALS 

INOCot.ATED Wiffl liPS CELLS. ,\R.EC()Ll.NE fREATam.M' STARftD Oft THE 

IST DAY MID SXOFPED ON THB 31ST DAY OP IlWCVLATION. 

Anlal 0 da~ 19th dQ 
lfo. 

ct 19.5 t9 • .S 

c2 18.0 te.o 
c, 23.8 24.0 

c4 19.5 20.0 

cs 19.5 20.0 

c, 21.0 21.$ 

c, ao.4 20.4 

ca 20.8 21.0 

c9 21.0 21.5 

Et 1?.4 14.8 

~ 20.5 t?.O 

E3 26.2. 21.6 

~ . 2).0 18.6 

Es 2:'/.1 2t.6 

E6 24.1 19.2 

s, 26.s 21.0~ 

Ba 24.0 2).1 

C - Control, E - Bxper1aental • 

.. - Anlraal died. 

)8th dQ 67th da}' 

19·5 20.5 

18.0 t8.t 

24.0' 24.6 

20.6 tt.6 

20.6 20.8 

21.8 21.8 

ao • .s 21.0 

21.0: 21.6 

•• .. 
15·.3 t? •. t 

1?.4 l9.1 

2t.o 24.0 

20.2 22.) 

22.5 37.0 

19.8 23.5 

21.4 2?.2 

•• .. 
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IADH i 
" 

fifE Ef'PEC! OP ARECOLmE !f'RBA!L'aEl'f"T Oft !HE. BODY lfBlGHT OP THE 

ANlMALS n;ocfJLATcll t;,UH IJPS CBLLS. mB fRIAJJGEMt STAlifED ON 

fHB 1fK atll' Si'OPPED ON THE ))RD DAY OF lftOC\lLAttlON. 

Ani lUll o. 4ef 20th cia¥ )?th 48)' 15th dQ 
19. .. ., I . • 1 f I Jfl i r stl t;r I p; 

0 to 20.0 22•8 21.0 21.8 

Clt 20.9" 22.8 21.6 22.4 

c12 23.2 25.? 24.t 25.2 

ct, 2?.2 31.0 28.2 aa.a 
ct4 19 .• 2 20.0 20.1 20.1 

ct.S 2ll-.t 2$.0 25.5 25.? 

E9 19.4 sa.o 20.6 20.8 
-

2to 21.6 20.4 20.6 22.0 

811 20.9 19.0 20.8 22.8 

8
t2 21.9 20., 21.2 22.) 

E 
13 

1?.4 t6 •. t 17.2 1?.9 

8t4 2).$ 22.4 2).3 2).8 

c:- Controlt E- Experlaental .• 
{. .~ ..,_ ~ .... \ ""-~ ...... ,..\ 

'-. .. ~:'"'-)~ ;p.-:·~ . .t..t .s+(_ .... ~ 

• 
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EFFECT OF COk~lmJOUS TREATMEil'l OP ARECOLINE ON THE TOTAL 

RBC COUNT OP THE ANIIU\tS BEARING TRAliSPLAfn'ABLE TUJWRS 

AFrER 285t DAY OF lNOCULAflON:t 

Al'llmal 
No. 

ct 
cz 
c, 
c4 

c, 
c6 

c? 

ca 
c9 

cto 
C11 

ct2 

ctJ 

ct4 
c 15 

??0.0000 

684.oooo 
?25.0000 

829.0000 

621i10000 

522.0000 

?69.0000 

?17.0000 

•• 
?49.0000 

m.oooo 
.?84,0000 

8?3.0000 

895.0000 

80?.0000 

Animal 
No. 

~ 
E 2 

El 

~ 
Es 
If& 

a., 
s 8 

89 
8to 
~1 
E12 

£13 

Et4 

fto.ot RBC/c.m.m. 

?21~000 

211.0000 

111.0000 

596,0000 

5~l~OOOO 
I 

45).0000 

.S.$2.0000 .. 
429,0000 

6So.oooo 
4?6.0000 

507,0000 

4)4,0000 

614,0000 

C - Oon'trol• E - Bxperimen'tal. t§la!is:tlcal MllDll• 

•• - Anlaal diM. Control 
I.8 1D t ¥ . 

