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the metabolic oroaa "'ontta oontred "PGD 

o~nlthlne la or 1Dt:~eet btioctuae ot the' rec~ltlcm 

tbat thltt Gmlno seld acta aa oo~n aabatrote to a 

,m.unb- o:t Uverao pathwaJa e4. aa tNCb• the _regulattoa 
/ 

of tts 41apos1~1o:a anoqat th&s& patbwara cOUld bave •. 

etsnJ.t1ca.nt eltecta on the ~~nbolto pat.teroe 

. p~ovaUl'RS tn the tlesue (rteber .•~ ~·· 19?2J Oka anti 
. . . 

Pe~, :19'14,; Herzt"eld and R~cr. 19'16). fbe aoat . 

impot'f;fme ct the eru&Jmes 4lreot1og the metabo11am of 

ortd.thi.De .ere1 Ora1tbtn.e decarboQlaae wn1ob 1ldtl&tea 

tlle patbw&y t.~ P31Jamlne eyntbeals Anti honea ma:J· 

poa.a1'b1J be involved 1n aene•ex:proealoaa OZ.a.lthlno 

trane(uaif~Joti:Jflaso, whi.ob. 1nlt1ates urea aJDthesie an4 

iti tbtre!i'ore ll.nk$4 'to UroOgoneat.s and si\1Concogenea1a 

troom am:lno ac14aJ 0Jt:Rlth1ne keto. tranesmlaoeo, wblcb 

is ~a Sn1tla1 stop on tbe pcthlfay to alutamate u4 

protela unthoala; and 8l'g1naee wblob ls the GDBJ~ 

sene-ratlng omS.tblco. 

'the cellul~ tunotl.one of utu:ral polJ amJ.nee_.. 

putroacl.ae • sPOT"mldtne and spermine al tbo•ab not 

ao ,., tmallb1gucualy eate.bllalled• appear to be, oloselJ 

aeaoc1ato4 wltb tho a;molU'eratton ot an.lmsl. cells 



U!ie~.-ino . .!! 81., 19VS) • 'A p•ut deal ·of' attonttoa 

haa ·been paid -•o tb$ oec.n:w~oe and Gl\l)anoG<i entbeale 

or _polvnml~cut ln esper.lmtmtal tumol"a of. anim.l\l.s aucb as 
& ' ' I ' 

~·lleb .uo1t#es calla '(Sllmas ·and Jmmo, 1969; Baoboooh 

.1t~. &1,1 ;; 198'11 lop.oh1 e..;t ,9.1•,• 1'9961 ·Anderson u4 HobJ• 

'19?1; Kalb et. ~1., 19?7),. tlfansl)laM:able· b$p&totaas 

(Wll11al4-AtJbUn .!! at•, 19V2) ~-~~ of neut'al orlelft . . ' .. 

2 

(~t.on amt BtlllY• 1974)p •at stD"'eous (Ielah and XeJ, 

196'1) otc, eut Vel'J .few atudilea he.VG dealt wJ.tb tho 

ohanses. tn pol:Y~* m·t~Jt9-'bollat~ tdlq. place ~lno. 

JW~t\Cii'Jplp,st!.O stagea !a ~laeuea V~Dd&JI'&Olft& C&PClfto&oneaia. 
f' ' ' I ' 

· flu) lsttar: $tlld!es· !Dol:udo a af}J}lca at papers 4oallng· 

with th~ ea,..lJ a'b1m\ila.t!.o:o o£ polywalno ~1oa:tntbcel.a 

during chttmleal tnductlon ot skS.n ·~ 8 Sa t:he uuae 

h')*~1eo et ~&• 1975a,b; Yuspa o'C al., 19181 Verma 

and ~utwell• 19?7J Verma .~~ .!!.=.• 19?91 mutson ~t. ala.• 

19'19; Ooto et al. • 1980) • ...... ~. 
lateroat b tho me'tilbcl1am of J>O;J.Jamlno• baa 

bean groat.l' 1~Wl"G&!Je4 f~l.low1ng tbo P!"'l'O&al. tbau 

mea~•at ct e:ae.'bl\"eoellUlnF pol>:V am!nes Ul8J be used 

aa o dlaanost:t.e u~t:kor lit. bUli1all. mal1panc1ea (fh.usaol, 

19'11;). lt, 'ae•a rc:usonable: to upoot that tne at.tltlJ 

ot polJam!aos wq oot on\y ~ovl4e lastsb' SDto tM 
. ' 



cellular and mol.,cut,ar baa1s tor ncoplao!a but al.eo 

oontf1'1bute to practical app11oat1oa hi cancer tbOtl'fiPY• 

. &.lace tl'le 1alt1tl1 t-eporta. from. lD4uatr1el 

labora~ori:oa: .tlvat reveale<~. ~he dW!l&ere ot btu¥11Uag 

B-o.1troao compoanaa. ~· Gstems.1Ye 11teratve bae 
~ ' •I 

3 

dev.eloped. on t~lr acu.~!l toalo (Heath· ant Mo.see. 1962) • 

og:pclnogenio . ( Nasee ana 8ur'm$a1 196'1) end mutqenlo 
• 1 ~ • •. 

(Keh.lmur., 1916} proper~lec. S·overal · experlmon,~al. 

atudiea have s'hGwn bbat a numt.er of' R•Dltroao 01'!1inee 
\ 

1\t"e , ouob. poten:t carolnoaena t<lla" a sloSle <ioao la 

otten euft'lolent ·to leact to the 4ove1opmont . ,of 

mdign.t\llt. tumo:ra 1u a vmrletJ of organth one or 
those OC1Jl)l0llnti8t d1ethyloltrcuJamlne (Dill • bee ~een 

selected ter t.bo pr•aent lnveetlsatlon. In coDtraat 

t;o. othOl"· bopatoo(i:rotnogens,, teedlns or D2! to rate 

results tn tho 4evelo~nt} ot kepatooell\l!lftll' 

cuo1nomata oa:lJ and tbero ie precttlcellJ ·ao reacUOD 

ot comeotl:ve tlseue ~ b!le duct cells (O:ruatlmtm 

an4 Sletmrg, 1962). The tAtmor ylel.4 1e reporse4 

to be olmoat 100 PC!' con~ and the doao .reaponae 

l"olattonsblpra U"e utraor41nar11J p:raotae t RaJ ew&Jq, 

1967). DBN is oarc1nogealc ln all an!ma1 opec1ea 

tested: mtce. ratt!lt ayr1nn aoldea, Ob1n~ae atd 



~ 
'·• 'j! 

liurcpenn batnstera,' 6ut.ne&p~o, rabblta. dogs, serb1lo. 

ptse, motlkoJa, hedgoboga, vuloua ·£1all, troge amt 

'b:S:rda. Available iDtormaCton -on occvance &\\Baeatie 

t~.t in the caae ot tawna bo1nge. tbe sel'.leel. populnticm, 

m.ay bo eltpoee4 to low level.a ot :s-nltl'.cao41•ttvlam1ne 

' 

'fb& typ.e;s ot tumora anti tbolr £requeDCJ 

obaerved 1ft the l!'&t 11v~ r.Wo largely alm11ar to thoee 

'to'tilil"d ln tbe ~ ll•ur (SObatteJ!l and Xaze~c 19?8). 

Btm<u; tb.e vae t~t rat liver '&8 a ayatem tor the proceee 
\ 

.. 
. Xn a441t:ton t:a 1tca. well eeta'bl1sbecl rol.e 1o 

\lli"e& a,cle, anotbor pcua1blo .role to!t arsinaae 1a 

part1c1petlon S.n tbo b1oa,-oth&a1a ot poly am!.Dea ( Oka . 

ana PerrJ. 1914·)• 'ftd.a posa1bllltJ is attractS.ve lD 

t-he 11Gb~ or the presence ot fli"81Daee 1n t1aau.os. 

• wb1ob, tmllke lS:ver,. lack other ena,moe or the· urea 

O:Jel<t. Arg1naaa pn~tlct.potea 1n the pol:rcsmme 

bloe:-gnthet:Le pa;tb.way bf oloav1ng a.ralnloe to senerato 

. UPGtl and Ot"ft:l.thJ.RC Of \1b1ob tbo latter I.e tbe tNbt!ttTAte 

tor ornl\hlna d:eo.arboxylo.ae (EC. · 4 .• t.t.t •. 1V) wbl.Ob 

la the lft;ltlal tm.d l"ate 11ml.tlna 61\SJm& 1a tho 

polJamlM bloQothoala. 



i•Ueroap·topJJ~plOftJ l &11 olne ( MPG) le ·wldel.J 

ua.cl toJ" the treatment' or. v~toue hepatic dleardttra. 

191 tbout reportett slde-eftects. fbls eulphy4r-J .. 1 

~oompound !a r~pwtcd to be red·le-proteocor af;lcl a 

:b&patotrophtc 4etoxtoant. It ie lnte~ea«J.tlg to kaow 

\thetber 1th1& o~ountl 1s bavtng e.I'JN etfeet ora the 

tuactROaen ~otaholtsm aml action. 

ihlle ·tt ts dtft1cttlt; to link e.t peaent 1\,GJ 

apcc1fle pottwns or alterations ot: sn<tOteine a-,n"theel.e 

with neopln.ela, 1t 1-s .tntereat1ng ti> look icto tbe 

prcte1b prof':Ue d\ll'il~ the process ot o~arclu.soneelth 

'fbia i:G. important aJ.na& some cytoplasmlc p~otolaa m8J 

contribute cU:rcctl:r or 1nd1rectlJ to the onaot ot 

naopltu:~1a. 

5. 

The scver.td. dltter•noea obaerv~ ln oompar~tJ.ve 

.atad1oe of no~ Md. ccopla•tle t1seues mBJ aimpl.y 

be a :reflect1on of the new ·pr-olltera.tlve a&ata of 

the cell. the development ot a on cell type, 41f£er•nee 

tn tbc now ebl'amosom&l content., 18' Cbo exproaoton or 
epdosetl1c non-mutflgenlc vtruaee end m&J ao' be 

dlrectl: relntod to tho mal1.fJ'Ot.lt~liSfom&t101'l (Stein 



i.f' lt ~o poaetble to a'tud.J the ~cells 1n1Uatec1 bf 

oapclnosonu bu~ tbc.t are 1n a ver.u aarlJ proneoplaetio 

a tate. 

leep1ft1 b. view of tbe ebo"Vo observatl.,ons, 

an altempt ta m:a<le 1n the preaent .et\dy to look Jato 

the ei"tect of DEn on ra't 11vw w!tbta a oft.or" per1o4 
., 

attttl" treatment. 'L'lle parma~tera 1nvest1geted are tbo , 
I . 

. ottect · o'i\ srs!naae :aet1"11t7 and on the seneral profile 

ot oyto.sol prote1r~th An attempt is made to tmo• 

whot~r the &ft'ect of the e8t"e1nogcn la mo41f1e0 ot

eltel'od bJ :IN •. 



Variable sene eottv1tif aaelnst a om:uJtent 

C8lltile sonome ta the suidllns concept u.pcm 'Wblob rAUcb 

of' 'Gb.e current r.eae.-oh tn tbs field ot n.ormal eel.lulor 

<U.lfteren,lati.Gn I.e d1vec-~. Cy~4.U.teront1at10D le 

a vory stable Pf.'OOeae men one ccnste!:ere that t.Pllll011a 

of" tt1ttereat tJpea ot cella ln an organism orlglnatey. 

£t>om a atnglo cell. Dltter·enttat1on 4ooe mot enteU 

mut;ageneale but vatbe -epqenoeis or the r.egQlatlOh ot · 

gene ezpreas1.on... 'lbua 4ltterenttal, .exproeetoa ot s.me 

aeCtV1t7 Wb!.ch .ls· Ver'J eta'bl.e, could 'atm~llll!'lf repreaeDt 

th~ ba.ale · ot t:bo ra~ligrm.ntl7 trunator.metd pbeno'typo 

(BPa\lDt !914:). It lis:a been poratlll.ate4 tbtlt cencer 

ln a disee.ao of sene .regulatd.on (Gcg1D ot o1. •• _1074·1 

:5Uk:~Jnt.1 1B66:J Weinbou.so. !9'12). fills woUld Smp1J tbot 

th& abnorma11t1es aeon 1D oanccr ar-o due to the 

raaltunottonina;. or the 'feJ!'Y complex .ant\ Wl4et1·ned 

meotl&A:lame that <ltctate the &eno e;apr>eaalon ot e. 

alven oe1l at the. particular time of 1ts llfe cycle. 

