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@hé‘mﬁﬁéba&ic~aﬁaaa roads éént%e@ upon
ornithine 1s of interost boosuse of the recognition
ﬁhat-%hia aminoe seid mcﬁs‘aﬁ common subatrate to a
- sapber of diverse pathwsys and, as aﬁﬁh, tho;veéul&%&ea
of fts disposition suongst thess pathways could bave,
ﬁ&ﬁn&fieﬁmh‘affeaﬁa’cﬁ the @eﬁaﬁé&i@ ?&%tarﬂa‘

- provalllisg in the tissue (Wober st al., 19723 Oka and
Perry, g@?@;'ﬁéﬁmfalﬁ and Raper, 1576). The moat N
tmpertent of the enszymes directing the metabolism of

- ornithine arez'@?aiebiné dacarboxylaae which initiaten
the pathwey to @&1§&min& synthesis oand hente may
peeaibly be involved in gene~cxprossieni Oraithine
trenscarbomylase, whieh initlates ures synthesis and
is therefore limked to Wwreogenesis end giuaaécagnnaais
g#@ﬂLa@ina acida; Ornithine koto transsminese, whiéh
is an inisisl stop on @ha‘pﬁﬁhuny to Alutemats and
’pratein'synthasisg and srginage which 1s the engymo

gonorating ornithine,.

The cellulmr functione of natural polyamines,
putroescine, aparm&diéa and spermine although not
ag yet unambiguoualy oasteblished, appesr to be closely
nsanccioted with the proliferation of animsl cells



o

{Seolabrino ot 8l., 1978). A gront deal of attention
has Besn pvaﬂsﬁ 0 @h@ e@@ﬂrm@a snd eshanced ,ayzamaaiﬁ

of polyeminos in experimsntal ma of &mm&ﬂ aush éu
Ehrlich aseites colils €$Mz&aa xms} Jma, 3;%'?; Bachoooh
‘ab al.; 19873 ﬁcgwm 2t ol __ﬁ_, 1@%; Andergon and Heby,
T3978;3 Kalim st als, 1@‘?'?) ’ wmsmamma h@gamnm
(#Millisag-sshman gt al., 1972) tumors of meural origin
{Zarton and Heby, 1974}, rat s&mamaa {Eas.sh and Koy,
-&%‘2)_ oste. But very fow studles havs ‘doslt 'ar‘ii:h tho
chmgés» in polyamine metubolise mk;mg place mmg,

, pmm;a?laamﬁ_ stages in msméa vaﬁergemg carcinogeoncais.
¥ho latter studles imclude s aaﬁ@s of papers desling
with the aaﬂy stimulation of polysmine blosynthesls
éurmg chanleal industlon of skin tusor s in tho wouse
{0'Brlon gt al., 1975a,b; Yuspa ot al., 1978} Veran

snd Boutwell, 19973 Verme st ai., 1979; Hufgon gt al.,
19795 Ooto gt al., 1980). |

Interast ia tho mtamliam of polysuines has
boen groatly imcressed following the proposal that
. measurament of extracellular polyamines ey be used
as 6 dlagnostic marker 1A numan malignencies {(Russel,
1971). It scama roasonsble to expoct That the 'atm‘y'
of polyemines may not only provide imsight into the



collular and moleoulzr basgls fﬁr‘méapiaapruﬁ 533@ |

centribute to practical epplication im cancer thorepy.

| - Since the initial reports from induatriel
'la@ar9§@v$@aifiwaﬂ rovealed the daongers of hapdling
S~-nitross conpounda, ﬁn,@;ﬁenﬁ@#e iiterature has
doveloped on ﬁ%ﬁiﬁ a@mgg_taxie {Hoath and Hagee, 1968),
eare;nagen$@.€ﬁagéa andfﬁﬁrmaa, 1987) end mitagento |
(Kenlman, 1866) properties. Soveral experimental
studies have shown that s number of Renitrose anines
are such 9@ﬁeaﬁ'c@re&nagaﬁk that & single Gosc is
often sufficient to lesd to the development of

" malignont tumors in & vmriaﬁy of opgans. One of
‘those compounds, diethylnitrosamine (DEH}, has besn
aelaeﬁa& for the @veaeﬁt.mmwastigab&mn.' In contrast
Bé sther héga@aaﬁrainﬂgéns@ faad;us of DER to rats
results in %ﬁn development of k&pat@nellu&av
careinonate @nly'an& theie is prectically no reasction
of conneotive tissue or bile duct cells (Orundman
and Sieburg, 1968}, The tumer viecld is reperted

to be aimoat 100 por cent and the dose response
relationships are extraordinorily precise { Rajewsky,
1067). DEN ia earcinogenic in all animal npecies

tegteds mice, rats, syrian golden, Uhinese end



Ehrégean h@maﬁawa,\éﬁinﬂﬁgggag rabbits, dogs, 3érhim§.
pige, monkoys, hedgohogs, verious fish, frogs end .
birds. Available information on occurance suggests
that &n tho case of bﬂm&n beinges, the ganﬁwal population
moy be exposed to low laveas of E«nicrgaeﬁiethylamina
(zéﬁe‘m@a@graphs, 1@?33~,

?hﬂ %ygaa af tumara and thelr Irequency
abagrvsﬁ in the rat livav nre largely ginller to %houo
found in the human livev { soheauer and Runge, 1976).

Henag the uae of ret liver an a‘ayatam for the procoss

@f é&?@in@@aﬁ&ﬁia bau@mea fmportant.

In addition to itp well esteblished role in
uren oycle, angﬁa@r poesiblo role for arginase is
participetion in tha hi@aynﬁhesls of polyswines (Oks
and Perry,-zﬁ?&). This possibility 1s attractive in
the light of tho presence of arginase in tissuos,
 wnich, unlike liver, lack other ensymes of the wurea
oycla. Arginess participates in the polyeomime
bilosynthetic pathuay by closving arginine to generato
" urea and ornithine of which the latter is the substrate
for arnlﬁhine\daanrbexg&ase (EG, 4.%e1.1.17} which
¥ ﬁha initicl ond rete l&mﬂting anayaa in the

polyanine bi@ayntheaia.



|  2-Hercaptoproplonyl giyeine (EPG) 1s widely
used for the treatment of varicus hepetic disorders,
vithout reported sidewoffeots, Tals sulphydryi

_ eompound is rﬁﬁﬁr@&ﬁ to be Fﬂﬁl@cﬁr@ﬁaetﬁr end
ha@a%@traghiw dstoricant, It is intereating to know
vhother this compound is having sny effect on the

carcinogon mﬁtahaliﬁm and action.

_ Ehilﬁ it'za.&iffiéuiﬁ to iink a@ presont any
specific pesterns or alterations of proteins synthesis
with neoplesia, it s interesting to look into the
pr@ﬁain P?@filé-ﬁ@ﬁiﬂg the process of é@raxa@gemaaiaa
.@nia L8 importsnt since some cyt@piasmie protoins nmay
 contribute directly or Andirectly to the onset of

naoplasis.

- The seversl ﬁiff@ﬁ@n@as observed in comparstive
studies of @@vmﬁx and nooplesatic tissves muy éﬁmpxy"
be o reflection of the ﬁew aﬁai&feraﬁ&ve state of
the ¢ell, the development of & new cell type, differance
in the now chromosomel content, or tho expressien of
enéégeﬁ&@ non-mutagenic viruses end mey noﬁ-bo
d¢irectly related $o the melignentianformetion (Stein
ok sl., 1978). Hence, it would be highly informative



L€ it wero possible to study the cells initisted By
carcinogons but thet are in a very early preneoplastic

gtate,

E@epiag in view of the sbove observations,
an attenpt is mede in the present atudy to look iato
the effect of DEY om ret liver within a short pertod
aﬂter'@regﬁmenﬁ. The parsmeters investigated sre the
-effeﬁ%-ﬁﬁlargiﬁﬁgé setivity and on tho general pmmf&ie"
of oytoanl proteins. An atternpt is made to know
whether the offect »f the carcinogen is aa&ifiaé ﬁr.
altered by ﬁééa. » -



_ Variable gene aotivity sgainst a conptent
celiuliar genome iz the gummg concept upen which ﬁmsh
of the current rezesreh in ths £ield of normal celiulsr
éifferensiation is ﬁi‘mé@w; Cytodifferontiation is

& vory astable process vhen one considers that trillions
@f different '@%a@' of cells in an orgenisn originate)
from & 'ﬁ‘in'gla sell, Eiﬁf@%anﬁiatim doos not enteil)
mutagenesio but rathor epigenssig or the regulation of
gene expression. Thus differentisl : exprogaion of gene
aetivity whieh is very stsble, could ‘aimi.lmly rapresent
the banis of the mamgﬁm@iy trangformed phenotype
{Breun, i974). It hus been postulated thet cencer

is a @isesse of geno regulstion (Goggin ot ols, 19743
Farkent, 18663 Telnhouse, w?s)a This vould inmply that
the sbnormelities seen in caneer are due to the
molfunctioning of the very complex and undefined
mechenisms thet dictate the gene expression of a

glven cell 8% tho ;#m*%iémar‘ time of its life cycle. |
A melfunctioning of these mechenisms would ellow Tor
the dorepression or ropression of genes in e manner
that 4s prohibited in the normal differentieted cell.
Al though the caantivé factera may be quiﬁa varied

and unrelated, the manifestation of the discase would



bo solely dus to the disruption of these regalatory
wachanisms (Stein gt nl., 19?&).' Thua understending
. of the mochanigm involved in neoplastic transformation
' 1s intimately linkod with & better understanding of
the regulation of gene oxprossion iu mormal cells.
Unfortunately, ‘the tools which eukeryotic cells use

to regul &%e gene activity and the mechenism @1" ‘gonetlc

‘ z&iégful\aﬁi@n by thege toola sre obscure.

