EFFECT OF ASCORBIC ACID AND
DIMETHYLBENZ(a)ANTHRACFENE ON CERTAIN LYSOSOMAL
ENZYMES IN NORMAL AND PARTIALLY
HEPATECTOMIZED MOUSE LIVER

THESIS SUBMITTED TO THE JAWAHARLAL NEHRU UNIVERSITY,
NEW DELHI, FOR THE PARTIAL FULFILMENT
FOR THE AWARD OF DEGREE OF
- MASTER OF PHILOSOPHY

JANUARY, 1979

APARNA DIXIT :
SCHOOL OF LIFE SCIENCES . -+’
JAWAHARLAL NEHRU UNIVERSITY
NEW DELHI-110067
INDIA



HEBRUERBRBUERAFESEERNERQEARAERBRBEBRERBE RS

DEDICATED
T 0
MY BELOVED

(LATE) BI TI A JI1J441

SABFRBRARREAR LB MR KAERPRERES
ERREELREIRLEFRRREELAEELERE WX

ﬂ'*ﬁ&&?QG*Q*#’QQQ*QQ*CQ*GGGQQQGQilﬁﬁiﬁii



PREFACE

The research work embodied in this theasis
has been cerried out in the Schocl of Life
Sciences, Jewsharlal Nehru University, New Delhi,
The work is original and has néf besn submitted
so far, in pert or full, for any other degree

and diplome of any University.

NNV >N wa Dt
(DR, A.R. RAG) {APARNA DIXIT)
SUPERVISOR o
— . N
DEAN -

 SCHOOL OF LIFE SCIENCES



1t gives me 2 great pleasure to express my deep sense
of gratitude to my esteemed supervisor, Dr. A.R. Reo,
Associets Professor, School of Life Sciences, Jawsharlal Nehru
- University, Now Delhi, for his cbhepant.help; k een interbstg
stimulating discussions and constructive criticism which led
to the successful completion of this piece of work.

I will be fajling in my duty if 1 do not owe my profound
and ainéazest thanks to Prof. P.N, Siiéaetava. Rector (Science),
JoN.U,, New Delhi for continued encouragement during the sntire |
course of work ond to Prof. Sivatosh Mobksrjea. ﬂcdn. School
of Life Sciences, J.N.U,, New Delhi, for providing necessary
facilities,

1 am really gr&taful to Dr.(Mre.) Nasjma Zsheer Baquer,
Associate Professor, School of Life Sciences, for her veluable
suggestions and help. ‘

It would be unfair on my part if 1 do not extend my
hsartiest thanks to Mrs., Sudha Rao for her affectionste
sncouraging attitude and spiritual support.

I owe my thenks to my friends especially Veena, Dr., Javed,
Lalit, Suhas, Aditya and Phadnis for their help and encouraging
ettitude. Thenks are also due to my lab. mates Manoheran,
Shahabuddin, Promod, Kale and £Elango for their cooperation
rendered to me., 1 thank Mr, S.K. Madanpotra for typing the
manuscript, Mr., R.N. Saini for preparing the photographs and
Mr. S. Rajan for his assistance in the laboratory.

_ Financial Assiatance as University Research fellowship
provided by Jawaharlal Nehru University, New Delhi, is
gratefully acknowledged.

(APARNA DIXIT)



EONTENTS

PREFACE wiennsnernseseneenssnces 1
A'cx‘mm.enasﬂsms......'.....-..-...u
INTRODUCTION ¢ veevsennnnsearnnsed
REVIEW OF LITERATURE..+seseenens
MATERIALS AND METHODS..cveovss 24
.RESULTS.c_-,_.-q"'lun-.‘..'.«....‘.u..o51’:
DISCUSSION. 4 vesnesesessessnnssoed
suﬂuaav.“....‘.‘....;......‘.n.v. 56

BIBLIOGRaP'ﬂYQQ?Q.‘Q.l'i._..‘..‘... 53



INTRODUCTION

It is well established now that several natural
and synthetic chamica;é are capable of inducing cancer in
‘man as well as in experimental animals. Those carcinogenic
chemicals which trigger neaplaatic transf&rmation in liver
cells are either reactive electrophils per se or get
converted metaboliéally into electrophils which interact
with and become covalently bound to important macromolecules.
Cartinégenic Polycyclic Arometic ﬁydzocaihéhs (PAH) first
undefge metabolic activation to epoxides in'a reaction
catalysed by the microsomal mixed function oxideses. These
.apoxidaa may produce phenols nanehzymaticaily or be hydteted
by eﬁaxide hydrase to transdihydrodiols eniymatically.
They'ﬁay'élso ba'cgnjugatad to reduced gluﬁathiane (GSH)
enzymatically as catalysed by ESHSfeﬁnxide téansfexase or
be complexed to macromnleculeg. such as DNA, RNA and proteins,
These éarﬁindgéns-the:eby alter the.ganetic and homeastatic
,;characteriatice of the cell and bring sbout changea in normal

,metabalaam.

N 7, 12~01methylbanz(a)anthxacana (DMBA), one of the
first pure substances to be shown to poaoaaa carcznoganic
activity (Kennawgy, 13303 Shgar. 1938), is a potent skin
;arcinugen‘and iavcapabla of producing itumor afte:'aingle

iptravannﬁs or intragestric dese in mammary glands (Huggins



ot 8., 1961; Shimkin et al,, 1967), lungs (Waters, 19663
waters and Roe, 1966), Overy (Jull gt al., 1968; Uematsu and
Higgins, 19689. It has elso produced leukemias (Uemstsu and
Huggins, 1968a,b) and tumors of zymbals gland (Heimann gt al,,’
1968; Shimkin gt 8l.,, 1967). DMBA reacts, in viva, with
nucleic acids and proteins (Brookes and Heidslberger, 1969;
Brookes and Lawley, 1964; Heidelbergerg1964)'and inhibits

the synthesis of DNA both in yvitro (Alfred, 1965; Alfred and -
DiPaclo, 1968) and 4n gigg>(denshn £t 81, 1963; Juhn and
Ptﬂdi. $1968; McCerter and Quastieg, 1962; Phiiipe &t QL;Q 1969;
Shimkin gt gl,, 1967; Uematsu and Huggins, 1968). General
body growth is also inhibited by potently carcinogenic
polycyclic aromatic hydrocarbens (Haddnﬁgg;‘glg. 1937), but

of even greater a;gnif1¢anca may be the cbservations that

ths action of polycyclic aramatic hydrocerbons like ﬁMBA are
particulerly directed, in yivp, against cell renewal systems
with high proliferative activity such as bone marrow, lymphoid
tinade and intestinsl epithelium (Cawein and Sydnor, 1966;
Philips gf al., 1969; Shubik and Porta, 1957). |

The cercinogenic actiéity of OMBA is not prominent
in resting liver in which proliferative activity and DNA
synthesis are minimal, However, Pound (1968) has ahnﬁn that
hepatomas sre indurced in gignificant numbers if the agent is
given to mice with regenerating livers. Such a result is

| consistent with the possibility that there is a casual



reletionship between susceptibility to tumor indﬁction and
interfersnce with nucleic scid synthesis in cell populations
‘'with high proliferative activity {(Jenson gt g};,'19633
Philips gt 8l., 1969).

Regenerating liver provides an opportunity to study
the contrel of celluler proliferation and has been proposed
es an experimental model for hepstoma (Bresnick, 1971). On
the other hand, regenerating liver continuee to carry out
hepatic function.,aftén at rates equivalent to or higher
then normal liver {Mutschler and Gorden, 19663 Henderson

~ and Kersten, 1970).

In regenerating liver, DNA synthesis is increased
but when DMBA is administered it reduced the DNA content
(Marquardt gt al,, 1970). It may bring some changes iﬁ the
catabolic enzymes e.g. acid ribonuclease (EC.3.1.4.22),
deoxyribonuclease I (£C.3.1.4.5) and acid phosphatase
(EC.3.1.3.2). Though most of the enzymes of regenerating
liver heve been studied, but the lyscsomal enzymes have
not yet been,extensiQer studied, With the expectation that
it might provide a relationship in liver, the present work
was undeztakén to study the effect of DMBA on certain

lysosomal enzymes in rapidly dividing hepatic cells.

" Effect of ascorbic acid on DNA, RNA and protein

aynthaéia have already been observed. Ascorbic acid helps



in collagen synthesis and enhences total protein content

of the tissue. But in yitgg studies have shown that it has
a bre;king action on DNA strend (Omura gt al., 1975).
Ascorbic acid might have an affect on these cetabolic enzymes,
i.e, nucleeses and phaapﬁataaae and thus might help in
preventing the tissue from the effects of any carcinaogen.
Ascorbic acid, since breaks UNA molecule, is considered to
be a preventor of severel infectious diseeses, but its
éffecta on-thssé lysosomal enzymes are not known., In the

. present study 8h attempt was made to examine the chenges in
specific activitiss of the above mantiéned lysosomal
enzymes in partially hepatectomized mouse liver trested

with DMBA and ascorbic acid.
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Larcinogenesis involves so many chaﬁges in the
physiological behaviou: as well as in the physical
appearance of the tissue. It is now known that during
carcinogenesis, changes in‘the genetic materinl i.e, DNA
occur. But the exact nature of carcinogenic tissue is

still a disputed question,

It has been shown thet initiation of chemical carcino-
genesis requires cell proliferation (Cayams g% sl., i9783
Warwick, 19713 Borek and Sachs, 1968). The carcinogenecity
-~ of a chemical is determined by the proliferative activity
of a tissue or organ at the time of treatment (Warwick,
1971). Cell reﬁlicatian has & drematic effect on the
response of cellé to toxic compounds. Thus while a
conpound may have no apparent effect on a non«dividing
cell, it may kill cell which are paasiﬁg through the cell
cycle {(Farber, 1972);

Eviﬂeﬁce for the relevence of cell replicetion in
carcinogenesis ceme initially from experiments involving
skin cancer. Bexenblum (1954) suggested that carcinogens
may induce dormant tumor cells which remain in a latent
state until an additicnsl stimulus causes them to grow to

form tumors.