A maltunc,1onlng or these m.eobfmlams would allow tor 

t'be 4arapreea1on ora ropreaalon of senee ln a memoz.

t.ha.t 1s prtoblblted: lo the normal at.rterent:tated cell. 

AJ.tboUQh tb& eausat1ve ceotora ll.8l' 'be q,ulte varJ.e4 

o.nd UJ:~relatett, the maalte.stat1oa or tho disoasa w'Du14 

7 



bo aolelJ. dtle tQ, the <ilaruptton.· or tlleae PeguletoQ 

meob&nlame ( B'eln .!! .. !i.l•.• 19"18 ). • Thua 8der ate:n4i.na 
·, 

of the· MChl'nlam :tn9olved in a«>plaotlc tranatormntlon 

ls lntl.mntel7 11ftkod 1rttb a bettGJ1 unaeretao41Da: ·Of 

tbe _rGgt.llQ.t1on Of &me ·OXpre&GiOD 1fl normal Cella. 

i1Dt'GT'tUDatelJ,. tht. · teol.s wtdob eukar:rotl~ cella uae 

to replate 3ene acttvlt'J' .ant'S the 'Geebanlam or ·eenetlc 

reg\ll.a.tlon b1 these tools a!'e obscu~ct. 

trbat the pol.famlnea m&J· act as gene:-.ol 

regulat~rs ot sene t~eertptton bit& been G\ISIOGte4 

'dace the d1a~oVf.tJY'¥ ·thQt$ 'h~J' enbaaco pt»spborJlat1cm 

ot non-h1-stono ·Chromosomal prctelaa tl'!'om ttos llvozt 

ouclel (lmd •t ..!!:.• 1.9V& ). Components ot ftoa

~1atone c.twqmosoanl. ·proteins 'have boen 1mpl1oo.ted 

· u tb& $Poelfie regal a tore of aene eatpriuusloa lD 

~1art co11tJ (~1ft.!!. a_l, .• _, 19'16).. 

!be a1.lphat-1c pol.yamtne&t P:tt~eaclDe• 

aperllt!.dl.ne an4 spormlfte twe natural conat1tu.enta ot 

most 11v1n,g orgenlem.s - prokersotee (bacteria and 

vll'uoea) and eu\tattJotoa (~etior and febo~,. 19'16 ). 

Prok~otoe contain oft1.7 putrescine end epertal4lm 

ooreae euk&rJoto~ con alao rqntb.ea1se apeJ>.mlne, 

8 



cbs···.largest. or t.h· efbt'oe pol;vmntnoa (Baobat"eb, 19. 'lti). 
. ' Al.tbeu~h the 41acov . o~ sperm.S.ne bJ Leuowonmck . 

extemda back to Ui • a more BJ&~ematte ~eaearCb 'baa 

boa foouaeecl on 1t oae oa.tural basea eDlJ 4\ir1Dg tho 

la-et two deoadeo. 

1Jhe lMr:-e& eel lntevest 1ft tbo me tabollem ot 

natUJtal I)Gl.JarUftee ls mnh\ly ·'Decauae of ·tn& appoareaco 

ot large mabor of Peporte pPOpoalog · b:lpor.tat roles 

I.U"1oua arow'tb J)l!"otuasetuh Tbe 14ea 

tha't na1;UPal poly -lnea would be bvol.ve4 lG 

prollteratlve proceaaes iaJe:mon.g otlle»s,. baae4 011 

tho t"ollowtns ~actun 

(1) 'l'bese oot~pounda ocoF to e1111vJ.aa 

l'i'l&t6riall 

( 11) ftet.!' pol.JbaaS.c atructuro leaile tbem to 

raaet, e:ven wltb certain apoc1t1c1 tJ • wltb 

tmportant lntraeellular poirealona .6\lcb 

a.e nuclolc ao14aJ 

(lS.l) ·. Po1yami.Dee bave 'beon _.eporte4 .to esePt 
I . 

pttotound etteeta Ia vltro on vorl~• 

ooll\ll.er reaotlcrJs of ceowal Japortance 

and. ttnaur. 

9 



.(:lv) fbe arntbeala of theae .oompotlll4a J.o 

;wee1aolr reg~a.tml to meet the metabolic 

noet~a ot the cell. 

T'be etruchre of the nnt\U'tal po1Jtm1Dea, 

putPeaclne, .apermid~e and .e,permt.ne are pr.eaented 

below I 

x9m m9 CJ~e ca8 GH8 Rig 

1,4-DJ.~ot.mtene 

(putrescine) 

• 

10 

128 CB2 002 aHa Ill Oil2 CH2 .GH~I\IIR CB2 QHS ClijH.i 

3PGPtdlle 

fbe poiJoat.lordc atructve ot pu..treac1no, 

aperm141Ae and epet'mlne are ~:representod aa 

,i. 

s5A ca12 GH2 ca2 mt2 ·ha 
1\itreaolne 

+ • . • 
Bsl' Oiie cs2 .ClJ2 mt2 0~ CHa ORa Cflg tm.8 

SI)Ot"m14lne 



.pztoduqtlc..n rm4 .Utliieatlon of Ornlthlne :. 
- L ~ iiiiit - -- - ...... 

. S;znthes~g ,ot fgl)ramlnegi 
' 

Aa potnte4 cu.t bJ Wlllleme-Aemoan. L-o..Mtblne 

c~t be rcsarded. e.G a true buUd1DS•blcck £tW 

ppeteln b10SJDthests (il1111ama;.Aabman.!! .a.l•• t9&9J 

tilllloms-t~ahmAn et al. 1 19?2). The actton ot arg1naeo 

on L-erg1mre p:t"oduoee t•ortdth1ae 4ur1~ tho 'operatton 

11 

or the uroa CJCle 1h ur.eotelie opec1ea. !be \lt111eat1on 

of oro~itb1ne .tn thG liver comprltuta several metabolic 

.JuJ.th'IIIIJfl· i'h$ tollowtns ena:vmoe known· to ooc~ in 

mauallan, tl.a.s.ue cat;Al:ee eltber. the t'ormetlon w 

utllt.za.tJ.on of 5-oltn.lthtne, as au.rrmer1aed. ln t1.g. 

( Wll.llema-Aebman ot a~ •.• !.969). 

·An t.mporte:nt avenue to~t ut111catlon ot L-o:rc1thtoo 
I 

ln bS.Qhe7 en1flala 1s tho , btooyntbealo of polJUlnea. 

'!be entWme L-orn!thine decsrbo.w:rlaae (S0.4.t.t •. 1'1) 

catalyzes the GJDthoala of putreac1ne end carbon41oxido 

tram L-arn1tblne (.P·ess aod, Wllllema•Aabmfm,, 1968). the 

eequentiol aatlons or arstaaao (EC.a.&.a.a) and 

Oro1thlno decnrboxylaao thua prov14e a pathway .tor 

tho blolostca.l formation of put:reaclno from L-arstDlce. 

ArsinA$& la, "tbarerore. o't potential J.aportaoe ill 

the b1o81ntbeel& ct polJomlnoa, aa well aa 1ft tbe 



PI&• 1. fioaettcnua l.nvol,eG in the £-matt&n· 8li4 u.tlll• 

za.tilon of L-ora1tbtno 1& tnm'Mlell.an 'tlaeuee. 
. !" ~ 

(Rodl,tled tJoor,n, Wllllmo•Aabman et .Gl··• 1969). 
F ' ' .. ' 

1. Arginaae: 

t.-aratnta .. sao -> L-o~n1tbt.ne + \~rea. 

2. .L.~g-1DlD81 O'lJ·OlDe mB1.clf.no-tl"ansfottaseC 

L-Argtn1ne .• slJ~ ~ t-oranlthtae • 

p$DlcU.n.o ncetlo acl4 

a. Ozwn1:tht.ne oarbatql-tt"aftsterasea 

L-oPn1th1ne + Oerbarql phoapbate ;;::::t 

.Cl ... lllno + Pl. 

•· Omltlline dscdbo.ttJlaee: 

L-<>Pnlthlno ~ 1\ltl'&aelne • e~ 

o. Orn1tiblnet Eetoae14 omblotreateraeet . . 

L•Qrnltbloe • ·e-k.t)'tG:glutarate t;=:t 

Olutamtc- Y' • Se:rni.a14ebJde • glutamate. 
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W"Oa cycle. Altho~ ~m alt~ace pathwa,-·f'ol* 

puveaoln& qatbeata from L-ea1otne .tavol vtas tho 

1ncteP~41&rJ f'ormatiol'l of tb& baae, epaatmc 1e k'Go• 

to take place Ia o&rt1ltn butGr'l& ca4 blgb~ plaata 

(leg ar.u1 M.ll1~a-Aahu;a;• 198&1 lmitl:&., 1$1'1)• 'tblo 

aeries of . ~ou01orm 4o •' eomn to opcra.,e In 

~oltan t;lefn&ea, rrom wb.t.eh L-&Pstnine 4ec8Pboxyla.ao 
4 ~ ..... • ' 

tlppoaf>c to be, absent (leg tin4 'iUlllams•Aabman,. S,$}101 
' 

WUl~·Aa'hman. ~~ al.,. 1i69J Wllcma·A~ et .. at., 
19'7e). TMtaSb 'be rtaJoP tunotio!l or ltver o:r-gtaase 

ls the t ormatS.<m ot VG& at e>oompcment ot the urea 

cycle, it 1-s well Jmown that lwglaa.eo occut"s ln most 

extral'lopa.·tte ~len tlesta:e'Gi whtoh S118fleats other 

tunat1onal rolea f'or tb.le eD&Jlie ( l'fto1t md GreaqaP41 

1915). 

A£i.l.nago1 ora. J.tblfte n.car'boglf!!& !114 .P.olzamt.nga. 
6l;l M "·ta It 1'tiJ __ - ! -. d .i 8 - _ - . SA 

ln Cbllula.r. Heta\Kf).tsmt 
- Ak It _ $ I . tJ _ - t 

. :tt has lleen abown that aratnaae acti,vltJ ls 

elevated .durin; rapl<t: eellul~ prolUoration (Baeb an4 . 
~l.takl, Ui,9). Ai'&lt'laae ba$ beea taund. to be 

' 
1ndued irl reb"lt akln bJ the p~1Uoma vS.ruaca 

(jtoa••• 1919). fh~ arg1aue iaola,ed from celle 



lnfeetod wtth Shope papS.lloma vu"'a hae e1Me ·been 

obsr·aciierlae4. It 4tffera a!gtlltloatl.J troa tbe 

rabbit enzyme. ibe moleoul.er ltlforrootlon tbr l'ts 

pro4uot.ton appQrontlJ cotnea from 'b• vS:rus aiid not 

hom -the· J$&bb1 t. · t'11e Pole bJ'pothea1 aed tor tble 

· ·oaeaa RPgln.aae aot1v:ttw Ia ~he -eX\ib~aa' oell 

prol.lteratlon. whloh cheracterte•s tbe paplll.oma is 

to dcJ)lo'o tb8 cella Of arginine. Porma'tlon ot the 

erstnlne - rS.ch nuclear Matonoa mlpt be redllecd. 

and· 1f bletoaes .ouppreaa RIA fWlct1on. the nuolou 

material wot.a.t\ be f~ee4 taP greater aotlv1~7 to growth 

proceaeea. In support ot .ale hJpotheala lt hna been 

4emonstr.o.ted t'be.t canaYaalno, an tnhtbltol' or , argln.ue,. 

Clecs-acaud. the &rowtb tta·te ot pa:p1llomaa (Demo4r.tl'an 
' 

entl Narayanan, 19:40J Bos.ws and Moore. 1963). It 

la or ·interest that human warto. wb1cb are eleo 

oh&raoter1se4 bJ collulet> proltfcwat1on, oo1lta1D 

motte &~"lineae aotl:wlty than normal akin (Vaa scott, 1951 ). 

Ott. t'bo other b.am'l, there ue reports of tumor 

resreaatona Oft a reductln or tumor growth atte 

lnjoct1on ot srs1uoae 1Dto tumot,.•beariftg aaSmala 
I 

(Wlswoll, 1961J Vrat, 19i1S lrona tmd BoJd, 1962)• 

ArgS.oaao baa been f'ouna to be .on ant!,mtto·tlc agent 

1n tlefl\\e c,\tlturo (Bach, 19&3). 