. That the @ei&yaminﬁa ey act e gmeral
regulatars of gene tranacription 'h@a been supgested
since the discovery that they enhence phosphorylation
of n%-mAamﬁu \e-hmmaml proteing irom hog llver
nuslei {xmi 8% &le, 1878). Components of non- o
hiastone eme@sM& protelins hava boen implicated

- a8 the apaaificf regulators of gene expregsion 1n
pmalien colls (Stein gt al,, 1978).

‘i’m a&.&;;h%&@ wlyam&ma. putregcine,
ayaz*mﬁina and spormine ere mmu‘al constituents of
nost 1iving orgenisma = prokeryotes {bacteria and
- wirunea) and eukaryotes (Tabor end Tabor, 1876).
Prokaryotos contain only putrescine end spormidine

whereas sukaryotes cen also ayn_meaiae spernine,



ths largest of the three polyemines {Bachearch, 1873).
y of spermine by Leuowonhock

oxtends back Lo 1677, a.umwe syatenatic reaearch has
b@ﬁ@,foanaaaﬂ on % eso netural bases enly durimg the

iast two d@c&ﬁea.

The increasgad 1nﬁevea% in the m@tabﬁiia& of

natural polyamines is mainly because of the appearance
‘of lerge number of reports proposing importest roles
| for polysmines in wverious growth processes. The iden
thet natural poly fnes would be Snvolved in |
yraiiﬁaraﬁiva processen is,anong gtherg, based on

4

the following factst

{1} These c@ﬂ@aﬁn&a ocour in all living
natorials (: _
(11) Their polybasic structure leads them to

- react, évan wvith certain syoczfiamts. vith
importond anrn@ailnlar p@1yan&oma such
es nuclelc aciﬁn;

(1@#} “Polyemines have beon roported to exert
profount effects in vitro on various
collulsr reactions of central jwportance
and £inally,
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- {4v)} The ayatbhesis of those compounds ia
presiscly regulated to moet the metabolic
nestda of the coll.

_ i‘he structure of the natursl mlsegnmaa. k
pntreseim, sp@rmx&ma ang spermine are pﬂeaomeﬁ

be}.@m

'1,4-Bleminobutane
{putrescine) '

Eﬁﬂ Gﬁ? @'i Qﬁg RE Chy ﬁﬁg Q& GEQ BB

Spermidine

2

. [ ]
ﬁﬁﬂ mg %E @ﬁﬁ FH c}’ig @Eﬁ Gﬁém aaﬁ ¢H
Spermine

. CH NH,y
2 %ﬂ 2
The polyveationic ems&w’é of putrenscine,

spermidine end aperaine are reprosentod as

7_ aaﬁ CB, G, CH, OHp fin;
+  Patresoine

Haﬁ‘ Cidy, OH, CF &mg OH, CH, OB, CE, iB,
Spermidine
+ ‘ , -
fig CHg O, OHy NHy CHg GH, CH, i, §E, OH, CB, CH,
.
. iy
Spernine

1



Production and Utfls gaﬁima of Ornithine =
Synthesis of FPolyaminess

48 pointed out by ¥illiams-Ashmen, Le-Opnithine
cannot b}; rogarded as a true duilding.block for
protein blosynthesis (Williame-Ashmen st sl., 196983

Billiams-Ashman gt sl., 1972). The sction of arginase
on Leorginme pﬁéeﬁu@eﬁ\ ﬁ«-axm&ﬁhm@ ﬁt:ﬁng_ the operation
of the uroa eycle in ureotelic specien. The utilization
of ornithine in the lLiver comprises several motsboldc
pathways. %@' following enzymes known to ocour in
msmaiim tissus eatalyse oither.the formetion or
uﬁil&zaﬁf&m of Seornithine, as summerized in Fig.
ﬁmllxamg-i\shmm ot al., 1969).

/

An mort;am avenue oy uﬁi&imum of Leornithine

in h&gh@r animele &8s tho biasymhaaia of polyemines.

ihe enzyme Leornithine decorboxyless (50.4.1.1.17)
catalyzen the synthesis of putreacine and onrdondioxide
from &-@;rnivthme (Pegg and Willilems-Ashmen, 1968). The
soguentiaol aotions of arginane (BC.3.5.3.1) and |
Orpithine decarboxylese thus provide a pathway for

the biological formation vof putrescine from I-arginine.
ﬁmgimaé 1a, tharefore, of potentisl importance in

the 'bﬁéé?nthaa&s of polysmines, &s well ee in the



Fig. 1. Rescetions mwlva& in the formation end utilie

gation of Leornithine m mm&im Mames'
{Modificd fr@m mnimwomhma w alc. i%ﬂ).

The mmbmuamym reactions reprosentt

1.

2’5 ;

Se

4.

6.

Ornithine decarboxylases

srginases

| Imﬁmginmwﬂg@ --> B-m‘nwhme + Urec.

Ea-&vgfmmez Olycine emidino-trensforases
imATginine + glydne e morpithine +

gusnidine acetic m;id

ﬂrnmhme @as-bam&skrmsfaraaea
L-ornithine ¢ Carbamyl phosphate y—>

Citruiline + Pi.

) i-ornithine —=» Putresoine + GGy
Ornithine: EKetoacld eminotronsferaset
LeOrnithine ¢ S-kstoglutarate z—»
Glutamice ¥ «» Semisldehyde ¢ glutanmate.



ARGINO SUCCINIC ACID—— L-ARGININE SPERMINE

(1) (2) SPERMIDINE

(3) (4) T

CITRULLINE ~————# [~ ORNITHINE —»PUTRESCINE

b

GLUTAMIC-Y-SEMIALDEHYDES==PROLINE

|

- ] ':'-c",’"&‘
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~urea oycle. Although an elternate pathwsy for
putrescine syunthesia from Lesrginine ifnvolving the
_Sam‘:w@@im' formation of the base agmontine 1is lmesm
to take place in certein bastoria end bigher plents
{Pegg and @il&&maaﬁamﬁ, ii%@s Mth, 1875 ), ﬁh&ﬂ '

- periss of mm%mm do mot sesnm to opcrete in
m&lim %awaa, ﬁ’mam which &-w&&nme e%e@wmx?@am
- sppoors to %w absent (?agg and %ﬁ@m&»&ahm&n, :%m
‘#511%ome~Ashuan ot pl., 10693 ¥illlams-Ashmen gt ol.,
189723, mu@x the major fmm&m of liver arginase

ie the formation of ures as s component of the urea

eyels, it S well known that *wgima& ovcurs in most
extra&mgéatiw mapmalian tissues, 'ﬁéhﬁ@h suggests other
functional raiaa for this @Mym\ iﬁm:x:_ end Greangaerd,
1865). | '

it hasg been ahown that argm,ﬁia activity is
elevatod during repld celluler proliferation (Bach end
Lasnitaki, 1547]). ,Mﬁ;me hasg bam' found to be |
infuced in rabbit skin by the papilloms viruses
(Hogers, 1960}, The orginese isolated from cells
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&nréétad with Shope 9apiilama-vigua has since been
eharecterized. It differs sigpificentiy from the
rabbit ensyme. %The molecular information for its
production apparontly eem@a.fr@m the virus snd not
fronm the rabbit.’ The role hypothesiged for this

- goxcoss arginsse activity i{m tho exuberant cell
proliferation which cheracterizss the papilloma is

te doplote the ceils of avéinina‘ Formation of the
npgiuiRE-u_rieh nncle&r'hiatonqﬁ might be reduced,

ené 1f histones suppress REA fuaction, the nucleer
naterial would be freod for graécar activity in growth
processes. In support of this hypothesls it hos boen
demonstraoted that ea&avanina, an &nhibi@aﬁ of arginase,
decreased the growth rate of popillomas {ﬂgmn@arén

and Nerayanen, 19403 Rogers and floore, 1883). 1t

i3 of iInterest that humen warts, which are also
chsracterized by celluler proliferation, contein

more arginsse cetivity thon normel skin (Van Scott, 1981).

On the other hand, thore are reporta of tumor
regrossions or o reduction of tumor growth after
injection of arginase iaﬁ@'@umérabearing aninals
(Wiswell, 18613 Vrabt, 1964; Irons and Boyd, 1952).
Arginase has been found to be an antimitotlc agent
in tisste culturo (Bach, 1853).



Arginase activity bas beon found ¢o be consie
deradly lower in hepatnmg. The setivity hos been
studied in both the procenverous stage end in the
tumors rosulting from giving_‘ma careinogenic ego-
‘dyes in diet {Holean ot 8l., 1984). ‘.amgm-ase aotivity
has been found to be congidorably lower 4o hepatomss
then in efther normel liver or adjacent host liver.
in the precancerous tissus there was an initial
tnereage followed, after six weeks of treatment, by
2 aimifi?eant fall in activity. These changes may
be '.sc@mﬁ.arg to earlier changes. A desroaned arginsse
astivity has been observed in liver of f&bramrccm#-

- boaring mouse compared o normel liver (Sukumer and

ng@rajm. 1978 ).