Paitial hepatectomy of rats or mice is followed by
an initiel burst of rapid compensatory growth of the
remaining liver lobes. After the first two orx three rounde
of cell division, the frequency of mitosis decreeses and
returns to normal by two weeks after surgery. At this
time, the restoration of liver mass is essentislly complete .
{Bresnick, 1971). Regenerating liver provides an
opportunity to study the control of celluler proliferation
snd hes been proposed as an expsximeﬁtal model for necplasia

(Bresnick, 1971).

Several chemical ca:cinégens have bsen tried for
‘their ca:c;nggjpecxty by administering them in regenerating
liver, Cayama)‘i??B) hss given the supportive evidence
tﬁat several chemicals that normally do not cause liver
cancer in intact adult animals especially witﬁ a single
dose, become carcinogenic if administered as a single
injection after partisl hepatectomy. In these conditions,
it is thought that partial\héhétectomy may sasct during
initiétion, presumably by fixation of some carcinogen-

induced DNA damage through replication of altered DNA,

It is reported that carcinogenic activity of
7,12~Dimethylbenz{a)anthracens (DMBA) is not prominent
in reating liver in which proliferative activity end DNA

synthesis are minimal. However, Pound {(1968) has shown



that hepatomas are induced in significant numbers if the
agent is given to mice with regeneiating liver.‘vA ﬁumbet
of compounds which are non-carcinogenic for various

tissues when given to the adult anima;.‘wéte found tn"
inﬁuaa"ﬁ&patomas in mice when given by a single injection
saon affe: birth (Pietra 8t 2ls, 1961) as young animals
aie'élways with a higher mitotic index than sdult animals.
.Digthylnitrasamins»was one of]the first carcinogens to
Se'siudiad in this way. This compound was known to-
induce 1ivar celi cancer in réts when fed in the 6iat;uv
but a éingle trsatment of aﬁult rats induced only kidney
tumars, However, one injection given to newborn rats
caused a low incidence of liver cell cancer (Tgr:acini and
Magee, 1964), Similar results have beeﬁ obtained in
experiments ggth mice, althéugh mice are less suitable than
~rats for the éthdy of liver cancer, owing to the sccurance
of épaqt;naéué~1iver cell tumors, It was found thet @ single
tresetment of newborn mice with dimethylnitrosamine (DMN)
énd'diethylﬁigtnsamine'(Dﬁm) induced hasangioma,

| heamangiésa:éoma'and iiverlcell tumuis (Toth gt al., 1964;
Toth and Shubik, 1963; Gargus gf al., 1969), Dibutylnitro-
gamine, which induces bladder‘tuﬁats infadult mice, induces
liver tumoars but not bladder when given to newborn mice

(Wood et al,, 1970). Nitrosomethylurea induced liver



tumors in newborn miée but, surprisingly, not when given
to newborn rats (Terracini and Testa, 1970). Cycasin

~ is another carcinogen which probably acts in a similerxr
manner to DEN, as a similar alkylétihg intermediate is
probably formed by the two compounds (Kobpayashi and
Matsumoto, 1965; Shank and Mages, 1967; Negate and
Matsumoto, 1969). Cycesin induces liver cell cancer when
fed in the diet (Laqueur gt al., 1963; Laqueur and Spetz,
1968) but 2 single dose given to adult animals causes an
enlargement of liver cell tumors (Zéd?ck £t al., 1970).
In addition to the alkydating agents, discussed above,
many other compounds induce liver cell cancer after &

single treatment of neonatel animals,.

Some chamicals like Maleic Mydrazide, wéa not shown
to be carcinogenic in adult animals (Barnes gt al.,, 1957)
but does induce liver cell cancer in suckling mice (Epstein
2t a2l., 1967). P -propiolectone is a well known skin
carcinogen, but when given to suckling mice, it induces
liver cell cancer (Chernogemski and Warwick, 1970). Thise
difference in organotropy between adult and neonatal
animal is also seen with polycyclic aromatic hydrocarbons,

PAH (Roe and Waters, 1967) and with certein eromatic amines
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(Gorrod et 2l., 19683 Roe % al., 1969). Recently Pound
and McGuire (1977a,b) have shown that repeated pertisl
hepatectomy acts as a promoting stimulus for carcinogenic

response of liver to nitrosamines in rats and DEN in mice.

Thus, from all the abave reports, it is evident
_ that the regensrating liver and the tissue, which are
with a8 high proliferative activity as in newborn ai

suckling mice, are more sensitive to carcinogens than

resting cells,

1f liver cells while replicating are found to be
more sensitive to caercinogens, then what is the sxplanation
of this effect? Very probably a number of different
factor{s) are involved in different situations. In the
case of hepatocarcinogenic alkylating agents, it is possible
that @ base change in DNA is involved in the initiation of
the carcinocgenic process. In this case, the effect of cell
replication may be due to the occurance of DNA synthesis
while abnormal bases capable of mispairing are present in
‘the template molecules or to aberrant repair of DNA if
this takes place during S phase. An effect af'cﬁll
replication on viral induced tumors might be expleined
if enzymes which incorporate the genetic material of the
virus into the host genome are also those responsible for

DNA replication. Thus, the sensitivity of a regenerating
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tissue is affected by the effects of carcinogen on DNA
synthesis as well as on the enz&mes of nucleic ecid
metabolism., linder ceriain conditions, cercihogann'thamaslven
stimulate cell replication, so that prolifereting cells

are being affected even although the caercincgen was not
adﬁiﬁiatered to a system of replicating éeils. Alternatively,
under other circumstances, when replicating cells are treated
with a carcinogen, the cell cycle may be iapidly inhibited,
so that proliferating cells are not in fact being ected

on by the carcinogen for aé long as would otherwise have
been so. These sffacts of carcinogens on cell replication
have been studied by meking estimations of mitotic rate,

but hoie often by measurement of DNA synthesis, essayed

by incérpotation ot (3H) thymidine into acid insoluble

materisl,

Several investigations have bsen made to examine the
‘effect of different carcinogenson DNA synthesis es well as
on RNA., Rate of DNA synthesis has also been investigated
in tumors of different organs and it hes been found that
there are several chemical carcinogens which react with
DNA ip yivo, and inhibit de novo DNA synthesis,” In meny
cases the abnormal product fﬁ:med in the DNA is euciaud;
together with a section of DNA {Regan and Satinw, 1973).
Resynthesis of this *eroded' DNA, using thi complementary

BNA strand as a template is thought to be responsible for
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the unscheduled DA zeplicati&n which often occurs after
treatment of cells with carcinogens. One or more days efter
administration o? a catéinogen, thetg‘ia often an increase
in the rate of DNA synthesis. In the case of liver,

this is usually considered to be due to reganaratiah _
following necrosis. ﬁiffareﬁt carcinogens have affected
DNA synthesis variously. Gronow (1971) has shown that the
speeific activity of DNA decreases significantly in the
zaé liver during nsonatsl carcinogenesis induced by DMN
in 3 and 5 deys old animels. But the liver DNA of these
animals exhibited e 3~fold increase in the specific sctivity
over the controls at the post-weanling stage, Changes in
composition of rat liver chromatin fraction during
nitrosemine carcinogeneais have also Qean studied (Gronow
and Thackrab, 1974)., These workers observed that in the
cercinogen treated animals given ttitiated}thymidine, there
was again a 3~-fold increase in the specific activity of
DNA: Jsckeon and Irving (1973) have studied the effects
of 2~Acatylaminofléa:ane'(AAF) on liver cell proliferation
after partiasl hepatectomy of female rats and they found
that livers of mormal female rats wvere highly resistant

' fo the carcinogen while partial hepatectomy of female
animalis maintained on diet contsining 0.04% AAF disclosed

a ﬁérked hepatotoxicity which resulted in abnormal nodula:
rageneration. They have shown that the incorporation of

Thymidine~3ﬂ into DNA and the mitotic index were markedly
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“

" inhibited in liver of AAF treated animals fbllawing partisl
hepatsctomy., Similarly, the work with nitrosemine has
shown that hyperplesia occurs during carcinogenesis.

