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ABSTRACT 

A neonatal model system of hepatocarcinogenesis in 

mice was used to evaluate the effectiveness of two natural 

compounds, retinyl palmitate and glutathione, to prevent 

development of preneoplastic foci. Starting at 3 weeks of 

age, dietary administration of retinyl palmitate in 

subtoxic concentrations (116.7 I.U. and 466.7 I.U./g food) 

for 13 weeks failed to reduce the number of foci and 

hyperplastic nodules in the liver. In male mice retinyl 

palmitate may have caused an increase in the density of 

2 
foci and nodules/cm liver tissue. In a preliminary study, 

daily oral administration of glutathione (lOmg/mouse) for 

four weeks starting 12 weeks after the carcinogenic insult 

apparently reduced the incidence of hyperplastic nodules in 

livers of male and female mice. However, the reduction in 

incidence of foci and nodules could not be demonstrated 

with a larger number of animals in a second study. 
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INTRODUCTION 

Modification of the body's natural responses during 

the early stages of carcinogenesis using "biological 

response modifiers" is of current interest in the study of 

cancer. Such natural substances have been of interest 

because of the hypothesis that they may be effective in 

preventing progression of the precancerous state to an 

invasive malignancy. Many investigators have demonstrated 

the suppression of malignant transformation and tumor 

promotion by retinoids, and proposed that retinoids enhance 

the intrinsic physiological mechanisms that protect animals 

against the development of cancer (Sporn (1977); Davies, 

1967; Bollag, 1974; Saffiotti, et al., 1967; Nettesheim and 

Williams, 1976; Chu and Malmgren, 1965; Moon et al., 1977). 

Similar findings by these investigators led to the subject 

of these studies - the evaluation of the effect of retinyl 

palmitate and glutathione upon hepatocarcinogenesis in a 

neonate model system. 

Vitamin A is a growth factor necessary for 

differentiation and maintenance of epithelial tissue, 

maintenance of reproductive capacity, and vision (DeLuca, 

1977). Its roles in the visual cycle and glycosyl transfer 

reactions have been clearly defined at the molecular level 

1 
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(Wald, 1968) although other pathways are not as fully 

elucidated. 

The parent compound of the family of retinoids is 

trans-vitamin A alcohol or trans-retionol, or simply 

retinol. It contains a cyclic end-group (trimethyl-

cyclohexenyl ring); a dimethyl-substituted, all trans 

tetraene ring; and an hydroxyl end group. Each region of 

the retinol molecule can be synthetically modified in many 

ways. Synthethic analogs may share some or all of the 

biological activity as trans-retinol, and some analogs may 

be more potent and less toxic than the naturally occurring 

retinoids. Dietary forms of vitamin A exist either as 

retinyl esters (retinyl palmitate or retinyl acetate) or as 

the provitamin beta-carotene. Esters of retinol are 

hydrolyzed by specific esterases in the intestinal mucosal 

cell membrane (brush border enzymes) before they are 

absorbed. Similarly, before retinol leaves the intestinal 

mucosa, it is re-esterfied with long chain fatty acids that 

then pass into the lymphatics. The ester forms are 

transported as chylomicrons to the blood via lymphatic 

drainage into the thoracic duct, after which they are 

cleaved by liver esterases, taken up by the liver cells, 

re-esterfied and stored in vitamin A storage cells (Ito 

cells). 
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In order to be mobilized from the liver, retinyl 

esters must first be cleaved and conjugated with a specific 

20,000 MW transport protein synthesized in the liver. This 

holoprotein is then released to the circulation where it 

binds to pre-albumin and one thyroxin molecule. This 

complex transports retinol to the target organ and 

functions to limit the toxicity of retinol. When large 

amounts of retinol or retinyl palmitate are ingested they 

may exceed the storage capacity of the liver. Retinyl 

esters may then reach the circulation not conjugated to a 

specific protein but loosely associated with plasma 

lipoproteins. In this form they can interact 

indiscriminately with cell membranes causing lysis and 

cellular damage. This is believed to be part of the 

mechanism of vitamin A. toxicity (Smith and Goodman, 1976). 

Retinol is taken up by the target cell through 

specific cell surface receptors (Heller amd Bok, 1975). 

Retinol is thought to exert its action either on cell 

membranes by the formation of glycoproteins, or by action 

on DN& transcription and/or translation. The latter may 

involve cellular retinol binding protein (CRBP) and 

transportation to the nucleus (DeLuca, 1977). 

The metabolism of trans-retinol remains to be 

elucidated in detail. In the target tissue, retinol can be 

interconverted to retinal (an aldyhyde) using NAD as a 
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cofactor. Further irreversible oxidation yields retinoic 

acid. Retinoic acid given to vitamin A-deficient rats 

produces marked biological activity but fails to satisfy 

the visual and reproductive requirements for vitamin A 

(Arens and vanDorp, 1946; Thompson et al., 1964). Both 

retinol and retinoic acid can be converted to their 

respective glucuronides, retinyl-beta-glucuronide and 

retinoyl-beta-glucuronide, by glucuronyl transferase in the 

presence of UDP-glucuronic acid. These glucuronides 

constitute the major excretory forms of retinol and 

retinoic acid. 

As mentioned above, retinol is stored in the liver 

as retinyl palmitate. It is incorporated mainly into the 

Ito cells, and also Kupffer cells and parenchyml cells 

(Wake, 1974). Ito cells are found in the Space of Disse 

and adhere to the sinusoidal wall. They are thought to 

play a role in fibrogenesis of the liver since the Ito 

cells can assume morphological and functional 

characteristics of fibroblasts (Wake, 1980). Application 

of fluorescence microscopy has shown that vitamin A is 

stored in the lipid droplets of the cytoplasm of Ito cells 

and both an increase in size and number of lipid droplets 

are seen after administration of excess vitamin A to the 

rat and mouse (Tuchweber et al., 1976; Yamamoto, et al., 

1978). 
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Hypervitaminosis A is a relatively rare disease and 

manifests itself by a plethora of signs and symptoms 

(Moore, 1957). Acute toxicity (nausear vomiting, lethargy, 

severe headaches, irritability and peeling skin) was 

experienced by Artie explorers in the 1850's after 

ingestion of polar bear liver (Kane, 1856). Analysis of 

polar bear liver by Rodahl and Moore (1943) showed values 

of 13,000-18,000 I.U./gm (four to seven times the adult 

recommended daily allowance/gm). 

Prolonged exposure to Vitamin A in adults and 

children causes coritcal thickening of long bones, painful 

swelling of extremities, failure to gain weight, pain and 

difficulty in standing and walking, headaches, blurred 

vision, pruritis and thickening of skin, spleen and liver 

swelling, and alopecia (Gribetz et al, 1951). When a 

single massive dose (300,000 I.U.) is ingested by humans 

the main effect is an excessive production of cerebro

spinal fluid, which in infants is manifested by a transient 

increase in intracranial pressure, accompanied by vomiting 

which spontaneously subsides 24-48 hours later (Marie and 

See, 1951). 

Long term exposure of experimental animals to 

retinol results in signs similar to those seen in humans. 

Moore and Wang (1945) administered 25,000- 40,000 I.U. of 

retinol/day to young rats and noted, after one week. 
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retarded growth, limping and exophthalmus. Death usually 

occured within three weeks. Autopsies revealed fractures 

of long bones and profuse subcutaneous and intramuscular 

hemorrhages. Light et al. (1944) found clotting time was 

delayed but the delay could be prevented by vitamin K 

administration. Typical macroscopic and microscopic 

findings include exophthalmia, mucoid metaplasia, decreased 

red blood cell count, increased reticulocyte count, 

softening and fractures of bone, deposition of fat in liver 

(Kupffer cells) and spleen, and thickening of the skin 

(Hixon & Denine, 1979; Moore 1957). 

Dietary deficiency and enhanced suseptibilitv to cancer 

The relationship of retinoids to cancer first 

received attention in 1926 when B'ujimaki (1926) found the 

development of carcinomas in the stomach of rats fed a 

vitamin A-deficient diet. Others had noticed that a 

deficiency of vitamin A led to metaplastic changes in the 

epithelia of the respiratory, gastrointestinal and 

urogenital tracts in rats (Mori, 1922; Wolbach and Hone, 

1925; Moore 1957). 