'&rginaéa is o very active engyme. If the
ensyme activitieg ere vérg. high camparedl with the
- smounts of 'avn&;ablé subgtrate, then any subdstrate .
as 1t becomes aveileble will react rapidly and the
stosdy stats congentrations of the intermediates will
be very clese to those of the squilibrium stste
(Ereba, 1963). It is one of the implications of
this situstion that the fres energy changes occuring
in the course of the fntermediste steps are minimal «



i8

almost gero - in thet any losass of free onergy are
reduced to negligible quantities. The high activity
of cortsin enzymes is thus ﬁnﬁaratsndabla as a}uéeﬁui
aﬁ&ﬂng&%é@$e It conatitutes economy of energy ﬁﬁﬁ

far from belng westoful 1t is a saving.

| oraithine decarbozxylase {ODC) eatelyzes %&a,'
conversion of ornithine to ﬁ£ﬁ~d£aw&ﬂ@ putrescine,
on a@@&rﬁnt_raia‘li@itang‘atep in the Biogyntheasin of
»ana peiyam&aas,Jéparmié&ne and ebeﬁmine. It 8a &
pyridoxal - phosphote r@quxr&ng engyms, the coengyme
loosely bound to the spoenszyne (Rehisle ot al., 1671).
Holeculer weight 12 100,000 (Omo et el., 19723
Ctenrader ond Prouty, 39??53‘ There apPafently are
no low moleculor wolight efiectors of physiologie
cocurrénce for ernithine decorboxylese, aven thoigh
the enzynme an@w&'a rather stringent requirement for
thiol compounds (Janne and ¥illlams-Ashman, i971}. .
Crnithine decarboxylese possesses the far shortest

~

half iife ever recorded for & mammalien engyme. After
cessation of protein aynthoais, the activity of the
engyns awiftzy decays taliou&pg rarst order kinetics
with an apparent helf 1ife of about 10-15 minutes
{Ruasel and Synden, 10603 Cbenveder and Prouty, 1977 ).



The induction of ODC 1s an early marked event
in all growth systems studied to dote. Seversl
studies heve indiceted thet in many systems cyellc
 ARP is invoived in the inﬁucéi@a-@f ornlithine decarbvo.
xsia@a, ﬁainiy efter the cdministration of various
hormones thal sotivate adenylate cyclease, or other
agents ﬁh&t cause the inoresse in celiuler cgelia
ABP (Byus and Russel, 1875). " ;

It has boen postulatsd thet ANP azarfﬁ 1¢s
4nfiuvence on collular mﬁ%&boi&am‘thraugb‘ﬁhe aotivation
of OAWP dependent protein kinases (Euo and Oreengard,
1968), Induetion of one in seversl systoms sooms
to be more clesely relaﬁeé to the nctivation of @Aﬁ?

"~ dependent protein kinase{s} thsn to the actual

intracellular fluctuations of. aaﬂ? (Byne and Russel,
19743 Byus end Rusaol. 18753 Byus and &aﬂsel. 18763
Byus et al., 19768). '

The repid cctivation of cAHP dependent protoin
kinase followed bé the transcripticnal induction of
OBC 43 consistantly observed in response to tropbie
vst&mult‘ Alterations in cAlP dependent protein
kinase isogyme nctivitiea and/or e&ﬂ?‘binding‘praboiha



i3

,’ have been ebgarvad in several tmizz;fo@md colls.
“*@em ¥s it has bmm reported that aﬁ&ﬁg‘m esrelnoe
gonlc dose of dfethylnitrogmmine repidly activeted
cAHP dependent protein kinsse and induced GDC
(0alon end Bussel, 1078). |

There is now substantial ovidence that ornithine
docarboxylese 1s elso an initiotion fector for RlA
polymerass I (¥snen end Bussel, 1875 Nenen ond
Runsel, 19773 ﬁa&ﬁ;@x and Russel, 1878). The aceuTI.
labl.m.m of spemﬁina, & polyamine and rivosomel RHA
are parcllel in a varisty of growth stimulated tissucs
that bave been etudled (Cohen, 19713 Russel, 1871}
Bacharch, 19733 Russel and Durte, 1978).

Studlies of the rogquirements for incroased
protein synthesis aﬁggmt that new ribamma‘_l RRA must
be @nt’:ﬁe&imxﬁ 88 o pro~requisite of atepped up
“'pg@f.em aynthesis (Aroggrols, 19743 Rugsel end
Manen, 1076; ®heely et sl., 1978). Drug-induced
engyme synthesis b 8. 'ceu;;laﬁ_w%h en initiel industion
of ornithins deserboxylsse snd inoressed ribosomal
RHA synthesis (Byus ot 8l., 19783 Costa ot gl., 1976).
-‘;‘mpﬁie hormones univer agally induce ornithine



.._w,g,
@

decarbozylase snd reanlg-in‘in@aeaseﬁ ribosomel REA
synthesis and accumulation (Russel et el., 1976
‘Russsl and Dunle, 18783 fussel and Haddox, 1978),

Studies of eéil ¢ycle progression indicate
that ormithine decerboxylase is a wmerker of éﬁ |
~ progression {(Russel and 3tambrook, 197953 Fuller et nl.,
19773 Hoddox, 1978). Its fsilure to be oxpressed in
~ response to inhibitors results ip o block of @5&1@ in
the G, phase of tho cycle (Russel and Haddox, 1979).
Hgeoxprossion of ornithine é@garhaxylane aéﬁiv&%s-ia
eoncomitant with movement of @aika into the S phose.
A model of the mmjor steps in e traphic response
or of G, progression (Fig. £) has been proposed
recently (iussel, 1880}.

Extenai?¢ s$uﬁiea’have'been'ean&ueta& on the
mﬁf@etﬁ of phorbol esters, particularly TPA, on mouse
skin (O'Brien st al., 1078f O'Brien, 19763 O‘'Brion
and Diamond, 19773 Verms of sl., 19785 Eonsler ot al.,
- (1978). TPA trectment resuits in a several hunired
fold fnduction of ornithine decarboxylese in the skin
ond, if administerod after a careinogen éu@ﬁ a8

Z-mathylohol antirene, acts ag o Sumor pramofior.



- P1g. 2§ Schematic diagram of major sequential
gteps in s trophic response. {(From
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Inhibition of Trie-induced oraithine decarboxylase
ectivity by Vitamin & snalogs ala@ inhibits the
formation of papiliomas {Va@mawgg,al.; 1898).

The celiular functions of netural polyamines,
the products of ornithine éecarbaxglasﬁ, al%h&ﬁgh not
as yet unambiguously sstablilshed, eppoer to be closely
egsociated ﬁiﬁh‘ﬁhs proliferation of enimel cells
(scalebrine ot sl., 1678). f%he iden that these
\eéapann&a de not gi@plyzéat intracellulerly as none
‘specifie polycations, is supported by & wide variety
of affeaﬁs exsrtod by polyamineg that camot entirely
be ascribed to the gelyaaiianh:aﬁru@tnre of those
compounds. Whotever be the role of polyam&naa,»thﬁra
1s s fundamental difference botwoen divalent cations
end natural polyamines in the living cell. This
difference reiles upon.ﬁhe fact that latter compounds
can be agnﬁheaizadlna aas %o neet the ambient metaobolic
requirements of the cell. This kind of vegulation,
oven considering compartmentalisetions would herdly
ecccur in vive as 8 rapid respense of the in@rgania
cationa to nttend metobollc noeds of the cell (Janne
ot gle, 1677). |

Varicus reports suggost & role of polysmines
in coellular motabolism through cyclic AMP end protein

Des s
574(043)
G256/
oA

- -




mnaaaa A#array gt al. s 1970; Manen and Russel, 1975;
Shah gt 8l., 16765 Atmar b ﬁ;@ 19763 Shoth gt al,.,
18763 Tekl ot al., 19763 Jungman and Russel, wwz
Haenpas, 1077; Bacharch et gl,, 19785 Hochman ot @l.,
19783 Clo ef 8l., 1879). | |

anga&mas are reported to enhance phosphoe

. 7ylation of non-histone chromoscmal proteins ( Imal ot al,,
1975} end protoins of ‘muclel and macleoli of the slime

jure {Atmar et al., 1978), thoroby

mold Physerunm polycephe

- suggoesting Eh@ possibility tmt polyenines may have o

rols in regulation of gono transcription.

