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JNTRQDUCTIQN 

It is well established now that several natural 

and synthetic chemicals &J:'e c'apable of' inducing cancer in 

man as well as in experimental animals. Thoae carcinogenic 

chemicals which trigger neoplastic transfoxamation in liver 

cells are either reactive electrophils per ee or get 

conve~ted metabolically into electrophils which interact 

with and become covalently bound to important macromolecules. 

Carcinogenic Polycyclic- Arometit: Hydrocarbons (PAH) first 

undergo metabolic activation to epoxides in a reac,tion 

catalyeed by the microsomal mixed funct.ion oxidesea. These 

epoxides may pr~duce phenols nonerizymatically or bf hydrated 

by epoxide hydrase to transdihydrodiols enzymatically. 

They may ~l•o be 'conjugated to reduced glutathione (GSH) 

enzymatically as catalysed by GSHS-epoxide t:ansf'e~aae or 

be comple)(ed to macromolect.•les, such as DNA• RNA and proteins. 

These carcinogens thereby alter the genetic and homeostatic 

-characteristics of the cell and bring about changes in normal 

, metabolism. 

7 ;12•Dimethylbenz( a)anthracene (DMBA-) ,· one of the 

first pur• substances to be aho~n to poaeeea carcinogenic 

activity (K'ennaway, 19.301 Shear, 1938), ia e potent akin 

carcinogen and·is capable of producing tumor after single 

i n·travenoua or intra gastric dose in mammary glenda (Huggina 
- -
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U. JlL.e 196t; Shimkin .U. J1L., 1967) • lungs ( WateJ:a, 196th • 

Watel'e end Roe, 1966) • ovary (Jull a11!l.a.t 19681 Uemat8U and 

Higgins, 1 96&t. It haa elsa produced leukemiaa (Uernetau and 

Huggins, 1968a,b) and tumors of zymbala gland (Heimann .1.1.11..1 ' 

1968; Shimkin ~ .... 1967). DMBA reacts, in~. with 

nucleic acids and proteins (Brookes and Heidelberger, 1969a 

Brookes and Lawley, 1964a Heidelberger, 1964) and inhibits 

the eynthes.ia of DNA both JJl xitrg ( Al f'red, 19651 Alfred end 

DiPaolo, 1968) and JJ.llt.ixa (Jenson .a1 AL..t 1963; Juhn and 
1 

P.rodi, 1965; Mcte:rter and Queetlez::, t962J Philipa .11 AlL• 1969t 

Shimkin &1 Ala.. 1967J Uematsu and Huggins, 1968). General 

body powth is also inhibited by potently carcinogenic 

polycyclic aromatic hydrocarbons (Haddow· .1.1 .I.L.,, 1937) 1 but 

of even greeter eigni fic:ance may be the observations that 

the action of polycyclic aromatic hydrocarbons like DMBA are 

particularly directed, in yiyQ, against cell renewal syatema 

with high. proliferative activity such ae bone marrow, lymphoid 

tioaue and intestinal epithelium (Cawein and Sydnor, 196Ba 

Philips ..U. .a1a... 1969; Shubik and Porta, 1957). 

The carcinogenic activity of DMBA ia not prominent 

in resting liver in which proliferative activity and DNA 

synthesis are minimal. However, Pound ( 1968) haa ahown that 

hepatomas are indueed in significant numbers if 'he agent Ia 

given to mice with regenerating livers. Such a result is 

consistent with the poasibilitN that there is a casual 
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relationship between susceptibility to tumor induction and 

intel'ference with nucleic acid synthesis in cell populations 

with high proliferative activity (Jenson .11 .!.1.,., 196la 

Philips .11 Ji11,., 1969). 

Regenerating liver provides an opportunity to study 

the contl'ol of cellular pro.liferetion end has been proposed 

ea an atpe.rimental model for hepatoma (Bresnick, 1971). On 

the other hand, regenerating liver continues to carry out 

hepatic function, often at rates equivalent to or higher: 

than normal liver (Mutschler end Gorden, 1966a Henderson 

.and K era ten, 1970) • 

In regenerating liver• DNA synthesis ia increased 

but when QMBA is administe.J:ed it reduced the DNA content 

(Marquardt .11 Ala.t 1970). It may bri.ng some c:hengea in the 

catabolic en&N~ftes e.g. acid ribonuclease (EC.3.1.4.22), 

deo)Cyzoibonuclease 1 (£t.3.1.4.5) and acid phosphatase 

(EC.c~.1.3.2). Though most of the enzymes of regenel'ating 

liver have been studied, but the lysosomal enzymes have 

not yet been extensively studied. With the CDCpectetion that 

it might provide a relationship in liver, the present work 

wea undertaken to study the effect of DMBA on cert(!in 

lysosanal enzymes in rapidly dividing hepatic cella. 

- Effect of ascorbic acid on DNA, RN.A and protein 

synthesis have alxoeady been observed. Ascorbic acid helpe 



in collagen synthesis and ,enhances total, protein content 

of the tissue. But .in vitts etud~es have shown thet it haa 

a breaking action on DNA stz:and (Omura .11 .al.a., 1975). 

Ascorbic acid might have en effect on theae catabolic enzymes, 

i.e. nucleeses and phosphateses end thus might help in 

preventing the tissue from the effects a f any carcinogen. 

Ascorbic acid, since breaks DNA molecule, is coneidered to 

be a pl"eventor of' several infectious diseases, but ita 

effects on these lysosomal enzymes ere n«?t known. In the 

present study an attempt was made to e)Camine t-he changes in 

specific activities of the above mentioned lysosomal 

enzymes in partially hepatectomized mouse liver treated 

111i th DMBA end ascorbic acid. 
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ftEVJEW of Ll!EBATYB£ 

Ca~cinogenesis involves so many changes in the 

phMsiological behaviour as well as in the physical 

appearance of the tissue. It is now known that during 

ea~cinogeneais, changes in the genetic materi~l i.e. DNA 

occur. But the exact nature of carcinogenic tissue is 

still a disputed question. 

It has been shown that initiation of chemical carcino

genesis requires cell proliferation (Cayame A1 ~. 1978; 

Warwick, 19711 Borek and Sachs, 1968). The carcinogenecity 

of a chemical is determined bM the .proliferative activity 

of a tissue or organ at the time of treatment (Warwick, 

197t). tell replication has a dramatic effect on the 

zesponae of cells to toxic compo~nds. Thus while a 

compound may have no apparent effect on a non-dividing 

cell, it may kill cell which are passing thi'ough the cell 

cycle (Ferber, 1972). 

Evidence for the relevance of cell replication in 

carcinogenesis came initially from experiments involving 

skin cancer. Be.cenblum (1954) suggested that carcinogen• 

me.v induce dormant tumor cells which remain in a la:tent 

state until an additional stimulus causes them to grow to 

f.orm tumora. 
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Petl'tial hepatectomy of rete ox- mice is followed b,y 

an initial burst of rapid compensatory growth of the 

remaining liver lobes. After the first two or three rounda 

of cell division, the frequency of mitosis decreeeea and 

returns to normal by two weeks after surgery. At this 

time, the restoration of liver mass is essentially complete 

( Bresnick• 1971}. Regenerating liver provides an 

opportunity to study the control of cellular pzooliferetion 

end has been proposed aa an experimental model for neoplasia 

(Bresnick • 1971). 

Several chemical carcinogens have been tried for 

·their carcinogenecity by administering them in regenerating 
ef £A!.) 

liver. Cayama A( 1978) has given the supportive evidence 

that several chemicals that normally do not cause liver 

cancer in intact adult animals especially with a single 

dose, become carcinogenic if administered sa a a.tngle 

injection after partial hepatectomy. ln these conditions. 

it is theaght that partial hepatectomy may act during 

initiation, presumably by fixati~n of some carcinogen

induced DNA damage through replication of altered DNA. 

It ia reported that carcinogenic activity of 

7,t2-Dimethylbenz(a)anthracene (DMBA) is not prominent 

in resting liver in which proliferative activity and DNA 

synthesis are minimal. However, Pound (1968) has ahown 

• 
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that hepatomas erre induced in significant numbers if the 

agent is-given to mice with regenerating liver. A number 

of compounds which ere non-ceu:cinogenic for various 

tissues when given to the adult animal, were found to 

induce hepatomas in mice when given by a single injection 

soon after bil.'th (Pietra .1.1 .!lt.• 1961) as young animals 

ere_always ~ith ~higher m.$-totic index than adult animals. 

Dieth;ylnitrosamine was one of the first carcinogens to 

be studied in this way. This compound was known to· 

induce liver cell cancer in rats when fed in the diet, 

but a ·single treatment of adult rats induced only kidney 

tumors. However, one injection given to newbo.rn rata 

caused a low incidence of liver cell cancer (Terracini and 

Magee, 1964). Similar results have been obtained in 

experimen-ts with mice, although mice eJ:"e less suitable than 

rats for the study of liver cancer, owing to the occurance 

of spontaneous,liver cell tumors. It waa found that a single 

treatment of newborn mice with dimethylnitrt?eamine (DMN) 

and diethylnitrosamine (DEN) induced haeangioma, 

haemangioaarcoma and liver cell tumors (Toth ~ ~. t964t 

Toth and Shubik, 1963; Gargus .11 .i.l&.t 1969). DibutylnitJ:o• 
' 

samine, which induces bladder tumors in adult mice, induces 

liver tumors but not bladder when given to newborn mice 

(Wood .11 sl...t 1970). Nitrosomethylurea induced liver 
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tumors in newborn mice but, surpris.ingly, not when given 

to newborn rats ( Ter~acini and Testa, 1970). Cycasin 

is another carcinogen which probabl,v acts in a similar 

manner to DEN, as e similar alkylating intermediate is 

probably formed b.v the two compounds (KoiJayashi and 

Matsumoto, 1965J Shank end Megee, 19671 Negate and 

Matsumoto, 1969). Cycaein induces liver cell cancer when 

fed .in the diet ( Laqueur .11 Jtl.., t 963; Laqueur and Spet%, 

t968) but a single dose given to adult animals causes an 

enlargement of' liver cell tumors (Zedeck ~ AA.. 1970). 

ln addition to the alkylating agents, discussed above, 

many other- compounds induce liver cell_ cancer aftel' a 

single treatment of neonatal animals. 