Several studies have indicated that retinoid 

deficiency enhances susceptibility to chemical 

carcinogenesis of the respiratory tract (Nettesheim, 1976), 

bladder (Cohen et al., 1976) and colon of the rat (Newberne 

and Rogers, 1973), as well as the respiratory tract of man 
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(Bjelke, 1975). Sporn (1977) suggested that retinoid 

deficiency greatly stimulates DNA synthesis and mitotic 

index, and results in marked hyperplasia of the basal cells 

of the epithelium. In experimental skin carcinogenesis, 

increased DNA synthesis is associated with the tumor-

promoting effects of agents such as croton oil (Boutwell, 

1974). As demonstrated by these and other studies, normal 

cellular differentiation and growth of epithelial tissue 

cannot occur in the absence of retinoids and this may lead 

to potentially premalignant lesions (e.g. squamous 

metaplasia). A natural question for investigators to ask 

then was whether supra-physiological levels of retinoids 

prevent the occurence, or reverse the preneoplastic states 

induced by chemicals, radiation or viruses. 

Carcinogenesis 

The Somatic Mutation Theory is currently a widely 

accepted explanation of chemical carcinogenesis. This 

theory proposes that chemical carcinogens are electrophilic 

molecules which once inside a cell, can combine chemically 

with macromolecular components of the cell such as 

proteins, lipids and DNA. If DNA is "attacked" an 

alteration of the base pairing may occur, resulting in a 

mutation. When specific areas of the DNA are "attacked", 

gene expression and/or regulation can be altered in such a 

way as to lead to uncontrolled proliferation of 
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undifferentiated cells. The necessary cellular events 

leading to the expression of the final cancerous phenotype 

are not known and are currently the topic of widespread 

research. 

The multi-stage theory of carcinogenesis involves 

"iniation" and "promotion". Proponents of this theory of 

carcinogenesis believe that once the DNA of cells is 

altered, a cell has become "initiated" and the lesion 

becomes "fixed" upon subsequent division of the cell. 

Initiating agents include u.v. radiation, oncogenic 

viruses, or chemical carcinogens. The second stage occurs 

when the cell begins to express the new phenotype, and 

finally that cell or its progeny are "transformed" to the 

neoplastic state. This "promotional" stage may occur as a 

result of endogenous (hormones, prostaglandins, humorous 

substances) or exogenous (ethanol, phenobarbital, dietary 

fats, etc.) factors which would then be thought of as 

"promoters". 

Animal models used to study the latent period of 

chemical carcinogenesis were pioneered by Mottram (1944) 

and Berenblum and Shubik (1947). Epidermis was the first 

organ in which existence of the distinct stages of iniation 

and promotion was demonstrated. It has become apparent 

that specific stages of carcinogensis can be demonstrated 

in the liver and other tissues. 
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Because a large body of knowledge exists regarding 

the biology and pathology of the liver, it has become the 

subject of many studies which demonstrate qualitative and 

quanitative alterations in its biochemical and physio

logical function and morphological characteristics 

following carcinogen administration (Pitot and Sirica, 

1980). The sequential analysis of experimental liver 

cancer induction shows overlapping series of events which 

have been well-characterized in various models (Solt and 

Farber, 1976, Peraino et al. 1977, Scherer et al. 1972, and 

Pitot, 1980). In addition, experimentally-induced 

hepatocarcinogenesis is believed to share some basic 

similarities with natural pathogenesis in humans (Williams, 

1980). 

The development of a neoplasm is a gradual process 

and initially, a cell whose DNA, has been damaged by the 

carcinogen is not histologically identifiable. Williams 

(1980) states, "The altered focus is the first 

morphologically recognizable abnormal population of 

hepatocytes that appears in response to a chemical 

hepatocarcinogen that is not composed simply of acutely 

intoxicated cells." Initiated populations of slowly 

proliferating hepatocytes are called "altered foci" only 

when it becomes possible to identify and quantify them by 

certain histological (usually enzymatic) techniques. Some 
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early histochemical alterations that are observed include: 

1) a decrease in the activities of glucose-6-phosphatase 

and nucleotide polyphosphatase (ATPase), 2) retention of 

glycogen during fasting, 3) increased gamma-glutamyl 

transferase activity, and 4) loss of ability to concentrate 

iron (Farber, 1980). 

Altered foci show no obvious disruption of the liver 

architecture and merge with adjacent hepatocytes. Enzymatic 

staining techniques (Williams, 1980) are replacing the 

traditional histologic staining parameter of texture of 

cytoplasm (i.e. eosinophilic, basophilic, vacuolated, clear 

or mixed; Frith and Ward, 1980) for study and classifi

cation of altered foci. 

Foci do not demonstrate autonomy or independence of 

growth (i.e. they require continued exposure to carcinogen) 

although their proliferative capacity is somewhat enhanced 

over non-altered hepatocytes (Farber, 1980). The nature of 

the cellular alteration(s) that leads to the development of 

a neoplasm is unknown. This makes the knowledge of the 

qualitative and kinetic properties of focal progression 

important. Between foci, considerable variation exists in 

the expression of enzymatic (histochemical) alterations. 

Within a focus, a uniform pattern of histochemical 

alteration is usually seen which probably signifies that 

one focus is composed of the progeny of one originally 
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initiated cell (Williams, 1980). Williams (1980) has 

suggested that the variability between foci may be the 

result of alterations in the DNA of the original "target" 

cells. Variability is also seen in the ability of foci to 

persist after cessation of exposure to the carcinogen 

(initiator or promoter). Williams (1980) calls this 

"phenotypic reversion" to "signify that it probably results 

in the persistence of latent initiated cells." (One 

property of an initiating agent is that its effects are 

permanent.) This variability may imply heterogeneity of 

response of foci to perturbations such as those produced by 

endogenous or exogenous modifiers (e.g. retinyl palmitate 

or glutathione). 

Hyperplastic nodules show many of the same 

morphological and biochemical characteristics of foci but 

can be distinguished by their larger size and compression 

of the surrounding parenchyma (Williams, 1980). Nodules 

appear only after the development of foci (Williams, 1980), 

but Williams cautions that while nodules appear to arise 

from foci they should be regarded as distinct lesions. The 

cells are no longer histologically arranged in one 

cell-thick plates, but are discontinuous with the rest of 

the liver indicating "a loss of intercellular association 

that was maintained as foci" which "may reflect the 
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acquisition of greater growth potential on the part of the 

nodule" (Williams, 1980). 

Haddow (1938) suggested that resistence to the 

cytotoxic effects of a carcinogen might be important for 

the progression of hepatic lesions to malignancy. This 

suggestion along with the following observations lead to 

Parber's more recent hypothesis of the early events in 

liver carcinogenesis: 

a) many carcinogens are inhibitors of cell 
proliferation and/or DNA synthesis; b) auto
nomous or even semi-autonomous or independent 
growth of putative premalignant hepatocytes 
appear to be a property acquired relatively 
late in the carcinogenic process; and c) 
putative premalignant hepatocytes present in 
nodules or in preneoplastic livers show a 
variety of properties that indicate their 
resistance to the cytotoxic effects of several 
hepatotoxins and hepatocarcinogens.(Farber, 
1981). 

Farber's Resistant Cell Model (1980) states that a "rare" 

hepatocyte, resistant to the cytotoxic effect of a 

carcinogen, has a selective advantage for growth. A 

stimulus for cell proliferation (e.g. partial hepatectomy 

or liver injury) may then create a situation in which the 

resistant, initiated cell proliferates and appears as a 

focus or nodule, while the carcinogen simultaneously 

inhibits the proliferation of surrounding "uninitiated" 

hepatocytes through cytotoxicity. Williams (1980) has 

pointed out that the "evidence suggests the foci are 

progeny of mutant cells, and if so, more than selection 



13 

must be involved in the development of foci." He also 

suggests that preneoplastic populations may be the result 

of loss of normal response to growth regulators (e.g. 

Vitamin A). 

Periano et al. (1973) initiated liver tumorigenesis 

by feeding rats 2-acetylaminoflourene and later gave 

phenobarbital (a well known stimilator of liver growth, 

Foulds, 1965) to enhance the tumor response. This was the 

first clear demonstration that hepatocarcinogenesis could 

be separated into initiation and promotion. Phenobarbital 

has been shown to increase the production of malignant 

tumors in several different chemically induced and 

spontaneous hepatocarcinogensis models. 