?.64 X 106 

. 1,1.01 X 106 

Experi•ental 
!ell) t .§E , 

4.86 .X to6 

~1.65 X 106 

27 

p 

<.o.oot 
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EFFECT OP CONTINUOUS ARECOLINE TRBA'l"EM' Oil THE PERCENtAGE 

VOLUB PACKED BBC OF THB ANIMALS BEARilt"'G TR.ANSP'LAMABLB 

TUIJDRS AFTER 28m DAYS OF lNOCULATIONt 

Anlmal 1'VPRBC .Anlaal "VPR!C 
.No. t;o. 

ct 20 B •t 14 

c2 22 E -2 l.S 

c, 28 EJ. 1? 

Cq. 1S Et. lS 
c s 20 E.s 14 

c6 20 s, !5 

r-- c? 2? B? 15 
. C~ Ca 25 Be .. 

c9 .. 
0 to 21 E9 11 

c11 19 2to 12 

c12 22 Ell t5 

ctl 30 Et2 12 

ct4 25 813 18 

c:s 1 22 E14 13 

C - ControlJ E - Experlacmtal. t§tet1at1Q11 AD!lzalm' 
•• - Jm1cal died. 

Con~rol lixperi•ntal 
.llean + Sl:; - Mean%. SB 

22.5? t4.JO 

+ ) •. 8? .. 1·95 - -

p 

(o.oot 
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C • ._11" ot the DWf.l 

In 'the firu't experiment wherein out bred females were 
" 

used as tbe reclplenta of ~he aouse fibrosarcoma. the tumor 

gre.. progresslvellf in the animals trea-ted with ancoUne. !'he 

untreatetl anlmals failed to show any .sign or tumor development 

which could be measure4. one en1aa1 out of 9 contnla did show 

apprec-iable gro9¥'th 1n 'the beSJ.n:n1rtt:t- t'h1s animal, however. d1e4 

on the 27'th d.aN of inoculation (see Pig.. 2). there was general 

regreas1on in 'tbe td. ze ot 'the tull'10rs ot the exporiaental anlaale 

in the lnter ffteges. 

!he second exper1ent was also d.cme on the out-bred teule 

awl as albblo mlce. But thls gave sligh'tl.J' dltferet'Jt result froa 

the first uperlaent.. Here both the treated end the u.ntreated 

animals showed developaent ot 'tUmors (see .Pig. )) • LJ.ke the 

first experiuent, the trea'ted anilnals showed a fas.t gt"Owth at 

the early stage. In the untreated animals there waa increase 

in the size of the tUliOn but the gowt-b rate waa slower tban 

tha-t of 'the tUJIOra of the treated anlmals. ftle rate of 1ncrnse 

ln th• siee was olgnif1canttr bl8h 1n the experiMental animals 

aa compared to contro~ cturing 1)th to 18th ctars ot inocula-tion. 

Like the first expe.rlaent. regression 1n 'the s1 $8 o~ the tuaors 

.as absened here also. Both control and experleental animals 

showed. regression in the tumor slse. But regression in "the 

twaors of uperlllfn'ltal animal• was taster a.e COJS~Pared to that 

ot control. ,.-he dl.tference 1n regression rate was slgnlticant. 

the third and the fourth experlaenta were done on "the 

in-bred mala swlsa albino mic1). Both. 'these experlaents bad the 
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similar pattern as tbe socond experiment. But in these '~ /1wo 

experlments 'the untreated anlmals s'tarted Q'ing after t8th 

day of inocnlatlon (Pigs. 4 and 5) •· .During the period available 

tor comparison the treate<l cmlmals showed s1gnlf1cantly taster 

tuaor growth than that ot tmtreated. con'trol in ear:l7 s-tages • . 
ln. these two e.xperiaente also experimental en1nale showed 

regression 1n the tusor s1:e. ~e rate of regression cannot 

be compared o1noe all the control animala clie.d during the 

•xperltaeJrt. 

D. lfft«t sf ar~JJ& an !mwnt.I'SIPSDI.I At UGI 
/ 

Haemaggl.ut1nation ex:perlaenta Ghowecl a 101r tt'tre vatu• 1n 

anl•la 'treated wlth e:reooline aa compawcl to that ln untreated 

animals. he t1tre values in b()tb the eases increased. with tlae. 

'!hat is titre values on 24th end )2nd da)'e wen aore than that 

on 8th dSJ"• Challenge dose or so f« an4 100 pa of BSA had a 

bieber value aa co.paftd to that of 10 pi• Booster ln~ectlons 

bre'-1ght alsost 4 :to14 increase itt the tu&eualut1nat1on Utre 

but still its values wel~• ~ns.lderabl.N lees than that o~ the 

control. The d1fferet'&C8 1n the tltre value ot tbo experiaenbl 

and the contml wa.e al110nt 4-8 tolde (~able ?). 