Arslnase ac~ivtty ha.o been found to be. cone1-

d&z-ablf lower 1n hepatomas.. The o.c,ttv1 ty has been 

studied in botb. the precancerous .stage e.u4 1D Cbft 

ttlmora rosul tbtg trom giving 'tbo carc1nos•n,t.c ;8£0-

. ·4reo 1n cilet (KoLean .!.!. ol ... , 1964).. Arginase aotlvU~7 

bus· been found to bee eons1d.orablJ lower tn hepatomas 

then 1n eStb~r nOJ"ma1 i.lver or. a<SJao.ent; h.tlet liver .• 

In t:he p:reermcerouo ttssue there was an tDttlol 

1ce~eaae tollowea. afteP slx weeka ot treatmeat# bJ 

o. algn1£1cant tell S.ft aottvltJ• ftlese obangea mar 
be accondarJ to oaJ'i11er changes. A 4eoreasa4 at'g1naae 

ac.t1v1ty baa been obaerve« 1n. llver of flbro.aarcoma. ... 

· boarios mouse compared to normal 11vw (SW:tumar m4 

.Rt;gerajan. 1.998 ),. 

Arstnnee 1e a 'fer7 activo etuwmo. U tbe 

eneyme aottvitles are ves.-1 hip coaparecl wltb. tho 

15 

smowta ot avatlable aubstl'ate. then arq aubstrate • 

aa St becomes a'Vaf.lable w1l.l. ~eact rapldl.J' a4 tba 

etoady state con.oentJ:tatlona ot tho 1nttmne4latoa wUl 

be 'V0%'7 cloae to those or the oqu111twtum sta'te 

(Krebs.- 1963)• It 1a one ot the ~pllcatlona or 
thla a1t\la~1n that tbe tJtee enerQ obanses ooou..1Dg 

ta the ceUJtse ot the lntermedlo.~e .steps are mt.nltlal • 
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almottt &GT-O • in tbet &Df loaacss of t'~oo ontrrSJ ue 

reduced to neslt&lbl·e qtumtltlee. T'be b1gb aot1v1ty 

·Of ocrta.ln e.zymes 1s thua uliderata.ndo.ble aa a u.oetul 
' . 

MTBnsemn,.,. lt oontJUltutG"s ecoDii'JfDJ or energy ana 

rar ·£Po:m beS.na ·wutotul it ·ts Q aavlq. 

ora! t~e decf:llJboxyl aee .( o·oc) eatalJ ~oes 'he. 

convere1cn ot ornttbtne to the 4iam1no ptttranlna• . 

an apparent rate limltln~J otep tn the b1oqnthea1a or 

tl;te pol)'amtnes, spermit!ine am.d eper.mine. It ls a 

pyrtdobl - pboaphnte requ.!Jttna ·tm.aJCta, the coan&Jm8 

looaol7 bound. to the apoens,me (!Rahlala _,. al.,. 19 71). 

N~l~cular we1sbt 1a 100,000 (Qno et Ill•• 19"12J 

Obe~a4er an4 Prouty. 19??·-· }. 'l'bera appareatllf are 

ao low moleO:\\l.Ol' we1gbti otreotore ot ptqeiologl~ 

ooc~ce tor oPnltblae decorboQl.aee, even tbo\lsb 

tbe ene}me abowa e rather strt.rlgtmt reQ)llrement tor 

thlol compound a ( Janno and W1111ama-Ashmen, 19'11). 

Ornlth1ae d.ecarboqlaao poaeeaaea tb& tar akorHat 

belt ltte ever r.eeo~dad t.or a mammalian ena,me. Attar 

oeesat1on of protein arntheate. tbe act1vttJ:_ o.t tbo 
' ensrme awtttl'f decnJe tollowloa f'trat order Jd.netlca 

.Sth .en opparen't halt lite ot aboUt 1G-Ui mlautee 

Ul•tusel ant!. SJnden• t969i Obenvtt4er ea. ProutJ. 19?7! ). 



tlbe ia"tuot1on of GUO ls aa em-lp marked eveat 

1n ell· srowth s:~stema st\141o4 to date. sevePRl 

attltllee bave tndlc$ta<l tbat 1n mAnJ q stems oyolic 

AftlP la tnvol ved in tbe lud\letiloa of oraS.tblM 4eoarbo

JtJlase. ma1Dlr after the a4mln1strat1on. or 'terSoue 

hormones that aot1vate a4eD)'la'e cyolaao. or o~hett 

asents Chat cause the 1noreaee .Sa cellular ctollo 

AllP (BJuc and Raaael• 197&). ., 

lt kas t.oen postulate~ tbat AMP e.xerto ita 

lnf'lllence on collulor :metabol1em through. the aot1vatlon 

of oAJ.tP dependent p~otetn ldaases (Kuo and OPeens•4, 

1009). Induction or one 1n several &Jatems aeema 

t.o be more closely related. to tbe aottvat1on ot cAMP 

depen4e=t protot.n. k!DtHte{e) tbsn to the ac~ual 

f.ntr.aoellulaJ~t. tluotuatlous ot cAMP (1lJue 0114 Raaael• 

19'14J B:fua and Ruseo1. t9V5; BJus an4 nuaael, U~VGJ 

e,ua ~~. e.l. , 1976). 

ilte ·rapld activation of cAMP dependent protoin 

k1ao.ee tollowe4 by the tranaoP1pt1.oaal induotlon. ot 

ODe to ~onsletantly ot.eerved in. l'oaponae to -tropb1o 

etlmul1. ;\lboratloDa s.n o.AUP clependeDt proteltt 

kinase 1soQme aot1vlt1ea · 8'l'til/or cdP b1n41ng proteins 
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have been observed 1n aevrmal tranatormed cella. 

i'teoent~" 1t :tu1e. betm reJ~ortecl tbat a slnsla cwo:bo

s.me 4ose ot cU.et-J.altro.oaloe rap1Gi act1va'ect · 

aAfiP dependent .Pf'oteib kS.r.aaae and 1ml\lc.ed· ODC 

(Oalon and :Ruaael. 1919). 

dccU!'bOXJleae ls also tm loitiatton iacttr tor lt'NA 

polJmereatt I (Maaea am liueael. 197&J Manea ~4 
Russel. 19'17J 1le.ddo3t and R:uaael• 19?8 ).., tbe aoO\lmlL. . 
latlon of aperm.Ulne. a. pol7amine and ribosomal. RNA 

are pa:rollol 1n a varletl'· . ef growth at112Nla,e4 tl eauoa 

that have been etud1o4 ( Cohtm11 19711 Russel. 19'111 
, 

a-.ohavcb, 19731 Russel and Durie~ 19'18) • 

.stud1ea of tb'i requ1romente tor f.ncroaeoel 

protalo ~n~oa1a augsoat tha~ new r1boeoma1 RBA must 

be rqntbea1ced aa a pro-req.u1e1te or etepped up 

~.protein aJntheals (Arogro1a1 19741 nuseel g(l 

Man era, 19 '16 J WD•e17 .!! Jl...J.• 1918) • Drus-1m1t~ced 

enzyme eyntheeta 1s coupled. wl tb an lnltS.al ind\1.0tlon 

ot orn!.thlne 4eoarboxylaee ana lnotteaaed rlboeomal. 

RBA ql'ltheslc (BlJ1i~ .!!! al.jt ... 19'-161 Ooata !! al., 19?6)4. 

TropbS.c bCJ~Dones un1verao.ll7 1n4uce orD1tb1no 
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decarboXJl,a$G and r-eaul t ln 1noreaaod rll)oaomal RNA 

OJDtheala and acoUil'mlat.lon (Ruaacl et al.., 19'16$ 

Rues&l on4 Pwle. 19'78J il\ls&ol and !la4clox. 1\l79 ). 

StUdios of oeU cycle pxto .. eaalon in<11ooto 

l.9 

that oralthtne dscftl'boxyiace la a market" ot G1 
proarcuJ•lon ,(ft,u.aael and stamtmook. 1975; il\lller e't Bl •• 

, 19'171 Badd~x, 1~7~).. ,Its t&il~e to be expreae.eft 1a 

reeporuu'J to 1ntdb1tora' ~tesults 1D a block ot oeUo 1D 

the a1 pbf!se or tho c)'cle (a~aael· and HaddOx, 19?9)• 

Be-axpr•aston or orn:lthlco <l.ecw'bcuqlaao act1V1toJ Se 

concomitant wltb mov•ent of cell& into the 8 phAse. 

A model or the major etepe ln e trophic reopoDae 

or oi o1 progression (Ftc. ~) has been propeead 

reoentlJ (nuaael, 1980). 

Ea:tenalvo etud1ea bave been conducted on. the 

.ettecte or phorbol. eatel'el parttoulerl7 ·TPA, on ·ID0\&8e 

ald,n (Ot5rlen Jl!! !).~, 19?5J 0'Br1en, 1976; O'Br1oo 

an4 D1amon<l, !.9VVJ Verma et eJ.,. 19'1l!U Konalcr· et al., 
(191&). TP.A treatment reaults 1n a aev.-al. h\mr:tred 

fold .l'nduetton or orD1thin.e dectU:"boxylaee ift, tbe akin 

tmd, 1t e:dm1n1trterod arter a ce.ro1Mgen such aa 

2-metbJlC:holenthrene. acts ae a tumor promotor. 



rtg. a.,, Schematlo d1apam of . ma3or sequential 

e~eps In ,9 tropl.e rosponee. (Pra 

RUssel, 1980). 
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lnblbltlon ot fPA-induceti o.rcltmtne 4ocBI"boXJlaao 

_aot1vltJ' b7 V1tmda l-. aaaloga also lnhlb1ta the 

tormat1cm o~ papUlomae (Ve#ma 1!!,_ al., 1996). 

The· cellular- tunetl9fts ot aatlWe.l polJemlr:u's'• 
I 
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the pro4uc,.s or orntcbtDo deeerbox:;leaa. altbougb not 

as Jet unamb1poualv eetablleh,ea. appear to be cloa&lJ 

a,aeoeia•oa wltb the prolitel"a,lon of animal eellc 

(Scala'brlno ot &1.,. 19''76) .• fhe idea tba.t theoe .......,....._, .. 
eompoumls do_ not almpl,- act lner-o.oellul&rlJ aa non• 

. spec.ltlc po1ycntlonth is eupportoo by a w14"e VOPletJ 

or etteets e~ertod bJ polJ_aml.Qea that camot ent1rel)T 

bo aser1be4 to the poly.oatlonie atructut"e ot _ thoa• . 
oompound!h \S,'bo.tev~ ~· the role or polf&mltaes. ~here 

ls a t\ln4amcntal dltterenca between 41vel&nt oattona 

anti natural polvamlnoa 1n tho l1v1ng cell. fhla 

dtt.tore.nco rellea upon the tact that latter oompounca 

oan be &:Jnthea1:od ·so aa ~ m•et the ambient metobollc 

roqu:!romonts ct the cell. Th1e k1n4 or resulatloD, 

even cons1der1ns c.ompartmentalisatlons would ber'dlJ' 

occmr 1n vivo o.s a r-apid reaponae ot tbe lborsenl.o 
~................ .. 

cationa to a.ttend metobollo needs of tbe cell (lome 

et fti..,, 19'17). 

Var1ouo reports auss:eet a role ot polJamlnea. 

1n cellulBr motabo11em tbrcugb CJollc &tiP. amt proteiD 

IH- '102 . 



.. 
,. 

kinaaot~ ( _.I'RJ' st• sa., 19VOJ ftlanea ana liu.aael• 19"/&J 

Sba.h !! .!L., 19751 Atmar t.fi !.Ju 1fW6J Shoth s..1 at,. 
191!161 '!f,ekl 9 .!lfr•* 19'16; ,JW'lgman an.d, ~a-el, 19·'17J 

konpa.a. 19771 Sao~oh et .al., 19V8J Hochman . .!l. ftl_., 

19'16J Clo .U Ql •• 19't9). 

Polyamlnea awo reported i;o enb&nCe pboopbo· 
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: t'}Tla'bloa of non-histone ctwofiOaomal proteins (laal et al •. , 
. --

19'18) and proto1na of rmolol and woleol.t. ot t:he slime 

mold Phzs~ etlrcepb~Aum (Atmar . .!! .F!l., 1998), tborobf 

sugoat1Dg the POss1b111tJ tbot polram1nea mq bave a 

role la regUlation or gone tl'anoor1pt1on. 