Peraino et al. (1977) demonstrated a significant 

promoting action by phenobarbital in the liver of rats even 

though there was an interval of 120 days between cessation 

of 2-acetylaminofluorene feeding and the start of 

phenobarbital administration. These authors suggested that 

the final yield of neoplasms was much more influenced by 

the duration of phenobarbital treatment than by the length 

of interval between initiating and promoting agents 

(suggesting that initiation is irreversible and promotion 

is cummulative). Pitot et al. (1978) showed a five-fold 

increase in the number of enzyme altered foci in rats which 

received 0.05% phenobarbital in their diet following 
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diethylnitrosamine (DEN) injection and partial hepatectomy, 

as opposed to the group which received only DEN and partial 

hepatectomy and a control diet. Pitot et al. (1978) 

suggested that phenobarbital appears to increase the number 

of initiated cells, as expressed by their immediate 

progeny, enzyme altered foci, although the mechanism is not 

understood. Although phenobarbital causes the liver to 

hypertrophy (with a concommitant increase in DNA 

synthesis), this observation alone is not sufficient to 

explain its tumor promoting effects (although replication , 

is believed important in "fixation" of the genetic lesion). 

Indeed, very few studies have been directed toward 

understanding the mechanisms of promoting agents in 

hepatocarcinogenesis, but it is generally believed that 

promoters alter the expression of the genome in some way 

other than to covalently interact with DN&. (Theories such 

as this are important to consider when one is exploring the 

possible interaction of phenobarbital and retinyl 

palmitate, which is also believed to alter genomic 

expression.) 

Retinoids and cancer prevention 

The efficacy of retinoids in cancer therapy of the 

lung, skin, bladder and breast neoplasms in experimental 

animals has been shown by several investigators in recent 

years (Bollag, 1972 and 1975; Grubbs, et al., 1977; Sporn 
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et al.r 1977; Moon et al.r 1977; Verma et al., 1979; Smith 

et al.f 1975; Saffiotti et al., 1967; McCormick and Moon, 

1982; Silverman et al., 1981; Nettesheim et al., 1976). In 

all of these studies, the retinoids were given to animals 

after the initiation of carcinogenesis. Therefore, it 

appears that retinoids are working as antipromoting agents 

by preventing progression of preneoplastic lesions to 

invasive malignancy. 

McCormick and Moon (1982) showed that retinyl 

acetate (328 mg/Kg diet) was an effective cancer 

chemopreventative agent even when its administration was 

delayed for four to twelve weeks after the carcinogenic 

insult. Delaying the retinoid treatment up to twelve weeks 

after N-methyl-N-nitrosourea (MNU) administration still 

caused a significant increase in the T50 median (mammary) 

cancer induction time (time to 50% cancer incidence in a 

group of animals). They also found that the influence on 

tumor latent period was not simply a function of tumor 

incidence at the time of retinoid administration. They 

suggested that the inhibition of progression depended on 

the state of developmnent of existing precancerous mammary 

lesions at the time retinoid treatment was started. 

Retinyl acetate also caused a decrease in the cumulative 

cancers per rat at the term of the study (300 days after 

MNU administration). 
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Grubbs et al. (1977) showed a similar increase in 

latency of tumor appearance, reduction in percent of rats 

affected per group, and decrease in the number of 

dimethylbenzanthracene-induced mammary tumors per group in 

female rats treated with the synthetic retinoid, retinyl 

methyl ether (380 umol. and 760 umol./Kg diet). They also 

found retinyl methyl ether to be less toxic and superior to 

the natural retinoid, retinyl acetate, in inhibition of 

mammary carcinogenesis. 

Welsch et al. (1981) however, found that feeding 

retinyl acetate (82 mg/kg diet) for 13 - 16 weeks to female 

GR/A mice resulted in a substantial increase in the percent 

of mice with tumors. The mice carry a mammary tumor virus 

which is inducible by hormones (estrone and progesterone). 

Consistent with McCormick and Moon's (1982) finding 

that the retinyl acetate treatment could be delayed for 

several weeks after carcinogen treatment, the onset of 

retinoid administration can be delayed and retain its 

activity in inhibition of urinary bladder carcinogenesis. 

Becci et al. (1979) found that 13-cis-retinoic acid (240 

mg/Kg diet) caused a decrease in the incidence and severity 

of transitional cell carcinoma whether the retinoid was 

started one, five or nine weeks after the last dose of the 

carcinogen (N-butyl-N-(4-hydroxybutyl) nitrosamine). The 

retinoids were administered for one year. 
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Saffiotti et al. (1967) reported an Inhibition of 

benzo(a)pyrene-induced respiratory tract cancer by retinyl 

palmitate (5mg twice weekly beginning one week after the 

last benzo(a) pyrene injection and continuing for the life 

of the rat). Their results are contradicted by Smith et 

al. (1975). These investigators found an enhanced 

carcinogenic response due to retinyl acetate administration 

even though their experimental protocol differed little 

from that used by Saffiotti's group. Smith suggested that 

their refined administration techniques resulted in a more 

effective exposure to the carcinogen to the extent that it 

overwhelmed any potential protection from retinyl acetate. 

In another study involving preneoplastic lung 

nodules induced in rats by 3-methylcholanthrene (3-MC), 

Nettesheim et al. (1976) found that the administration of 

31,400 micrograms of retinyl acetate/week intragastrically 

for 52 weeks after the last injection of 3-MC, resulted in 

a reduction in the incidence of metaplastic lung nodules. 

The variable outcome in these last three 

experiments involving respiratory tract cancer suggest the 

elusive role of retinoids in tumorigenesis. h protective 

effect from retinoids may depend on the stage of tumor 

development at which retinoid treatment is begun (i.e. 

retinoids may have a positive effect on early lesions, but 
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there may be some point beyond which retinoids can be of no 

benefit). 

It appears that the effectiveness of retinoids may 

be tissue specific. Ward et al. (1978), using two 

different orally-administered retinoids (240 mg of 

13-cis-retinoic acid/Kg diet or 60 mg trimethymethoxpheynl 

analog of retinoic acid ethyl amide/Kg diet) were not able 

to demonstrate a protective effect against MND-induced 

colon cancer. In another study of MNU-induced colon 

cancer, Silverman et al. (1981) saw no significant 

inhibition from several natural and synthetic retinoids (2 

mmol./Kg diet). In the same study, the investigators gave 

retinyl palmitate intrarectally prior to MNU administration 

and saw an increase in the number of adenomas/rat. 

Very few studies demonstrate a beneficial effect of 

retinoids on cancer of other than epithelial origin. Morre 

et al. (1980) injected transplantable hepatocellular 

carcinoma cells into the subcutaneous scapular region of 

rats. They demonstrated a decrease in tumor growth rate 

when animals were given a diet containing either excess 

retinyl acetate (400,000 I.U./kg diet) or no vitamin A 

versus a group which received I.U./kg diet. (Body weight 

and food intake were similar in control experiments 

involving no tumors.) 



19 

An interesting study by Rieder et al. (1983) showed 

a beneficial effect on hepatomas in rats fed a diet 

consisting only of carrots for 4 or 5 days per week. This 

diet was continued for 60 weeks after diethylnitrosamine 

was administered in the drinking water for 10 weeks. There 

was an increase in the latency period of cancer induction, 

prolongation of survival rate, and no apparent systemic 

toxicity (as determined by normal weight gain by rats). 

Maiorano and Gullino (1980) investigated the effect 

of retinyl acetate on the incidence of mammary carcinoma in 

a breed of mouse (C3H-A) which carries a mammary tumor 

virus and has an approximately 90% incidence of 
t 

"spontaneous" mammary carcinoma by 15 months of age. Even 

though there was no significant difference in incidence of 

mammary carcinomas between control and retinyl acetate-fed 

mice, the investigators made an unexpected discovery. 

Control mice showed a 70% incidence of hepatomas at 12 

months of age or older while the incidence was 11%, 17% and 

46% in mice fed 83, 41 and 21 mg retinyl acetate/Kg diet, 

respectively. Unfortunately, damage to articulations and a 

decline in body weight gain were also observed in the 

retinyl acetate fed groups. Thus, retinoids have been 

shown to be beneficial in treating a variety of 

experimentally-induced cancers but their use appears 

limited in part by their toxic potential. 
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Longnecker et al. (1983) studied the effects of 

four synthetic retinoids on azaserine-induced pancreatic 

cancers in rats. There was a significant reduction in the 

percent of male and female rats with carcinoma after 0.5 or 

2 mmol/kg N-(4-pivaloyloxyphenyl) retinamide or 

N-(2,3-dihydroxyl- propyl) retinamide was administered in 

the diet for one year following azaserine treatment. 

However, the investigators also reported retinoid toxicity 

as evidenced by "failure to thrive" and testicular atrophy. 

Also significant was the fact that females showed a 

dose-dependent increase in the incidence of hepatocellular 

carcinoma with retinoid treatment. 

The present study was designed to address two 

questions: 1) Is retinyl palmitate efficacious in 

preventing the progression of precancerous liver lesions 

induced by dimethylnitrosamine and promoted by 

phenobarbital in mice, and 2) Does retinyl palmitate cause 

liver injury at the doses administered for a substantial 

length of time? 