Recently, it has been conjectured that the
fluctuations in ¢ellular polyamine concentrations and/or
ratios found in prolifersating end neoplestic cells
alisr chromatin structure snd couse variations in the
ADP-ribosylation of chromosomal proteins, thereby
affeoting nuciear function (Perella and Lon, 1978).
Polyaminos ere foumté to stimulate the Herpes Simplex
Virus DEA polymerase purified from infected Baby
Hamster kidney cella (Walkes et gl., 1080},

Spatial models for tho corplexes of spermine
{or gpermidine) with the B form of DHA were suggested
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in the a}%{zadim -@f mv&rél ka‘a“ {TPauvboi, 1664;
Liquers et sl., 1967 Sewslsky, ot al., 1969), The
significence of thess worka s that e correspendence
of Gistances between the positive charges of bhs
pelyamines and the negative charges of the DNA
phosphates wos emphasized. '

The double-strandsd DNA can oxist in 8ifferent
~ forms depending on the relative hunidity, tho nature

andé concentration of counterions (Arrot, i870) as well .

as on the nucleotide soquence (Brom, 197i). Jhese
fama;}s%ia&eb may be Givided into two forms (B ond &)

_ @iffer, in perticuler, by the distences betwsen tho

- -mﬂﬂ?ﬁﬁﬁe residues both within one chein and in the
epposite cheins (Zurkin et al., 1976), It has been
reported that while spermine and spermidine fecllitated
the B to 3@9‘%&&%@, and thereby profers the Aclike
forms, putrescinc end cadaverine prefer B-like form
(Binyst ot al., 1978). It is guggested that sinco the
distance betwoen tho phosphates of the same chain ia
almost fnvariant with eoch of the families being 1A%
shorter in the forms of A fawmily, the propyl dlamine
(but not butylene dlamine) pert of the spermine or



spermidine ) moleoule is raa@mmihie for the atabﬂi—-

aati,en of the & formo.

The gst'ecg'\ef stebilization of A form by
pelyasines 1s significant biologlcally.

DHA repllcation is known to start with the |
synthesis of an cligonucleotide vhich rqz‘néa o hybrid
wﬁﬁh'@mv DA chain !&&gﬁm 8t al., 1972), Since the
ma.rm:g mwm esn have only the R e&afamut:&m |
(Armott ot al., 1908), then B to i shift could be
aanmrtant in repiicetion, md the aetivaung gffeeﬁ
of p@lyamlma on replicat;mn may be due to this
circunstance {(Florentisne gnd Ivanov, 1970).

-~ \

It has bLeen proposed that tt!-msqmpw@n must
be accompanied by a local B ‘te E transition in the
DHA tenplate undor RHA polymorase (Besbeslashvily,
et al., 1972}, ' |

2

Basod on this, lator a detailed ateroochemical

model for the RNA polymerass operation was suggested
(Wong ot al., 1078). Although there ere many ways

in which polyemines might sctivateo trsnscription, a
direct iumumee of the polyamine on the DNA template

conformation is highly possible (Hinyet st sl., 1878).



fiwm&ly. it ia sugposted that ompie#i
_anah és polyenines oy specifie M&&iﬂg proteins might
5 favour the tronsition from B form to the loft handed

holical form of DFA which is called Z-DNA (wang et al.,

1570; Davies and Zimmerman, 1060).

These observations are highly significant in

view of the sltored patterns of gene oxpression during

neoplaastic transformation.

Besides the leﬁge maaber of a@epév% pouring
in, indlcating the importence of polyamines in verious
celivler mnctzana. general interest in tho meabolim
of polyamines has bem greatly increased following -
reports promising the valus of polyamines $m oarly
diagnopis of conoor and in cancer theropy. Thore may
ko gertaln epplieations for a oclinical maitamng of
pelysmine levels, eopecially in ghort-term followeup
of the therapeutic efficecy of oytoststic medicotion
(Ruseol, 19773 Gohen, 1077).

The value of applied knowledge of poliyamine
metabolisn in cenvcer therapy seems o be promising 4n
the 1iight of severol obgervations that the use of
selactive ifnmmw»a of éoigamms synthoals rosult
in & profound inhibition of cell proliferation under



a variety of éxywimmml conditiona (Iﬁnn& st gﬂ.@;,
10755 Otani ot al., 19745 Fillingame ot sl., 1075
Boynton ot pl,., 197¢; Eroken and ﬁfiksen. 10773 Sunkera
8t gl., 19773 Horris e g‘_l___. 1977). Hothylglyoxale
bis {(guanylhydroazone} a cytostatic drug that hes
been used in the %r&a%mne of humen malignancies in
the early sixties and ‘laﬁéi’ wﬁtmmm from clinicel’
uge mainly ﬁue $o an una¢ceptabie t@xiezw has beon
fmm& to attan% the metabolism of neturel mwm
andé vice versa {Seppenen st sl., 1980), Inhibition
of poiyamine scoumulation end cell proliforation by
dorivatives of dlamino propane has been ab%ained in
@riich Ascites cyemg grosn in cuwlture {Alhanen-Hone
glets et al., 1870). Selostive killing of trensformed
colls has been stbainod by explditation of their
defective cell oyclo control by polysmines (Rupniek
snd Peul, 1980}, Hlovation of serum pelyamines has
‘been aba/mweﬁ in mmﬁnam iymphomos aend sgute
myeloid leukemie {foapattankar gt sl., 1060).

_, 2 ~ The mounting evidences for the role of A
polyamines in celiular growth, proliferation and
neoplastic transformation point to the importance of
furthsr investigetion on various sspocts of these |



biomeleculos for understsnding the mechanists «
molecular oanéd eellular « involved in neoplastic
trenaformation as well e for explolting the avenuea
of thoir practicel utility in cancer detection 'md

Sulphydrgl compounds are widely distributed
in enimalys, plants sand microorgenisms participating
in varicus mmm reactions, peptide hormone
activities and other important biological phenomena
{Funee ot gl., 107i). Hercaptopropinylgiycine, elso
known as Thiola, ea#@iaﬁ%a of g}.ﬁoino and Q-Hercap-
topropionic ecid es o Hver-inmnsm ing egent.

The chemical structure of HPO 1o ag .ma.lwéa
Cly = CH = CONH - CHg

GOOH.

It has comparatively less side effects
than other sﬂnc@mp@uﬁﬁs and is regerded to be
effective for ths detoxication of hoavy metals and
gensrpl organic compounds (Fujimura gt 0l., 1964).
It 1s alao known to be offective for redlation
protection {Ses Sugehara and 8rivastava, 1976} and



for the treatment of liver (Kaito ot al., 1972}
Milegua et ol., 1072; Shiots et sl., 1972). HPG

hae been found to have protective effect on paraceta-
| mawinéuea& hepatic necrosis. It is suggested that
binding Qf ,ﬂw xﬁmcuvé motabolite of paragetamol

to hepaﬁmgto m&emmie@ulea need not 1@&& o

hopatic necrosis provided that sulphbydril groups

are presont in iiver to pre¥ent the dsletericus
effects of such binding end that KP@ might have such |
a s@rﬁ of protective sotion (Labrederios et al.,
1997). HPG can form comploxes with many metale
(Funae st &, 1071). Becently 1% bas boen pmpoeea
that HPG may act at the level of mitochondriel energy
‘coupling (Zimmor, et al., 1976},

Except for e recent ome (Aparms, 1081) there

/
ars no reoports on the elfoct ar:_ HPG on the sction

_of c¢hemical carcinogens.

, Neithor the bicchemistry nor the mnﬁ&'nim
of action of m is cloerly known.

Diethyl Bitrosamine: A member of @amimg
RB-Ritroso m&mam

The current Memat in the ﬁmimgm‘m and




other biologicel aeti@ns'ef‘ﬂb‘ﬂztwoao campounds
aroso f@llawing the reports of the hagaﬁmbsniaitg
{Burnes ond. Hagee, 1054)and ocarcinogenicity(Nages
and Bernoes, aﬁ@ﬁ} of the simplest nitrosanmine Ne
nitroso dimethylomine {dimethyl ﬁi%raaamﬁmmbamﬂ.ﬂﬁc
~ subsegquent sbhaervetions on tha‘eareinogeé&a aotion
of the nitrosamides, R-mothyl-N-nitrusourethone end
E&m@ﬁhymﬁﬁanityaseu?ea_(ﬂmn@kesy'g§4g§&,_19613
Schoental, 1960}, About 100 n&wgesa'camgaundn.wfe

. known to be carcinogenic in experimental animais

{Hegee an@'@@hean&&ig'iﬁﬁé# #logee and Barneas, 1067).
I@ aéﬁitiaa e their tomie and oarcinogenic propope
‘tiea,maag Ecﬁitraea aam@@ﬁaﬁa are rmtagenic ond
some sre teratogenie in ag@er&mﬁa%al eninela (Magee
| an@_gﬁrnas. 1867).

Chy - Gl Structural ard
g molecular forimine

Gelle a\ B  and welght.
CglyoPgd  Mols BE. 102.1.

Hefitrose diothylenine {diethylnitrossmine) tg
found to be carcinogenic in all animel species tested.
it inducea benign and pmelignont tumours after its
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administration by various rqutes,vincluding ingestion,
parenteral injection, inhalation and rectal instillation,
The major terget organs are the liver, respiratory

and upper_digestive tracts and kidney. It is carcino-
genic following its administration prenatally and in
.sipgle dbses. In several studies dose-respdnse

See .
relationships were established (IARC monographs, 1978).