Receatl7 • ttl bas been conJectured that the 

nu.otual1ona tn co1lulat" polJemlno coD.Oentra.tloru. and/ or 

ratios found. ln. prol1terat1ns elld neopl&:atlc oell• 

alter chromatin atruoture and cause vulatlone 1D. tbe 

.ADP•rlbosplattan of ohromoem:tal prototne, tbe~ebJ' 

atreotlas n\l.Clear tunotlOD (Perella ana· Lon.. 19'79). 

PolraDllnce are £ou1'14 to stimulate tbe lleJtpeo slmploa 

Virus DiM. polJmeraao pvUletl trom S.rlfeota4 BabJ 

Heme~• k14Ge7 oeUe, ( •alkos et el. • 1990). 

Spatial models for tho complexes or apermlae 

(o~ spermldtne) wlth 'he B to:rm ot DH.A were auaaeate4 



1& the a'uatea ot aevel'al workers (Ta\lbo1• :19641 

Liquori eil a1 •• 191'1 Sawa:lakJ', et a;a.1, 1969). l'bo 

elgnttleence of' ·these works .le tb&~ a co~eaporAenoe 

ot <llstancoa beween tho poalttve cbo.raee ot t;b.e 

SJ01¥&ml.ftea andi the neaa.S.ve Obarcea o£ ~'t.ie DBA 

phoap2la,eo Wlltl emphaataea .• 

ib.e ·doUble-aC.aldetl DIM can oust la a.r.terent 

torRa ctependtna on the lf'elat1ve humldltJt tbc) nature 
t 

and. coacmtl'at1a ot oounterlooa (iir'l'Ott 19'70) o.o well 

aa · on· tbo nu.eleot:lde aoqueMe (Bront. 197.1). ~bose . . . 

te~a./wbleb m&J be d191de<i into . two tOP.m.a (B on4 A) 
,. 

41ttor• la partleulu., bJ tho ttlatcmcea between tho 

pb.ospha'e res14ues both wltllln one ·Obaln .tl.ft4. 1!l tbe 

oppoelte cba£1\s ( av.ktn at al.. 19?$ ). It baa beett 

l'f>ported t.b:at wbUe apermlae and aper:mt41De liaellltated 
. . 

t.bo I to l.translt1cm, emt. bbereb.J l)f"oter-a Ohe ikollke 

tcrma, pf1treso1M and oadavarSDe prefer B-lUce form 

( IU.RJat .!!! ~l·., 1998) • 1t la auneet.et'l 'tbet a taco tbe 

tlt,atrm.ce · behoeo tbo pboapbatea of the aame chain la 
. 0 

almost 1nvar1ant wltb. each of th.e tamUS.os- beJ.os 1A 

aborter- ln the tG.lrme of 1 tatl'lllJ • the propJl. <ll~t.ao 

(but not ba\Jlene 41om1no) part of tbe epermlne f£' 
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e,perlft141no) molmnlle te P.esponalble for tbe atab£11-

aatton ot the 1 toPma. 

DIA »ep11oat1oil is k'Down to start w1tb the 

arntneala or .aa o11gonueleot1cle which roms c :hJ~ld 

wltb oae DBA cnaln ( &ualno .!! al. • 1979). SLDoo ~he 

ImA-MA b:Jbrtd. esn b•ve only tbo ~ ooDf'ormotloa . ... 
(AJ!'nott .!l: a.J:.:.• 196&), thea B to A ahUt cotald be 

.lmpo»tant 1n re:plloatioa,. and the ,utlvat1ng effect 
• # 

or pelyamlnos on Fepll.catton may be «uo to tbla 

clroumstanoe (FlOPenttene and. Ivanov, 19'10). 
• I 

It hae been propose4 that transorS.ptioc muac - -be accompanied. br a local B to A tranmlttoa Ia the 

DNA template under RB.A polymoraa& (BeabenlaahvUJ, 

.u .!!· • 19"1a). 

Baaed on tbl•• latex- a <!etaUod. steroochemloal 

model tor tho RNA polfm&raae operation. waa eusaoetea 

(Waft8.!! ..!1:.• 19f9). Altbou{lb 'hePe azte llanJ W$'18 

1ft wb;lob polratnea dsht aotlvate transortp,ton. a 

dbect 1ftfluence of tbe PolJamlne . on ttbo DNA temgl.ate 

oonto .. tl.oa ta h1gbl.J poaalble (rQ.arae ~ td., l&~aJ. 



Reeontlf• it 1_a GQ88oete4 trb&t ot~~~Aple,..ou 
. auoh aa p0lf811:\J.aea or apecUlc b1a4f.rls ,rotebe mlp' 

. . 
&-evour ·tbe wcmeltlon fr'om B foma to the loft ball4ed 

hOl.lcaJ. tOl'm of DHA wblob la oalled Z.DNA ( 1\u'ag et fll•' 
19'19 J Dav1ea Gn4 Zlm'l!.ttmman. :J,9&0 ). 

'These obserYa'I~ODB atte blabli ~lanltloant 111 

\flew ot the altere4 pat,erne of sene exPJteaaJ.on c!ut-IDC 

•ople.atlc transt~att.oa. 

Beal4•s the let'ae ·~ or reportie powl.q 

!ft. 1a4toat1q ~ Importance of- polrG~~tnGa Ill veJ'loua 

cell\481' f.Unctt.oAS• seneral tntJet'eet lD tbe· aetabol1sa 

of P01JeA1Dee baa becm poo.t17 1noz-&ase4 tolloW1DS 
-

reports promising the value of pol7amlnee 1n oRPlJ 

«toanoel.s ot ccmoor ana 1n eancor tb&row. Thwe 1DQ 

be 4erta.ln epp11catlons tor a olS.Dlcal mooltoring ot 

polJli!Dlne levels. · eopeclGllJ ln short-term f'ollo••"P 

ot tho tborapeutlc eftlcacJ ot C¥toatatlo motll.oelCloa 

tBuaeel• 19?'1; OouD. 191'1). 

The value of oppl1e4 kn.owledge ot polJard.n.• 

met.abollem ln. o.uoeP tbel'GPJ seems to be prordeS.Qg 1ft 

the llgbt · of aevePal ol;)eervatlone that t'M u.ao ot 

se~cot19e 1nbl~ltora ot' polJ&m1ne aptheaS.s roault 

lD a pro:toun41nb1ltltlon of oell pnllter,atla ~-
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a va.rlotJ · ot GQWJ.mental cond;ttloM (·lftOtle o• t4 
. .~. ----·· 

19?6J Otani .t!.!la.• lt74J Pill1QS&me·J!! ~tt 19V&J 

liktJnton eo .at ••• 19'1fJ &>okatl and Ef'lkeoD, 19'1VI Slmkcr~ 

et ·fll•' t9ViJ'J flotn"la .ot~ .Bl.,19V7). mttthJ.lglJOZa1• 

bls (par;Jlby~oaaoael a ortoatattc <&rug tbat baa. 

been uae<l 1ft the trea'"meat ot bUTl.l&n mall8BGD01ea 1ft 

the e.-.ly atxt.1ea cn4 later withdrawn from cl!Alc&l' 

uae malDli du,e to an uruiceeptabl·e tolttos.,,. baa been 

foun.a to a.tteot the metab()ltam. ot aatUPel PGlJ~ 

ami v!eo •erea (·Seppcmeu et 61., 1980). !Dll:l.bS.tloa· 

or pol.7amlne aooumulatlon end ool1 prol1torat;lcm -

dev1vat1vee of d1amino propan& baa been obtalne4 .&a 

lbPllcb .aeoltea cella &Pow& t.D oultlll'e (Alhanon-Bcm• 

slato .d. al .•• 19'79). $eloo,lve .klllms ct traufo~4 

cella baa been attalftod bJ ezpl.itliiatloQ. ot their 

4etoctlve oell cJelo control bJ polramt~• (Rupntak 

t~Jt4 Paul, 1980). BleYatlOD ot serum polJal.nee baa 

been obawvo4 I.e mallsnaat lJtO:p:bomaa and e.O\lte 
I 

'i' The· mountlfts eddaDOea tor th• role of 

tolJ8lril.ftes 1n cellullill' growth, px-olif',eratlon and 

Moplaatto t~ttmatorme.tion po1at to tbo lrapwtanoe ot 

rurtbor loveattsatlon on fl&rloUG aap&cte of t>hese 



hlomolecul.ee let' UD4eratan41as the mech&D.lama -

moleoUl.GP end cellular • involved lD neoplaatlo 

tranatof'mQ.t1on ae ·.U aa ror exploltlng tbe a~venuea 
I 

ot thebt pra~tloal utlli'J .Ia cam_. 4etec't10D ancl 

imeP&PJ• 

.S\IlJitWdPJl oompoUQda al'e •lde17 4letrtbl&te4 

in tmlmnla. plants and mS.cro.,aantama part1c1pat1na 

Sa -varloua enaJ~U;tle •eaobln•• peptide bol'moae 

aot1vl1)1&e an<J otbel' ~tant blologleal pheftomeDa 

(Fuila• Jt! .!!~ t l&VJJ. f!ereap~propiaJl&lJCI.ne• ·el.eo 

kaowa u t'Alola. eoutsta ·or &13folne en4 ... ,_.ca.P

toPJ:>opli.mto eold as a llYeJ~t•ioteaeU'J&aa qeDt. 

!be Ohemleal~etpuo~e ot RPO 1e ae tollowaa 

ORa • OB. • 00& • Gila OOOB. . I 
SB 

Jt baa eomparetlv•li leas elde ettecta 

tbaa other sJ.compo'Uftiis and ia rep.r4et to '-

. eft'ectlve ·tor ti'&e dotoxtoatlOD ot hftaVJ metala ant 
' 

gellfB'al oraan1c oompoun4a (PuJSm•a et o1 •• 1184). 

It la aleo kaoWA to be et'tact:l.•e tor re4latloo 

protoottob (Bee Sqa.b&Pa and Srl'Yaatava. 19"16) ad 
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.f07 the treatment of liver (&d. to .!!. al. • t.t?ij: · 

MUazn et Bl., 1t?2J. Sblete ·•t al.; J.992). liFO 

bae been toun4 to .beve p:roteot1ve ettect- on pareoo'ta• 

•1·1n4ucea hepatt.o aeonaltt. It ts auaeatetl tb.Qt 

_,ln41q ot . the ~eoct;1"Ve meta'bol.tte of parooe•amol 

to bepatocJte macPOmoleoUlee neeti nou lead to 

:~~epatlc aeoPosl.s PJ'01'i4e4 that ·sulpbbJotl gape 

•e PPGscm' I.D. · 11Vel' ·co pJ-dent tbe d&leterloae . 

eft ecta ot sueb. blnaJ.na an«. 'that RPO mS.IJlt bavo auob 

a aOPt o:t proteott . .-e aotlou. (UbJ'e~f.oe et .ale• 

197?). DB can t&ma oomploxee with riUmJ .metele 

(Ptmae J!! .!1::.• 1.9'lll. trecentlr lt hae boeD propoee4 

tbo;t JIPO MJ act e:t the level ot m1tocb9ad¥'1al. ··••• 

· coupltq (ZS.mmor .• et ,o.l. • .1998) •. 

I 

ee 110 · ~•porta ~oa the ,effoct ot f4PG on the aotlora 

. ot tbemt.oal carclnogents. 

Reith• the blocbemlatry nor the moobaniem 

of aocton of ~ la cloeriJ knom. 

!1etbxl Bltroa-,J,pe: A.m.em't!or ot .Garf)l~g~g 
H•51troso amlnea1 
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othe~ b1ologtoal aeUo1'4fJ · ot tt• liltttoeo compOunds 
' . 

«roae· toll.ow!as the ~i"t• ot 1me :bopatotoatcttJ 

(Burnes ao4. Uaaeo, 1954 .. )al14 oarcltlogenicltJ.( ~ 

8114 Bei.'noo, l9H) o~ tbe f.limpl.est ld.trtoeamlne :&• . 
nitro so dlm&tliJ1Gil1lae ( dlm6tl'ql DS.~oaomlne) and thtt 

'· 
subaeqwm• ot>eervsU.ons ota the oarclnogetllo aot1on 

of the nt.ta?osB&Dl4ea, .R-metbJl•fti-.al.troaGUJ'etbene an4 

N-melbgl•B•Altl'ocourea .(Dl'u.eker7 ..!! . .Pl•• 1961; 

SCho•n'Al• i9SOl. About 100 DiWoso oom.pounde are 

·. ·.kfton 'o be carotnoscmtc Sn o:aperlmental. GDlmala 

( lla&etl ami lelloen~el., i004j taogee and Bc>nes, 1.96'1 ). 