Some chemicals like Maleic Hydrazide, was not •hown 

to be carcinogenic in adult animals (Barnes .!1 .!la.• 1957) 

but does induce liver cell cancer in suckling mice (Epstein 

.11 .i.la.., 1967). ~ -propiolactone is a well known akin 

carcinogen, but when given to suckling mice, it induce& 

liver cell cancer (Chernogemaki and W.erwick, 1970). Thie 

difference in organotropy between edult and neonatal 

animal is also seen with polycyclic aromatic hydroccirbone, 

PAH (Roe and Waters, 1967) and with certain aromatic amines 
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(Garrod .U J!1,., 1968 a Roe .!1 Jll.a., 1 969). Recently Pound 

and McGuire ( 1977E1,b) have shown that repeated partial 

hepatectomN acts as a promoting stimulua.for carcinogenic 

response of liver to nitrosamine& in rats and DEN in mice. 

Thus, from all the above reports, it is evident 

that the regen•rating liver end the tissue, which ere 

with a high proli ferat.ive activity as in newborn or 

suckling mice, are more sensitive to carcinogens then 

resting cella. 

lf liver cells while replicating a~e found to be 

more sensitive to carcinogens, then what is the explanation 

of this effect? Very probably a number of different 

factor(s) a.re involved in different situations. In the 

case of hepatocarcinogenic alkylating agents, it ie possible 

that a base change in DNA is involved.in the initiation of 

the caJ:cinogenic process. In this case, the effect of cell 

replication may be due to the occurance of DNA synthesis 

while abnoJ:mal bases capable of mispairing ue present in 

the temp.late molecules or to abezorant repair of DNA if 

this takes ~lace during S phase. An effect of cell 

J:eplicetion on viral induced tumors might be explained 

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 s-egenerattng 
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tissue is affected b~ the effects of carcinogen on DNA 

synthesis aa well as on the enz~ee of nucleic acid 

metabolism. Under certain conditions, carcinogena themaelvea 

stimulate cell replication, so that proliferating cella 

are.being affected even although the carcino9en was not 

ad~inistered to a system of replicating cella. Alternatively, 

under other ciJ:cunnstances, when replicating cella e~:e treated 

with a carcinogen, the cell cycle may be rapidly inhibited, 

so that prol~ferating cells ere not in tact being acted 

on by the carcinogen for as long as would othes-wise have 

been so. These effacts .of carcinogens on cell replication 

have been studied by making estimations of mitotic rate, 

but more often by meesul'ement of DNA synthesis, essayed 

by incorporation of ( 3H) thymidine into acid insoluble 

materiel. 

Several investigations have been mad• to examine the 

effect of different carcinogenson DNA synthesis ea well aa 

on RNA. Rate of' DNA synthesis has oleo been investigated 

in tumors of different organs and it hee been found that 

there a-re several chemical carcinogens which react with 

DNA .i4 xiyg, and inhibit de novo DNA synthesis.'- In many 

cases the abnol'mal product formed in the DNA ie excised• 

together with a section 'of DNA (Regan and Setlow, 1973). 

Resynthesis of this • eroded' DNA • using the complementary 

DNA stl'and as a template is thought to be r,eeponsible for 
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the unscheduled DNA S"eplication which often occurs aft.er 

tS"eatment of cells with c:arcinog·ens. One or more daya after 

administration of 8 carcinogen, thel'e is often an increase 

in the rate of DNA synthesis. In the case of liver, 

this is usuallN considered to be due to regenetetion 

following necrosis. Different carcinogens have affected 

DNA synthesis variously. Gronow (-1970 has shown th•t the 

specific activity of DNA decreases significantly in the 

rat liver during neonatal cal'cinogenesie induced by DI4N 

in 3 and 5 days old animals. But the liver DNA of these 

animals exhibited e 3•fold increase in the specific activity 

over the controls at the poat•weanling stage. Changes in 

composition .of rat liver chromatin fraction during 

nitrosamine carcinogenesis have al•o been studied ( Gronow 

and Theckreb, 1974). These workers observed that in the 

carcinogen treated animals given tritiated thymidine. there 

wea a gain a 3-fold increase in the speci fie activity of 

DNA•, Jackson end Irving (1973) have studied the effect• 

of 2•Acetyleminofluorene ( AAF) on liver cell proli fe&"ation 

after partial- hepatectomy of female rats and they found 

that livers of eo~al female rats were highl.y a-esiatant 

to the carcinogen while partial hepatectomy of female 

an4mals maintained on diet containing 0.04~ AAF disclosed 

a marked hepatotoxicity which resulted in sbno.rmal nodular 

regeneration. They have shown that the incorporation of 

Thy~idine-3H into DNA and the mitotic index we,re markedly 

• 
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inhibited in liver of AAf' t~eated animals fo.11owing partial 

hepatectomy. Similarly, the work with ni trosemine has 

shown that hyperplasia occurs during carcinogenesis. 

Rubin .!1 Ala., ( 1964) were among the first to consider the 

role of cell proliferation in hepatocarcinogenesia. They 

fo.und that administration of ll£N led to the formati.on of 
', 

h,v.perplaetic nodules in .liver end autoradiography after 

the injection of tritiated thymidine showed an increase 

in DNA sy_nthesis in the nodules and in the carcinomee, 

but not in the surrounding normal liver. However, Guzzo 

end Gl$Zer (1976) have found no effect of N-AcetoMy-2-AAF 

" and N-methyl-N-nitroao-nitroguanidine on nuclear DNA 

synthesis i:n the nuclei prepared from normal or regenezoeting 

liver. But they did observe exogenous activated DNA 

preferentially stimulated S-methyl-3H ·thymidine triphosphate 

incorporation in nuclei from regenerating livec. 

Along with these chemicals, effect of Urethane on 

DNA synthesi• in regenerating rat liver has been studied. 

H weng .11 .11a.. ( 197J) have shown tha_t when Urethane we a 

given after 12 hr after partial hepatectomy the first wave 

of DNA was supps-essed by 50-60~. while the second cycle 

of DNA replication was e.saentially unaffected .• 

ln addition. PAH have also .been studied in thie 

aspect. Tominaga .11 .§.1.... (1970) have shown that the 

• 
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1nc.ot:poration of ts.-itieted thymidine into female mammai'N 

gland wee aeve~:ely inhibited et 6 hr and 1 11 2 and 4 day• 

after a single oral dose of 20 mg DMBA. A similar 

inhibitory effect wee obset:ved in male rata $lthough the 

level of inhibition was less than in the female rats. 

Studies of Marquardt and Philips (1970) also 

indicate that DMBA inhibits the incorporation of DNA 

precursors into DNA of repidlN ·dividing liver cell. The 

raelective and transient effect of DMSA ia closely similar 

t~ that of·irradietion (Lehnert and Okada, 1966a,bf Van 

Lancker. 1960). Bath agents delay liver regenel'&t.1on in 

rata in so far as DNA synthesis end mitotic activity 

are concerned for about 24 hr without inte.rfering 

with RNA synthesis or total protein content. The inter

fel'ence of DMBA with DNA synthesis ia not restricted 

to dividing liver ~ells; the inhibition hee been 

demanat~eted in a wide variety of proliferating tiaeue 

iJl ¥A111 (Alfl.'ed t965, t968) es well aa JJ! yitUl (Jensen, 

1963a Juhn, 1965; McCarter and Quaetler, t962J Philipe 

.&1 Jl1... t969; Shimkin .U. Jll...., t967a Uematsu end 

Huggins, 1968). 

Repo~ts on the effect of carcinogens on ~ibonucleic 

acid in regenerating liver as well as in no-rlP•l tiaeue 

• 
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• 
are also there. Glazer (1973a,b) has shown that partial 

hepatectam)f results in a five to nine fold elevation on 

the incorporation ~f 0&-otic acid • S-3H into free end 

membrane bound ribosomal RNA 18 hr after operation. 

Treatment of animals with Urethane 6 hr after op eratian 

resulted in 50-551 inhibition of the incorporation of 

labelled orotic acid into nuclear ribosomal RNA and free 

RNA in pal'tielly hepatectomized rate but not in sham

operated animals. Witschi ( 1973) have studied the effect 

of DEN on RNA and Protein s~nthesis in the liver and the 

lung of the Syrian golden Hamster. He found that DEN 

inhibited the inc:oJ:pOJ'ation of labelled orotic acid 

into RNA in both the organs at early treatment and 

increased 2-3 days later. Markov .11 .!1.. ( 1975) have 

shown that partial hepatectomy caused e sharp tJ:eneJ.ent 

increase in the specific radioactivity of the.endogenoua 

low molecular weight precursors of RNA in the livers of 

both normal and irradiated rats (Studies on the 

·· · t · f ,. 14c t. • ·d) &nco.l'pcra J.on o • oro 1c acJ. .• 

Hechaniam of the inhibition of nucleic ecid eyntheaia 

by carcinogens ia not yet k.nown. Several investigations 

have been made and it is proposed that incre•ee in the 

nucleic ~cid content during liver regeneration and the 

process of carcinogenesis is because of the decreEJse in 

catabolic enzymes, ribonuclease and deoxyribonucleaae 
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(Daoust and Ama~o, 1963, 196Ss Farber, 1973) end vice 

versa. At present.~ authors are not awe1:e of anJ such report 

which can provide e clear-cut re,lationahip between the 

nucleic acids and the enzymes of nucleic acid metabolism 

in carcinogenic tissue. 