Retinyl palmitate is stored in the liver and, as 

such, was a natural choice for this experimental system. 

However, liver toxicity is one consequence of prolonged 

retinyl palmitate ingestion which may make the doses used 

in this study prohibitive from a toxicological standpoint. 

Liver injury is thought to play some role in the 
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pathogenesis of liver cancer (Ying, et al. 1981). How cell 

injury causes an enhanced tumor response is not clear and 

is currently the object of investigation in many 

laboratories. Cellular injury causes an enhanced 

proliferative response in order to repair the tissue 

damage. The problem is thought to be more complex than 

"fixing" of DNA damage; clearly an enhancement of cell 

proliferation is not a sufficient condition for an 

increased tumor response. 

In any case, should retinyl palmitate be found to 

actually promote liver cancer, then this could have 

ramifications for the use of retinoids used to treat 

cancers of other tissues as well as the liver. 

The problem of liver toxicity from retinoids is 

also an important consideration. Despite the voluminous 

amount of research on the mechanixm of this, no one can 

explain the mechanisms of retinoid toxicity in the liver. 

Hepatoxicity results from accumulation of retinyl esters 

(i.e. retinyl palmitate and retinyl acetate) in hepatocytes 

and accompanies chronic dietary intake of these substances. 

There is clinical evidence that excessive amounts of 

vitamin A result in obstruction of portal blood flow, 

development of ascites and portal hypertension, impaired 

hepatic function and hepatic fibrosis (Russell et 

al.,1974). 
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The Ito cell (vitamin A storage cell) is capable of 

fibroblastic transformation and collagen production with 

the proper stimulus, and probably plays a role in hepatic 

fibrosis and portal hypertension (MacGree and Patrick, 

1972). The stimulation for collagen production by the Ito 

cell is principally liver cell injury. It is conceivable 

that this injury may be exacerbated or caused by excessive 

concentration of retinoids in the liver, with a 

consequential destabilization of lysosomal membranes and 

intracellular release of hydrolytic enzymes by hepatocytes, 

Kupffer or Ito cells. Whether or not these sequalae may be 

an important factor in the model of carcinogenesis used in 

this study remains to be established. 

Glutathione was used in a separate part of this 

study. It is a naturally occuring peptide-like substance 

composed of three amino acid residues (cysteine, glutamine 

and glycine) that participates in amino acid transport 

across cellular membrances as well as in formation of 

glutathione-conjugates of xenobiotics for excretion. 

Reduced glutathione (GSH) is thus another "biological 

reponse modifier" that was of interest since it does not 

cause hepatotoxicity and has been studied by other 

investigators for its antineoplastic effect (Novi, 1981? 

Ahluwalia et al., 1983; and Neal and Legg, 1983). These 

three studies obtained opposing results. The role of 
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glutathione as a tumor "anti-promoter" was suggested by 

Novi (1981) who administered glutathione to rats for three 

months beginning 16 months after initiation with the 

hepatocarcinogen, aflatoxin B^. She found a reduction in 

mortality as well as evidence of regression of neoplastic 

growth in the liver. However, Ahluwalia et al. (1983) 

reported that glutathione was ineffective in reducing the 

incidence of diethylnitrosamine-induced hyperplastic 

nodules and hepatocellular carcinoma in rats after eight 

months of administration. Similarly Neal and Legg (1983) 

found no effect on the development of aflatoxin B^-induced 

preneoplastic liver lesions after a ten week administration 

of glutathione. All three of these studies administered 

glutathione orally after the carcinogenic treatment, 

presumably eliminating the possibility that glutathione was 

enhancing the clearance of the carcinogens from the liver. 

A similar protocol of glutathione administration was 

started in the present study at twelve weeks of age when 

the yield of large numbers of foci and nodules becomes 

evident by this model (Cater, 1982, thesis), and continued 

to sixteen weeks of age, the point of termination of the 

% 
study. It was hoped that the present study would 

corroborate Novi's results since this might lead to a 

clearer understanding of the development of hepato-

carcinogenis. 



MATERIALS AND METHODS 

Experimental Animals 

Adult male and female Swiss CD1 mice were obtained 

from Charles River Breeding Labs, Inc., Wilmington, MA. and 

bred to obtain offspring used in the Retinyl Palmitate 

study. Timed-pregnant female Swiss CFW mice were also 

obtained from Charles River Breeding Labs, Inc. and their 

offspring were used in the Gluthathione studies. All mice 

were housed on pine wood shavings in stainless steel cages 

in temperature (22°C) and humidity (relative humidity 55%) 

controlled rooms on a twelve hour light-dark cycle. They 

were fed laboratory chow (Wayne Lab-Blox, Allied Mills, 

Chicago, IL) and distilled water, ad libitum, unless 

otherwise indicated. 

Chemicals 

Histology and Histochemistry Materials 

ImferonR (iron dextran injection, 50 mg elemental 

iron/ml) was purchased from Merrell-National Laborator

ies, Division of Richardson-Merrell, Inc., Cincinnati* OH. 

O 
O.C.T. compound was purchased from Lab-Tek 

Products, Division of Miles Laboratores, Inc., Naperville, 

II. 

24 
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Initiating Agent 

The N-Nitrosodimethylamine (dimethylnitrosamine, 

DMN) which was used in the retinyl palmitate study was 

purchased from Eastman Kodak Company, Rochester, NY. DMN 

used in the Glutathione study was purchased from Aldrich 

Chemical Company, Milwaukee, Wl. 

Promoting Agents 

Phenobarbital sodium (PB) was purchased from 

Mallinckrodt, Inc., St. Louis, MO. 

Experimental Agent 

Retinyl Palmitate was purchased from Sigma Chemical 

Co., St. Louis, MO. 

Glutathione (GSH) was purchased from Sigma Chemical 

Co. 

Dosing Regimens 

The newborn mouse model of Uchida and Hirona (1979) 

as modified by Cater (1982, thesis) was the basis for the 

carcinogenic initiation and promoting procedure used in 

these studies. 

Initiation 

DMN was administered intraperitoneally (i.p.) to 

neonatal mice, 24-36 hours old. Each pup received 25 
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microliters o£ 0.10% DMN in saline for a total dose of 25 

micrograms/pup. Control mice received an i.p. injection of 

T> 
25 microliters of 0.9% saline. A Hamilton gas-tight 100 

microliter syringe (Supelco, Inc., Bellefonte, PA) 

(equipped with a 27-gauge needle) was used for all 

injections. 

Promotion 

At three weeks of age, the pups were segregated by 

sex and housed three to five animals per cage. Animals 

began receiving distilled water (^0) (pH 7.1-7.2) or 0.05% 

phenobarbital water (PB) ad libitum. PB was freshly 

prepared once a week in distilled water and the pH adjusted 

to 7.1 - 7.2 with 1 N HCl. 

Retinyl Palmitate Study 

At three weeks of age, animals began receiving 

either "low" dose or "high" dose of retinyl palmitate (low 

VitA or high VitA) treatments in their diet or a control 

diet (control). The two retinyl palmitate diets were 

prepared as follows: 1) every two weeks Wayne Lab-Blox 

were pulverized to a 500 - 1000 micron diameter, using a 

Baur Mill. 2) once a week retinyl palmitate dissolved in 

corn oil (14.0 ug/ml or 3.5 ug/ml for high and low doses, 

respectively) was mixed with the pulverized chow for one 

hour using a Hobart mixer. Pinal concentrations of 116.7 
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I.U./ g food and 466.7 I.U./ g food were obtained. Control 

diet was prepared using the same pulverized chow mixed with 

corn oil (10 ml/kg chow) for one hour, and 3) diets were 

stored in airtight, light-tight containers at 0-4°C for no 

longer than one week. 

Six experimental groups were established using 

DMN-initiated animals: 

1) 0.05% Phenobarbital water (PB), and control diet 

(control), (10 male, 9 female) 

2) PB and low VitA (9 male, 7 female) 

3) PB and high VitA (10 male, 9 female) 

4) H20 and control (9 male, 11 female) 

5) H20 and low VitA (6 male, 9 female) 

6) H20 and high VitA (10 male, 11 female). 

Corresponding groups were established using non-DMN treated 

animals: 

1) PB and control (6 male, 9 female) 

2) PB and low VitA (10 male, 10 female) 

3) PB and high VitA (10 male, 9 female) 

4) H20 and control (10 male, 10 female) 

5) H20 and low VitA (10 male, 9 female) 

6) H20 and high VitA (9 male, 10 female). 