'Dﬁm is reported to be present in air, tobacco,
-smoke, water, food and feed (Cheese, vegetabies and
vegetable oils, cereal products, fish, meat produéts)
and alcoholic beverages. The in vitro formation of
DEN was obsered when diethylamine and sodium nitrite
were incubated with gastric juice from rats, rabbits,
cats, dbgs.and man (Sen et al., 1969). Human and
rabbit gastric juices (pH 1.5;2) produced more
o nifrosamine than juice;from the rat (pH 4.4-4.6). The
nitrosation reaction was also demonstratedi$g vivo
in cats and rabbits after feeéding 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 iegetables or water supplies

or from nitrates used as additives in the meat curing



processes. Spinech, beets, lettuce, radishes, egg
plant, celery and turnips are ﬁegetables‘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 are also carcinogenic in
men. It 1s now well established that carcinogenic
nitposamineg may be present 1nvminute quantities in
certain foods for human mnsuﬁption. Carcinogenié
nitrosamines msy also be formed from secondary or
tértiéry amines and nitrites in the body, particularly
in the acid conditions of the stomach after simultaneous
1ngestien. Secondary and tertiary amines occur in some
foods, ahd'a number of drugs and otherfenvironmehtal
chemicals 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 1s belleved
that they require metabolic activation to produce
their effecf (Heath, 1961). It is currently accepted
that they sre metabolically degraded by microsomal
mixed function oxidases (Méntésano and Bartseh, 1976)
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to an alkldiagohydroxide (RN e N-0H) which subssquently
deconposes to a ew‘b@émiﬁﬂ mtevmmm% {Pavk __e_g *@1&,
1977) responsible for the aelkyiation of DNA (Morgison
and %onﬁaaaaa;.@avﬁﬁ. |

anaamalm m direet axgammnsal Mi&m@& is

avalleble wm@h ﬁememﬁmtes the inw lvement of
cerbenium fons in the amymmm mechoniaon of nitroe- .
- aonines. galoulations besed on theoretical mmnémrk |
. suggost that nitrosamines do not alkylate the DHA
molecule via serbocation internediotes. The most
l&kaly slternative is, then, direct nucleophilfic attack

5,2} en the é&aaom&w ion by basic sites on the DHA
molecule {Andrecsni ond Kliopman, 1680). ?fk-am a
mechaniatic point of view, this augg;mﬁu that uarcime
ganiclty ia poleted to the ease of nucleophilic attack
gt the alkyl group of &mﬁ.tmawinea and not to the

“stability of carbenium ions they can genorato.
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Adult male rats of Wister Straln were obtained
from the Animel House of Heulana Azed Medisel Gollege,
Hew Dolhi. The weight of the animsls was 135 + 82.5 g.

Chemtanlss

meﬁﬁﬁ ﬁ&@cam&m; Ry~-Hereaptopropionyle
g&ya&m, giycine, i~arginine, Iasonitrosopropiophencne,
vz'éa, Trigme bese, ﬁ@dium dodoeyl sulphbate, femercoptos
" othanol ond Eromophenci blue, Bovine Serum Albuoin
end Stendard proteins fov. olectrophoresis {Albumin,
Ovaibumin, Trypsinogen, B-ladoglobulin end Lysogyme)
wore from Sigma Chemical Company, UBA.

Hy,B'ebis methylene nerylemide,TEMED and
coonaasie ‘m‘mi&mt blue « R « £60 wero praﬁuaha of
Bﬁ.m*a& &a@ar&twiea. fm&.

&ery}.mﬁéa {3 = aryst.) and Folinephenol
reagent were purchssed from SISC0 Resesrch Laboratories
" Pyt. Ltd., Bombeye |

Sodium chloride, Hanganous chloride, Perohloric

acid, hydvoctiloric acid, suiphuric scid, ocupric sulphste, -



giycerci were af *Anler? g?&@e‘fr@ékﬁbﬁ, Indlns
Fhosphorie aclé, Sodium carbonate, Sodium hydroxide
wore of 'Uusranteed reogent!' grade fwém;sgrubhai L
'.Shamieaaa, Indias Ammonium persulphaete (aR) from IEP&,
india; Clacial ecetic ecid (AR) from BDH, India:- or
Polyphorm, Bombay, Indie. Hethsnol was Anler or - .
Laboratory Heagent gra@a groduet of ﬁﬁﬁ,‘xndié. :
Potasstum Sedfum tertrete (Purified) was a product
‘of E, serck (Indle) Pvt. Ltd. |

h The rats were divided into ¢ groupas
Group 1 compriged - control enimals.

DEH was gavaged (dosot 200 mg DEN per kg
body wt. with 10 )l tep woter per kg. body wte} to the

animals of group II under mild ether anabathaaia.

%o the group III animals BP0 was administered
8t o dose of 0,26 mg/h/dy dn drinking water commen-
cing 8 to iﬂ’hra\baﬁére DEY gaveging end continued
till the time of sacrifice.

The snimels of group IV.were glven MPG ind
érinking water at the suhe doge ap that used for
group Iife | |



The animule of @roup I and IV were gaveged
ﬁitn tap water (volume sems as that of DER savagad ua
group Ix and II1} umder snaesthosiae

Th@ anivals wara aaeriﬁioeé st the intervels
ﬁf €4 h?, 46 hr and one woek, The anlmals were
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secrificed between 2 PN end 5 PH by cervical disiccation

- apg liver wag exéiﬁeﬁ ené chilled immedlately.

The homogenising sediunm was 0.9% Saline. One

@n tissue was h@ﬁag&ﬁizsé in £0 mi saline by using a
Potter Mivehjem type hotogonizer fiiled with o teflon
pluanger, %hé Bonopenate was cnntwifmgad‘ﬁi‘ﬁagﬁag-g
for 80 (minites>at 4°C. The supernsthnt wos collected
and centrifuged at 108,000 g For 60 minutes et 4°C.
The am@e&ﬁ?@%ﬁt(BQXubla ﬁraebicn) was used for the
estination.

Agsay of Arginese: 4

Arginase was apeoyed by the procedure oe
describod by Sebimke (1970) with some modifications.
Arginane was first octivated Dy incubnting 0.0 mi of
iﬂﬁﬂe‘hamagaaaco at 37°¢ in the preaence of 0.1 ml of
God B Enﬁig'ﬁar 10 minutesn.



The assay mizture @@%;; the following:

Activated extract 3 0.1 mi.

3.85 gg&yg&ne t Oué nl.

0«85 & arginine (pH 9.7) 1 G.4 =,
0.01 ¥ WnCh, ¢ Ol mds |

This mixture was fncubated st 37°C for 16
minutes. 7he reaction was stopped by the eddition of
2.0 ml of 1B Perchleric seid,

Tubes with casoy mizture end 2 ol of 4 ¥
Perchloric ncid were also included for incubation,

Aftor incubation the mizture is centrifuged
ot sbout 3,000 RPK in & Remd contrifuge. 1.0 ml of
‘the supernataltwas token and to it 3.0 ml of |
BpSo,/H P, mixture (acid mizture) and 0.1 ml of
faonitrons preplophenone was sdded. The samples wero
neated in derk 4in o boiling weter bath for 30 minutes.

The tubos were cooled in darkeroon temperature snd

optical density was read at 540 nm ueing sn appropriate

blank on a Cari ziaés Speastrophstometor.

Urea standards in tho vrange of Cei %o 1.0
pmoles were run end the data was plotted to obtalin a

standard curve.

36



Pig. 3. Standard curve for Urete



UREA CONC.(mM)
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| frotein in the soluble froction wos ostimated
by the method of Lowry ot ale (1951) as modified by
Gooper {(1677). ‘fhb optical &amaity'maggubuaanﬁa were
done on Schimedsu UV~240 Spectrophotometer.

Arginage activity was engwasaé@ as pwoles of
urea formed st 57°C in one minute per g frosh welght

of éinau& or Pméies of urea formed at 37°C in one

minute per mg protein.

Sodsum Gedoeyl sulphate polaceylemide gel
slectrophoresias was poerforned by the method of Laocvmll
{1970) with gome modilications.

The ssmples contoined the final concentration
(£inal "somple Buffer”)s 0.0686m Tris BCL (pH 6.8)
g% 0S| '
108 glyeercl
5% morcagosthanol end |
10,001% bromophenol blue as the dye.



The proteins were completely dissociated by
imzerging the sample for 2.5 minutes in bolling water.

7 om gels wera prepored m gloag tubes of &
total length of 9.0 om anéd with én inside dliamoter of

Gels containing 7.5% (gepuration gels) end 3%
{stacking gelas) serylemide were propored from a stock
solution of 30% by weight of ecrylamide and 0.8% by
welght of N,t& tubis«mothylene ﬁa’xfximae. the
separation gel contained a final concentration of
0.376 # Trie HOL (pHW 8.8) end

0.1% 8b3s.

The stacking gols of 3% acr?&amid«a and a length

of % om eontained 0.126 N Irie-HCL (pH 6.8 and
0.1% 308, ' ' |

The gols wore polymeriged chemically Ly the
addition of 8.0R5% by volume of TEMED end 0.026% by
welght of ammoniumpersulfate. ‘

The electrode buffer (pB 8.3) contained:
0.0856 K Tris.

G.182 ¥ gm‘eina and

0.1% 8DB.

39
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160 to 280 mg protein was losded on each gel.
& standard proteins ﬁér@ ron. 100M({S pg} ef ocach
protein and 100)i(33 jig approximately) of the misture
- of 5 protoins were losded.  Elsotrophoresis was
carrisd out w&eh 8 guﬁrant of 3 mA pergal‘unﬁia the
| merker 4ye had raa@h@ﬁ about 1 dm from the b@tt@m of
the gel tube (about 1%/2 hra).