Weber ( 1961) haa given a genera.i interpretation 

about the enayme levels.in canceruus tissue. According 

to him, increased enzymatic activity, as assayed under 

·Optimum JJ1 uit~tg conditions, is likely to reflect the 

presence of an increased enzyme population of tissue. 

Since enzymes are usually present in an excess in the 

tissue, an increased enz.yme concentration may be e valuable 

it;'dication of an increased stimulus or elevation in 

metabolic activit~. 

Both nucleaeas end polNmerases'heve been studied in 

regenerating liver and tumors induced by seve~al chemical 

carcinogens. Taper ..& J!l... ( 1971) have shown that the 

histochemical activities of alkaline and acid nucleeeea 

decrease considerably in focal areas and lsteJ: in tha 

. hyperplastic nodules, whereas the surrounding liver 

parenchyma demonstrated normal activity of these en&ymea 

in the rat liver parenchyma during ~-nitrosomorpholine 

carcinogenesis. ln the necrobiotic cells of those 

malignant 'umos-s a reappearance of nuclease activity wea 

• 
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observed. He suggested that nuclease might be involved 

in the protection of genetic stability of normal cella 

against t~ansfoming nucleic acids. Daoust and Amano(t963) 

have studied RNase and DNase in experimental end human 

tumors by histochemical substrate film method end reported 

that the connective tissue stroma and the necrotic regione 

of the tumozo masses showed v·ariaus levels of nuclease 

activit.y 1 whereas the neoplastic cella showed no 

demonstrable activity~· It appears that.deficienciea in 

RNase and DNese activities represent genel'al properties 

of cancer cella. These workers reported that losses of 

ftNese and DNase activities take place in rat liver during 

azo-dye carcinogenesis. The loss of RNase activity ie 

progressive and occurs before parenchymal cella become 

cancerous, whereas the loss of DNase activity is abrupt 

and closely associated with the neoplastic tJ:ansformetion 

of parenchymal cells. DNA polymerase has alt~~o been 

extensively studied in relation to cancer. Ove J11 .11.. 

{ 1969) reported that a correlation exists between DNA 

synthesis and DNA polymerase activity partially purified 

from normal liver and from twelve typea of hepatomas. In 

all these cases DNase activity with denatured DNA aa 

subst~ate was lower in tumors than in the livers of 

normal rats~ He. therefore~ suggested that increased 

DNA a,ynthesis by these tumoJ:s ie supported b,y a rise in 
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ke)* anabolic enayme and a fall in catabolic enzyme. DMBA, 
.f 

in mammary gland, however, is found to enrich the activity 

of DNA polymerase within 24 hr after the administJ:"etion, 

but theaeafter .it decreased to a.low level between 2 and 

6 days ( Tominage .U. .!1.&.• 1970). But DNA polymerase wee 

found to be insensitive to Urethane treatment in ncu:mal 

end regenez:ating liver (Hwang .11 .ala.• 1973). Much report• 

a:re there on RNase. R()th ( 1957) has shown that alkaline 

RNeee activity of mitochondria was depaesaed by en average 

of 50., during the entiae course .of experiment. Seaum 

alkaline RNase in the AAf•fed animals was depressed to a 

lesaell' extent end there was a significant change in acid 

• 

R Nase activity. However, both enzymes incre£tee in the 

prinuu:.v · tumo:&'. Allard £1 JIJ..,. ( 1957) have :reported that 

RNaae ec:'tivity was similar in Dimathylaminoazobenzena (DAB)

fed animals• liver tumcu:e ·and regenel'ating liver. But in 

contrast, Haver and &reco ( t 956) observed that acid sa 

well es alkaline RNase were higher in hepatD~_rta transplant•• 

1 t was observed that ~:aletive concentration of acid 

ribonuclease (RNase) was greeter in the cytoplaamic 

particulates of hepatoma as well as in DAB•induced tumor 

than in normal liver. These eutholl'e have also found that 

when the administration of 3-methyl•DAB was followed by 
• 

partial hepatectomy, acid.ribonuclease was i.nereaeed, 

while alkaline RNase activit.y was unaffected. In the 

earlier work on R Nese in tumor tissue, Greenstein ( 1943) 



18 

~tudied RNeee in normal and ~eaplastic tissues compared 

with contx-als. little change of activity was re_ported 

in rat hepatoma, but higher activities wezoe observed in 

mouse hepatoma then in normal 11ouse livezo (Greenstein and 

Thompson, 1944). Cantero .11J!.l.t.. (1950) fed DAB in 0.06" 

concentration to rats and found a considerable variation 

in 'RNase activity. 'There was an increase to me)(imum at 

90 daye followed b~ a progressive decrease to control 

levels at 150 daNG• Later, ·Lamirande .11.U... (1953) 

indicated that the above change is probably accounted 

for by an increase in the number of cells, the activity 

per cell remaining constant. Again,Lemirande and his 

cowork.ers ( 1954a,b) observed that two RNase( a) aa wall 

as an inhibitor for one of tnem (Lamirande .11 ..1.1..., 1956) 

are present in rat liver end these observations .meke a 

re-examination of RNase activity in precance~:oua and 

cancerous state of interest. lt is possible that 

considerable chang.es may occur in individual components 

of the RNase system during the feeding of carcinogen, if 

·these changes are in different directions, they might not 

be detected by determining only the over all activity 

of the cell. 
•··. 

Acid and alkaline phosphatases have alea been 

affected by tumor initiation by carcinogens. Not much 

literature is available on this. DeDuve A1 ~ (1955) 
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and Lamirande .U . .1.1.. ( 1957) have reported that the 

•pecific activity of ac(d phosphatase was unchanged 

in whole liver homogenate following partial hepatectomy. 

But in the liver of animals fed DAB• however, the acid 

phosphatase activity wea decreased. When animals were 
I 

· fed the strange~ a&odye carcinogen 3•methyl-DAD 1 acid 

phosphatase was lowe~: then that in the controls.· 1n 

mic.e bearing Ehrlich ascites tumors, alkaline phosphatase 

activity was increased by five fold in the liver end by 

SO~ in the .kidney (Kojima and Sakurada, 1976) • In mice 

bearing aolid tumors, caused by inoculation of t.anor 

cells into the axillary region; the activity of thi• 
' 

enzyme in the liver waa increased by 11•fold• whe•eea 

the activity in the kidney was unaltered. Serum 

phosphatase act.ivity was increased in bone t:Uitore 

as alkaline phosphataae and acid phoepheteae in 

carcinoma of the prostate (Woodward, 1942• t952). 

Similar; resu.l ts were obtained by Gutman and Gutman ( t 938) 

that serum acid phosphatase activity is increased .in 

patients with carcinoma of the prostate with metaateeits. 

, Effect of polycyclic aromatic hydrocarbons on 

these enzyme are not well studied. 

On the other hand, several investiget~ona a.re in 

the process to look for a remedy for cancer·and several 
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chemicals hsve been tried as an anticancer agent. 

Ascorbic acid which has been used in the treatment· of 

cold, cough and several other infectious diseases, haa 

also been found to prevent tumor growth (Chan and 

f'ong, 1 977) · bN ~minopyrene and nitrite in l'ats. These 

wor1cers have shown that massive doses of vitamin C 

protected rats against liver tumor production bN 

sminopyrene and Sodium Nitrite: but the protection 

against lung and kidney tumor production was incomplete. 

Thtty proposed that the mechanism -of protection ia in 

paJ:t due to blockage of J.,n viyg nitroaetion. Greenblatt 

(1973) has shown that ascorbic acid blocks aminopyrene 

nitrosation in NZD/81 mice. 

Mirvish ~ ~ (t972) reported that the nitroaation 

of 'several secondary end tirtiary amines is blocked 

!A yitro by the addition of ascorbic acid. They suggested 

that this effect may be useful in preventing the production 

of carcinogenic N•nitroso compounds when foods containing 

.a high nitritecontent ere eaten with secondary or 

tirtiary emines., Kamm ;U. .t1.a.. ( 1973) have observed that 

the oral treatment of' rats with ascorbic acid (sodium salt) 

in con1binetion with Sodium Nitrite and aminop)frene 

prevents the rise in serum alanine emino•trenaferase 

(it.2.6.t·.2) observed when nitrite and eminopyrene ere 
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given alone. Ascorbic acid has protective effecta 

against tumor ~owth, whereas 'dehydroascorbic acid 

exerts no protective effect. lt is reported that 

ascorbic acid inhibits the formation of carcinogenic 

end hepatotoxic N•ni troso compounds fl'ont ni tr;.i te end 

ni trag en bases ( Kamm .d. JLL,., 197SJ Mirviah .IS AL., t 972). 