Rubin §1 als (1964) were among the first to consider the
roles of cell proliferation in hepatocarcinogenesis. They
found that administration of DEN led to the formation of
E.hyps:plastie nodules in . liver and adfnradiography after

the injection of tritiated thymidine showed an increase

in DNA synthesis in the nodules and in the carcinomes,
but not in the surrounding normal liver. Howsver, Guzzo
and Glazer (1976) heve found no effect of NeAcetoxy-2«AAF
and N~methyl—N:nittoaa-nitroguanidine on nuclear DNA
synthesis in the nuclei prepared from normal or regenerating
liver., But they did observe exogenous activated DNA

- preferentially stimulated S—methylcaﬂ'thymidina triphosphate

“incorporation in nuclei from regenerating liver,

Along with these chemicals, effect of Urethane on
DNA synthésia in regenerating rat liver has been studied,
.Hwang,gxggl* (1973) have shown that when Urethane was
giéan after 12 hr after partial hepatectomy the first uéve
of DNA was suppressed by 50-60%, while the second cycle
of DNA replication was essentially unaffected. |

In addition, PAH have also been studied in this
‘aspect. Tominaga gt gl (1970) have shown that the
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incnrpdratian of tritieted thymidine intc female mammary
gland Qas ssverely inhibifed et 6 hr and 1, 2 end 4 days
~after a single oral dose of 20 mg DMBA, A similar
inhibitaiy effect was observed in male rats although the
level of inhibition was less than in the female rats.

- Studies of Marquerdt and Philips (1970) aleo
indicate that DMBA inhibits the incorporation of DNA
precursoxs intoc DNA of tapidly'dividing liver cell., The
gelsctive and transient effaét of DRBA is closely similer
-to that of irradiation (Lahnert and Okada, 1966s8,b; Van
Lancker, 1960). Both agentes delay liver regenerstion in
- rats in sp fer as DNA synthesis end mitotic activity
are concernsd for about 24 hr without interfering
~with RNA synthesis or total protein content. The inter-
fersnce of DMBA with DNA synthesis ie not restricted
to éividibg liver cells; the inhibition has been
demonstreted in a wide veriety of proliferating tissue
Sp vitro (Alfred 1965, 1968) as well as jin yiyvp (Jensen,
1963; Juhn, 1965; McCarter and Quastler, 19623 Philips
£t ale, 1969; Shimkin gt ak., 1967; Uematsu end
Huggins, 1968).

Repoxrts on the effect of carcinogene on ribonucleic

- acid in regensrating liver as well as in normal tissue
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afé also there. Glazer (i9738,b) has shnun_that partial
hepatectomy results 1# a five to nine fold elevéfieq on
the incorporation of Drotic acid - S-°H into free and
membrsne bo#hd xibasomél RNA 18 hibafter nperatiﬁn. o
Treatment of animals with Urethane 6 he after operation
resulted in 50-55% inhibition of the incorporation of
labelled orotic acid into nuclear ribosomal RNA ahd.frca
ANA in partially hepatectomized rats but not in sham-
operated animals. Witschi (1973) have'siudied the‘effect
of DEN on RNA and Protein synthesis i% the liver and the
lung of the Syrian golden Hamster, He found that DEN
inhibitsd the incorporation of labelled orotic acid

into RNA in both the organs at early treatment and
increased 2-3 days later. Markov g% 8le (1975) havse
shown that partial hepatectomy caused a shaip tranaient
increase in the apecific radicactivity of the endogenous
low molecular weight precursors of RNA in the livers of
both normal and irradiétedlrata (Studies on the

14

incorporation of 6« [ orotic acid).

' Mechanism of the inhibition of nucleic scid synthesis
'by cercinogens is not yet known. - Severel investigations
have been made and it is proposed that increess in the
nucleic scid content during liver regensration and the
procees of carcinogenesis is because of the decrease in

catabolic enzymes, ribonuclease and deoxyribonucleaue
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(Baaust_and Amana, 1963, 19683 Farber, 1973) end vice
versa. kt present, authors are not aware of any such report
which_can p?ovide'e clear=-cut raiatiansﬁip betwaen the

- nucleic acids and the enzymes of nucleic acid metabolism

in carcincgenic tissuse.

Weber {1961) has given a general interpretation
about the enzyme levels in cancérst'tiaaue.‘}Accarding
to him, increesed enzymatic activity, as aabeyed under .
optimum §n uitro conditions, is likely to reflect the
pregence of an increased enzyma population of tissue.
Since snzymes are usually present in an excess in the
tissue, an increased snzyme concentration may be a valuable
in&ieatiﬂn of an increased stimulus or slsvation in

metebolic activity.

Both nuclesses snd polymerages have been studied in
regenerating liver and tumors induced by several chemical
‘carcinogens. Taper gt al, (1971) have shown that the
histochemical activities of alkaline and acid nucleases
~decrease considar;bly in focal areas and later in the
hyperplestic nodules, whereas the surrounding liver
parenchyma~demuﬁstratad normal activity of these enxymes
in the rat liver parenchyma during N-nitrosomorpholine
carcinogenesis. 1In the necrobiotic cells of those

malignant fumors a reappearance of nucleass activity was
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observed. He suggested that nuclease might be involved
in the protsction of genetic stability of normal cells
against traneforming nucleic acids. Daocust and Amano(1963}
have studied RNase and DNase in experimental and humen
tumors by histochemicel substrate film methcdvend reported
that the connective tissue stroma and the necrotic regions
of the tumor messes showed various levels of nuclease
activity, whereas the neoplastic cells showed no
demonstrable activity. It appears that deficiencies in
RNase and DNase activitiess represent general properties
of cancer cells.v These workers reported that losses of
RNase and DNase activities take place in rat liver during
azo-dye carcinogenesis, The logs of RNase éctivity is
progressive and occurs before parenchymal cells become
cancerous, whereas the loss of DNase activity is abrupt
and closely associeted with the neoplastic tresnsformstion
of parenchymsl cells., DNA polymerase has also been
extensively studied in relation to cancer. GOve g% ala
(1969) repoxrted that & correlation exists between DNA
synthesis and DNA polymerase activity partislly purified
from normal liver end from twelve types of hepaénmal. In
all these cases DNase actiQity with denatured DNA as
substrate was lower in tumors than in the livers of
normal rats. He, therefore, suggested that increased

DNA synthesis by these tumors is supported by a rise in
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key anabolic enzyme and a fall in catabolic enzyme; DMBA,
in nammary gland;!hawever. is found to enrich the activity
of DNA polymerase within 24 hr after the administration,
but thereafter it decreased to a low level hgtwésn 2 and

6 days (Tominage g4 8l., 1970). But DNA pulyﬁarase was
found to be ingensitive to Urethane treatment in normal
and regenerating liver (Hwang gt al,, i973)s Much reports
are there on RNase, Roth (1957) has shown that alkeline
ANese activity of mitnchmndria was depressad hy an average
of 50% du:iNQ the entire course of axparamant. Serum
alkaline RNase in the AAwaed animals was depressed to &
legser extent and there was a significant change in ecid
RNose sctivity. However, both enzymes incresse in the
primary tumor. Allsrd gt al. (1957) have reported that

- RNase activity wes similer in Dimethylsmincazobenzene (DAB)-
fed animals, liver tumors and regensrating liver. But in
cdntrast,vﬂéver’and Greco (1956) observed that acid as

well as alkaline RNase were higher in hepatoma ttansﬁlent-.
1t was observed that reletive concentration of acid
ribonuclease (RNase) was greater in the cytoplaemic
particulates of hepatoms as well as in DAB-induced tumor
than in normal liver., These authn:s hava éléa found that
when the edministration of 3-methy1~ﬂAB was followed by
‘partisl hepatectamy, acid. rabonucleasa waa increased,

while alkaline RNase asctivity was anaffectad. In the

earlier work on RNase in tumor tissue, Greenstein (1943)
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studied RNese in normal and neoplastic tissues compared
with cantiola. little change of éctivitijaa reported

in rat'hepatoma, but higher activities were observed in
mouse hepatoma than ih”normal mouse liver {Greenstein and
Thpmﬁaon. 1944). Cantero gt al. (1950) fed ﬂAB’in“ﬁ.OE%
Qoneentrétion'to”rats and found 8 considerable varistion
in Rﬂasavaativity. Tﬁera was an increase ¢o meximum at
90 deys followed by a progressive decrease to control
levels af $150 daja; Later.‘Lamiranqg &t a1, (1953)
indicated that the sbove change is probably accounted
for by an increase in the number of cells, the activity
per cell remaining constant. Agsin,Lsmirande end his
coworkers (1954a,b) observed that two RNase(s) as wsell
as an inhibitor for one of them (Lamirende 2% 2l.,, 1956)
are pragent in ret liver and these observations meke &
re-examination of RNase activity in precancerous and
cancerous state of interest. It is'paasiﬁla that

- considerable changes may occur in individuel components
of the RNase system during the feeding of cexcinogen, if
‘thess changes are in different direétiane, tﬁey might not
be detscted by dete?mining only the over all activity

of the cell,

Acid and alkaline phesphatases have also béan
affected by tumor initiastion by carcinegens. Not much

literature is available on this. DeDuve gt als, (1955)



and Lamirande et al, (1957) have reported that the
specific sctivity of acid phosphatase waa'uuchenged
in whole liver homogenate following pertial Bapatactdmy.
But in the liver of animals fed DAB, however, the acid.
phosphatass activity was decreased. When animels were
‘fed the stronger azodye carcinagén BgmethyI-DAB. acid
phosphatase was lower than that in the controls. In
mice bearing Ehrlich ascites tumors, alkaline phosphatacs
activity was increased by five fold in the liver and by
50% in the kidney (Kojima and Sakurada, 1976). In mice
bearing aoclid tumors, caused by inoculstion of tumor
cells into the axillary region, the activity of this
enzyme in the liver was increased by 11-fold, wherees
the activity in the kidney was unaltered: Serum
_phasphataaé activity was increased in bone tumors
as.alkaline phosphatase end acid phosphatese in
.cérciﬁnpa a?lthe prostate (Woodward, 1942, 1952).
vSim;lai results were obtained by Gutman and Gutman (1938)
‘that serum acid phosphatase sctivity is incressed in

patients with carcinome of the prostate with metastasis.