Animals were weighed weekly to the nearest 0.1 gm 

until 7 weeks of age, then monthly thereafter. Animals 

were killed at 16 weeks of age. 
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Two weeks prior to killing, animals received three 

injections/week for two weeks of Iron Dextran solution (50 

mg elemental iron/ml). Bach animal received a subcutaneous 

injection (125 mg iron/kg) in the inguinal area, 

alternating sides. The sixth and last injection was 

administed within 24 hours of killing. Hepatic siderosis, 

the accumulation of iron in normal hepatocytes, does not 

occur in altered foci and hyperplastic nodules (Williams, 

1980) which allows histological quantitation of these 

lesions. The iron staining procedure was based on that of 

Gomori (1936). See Appendix A for complete procedure. 

Necropsy Procedure 

Animals were killed by carbon dioxide inhalation 

and necropsied at 16 weeks of age. Body, liver, lung and 

kidney were blotted, and weights were recorded to the 

nearest 0.01 gram. Lungs were fixed in Tellyesnicky's 

fluid overnight before gross nodules were counted (Appendix 

B). This fixative caused the red blood cells to lyse and 

allowed better visualization of the nodules. The right, 

anterior sublobe of the liver was cut into two pieces and 

the distal portion was embedded in O.C.T. Compound, frozen 

in a cryomold on dry ice and stored at -70°C in airtight 

freezer jars. The proximal portion was fixed in 10% 

buffered formalin. Ten micron thick slices of frozen 

tissue were cut with a cryostat (American Optical Cryo-Cut 
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microtome) (Cryostat temperature -18-20°C; knife angle 2°) 

and mounted on glass slides. Slides were allowed to air 

dry and stored at -70°C until staining. Frozen sections 

were evaluated for the presence of foci and hyperplastic 

nodules. (See Appendix A.) 

Glutathione Study I 

The above initiating and promoting regimas were 

used except that all animals received DMN and 0.05% 

phenobarbital water (no saline or distilled water 

controls). At twelve weeks of age, animals received oral 

intubations of glutathione (GSH)r 10 mg per mouse per day 

in 0.25 ml distilled water which was prepared fresh daily. 

Control animals received 0.25 ml distilled water. 

Experimental groups were as follows: 

1) DMN and GSH (5 male, 12 female) 

2) DMN and distilled water (6 male, 6 female). 

Glutathione Study II 

To verify the results of the first glutathione 

study, a repeat experiment was performed using a larger 

number of animals and non-initiated (saline) control 

groups. All animals were promoted with phenobarbital. 

Experimental groups were as follows: 

1) DMN and GSH (17 male, 17 female) 

2) DMN and distilled water (13 male, 10 female) 
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3) Saline and GSH (8 male, 5 female) 

4) Saline and distilled water (7 male, 5 female). 

All tissues were prepared as in the Retinyl 

Palmitate study. Pour-micron thick formalin-fixed liver 

tissues (proximal portion of right, anterior sublobe) were 

used for the evaluation of the presence of foci and 

hyperplastic nodules. 

Quantification and Analysis of Data 

Slide Evaluation 

Gomori's stain for iron was used on both frozen or 

fixed tissue as indicated in Appendix A. The number of foci 

and hyperplastic nodules were counted for each histological 

slide of the right, anterior sublobe using a light 

microscope (40x). Foci (Fig. l)were determined to be 

irregularly-bounded "islands" of iron-resistant cells 

2 2 
between 0.02 mm and 0.25 mm as determined by an ocular 

micrometer attached to the microscope. Hyperplastic 

2 
nodules were areas larger than 0.25 mm , showing 

well-described oval to circular shape and compression of 

the surrounding parenchyma (Fig. 2). Tissue section areas 

were determined by planimetry using an Apple II computer 

with graphics tablet. 



Figure 1. Photomicrograph of liver tissue and focus 
obtained from a 16 week old mouse treated 
with DMN and PB and given iron dextran. 

Formalin-fixed section. Gomori's Iron Reaction. 
X 160. 

Note: Area of focus (arrow). 
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Figure 2. Photomicrograph of liver tissue and 
hyperplastic nodule obtained from a 
16 week old mouse treated with DMN 
and PB and given iron dextran. 

Formalin-fixed section. Gomori's Iron Reaction. 
X 160. 

Note: Area of hyperplastic nodule (arrow). 
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Lung Nodules 

Lung nodules appeared as round, yellowish, raised 

papules which occurred on all lung lobes (Fig. 3). The 

normal parenchyma appeared light grey and smooth. Nodules 

ranged from 0.5 mm to 3 mm in diameter. 

Statistics 

All data were analyzed by analysis of variance. 



Figure 3. Gross appearance of lung nodules in a 
16 week old mouse treated with DMN. 

Tellyesniczky*s Fluid. X 2.2. 



RESULTS 

Retinyl Palmitate Study 

As seen from figures 4 and 5, no difference in body 

weight gain can be attributed to the retinyl palmitate 

diets. The retinyl palmitate fed and contol fed groups had 

similar weight gain patterns throughout the study. All 

groups showed consistent and similar weight gain regardless 

of initiating and promoting protocols. The average daily 

intake of food for an adult mouse is estimated to be 5 

grams per mouse. This represents an average daily intake 

of 583 X.U. (0.32 mg) of retinyl palmitate/mouse for the 

low dose Vitamin A treatment, 2333 I.U. (1.28 mg) of 

retinyl palmitate/mouse for the high dose Vitamin A 

treatment, as compared to 75 I.U. (0.02 mg) of retinyl 

palmitate/mouse in the control diet group. For complete 

comparisons of body weight gain with time, within similar 

sex, initiating and promoting regimas, see Appendix C. 

No regular trends regarding the effect of retinyl 

palmitate on liver to body weight ratios can be discerned 

(Table 1). When comparing within the same sex, initiating, 

and promoting regimen, the liver to body weight ratio for 

the high Vitamin A groups were consistently higher than 

35 



36 

• CONTROL 

age (weeks) 

Figure 4. Body weight (g) as a function of age (wk) 
in male mice in the Retinyl Palmitate Study. 
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Figure 5. Body weight (g) as a function of age 
(wk) in female mice in the Retinyl 
Palmitate Study. 



Table 1. Organ to body weight ratios (%)a in the Retinyl Palmitate study. 

n 
MALES FEMALES ^ 

Liver Lungs Kidneys n Liver Lungs Kidneys 

DMN, PB, 
control 10 7.68(0.29) 0.81(0.05) 1.80(0.06) 9 8.94(0.74) 0.92(0.22) 1.57(0.20) 

DMN, PB, 
low Vit A 9 7.96(0.50) 1.04(0.09) 1.54(0.08) 7 8.30(0.60) 0.76(0.36) 1.23(0.27) 

DMN, PB, 
high Vit A 10 7.83(0.19) 0.89(0.07) 1.67(0.04) 9 8.96(0.50) 0.88(0.28) 1.45(0.16) 

DMN, H20, 
control 9 7.30(0.19) 0.67(0.04) 1.79(0.05) 11 6.83(0.75) 1.96(0.29) 1.59(0.28) 

DMN, H20, 
low Vit A 6 6.84(0.17) 1.08(0.08) 1.93(0.03) 9 6.62(0.15) 1.15(0.26) 1.42(0.05) 

DMN; H20, 
high Vit A 10 8.22(0.22) 1.20(0.10) 1.92(0.05) 11 7.81(0.39) 1.20(0.36) 1.41(0.22) 

Saline, PB, 
control 6 6.75(0.23) 1.46(0.13) 1.75(0.05) 9 8.50(1.30) 1.22(0.28) 1.64(0.24) 

Saline,PB 
low Vit A 10 6.85(0.16) 1.35(0.12) 1.81(0.03) 10 8.66(0.95) 1.48(0.44) 1.35(0.09) 

Saline, PB 
high Vit A 10 8.15(0.29) 1.18(0.09) 1.91(0.06) 9 8.79(0.71) 1.58(0.66) 1.64(0.06) 

Saline, H20 
control 10 6.43(0.17) 1.05(0.06) 1.90(0.06) 10 6.20(0.71 1.09(0.25) 1.41(0.12) 

Saline, H20 
low Vit A 10 6.88(0.15) 1.26(0.15) 1.89(0.04) 9 6.93(.54) 1.16(0.20) 1.34(0.11) 

Saline, H20 
high Vit A 9 6.95(0.23) 0.95(0.07) 1.73(0.05) 10 7.27(0.67) 1.23(0.25) 1.40(0.14) 

aMean (S.E.M.) 



39 

those groups receiving the control diet although these 

differences were not statistically significant. 