This inhibition that occurs J.D riyp an.d J.n yi,trg ie 

believed to involve the reductive deactivation of 

nitrite by ascorbate (Guttenplan, 1977& Mirviah .11 ..u...., 
1972). Ascorbic acid is also reported to pr~tect egeinet 

the induction of bladder tumors in mice by 

3•hyd.roxyenthranilic acid (Schlegel .11 .U....t 1970) 

end against akin tumor induction in mice by DMBA plua 

croton oil (Shamburge:a:, 1972& Slags and lb:acken, 1977). 

Because these carcinogens ere believed to require 

oxidative metabolism. before exorting carcinogenic 

effects, the mechanism of protection by ascorbic acid 

was suggested to involve the antioxidant property of 

ascorbic acid. It was suggested by Guttenplan (1977) 

thet the mechanism of inhibition of microbial mutagenesis 
~:.r 

by· twa profound N•nitroeocompounds - DMN and S77 ,;S 

N•methyl-N~ni troso-N•ni troguan!dlne, involves the ])~2. 

nucleophilic deacti,vatian of eloctraphilic alkylet:l.ng 

m etaboli tee of N-ni troso compounds by ascorbate•• but 

reductive deactivation of the parent N-nitroao compounda 

was not excluded. Megee and Barnes (1962) 
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site of tumot production following DMN adminiatretion 

to the rats ehi fted from the livers to the kidney aa 

the concentration of carcinogen increases in ·the cU.et. 

Therefore, the complete absence of liver tumor in the 

presence of kidney tumor production in the g~roup animala 

means that there must be some factor( e) operating other 

then the reduation or complete blockage of nitrosation 

of aminop~rene by vitamin c. One other factor may be 

altered liver metabolism following ~assive doses of 

ascorbic acid. McLean End McLean ( 1969) cited example 

in which altered liver function affected chemical hepatic 

toxicity and carcinogenesis. They found thet su:otein 

deficiency protects the rat liver against hepatic toMicit,y 

and carcinogenic influence of DMN. One other reason 

of this protection of tumor growth by ascorbic ecid may 

be .t ts effects on nucleic acids and nucleic a.cid trtetaboli••· 

Omura &i ..11... ( 1975) has shown that ascorbic acid haa a 

breeking action on nucleic acids, both DNA and RNA. It 

was observed that ascorbic acid and 1 te oxidised 

d•rivatives caused some retardation of the s•owth of 

Sarcoma-180 implanted in mice and the lowering of the 

viscosity of DNA eolution. 

On the other hand, Canney and Burns (1959) have 

observed that the carcinogenic hydrocarbons are potent 
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stimulators of L•escorbic acid biosynthesis. These 

compounds are also known to be extremely potent in 

inducing· the synthesis of several liver microsomal 

enzymes which metabolize foreign cCJmpounds., But haw 

does ascorbic acid affect the enzymes of nucleic end 

metabolism in regenezoating liver and in prec:anceroua 

and cancerous tissue is still to be known •. 



;· 

I 

All the experi.ments were conducted on random•b&-ed 

Swiss albino mioe, about 20.;t2 gm in weight and on averSge 
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of 10•12 weeks cf age. Animals were obtained from Diseae• 

Free Smeli Animal Houso, Heryana Agricultural UnivereitN• 

Hisser, India. ThO)' were housed in,aluminium cages with a 

bedding of Paddy-husk. They were grouped ·in tina of six and 

providad with Rat food (Mindusten L.ever•• Limited, India) 

and w&tar Ad .&ibiSwm .• 

.kt!LMJ&:6b~ • 

1, 12-Dimethylben.t(a )antfliracene ( DHBA), Tri ton-x•tOO, 

Sucrose• Deoxyribonucleic Acid (DNA), Ribonucleic Acid (RNA). 

p-Nitrophenyl Phosphate (p•NPP), Bovine Sorum Album.in (BSA) 

were obtained from Sigma Chemical Company, u.s.A. 

Tria-Salt Sodium Acetate, .Acetic Acid, Sodium Cit&-ate, 

Citric Acid, Sodium Hydroxide, Sodium Carbonate, Magnesium 

Sulfate and lhcalic Acid we·re obtained fl'om B.D.H., lndie. 

Polin•Ciocalteeu Reagent and Ascorbic Acid were 

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

Anaesthetic Ether I.P. was obtained from Alembic 

Chemical Works to. 'Ltd., Baroda, ~ndio. 

Autoclips (No. S-2355-100 Wound Clips). used for 

stitching the wound were obtained from Clay-Adams, u.s.A. 
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txeERIHENISa 

Mice wezoe selected at random to form 9 groups of 

20 animals each as follower: 

Group ta Normal mice without any oper:ation end 

treatment. 

Gzooup 21 Sham .. Qperat'ed animals. 

Group 3: Partially hepatectomized animals. 

Group 4: Sham-Operated animals treated with 

ascorbic acid (dose: 50 mg per 0.3 ml 

in t.O~ oxalic acid to each individual) 

aftezo twenty feu~: hours of surgery. 

Gl'oup 51 Sham-Operated animals treated with DMBA 

(dose: 5 ~g/0.1 ml olive oil to each 

individual) after twenty four houra of 

suzogery. 

Group 61 Sham-Operated animals treated with DMBA 

and ascorbic acid (doses as in group 5 

and group 4 respectively) in combination 

after twenty four hours ·of' surgery.-

Group 71 Partially hepatectomized animals treated 

with ascorbic acid (same dose as in 

group 4). 

Group ~~ Partially hepatectomized animals treated 
., 

with · .1DMBA ·~ • :. ( s~me "dose as in group 5) ~ 

• 
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Group-9: Partially hepatectomized animals treated 

with ·ascorbic acid ( same dose as in 

• 

group 4) and DMBA (same dose as in group 5) 

in combination after twenty four hours of 

surgery. 

,'\sc:orbic acid was given .by intramuscular route and 

DM.BA was administered by intregeatric intubation. 

All $ham-Operations and p:artial·hepatectomie• we;:e 

performed between 10 a.m. to t1 a.m. Surgery was carr.ied 

out under antiseptic conditions. 

for Sham-Operation, median end left lateral liver 

lobes were. delivered tc the outside end allowed to alip beck 

into the body cavity, 

Partial_ hepatectomy w~s performed by ueing the 

procedure of Higgins and Anderson (1931), but only a single 

ligature was used to avoid local tissue reaction. Ligation 

end excision of the median and laft lateral lobes of liver 

constJ.tuted about 50~ partial hepatectom¥• The- incision 

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

liv'er lobes. the muscular -layer was stitched with surgical 

thread and skin wound with eutocllpa. 

The operated animals were given pas t-operativa cere. 

The animals of each group were sacri fied· by cervical 

decapitation and subjected to l·ive,z enzyme analysis at the 

post-operation intervals of S, tO end iS days~ 



27 

UPMQGENISATION ANP fRACTIQNAJIQNt 

Homogeniaation •nd fractionation wel'e cal':r:ied out 

inside a cold room (temp. 3.:t2°C). Ten per cent li ve:r: 

homogenate& (W/v) were prepared in a Potler-.Elvehjea 

homogenieer for about 1 minute i-n a. 25 M sucrose solution 

prepared in 0.1 M Tria-buffer (pH 7. 4). The homogenate, 

thus p£epared• was subjected to density gradient 

centrifugation at 2500·3000 rpm in refrigerator -

centrifuge for 10 minutes. The pellet obtained waa 

suspended in the required volume of o. 25 M sucrose in 

Tria-buffel' (0.1 Ma pH 7.4) tQ obtain the final concan• 
' 

tretion of tO,. Deoxyribonuclease I (DNaee) aese,y we• 

done in thi e fraction. The supezonetent was secentri fuged 

at 15000 rpm for 10 minutes. The pallet obtained waa 

discarded end the supernatant obtained as a result of 

second centl'i fugation was recentri fuged at 15000 :rpm for 

' t 0 minutes. The supe%natant was discarded and pellet was 
\ 

suspended in the required volume of 0.25 M aucroae in 

0.1 M Trie•buffel' (pH 7e4) to obtain the final concentration 

of 101.. ln this fraction esseN for acid phosphatase and -
. \ 

acid %.ibonucleaae (RNase) was carried out. for all the 

thJ."ee enzym.es., assay was done after T.r:i ton•x•t DO treatment 

(0.05 ml of 10. Triton-)1(-100/ml of extract). 



fQOCsDYR~ fOR ENZJHE ASSAY: 

The assay for each enzyme we a done by spectrophoto.• 

met&-ic ,method using Carl .. ~eiaa Spectrophotometer. 