Effect of polycyclic aromatic hydrocerbons on
theae‘anzyma are not well studied, |
On the other hand, several investigations are in

~ the process to look for a remedy for canéex~and asveral
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' chemicals have been tried as an anticancer agent.
Ascorbic acid which has been used in the treatment of
cold, cough and several other infectious diseases, has
also been fou&d to prevent fumor growth (Chan and

Fong, 1977) by aminopyrene end nitrite in rats, These
workers have shown that messive doses of vitamin (
prqteciad rats ageinst liver tumor pxoductiaﬁ by
aminopyrene and Sodium Nitrite; but the protection
against lyng and kidhey tumor production was incomplete,
They propésed that the mechaniam of protection is in
part due to blockage of ig_xjxg nitrosation, Gréanblatt

(1973) haes shown that ascorbic acid blocks sminopyrene
nitrosetion in NZO/BY mice.

‘Mirvieh gt al, (1972) reported that the nitrosation
of several secondary and ti:tiéry amines is blocked
- An vitzo by the addition of ascorbic acid. fhay suggested
that this effect may be useful in preventing the production
of carcinogenic N-nitroso compounds when foods containing
@ high nitrite content are eaten with secondary or
tirtiary amines. Kamm gt al. (1973) have ébserved that
the crel treatment of rats with sscorbic acid {sodium sslt)
 in combination with Sodium Nitrite and aminopyrene
prevents the rise in serum alanine amino~trensfsrase

(EC.2.6.1.2) observed when nitrite and aminuﬁyrana are
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given alone. Ascorbic acid has protective effactg
against tumer growth, whnreaa‘dehydroascﬂrbié acid
exerts no protective effect. 1t is reported that
ascorbic acid inhibits the formation of gcarcinagenic

and hepstaotoxic N-nitrose compounds from nitrite and
nitrogen bases (Kamm st al,, 19753 Mirvish gt al,, 1972).
This inhibition that occurs in yiyp and ip xitro is
baliéved'tn involve the reduciive deactivation of
nitrite by sscorbate (Guttenplan, 19773 Mirvish £t al.,
1972). Ascorbic acid is also reported to protect against
the induction of bladder tumors in mice by
S—hydruxyanthranilic acid (Schlegal g&,g;;. 1970)

eand egainst skin tumor induction in mice by DMBA plus
croton oil (Shamburgex, 1972; Slage and Bracken, 1977).‘
Because these carcinocgens are believed to require
oxidative metebolism before exerting carcinogenic
effects, the mechanism of protection by ascorbic acid
wae suggested to involve the antioxidant property of
ascorbic acid. 1t was suggested by Guttenplan (1977)
that the mechanism of inhibition of microbisl mutagenesis
by two profound N-nitrosocompounds - DMN and 5‘77,/2"
N-methyl—winitraan-ﬂ-nitraguanidinn, involves the-l>€:?2
nucleophilic deactivation of electrophilic alkylatinéz
metabolites of N-nitrosc compounds by ascorbates, but
reductive deactivetion of the parent N-nitrosc éampoundl

wae not excluded. Magee and Barnes (1962) noted that the

TW-2A90
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site of tumor production following DMN administrstion

to the rats shifted from the liveia to the kidney as

the concentration of carcinogen increases in the diet,
Therefore, the complete sbsence of liver tumor in the
presence of kidney tumor production in the group animals
means that there must be some factor(s) operating other
than the redudtion or complete blockage of nitrosation

cf aminaﬁyrene by vitamin €, One uth#x factor may be
eltered iivar.metabolism following massive dosss of
ascorbic acid. Mclean and Mclean (1?69) cited exomple

in which altered liver functiocn affected chemicel hepatic
toxicity and cercinogenesis. They found that protein
deficiency protects the rat liver against hepatic toxicity
and carcinogenic influence of DMN. One other reascn

of this pratection of tumor growth byAesca:bic scid may
be its effects on nucleic scids and nucleic acid metabolism,
Omura gt al, (1975) has shown that ascorbic acid has a
breaking asction on nucleic acids, both DNA and RNA. 1t
was observed that ascorbic acid and its oxidised
ﬂntivatives caused pome retardation of the growth of
'Sarcnmaéiﬁﬂ implanted in mice and the Lawaring of the

viscosity of DNA solution,

On the other hend, Conney and Burns (1959) have

observed that the carcinogenic hydrocerbons sre potent
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stimuletors of L-ascorbic acid biosynthesis, These
campouhds are élso knawnlto be extremely potent in
inducing'tha synthesis of several liver microsomel
enzymes which metabolize foreign compounds, But how
does ascorbic acid affect the enzymes of nucleic and
metabolism in regensrating liver and in precancerous

and cencerous tissue is still to be known.
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MATERIALS__AND METHODS

gﬂ:ﬂﬂhﬁi
All the experiments were cénducted on random~bred

Swiss albino mice, about 2042 gm in weight and on avetﬁﬁa
of 10-12 weeks of ags. Animals were obtained from Diseasse
free Smell Animal Houss, Haryana Agricultural University,
Hissar, Indie. They were housed in;a;uminium cages with a
bedding of Paéﬂy-huak. They wers grouped in tins of six and
provided with Rat food {Hindusten Leverts Limited, India)

and water ad dibitym.

CHEMICALS s

7.1z-ﬁimethylbenz(a)ant&rahane {DMBA), Tnitan~n»106,'
Sucraose, Deoxyribonucleic Acid (DNA), Ribonucleic Acid (RNA),
p-Nitrophenyl Phosphate {(p~-NPP}, Bovine Serum Albumin (BSA)
wers obtainad from Sigma Chemical Company, U.S.A.

Tris-Salt Sodium Acetate, Acetic Acid, Scdium Citrate,
Citric Acid, Sodium Hydroxide, Sodium Carbonate, ﬁ&gnesium
Sulfate and Oxalic Acid were obtained from B.D.H., India,

Folin-Ciocelteau Reagent end Ascorbic Acid were

obtained from V.P. Chest Institute, Delhi, India.

Anassthatic Ether I.P. was obtained from Alembic
Lhemical Works CLo. Ltd., Beroda, India,
Autoclips {No., B-23%5-100 Wound Clips), used for

stitching the wound were obtained from Clay-Adams, U.S5.A,
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Mice were selectad at random to form 9 groups of

20 animals each as follows:

Group

Group
Group

Group

Group

Group

Group

Group

K

2t
3

4

Sz‘

63

s

Noxmal mice without any operation and
treatment.

Shamaﬂperethd enimals.

Partially hepatectomized animals.

Shaﬁ*ﬂperated animals treated with

ascorbic acid (dose: 50 mg per 0.3 md

" in 1.0% oxalic acid to each individual)

after twenty four hours of surgery.

Sham-Uperated animals tfaated with DMBA
(dose: 5 mg/0.1 ml olive 0il to each
individual) after twenty four hours of

‘Burgery.

Shanm=-Operated animals treated with DMBA

‘and ascorbic acid (doses as in group §

and group 4 respectively) in cgmbinatién

after twenty four hours of surgery.