Thé gels wore stained Qév about 10 ke Sor
@&ﬁﬁ@i@ wath,caémaﬁié érilliéatlgin@‘ﬂ-ﬁﬁﬁ {1.856 gm
in a oixture of 227 ml 4istilled water, 227 ml methanol
and 646 ml glocial asetic acid. ‘Afﬁﬁr the dyo was
diseolved, 1t was filtercd through Yhetmen No. 3
filter paper) and desteinod in the destaining
solution (875 ml glass distilled water with 50 ml
methanel ond 76 mi glaciel scetic acid).

4he rosults wore rocorded by both photographing

and scanning the gels.

Thu relative mobibity of proteln wos calculated

by using the aguationg
tuissanaa af»yra%gigemigrntiam}x(gei

Hobility =




| The mobilities obtained were plotted as e
function of the moleculsr weights on semi.logerithmic

goordinatos.
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There wee no mortality notlced 6uring'ﬁha‘an%ifa
courase of experinent.

Tatle 1 shows the enzyme sctivity t?mmlaé of
urea formed at 37°¢ per ninute per g fraah wt. of
tigava) ﬁnaar different modes of trostment ond after
difforent time intervels. In the cose of Dil-treated
animals (Group I1) arginsse shows gsome incroascd activity
but thie incracse does not signiri@ansly deviste fronm
control value {Eig.fdi. Thic coulé be due to error
varionce obtained. At 48 hr tho enzyme activity does
not ehow any significent slteration (Pig. 4). In this
case alao %h& enzyme sctivity hnas increesed slightly
over that at 8¢ hr, but tho srror variasnce is high.

At i.@aek arginaée'wegiaﬁenn a significant increcse in
eotivity ss compared to that of contrel (P<0.05).

In the cagso of onimals treated with HPG snd DBEH

arginase ectivity registers a significant decrease at
24 hr (PE 0.08), But shows an increese by 468 hr (P 0.088) -
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TIME AFTIR TREATHENT 26 br 46 hr 1 week

GROTF

I {Control)  £65.70+11.36(5) - -
I (DEN)  311.18245.96(4) 380.80446.8(4) 298.16214.57(3)e
111 (PosDEN) - 208.50e32.37(3)e 316.00s10.1848] 307.44sm8.10(4)0

1v (wpg) 213.50487,86 (5} 302,50416,8(4)% 278.31219.70(6) 3

Teble - 1. Chenges in é?ginase gotivity (vmglaa‘af‘uved
formed at 37°C 4n one @inuﬁa,@er‘g;-féadh wt,
of tingus). The figures represent HoantB,E.H,

| Enmhgré 1# parentbeses represent t&m\anmbev of
onfnales ' )

L Fs@é@'s
S wn PS0.088

. {For dstalls of groups, soe *Hetbods®)



Fig. 4. &iv%era%&e@a in Arginase activity (activity

| . expressed in f-ei&ms_ of pmoles ures formed
at 37°¢ per minute mﬁ' 8o fresh wt. of
Masué} ot different time intervals after
different modes of treatment.
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ianﬁ @G 1 wook thn aa%iviﬁy attaing ﬁear»nnrmnl valié.
&@tual&y, 85 shown 1a Pig. 4 the sctivity at one woek

is alightly lower than that at 46 hr ond well sbove

that of control. But the value does not aﬂaw aignitieant
deviation from control velue begsuse of high error

variance. - - .

#PO-trented snimals (Group IV) showed a
significent arginase activity at £4 br (P<0.05) but an
incrense aﬁevé control level is obaerved st 46 hr
{?3;@.65}.- éﬁ 1.ueék,.h@wevap, the sctivity comes %O
the level of control. Here agoin, from Fig. 4, it e
‘aeen.ﬁha%@ at 1 week, the ongyme sctivity ie elightly
higher Shan ﬁhgﬁ of control even though 1t s below
significant level. N

o Wﬁbiﬁ‘ﬁ.ﬁhﬁﬁa the altnga@ﬁéna in srginage |
 'ae@ﬁvi@g‘umﬁe§.$ha ssme experimentel conditions explainod
obove bat here the snzyme a@ﬁzvﬁﬁg xs‘@ﬁafesgaé‘as
apﬁﬂitie activity, L.0. pﬁelaﬁ urea formed at 37°¢ per
winute por mg protein. Sho alterations in soctivity ére
found ﬁa be non-gignificent in the e@ao\mf all groups -
and et 81} time intervals except for the enimnls trosbed
with RPG which showed a a&gnif&aﬁmtly decrensed srginsee
asctivity only at Qné veek.
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. TINE AFTER. = . L -

GROGP

I {Contral .  6.1640.51(6) - -
- 1I{DENW) 5s1340.64(4) 5.60%0.51(4)  ¢.54#0.85(8} .
CIII (HPOSDEN)  4.3480.62(3)0)  6.1020.36(8)D 8.95£0.86(4)

v (pe) 4.60¢0.87(6)  6,31#0.42(6)) 3.9920.28(6)e

o _@aﬁi@ w Be ﬁh@ngés‘in arginasa setivity {(pmeles of urea
. formed ab 37°C in one minute per mg. proteinj.
The figurea represent mesntS.E.Y¥. Bumbers in

paréaﬁhsaea‘raprﬁsan@ tha numbers of animals,.

£ ?$Gaﬂ§a

(For detalls of groups soo 'Nethods'}.



Fige. B.- Alterstions in m»gixmae a@m%ﬁ? (aaﬁv&@y
'  expressed in terms of pmoles urea formed
at 37% per ninute per 1g. wet_ein? at
different time intervels after é«it’gﬁmnt
rodes of treatment.
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| Fig. & ghows that all groups behave aimost in
- semo pattern as far ps arginnse sctivity 1s céﬁcarnea.
But there ara'aaigh% al%gra%ioma« In the case of DER
treated enimels the sotivity is aluost et the control
'xévai, but it &uereasas\siigh@ay ot 48 hr, sgein to
Gecraase elightly below control level et 1 wook.

Group TII, L.e. snimals troated with ¥PG ené DN shows
a decreass in arginsse sctfivity at £¢ hr, but sctivity
ﬁa‘aiig%ﬁiﬁ.alavamed\abqve the control level ot 48 hp
and agein conoldersbly decreased, as compared to that
ef eénmralfat 1 woeks: . The BPG=treated an&sale‘alse
show almoat the same pattern. |

(%) Totel prote!

Table S sumssrises the elterations in totol
protain eantens‘ar the soluble fysction. At 24 hr,
protein content is significently altered in none of the
ax@a?&m@nﬁ@& groups. aat from Fig. 6,.it agpeara-ﬁhm&
in DEN treeted animals {Oroup I1} the protein level is
slightly highor than that of the cenara; et £4 hr., A%
48 v, protein content increases in snimels treatod with
HPG end DEN (P<0.08) and also in those tronted with
%P6 slone (P 0.026), the anount being higher in letter
then in the former éu@-aa is evident from Fig. 6. In



PINR APTER
TREATHEND 24 hr

GROUP .

48 hr N 1 woek

I (Comtrol) - 83.0025.33(6)

12 (D) © 56.8308.684(5)

IIT (HPO+DEU)  43.7924.8(4)

v (upe) 52.64210.7(6)

B8.1622.72(8)  65.7138.54(5)

6g asﬁgﬁ 335(6 }Q’ B8, g‘i&i +48 ( ﬁ)‘ﬂ

T0.D326,.20(4) 9%  68.5723.83(5)a

Table - 3, Onanges im total protein of soluble fraction
Emg;';;ém s fr%&i Siasus wolshi)« The figures
repragent ﬁeangsﬁ; %.®., Mambers in parentheaes

- reprosent the numbsr of animnlsg. |

3 | Ps Qyi}g‘
s RS 0,028

{For deteils of groups soe ‘mathods')e



¥1g. 6, Chenges in total protein content (mg
protein per g. tissue) at difforent
time intervals efter different modes

of treatnent,
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the cese @x‘ DRi-treated enimalg, ta‘tw protein content at
48 W is m@rwse& aﬁam the eonwal ‘level eand slightly |
above thet at 24 W (Fig. 6). But this alteration fa
noneslgnificant stetisticelly. By 1 weok the protesn
content of DEN-treated animolg is increased t:‘ram tho
control level 88 well as from that at 46 hr., In

animals @rm&aé with MPCG » DEN, tho @ram&n eentent i
g@ea up- Em %shat at 48 by (P £0405) but in NPG-treated
snimals, the anount of protein in the soluble fraction

- remains elmost the gama asm that ot 48 hr end it iz woll
above control level ( ?\< .08},

{4i1) Protein pr

The pretein profilon cén be observed and scompared
emong Gifferent groups from the gel photographs and

respective scen-diagrans.