Io .a\'kU.ttGJI to t'm.d.~ texlo ana oerclDOael~ propepa · 

etea ·maar J-nttrGse o~tl'bda at-e tm~taseDlc .Cl1'14 

.some are neratogenlo tn e&Perlmo'fttc:Ql ~ale (Masee 

an.d':~es. 18GV). 
,,·· 

,- ,. 

Str\tCtVal arid: 
mc>lecUler t'oNNJ.ae 
e.n<l welgbt. 

ti·Bltroso 41ethyleld.ne (4lettqlnltrostmJ1ne) l.a 

toun.d. to be cel'"clnoaent.o ill ell enlmal epee.S.ea te·ate4. 

It lndu.ces beniga end maltgnant ~ure after ita 
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administration by various routes, including ingestion, 

parenteral injection, inhalation and rectal instillation. 

The major· target organs are the liver, respiratory 

and upper digestive tracts and kidney. It is carcino

genic following its administration prenatally and in 

sipgle doses. In several studies dose-response 
~ee. . 

relationships were established (IARC monographs, 1978). 

DEN is reported to be present in air, tobacco, 

smoke, water, food and feed (Cheese, vegetables and 

vegetable oils, cereal products, fish, meat products) 

and alcoholic beverages. The in vitro formation of 

DEN was observed when diethylamine and sodium nitrite 

were incubated with.gastric juice from rats, rabbits, 

eats, dogs and man (Sen .2! .!!.:_, 1969). Human and 

rabbit gastric juices (pH 1.3-2) produced more 

nitrosamine than juice from the rat (pH 4.4-4.6). The 

nitrosation reaction was also demonstrated !2 ~ 

in cats and rabbits after feeding diethylamine 

hydrochloride and sodium nitrite. Nitrates and, to 

a lesser extent, nitrites are widely distributed 

in nature. The major human intake of nitrates in 

food stuffs comes from vegetables or water supplies 

or from nitrates used as additives in the meat curing 
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.processes. Spinach, beets, lettuce, radishes, egg 

plant, celery and turnips are vegeta?les with the 

highest concentration of nitrates. 

Although there is no firm proof, the available 

data on experimental animals shows that it is highly 

probable that_ nitrosamines ar.e also carcinogenic in 

man. It is now well established that carcinogenic 

ni trosamines may be present_ in minute quanti ties in 

certain foods for human (X) nsumption. Carcinogenic 

nitrosamines may also be formed from seco-ndary or 

tertiary amines and nitrites in the body, particularly 
' . 

in the acid conditions of the stomach after simultaneous 

ingestion. Secondary and tertiary amines occur in some 

' foods, and a number of drugs and other environmental 

chemical·s have secondary or tertiary amino structures. 

Humans also are exposed to secondary amines and 

nitrosating agents in various industries. 

Unfortunately, little is known about the 

mechanism of action of N-nitrosamines. It is believed 

that they require metabolic activation to produce 

their effect (Heath, 1961). It is currently accepted . . 

that th~y are metabolically degraded by microsomal 

mixed function oxidases ( MGntesano and Bartsch, l9 76) 



to an alkld1aasoh)'drox1de (H•B • R-Olf) wbteb. fJlll}seq\lenttlJ 

4ecomPOaeo to a carbooo.tlon Sntettmadie.te (:Pork et ;p.\• • 

1'97Vl responsible. ro:ro tbe alkfl&tloo of 00& (IMil'sJ,aon 

and •n·teaano •· 1:976 ). 

P.PeaentlJ, DO clireo·t eapeP1mental. e914enoe S.e 

eval.l&ble wblob demonstre.tea the 1nVJ lvomeftt or 

cwbenlum tons la the alkflntlon mecbafti&a or n1 tro• · 

eruntnoah Oal.cula.tS.ona bead on tbeoretleaJ. &emework 

auggoat. tibot aS.troaamlnea cto no-t alkJl.cte the OOA 

·molecule vl.a o•boeatton 1nt~e4ie.tee. The moml 

lllce17 alt&Pnat1ve la. tl\etl, direct nu.cleopbUlo at~taok 

(SttQ) on the d1aaoatum. ~~ 'DJ 'baalo altos on the DBA 
. ' . 

moleoul.o ( Attdreous. cm<l JO.opman.. 1000) • From a 

nu"Kt·'baalstJ.c poS.at ot •t1ew1 th1a eussests that oarolno

gaiolty la releted to the eo.ee ot nucleopb.llic atcack 

at the alkJl poup ot N•ld.troaamlnes and not to the 

atabl11t7 or ca.benlU~n ions tbeJ crm aenorate. 
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:lATER.·. IAta Ami· rmlll!2B§ 
I. F - ( m _, d --'- •A - ! 

Athilt. male Pats ot WletaJ~ Stra1n were obtail\e4 

from the Amimel ROt.UJe ot litml~ Aaad r«ettlcal Oollese. 

New Delht. The 'veigbt "Of tbe antmde wae ass!. ae.a 8• 

nlethrl MS. woamt.n.e. s2:-.MecaptotmoPiollJ'l

C1JC1nch SlJC1ne, t.;...Avg!Dlne, Isonltr'oaopropiopnentme. 

Urea. Tr-18l'!Ja base, So.U.\lm 4o400111 aulpb&te. 2•mercoto• 

ethanol ond: Sromopbcmo1 bluo,. . :Bovine s~ Albumtll 

and .~3te,ndat'4 protolna tor. ol.ectropho~eC~1e ( AllJuml.n • 

. OValbumin, bJpe.lnogen, B-lat!toslobult:n an4 LJsoQme) 

wePe tr.om S!pa ebemtoal COmpany, WA. 

u.w•·bie metb:rlene aCPJle.mido> T.st.um ana 

o"OOMaaele br1l1i.ont blue ... R • 250 wero product& ot 

Biora<l 14\lM'lratwiee,, USA. 

Aeryle)!lide (5. x crre't. ,) m;)(l ·rcl1n-phenol 

t-Ga&$l'l,t wore pllrChQ.ae6 fit-om Sl:SCO Reaeuch Labora~S.ea 

PVt. Ltct • ., Bomb&:~. 
' 

Sodium ch1o~:t4o, Nangonoue oblorlde,. ~chlorl.c 

aold. hJ'4roch1ol'lo aol41 rJUilpburia act.'• ou.prio auJ.pbete. 
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. 
. gl)'Cerol WGVe of 'Anlur t grude tronl Bmt. Jruil&l 

l~hoe~te. ac1d, 3o4tum om;-bonate. Sod:!u.a b,yd~Jtod.de 

wero of 'Guaranteed r.oosat• ett&ae ~om: S~o.bbal M. 

~emleals• l11tU.a; Ammonium pe"PaU:lJ>bfite (AR) trom mn"'• 
India.; Oitu~:tal e.ce\i1c acl<i ( MU from .BrJH• Itt<lla; - or 

Pol)"~m .• Bomba,,. lll'ld!a. Mo'b&Dol w·ae Allle .. or 

L·aboratOI"J' l~888&llt gra<to pvoduet of SDH.• lndi.a. 

Potal'Jalua tlocU.urc tartrate {fW'ltieii)' W«Ul a produet 
\ . 

_DEH wae 86V3ge4 (t'f,oaol 200 118 DES per k8 

body wt. td.:th!O ml tap water per kg. bocly wt.) to ~be 

animals of grov.p ll: un<ter m114 ether eAaestboata. 

To the group III anl.mala IPO was admln1stered 

at a dose ot o.£6 mtJI~t;ij~ in 4r1nklng water c.oaman

ein.g e to 10 bra betore DEN gavogtng;. and eontlaued 

t1ll the tlm• of eacrlttce. 

The an1mtlle of poup IV<.were .given MrG 1,n'-~ 

drtniclq watel" at the -same <Joso as that oaod J'ar 

sroup i%1. 



Ble an!mftle of' .poup l and IV ·were savased 
wlth tap water (volumo aamo os tibet ot DEN savag64 to· 

group tl and III) under &Aneatboata. 

The' anmaia were aooru:.tcee! at . tho tnttwvel.a 

35· 

of ·e4 hP, 49 br an:4 one W(tek.. The ~!mala woro 

oe.o~lt:i,oe4 between 2 Pm ft'f'i4 5 p,.fd tq <Jei'vica1 4lalocat1o-n 

en4 llvor woe exe1De4 and.. cblll.a4 Samctila·telJ. 

~ b*g:&:a1a1ng t~edi.um was o.e." &alil'tth ·one 

E'Pl \)1esue W35 bo•&m1se4 tn 20 m1 sellae lJJ u#tna, a 

h~te ElYek~em 'JP• homoaon.lael' &ltted w1tb. a htl9n 

pliwasor·. 91be homogenate w&a cantritusea at eo,ooo s 
tor eo C~}:~:)at 4°C. The aupcrna~t waa collected. 

. " ' 0 
and oentritu;ed at 10~.000 g tor flO m!Autea at 4 e. 
Tho su.p~~n't ( aGluble tra-otlon) "as u.se4 tor- the 

oatimntlcm. 

APg1uae wao aa80Je4 by the prooedw:-o oa 

<lescrlbod ~ S.otd.mko (19'70) with some mod1r1c&'t1ona. 

Arslnaeo wna tt.rat act1 vato4 by lnoubatln& o.e ml ot 

1tEOO bomoge~st.e at 3'1°C 1n tho preatmce ot 0.1 ml ot 

0.1. M 1ne12 to~ 10 m1nutea. 



Act1¥o.te4 ext.J!Iact : 0.1 ml. 

1 .• 26 M Sl:Vclne I {hi ttll. 

o.gs u Al1"81n1n<t (pB 9.?) 1 o.4 111. 

0.01 M bCl2 a 0.1 mJ.. 

~nte mixture •a tncutla.tel ,at 37°0 tor 1~ 

mtnutee. The reaot1on wae etoppett bJ the a441t!oo of 

e.o m1 ot 1N Pel"cbiOJ"to aol4. 

'1.\lbe:s wtt'b eaaq mixture &D4 e ml ot 1 B 

Perchlovlo a.o14 wEWe alao t.Dcluded tor lnoubatton. 

Atter lncebatlon tbe ml2n;uro le centrltv.se4 

a.t about a.ooo RPM 1n • Remt ccntrltuge. J,.O m1: of 

the :Npar;r).a..@Ut w&a tum ana tc 1t s.o ml ot 

HeSo,/H5Po4 mtxturo (.acid m1ztw-e) and 0.1 ml or 

leonltroao proplophenono was added. fbe samples waro 

beate4 la dark in a boiling we.ter bath tor 30 mln1.1tea. 

~e tu\WlB were cooled in 4Ml'kteroom temperatwe ana 

opt1.oal denslty waa ~ead at 840 tml u81ag an opproprl ate 

blank on a Carl Z1oaa Speotrophotometer. 

. 
Ul'ea ata~ard.s tn tbe r'fUl88 ~of o.t to 1.0 

f»DCles were run and tbe elate was p~ott~d to obtalo a 

atnndBP4 ourve. 
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fr'otoln ,s.n the eolu'blo tl*actlon wns ost1mate4 

bJ the method or :to~ !!. Bl.. (1951) ae me41t1ed -

Cooper ( 197V). 1 !l:b-e optical doosltJ menaur(eu'tn'fls were 

done on .SCb!ma4au uv-24:0 'Speotropbotometer. 

APSlnaae uttvl t1 -'\fa-a expPeaae4 as \Jm~les ct 

Urea t'ormed at 3T°C Ia one alouto per Q ~o&b wel8b' 

o.t tleeue or- }DOlea ot urea Cormed-at a?°C tn one 

minute p~r ·ms protein. 
\ 

. \ 

f9,1Jft0£11e!d.4o sel -oleC?·~~~otd:a !n £08!(1\!8 of. ,SpSl 

8o41 um dedecy:l aulpbat~ pol~yl&m14o gel 

el.eo~opborasta wae per-for-mad bJ the method or: r..aotnm11 

(19?0) with ootDe ao4lt1catlona. 

the samples oonta:lned the rs.nal concentrac1on 

(t1na1 ffisomple butforn)a o.O&e&u '.l'r1a BCl (gB 6.8) 

" 
10~ gl,-ewol 

&~ moPo~o$tbanol en4 

o.oot$& bromophenol blue •• the .. ,. •• 

38 



The prote:tna ~· o~lotelr Cli-aaoolatect bJ 

~ot.ng. tbe eample tot! a.D minutes ia bollln.s \later. 