Partially hepatectomized animels trsated

with ascorbic acid (same dose as in
group 4), | .
Partially hepatectomized animals treated

with-aD%éA;;l (saune  dose as in thUPjSSc
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Group 93 Partially hepatectomized animels treated
with ascorbic acid ( same dose as in
group 4) and DMBA ( same daeé as in group 5)
in combination after twenty four hours of

surgery.
 ascorbic acid was given by intramuscular route and

DMBA was administered by intragestric intubation,
All Sham-Operations and'ggrtial‘hepatactomiec were

performed between 10 a.m. to 11 a.m. Surgery was carried

out under antiseptic conditiens,

For Sham=Uperstion, median and left lateral liver
lobes were.delivered to the outside and allowed to slip back

into the body cavity,

Partiel hepatectomy was performed by using the
procadure of Higgins and Anderson (1931), but only a single
ligeture was used to evoid locsl tissue reaction. Ligation

and excision of the median and left latersl lobes of liver

canatituted sbout 50% partial hepatectomy., The incision

was about 1.0 -~ 1.5 em in length. After excision of the .

liver lobes, the musculaer layer was stitched with aurgiéél

thread and skin wound with autoclipsQ_‘

The operated animals were given post-cperative cere.
The animals of each group were sacrified by cervical
decapitation and subjected to liver enryme analysis at the

post-operation interyals of 5, 10 and 15 days.
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Hnmog&niaatieh and fractionation Qé?e catripé out
inside a cold room (temp. 33+2°C). Ten per cent iivét
homogenates (W/v) were ﬁrepared in a Potlar-ﬁlvahjam
hnmogaﬁieer for about 1 minuté in 0.25 M sucrose solution
prepared in B;i M Tria»buffer (pﬂ 7.4). The homagenate,
thus pcepared, was subjected to density gradient
' cantrifugatibn at 2500-3000 rpm in refrigerator =
tentrifuge for 10 minutes, Thé pellaf obtained was
suspended in the required volume of 0,25 M sucrose in
Tria-buffer (0.1 M3 pH 7.4) to obtain the final concen-
tration of 10%. Deaxy:ibbnucleesa.l (DNase) assey wes
done in this fraction. The supernetant was recentrifuged
at 15000 rpm for 10 minutes. The pellet obteined was
discarded and the supernstant obtained as a result of
~second centrifugation was recentrifuged at 15000 rpm for
10 minqﬁea; The supernatent was discarded and pellet was

suspended in the required volume of 0,25 M sucrose in

0.1 M Trie~buffer (pH 7.4) to obtain the final concentration

of 10%, In this fraction assay for acid phoaphatase and
acid ribonuclease (RNase) was carried out. For all the
three anzymbs,aaaay was dane after Triton-x-100 treatment

(0.05 ml of 10% Triton-x-100/ml of extract).
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PROCEDURE FOR ENZYME ASSAY:
The assay for each enzyme was done by spectrophoto-

metric method using Carl-Zeiss Spectrophotometer,

l4 ’ .
a) Acid ribonuclease assay was done by using the method

of Bergmeysr (1974); »Ae?ay‘mixtuté contained 1.5 ml of
RNA (substrate)/acetate buffer (D.1M, pH 5.0; 1 mg RNA/mi
of buffer), 1.4 ml of doubly distilled water end 0.1 ml of
eniyme extract, The cﬁvette containing the assay mixture
was allowed to run at scale sxpension twice to obtein e
base line and thes incrcase i# the optical donsity was
fellowed until there was no further incresss in optical
denaity (0.D.). :Tha 0.D. was measurad at 300 nm at room
temperature (Zéat)., The activity was expressed as units
per gm of tissue, Bne unit of activity being defined as
an increase in extinction of 0.001/minute under the assay

. condition,

b) Assay for Deoxyribonuclsese I (DNase) was done
using the method of Bergmeyer (t??é),l The aessay mixture
contained 2.5 ml substrate (DNA) in ecetete buffer (0.1 M,

~ pH 5.0; 40 ug DNA/ml, 5 mM MgSU,) end 0.1 ml of anzyme
extract. The cuvette cnntaiﬂing assay mixture was ellowsd
to run at scale expansion twice to obtain a base line and
an increase in the opéical density was followed until

there was no further increase in 0O.D. The 0.D. was measured

at 260 nm at room tempersture (25°C).‘



A unit of the enzyme 2ctivity was defined which
causes an increase in extinction of 0.001/minute under

the assay conditions,

c) Acid phosphatase {AcP) activity was measured by
the methad of Bergmeyer (1974). The assay mixture
centaznad 1.8 ml of 0.1 M citrate buffer (pH 5.6); 0.03 ml
of 0.6 M p-N;traphanyl Phosphate~Sodium Salt (Substrets)
A}and 0.02 ml df the enzyme extract. This was incubated

for 5 minutes at room temperatu:# and 2,0 m1l of 0.5 N

NaOH was added. The 0.D., was measured against blank st
405 nm, The.actiQity was expressed as u moles of
p»Nitrophéngl released per minute an& was measured by using

the following formulat

Activit , - . ,
p:r ;m y - OE x volume nf assay mixtuze x dilution
tissus e x Vol. af anzyme sample x incubation time
x light path
- or A

ex v X tx 1

where 8 = Extinction coefficisnt
ADE = Change in Extinction,

Specif:c actzv;ty of each enzyme was axpraased as units

per mg of pratezn.

BROTEIN ESTIMATION:
Protein was estimated by the method of Lowry gt al.
(1951)0
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Reagentss
| i) 2% Sodium Caébanate in 0.1 N NaOH,
ii) 1% Copper Sulfate .5“28. |

dii) 2% Sodium Tartarate,

Alkaline reagent was prepared by mixing 25 ml of

14

soln.(i); 0.5 w1 of Soln. (ii) and 0.5 ml of soln.(iii).

folianincalteau reagent was diluted with equel

amount of doubly distilled water immediately befors use,

Bovine Serum Albumin {BSA) was used as e standerd

for protein estimation,

. Ta 0.05 ml of sample, 0.45 ml of doubly distilled
water was added to make the volume 0.5 ml. This was
followed by the addition of 5.0 ml of Alkaline reagent.
The sclutien was allowed to stand for 5 minutes at room
temperature. Finelly 0.5 ml of diluted Fnlin-ﬂiocalteéu
reagent was added to the reaction mixture, The opticael
density was measured against blank (without protein sample)
at 660 nm efter 30 minutes of folin«Ciocalteau reagent |

addition,

P.Hy. = Partial Hepatectomy.



31

The obasrvatiuns‘fxom various treatmsnts are @s

g;ven belows

1o Effect of Sham-Uperstion on Aéid phosphatase, Acid
ribonuclease and Deoxyribonuclesse 1 activity in
nousg livert

The effact af Sham~§peratians on enzyme activities
wes stud&ed on 5th, 10th and 15th day after surgery. Date
prossnted {Tahlc 1) show: that acid phosphatess asctivity
is significently {(P<0.01) lowsr at all the throes P“Q?”w
operation intervals as cﬁmparad th. that of normal. _it wos
aloo cbserved that thers was a significaﬁt (P< 0.0t on Sth
. dey and 10th dey; P<0.05 on 15th day) increaas in acid
ribonucleoso (RNase) activity es compared to normel control
values (Table II). The deoxyribonuclease I (DNase) sctivity
remainad unaffectéﬂ on Sth day (Teble III). However, it
showed & aignificant {(P< 0,01) increass on 10th and 15§h day

aftexr surgery.

2. Chengea in Acid phosphetase, Rﬂaaé and DNase after
Pertial hepatectomy? ,

 Ths effect of P.Hy. on Acid phosphatsse, RNase and
ONuse was studied on S5th, 10th and 15th day after surgery.

Ths specific sctivity aof acid phosphatese showed &
“markedly aignifﬂaant (P<0.01) decrsase on the S5th dey, whereos
significant (P<0.,01) incresse was obseorved on 10th day me

compared to Shem-Uperated controls. Howevér. no change in
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the specific ectivity of the enzyme was cbssrved on the 15¢th °
dey of operation (Tables IV & Vil).

Tho spscific activity of Riiase wes not affected on
5th and 10th dey of opesation, but showed a significent
(P <0.01) increase on the 15th dey (Tables v & VIil).

| A aigni;ficant £hcreeae (P<0.01) in the specific
activity aof deoxyribonuclesse 1 {DNase} was observed on Sth
and 10th day. Howsver, there was e decrease (P 0.01) on
15¢h day after partiasl hepetectomy es compared to Sham-Upsrated
controls (Tobles VI & IX),

d Effect of Agcozbic Acid on Acid phosphatase, RANase
end DNese in Shem~Operated mouse liver:

- Specitic activityvof acid phbsphatasa was not affacted
in esmcorbic acid trested Sham-perated mice liver at any of
the thraé {Sth, 10th end 15th day of operation) intervels as

compared to that of control i.e. Shem~Upereted controls { Teble iV)

The specific activity of RNeae in the animala of thie
group remained unaffected on 5th end 10th day after surgery.
It, however, registersd o significent (P 0.01)3 v 2 fold)

- decxeanm on ths 15th day of aperétion (?gble V),

Specific activity of DNase enriched very significently
(P<0.013- 510 fold) by ascorbic acid trestment in Sheme

Opersted animaia on Sth dey after surgery. It, howevez,
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decresssd significdntly (P<0.01) on 10th dey end remained
unaffectad on the 15th day efter operation (Table V1),

4o Effect of Ascorbic acid on Acid phosphatese, RNase
and DNese in Pertially hepatectomized mouse liver:

The offact of escorbic acid on specific activities
of ecid phoephatase, RNase and DNase wos investigated in
partislly hepatectomized animels on Sth, 10th and 15th day

of operation,

Specific activity of acid phosphatase registercd o
significant (P< 0.01; 5 fold) increese on Sih deay in
ascorbic ecid treated enimals., It, however, deocreased
significantly (P <0.01) on 10th dsy after operation. Ascorbic
acid did not affect the specific activity of acid phasphatese
after 15th day of operation (Table VII).

In the animals of this group, there was o significent
increses (P 0,05 on Sth day end P 0.01 on 10th end 15th
day) in the specific acfivity of RNase at all the thrae
intervale. The effect of ascarbic acid on the specific
‘sctivity of RNaae increased with the increesse in the time
after surgery. The specific ectivity increesed by 1.3 fold;
2.6 fold and 5.8 fold an Sth, 10th and 15th days respectively
{ Table vili),

Ascorbic acid did not affect the dpecific activity of
DNaae in partially hepatectomized animals on the Sth doy
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after operastion., It, however, decreesed the specific activity
of the enzyms on 10th and 15th dey a fter operation (P< 0.0S)
(Table IX).