The effect of phenobarbital was seen as an increase 

in the liver to body weight ratios, in most cases, although 

these differences were also not statistically significant 

(Table 1). This trend, however, was not consistent and may 

be the result of some interaction of phenobarbital and 

retinyl palmitate on liver growth. Note that the 

phenobarbital response was more evident in females than in 

males (Table 1). 

Lung to body weight and kidney to body weight 

ratios were variable and no emerging trends which can be 

attributed to the retinyl palmitate diets or pheno

barbital are apparent (Table 1). Lung to body weight 

ratios appear to be particularly variable but may possibly 

be the result of varying amounts of congested blood in the 

lungs at the time the mice were terminated. 

DMN proved to be an effective initiating agent with 

the appearance of preneoplastic, iron-excluding lesions in 

the liver (Fig. 6 and 7) at 16. weeks of age. Animals 

initiated with 25 micrograms of DMN at 24 to 36 hours of 

age and not promoted by phenobarbital showed an average 

2 2 
incidence of 4.9 foci/cm and 0.4 nodules/cm in males and 

2 2 
7.1 foci/cm and 3.3 nodules/cm in females, versus no foci 
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or nodules appearing in saline "initiated" controls (Fig. 6 

and 7). 

Similarly, phenobarbital enhanced the tumorigenic 

response to DMN by not only increasing the number of liver 

lesions per affected mouse, but increasing the number of 

animals per group in which iron-excluding lesions were 

found as well (Fig. 6 and 7). In males, all animals in the 

phenobarbital, DMN treated groups (control diet) showed the 

presence of iron-excluding lesions, while in the 

non-promoted groups, 67% of the DMN initiated male mice 

2 
showed lesions. The average number of foci/cm appearing 

2 
in males more than doubled (4.9 versus 11.8 foci/cm in 

regular water and phenobarbital treated males, respect

ively, Fig. 6). In females a different situation existed. 

The proportion of animals responding to the DMN was 

apparently increased by the PB treatment (control diet) 

with 89% of the phenobarbital group having liver lesions 

and only 27% of the regular water treated group having 

lesions. However, the average number of foci/cm was 

higher in the regular water treated females than the 

phenobarbital treated females (7.2 foci/cm in the former 

2 
versus 4.1 foci/cm in the latter, Fig. 7). 

Although some apparent trends exist in the 

incidence of liver lesions, no statistically significant 

differences were found between the different Vitamin A 
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groups and control groups (Pigs. 6 and 7). Of those male 

groups not receiving phenobarbitalf retinyl palmitate 

appeared to enhance the tumorigenic response to DMN. 

2 
Affected control male mice had an average of 4.9 foci/cm 

2 2 2 
and 0.4 nodules/cm versus 5.7 foci/cm and 1.0 nodules/cm 

in the low dose retinyl palmitate fed group, and 9.3 

2 2 
foci/cm and 3.4 nodules/cm in the high dose retinyl 

palmitate group (Fig. 6). In the phenobarbital treated 

groups, this trend did not repeat itself. Instead, the 

control fed male mice had the highest incidence of foci of 

all three groups with 11.8 foci/cm , while the low and high 

2 
dose retinyl palmitate fed mice had 6.7 and 7.2 foci/cm , 

respectively. The hyperplastic nodule response was similar 

in all three phenobarbital groups. 

In the female mice not receiving phenobarbital, a 

reverse trend than that which occured in the male mice 

seems to exist, although the magnitude of the differ

ences between the different groups was smaller than in male 

groups (Pig. 7). The female control group showed 7.1 

2 2 
foci/cm versus 6.0 and 5.6 foci/cm in low and high dose 

retinyl palmitate fed groups. Also the incidence of 

2 
nodules/cm in the control group was highest at 3.3 

nodules/cm than either retinyl palmitate fed groups in 

which no nodules were found. 



44 

In female groups receiving phenobarbital, no 

2 
differences in the number of foci or lesions/cm in either 

retinyl palmitate diet versus control diet were found. 

No differences in the incidence of lung nodules 

were found between control and retinyl palmitate diet in 

either sex or promoting regima (Table 2). 

Glutathione Studies I and II 

No differences in body weight gain existed within 

the same sex before glutathione was started and no 

difference in body weight could be detected after 

glutathione treatments ended (Appendix D). Similarly, no 

apparent differences in liver, kidney, or lung to body 

weight ratios resulted from the glutathione administration 

(Appendix E). Glutathione had no effect on the incidence 

of lung nodules in either male or female groups (Table 3). 

The effects of glutathione administration on the 

development of hepatic foci and nodules were encouraging. 

Table 4 shows that the percentage of mice with nodules or 

foci was reduced in the glutathione treated group versus 

control groups in males and females. The average number of 

2 2 
nodules/cm in affected mice was 4.2 nodules/cm in control 

males versus 0.5 in glutathione treated males, and 6.5 

2 2 
nodules/cm in control females versus 2.2 nodules/cm in 

2 
glutathione treated females. The numbers of foci/cm were 
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Table 2. Incidence of grossly visible lung nodules in all affected mice in the 

Retinyl Palmitate Study. 

MALES FEMALES 

Mean nodules/ Mean nodules/ 
GROUP* n affected mouse n affected mouse 

DMN + PB + Control 6A0a 2.4 (0.7)b 8/9 4.4 (1.6) 
DMN + PB + low vita 5/9 0.7 (0.5) 6/7 5.7 (0.5) 
DMM + PB + high VitA 1/10 1.4 (0.5) 5/9 6.9 (2.5) 
DMS + H„0 + control 4/9 3.4 (1.2) 7/11 3.6 (1.3) 
DMN + Hfo + low VitA 5/6 1.9 (0.5) 5/9 3.2 (1.0) 
DMN + 9^0 + high VitA 8/10 3.8 (1.4) 8/11 8.1 (2.9) 

a Number of affected mice/number of mice in group. 

b Mean (S.E.M.) 

ic 
Note: All mice were treated as indicated in Methods and Materials. 



Table 3. Incidence of grossly visible lung nodules in all affected3 mice in the 
Glutathione Studies. 

MALES FEMALES 

GROUP* n 
Mean nodules/ 
affected mouse n 

Mean nodules/ 
affected mouse 

Glutathione 
Study I 

DMN+control 

DMUfGSH 

4/6a 

3/5 

3.4(1.3)b 

5.1(2.1) 

8/11 

10/12 

8.2(3.2) 

5.4(2.7) 

Glutathione DMN+control 7/11 2.2(0.7) 13/19 7.4(1.3) 
Study II 

D?®B<3SH 9/17 4.1(0.8) 13/17 6.9(1.5) 

a Number of affected mice/Number of mice in group 

b Mean (S.E.M.) 

* Note: All mice were treated as indicated in "Materials and Methods" 



Table 4. Glutathione Study I. Incidence of foci and hyperplastice nodules in the 
livers of mice initiated with DMN and promoted by PB water with and with
out GSH treatment. 

GROUP 

Mice with Meam Number of 
Mice with foci Mean number hyperplastic nodules hyperplastic 

Sex Number % of foci/cm Number % nodules/cm 

GHS treated M 4/5 80 5.6(3.9) 

Control M 6/6 100 7.2(2.7) 

3/5 

5/6 

60 0.5(0.3) 

83 4.2(1.3) 

GSH treated F 7/12 58 7.8(2.1) 

Control F 5/6 83 5.9(2.4) 

4/12 

4/6 

33 

67 

2.2(1.0) 

6.5(3.1) 

a Number of affected mice/Number of mice in group 

b Mean (S.E.M.) 



Table 5. Glutathione Study II. Incidence of foci and hyperplastice nodules in the 
livers of mice initiated with DMN and promoted by SB water with and with
out GSH treatment. 

GROUP Sex 
Mice with foci 
Number % 

Mean number 
of foci/cm 

GHS treated M 13/17a 76 15.1(3.8)' 

Control' M 9/13 69 21.0(5.2) 

GSH treated F 11/14 79 11.9(2.3) 

Control F 9/14 64 18.1(3.8) 

Mice with Meam Number of 
hyperplastic nodules hyperplastic 

Number % nodules/cm 

4/17 24 3.7(1.4) 

3/13 23 4.5(2.5) 

2/14 14 2.0(1.4) 

1/14 7 1.1 

a 
Number of affected mice/Number of mice in group 

Mean (S.E.M.) 
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not significantly different for male and female mice in 

control, versus glutathione-treated groups. 

The second study (Glutathione Study II) showed no 

significant reduction of the incidence of foci or nodules 

in male or female groups. As shown in Table 5 the 

glutathione-treated mice had an almost equivalent number of 

foci and nodules as the control groups. The affected male 

o 
mice had 4.5 nodules/cm in the control group versus 3.7 

nodules/cm in the glutathione treated group. In the 

female mice, the control group had 1.1 nodules/cm in the 

control group versus 2.0 nodules/cm in the glutathione 

treated. 