• 

a) Acid ribonuclease assa,y was done by using the method 

of Bergmeyer (1974)• Assay mixture contained t.S ml of 

RNA (substrate)/~cetate buffer Cb.1Mt pH $.0; t mg RNA/ml 

of bu ffcr) • 1. 4 ml of doubly die tilled water and 0. t ml of 

enzyme extt:act. The cuvette containing the assay mixture 
- ' 

was allowed to run at scale expansion twice to obtain • 

base line and the increaue in the optical danalt,y was· 

followed until there waa no flu:ther .increase in optical 

density (D.D.). The o.n. was measured at 300 nm at room 

temperature (2S0 t). The activity wao expressed ea units 

per gm of tissue. One unit cf ectivitN being defined aa 

en increase in extinction of 0.001/minute under the esaey 

condition. 

b) Assay for Deoxyribonuclease l (DNase) was done 

using the method of Bergmeyer (1974). The essay mixture 

contained 2.5 ml substrate (DNA) in acetate buffer (0.1 M, 

pH 5.0a 40 ..ucg DNA/ml, 5 mM MgS04 ) and o.t ml of enzyme 

exts-act. the cuvette containing assay mixture wee allowed 

to run at scale expansion twice to obtain a base line and 
' en increase in the optical density was followed unti~ 

there wea no furthe.r increase in 0.0. The 0. D. waa measured 

et 260 nm at room temperature tas0 t). 
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A unit of the enzyme activity 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 method of l'tergmeyer ( 1974). The assay mixture 
. . I . 

contained· t.o ml of 0.1 M citrate buffer (pH s.6).a O.DJ ml 

of o. 6 M p-Ni trophenyl Phoephate•Sodium Salt (Substrate) 

and 0.02 ml of the enzyme extract. This wee incubated 

for 5 minutes at room temperature and 2.0 ml of 0.5 N 

NaOK was added. The O.D. was measured against b-lank at 

405 nm. The activity was expressed as~ moles of 

p•Nitrophenol released per minute end was measured by using 

the following formulae 

Activity 
~E x volume of assay miKture x dilution 

per gm • -------------------------tisaua e x Vol. of enzyme sample x inct.Jbotion time 

or • exvxtMl 

where e • Extinction coefficient 
.A£ • Change in Extinction. 

x light path 

Specific activity of each enzyme wee expressed as unita 

per mg of protein. 

fftOJEJft ESilMATtpN: 

Pro·tein was estimated by the method of LowJ:y .U. .11.. 

(t951). 
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Reagent.e~ 

i) 2' Sodium Carbonate in 0.1 N ·NaOH. 

.f.i) 1S Copper Sulfate • SH
2

D. 

iii) ~ Sodium Tartarate. 

Alkaline reagent was prepa:red by mi»eing 25 ml of 

soln.U.)a o.s ml of Soln. (ii) and o.s ml of soln.(.t.£1) • 
. 
roli·n-Ciocalteau reagent was diluted with equal 

amount of doubly distilled watsJ: immediately befol'e use. 

Bovine Serum Albumin (BSA) was used es a standard 

far protein estimation • 

. To D.OS tal of sample, 0.45 ml of doubly distilled 

water was added to make the volume a. 5 ml. This waa 

followed by the addition of s.o ml of Alkaline reagent. 

The solution was allowed to stand for 5 minutes at room 

temperature• Finally 0.5 ml of diluted folin-Ciocelteau 

reagent was added to the reaction mixture. The optical 

density was measured against blank (without pl'otein sample) 

et 660 nm after 30 minutes of folin-Ciocalteau reagent 

additioft~ 

P.Hy. = Partial Hepatectomy. 
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The observations from val'ioue treatments are ee 

given belowJ 

t • Effect of Stu:un-Operation on Atid phosphatase. Acid 
~lbonucleese end Deoxyribonuclease 1 activity in 
mouse liver: 

Tho effect of Sham-Operations on enzyme activities 

wae studied on 5th• 10th end t5th day after surgery. Data 

pl'eeented (Table I) show* that acid phosphatase activit:~ 

is eign1ficently (P~ O.Ot) lower at all the three poet.•, 

operation intervals ea compa~:ed tQ. that of normal. lt wea 

also obeeZ.ved that thel'e was e aignificent (P~ 0.01 on 5th 

. dey and 10th deyJ P ~ o.os on t 5th day) increaaa in cu::td 

»ibonucleeao (RNaea) activity ae compared to normal cont&"ol 

values (Table ll)., The deox~ribonuclease J (DNese) e~tivit~ 

remeinecl una!fected on 5th de~ (Table Ill). HoweveJ!', it 

showed a eigtl~ ficent ( P ~ 0. 01) increase on t Oth and 15th day 

a fte~ aurgery. 

2. thengea in Acid phaspheteae. RNase and DNaae eftex: 
Pertiel hepetectomyt 

The effec-t of P.H)t. on· Acid phosphatase, RNese end 

DNase was studied on 5th, 10th end 15th dey after surver~. 

The specific ectivit.v of acid phosphatase ahowCP.d a 

markedly aign1 ficent (P ~ 0.01) decree~e on the 5th dey, whez-eee 

significant (P~ o.ot) increase waa obsezoved on 10th da)f ea 

compared to Shem•OpeJ'ated controls. However, no change in 
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the specific activity of the enayrne wee obaerved on the tSth 

day of opeanstion (Tables· IV &. Vll). 

Tho specific activity of RNaee was not affected on 

5th and 10th day :pf ope~ation, but showed a significant 

(P~O.Ot) increase on the 15th dey (Tablea V & Vlll). 

A significant increase (P~ 0.01) in the specific 

activity of deoJtyrJ.bonucleeee 1 (DNaae) was observed on Sth 

and 10th del'• However, there was e decrease (P~ 0.01) on 

'5th day afteJ: partial hepetectom~ as compared to Sham.;.opel'ated 

controls (Tables Vl &. lX). 

3. fff~ct of Ascorbic Acid on Acid phosphataa•, RNa•• 
and DNeae in Shem•Operated mouse li_vel' 1 

' Specific activity of acid phosphatase wee not effected 

in aacorbic acid treated Sham-operated mice liver at an)' of 
' 

the three (5th, 10th end t5th dey of opezoetion) intecvel& aa 

.. 

compared to that of control !. e. Sham-Operated controla (fable IV) 

The apecl.fic: activity of RNese in the animals of thia 

group remained unaffected on Sth end 10th dB)f after 8UI'ff81'~· 

lt, howeveur, ~:egiaterad o significant (P~ 0.01)a ~ 2 fold) 

dec;reaoe an the t 5th de.v of operation (Table V). 

Specif.ic activity of DNeae enriched very aignificentlN 

( P ~ o.ot 1 ~ 5-to fold) by ascorbic acid t:eatment in Sham• 

Operated animals on 5th de.v eftet surgery. It, howevar, 
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decreaaed aigni fic~ntly (P ~ 0.01) on 1Oth day and remained 

unaffected on the 15th day a fte~: operation (Table Vl). 

4. Effect of Ascorbic acid on Acid phosphatase. RNeae 
and DNaae in Pru:tielly hepatectumized mouse live~ 1 

' 

The ctf·ect of eacarbic acid an specific activitlee 

of ecid phocphstaee,, RNaee end DNaae wee investigated ln 

partialllf hepatectomized animela on 5th, ·10th and t 5th day 

of opaJ:<etion. 

Specific activity of acid phoepheteae regi.otarnd e 

significant (P~ o.o, • '- 5 fold) increase on 5th dey in 

ascorbic acid treated animals. It, however, dfJcreasad 

aigni ficant1r ( P ~ 0.01) on 10th dey after operation. Ascorbic 

acid did .not affect the specific activity of acid phosphatase 

after tSth daN of opere·tion (Table VII). 

ln the animals of this group, there waa o aignif'icarat 

increase (P~O.DS on 5th day end P40.0t on 10th and tSth 

daN) in the specific activity of-RNase at all the th2ee 
I 

intel'vela. The effect of ascorbic acid on the apeci fie 

·activity of RNsae increased with the increase in the time 

after eurger y. The apeci fi c activity increaoad by, 1. 3 foldJ 

2.6 fold and 5.8 fold t.m 5th, 10th and 15th daya respectively 

(Table Vlll). 

Asco~bic acid did not affect the ~pacific acti~lty of 

DNaaa in partially hepatectomized animals on the Sth day 
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after ope.-etian. It, however, decreased the specific aetivitr 

of the enzyme on tOth and 15th day after opes-ation (P~ o.os) 

( 'Table lX). 

s. Effect of DMBA on the specific activitiee of the 
enc~ee, studied in Sham-Operated mouse liver• 

Specific activity of acid phosphatase waa .not effected 

by DASA treatment on 5th day after operation but it regiatered 

a significant (P~ o.ot) increase oveu: that of contl'ol 

( Shem-Ope.rated) on tOth and t Sth days of operation (Table IV). 

The DMBA treated animals, the specific activity of 

RNeaa wee inhibited till the 10th day of operation. DMBA 

did not effeet the RNase activ.i ty on t 5th day of opel'atton 

(Table V ). 

The affect of UMJA on the epecific act:tvitN of DNeee 

wea observed only on the 5th day of operation. lt induced 

'"3 fold incl.'ease (P ~ 0.01) in the specific activity of 

the ena~me (Table VI). 

6. tffect of IMBA on Acid ·phosphatase, RNase and DNeee 
in Partially hepatectomized mouse liver& 

The effect of P1BA on the spec! fie activit)' of acid 

phoephete.ee wee observed only on the 5th dey of operation. 

DMBA .induced ~ 5 fold (P~ 0.01) increase in the apecific 

activity of the enzyme over that of control ( Sharn-Opel'ated) 

(Table VII) • . 

• 
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DMDA ••• not found to effect the apecd.fic activity 

of RNase on the 5th day end tOth deY, of surgery but it 

induced ~t .s fold (P~ 0.01) increaee aver that of cont.:ol 

(Sham-Operated) on t5th doy of operation (Table Vllf). 

It did not affect the specific ectivit1 of DNoee 

at any of the three essay intel'vele (Table IX). 