§.  Effect of DMBA on the specific activities of the
enzymes, studied in Sham-0perated mouse livers

Specific aétivity of acid phosphatase was not affected

by DRBA treatment on Sth day aftex operntiﬁn but it registered

e significant (P<0.01) increase over that of control

(Shom-Operated) on 10th and 15th deye of opsration (Teble 1V).

The DMBA treated animals, the specific activity of
RNege wag inhibited till the 10th day of operation., DIMBA
did not affect the fiNase ectivity on 15th day of operation
(Teble V), | |

The effect of LMBA on the specific activity of DNase
wes obaerved only an the 5th day of operation. It induced
w3 fold increesse (P<0.01) in the specific activity of
the enzyme (Table vI). |

6. Effect of IMBA on Acid phosphotase, RiNese and DNasge
in Pertially hepatectomized mouse livert

The effect of DMBA on the specific activity of acid
phosphatese was obaerved only on the 5th day of operation.
DMBA induced -5 fold (Pé'n.ﬁt).increaaa in the specific
activity of the enzyme over that of cantrol (Sham-npetafcd)

( Table VII ) .



DMBA was hct found to effect the specific sctivity
of RNass on the Sth dey and 10th day of surgery but it
induced 1.5 fold (P<0.01) increase over that of control

{ Shem=Operated) on t15th day of operetion (Teble VII1I).

It did not affect the specific activity of DNase
at eny of the three assay intervals (Table IX).

7. Combined tEffects of DMBA and Ascorbic Acid on
Acid phosphatese, RNase and [Nage in Sham-lperated
mouse livers

There was no effect of DMBA end ascorbic acid on
the spacific activity of acid phosphatase when used in
. combination on the Sth day of operation. Howsver, thers
was 2 significant increase in the specific activity of the
~ acid phosphatase on 10th (P< 0.01) end 15th (P< 0.05) days
after suzéary. when the two test chomicels wers administered
in comhinétian. Undexr the cempatable conditions asmcorbic
acid had no effect wherees DMBA induced & significant
(P< 0,01) increase on the specific sctivity of acid
phasphatese (Table 1V),

The specific ectivity of RNase registered a
significent (P< 0.01) decresse over that of control on
' Sth, 10th and 15th dey of operation, whsn the two test

chemicals were administered in combination (Teble V).

The specific activity of DNage registerxred -~ 4,5 fold

increase over that of sham control on Sth dey of operation
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in animals trasted with DMBA and escorbic acid in
combinetion. There wes, howsver, no effect on the specific
- activity of DNase on the 10th and 15th days of operation

when those two were administered in combinstion {Table VI).

8. Effect of DMBA and Ascorbic Acid in combination on
Acid phosphatase, RNase and DNase in Partially
hepetectomized mouse liver:

When DMBA was adminiatered in combination with
ascorbic ecid.-the specific activity of acid phosphatass
increased significently (P< 0.01; P< 0.05 and'Ps 0.01 on
Sth, 10th and 15th day of operstion respectively) in
partially hepatectomized animels (Table ViI),

There was a significent (P< 0.01) increase in the
specific activity of RNase at ell the three intervels when
DMBA and ascorbic. acid were administered in combinetion
( Table VIII). |

In pertieliy hepatectomized enimala..givan a combined
. treatment of DMBA and escorbic acid.'the specific activity
of DNese registered & significant decrease 6n Sth day

(P <0,01) and 10th dey (P5 0.05) of operation. Surprisingly,
on 15th day the specific,activity increased significantly
(P<0.01) by \6 fold (Table IX).



,~,fABLE I:

Effect of Sham-Operation on specific activity of Acid Phosphatase(AcP)
in mouse liver. Specific activity is expressed as Mean % S5.E. for
“livers from six mice. ' ' '

Time(in days)

after: . 5 - A 10 | 3 L
operation Units of Units of o Onits of
Activity per Specific = Activity per Specific Activity per Specific
Gxoup‘ gm tissue Activity gm tissue Activity ’gmrtiasuc 7 Activity
1. NORMAL 2.9140.384 0.043+0.0069
OPERATION 0.21520.0356 0.01640.003* 0,3720.07 0.0064+.0009* 0.65320.076 0.010240.0014

* Significantly different from unoperated group at P< 0.01.

LE



TABLE Il:s Effect of Sham-Uperation on specific activity of Acid Ribonuclease .
(Rﬂaas).in mouse liver., Numbers represent Mean & S.E. for livers
from 6 mice in each case,

Time(in days)

aftexr , 5 : 10 ‘ 15,‘ .
operation Units of _ Units of o “Units of _ ¢
‘ Activity per  Specific Activity per Specific Activity psr ‘Specifie
Group gm tissus Activity gm tissue Activity gm tissue Activity
1. NORMAL ’ 6.50+101.03 9.6+1.43
2. SHAM- ' ‘ S " o
OPERATION - 30354463.35 45,.7248.13% 16222296.4 27.7843.23% 818.33431.83 14.6321.36%*

* Significantly different from unnperated group at P < 0.01,

## Significantly different from unoperated group at P< 0.0S5,

g€



TABLE III:

Effect of Sham-~Uperation. on specific activity of

Deoxyribonuclsase I (DNase) in mouse liver. Specific activity

is given as Mean i S.E. for livers from 6 mice in each case.

Time(in days)

after 5 , 10 o 15
operation - Upits of v Units of - - Units of ,

Activity per Specific Activity per Specific Activity per Specific
Group gm . tissue Activity . gm tissue Activity . gn tissue Activity
1. NORMAL 4033.31546.7  86.19£10.7
2. SHAM - ; ‘ - o

OPERATION 33134243.13 99.0834.86 2015021023 257.66312.44* 1637921279 257.22247.76
* Signhificantly different from normal control at P 0,01,
(Ib)



TABLE

. Mean ¢ S.E. for livers from 6 mice in sach case,

IV: Effect of DMBA and Ascorbic acid treatment on spscific activity of
Acid Phosphatase in Sham-Uperated mouse liver,

The numbers represent

Time{in days)

after — 5 , 10 15
opaeration Units of Units of Units of -
. Activity per Specific Activity per Specific ~ Activity pex Specific
Group gm tissue Activity. - gm tissue Activity gn tissue Activity
1. SHAM- L ' | . ‘
OPERATION 0.21920.036 '0.01620.003 0.3720.07 0.006440.0009 0.6530.076 8.01024.001
2. SHAM- | - / o
- GPERATION _ _
AND ASCORBIC ‘ ‘ T
.ACID 0.36520.054 0.0108+40.003 0.5120.002 0.00840.002 0.4440.082 0.00764.0016
3. SHAM- | - |
OPERATION v v
"AND DMBA 1.01310.035  0.02330.005 1.8740.26 0.02840.0028* 1,24+0.123 0.03 :0.002%
-4, SHAM- | |
OPERATION, _
ASCORBIC ACID ’ _ o : aw
AND DMBA 0.63510.031 0.012440.002 1.4920.0023 © 0.025530.0023* 0.859520.13 0.015640.002

* Significantly different from Sham-opersted control at P < 0.01.

*WISignificantly differsnt from Sham-operated control at P< 0.05.

ob




TABLE Vi Effect of DMBA a;d Ascorbic Acid Treatment on Specific Activity of
' 'Aéip Ribonuclease in Sham-Opersted mouse liver. Specific activity is
expressed as Mean i S.E. for livers from 6 mice in each case. -

Time(in days)

after S 7 : : 0 15

operation  Units of o - Units of - E - : . Units of _

: Activity per Specific Activity per Specific Aetivity per Specific
Group B , gm‘tissua 7 Activity g tissue Activity gm tissue Activity
1. SHAM- | | o - o IR ,

OPERATION 30354463.35 45.7228.13 16224296.45 27.7843.23 818.33431.83 14.6321.36
2. SHAM= '

OPERATION AND : : , . o _ o

ASCORBIC ACID 2451.662377.77 37.7615.38 10054152, 29 21.42+2.6 © = 515326.29 " T.6320,79*
3. SHAH"' o .

OPERATION : ‘ g

AND DMBA 13454149.64 25.82¢1.67** 858.34108.99 16.2621.66" 14554183.37 20.4242.62

OPERATION, .

ASCORBIC ACID .

AND DMBA 858.3£113 25.,2144.17T% 1443,334253.4 17.1421.41* 443,.3+59.04 6.5640.845*%

* Significantly different from Sham-operated control at P 0.01,
#* Significantly different from Sham-opsrated control at P< 0,05,

1b
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TABLE Vi Effecf of DMBA and Agscorbic Acid on Deoxyribemnuclease 1 specific
"activity in Sham-Operated mouse liver. The numbers represent

Mean + S.E. for livers from 6 mice in each case.