DISCUSSION 

The administration DMN and phenobarbital to mice in 

this study proved to be an effective system to study the in 

vivo effects of two natural compounds, retinyl palmitate 

and glutathione, on hepatocarcinogenesis. The altered foci 

and hyperplastic nodules induced in the liver are believed 

to represent precancerous lesions, a portion of which would 

become hepatocellular carcinomas if allowed to progress. A 

similar process is believed to take place in human 

hepatocarcinogenesis (Williams, 1980). Since retinyl 

palmitate and glutathione have been shown to be antipro-

motional agents in other systems (see Introduction), it was 

hoped that oral administration of one or both of them would 

interrupt the process of malignant transformation and a 

reduction in the prevalence of lesions would be seen. 

The two concentrations of retinyl palmitate used in 

this study did not produce evidence of toxicological 

changes as demonstrated by similar weight gain of the mice 

in both retinyl palmitate treated and control groups. Also 

there were no differences in the kidney/body weight or 

lung/body weight ratios that could be attributed to retinyl 

palmitate administration. There was a slight increase in 

the liver/body weight ratios with increased retinyl 

palmitate concentration in both male and female mice. In 

50 
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general, however, the concentrations of retinyl palmitate 

chosen for this study seemed to have been well tolerated. 

Retinyl palmitate did not seem to be of benefit in 

reducing the percentage of mice with lung or liver lesions, 

or the density of liver lesions (number of lesions/cm 

liver tissue) in those mice with lesions. With regard to 

liver lesions in male mice which were not promoted with 

phenobarbital, a trend toward increasing numbers of 

2 2 
foci/cm and hyperplastic nodules/cm was seen in a 

somewhat dose-dependent manner. Although these data were 

not statistically significant, they are, nonetheless, 

alarming since interest in the use of Vitamin A as an 

antipromotional agent in several animal models has been 

increasing in the recent past. A beneficial role of 

Vitamin A in one organ may be outweighted if it causes 

deleterious effects in another organ, particularly if the 

effect is an increase in potentially malignant lesions. 

The use of this particular hepatocarcinogenic model 

to understand the biological role that retinyl palmitate 

might play in cancer treatment was useful and interesting, 

although interpretation of the data is limited to the 

constraints of the study. The results suggest caution in 

the indiscriminate use of retinyl palmitate for therapeutic 

reasons should its ingestion actually cause tumor 

promotion. This, however, is already the "rule" since 
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retinyl palmitate is toxic at high levels. But how retinyl 

palmitate might cause tumor promotion should be 

investigated thoroughly. The species and strain of rodent 

used in this study, the interaction of retinyl palmitate 

with the initiating (DMN) and promoting regimas, the time 

period of administration of retinyl palmitate, as well as a 

host of other factors probably influence the action of 

retinyl palmitate in this model. 

The chronic administration of retinyl palmitate at 

what was hoped to be less than the toxicological threshold 

may have contributed to the "promoting" action of retinyl 

palmitate. One could speculate widely as to why this might 

have occurred. The lipophylic nature of retinyl palmitate 

and its physiological actions on glycosyl transfer 

reactions may have caused alterations in the cell membrane 

characteristics and somehow enhanced the growth of 

carcinogenic-altered cells over non-altered cells. The 

possibility also exists that chronic administration of 

retinyl palmitate caused a "selecting-out" of cells which 

were resistent to retinyl palmitate. This presumes a 

protective or beneficial effect of retinyl palmitate 

against hepatocarcinogenesis but conversely, one should 

also consider that retinyl palmitate, by its actions on 

fetal development and cell growth, may have selectively 

enhanced the growth of altered cells. Because the precise 
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physiological mechanicms of action of Vitamin A and the 

mechanisms of hepatocarcinogenesis are unknown, an in vivo 

model such as the one employed in this study can only be 

used to describe what was observed and suggest other 

approaches that might be investigated in future research in 

these areas. It might be interesting to try other less 

toxic analogs of vitamin A with various protocols of 

administration, at various stages of tumor advancement in 

other animal/organ models. Also it would be helpful to 

know of any subcellular and/or biochemical alterations such 

as in membrane receptors, enzyme levels, organelles and DNA 

or RNA that result from Vitamin A administration. 

The demonstration that glutathione does not prevent 

progression of the liver lesions was another disappoint

ing outcome of this study. Novi°s work {1982) suggested 

that supplementation of glutathione levels might overcome 

some deficiency in the liver of carcinogen-treated rats, 

thereby causing regression of neoplasms. But her work was 

not substantiated by,, (this . study, or two others that have 

since appeared in the literature (Ahluwalia ̂ et al., 1983, 

and Neal and Legg, 1983), and caution is needed in 

attaching significance to the use of glutathione for the 

treatment of cancer. Again, these studies used different 

biological models to induce carcinogenesis and until the 

biological actions of glutathione are more completely 
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understood and the work of these investigators is 

reinterpreted in the light of that understanding, neither a 

positive nor useless role for glutathione can be 

established. 



APPENDIX A 

GOMORI* S METHOD FOR IRON 

Fixation. 10% buffered neutral formalin 
Technique. Cut paraffin section at 6 microns. 

SOLUTIONS 

20% HYDROCHLORIC ACID SOLUTION (STOCK) 

Hydrochloric acid, concentrated 20.0 ml 
Distilled water 80.0 ml 

10% POTASSIUM FERROCYANIDE SOLUTION (STOCK) 

Potassium ferrocyanide 10.0 gm 
Distilled water 100.0 gm 

HYDROCHLORIC ACID-POTASSIUM FERROCYANIDE SOLUTION 
(WORKING) 

Hydrochloric acid (stock) 50.0 ml 
Potassium ferrocyanide (stock) 50.0 ml 

Mix just before use. 

NUCLEAR FAST RED (KERNECHTROT) SOLUTION 
(see following page) 

STAINING PROCEDURE: Use control slide. Use chemically 
clean.glassware. 

1. Deparaffinize and hydrate to distilled water. 
2. Hydrochloric acid-potassium ferrocyanide sol

ution for 20 minutes. 
3. Rinse thoroughly in distilled water. 
4. Counterstain in nuclear fast red solution for 5 

minutes. 
5. Rinse in distilled water. 
6. Dehydrate in 95% alcohol, absolute alcohol, and 

clear in xylene, two changes each. 
7. Mount with Permount or Histoclad. 

RESULTS 
Iron pigments - bright blue 
Nuclei - red 
Cytoplasm - light pink 
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REFERENCE. GOMORI, G.; Am. J. Path. 12:655-663, 1936. 

Above Procedure from "Manual of Histologic Staining 
Methods of the A.F.I.P.", Third ed., L.G. Runa, ed., 
1968. 

Iron Staining Procedure for Frozen Section (Liver) 
(Modifcation of Gomori's Method for Iron for Use with 
Frozen Tissue) 

Fixation. 10-21 min in 100% EtOH, immediately prior to 
staining. 
Technique. Frozen sections cut with crystat at 10 
microns and mounted on slides, air-dried and stored at 
-70 C until staining. 

SOLUTIONS. 2 stock and working solutions same as on 
preceding page. 

NUCLEAR FAST RED (Kernechtrot) solution made as 
follows: 

Nuclear Fast Red dye powder 0.1 gm 
5% Aluminum Sulfate 100 ml 

STAINING PROCEDURE 
1. Hydrate to distilled water. 

a) 95% EtOH 2 min. 
b) 80% EtOH 2 min. 
c) 70% EtOH 2 min. 
d) Distilled water 2 min. 

2. Place in freshly prepared hydrochloric acid-
potassium ferrocyanide solution (working) for 30 min. 

3. Rinse thoroughly in distilled water (3-4 min.). 
4. Couterstain in nuclear fast red solution for 3 

1/2-4 min. 
5. Rinse in 70% EtOH for 2-3 mins. 
6. Dehydrate: 

a) 80% EtOH 2 min. 
b) 95% EtOH 2 min. 
c) 100% EtOH 2 min. 

7. Clear in xylene 2-4 min^ 
8. Mount with Pro-Texx mounting medium or 

Permount. 