1. Combined Effects of DMBA and Ascorbic Acid on 
Acid phoephateee, RNese and DNese in Sham-Gpezated 
mouae 11 v er • 

There wee no effect of DHBA and ascorbic acid on 

the specific activity of acid phosphatase when used in 

combination on the 5th day of operation. However,. theea 

was a significant increase in the spec.ific activit)' of the 

acid phosphatase on 10th (P~ o.Ot) and tSth (P~ o.OS) deya 

after surgery, when the twa teat ctumicela were adm.iniatered 

in combination. Under the comparable conditions aec:orbic 

acid had no effect whereas DMBA induced a significant 

( P ~ 0 ~ 01 ) increase on the speci fie sctiv i tr of ac.id 

p haaphateee ( Table IV) • 

The specific activitN of ANase registered a 

aignificent (P~ 0.01) decrease over that of control on 

. 5th, tOth end t5th de,y of operation, when the two teat 

chemicals were administered in combination (Table V). 

The specific activity of DNaee regiatered ""4.5 fold 

increase over that of aham control an Sth day of opel'ation 
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in animals t&'eated with DMBA and ascorbic acid in 

cambinet.ian. There was, however, no effect on the specific 

act:l.vit,v of DNaae ·On the 10th and 15th da,va of ope&-ation 

when these two were edminiete.r:ed in combination (Table VI). 

a. Effect of·DMDA end Ascorbic Acid in combination on 
Acid phosphatase, RNaee and DNaae in Pertiell,v 
hepetectomi•ed mouse livera 

When .DMBA was administered in combination with 

ascazbic ecid, the specific activitN of acid phosphatase_ 

increeeed aignificantly (P~ o.ota P~ o.os and P~ 0.01 on 

5th, 10th and 15th dey of operation respectivel.v) in 

partiall,v hepatectomized animals (Table VII)~ 

There was a significant, (P~ 0.01) increaae in the 

speci fie activity of RNase at ell the three intazovala when 

DMBA and aaco~bic,acid were adminiete~:ed in combination 

(Table VIII). 

ln partially hepatectomized enimala, 9iven e combined 

, t~:eetment of DMBA and es.corbic acid, the spec! fie activi tr 
of DNeae zegietered a aignificant decrease on 5th d•» 

(P ~ 0~01) ahd 10th day ( P~ D.OS) of· operation. Surprisingly, 

on 15th dey the specific activity increased significantly 
-

( P ~ 0.01) by """'6 fald ( Table IX). 



.TABLE 1: Effect of Sham-operation on spaci fie activity of Acid Phosphatase( A.cP) 

in mouse liver.. Speci fie activity is expressed as Meart .t S·.E·. for 

liveZ's f'ram six mice. 

Titna(in days) 
afte%, 

operation 

Group 

1. NORMAL 

2. SHAM
OP£RATJGtf 

Units of 
Activity per 
gm tissue 

2.91.,:t0. 384 

o .• 219-t,O .• 0356 

5 

Specific 
Activity 

·D.043.,tO·.DD69 

10 
Dnita of 
Activity per 
gm tissue 

O.Ot6.;t0 ... 003* D.37.;t.0.07 

Specific 
Activity 

* Significantly different from unoperated group et P~ 0·.01. 

15 
'"bn:a.ts of 
Activity.per 
gm tissue 

Specific 
Activity 

D.0102.:t0•0014 



TABLE. lla Effect of Sham-Operation on apeci fie activity of Acid Ribonuc.leasei 

(RNase) in mouse l.i.ver. Numbers represent Mean .;t S.E. for livers 

from 6 mica in each case. 

Time( in days) 
after 

operation 

5 10 15 

Group 

Units of 
Activity per 
gm tissue 

Specific 
Activity 

Units of 
Activity pel:' 
gm tissue 

Specific 
Activity 

Units of 
Activity per 
gm tissue 

·specific 
Activity 

1. NORMAL 

2. SHAM
OPERATION 

6. 50.tf01 .03 

- 3035.t46l.35 45. 72_18.13* t622.;t296.4 27.78.,:t3.23* 

* Significantly different from unoperated group at P ~ 0.01. 

•• Significantly different from unoparated group at P ~ o.os. 

818.ll..t31.83 14.63J:1.36** 



TABLE 1111 Effect of Sham-Operation. on specific activity of 

De.oxy~ibonuclease I (DNase) in mouse liver. Specific activity 

is given as Mean .;t S.E. for livers from 6 mice in each caae. 

Time( in days) 
aftez 

operation 

Group 

t. NORMAL 

2. SHAM
OPERATION 

5 

Units of 
Activity per 
gm.tissue 

4033.3.;t546.7 

3313.;t243.13 

Specific 
Activity 

88.19.;t10.7 

99.08.;t4.86 

10 

Units of " 
Activity per 
gm tissue 

20150.,t1023 

SJlacific 
Activity 

·15 

Units of 
Activity per 
gm tissue 

' 257. 66.,t.12,.44* 16379~1279 

* Significantly di ffazent from no~:mal control at P ~ 0.01. 

Specific 
Activity 

257.22,:!'.47.76 



TABL.£ IVa Effect of DMBA and Ascorbic acid treatment on specific activit)' of 

Acid Phosphatase in Sham-Opereted~raouaa liver. The numbers represent 
. Mean .:t S. E. for liv era from 6 mice in each case. 

Time(in days) 
after 

operation 
5 10 15 

&roup. 

Units of 
Activity per 
gm tissue 

Specific 
Activity·. 

Unite of 
Activity per 

- gm tissue 
Specific 
Activity 

Units of 
Activity per 
gm tissue. 

1 • 

2. 

3. 

- 4. 

SHAM• 
I 

OPERATION 0.219,:t0.036 O.Ot6,;t0.003 0.37.;t0.07 o.o064.;to.ooo9 
\ 

SHAM-
·OPERATION 

AND ASCORBIC 
. ACID 0.365.;tO.OS4 0.0101;t0.003 0.51;tO.OD2 o.ooa.;to.Oo2 

SHAM• 
OP£flATION 

·AND DMBA 1.013.;t0.035 o.023.;tD.oos t.8l.;t0.26 0.028,t0.0028*' 

SHAM-
OPERATION, 
ASCORBIC ACID 
. AND DM8A o.6lS.;to.oJt 0.0124.;t0.002 1 .49-:t~-0023 . 0.0255_:0.0023• 

• Significantly different 'from Sham-operated control at P,~ 0.01. 

** Signi fican'tly dl fferen't from Sham-operated control at P ~ o.os. 

o.,s.;tn.o76 

0.44.;ti).D82 

1 • 24.,t0. 123 

0.8595.;t0.13 

Specific 
Activity 

o.ot02.;t.001 
, 

o.oo76.;t.D016 

0-:03 .;t.0.002* 

•• D.0156.;t0.002 

.J 



TALE V& Effect of DMBA and Asco!'bic Acid T:r:eatmerit oft Specific Activit~ of 

Acid ~ibonuclease in Sham-Operated mouse liver• Specific activity ie 
expressed as Mean .:.t. S.E. for· livers from 6 mice in each case. 

Time(in days) 
after 

oper.ation 

Group 

t. SHAM
OPERATION 

2. ·sHAM• 
OPERATUlN AND 

5 
Units of 
Activity per 
gm tissue 

303S.;t463 .• 35 

Specific 
Activity 

45.72.;t8.13 

ASCORBIC ACID 2451.66.;t377.77 37.76.;t5.38 

3. SHAM-
OPERATION 
AND DMBA 

4. SHAM
OPERATION• 
ASCORBIC ACID 

13 4 S.;t14 9. 64 

AND DMBA 8SB.3.t,113 

10 

Units of ·· 
Activity per Specific 
gm tissue Activity 

1005.;t152.29 21.42.;t2.6 

* Significantly different from Sham-operated control at P' 0.01. 

** Significantly different from Sham-operated control at P ~ o.os. 

15 

Units of 
Activity per 
gm tissue 

81B.33.;t31.B3 

51S.:t.26.29 

44.3. 3.;.t59 .04 

Specific 
Activity 

7.63.:t0ot79* 

20.42.,:t2.62 



TABLE ·v1: Effect of DMilA and Ascorbic Acid on Deoxyribanuclease I specific 

activity in Sham-Operated mouse liver. The numbers represent 

Mean .± s •. £ •. fer l.ivers from 6 mice in each case. 

Time(in days) 
aft.er 

operation 

Group 

1. SHAM
OPERATION· 

2. SHAM
OPERATION AND 

.. s· 

Units o.f 
Activity per 
gm tissue 

3313.,t243.13 

ASCORBIC ACID 14508.;t1722 

3. SHAM
OPERATION 
AND DMBA 1344t.6.;t922 

4. SHAM
OPERATION, 
ASCORBI.t ACID 
AND DMBA 15125.;t1586 

Specific 
Activity 

79.08_t4.86 

10 

. Uni.ts of 
Activity per Specific 
gm tissue Activity 

20150,:t1023 257.66.;t.1:2.44 

* 371.74~43.74 13108.3.t1668, 192.06.;t13.B6• 

• 261.39.;t19.35 18285,;t2430 247.D.;:t24.47 

J54.:!;29o41• 13958,±916.7 229.16.;t21.89 

• Signi ficantl.y di ffer:ent 'from Sham-aperatad control at P ~ 0.01. 

15 
Units of 
Activity per 
gm tissue 

16379.16.;t1279 

13245.;t.1224. 7 

12750.,t1 814.5 

t0603.;t941 

Specific 
Activity 

257.2.t47.76 

174.78.±13.8 

234.S.;t29.96 

199.7.;t17.51 



TABL.f VII: Effect of Ascorbic Acid and DMBA on specific activi.ty of Acid 

Phos.phatase in Partially Hepatectomized mouse liver.· Specific 

Activitt .is exp.ressed as Mean .::t S.E. for livers from 6 mice in 

each case. 