Delqed 't)'Pe bypersena1 t1v1 t7 response ne detendnod b7 

increase in too~).ac <thlcknen as aeasured by ScbnU.l tester 

.S.crocal.11pera. The roaponse was higher at 48 1U'8 ae cc-ared 

to 2lt hre. There was considerable amount of dlf':terence in the 

thiclmesa ot the toot pade of the ani.aals treated "lth and 

without arecoline. And this <11tterenoe was more af'ter 48 b%1:1 

of antigenic challenge (Tablea 8 an4 9). 
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-
HA-GGLOTINATION 'flTRES ON THE 8TH. 24~H and )2Nll DAYS 

OP l~VNIZATION WlfH BSA 

Antigenic 
dose 

8th day 24th da.y )2nd (lay 

Control 1 t 80 1t640 1 t 1280 
10 pg 

Exp'tl., 1 • 20 1 • 80 1 .. 1,0 

control 1 I 160 1 • 1280 1 I 2560 
sop& 

Bxptl. t •• 20 l t 8o 1 I ,20 

Control l t t.60 1 •• 1280 1 t 2560 

100 flg 
Exptl. 1 • 20 1.1 160 1 t 640 



DELAYED TYPE HYPERSENSITIVITY RESPONSE IN MlOE AFTER 24 HRS OP THE 

ANTIGENIC CHALLENGE 

Antigenic close 

Control 

tOp& 
Exptl. 

Control 

Exptl, 

Control 

100 fl8 
Exptl. 

~. . , 

Right toot pad 
thlclmess 

Mean s. s.E. 

t.9S 

:t 0.18 

1.6 

!t.O 

2.06 

!. o.to 
1.86 

1 o.23 

2.025 

%. 0.10 

t.ss 
t. Aell , I 

Left toot pad Difference 
thickness Mean %. S.E. 

Mean :t s.E. 

t.tts o.sas 
,t0.20 1 o.2? 

t • .s o.t 
+ o.os - 1. o.oe 

1.6 o.46 

%, o.o6 + 0,10 -
t.? 0.16 

.t o.oe : o.t? 

1.62 o.4 
1 o.oa :t o •. o? 

1.475 o.O?S 
t g.oe I~ ,O.g4 

• • Not e1gn1t1cantt • • S1s.nU1oant at 51't **• S1gn1t1oant at ·t"· 

t 

• r 



DELAYED TYPE HYFERSENSI'f IV 1ft RESPOftSE IN MICE APTER Z.S HRS OP THE 

ANTIGENIC CHALLENGE 

Antigenic R.lght foot pad ·Lett toot pad Vitference 
dose thlckneaa th1Clcness . Mean + S.E., 

Mean .!. s .. s. Mean :. s.E:. ·-
control 2.'+ 1.5 0.9. 

1, o.as 1 o.a, !. 0.18 
to pa 

Bxptl. 1.6, 1.53 o.t ( 

%. o.1 :t o.ot :t o.os 
Control 2.12 1.a 1.08 

~ o.tt :t o.o4 :t o.tt 
so f8 

Exptl. 1..933 1.8 o.,,, 
!. o.26 .t o.?s !. 0.18 

Control 2.6 1.6?5 0.92.5 

:t o.ts 1 o.o4 + 0.12 - . 100 pg 
Bxptl. 1.6 t.ss o •. o.s 

!. o.o? 1. o •. tt .%. o.os 

•• S1gn1ticant .. :.at U'. I 

t 

t 6.aa** 

t 8.99 •• 

t 12.57** 

c.:> 
C..) 
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In the present stlJ41 arocolino showed some 1nteres't1ng 

effects on the mouse fibrosarcoma as well as the host. 

Anlule getting regular dose ot arecoline showed loss 

ln 'tbe bocllr w•1g.ht and became anaellic. Pilot eaperiaenta 

on nomal fl'I\J.uls also showed tbe saae ef'tect after arecoline 

trea'taent. Tbls 11Q be because· ot tha 'toxic effect bUll t 

during the continuous feeding of the compound (arecoUn•>• 

thls .was ~> lndlcated also bJ' the low RBC count Glld the low 

perc~ of RDC packed volu• hi the treated. a1'11Mla. 