Time(in days) L DRSO A

after _ 5 ’ . - ) 10 , 15
opexation Units of ~Units of Units of

‘ Activity per Specific Activity per Specific Activity per Specific
Group gm tissue Activity gm tiasqa ‘Activity gm tissue - Activity
1. SHAM=- . -

OPERATION _3313;?43.13 79.08+4.86 2015021023 25T7.66212.44 16379¢1Q31279 _257¢2¢47.76
2. SHAM- | - : -

OPERATION AND - ' :

ASCORBIC ACID 1450841722 371.74243.74 13?98.3;}663 192.06+13.86* 13245;}224,7 174.78413.8
3. SHAM- I

OPERATION - _

AND DMBA 13441.61922 261.39319.35 1828542430 247.0%24.47 12750+1814.5 234.5429.96
4., SHAM=

DPERATION,

ASCORBIC ACID ‘ o

AND DMBA 1512521586 '354429.41* 139584916.7 229.16:21.89 10603941 199.7+17.51

* Significantly different from Sham-opsratced control at P < 0.01,

A



0.04440.0087%* 1.67+0.244

TABLE VIl: Effect of Ascorbic Acid and DMBA on specific activity of Acid
Phosphatase in Partially Hepatectomized mouse liver. Specific
Activity is expressed as Mean & S.E. for livers from 6 mice in -
“each case, | ' ' :
Time(in days) -
after 5 S 10 - 15
gperation Units of Units of o Units of
Activity perx Specific Activity per Specific Activity per Specific
Eruup gm tissue Activity gn tissguc Activity gm tissue Activity
1. PARTIAL R L . | | o
. HEPATECTOMY 0.9140.22 0.007:0.00% 1.11220.139 08.023x0.0027 1.4640.243 0.0156%.003
2. PARTIAL | | -
. HEPATECTONY _ : , . v
AND ASCORBIC ' . _ : _
- ACID . 2.8430.289 0.035210.004 0.6310.065 0.0085+0.002*% 1.11320.142 0.01432.002¢
3. PARTIAL ) . o
HEPATECTOMY - | ' | A |
AND DMBA 0.67530.059 n.aasa;n.ans% 1.06610.126 0.02840.0028 0.74420.081 0.01210.002
4, PARTIAL |
HEPATECTONY, _ _ “
- ASCORBIC ACID _ o )
AND DMBA 1.0520.114 0.02740.005* 1.0240.084 D.0616x.008*

* Significantly different from Partielly Hepatectomized group at P< 0.01,
*# Significantly different from Partially Hepatectomized group at P< 0.05.

eb



TABLE VIII: Effect of Ascorbic scid and DMBA on specific activity of Acid
' Ribonucleass in‘Pattiaily Hepatectomized mouse liver, The Vumbers
represent Mean i S.E. for livers from 6 mice in esch cass.

Time(in days) = 5

10 15

after , e, : ; — — : o
operation Upnits of i tinits of- Units of
3 - Activity per  Specific Activity per . Specific Activity per Specific
Grqup. o - gm tisspa ‘ Activity - gm tissue R Activityr gm tissue Activity‘_
1. PARTIAL . , , | S : | | |
HEPATECTONMY 2055£103.8 32.0341.64 10002125.6 28.2442.15 1366.61136.8 21.2641.689
2. PARTIAL . | - " |
HEPATECTOMY AND | . . |
ASCORBIC ACID 2513.11247 - 42.2324.25 36502359.39 72.28245.1% 4750.83376.5 $22.345.75%
3. PARTIAL ’ | | | |
HEPATECTOMY | o | | ,
AND DHBA ~ 2762.54359.2  30.9435.11 1341.62212.89  25.8443.23 2233.3455.27 _32.6(3&.93*
4. PARTIAL | o |
HEPATECTOMY,
ASCORBIC ACID » - .
AND DMBA 33688.34370.97 15t.6114.22 22504381.8 104,.7846.67%49504234.5 136.827.11*

* Significantly different from Parxrtially Hepatectomized group at P < 0.01.
## Significantly different from Partially Hepatectomized group at P < 0,05,

b



TABLE 1IX:

Effect of DMBA and Ascorbic Acid on specific activity of Baoa&riﬁonuclaasé.tﬂ

in partially Hepatectomized mouse liver. Numbers xepresent Mean g S.E. for

livers from 6 mice in- sach case, -

Time{in days)

after 5 .. L
operation Units of - 7 "Units of : ~ ‘Units of
Activity per Specific Activity per - Specific Activity per ~ Specific
ﬁrpup "gm tissues Activity gn tissue - Activity gn tissue 7 Activity
1. PARTIAL | : |
HEPATECTOMY $1738.321082 270.34421.40 2258042908 480.79+29.39 48302337.8 76.4249.06
2. PARTIAL - | o
HEPATECTOMY & ' ' ‘
ASCORBIC ACID 13911.64£1671.2 257.T222.4 1636741444.4 391430.75%* 5225+678.0 42.019.98%%
3. PARTIAL . _ _ ' B
HEPATELCTOMY ,
AND DMBA 19083.321000  291.26+14.38 2165041407.5 431229.66  3%08,.3%2808 35.49%9.79
‘4. PARTIAL |
HEPATELTOHY,
ASCORBIC ACID ' _ } _ -
AND DHMBA 33924491.83 104115.42* 1280041261.28 393+24.16%% 1918312096.8 4534+30.47%
* Signiéﬁcantly di fferent from Partiaslly ﬂepaiectdmiggdug:bup‘at B 0.0t
#® Significantly diffsrent from Partially Hepatectomizedvgnuup at P< 0,05,
NS
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~ DISCUSSION

Several #tudiea have already.baan donelan enzyme
profiles in regana:ating,‘precance:nua and bancarnus
xivarQV Acid pbaéphataaa. ANage éﬂd DNese i, in spite
ef'baing imgortent enzymes of nucleic acid matabolism,
have not been ?xtensiva&y studied, | |

The present study reveals that in partially
hepatectomized mouse liver, specific activity of.aeid
phﬁephataae ie decreased on 5th day but an increase is
observed on 10th day. Later on the activity is uneffected
es compared to Sham=controls (Tables *V and VII1). Similar
results were reported in regenerating rat liver (Fiszer-
Szafarz and Nadal, 1977) and in actively graﬁing hepatoma
(Fiszer~5zafarz and Szafarz, f9731.' However, there are |
some reports that thers is no change in the specific

ractivity of acid phosphatase in whole liver homogenates
(DeDuve gt 2l., 1955; Lamirande gt 8l., 1957). The
changes in iha specific activity of the enzyma can be
explained through'the changes in the organelles of the
cell during subsequent stages. In regenerating livet;'
the dividing>calls; probably, :enrganizé'thgir structure,
one aspect of which is an inb:aase in the activity of
the lysosomal enzymes responsible for a:gaﬁelle

degradation and’of constituents not involved in divieion,



47

These enzymes are then gradually used up and are not
renawed,. This phencomenon would then be direct cause
of the loss.éf lysosomes before mitosis :a@e:ted to a
low level by 5th day. Later on reconstitution of cell
organelle takes place@aﬁd it is reflected in the
increased lysosomal ectivity measured between S5th and
10th day after partial hepatectomy. An incrﬁase in the
lysosomal enzyme activitiee in cultured e¢slls, reaching
the stage of contsct inhibition, was also ocbserved by

Horvat and Acs (1974),

- Data prasented.in Tables V1 and IX show an incresse
in the specific sctivity of DNase in partislly hepata;to-
mized mouse liver. This increase might be due to on
increase in the cell population and showing & higher
 rate of metabolism. Wheress the dacrsase at the later

intervals might be becsuse of feed back inhibition.

The specific activity‘af ribonuclssse remains
unaffected at sarlier intervels, but an increase is
observed on later interval in partially hepatectomized
mouse liver (TablesV and VI1l)., Glazer {1973a,b) has
shown that there is an increase in the RNA synthesis in
_partially hepatectomized rat liver. The incresse in RANA
synthesis might be due to sn increase in the activity of
RNA polymerase and not because of change in the levels

of RNase,
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Teble IV and Fig. 1 show the effsct of ascorbic
ecid and DMBA on acid phosphatass activity in sham~operasted
control méuse liver, It reveals thet ascorbic acid ie not
affecting the enzyme activity es compared to sham-cantrol.
- But DMBA causes an increass in the specific activity at
later intervels. These two test chemicsels, in combination,
shaﬁ similar effect on specific Qctivity of ecid phoephatase
as in bﬁBA treated sham-control. Here we see that eecorbic
acid is‘not having eny effect on the specific activity of
acid phosphatase. Ascorbic acid, thus, is not sble to
inhibit the action of DMBA on acid phosphatase specific
activity.

In partially hepatectomized eanimals these two
chemicals have entirely different effecte on the specific
activity of acid phosphatagse as c&mpared to sham-operated
control treeted with DMBA and ascorbic acid (Teble V§ Fige.2).
Mere ascorbic acid is found to increase the épecific-
ectivity of scid phosphatess. This indicates that en .
increase in the catabolic enzyme might help in ths
prevéntion of neoplastic trensformation. Qur déta shaw
that DMBA has also increased the specific activity of the
enzyme at earlier intervels, Similar results were obtained
in.the solid tumér developed by inoculated tumor cells in

axillary region (Kojima and Sakurade, 1976) end in the
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carcinoma of the prostate (Woodward, 1942, 19523 Guimen and
Gutman, 1938). Howovei. when these two test chemicals wers
givennin combination, they have increased ths apagific,
activity“cf scid pﬁosabataae as compared to that of
partially hepatéctomizad mouse liver, at all the three
intervals. The inctease in the specific activity on 15th
day appears to be a synergistic effect of these two
chemicals but at other two intervals again DMBA and
ascé:bic acid are shewing‘independant effactsvan the
specific activi?y of.acid phosphatases in partially

hepatectcmized mouse liver also.