APPENDIX B 

TELLYESNICZKY'S FLUID 

Ethanol 95% 640 ml 
phosphate buffer 55 ml 
Water 174 ml 
Formaldehyde 87 ml 
Glacial acetic acid 44 ml 

Phosphate buffer: Na2HPC>4 10.3 g 

NaH2P04 4.6 g 

Water 1000 ml 

REFERENCE: Nature (London) 213:1159, 1967 (March 18) 
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BODY WEIGHT (G) AS A FUNCTION 

AGE (WK) IN THE RETINYL PALMITATE STUDY 
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Age of Mice 

Treatment - Sex 3 lift 4 wk Tar 6 wk 7 wk irar 14 wk 16 wk 

DW1 + PB + P 10.4(1.8 
control M 11.9(2.2 

cm + re + 
low VitA 

Dm + PB + 
high VitA 

Dm + HJ) + 
control 

F 6.8(1.6 
M 12.5(2.8 

F 9.1(2.8 
M 11.8(1.4 

P 10.0(1.5 
M 11.6(1.4 

Dm + H-0 + F 7.7(2.4 
low VitA M 6.2(2.6 

Dm + H_0 + F 10.1(1.9 
high VitA H 11.3(1.3 

18. 
19, 

12. 
21. 

15. 
19. 

16. 
18. 

16. 
13. 

17. 
19. 

0(3.4 
9(2.7 

9(1.3 
3(3.5 

6(3.1 
1(2.2 

5(2.0 
9(2.3 

4(4.1 
3(3.4 

6(2.3 
5(2.0 

21.9(2.1 
26.3(2.6 

19.8(0.9 
27.3(2.5 

20.5(2.8 
24.2(1.9 

21.1(1.0 
24.3(1.8 

20.0(6.2 
23.2(2.8 

21.3(2.4 
25.1(1.6 

23.2(1.4 
29.2(1.7 

22.2(1.2 
30.2(2.9 

23.1(2.1 
26.2(2.0 

22.0(1.7 
26.9(1.6 

23.0(3.1 
26.2(2.2 

22.9(2.7 
28.8(1.7 

24.8(1.3 
30.8(1.6 

23.2(0.5 
30.7(2.7 

24.7(3.1 
28.3(1.7 

24.7(2.2 
28.1(2.1 

24.9(1.9 
30.7(1.9 

24.9(2.6 
30.4(1.9 

29.4(1.6 
23.8(3.4 

28.1(1.1 
34.5(2.6 

27.6(3.2 
33.1(2.9 

29.0(2 
31.5(1.7 

28.2(3.8 
34.8(1.5 

28.8(2.6 
34.2(1.4 

31.3(1.7) 31.4(1.5) 
35.7(3.1) 36.2(3.5) 

29.0(2.7) 29.1(1.9) 
37.3(2.6) 37.8(2.3) 

30.3(2.8) 31.3(3.0) 
34.9(3.1) 33.7(2.4) 

29.4(1.8) 29.4(2.1) 
34.8(0.9) 35.1(1.2) 

32.9(3.3) 31.6(1.5) 
38.4(3.3) 37.2(3.1) 

29.5(2.2) 30.2(2.1) 
36.6(1.9) 36.9(2.5) 

Saline + PB F 8.8(0.5 
+ control M 10.0(3.2 

Saline + PB p 10.7(1.8 
+ low VitA M 9.1(0.6 

Saline + PB F 9.3(0.8 
+ high VitA M 9.2(1.5 

Saline + fUO F 10.4(0.9 
+ control M 10.1(1.0 

Saline + H,0 F 10.5(1.4 
+ low VitA M 9.1(1.0 

Saline + H_0 P 8.9(1.8 
+ high VitA M 8.2(0.6 

17. 
20. 

18. 
18. 

17. 
16. 

17. 
20. 

17. 
17. 

16. 
18. 

.9(1.2 

.3(2.3 

.8(1.3 

.5(1.8 

.0(2.2 
.5(1.9 

.4(1.7 

.1(1.2 

.3(1.4 

.7(1.4 

.8(2.1 
•2(1.8 

19.2(0.7 
26.1(1.8 

22.7(2.3 
24.7(1.8 

19.1(2.1 
24.5(3.1 

23.3(1.5 
27.0(1.9 

22.4(1.6 
26.7(2.8 

19.5(1.3 
25.4(1.9 

23.9(1.3 
30.1(1.3 

25.3(2.1 
29.9(1.3 

24.3(1.7 
26.8(3.1 

24.0(2.1 
28.5(2.3 

25.8(3.7 
30.2(2.7 

23.4(1.8 
27.8(1.9 

24.8(1.7 
32.3(1.9 

26.2(1.9 
30.8(1.0 

25.7(1.6 
28.5(2.7 

25.9(1.8 
29.8(2.9 

26.1(2.4 
32.1(2.9 

24.3(1.9 
29.2(2.3 

28.1(2.1 
36.3(2.0 

29.8(2.0 
35.0(1.3 

29.7(2.3 
31.8(7.6 

31.1(2.4 
34.8(2.0 

29.5(1.1 
36.4(1.3 

26.3(1.4 
33.5(2.6 

30.1(1.4) 31.1(2.1) 
38.4(2.1) 37.2(1.6) 

32.7(2.6) 33.1(2.0) 
38.1(1.9) 37.5(1.8) 

28.9(3.6) 31.5(2.3) 
33.2(2.3) 38.2(3.6) 

31.4(2.6) 31.9(2.0) 
36.9(2.0) 37.5(1.9) 

33.0(2.5) 32.9(2.0) 
38.5(3.2) 38.8(2.8) 

29.2(1.8) 30.7(2.7) 
36.4(2.1) 37.8(2.6) 

*Note: All mice were treated as indicated in "Materials fc Methods" aNean (S.E.N.) 
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Glutathione Study I 

Age of Mice 
Groupa Sex n 12 wk 13 wk 14 wk 15 wk 16 wk 

1. DMN + control F 11 25.0(3.0)b 25.8(2.4) 27.1(2.4) 27.7(2.1) 26.4(1.8) 
M 6 29.5(1.7) 28.7(1.9) 30.7(1.4) 30.8(1.8) 27. 3(1.2) 

2. DMN + GSH F 12 26.7(2.6) 25.6(2.5) 27.0(2.5) 26.8(2.5) 25.8(1.8) 
M 5 29.4(0.5) 27.0(0.7) 29.2(1.4) 29.2(1.8) 26.7(1.6) 

3. Saline + control F 5 26.0(2.5) 28.3(1.1) 29.3(1.3) 29.5(1.7) 29.5(0.8) 
M 7 30.4(1.9) 31.8(1.5) 33.2(1.8) 33.1(2.1) 33.0(1.7) 

4. Saline + GSH F 5 23.6(2.1) 24.6(1.2) 25.9(1.6) 25.8(2.4) 24.5(1.2) 
M 8 28.6(2.5) 30.7(2.1) 31.2(2.6) 31.8 (2.4) 32.7(1.9) 

Glutathione Study II 

Groups Sex N 3 wk 4 wk 6 wk 10 wk 16 wk 

1. DMN + control F 14 9.2(0.3) 18.7(0.7) 22.1(0.6) 27.4(0.5) 28.6(0.5) 
M 13 9.5(0.4) 17.6(0.5) 25.6(0.6) 30.3(0.7) 32.0(0.7) 

2. DMN + GSH F 14 9.6(0.3) 19.7(0.8) 22.9(0.9) 26.8(0.9) 27.8(1.0) 
M 17 9.3(0.4) 17.8(0.6) 23.2(0.8) 30.8(0.7) 31.5(0.6) 

- L 
All mice were treated as indicated in "Methods". Mean (S.E.M.) 
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Glutathione Study I 

MALES FEMALES 

Group jn Liver Lung Kidneys n Liver Lung Kidneys 

1. DMN+control 6 7.85(0.21) 1.05(0.10) 1.75(0.06) 11 8.14(0.31) 0.93(0.07) 1.09(0.09) 

2. DMN+GSH 5 7.91(0.29) 1.32(0.13) 1.80(0.09) 12 7.68(0.19) 0.78(0.19) 1.27(0.11) 

3. Saline+control 7 7.14(0.18) 0.97(0.08) 1.83(0.08) 5 6.91(0.25) 0.95(0.08) 1.31(0.21) 

4. SalinefGSH 8 7,36(0,35) 0.81(0.05) 1.79(0.05) 5 7.24(0.44) 1.15(0.04) 1.08(0.13) 
\ 

Glutathione Study II 

1. DMN+control 11 7.52(0.29) 0.96(0.05) 2.05(0.08) 19 7.75(0.18) 0.99(0.20) 1.49(0.05) 

2. DMN+GSH 17 7.25(0.20) 9.95(0.05) 1.85(0.05) 17 8.05(0.21) 1.32(0.10) 1.68(0.05) 

aMean (S.E.M.) 

cn 
u> 
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