' ern sela Wei's pJep.arfJ.d i» 11uee tubea ot a 

total let~gtb ot 9 .o o;n e.D4 .ttb on lnaldo 41fitneter ot 

lte1~ .-oflee.tatq ? .• ss (a~-p$ratiou sele) a1l4 a
( etaeld.ns .gda) aorrlamUe ...,. ~·op!\i'&a fttom .a amok 

plut1-on or. so• - wetgh'\. ot $C.)?J'1amldo .. Qnd Q.$" -

wetgbt or N;U••tt1a•motbttlene aceyl.amt.de. tho 

aGPaJ!'ation ael con.t~noo a' floal O$ncefttl"e»loa ot 

o.&,& • T.ris li!Gi (pa s .. e) GD4 

0.1" aDS. 

fb.O atactdng &ole of If O.Ol'J lam14e CU\4 ·4 l~b. 

ot l om oontalrlet O.t.a& fl TJtte-HCl (pH e •. e) antS 

o.t.fl SDs. 

tile gala •-• pol,meS.ee<l <JhedoollJ 'OJ' cbe 

at!dS.tt.on ot CwOS5f 'bf volao ot ~Ulti1> en4 o •. oa&1' bJ. 

wetpt ot ammontumperaultate. 

!be elft0tro4e butf•r bJB 8.3) eoatalnoda 

o.oa& s Ttsla. · 

c.tt0 u &1Je1ne. and 

o.a.~ sea. , . 
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1fi0 to P..eo rag proteli\ waa loatl&d on each gel. 

6 at.andnrd p~ototntt \!ore run. 100~i(5 pal of oe.eb · 

prote~n. anet 100ri;(53 lll appro·Jd,mnte1J) ot tbs JJi~t~e 

or 6 proteins were loade6 •. El.O'-etrophorea1a was 

o8J"r1e4 out wtth e C'tft'Te?t ot a mA perael Wlt1l tho . 

marker ~e hB4 roaobed about 1 om trom 'tbft bottom or 
tb.o ael~·. •ube (about t 1/s bra).· 

The selc WOl"e stained tor about 10 llr> i'o~ 

protoln with ooomaa1e BrUl:1ant Slue B:-280 (t.ea gm 

40~.· 

11\ a cbtura or 2·27 m1 41atllled wa.t&r• 22'1 ml methanol 

and 646 ml glac1.ol aoettc· oc1d. Af'er the c:!Jo wae 

d1aeolved, 1t was t1ltierod tllrougb Whatmnn Ho. 1 
I 

.til to~ paper) acd deatetno4 ·tn.. the deetatatna 
. . 

eolutl<m (8'16 m1 glaae 41st1llod water with 50 ml 

methanol tlnd: 76 ml glaclo.l aeet1c o.ot.d). 

,.the reaulte wore recorded .bf both photogra.phlna 

and ecumnlng the gels• 

The ~elo.ttve mot.Dlti et prote1n na caleul,,te4 

b7 ualng the equatlona 

(D!staaco or proto1n m1s,rnt1os)x(gel 
.._""4t11t'tt • •. _ . lenstb befare e,taWntd 
zr.M'"''' ., .. (D1atanco off dJ"C m1grat1on)x (gel 

leastn a.f'ter ettdn!q) 



The mob111t1e.s obtaln$4 were plottod as G 

function ot the goleoular wet&bts om' aemt-lo(;£(1!"1 thmlc 

·coordlnatca. 
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~'bet& •• DG ~talltJ D.otlcetJ durlG& tbe. en:tlre 

0-MU"'ftft or experiment. 

Tab1e 1 sbo•s t.he enQ'me aot1vtey (,..lee or 
W'ea t&r.tiMJd at ·a,Oc tJ• mf.b.ute per g Creab •· ot · 

tleeue) Qtldw 41fterei'U~ lllOdes ot treatment Gfld. a.ttel' 

4ltforent t-ltse 1ntervra1o. m. tbe caae ot DEH•ttl"eated 

anlma:la (Grnup Jl) orgtnnae eb:oWs some .lncrenacd ee"1¥1tJ 

but tbia looreaae 4oes not a1go1f1oantlJ <lov.&ate from 
' 

c-onwol value (l'tg. 4). 1b1o could be due to error 

varlo.uce obtalfted.. A~ 46 br tho enqme act1v1t)' 4oea 

oct ehow anr .alsnUScant eltera'tton (Fig. 4 ). .In tb1e 

oatte ala& tho cm:qmo act1vltJ hna lnereasel! o.llgbtlr 

over tbo'b a• ~..4 hr. but tb.o GrNr variance la bigh. 
/ 

At 1 weok aratri.Aae regteter-a .a atgnlf'lcan.t lncrea.se 1n 

eotlv1tJ ae eontp8l"e4 to that o.f control (P~ o.O&). 

Ia tbe caso ot cmtmals treated with UPO· and DSN 

Gl"glne.ae .actlvt t: reglat~era a a1an1tl.cant 4ecreeee at 

24: br (~ 0.05)1 b\lt abowe an lftcreeae bJ 46 br (P~ 0.006) ~ 



I ( aor.dlPol) 

II (DIN) 

.. 
.tzi ~f!l'a+ntm) 

1v (eo) 

·• 

31.1•12!.45.9.(4) 32S.~O!;d:G.S(4) .299.16!.,14.67(3)• 

2ofa.to!.ae.~.C3>• sat.sO!,ls.uuBT a07.44!2chto·<4>G, 

915.&0!,~.~(G)n: 302.30!'.145.8(4)o 2?2.~1!.19.'10(&)0 

~abl·e ""' 1.. Oh~tnaee in arsioase e;cttvf.ty ·(y.r:tolee ot Ul>ea 

tor-mad at 5?0 0 i .in ono minute pw .&• t~eall wt. 

·ot tlnauo). The tt~ea repr~sent han!S• E.&. 

Bumbm:-a 1n parentb.ceea represent the nwnbeP or 

anltvdth 

o u~ ,o.os 
" 

co p~o.oes 



Pig. 4. Altwa•lons ln All'&tnue ac•svlW (actlv!'J 

ez~eaeed 1n terms ot JUIOlca wea a. ..-moa 
at afOu, per minute por 6• .O:.eab wt. of 

'lesue} et cn.ttereat fil.me ln.cervala at'•• 
41tterea't modea or troatmenb. 
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·.:fib4 G·.li I. week ·the ec;ClvltJ a1it&ins n:ear-DOPmol value. 

Act\la1llf• as aholm. ta Fts. 4 the activity at one week 

1a &llft.bCli· lo\tGP . than tihat at to br ODd Well flboVG 

tbat ot c:Ontrol. But the 'Velue doee aot atww alg&ltlco.nt 

tteriatlen fz-.om control value bocumse of b1Sh error 

variance. 

. ' 

&1911fieant ar·etn·ase oettvl.ty at 24 br (P~ o.OS) but. tm 

l.norease above cont•ol 1Enrel :I.e oba~ved at 48 u 
CP.<o.oe). ~tot t .week• h~evep. the actiSvi.'J cornea to 

the l,evol or contwol. Here agaf.Q, t.Pom »'18• •• it is 

· aeen that. at 1 weOk.. tbe one.yme acttvt tr !..e ·aligbtlJ 

htebar · tban tbat of coatrol even tbeugb l·t le below 

11lgn1f'lou.t level. 

'fabl.e I ebowa t;;hc altoraCicn'la in arstDAae 

·aQ'tlvitJ uru\el' tho a~ eaperllnental con.ditlona explai~ed 
I 

e'bove bUt bore 'b& •nsJT~e actlv1tJ 1s eJq>rease4 aa . 

epeclt.s.·o actl vJ/CJ • s. •. t,. pi.loe uttea rorud at 31"0 per 

mlnuto pol! ms proto1th ao al.terat1ona s.n actlvltJ ere 

toum io be non-alpf.ftcsnt ln the c~aeo ot all sroupa 

and at all time lntervale ,except tor 1ibe enimale iireatoA 

wlt:h MPG whtch showed a a1gnlf1oant1J decreaaod argtneao 

acttvl.tj oalf at one week. 



ORO"tlP 

~I(DB) 5 •. 13+0 .64 ( 4) 
' - 4.94!,0.65(61 

------------------------------------------------------------
Table - 2. Chafl8es .ln aret.naae octs.v.ltJ (~ol&s or urea 

.tQl'mod at :ll~o 1n oae mlaute per l'JlS• protele). 

The .f1m3•8a represent me6D+S. g., u. &.ambers in 
u- -· 



P1g. 6.- Alteeo.tona 1ft APg1naae aot1¥'10J (ao01vltJ 

o&Pressed ln torm.a of ,..-lea urea torme4 

nt aT'c per mlwt.e per ... pt'otetn) at 

41ff"er,>eftt -lm& lntettvala ats&J" 41fter.en:t 

modo.a of treatment. 
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PiS• o enows tba~ all. po,.e bella•e ~8t 1a 

aae pa.t:t.ern as .tar. as arsS.nnae actlvi.tJ Sa coaceftlect. 
' 

But tJ:un:~e al"o eligbt Gltel'atttone. lo tho case or DEB· 

tl-eatied. anlmale the ·aottv.lty le ttlmtutt at· the control 

level., b"ttt 1t lncreeaoa sl1alltl.J' at 49 liT', e.aalD to 

. d.eora~ee ellgbtlJ' below oaatrol level e.\ 2. week .• 

~up .III, l.e. an1male treated dtb. dPG 61\<l 1)'-ml sbowa 

a 4ecroaae 1n ~g1nase ae-l.vl.tJ a.t ~4. hr11 but aot1vt,,· 

la al1ahtlJ' elevated above tho con~l love1 at 48 bP 

and qo1a cono14erablf 4eorea.ned 1 as o~d to ·tba~ 

of control o.t 1 wo•k· - The ~eo-treated anlaala · al.so 

ebow almost tbe aame · pattmm. 
• 

Table 8 ~SUD&rJ.sea the el·Cera:tlone in total 

protein cor~ tent or tne soluble ~actlon. At 24; bl", 

protoln content Sa alsnUtcumtlJ altere4 JA none ot tba 

experimental groupe. But trom flg. 6, it appears tb&t 

1n ll!m 'ree~ed atd.mol.s (Qroup J:I) the proteiD 1o~e1 lo 

.elt.gbt17 hl.gber tbD that o£ tllo control e' 24: hr. At: 

48 !W• pPote1n cont«n'~ lnoPoaaea h anlmel.a trented wl.tb 

SPG emf! Otm (P~ o.oa) CU'ld, al.ao ·s.n &hoee ttreateel 1f1tb 

M·PO Qlcne (P~ o.ooe). the N~Dun• 'belog biper S.a latter 

tban l.a the termer one as la evident; from Fl&• 6. In 

48 



49 

.1 week 

- ... 

88.24+11 •. 48(4 )o -· ' 

IV (!SO) 

~able .. a. Chooses Sn total !#Otein of' e0lllblo f'Pe.o,lon 

(mg. ~r 3• freah tles\a3 :wa1Sbt). 'l'bo figures . . ' 

Pepre~um• fleatl!,.S• ~- ta. 8\tmbore in parentbosea 

t-61F0Dent the numb- ot an!male. 

* P~ o.oa 
~ P~0.096 



~'is·• 6~ ,mteaaee in total pro$eb conflent (ma 

PPotei.n PtW 6• tiasWJ) a:t 4lttorent 

time J.a\tervais &ttJEr <litterent modes 

ot tlFeattnent. 
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':he oe.ae ot 'DBf'}~treat;d antl:lmls• the protein c·oJt'l~ent at; 

49 iW I.e lnor.eat~Od above t:b.e ooatV'ol ·level end ellabtlJ · 

a~ove .that at e• br (PJ.s. 6). But tld.a alt&Pa'tloa l.a 

non-slpltleant a'tfttla~l~a;u,,. 8J' 1 week the pro'C$in 

eaDhnt of D:&N•tf.loate4 Mimaie ts iaraaaed. from, Ohe. 

eoatrol .lovo1 as well ·88 from iibat at\ 4& ~.. ID 

aft!lmalo treat's4 wl'bh IIPG • DEN, tbo prote.Sft ~Dteut; 

goes up trom ·that at 49 hl' ,(p~o.05) but in fiPQ...t1"eate4 

tmkaal.s., tho &aouat of protein tn tbe soluble tttact1on 

reD8lns e.J3Aoa1) the &:&mG as that ati 46 br and it .I.e wall 
• abov~ control l·a•el (P.~O.OI.h 

!'be protein pofllea oen 'De observed and ccml)BJl'ed 

,among dUfercnt .sr<Jupe fPcm the ael pboto£Vapbe an4 

reepect:tve sC,t!dl•<il.apame. 