-Specific activity of acid ribonuclease in sham-
operated mouse liver has shown various levels of activity
whan treated with escorbic acid end DMBA (Table V and Fig.3).
' Ascaxbic-acid doss not affect the specific activity of |
RNase at earlier intervals but a decrease is observed on
1Sth day of surgery. However, DMBA has shawn a decline in
the specific activity at earlier intervals but the spscific
activity of enzyme shows no variation aﬁ 15th day; This
decline is consistent with the increased RNA aynthésia,

{ Daoust and Amano, 1963, 1968 énd Ferber, 1973) in animals
t:éated with different chemicals. Tapexr g; 8ls (1971) have
elso observed a decline in the level af acid nuclease in

rat liver during N-Nitrosomorpholine carcinogenesis.

Similer results were obtained in animals fed Acetylamino-
fluorene in rat 1ivé; during azodye carcinogeneeis (Roth, 1957)

\
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in experimental and human tumors {Deoust and Amano, 1963).
On 15th day, it is paesibla that considerablé‘changea
might occur in individual components of RNaéa system -
during the faedingzgarcinogen. 1f these changes.ata in
different directions, thesy might not be detectsd by
datazmining only the oversll activity of thes enzyme es

,h;s,bean doné in the present study.

A combined treatmsnt of the two test chemicals shows
o fall in the gpscific é¢tiv1ty;af ribonuclease in shame~
opersted enimals, egain showing that escorbic scid and
ﬁHBA are acting indepéndeﬁtly oh acid ribonuclease, The
‘decrease on 5th and 10th dey is similer to DMBA effects
when given slone while on 15th day the fell in the
specific activity is similar to the sscorbic acid effect

when administered alone,

In partially hepatectomized animals, aacaibic aéid
induces an increase in the specific sctivity of_RNaaa'at
all the three inta:valﬁ (Table VIII, Fige 4). This
induction of enzyme by ascorbic acid can be correlated
with the reports of Omura g% gl, (1975) thet ascorbic acid
decompoess nucleic acids, This hraéking of nucleic acid
molecule i.e, RNA might be because of tha induction of
catabolic enzymeeribonuclease by ascorbic acid. On the
other hand DMBA has not affected the lavels of ribonuclease

at sarlier intervals hut an inc:eaée is observed on 15th
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day after partial hepatectaﬁy ( Table VII1, Fig. 4).
Similer results wo:e:nbtainaé in the experiments with
cytbplesmié paxticuleiea of hepatoma transplants {Maver
and Greco, 1956) and with neopléstic tissue (Greenstein,
1943; Graenataﬁn'and Thompson; 1944). Our data is alse
cansistent with the reports of Cantero g% al, (1950),
Daoust and Cantero (1950); and Lamirande g&,g}; {1953),
According to these workers, the increass in the specific
activity of ribonucleage in the animels at later intervals
may probably be sccounted for by an incresse in ths

numbexr of cells, the activity per cell remaining constant,

A combined trestment of these two test chemicals
when given to partially hepatectomized animals, the specific
sctivity of RNase is incressed during the entire course of
experiment, This result agaiﬁ confirms that ascorbic acid
and DMBA are acting independently on the enzyme level,

The increase in the spoecific activity of fNase on 15th
day is almost equal to the total increase in the sgpecific
activity csused by these two test chemicals when given »

separately,

The data in Tgble VI (Fig. 5) show the affects of
these two test chemicals on the levels of DNase I in
sham-opersted mouse liver, It is observed that ascorbic
acid enriches the specific aciivity of the enzyme at egriiex

intervols, Jdmura gt al, (1975) have reported that ascorbic
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acid btaaks DNA molecule. This breaking action of
ascorbic acid, thus, can be explained by the 6baarvati§nl
in fha present study that it increases DNase 1 levclland
thus decreases the DNA content. Howsver, later on, a

 decline in the specific activity of DNase I is abserved.

DMBA, in gham-controls, hae incraasad the esctivity
only at earlier intervaia (Sth.day). Marquardt and
Philips {1970) have roported that DMBA decreases the
total DNA contente. Similar repdrta have been given using
other carcinogens like DMN (Gronow, 1971)I,Nitrasaﬁine
( Gronow, and Thakrab, 1974); and 1.2~Dimethylhydtaziﬁav
(Brambilla gt al., 1978). This decrease in DNA content
is proposed to be dues to interaction of carcinogen with
DNA molscule. It may also be due to the incrssse in the
spscific sctivity of DNase 1 by the carcinugen'es

observed in the present studies,

However, these two test chemicals when administered
in combination to sham controls, a rise in the specific
activity of DNase 1 is aobserved only on Sth day. In thie
group, we see that decrease in the spacific ectivity of

“the enzyme, caused by sscorbic acid on later intervels, -
. has been nullified by DMBA., Here, the effects of DMBA

are more prominent,
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In partielly hepatectomised animeia, DMBA and
ascorbic acid affect the levels of DNese I in an entirely
different manner from sham~controls (Table IX, Fig. 6).
Ascorbic acid is not affecting DNase at earlier interval
but a fall in the specific activity of the enzyme is
observed on 10th and 15th day of operation. This might
- be due to & &ecreesa in the cell popula?ﬁon because of
local tissue reaction which has occured already and elmso
might be due to the induction of some inhibitory factors
in the tissus. Hawevet.,it is obsexved that DMBA does not
alter the specific activity of DNese I at any of the
three intervals, It is reported tﬁat by Sth day of
operation, the mitotic activity almost comes to normal
level and hence afterwards there would not be ahy change
in the genetic material DNA a;d concerned snzyme system,
Similax reports have come using Urethane in rat liver
(Hwang g4 ales 1973). These invast?gators have shown
that Urethene suppressad the first wave of DNA replication

while later DNA replication was sssentially unaffected.

A cumbinedvffeatment of the two test. chemicels to
partislly hepatectomized animels causes a2 decline in the
‘specific activity of DNase I at earlier intervals but
surprigingly it is raised significently on 15th day. The
fall in the specific activity on Sth day appsers to be a
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synergistic effect of the two test chemicals. 0n 10th
day, the decréesa might be because of ascorbic.scid which
is found to decline the specific activity of DNase I when
given alone, | |

-On the ﬁasis‘of our results concerning the
getivities of the lysosomal enzymes in mouse liver treated
with ascorbic acid and DMBA, it is very difficult to
investigate the ceuse with respect to the degree of the
- effects brought about by the two chemicels and with ths
‘:'preaént literature availeble, any concluding remark
v':éﬁnat be given, yet there are certain possible machanisms
through which the changes of enzymstic activities in |
treated mouse liver can be explainad:
- ‘Tﬁa increased enzymatic.activitylis likely to reflect
the praéance of an increased enzyme population of the
”tissue.. Siﬁcé.enzymés are usually present in an excess
in the tiasée. #n increased enzymes level mey be a valueble
indicétinn:nf»a stimulated or slevated mgtabalic activity
by the treetment. | |
= The increase in the enzyme levels in partielly
hepotectomized animal may probably be due to an increase

in the cell population,

=«  The changes in the enzyme activities may be bacause of

the changes in the rate of synthesis or enzyme catabolism,
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= The changes in the enzyme levels can also be explained °

through dniyme g:éna;ncatian from one organ to ancther,

- The changes in the snzymatic activity maywaiio be
dus to the changes in the levels of inhibitors or

activators because of the trsatment,
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SUMMARY,

1. In sham-operated mouse liver, ascorbic acid has
no effect on acid pHGSpﬁataSa. 1t shows a decresss in
the specific activity of RNase at later intervals,

wherses DNaes specific activity is enriched at earlier

intervals,

24 In pértially hepatectomized mouse liver, ascorbic
acid is found to increase the gpecific activity of acid
phosphatase at sarlier intervals. The specific activity
of both the nuclsases - BNase and DNase - is.glsn enriched
and thus, can be carrelated}with the breaking action of

ascorbic acid on nucleic scids,

}3, .- DMBA, in shémacperated mouse liver, increases
the specific activity of acid phosphatase at latex
intervals only. It inhibits RNase., However, it hes
been found to increase the specific activity of DNase

~only on S5th day of operation,

4, In partially hepatectomized mouse liver, DMBA
increases tﬁo specific activity of acid phosphatase at
sarlier interval (5th day) and of RNase at later
intervals, However, it does not alter the specific

activity of DNase at any of the thres intervals.
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S, Agscorbic acid aﬂ& DMBA, when giveﬁ iﬂ combination
to beth 9hém~ape:ated as well as partielly hepatéé%amized
animals, show independent effects on the apecific :
activities of bath acid phnsé)hatasa and RNase, Hawever,
on the specific activity of DNase, the effects of DMBA
‘are more prominent, It is, tharefaie, cleaxr that
'asco:bic acid does not prevent tumor growth by affacting

 the lysosomal enzymes studied,
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