All these chanaea mav be considered as the slde •ttecta of 

ahco11n~. Aa 1 t ia evlcten't tro• the prwloua reporta. 

aoae otb~r plant elkalo1c1a 4o have sltaUar 'tiP• of ald.e 

effects. Y1nblaatlne abowe a 4epreaaant effect ot eertaift 

functions ot bone ur:row (Noble .d J!l•, 1958). lte other 

•lde eft'oe'ts canals\ in sharp leucopenla, not accoapanlod 

b7 con&id:emble tttro.bo~openia (Johnaon .1& Al·• 1963r 

D.ContJ. . end. CreaseJ'• 1915}. A tall 1n 'the ha81010globin 

level 1s also noted.. . V1t'1Crist1ne also shows certain alde _ 

ettec1:e l.ike COMt1pet1on. nausea, voattlng, reduced 

reflexes and weaknees (Johnson. .!1 .11•, 19631 DeCont1 and 

, Creasey, 1915). According to Lovlset'to .11 al• (19SO, 1952) 

and Verenesi (1952) plant: ree.lnuous pnducte, like Podoptw

llotoatn and the Peltant1nes cause 1n rats depreoe1on of 

bone aarrow fUnction. marked leucopenia and aleo ana-.la. 
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Colehielne waa toul"!d 'to 61•• a number of toxin Jltlftl .... 

festat1ona-- dJ.arrhea, depression ot haeaopolesle, polJMUr1t1s 

(LudfOJ'd, 194!)). ColchaaJ.ne C4\lSeG fall in bod~ wei&bt• 

dlarrhoea~ leucopenia antS anaesd.a aNI at hi&h <loses 

tnvolveent of .the nel"9'oua eystem. In the blood the areateat 

fall occurs in the numbe:r of neutropbUe (Sham.pov, 19$6). 

Beaides.c~, these chan,eea •. arecoline 'bl"'tld\'t about aoae 

other changes aleo. the aoet irpJrtant to be not.lcfJ!l W$ the 

fast lncreas.a in tbe aiH of the wmor 1ft the early stage. 

Con'trol arWra1a diet show arowth of the 'tuaore do but to a 

lesser atent as compared 'to experieental aniula. fhe ea:rl7 

awpentatlon ot tumor proliferation nay be due to t.auno

eupreoe1on elic.1 'ted by arecoline administration. fh1a may 

be 'the reaacn why 1n the firDt exp-eriment, experlllental 

anlaala only showed grow'tl\ of considerable a1.ze ot the tucor. 

lsmunoloatcal tests done indeed support thla proposi tlon. 

Ha,...wutlnation tltr•• and dele7ed 'tJPe hyperaens1t1v1ty 

akln responses uelne BSA as an 1amtmts1ng agent in ale• were 
I 

ueetl to show t!\e etfet:t of arecoline on the 1asune reeponse 

of slee. !'broe <toaes;ea naael; 10, 50 arr:l 100 ~ of 

8SA trd.th CPA were used 'lor 11flmUftlu.t1on. The ent1bo4J 

reaponee with SO and 100 p.g dosages as. however. better 

than 10 /lB.• A mlniutua aaount of' antibodies was raleecl 

even on the 8th day of 11DAUll•at1on. 'lhe ag61ut1nat1on 

tltres lncreaee on the 24th day. A booster enhenced. the 
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· ...... 

'tl tre and the response could be seen on the 4th tfa,y of 

the secondary 1amuni~t1on. ln all 'tbe cases the response 

in the arecoline 1nJec'te4 o.nl.mala waa sign1t1cantl)' leas 

as co~Jpared to ccmt:.rol 1rmmterial of "the . dosages used. 

Delayed 'tJPO hypersena1t1v1"tlt (D!H.) skin responses .. 

are a measure of .In 11.!9 cell med1a'ted 1mm.ml-ty s~atus. 

In llice the D5 1s aeaeure4 b)' lncrease ln the toot pad 

tblckftese af'ter 24· en4 48 boun ot a"tJ.sertlc oballenaa. 

However. e s1gnltlcant lacreau• 1ft the toot pad thlckneaa 

is demonstrable !n the control ml•J.e wh•nu there was 

1\ardl.J anr reapoll$8 1n the aniaala gl.ven arecolbu-.. 

Froa these s.tutUes. 1't 1a not pooelble to coDMDt 

on tbe aode of action of arecoline on ·the 1Maune a,a~••· 

lt algbt be actlfts dluctlJ' and lnterterlns witb tbe 

ae~abolbm or B-cella .or tf-ce11a or 'the et~eot could be 

by lnterforence of the St-helper ccd.le or al&M be gene:mtlrc 

ttwt aupre$80r oella wtd.ch 1n wm eJ'fec't tbe antlbod7 

produC'tlon ~ cell aedia'ted laune nsponae. SliJllar 

type of f1nd1n8;s have been reported by eo•e workers ue1ng 

other plant elkalolu like v1ncr1stifte. vlnblaetlne aftd 

colchlc1Nt. ~e "Vinca alkaloids inhibited bo"tb the 

f'ort~at1on of antlbodles to serum albumin end delayed 

bypft'Bens1~1v1tJ' 1n r.ats (Aleenbeq. 196') • altbough theae 

druse are not a&ofl4 the aore ettect1 ve immunosu.ppresa1.v• 
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agents. Both colchlcin.e anct v1norlst1ne 1nh1bi't the 