A~ 24 hi-, 11 1n aeon (Fig at. 8 • 9) tho proteiD 

'Daft\1 ~. (Mol. wt. > ee,ooo daltotl&,) present ln the cont!'ol 

la r;;letJlng conep1cuouol7 1tl t;be ease ot DDI-trea~ 

ant.mala (Group II) where aa l.t l.a ~eacnt la the case 

or animals treated wttb MPG • DE.'N and M.PO aloue (Group Il.S 

and XV). The be,nd e1 (Mol-. wt •. 66,000 ,approxlmatelJ) 

whloh te Vrii:'J thick 1ft control end group III end tv. ta 

'vfJI'l' light in .. ou.p II :(D!S•trreated). Ban4 01 



aDs ecPi'lam14e sol elecwopb~ealt• !he 

a•~ar4e GJ"e (a) 1\ltmmm. U!oY!Depl~ama) 

(ea,ooo), (~) oval~ (4&,ooo). hl) 

'ftTPaitlOsa (24,800), (4) p.iaetoalobUl&a 

(181.400). (e)· .LfdSWm& (14,500). 

the e.c:pylamlde aela tttem wbl~ 'h&e& daua 

were obtalne4. 
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ODD1th1Do ctecarbcueylaae. tbo 1n.lt1el. enQme 

ln the polyami.noa b1osyntbo:t1c pae:tnitcw ls 1nau.oe4 

1ft target. t.1esue;s .. Ia response ·to e var:letJ ot · . . 

tt-opblc asents 1aclu41ns polJpeptd,tJ.e a,Jld, eml.ne 

so 

trot*1c hormones, o7ollc A!IP ena1osa. <i"N&a ana.· ~pb..lo 

etCJI'014 bermonoa (aee R\laeol, 1980). It baa become 

the proto-.Jpe ot lntiueible enz,meth ·The eubtJ tra'e 

t'ort tble rat~l.1m1ti.Qs enz,-me 1n polyamtne bloqn

thoato ~ ce~npouBda Wb.1G:h •• the onl'J kMwn organic . 

ontlorua or the oell• is OI'ft1 tb1ne wblob t.a f:o~me4 

by the utlon .of e.:r.gioase .on ~pain«h Since tbo 

malor b1onyn~bet1e pa.tbway ef J)OlJ am1nea ln ~mallrm 

cells t.nvolvea ·the ,-el.lowtns atopa, .t.e • .W.gla1De ~ · 

O.rnlthln.o _., p\t.t~esc1ne .·~ ap~141ne ~ spei"mlfto, 

· the behavior or enzymes w!U.cb cata,lyae oeoh of theae . 

stepa aurios cAPoinogenoe1a 1• J.ntereattng to look 

lnto. Tho present S'Wdi em the ett'ect or oarclnoson 

on argt.naae cact1vl ty wltblo a ahort per1od. after 

expoalll"-e, la a pf!ell.mlftat'J step towards thie venture,. 

~slnaae aotl'VitJ and 1ts role during 

oarei.UQgeneal.a ae weU as ln ptoeneopl.e,at;1o and. 



oooplastl.c tlsauea remains ocmtroverald. Decrease 

itt .egf.nase ao1)1vitJ has tu.'t&n. repor~ea 1R a.so-<lfe 

1ndu.ce4 .hepatomas CGre1metela J!!'.al•t 19.1; Takob.a.:el1 

1954,; ltel.em et :al~·..- 1964) emd tn ~oe-anooroua rat 

llver: (McLean J!S. al~,. 1964). On the other b&nd. there 

are Peporte ot eleva't;ed 8l'g1naee act1vltJ Itt 

oonneetl.on wttb :oa.p14 cellulf.d? prolltwe.tlon (Becb 
_.1 

·Mel Lastaitzkt), tn cella t.bf.'eotetS bi vt.rua (fiogtre, ,q,, 

1969) e.nd in 1\uman waFt& (Van Seott, 1951). hmor 

repoes1on or • ~?.ed\totl<m ot twnor growth baa 'boon 

obs:GMted afte tn.Jectton. of arglne.s:e into tum.or · 

bearins cmtmale. (Vrat1 1961J fi1owell. 1961; ll'on.s 

and BOJ<l, 19&2 ) • 

In our pPeaent eaper1~~&Dt8a at 24 br atte~

Dtm treatment. on lncl"oaae 1n &r61naae is observe4 

{fobl.e 1 and Fts. 4 ). A atlll higbor aot1Y1t¥ la 

obaervod, at 46 br atteP treatment wl tb DEB. 8\lt. 

tbeoo volu.ea are attl;tl.atlcaUr uon-aign1t1cant due 

61 

to ble,b. m-POP 17GPience. At ono woek After treatment / 

the ,.gino.ae actlvltJ S.s lowor then tboee oba0l'Ve4 

at 24 br end. I& m-, tmtl 1t la 1Dtoresi,i1na. to note 

that tb1a value 1a e1gnlf1eent1J' abo•• tbe contl'ol 

vel.ua .(p~ o.o&). It aboul4 be noted that the above 



mantloned p~tt~f'R"n W&$ obtalned tlhea the eoqmo 

aot1v1tJ W:tlciJ e:ttpreeeed 1n terms ot ,-olea per, am 
fresh weight or. t1aaue. When the act1v1tJ wae. 

expressed as 11ulee per mgaproaeb. (Table e etld. 

, Ftg •. 6) all the abeve mentioned, va.lue;e como closfiP 
/ 

to tba eontPol lovel on4 1n taet noDe or tbom are 
. 

atatiatlcallJ' alplflcumt. f:b.ls obaorva,1on mar 
matm that. the 1nerease4 er-gl~taae aotlvltJ ottaePvect 

Dhen the ectf.vltJT ~Yaa ~eaae«· per s lr't.U:ib tlaelie 

wt. l.s notb1ng but ·a eonaequenoe of lhoreaaatl 

62 

· pro,etn content 1n tbe CJtosol. 1ft t'ect. 1n the preaont 

,at\141'• thee Gitf!. s~ons lndlcaOS.on or en e~levato4 

toto.l c,toaol protoin co11lont after DR troo.tment 

(fable 3 004. Ftg •. 6) even tbou.gh tho ·b.lsb eror 

Val'1muut rs.o.keo them atat1at1cdlJ' non-e1grdflcant. 

The mcretute4 probeS.n. contcmt oan r-eflect 

( 1) aD .t.norease in several proteins tnel1141as 

Dl'glnaae; 

( tS) an moree.se S.n arstnaso alone. or 

( S.U) an inoreoee Sn other pro,elna eacept 

~s1nam-. 

ot tbeee tbe aec,cmd on& S.e a remote poael• 

tt111tJ• In the ltsh' of the above tbreo poaelbUltles. 



lJG'tb we,ys of cQreaaJ.on ,of tbe 'enzyme ao"t1VrltJ., 

.t.e. 1n tePms of ~lea per s fresh tlesue wetpt 

or pmoloe pu as protet:n, bc,s tbe!r om drawb&oke 

to twoaent1na a real pict.'tD"o or arslnaae level. 

TAts problem ta nos :reavtcted to 'ble sna:vme llloae, 

ltut is a c.ommoa Olle in blocbomla,r)'. . Solut·ioc le 

Mt eaq even •bouab ·uae oft labelled precursors 

.my be b.olpt\11 to some extent~ 

lt we take tbe enzJme act1vitJ expressed. Sn 

,.-loa per a tlaaue wt. ca the baala of lbter~etattoa. 

S.t is petuilblo that increase 1n ar~1naae a.cct.v1tJ 

Qttcw .DEN treatment ma,- be 4ue ·to alterett metabolic 

pattern broUS'bt abouti br DEN in the · oolla. !'he 

1ncv.eaee4 arginase aotlv:ltJ may be «uo to the 

altered pattern ~ou&b.t abOu<t _. DEB at arq or 811 

ot the tollowtr:asa. (a) transport tbroush pJ.aama 

.l'lltltlbrano, DUOloar · md/ o~ toobondr1al mcbranoa, 

(b) tranaoriptlon, (c) translation a (d) dogradat1ota. 

But the meobanlsm of interference ot those oellulu 

tunctlona bJ nu la not kno\flt. 

In the case ot onlm.ala treated, 'filth MPG e.ra4 . 



to that 1n coatr-ol (fable 1 and PJ.g. &), but 

1nereoaee :a'bo9e control value liq 48 br and adntalna 

almoeti the: same aetlvltf a$ 1 week. Of ·theae Iillo 
r 

values at 26 and 4&. ·11r cu-e a'etlsttcall7 slgnt.f'f, eant. 

Xt la very 1ntoreat1na •o note that MPG eJ.on:e cleo 

brtqs about the eeme -·patt81'A. 

ArgtDaae PequlPea ~tn:t'• .for· tta oct1vltiJ (aee 

Dixon ad Webb• t979)• · g.,Nerce.ptoprol)lODJl Sl1C1ne, 

e. sulph,-dr'l compound, is o dl:6and ot novel tJpo -

bearing .. SH, ... COh'B • and COOH aroupa. LUre lhl\7 

otber aulfh¥4rll compoun.ds,· IAPG also baa been toad. 
I 

to be obelat!ns l,lsan4. (ftmae !! a1 •• 1971). IIPG 

may bo cb&lat.1ng tbo wn•• in the ex.poaed- cella 

thereby making lfn•• •available S.n autttc1eD.t) 

q~ant1t7 tor arglnaae act1v1tJ. The ln1t1al 4ecrease 

in arslnase acttvltJ at 24 br could be due to this, 

oel.lulor 4oplet1on. ot tm ••. Tb1a 4o}'Jletlon ot 

MD++ a&7 bo a tompor.eJ7 t.Dl tlal coruaeq,aeme or the· 

preaence ot :fiPG tnalde the cell. 

RPO hee been reported to brlftS abou.t an 

iftoreaae ln eoD.Clenflod ooftf1gu.'Patt.on ot mltoebon41'1a 

end AfP pro4uc.t1~ut, baa been tound to bo Snoroo.ao4 

.ln taolo.ted 11 ver m1 tocllondrla ( Zimmel" .11 .!l..u 19'1&) • 

6.4 



• 
lr::1e ·the 11gb.' or Sbt.a obaePvo.tlon, oDe oan oon.ject~o 

'bat ATP fomlitlon ls tncreaae<l in 11~m? o.e1ls bJ llPG 

rm4 tb1e may cause e · spm:o·tf in ·proo•elo, Qntmea1a. In 

the pveaont- mcpwSntent we cUd t1nd a a1gn:U'loant 

Cr~o.ooa) inereaee t.n total c,-tosol pl'ot.eln content; 

ot the ·11v_. of' 'both sroupo III (NPB*Dlm) OA4 IV (fifO) 

at 48 bt' · 4tt;el'J treatment (Table 8 and J'lg. 6) • Dlue• 

thls .efteot of MPG oa -etoln SJft'bbea:ls oould be 

able to explain the WCPOflfiOd arginaeo utS.:,ltJ ~ 

both gt'O\IPe III Wld XV at 48 or· atter treatment. 

At 1 week, the enzyme actlvltJ Pegletera a 

aharp <leer ease (as oompaJteti to that at 48 bra) 1& the 

caae ot group IV and matntaifte almost tbe eame aetJ.vi tJ 

(as that) ot 48 hP) ln tbe oaae ot poup 111 (the 

valuea C"e elatla~1oa11J' aon-e1pltiotm~ due to blab 

errw· vorlance) • Ybla lnczteaae co\ll<f. almply be the 

consequence or tho. Vatr'lotlon tn total procrtelD qntbos1a 

o .. pHte!n dep-a<lation at 1 week, aa 1s evJ.dent t~oa, 

tho atudr on total. proleln.s (Table 8 and Fls• 6 ). 