\ At 24 W, it is seon {Figs. 8, 8) the protein
band A, {Hol. wt. > 66,000 daltons) present in the control
15 miseing conspicususly in the ctse of Dill-treated
animsls (Group II) where os it is present in the case
of animals treated with PG ¢ DEN and MPG olone (Group 113
and IV}. The ﬁam& By { #ol. mi,éﬁ,bw approzinately)
which $a very thick im control gnd group III end IV, is
very 1ight in group II (DEN-treated). Band O



Fige ‘?u Be Soperation az’ w%m&@?é proteins using

| éﬁﬁ scrylenide gol electrophoresis. The

stordards are {a) Albumin (Bovineplesme)
(66,000), (b) ovelbumin (45,000), (¢}

- Trypsinogen (24,000}, {4) B-lactoglobulin

(18,400), (o) Iysosymo (14,500)s

Bs Coomesste Erilliant Blue semm ng of
the scrylemide gels from which thes 6 data
wore obtsined. -
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Fig. 8. SDS~-PAGE: Profile of cytosol proteins of
liver from snimals of group I (contrel);
group II (DEN); Group III (WPG+DEN) and
group IV (MPG) at £4 hr after treatment.,
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(Mol. wS. 45,000 approximately) is observed both in
the case of OGroup III snd IV but is absent in I and II.

At 48 hr (Pigs. 10, 11) a Mm"-olmln
wt. falling ta between 15,000 and 24,000 (designated
as Ag) makes its appesrance in Group II m Il but
1s absent in I (control) and IV (MPG-treated).

A% 1 week, differences in several protein bands
were observed among different groups (Figs. 12, 13).
Several high molecular weight subunits (mol. wt. > 66,000)
and low molecular wk, sub ufits present in the . (mels wk.
£45,000) control were missing in group II, III and IV.
The protein band A, (Molwt.> €6,000) . is very light im
Oroup II, III and IV as compared to that in contrel.



P!g. 10,

SDS~-PAGE:s Profile of eytosol proteins of
liver from animals of group I (eontrol)s
group II (DEN); group III (MPG*DEN); and
group IV (MPG) at 48 hr after treatment.
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y". 11;

SDS«PAGEs Profile of ecytosol proteins
of liver from animals of group I (control)s

group 11 (DEN); group III (MPG+DEN);
group IV (MPG) at 48 hr after treatment.
(gel photographs shown separately along

with respective scans).






Fig. 12, SD3-PAGE:s Profile of ecytosol proteins of
liver from animals of group I (econtrol);
group II (DEN); group III (MPGeDEN);
and group IV (MPG) st 1 week after
treatment.
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SION_AND'CORCLUSIOR

Qﬁﬁiﬁhiaa.ﬁaaﬂvb@xyieae, the initlel engyms
 in the gﬂlgnminag bi@syaﬁhatic pathway is induced
in targeﬁ;&&sauas‘inwraayénsa to a.var;éty of
trophie asgents inciuding polypeptide end emine
%raﬁhievhmﬁm@nas, eyélic'AQF englogs, dwéga and trophic
gtorold hormoncs (see Russel, 1980). It has decome
the prototype of inducible enzymos., The substrate .
for this rate-limiting enzyme in polyemine blosyn-
theals, aamﬁaumééfﬁaiak arre the @ﬁ&y known @rganie:
ocstiona of the_@aii,:is orpithine which is formed
by ﬁha‘aatﬁén.eﬁ erginags on arginine. Since tho
me Jor hi@ﬁgnﬁhﬁtia pﬁ%hﬁay of 9élyaminea.1m watmalisn
_golls involves the following stops, f.e. Arginine >
lamithm;a. > putrescine - a;aérimidma — sg%wmd. A
© the behavier @fveﬂggm&ﬂ which catslyse cach of theso
steps éur&ng'earein@genaais iu interesting to iook
into. The present study on the effect of carcinogen
on arg&nasm activity within a short portod sftor =

exposure, is a pral&minary atep towards this venturo.

Arginase sotivity and its role during

oarcinogenesis as well aé}ia preneoplastio and
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naéalas&i& tissues remains eenhrévaraial. Desrecas
in erginase anctivity has boen reported in aaﬁ-&ye
fnduced hepetomes (Ureenstein of ei., 19433 Tekchael,
19541 Heleen ot als, 1864 ) and in precencerous rat
1sver (&cmm ot el., a%@). On the other hand ﬁtm!*e
ars reports of elevated arginagse activity in
canna@ﬁ@anuwiﬁh rap&é cellular proliferetion (Bach

- end Lasnita&i); in aa&ls infected by virus (fogers,
1868) end &n human werts {Van Scott, 1961). Tumor
regrossion or a reduction of tumor growth haes beon
obsorved af ter iﬁé@@ﬁi@ﬁvaf erginase inte tumor
‘besring enimels (Vret, 19613 Wiowell, 195613 Irons
and Bopd, 1962).

In our present experimonts, at 24 hr after
DER treatment, an incresge in arginese is observed
(Toble 1 and Fig. 6). 4 still higher sctivity ie
ohaerved at 46 hr aftor treatmont with DEN. But
these values 6re stotistically non-significent due
to biagh error varisnce. At ono waek after treatment -
the arginase activity is lower thon those obacrved
at 2¢ hr end &8 hr, but it Ls interesting to note
that this vélme-&a significantly above the control
value (Pg0.05). It should be noted that the ebove
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mmmtiaﬁﬁé‘ﬁaﬁﬁﬂvn wag_abﬁa&med‘whan the engymoe
aotivity wes expresced in terms of pmalea per gm
fresh weight of &iaauae When the activity was
expreased as pwaiea per ngiprogein (Toble € and
 Fig. 8) all the sbove mentioned values come closer
to the control lovel and in fact none of them are
statistically significent. This obsorvation mey
mean that the increaged argimaﬁa activity observed
when the setivity ﬁaa axpressed per g fresh tiscue
‘wh. 15 nothing but & consequence of increased
,~@vatain'aamtent in the cytosol. In fact, in the prosent
study, there are strong indicetion of an elevated
totol coytosol protoin content after DER trectment
(Table 3 ond Fig. 6) even though tho high error
'vurannﬁe makes thom aﬁaﬁia@ieails non-significant,
?ha incroased @r@ﬁaﬂm ccntanh can reflect )

L3

(1) en increass in aeveﬂai proteins including
prginoge; |
{11) @n\incraaae in erginsse slone, or
(&i&} an incresse in other proteins except

 erginases

 0£ thene tho second one ig & remote possgle
 bpility. In the light of the above throes possibilitiesn,
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both ways of expression of the ‘enzyme activity,
L.e. ﬁn,eéame_aﬁ ymoles per g fresh tissue woight

~or pmoles per mg protein, bas their own drawbacks
in presenting a resl pileture of amim'aa level,
This problem is né?é restricted to this snaymo alone,
kut.ia o common ané'in bioéhem&a%ry; . Solution ie
not easy even though uae of labelled procurgora

moy be helpful w some oxtent.

ir wé take the ensyme activity expressed in
pmoles per g tissus wt. as the basis of interpretation,
1t 1s possible that incrosse in arginsse sctivity
aftor DEN treoatment may be due to altered metabolic
pattern brought sbout by DEF in the cells. The
inoreaned arginase activity msy be duc to the
altered pattern brought about by DEN at any or old
of the folliowing: {e) transport through piesms
membrano, muclesr end/ovhitochondrial membrsnes,
{b) transeription, fal tﬁanalnﬁian & {(¢) degradation.
But the mechanism of interference of those celliular
functions by DER 1s not known.

In the case of animels treated with MPG end

DEN, at 24 hr arglinase activity decreascs as compared



64

te that in contrel (Table 1 and Pi.g. ), but
increeses obove control velue by 46 Lr end maintaine
almost the same aamvisy et 1 woek. OF these tho
values . a@ ié‘& and 46 hr ore statisticslly ui.gnim cants
it Ls very interesting ‘ﬁa note that MPG almm al so
t‘wimgs about the secme -patterne.

Arginage requires ¥n'' for its nctivity (see

“' Dixon smd webb, 1079}. E-Mercsptoproplonyl glyeine,

a sulphydrdl _eommun&; is a Ifémd of novel type -
vearing « SH, - ccm » and COCH groups. 'Lﬂ,:e nany
othor sulfhydryl compounds, MPG also has bown found
 to bs e.ﬁela%ng ligand (Punae st sl., 1971} MFO
may be ehelating the M** in the exposed cells
thereby meking ¥n*® unovaileble in sufficient
qumuﬁy for afsinaea activity. The initiel decreasge
in arginase activity at 24 br could be due to this®
sellular éepiloaxan of . This depletion of

#n** may be a temporery initial consequence of tho
presence of HPG inside the cell.

HPG has been reported to bring about an
incresse in condensed configuration of mitochondria
end ATP production has been found to ko inorecsed

in isolated li.ver mitochondria (Zimmer et A ., & 9‘?33.
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) L
In the light of this observetion, one cen conjecture

thaet ATP £orma§£@n~ig inoreased in 1iver éaila:by Bre
end this mny csuge e spurt in proteln asynthesis. In
the present exporiment we 4did $in@ a‘aiga&f&oaat

| (@g@.@%) increase in totel cytosol protein comtent

of the liver of both groups III |HPO+DES) end IV (MPG) |
at 48 hr after treatmont (Table 3 and Fig. 6). Thus,
 this effeet éf ¥PG on proteln syntheais could be é
oble to oxplain the ineressod arginase activity in
both groups IIT and IV at 48 hy after treatment,

At 1 woek, the enzyme activity ieg&stera a
shorp docrease (as compared to that at 48 bhr) in the
gage of gp@ug IV end maintalina almpst tho same activity
(as that at 48 hr) in the case of group III (the
vaiues are atatistically mon-significent due to high
error varience). This incressge conlé simply be the
consequence of sheiVﬁrieﬁion in total protein synthosis
or protein degradation at 1 week, as Lg ovidont from.
the study on total proteins (Table B and Fig. 6).