Time(in days) 
after 

operation 

Group 

1. PARTIAL 
. HtPATECTOMY 

2. PARTIAL 
HEPATECTOMY· 
AND ASCORBIC 

5 

Units of 
Activity per 
gm tissue 

D.91,:t0.22 

10 

Uni.ts of 
Specific Activity per Specific 
Activity ~m tissua Activity 

0.007.;t.O.OD1 1.112.:t0.139 C.023,:tO.D027 

15 

Units of 
Activity per 
gm tiss.ue 

... 

Spec.ific 
Activity 

0. 0156.;t. DO~ 

ACID 2.84.!,0.289 * o.ol52.:0.no.t: o.6J.,to.o6s o.ooss.,to.oo2* t.113.;t0.142 o.ot43.;t.002! 

3. PARTIAL 
HEPATECTOM.Y 
AND llMBA . 0.675.;t0.059 

.C. PARTIAL 
HEPATECTOMY• 
AS· CORBIt ACID 
AND DMBA t.DS.,t.D.1 '14 

o.ol56.,to.oos2 t .o66.,to.t.26 o.02B.to.oo2B o.744.;tO.OB1 o.o12~o.oo2 

0.027.,tO.OOS• 1.D2.,t0.084 O.D44.;t0 •. 0087** 1.67.;t0.244 D.0616.:t.008• 

• Signi.ficaAtly different f'rom Partially Hapatect.omiz:ed group at P .~ 0.01. 

** Significantly different from Partially Hepatectom~zed group at P ~ 0.05. 



TABLE VIII: Effect of Ascorbic acid and IH4BA on specific activity of Acid 
.. . 

Ribonuclease in. Partially .,.epetectomiz:ed mouse .liver. The i'\umbera 

represent Mean J: S.E. for livers from 6 mice in each case. 

Time(in cf.eysJ 
afteJ: 

operation. 

Gzoup 

1. PARTIAL . 
HEP ATE CT.OMY 

5· 

Units of 
Activity per 
gm tissue 

2055.t;103.8 

2. PARTIAL 
HEPATECTOMY AND 
ASCORBIC ACID 2~13.3.:t247 

3. PARTIAL 

· Specific 
Activit¥· 

32~ 03.t1. 64 

•• 

10 

Uni-ts af· 
ActivitN per 
gm ~issu~ 

t OOO.;t12S.·e 

42.23,;t4.2S 3650.;t359.39 

15 

Unita of 
Specific Activity per 
Activity gm tissue · 

28.24.;t2.15 1366.6.;t136.8 

.. 
72.24.;t5.1f 4750.8;.;t376.5 

' 

HEPATECTOMY 
AND DMBA. 2762.54359.2 30.94.;t5.1t 1341.6~212.89 25.84,t3.23 2233.3.;t55.27 

· 4. PARTIAL 
HEPATECTOMY, 
ASCORBIC ACID 
AND DMBA 3388.3.,:t370.97 • 151.6.;t14.22 2250-*381.8 104. 78_:t6.67*49SO.,t234. 5 

Specific 
Activity 

t22.3.,t5.75* 

32.61~1.93* 

t36.8_:t;7.11* 

/--------------------------------------------------------------------------------------------------* SignificantlN dif'ferent from Pa:r:tially Kepatectom.ized group at P ~ 0.01. 
•• Significantly di ~fe~:ent from Pertial.ly Hepatectomized group at P ~ D.QS. 



TABLE IX 1 Effe.ct of DMBA and Ascorbic Acid. on specific activity of DeoJtyribonucleaae I 

in partially Hepatectomized mouse liver. Numbers ~epresent Mean Jt. S.E. for 
livers f.rom 6 mice in·· each case.· 

--------------------------------------------------------------------------------------------------Time( in days) 
aftazo 

apet:at~on 

10 

·Units of 
Activity per Specific 

15 

Group 

Units of 
Activity per 
gm tissue 

Specific 
Activity g.a tissue Activity 

·Units of 
Activity per 
gm tissue 

1. PARTIAL. 
HEPATECTOM.Y 1738. l.:t1 08·3 270.34.;t21.40 22580.,t2908 4B0.79.t29.39 4838.;t337.8 

2. PARTIAL 
HEPATEC.TOM'( &. 
ASCORBIC ACID 13911.6,%1671.2 257.7..;t22•4 '6367.;t1444.4 391,;t30.75** 5225.:t6'18.0 

3. PARTIAL 
HEPATECTOMY 
AND. DMIA 190B3.3,:t1008 . 291.26.;t14.38 216SO..:t;14D7.5 43.1.t29.66 3908.3.;t280.S 

·4. PARTIAL 
HEPATECTOMY, 
ASCORBIC ACID 
AND DMBA 3392.it,491. 83 104.;t.15.42* 12800,:t1261.2B 39l.i24. , ••• 19183;t2096.8 

. 
* Signi ficantlN di ffercnt from Partially Hepaten::tomiz~dt."g~oup at ! 4:0.01 • 

.... --..t I 

**' Si.gnificently different from Partially Hepatec.tomized group at P f. o.os. 

Specific 
Activity 

76.44~9.06 

42.D.;:t9.98** 

95.49;,t9.79 

453.;t30.47* 

~ 
C.J1 
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lliSCUSSlp(i 

Seve~al studies have already been done on enzyme 

profiles in regenerating• precancerous and eanceroua 

liver. Acid phosphetaee, RNase and DNase l, in spite 

of being important enzymes of nucleic acid metabolism, 

have not been extensively studied. 

The present study reveals that in partially 

hepatectomized mouse liver, speci fie ec:tivi ty of ecid 

phosphatase ·is decreased on 5th daN but an incl'eaee ,i.e 

observed on 10th day •. Later on the activity is unaffected 

as compared to Sham-controls (Tables tv and VII). 5imilar 

results were reported in regenerating ret liver (Fiszer• 

Szaferz and Nadal, 1977) and in actively growing hepatoma 

(fiszer•Szefarz and Szaferz, 1973). However, there are 

some reports that there is no change in the specific 

·activity of acid phosphatase in •hole liver homogenate• 

( De Duv e .11 .&1...., 1 955; Lamirande .11 &l...t 195 7). The 

changes in the speci fie activi·ty of the enzyme can be 

eKplained th:tough the changes in the organelles of the 

cell during subsequent stages. In regenera~ing livel'. 

the dividing cells. probably, reoJ."gani%e their stx-ucture, 

one aspect of which is an increase in the activity of 

the lysosomal enzymes responsible for ol'ganelle 

deg~:adation and"of constituents not involved in division. 
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These enzymes are then· gradually used up and are not 

renewed. This phenomenon would then be direct causa 

of the loss of lysoaomes before mitosis reverted to a 

low level by 5th dey. Later on reconstitution of cell 

organelle takes place end it is reflected in the 

inereeeed lysosomal activity measured between 5th end 

1Oth day after partial hepatectomy. An increase in the 

lysosomal enzyme activities in cultured cella, reaching 

the stage of contact inhibition, was aleo observed by 

Horvat and Acs (1974). 

Data presented ln Tables Vl and IX show an Increase 

in the speci fie activity of DNaae in partially hepet~~to

mized mouse liver. This increase might be due to an 

increase in the cell population and showing a higher 

rate of metabolism. Whereas the dtacreaae at the later 

inte~:vals might be because of feed back inhibition! 

The speci fie activity of ribonuclease rema,ina 

unaffected at earlier intervals, but an increase ia 

observed on later interval in partially hepatectomized 

mouse liver tTablesV and VIII)~ Glazer (1973e,b) haa 

shown that there is en increase in the RNA synthesis in 

.pertiallN hepatectomized ret liver. The increase in RNA 

synthesis might be due to an increase in the activity of 

RNA polymeraea and not because of change in the levels 

of RNase. 
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• 
Table IV and fig. 1 ahow the effect of ascorbic 

acid and DMBA on acid phosphatase activity in sham-operated 

control eGuse liver. It reveals that ascorbic acid ie not 

effecting the enzyme activi.ty .aa compared to ahem-control. 

But DMBA causes an increase in the specific activity at 

later intervals. These two teat chemicals. in cOIIbination. 

show similar effect on specific activity of acid phosphatase 

ae in DMBA treated sham-control. Here we see that ascorbic 

acid is not having any effect on the ape~ific activity of 

acid phosphatase. Ascorbic acid• thus. ia not able to 

inhibit the action of DMSA on acid phosphatase specific 

activity. 

ln partially hepatectomized animals theoe two 

ch.,aicels have entirely different effects on the specific 

activity of acid phosphatase as compared to sham•operated 

control treated with DMBA and ascorbic acid (Table VJ fig.2). 

liere ascorbic acid is found to increase the specific. 

activity of acid phosphatase. This indicates that an 

increase in the catabolic enzyme might help in the 

prevention of neoplastic transformation. Our date show 

that DMBA has also increaaed the specific activ£,ty of the 

enzyme at earlier intervals. Similar results were obtained 

in,the solid tumor developed by inoculated tumor cella in 

axillary region (Kojima end Sakureda. 1976) and in the 
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ca~cinoma of the p.rostate (Woodward, 1942, 1952t Gutman and 

Gutman, 1938). However, when these two test chemicals we~• 

given in combination, they have increased tha spec4.fic. 

activity of acid phose:ihatase as compared to that of 

partially hepatectomiaed mouse liver, at ell the th~ee 

interv,la. The incteaee in the specific activity on 15th 

day appears to be a synergistic effect of thea_e two 

chemicals but at other two intervals again DMBA and 

ascorbic acid are showing independent effects on the 

speci fie ec~ivi ty of acid phosphatase in partially 
I 

hepatectomi~ed mouse liver also. 