65 

Tbo efteot of biR and DPO.DD OD total CJtoBol 

protein content ts 1ntePeattua. At 24 tw· att&J.t' t-reetmont 

a decreaao tn prote1n eontent le observed 1n tho 

anltlal.a belonging to 8J'OUP 111. One peaeS.ble reason 



66 

tor tills oo'U.ld be that t;be Wtlel mtez-aecs.on 
between IGG and DB llQ' be somehow cauelq a. 4oerease4 

. protein a)'uthtlslth B;v •e br MPG overcome& the• ef'Ceo' 

ot DI,M pcuJ,sibl'f <tu.o to oarcli!Ogen•a metabo11aatlon 

or excretion end thus the patt~a ot prot&k\ 

ftlterattoa. 111 group IIX becomtu! alm1lar tt) tb.at ot 

grm1p IX. DEN•_.ee.tad ontmala (group II) rog1et.-a 

a ~ish enzyme eet1v1t~7 at 24 h•.J this level 1s me.ln• 

telned at 48 br also. Tills may be d\lO to the 

•ornp~ttuJe.torJ growth -to count~ the tox1o o.ffecl 

ot DB! on. 11 V'or. ·87 O'ne week •he proceia oontoat 

ebowe a turther lnoreaech 'the 1~:ua•eaae 4\ltho\lgb. 

variable m~ be attributed to the repair prooesaea 

sotag oa 1ft the ll'fer cella. 

When tbe &l'glnaae actlvi'Q 1s expreesed ae, 

Foles per ma. protein, tho altera.t!on ln aot1Y1tr 

at'e toulld te be un-a1p.1t1oant 1n the case of all 

groups .Qlld at all tlme tn'e"als eacept fer the 

animals treated wltb 74PG wbloh abowed a elgnlt'loant~ 
' 

4eoPeaaott argtnaae aot»1vltJ onl:g at one week. Here 

the changes ln tbo a.ol.lnt ct other pro,eina of the 

CJ"tosol :sdsht be maak1ne tho subtle otumsoe that 

m1gbt bo.ve oc~urotl to _.alnase actlvitJ • Cbanaea Ia 



en:vlronmental eon41C1one, .lntlu•nc1ng eruaymo levels, 

ai-e ae 11ke1v to at''ect degracta'tloa ratea u 

tJYDthetic rntee (Dixon and Webb, 19'19). It co"lt\ 

be poeslble. tbat UPG mlsht be contr-1.but1ng to the 
degrdet!on ot arglatuae bJ aottvatlns 4evnctatiioll 

eD1t7mes o~ af~eottQi arglnaee etructw""e 1ft .aucb a 

wq· thet tt boooiooa mo~o w.ln~able to 4&g44a•t.on. 

~\ftather poaatblltt.J ls the ~ne mentioned .... llel",. 

t.e. tbe continuous presonce ot MN ln cellul&P 

ea:v1ronment make$ the eoll o !ncapeble ot oubst.l

tutlng etteotlvelr the Mn•• depleted, bJ' coordlnatlon 

bontt,lq propert7 or uo. 

the literature .1\"eletS.ve to Ol'd.no ecSd and, 

protein mato'bollam in neoplastic t1esuea 1e &atoneive. 

Aa Wei.Dhoase stat;e4 (WelnbGuao, 199&), '11 tbero S.a a 
. . 

common threa4 bt.er\Joven throue'baut a laPse bo4J ot 

ttecent 11 twatur:o p,oln.tlDB t~ n common bloohemleal 

. lesion In cancer a namei)"~t a ati.~g:oo=nS.ns or senotlc · 

espreaaloa, u.nnlfested .bJ abeli"t-&,lona of pNt•iD 

ayntheele. « Moat ot the a tuttle a In tb1s Groe ere 

:roetr1cted to cemparatlvo atudlea betw•en normal and 

tumorous tlaallfUh Whotber tho altfll'e4 protein pattel'll 

Is 4ectal11G in the onset of neoplaala or It 1e • 
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conaeqUenoo of neoplastic. condltton ,I.e Jet to become 

cloD'. Ver,- f'h ettlttlea bavo been done to know at 

what atago tn the proceae of neopls·stlc transtormatloa 

tid.a "mlsPl'o{Fsmmlns or aer}ettc el~Q}reea1ori, man1teated 

bJ at>twratlotts ot ~toin .fJJn.thesi.·e·"" occllJJta. 

Present stttd¥ la e "'IGJ'JI prelSm1na~tJ ct.tempt 

to see tt thel"e ere GftJ changes: in ·the cytosol protelo 

pro.t&l~uJ 4\WJ.ng · the· VCVf e~lv phase after oxpoe~• 

to· careinoaett. Bi using t)be SDS.PAGE tecmt.quo. we 

have f:our.ul d1£'te~encea ln the bandtcg patt.ena in 

acrJlamldo s&la. 

At 24 •• S.t le aoen (Plga. e., ·9) that a 

.Protein bmd designated aa A.1 (llol. wt. > ss.ooo) 

proeent 1ft the control t.a mtaalng consplcuoualJ in 

tbe ca.ae ot DEN t~eated: ani.male (poup II)~. 1'1 la 

~eacAt In gr·oap III aa4 tv. Another cU.tf'orence 

note<l. As band 9s. (Mol. "'• 66.000 appro.ttlmately >. 
ver oonaplouoUD. Sa. Sl'ollp 1, 1.11 .ana xv-. oppoal'o 

v~7 ll.sllt 1D group Il (DEW·~ tl'eated group). Tbla 

IDaJ be clue to tibe 4ocrea.eed rat~ or its &Jl'lthes1a 

ol" moreaeed rate ot · dcg~Jadatlon brought about bJ DEN. 

1be biD"ld denoted G1 (Mol. •'• 4&,000 · appraxtutelJ) 1& 

AkftAPUIIld: bft~b ln. t.bA Cai!le ot Q:'POU1) xu' and •• ,, but not 



:tn I and IX. Wb-ls mar lnd,teate tbat prol)ablf (l') the 

c-,iltb.oals ot a protoln Pl'Qiluce4 in. veey aeapoe 

quntlt:r 11hf.cb eaeapes detection J.n 6&1, 1a lncreaaod 

bJ are. poao1~ vta tta ett"eet on m1tochond1"1o. 8114 

A'lP ~Cluctlona U.t) 1t 1s posalble that tho proteins 
' 
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mlf#'lt have got .PM"tvbed b¥ HPO (ZS..er and Ndak.t S '17)J. 

(1.1.1) a ~oteln aubunlt hf.,gbl.J. labile to degradatlve 

m.u~.,ma 1o atab111so4 bJ the «ttlft17drll goup con1Taln1ns 

f!PO.. 'lbla 1e. 1ri 11ft& w1 th tho pattern or enepie 

4egadat1on ~oposed b7 Katunuma (Kntuntlma. 1.972). 
I 

At 48 hr (1-~lga .. 1.0, 11) a p~ote1o of molecu.la~ 

wet,nht 1n between 10,000 ond st.ooo (4eo1sruat~ ae "a) 
mnkoe tte. a.ppearnmce 1n grotJP II and III but is ob&en' 

1n x-· nru!. IV. !be appe&ranoe ot th1s pvoteln 8\lblmlt 

in tFoup II (Dlm) o.n.d III (MPG+DER) .augeat tbat tbla 

mq be the r_oaUl t ot tbe ac tlon ot DRI. 

Dlfferetlce.s- Sn several prote1n,a __.e observed 

at 1 week muons dS.tterent sroupn (Piae. 12, 1~}. 

Several. hip mol$Cul&r we1ght subun:lta (mol. wrth 661 000) 

and low mol6culer W$1gbt ·sub\m1ts (mol. wt. 46,000) 

were round to be misaine; ln; gt'Oup .II, III end lV. IC 

ta report.ea. that. 1n rat l1ver. l~se polJ'P&pll.dea aeem 

to be- degraded, more rapidlJ tbc.n snell ones but thta 
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la llkelr ttJ 'be oal7 one J'aoto~ iuflueno!us oa,abollc 

ratoa ( Dloe am\ Golab•&• 19V&). fbls tJpe o.t 

doSJ!adat;1on a!Cie4 bJ' :ORR afttl IIPG IMJ eapla1n ~be 

dS.aappearance ot several hlp molecUlar woSgb' proteins 

1n pcm.pa lt. 111 and IV. 

lblt! tJpe of depadat1oo moy be at•~lbult.t4 

aa ona .of the oftllacs to tbe oases of olt'.,.a.,lon ot 

b1ab molecUlar welsh- protelaa notod earlier. iftlo 
' ' 

a1 t~atlona observe~. 1n low moleoul ar welgbt proteins 

mq be due to al~&ra~lona ln tr-uaport., 87fttbeda 

uiJ/o'r degradation •. 

S.lnoe ~ Smmod1ate lbterea• was oDlJ to see 

11 there .ore 8DJ' chensea in total p.r.oteln protUea, 

· aml ln not looklna into tmJ' speo1.f1c prote.Stts, the 

exac' i'I.Olocnalar weight ot the observed prote.lna were 

not 4etermuee. only the approdmnto ra:nge of moleculfU' 

welsht ltt oonsidOPratl. Por a bett_. an4 cl&Ell'"D undeP• 

atsmltng ot ~he aS.pUSomloo or thO . ohang:ea ln. ~te.ta · 

patberD, tuP•bst' detaS.led aaalJ&Sa or ebe .'apacS.tlo 

proteins ls oeeded. 

Tho s.n•al:'preta.t.lona given tor 9.-.loua 

. obael'vationn 8hoU.ld: be 'ake:n. 1n tho ltpt ot oe:rtala 

Smportant UDCOPtaiatJ1e• :rega'rd1ns oarot.nosenea1a. 
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The 4evelopemt ot o&l!cev, following expofll1re 

to ohomlcal e!W'clu,ogons 1a e.lmtlat lovarlab.l'J elow and 

.Pl"olonged. .Altbo\lSl'l Cibe procese oen b1) .tnltla.ted: bJ 
a b~1et exposure to a c~olnoso»to at1~us1 there 

!a ftO evidenc.c that target cells ao al~ea uro 

cancer cella (Cot and Farber. 1976).. .Batber, 'bore 

1s abun4a•t !ndJ.r,nt ov14ence t~om manr systems that 

~~t ls 1nduoe4 te an~l. tared cell er oell population 

trom •toh mal!.Sf'lant fteoplaa1a en ~e4an11J develop 

or ovolve. leop1aGtlc 4ovelop~»6Qt reaomblea a Cha!n 

reaotson. trclgpro4 'b;r, oxpoOllr.o 'ta a o.rclftoaoo lrl , 
whloh tb& 11M-a ere new populations wltb alteed 

ors•t.aatloael, structural sn4 b1ocllemlc·nl propert1ea~ 

Tbeae alowlJ ,prolltc»"at1ve ttew leatona are 

charac,Gl'1st~;toall.J toeai 1n dlstPf.butlon, l.mplJins:. 

tbnt cmlr a smaU propol"tlon ot the orlg1nel tB1"g&t 

ceil pept.~l&tl.on in eAJ orgen 01'· tla~t.te pertlclpatea. 

Ili tbo present expet"lmellto, tbe Vf!rJ .ohort 

period oona1derad mar nt be quallt'lecl Co include 

as an,r maJor·1J.nka in the chain prooeaa mentloned 

olDOve. So tne o'baervatlontJ made.~ be weate4 oe 

juet some lndJ.catlona ot b:ow .to approach and anAlse• 

the cba!D or event• leacltng ·tc. aeopla.$la. 
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... 

Mo~eov•• u :reported earllel' (l!O&can ftt !l\t• 
1964) it le <11f'f1eU1t w aeeess tbe exact at.tJllf&ctabco 

o:r orslaa•'• eiue the M~f• le extr•elJ ae~lvo- Ia 

ncftrla1 ll.ve• -mfl ever, sm811 cotd~amloa~lon wlth 

lltJ:"aal liver calla woul.4_ Mek tho all~'llo e~oe Ia 

eotivl_. or 1)b$ ••••· Tb1a Pf'Oul'em beoomee more 

acute wb&n the stQU, le be1ns dooe (as ·tn 'be peatJnt 

e.J:pertlle_n,s) dat-11'18 · the vo7!J ear lt ge~ie4· attser 

f'lspoaurc tio- cel!"-oiu~aeu. Moreov•- the oa-11at modo 
'"'> 

ot action ,of--DEif, !nelud~DG tb.e lnwlvement ot 

mJ.eoeomal tm$JtM8 (Mill&~- ml4 N:levol. 1&71J Ferel1J • 

1980) o,e. ere ye- to tte untltft!'.atoo4 cleerl7• AG t• 

q ~PG t• eonoerned eacept tor- a verr few repor~a 

the bloebemletFJ ant! mo4e ot eotloa erct at1U sbroude<l 
' 

tn l'!IJ&tel''$'- In abO.&'\ 1t w1l.l be too prematur~ to cwaw 

amJ 4eftatte concl\llllon fltom the proaent etu.dJ. 
/ 
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