secretion of Igll antibody ('feplltc &. &• • 19?5), bUt in· 
. . \ 

contrast to eytocbalaams. nei 'ther those ant1ml toties· nor , 

colcea14 1ntluence4 entibodJ'•dependent evtotoxlclt,-

aeaaured b¥ l7sls ot antibo4J'•COn'ted target celle (O.lfand 

s1 &l•• 1975). haldea, these a~alolds cheslcal suppreselon 

of iJarnlmologioal responses haa been achieved by several 

classes of compounds. In particuler. the alkJ'latJ.na 

apnt:e (Hek'toen 8ftd: Oorper, 1921), th.e antlpurlaes 

(Scbwerts., Elener and l>ameabet. 1959) aftCl th-e t'ollc acld 

anta..gonltne (Vphott. 1958) ave betm ettectlvo ehealcals. 

Howaver. since none of 'these drug& bas ott"ered co.ple'te 

supph-Gsion under condi~ion ot c11n1cal tr.lal, the 

diacove17 ot aew cle . .sses of chetd.cale wbi,.cb J.nblblt 1amtme 

reactlone :r-euins en. 1a,portaa't objee't1vo. Ilttenelve •n 
on arecoline bas to be done betore 1 t could be aplored 

as a po~ent 1EUnosuppreae.nt in cllnical f'1eld. 

Contlmloua 1n3ec-t1on of arecoline brought abou'l 

regrflseion ln the sin of 'the twaon at later intervale. 

Slight naress1CJ'l was also obsened 1n the control• but 

in this oase Ute cbangea were a.towtr Appreclabl• degree of 

np-euion ·1n the experimental anlale ~ .Be due to general 

toaic e~fect • ot tho long "&em 'treatllcm't o-r arecoline which 



resulted in the loss of body weight and anaemla end 

aecond.ly necroeie of the tumors wldcb f'acUl ta'tect the 

ahr1nklng of the tuaors. In controls whateve!" degree 

of rep-ees1on was seen could be attribbted to necroais 
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ln the central J"epon of certain twaora. It is illpllcated. 

tha~ the launo auppresslve actloa of arecoline aay 

rac1l1 tate the profJ,I"GSS1on ot.,'flfDl:~:cancer suspeC'tecS)lr 

1n4uced by some agent present. ei thcr in be-tel nut lteelt 

or 1n ,the other 1nared1ente of b6tel quid. 



t. . Arecoline at the given close level in the present 

experiment does not elicit morta11 't7 in mice. 

2. Continuous admin1s~rat1on of arecoline nnlts 1ft 

"the progressive loos of bodl weJ.ght of experiaental 
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. anlmle. Animals also suffer from ane.S.a •• indicated. 

b)" such haoaa:toloaical changes as : ttall 1n BSC count 

and low pereentage of 1mC packe4 volume. However. 
~cUM. \:vv 

wi'thd.rawal of arecoline 'treataen't eventuatedAtbe bo<IJ 

weight and. general bealtb. 

l• ArecoUne treataent enbancea .the growth of tranaplan'ted 

f1lc0sarcoma in alee during tho eer1J 1n'tervala. 'fh1e 

1f.11¥ 'be dtle to· immunosuppreSBl ve ac-tion of arecoline. 

Rapid regression ln the else of tl'Ht 'tuaor tn~e seen at 

the la-ter intervals or aroeollne treataent. 7be 

regression of 'tUmOrs at the later interval• could bG 

prlcarl17 clue 'to the toxlc effec<ts o'f the alkaloid 

wblcb bad made the aniaals sutter troa lou of bod)t 

weight anct anaemia. Wbetever contribution in tumor 

regreaa1on made by central necrosla waa COfiiiOJI to bo'th 

control and. experimental anlule. 

4. Spec1t1c ez:perimeDts conducted on Swlaa albino alee 

clearl.J ind1cat• 1.wwrJ.osupprees1ve action of arecoline. 

Arecoline inhibits both the formation of tmt1bod1ea to 

Bovine serum ~bumin and delayed hJperaenslt;lvt ty 

reaction •. ~~j 
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