• 

-Specific activity of acid ribonuclease in ahem• 

operated mouse liver has· shown various levels of activity 

when treated with ascorbic acid end DMBA (Table V and f"ig.3). 

· Ascorbic acid does not affect the specific activity of 

RNaae et earlier intervals but a decrease is observed on 

t 5th day of surgery. However, DMBA has shown a .decline in 

the specific activity at earlier intervale but the specific 

activity of enzyme shows no variation an 15th dey. Thie 

decline is consistent with the increased RNA syntheai.s. 

(Daoust and Amana• 1963, 1968 and Ferber, t973) ~n animals 

treated with different chemicals. Taper .§..t. .AAt., (1971) have 

also observed e decline in the level of acid nuclease in 

ret liver. during N~Nitroaomorpholine carcinogenesis. 

Similar results were obtained .in animals fed, Acetyler.nino• 
-' 

fluorene in rat liver during azodye carcinogeneaia (Roth, 1957) 

' 
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in ·e•perimentel end human tumors (Daoust and Am~no, 1963) • 
. 

On 15th deyt it is possible that considerable changes 

might occur in individual components of RNese system 

during the feedingL~arcinogen. Jf these changes ere in 

different directions. they might not be detected by 

determining only the overall ac~ivity of the enzyme ee 

has b~n done in the p~eaent study. 

A combined treatment of the two teat chemical• ahowe 

Q fall in the specific activity .of ribonucleese in sham""" 

ope~at~d animals, again showing that ascorbic acid and 

DMSA ere acting independently on acid ribonuclease. The 

decrease on 5th and 10th day is similar to DMBA effects 

when given alone while on 15th day the fall in the 

speci f'i.c activity is similar to the eecozbic acid effect 

when administered alone. 

In partially hepatectomized animals, ascorbic acid 

induces en increase in the specific activity of RNeee at 

ell the thJ'ee intervals (Table VIII, f'ig. 4). Thia· 

induction of enzyme by ascorbic acid can be correlated 

with the reports of Omura a J1!a. ( 1975) that ascorbic acid 

decomposes nucleic acids~ This breaking of nucleic acid 

molecule i.e. RNA might be because of the induction of 

catabolic •nzyme•ribonucleaae by ascorbic acid. On the 

other hand DMBA has not affected the levels of ribonuclease 

at earlier intervals but an increase is observed on 15th 

• 
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dey after partial hepatectomy (Table VIII, fig. 4). 

Similar results were obtained in the experiments with 

cytoplasmic pa:~:ticuletea of hepatoma tr:ansplante (Mave.r 

end·Greco, 1956) end with neoplastic ti8sue (Greenstein, 

t943a Greenstein and Thompson, 1944). Our data is also 

consistent with the repol'te of' Cantezo .1.1 .IJ.&, ( 1950) • 

Daoust and Cantero (1950) 1 and Lamirande A1 ~ (1953). 

According to these workers. the increase in the specific 

ectivi ty of ribonuclease in the anim els at latexo intervals 

may probably be accounted for by an increaee in the 

number of cells, the activity per cell remaining constant. 

A combined treatment of these two test chemicals 

• 

when given to partially hepatectomized animals, the specific 

activity of RNaee is increased during the entire cou•se of 

eJ<periment. This result again confirms that ascorbic acid 

end DMBA ere acting independently on the r:nzyme level,. 

The increase in the apoci fi~ activity of RNese on t5th 

dey is almost equal to the total increase in the apeci fir; 

activ.f.ty caused by these two test chemicals when given 

e ep.arately. 

The data .in Table VI (fig. 5) show the effects of 

these two test chemicals on the levels of DNaae I in 

eham•ope~:eted mouse liver. It i a observed that ascorbic 
~ 

acid enriches the speci fie activity of the enzyme at e~:rli eJ: 

intervale• Omus-e At. 41.. ( 1975) have r~portad that aacorbic 
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I 

acid break& DNA molecule. This breaking action of 

ascorbic ecid, thus. can be explained by the observation• 

in the present etud,y that it increases DNase 1 level and 

thus decreases the DNA content. However, later on; a 

decline in the specific activity 'of DNese l is obeezoved. 

DMBA. in ahem-controls, has increased the activity 

only et earlier intervals (5th day). Marquardt and' 

Philips (1970) have reported that DMBA decreases the 

total DNA content. Similar reports have been given u~ing 

ather carcinogens like DMN (Gronow, 1971)1 Nitrosamine 

( Gronow, and Thakrab • 1974); and 1., 2-Dimetttylhydrazine 

(Brambilla £1A!., 1978). This decrease in DNA content 

is proposed to be due to interaction of carcinogen with 

DNA molecule. It may also be due to the increase in the 

epeci fie ectivi ty of DNase 1 by the carcinogen ae 

obse:r:vtsd irt the present studies. 

However, these two test chemicals when adminietered 

in cambinaticn to sham controls, a rise in the speci fie 

activity of DNaae 1 is observed only on 5th day. In thie 

group, we see that decrease in the specific activity of 

the enzyme, caused by ssco.rbic aci.d on later intervale; 

has been nulJ.i fied by DMBA. Here. the ef·fecte of DMBA 

are more prominent. 
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In partially hepatectomised animals, DHBA and 

escoz:bic acid affect the levels of DNase I in en entirely 

different manner from sham-controls (Table IX, fig. 6) • 

Aeco.r:bic acid is not effecting DNese at ea~lier interval . 
b.ut a fall in the specific activity of the enzyme ia 

observed on 10th and 15th day of operation. This might 

be due to &! d.ecreeae in the cell population because o t 
' 

local tissue reaction which has occu.r:ed already and aleo 

might be due to the induction of some inhibitory factor• 

in the tieaue. However, it is obseJ:ved thet DMBA does not 

alter the specific activity of DNaae I at any of tha 

three intervals. It is reported that by Sth da.v of 

operation~ the mitotic activity almost comes to normal 

level end hence afterwards there would not be any change 

in the genetic material DNA end concerned enzyme system. 

Similar reports have come using Urethane in rat liver 

(Hwang .U ~· t973). These investigators have shown 
I 

that Urethane suppressed the first wave of DNA replication 

while later DNA replication was essentially unaffected. 

A ccnbined treatment of the two teat. chemicals to 

paJ:tially hep etectomized animals causae a decline in the 

speci fie activity of DNose I at earlier intervals but 

surpri&i.ftgly it is ra£sed aigni ficently on 15th dar.~ The 

tall in the spe.cific ·activity on 5th da,v eppaaJ."s te be a 

• 
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a~tne~gistic effect of the two test chemicals. On 10th 

day. the dec~eese might be because of ascorbic ~acid which 

ia found to decline the specific activity of DNaae l when 

given alone. 

On the basis of our results concerning the 

activities of the lysosomal enzymes in mouse liver treated 

with ascorbic acid and DHBA, it is very difficult to 

.investigate the cause with respect to the degree of the 

effects brought about by the two chemicals and with the 

present lite~atu~e available. any concluding remark 

· cannot be given, yet there are certain poesible mechanisms 

through which the changes of enzymatic activities in 

treated mouse liver can be e:Kplained: 

• The increased enzymatic activity is likely to reflect 

the presence of an increased enzyme population of the 

tissue. Since enzymes are usually present in an exce•• 

in the tissue, an increased enzyme level may be a valuable 

indication of a stimulated or elevated metabolic activity 

by the treatment. 

- The increase in the enayme levels in partially 

hepetectomi.zed animal may probably be due to an increase 

in the cell population., 

• The changes in the enzyme activities. may be because of 

the changes in the rate of synthesis or enzyme catabolism. 
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- The changes .in the enzyme levels can ala, a be explained • · 

thzoough eln&~me ~rena~ocation f~:om ont!J ol'gen to another. 

- The changes in the enzymatic activity may al•o be 

due to the changes in the levels of inhibitoZ'& or 

activatozoa because of the treetment 11 
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SUMMAR X 

t. In sham""'ope:r:ated mouse liver, ascorbic acid has 
/ 

no effect on acid phosphatase. It shows a decrease in 

the specific activity of RNase at later intervall, 

whe:r:eas DNeae spe-cific activity is enriched at earlier 
·~ 

intervals. 

2. In partially hepatectomi&ed mouse liver. ascorbic 

acid is found to increase the specific activity of acid 

pho.sphetase at earlier intervale. The specific activity 
I 

of both the nucleases - INese and DNese - is alao enriched 

and thus, can be correlated with the breaking action of 

ascorbic acid on nucleic acids. 

3. , DMBA• in sham-operated mouse liver, increaeee 

the specific activity of acid phosphatase at latel" 

intervale only. It inhibits RNaae. However, it has 

been found to increase the specific activity of DNaee 

only on 5th dey of operation,., 

4. In partially hepatectomized mouse liver, DMBA 

increases the specific activity of acid phoaphetaee at 

earlier interval (5th ·day) and of ANsae at late• 

' intervals. However, it does nat alter the specific 

activity of DNese at any of the three intervale. 
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s. AscoJ:bic acid and DMBA. when given in combination 

to both eheli•opereted as well sa partially hepatectomized 

, animals, show independent effects on the specific · 

activities of both acid phosphatase and RNeee. However, 

on the specific activity of DNase, the eff'ecta of DMBA 

are more prominent. It is, therefore, clear that 

ascorbic acid does not prevent tumor growth by affecting 

the lysosomal enzymes studied. 
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