The effeot of DER and HPOsDEN on totel ey tosol
protein content ig interesting. At £¢ hr after trestuent
a decrease in protein content is observed in the
animals belonging to group IXl. One posalible resson
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/ rar this could be that shc initial interaction
between NMPE and DEN may be somehow cﬁaaing 8 doereased
. protein @Enﬁhasﬁsa By 48 br ﬁ?&\ovmraamea‘the effeoct
of DEN ﬁaséibly due to csrcinogen's metabolisation
or axﬁraeien\ana thus @né pattern of protein
elteration in group III becomes similar o that of
group Xl DEN-troatsd cnimsls (graup-rii‘rogiatarn

- 8 high enzyme activiﬁy_a% 24 hrs this level is melne
teined at 48 hr algo. tha mey Le @ua to the |
@@gyaﬁgaﬁ¢ry growth to counter the toxie effect

of DE¥ on liver. By one weck the protein contont
nhgwé a @ur@her:&neréaﬁac The increase alﬁh&agh’
variable may be attributed to the repair procsosses
going on in the liver cells.

#hen the arginese sctivity is expresped as
pmoles per mg. protein, the elteration in activity
' are found to be nonesignificent in the case of all
groups and at all_é&mﬁ intervals except for the
animals tresated with MFG which gbawaé‘a signiricantiy
decreasod arginaae aetivity only at one week, Here
the changes in the smount of other proteins of the
cyﬁésol sight be masking the ﬁ&bﬁln shanges that
might have occured to arginase activity. Ohonges in



environmental eonditione, influencing enzyme levels,
ere as likely to affect degredation ratos os
sgnfﬁatia-rataa'{@imon»and ¥ebb, 1678). It could
be possible that WPG might be contributing to the
 degradation of srginase by aat&vat&ng‘ﬁegraéexian
enzymes or affeeﬁ&ng‘arginuae structure in such a
woy thet 4% bué@mes more walnereble to degradation.
Another posalbility &s the one mentioned earlier, |
i.8., the continuous presonce of HPG in cellular
environuent makes the cells incapable of substie
tuting effectively the ¥n*® depleted by coordination
b@nﬁing ppopar%g‘nf #Pa. B A

?&é litorature relative to amino a@i& end
p@ako&n'metahalimm'ia‘naapiasﬁic tissues is extenaive.
Ag Weinhouse stated fwniﬁhauae, 1873), "there 13 o
common thread Interwovan tﬁvangbnua @ lerge body of
recent literaturo pointing to a common bfochentcal
Jesion in canoerj namely, a sieprogromming of genetic
'exyveaniea, menifested by eberrations of protein
synthesis.® MNost of the studies in this arca are
rostricted to camgavakivobstudiaa between normal end
tumnrnﬁa\tiasneae Fhother the azﬁereg protein pattern
13 decisive in the onsot of neoplesia or 4t 18 & |
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consequente of meopisstic condition is yet to becoms
clear. Very fow studics heve been done %o kuou at
whot stage in the proceas of neoplaatic ﬁranutormgtiem
this "misprogremming of 3angtiazen§reséioa, menifested
by abérra&iens of protein synthesis® ocours.

 Present study is & very proliminary atterpt
to see if thore ere sny changes in the eyﬁosex‘grntétn |
\ profiles during the very early ynaée after exposure
@efaapgamégéﬁa By using the SDS-FAGEH ﬁeahniqae, we
heve fournd 6ifferences in the banding patterns in

¢

aerylomide gels.

At 24 br, iﬁ ia seen (Plga. 8, ©) that a
protein bond designated as Ay (HWol. wt. > 66,000)
present in the control is m&aﬁiﬁg consplicuously 4in
‘the cane of DER treated enimels (group II). It is
presont in group ILII ené IV, Another dffference
noted is band By (Mol. wt. 66,000 apyréx&m&ﬁaly).
very conspicuocus ia,group X, X111 anud IV, appoaras
very light in group II (DE¥' treated group) This
may be due to the doscreased ratq.or its synthesis
or increassd rate of degradetion brought sbout by DEN.
Tﬁa band denoted &y (Hol. wt. 45,000 approximately) is

ABoaruad hath in the case of sroup III and "IV but not
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@

| 4n I and II. This may indicate thet probably (1) the
syhthesis of a protein produced N very mnag?a

- quantity which escapes dotection in gel, 1z inoreased

by HPG, @ésaih&y vis itz effect on mitochondéria and

ATP productions (41) 1t is poasible that the proteins
might heve got perturbed by MPG (Zimmer and Melnk, 2 77)3
(411) a protein subunit highly lebile to degradative

- enzyme is atabiilsed by the sulfhydryl group contsining
WPG. This ia in line with the patteorn of ensyme
éégga&ati@n proposed by Katunuma (Katunuma, 1672).

At 68 hr (Pigs. 10, 11) & protein of moleoular
welght in betweon 18,000 and 54,000 (depigneted as Ap)
‘makes ite sppesrance in group II end IIX but is sbeent
in I ond IV. The eppearance of this protein subunit
in group II (DBN) end IXII (HPGeDEN) suggest that this
may be the result of the action of DEN.

) Differences in geveral proteins were observed
at 1 week smong different groups (Figs. 12, 13).

Several high molsoulsr welght gubuﬁita {mol. wt., 66,000)
and low molecular welght ﬁubnniég {m91, wt. 45,000)
were found to be missing in group II, 1II end IV. It

ia #apaétad that, in rat liver, l&tge‘polﬁpspliﬁaa geem
to be degreded more rapidly‘than:sﬁall ones but this
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1s M;kal:y to be only one factor influenoing catabolic
ratos {Dice and Goldborg, 1975). %nis type of
 dogradation aided by DEN and PG may exrlain the
ﬁimm@vmeu of awerai high molecular weight proteins

in groups IX, IiI ond IV,

This type of dogradation may be atdributed
as ons of the causos to the cases of alterstion of
‘high molecular weight proteins notod sarlier. Tho
altarations @béawe@ in 109 molocular to‘is‘h& ym&ainé
may be due %o slterations in wmspaz*t. aym;heaia
and/or degradation. '

Since our immediate interost wﬁs only to see
$f there are sny changes in total protein profllles,
‘and in ﬁat looking into any specific preé‘a,ms, the
exact molecular welight of the obgerved proteins woere
not determined. Only the spproximate range of mla-tmlm-
woight 1s considered. For a better and clearsr undere
eWiﬂg of the significenes of tho changes in protein .
pattern, further detailed smalysis of the specific

proteins is noeded.

Tho interprotationa given for various
obmervations should be taken in the light of certaln
important uncortainties regarding carcinogenesis.
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The development of éagcan=fﬁllewxmgvempasuﬁo
- to ohemical carcinegoens is alimost inveriably slovw and
vprsi@ngaﬁ; Although the gﬁacasa can be initiated by
& brief ezposure to s carcinogenie stimulus, there
is no svidenco that target cells o oltered aro
cancer oella (Siot and Ferber, 1976). Rather, thore
is sbundent indirect evidence from many systems that
what is induced ia ankitﬁ?ﬁé cell or cell population
" from ﬁhi@h mﬂl£gaaﬁﬁ neoplasic cen gredually develop
or cvalvéa ﬁe@plaahié development éeaemb&ea a chain
roaction, triggered by,éxpgaﬁ»n ta-a‘catainngea‘&n
which the linke are new 9opalnti§§u‘ui%h altered |
orgenisationsl, structural snd blochemical p@apertiad;
Thene slowiy proiiferative pew ieéaana are o
charactoristically fooal in éistribution, impiying
that only a smell proportion of the urigihal target
coll populstion in eny argaa or tissue participntes.

In the pregent experiments, the very chort
period considered msy mot be qgﬁlﬁfie& to include
a8 8Ny najﬁ?'iznka in the chain praaess‘munbiénoﬁ
 above. - So the cbservations made mpy be treated as
Just acme 1naxcaelona'a£ how to approach and analyse

the chain of events leading to neoplasia.
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-

Horeover, M‘vw@vm. earliler (¥cloon ot al.,

1964) it s 4ifficult to assess the exsct significunce
| of wg&a&&g; ginee the m.@ym‘ ia extremely active in |
n@mal ldver, and & m@ small wnﬁ&mﬁm@&eﬁ with
morwel liver celle would maeck the subtio changes in
astivity of tho engyme. This problem becomes more
scute when the study 4s being ﬁém; {m in the prosent
' w She vory sarly psria@"l after

ox csure Yo @ar@ixmgaﬁ. ﬁwewer, the exact mode
@f’ ae@imx @f DER. m@mﬁm&v ‘Mm invoivement of
miorceomel enzymes {%ﬁagam* and mawely 9?1; Farelly,

m&m otc. are yet to be mﬁ@mum am@xﬁly. As far '
ag HPG ip concerned @mam for a very fow reports
the bm@hmﬁ.awy end m&e of aaeitm are still ahmuﬁieé
in mystery. In short it will b@ too premature to r.‘!raw : |
any .Mmﬁsa conclugion from the prosent study.
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