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ABSTRACT 

The liver is a target tissue for Vitamin A toxicity. 

High doses of Vitamin A have been shown to produce 

hepatomegaly, portal hypertension, fatty liver, and hepatic 

degeneration and fibrosis. Of concern to us was the 

potential interactions of Vi tamin A wi th other known or 

poten t ial hepa totoxi cants. Male SD rats (18o-200 gm) were 

given Vitamin A (retinol, 250,000 IU/Kg) daily for 7 days 

by oral gavage. 2Lj hr after the last dose of Vi tamin A, 

they were then challenged with CCILj (0.15 ml/Kg, ip). 

Ethane, as a marker of lipid peroxidation, was measured 

during the first 2 hr and hepatic injury was assessed at 24 

hr after CCI4. There was approximately 5-fold increase in 

ethane exhalation and 17-fold increase in Plasma GPT 

activity in Vitamin A/CCl4 group. There was also increase 

in the incidence of hepatocellular necrosis. Vitamin A 

pretreatment did not increase the metabolism of 14CCILj as 

examined by the amount of exhaled 14C02, and the covalent 

binding of 14C-equivalents to liver lipids and proteins. 

In addition, liver levels of Vitamin E or GSH were not 

changed by Vitamin A. Electron microscopic analysis of 

livers from Vitamin A treated rats revealed activated 

Kupffer cells. To determine if the Kupffer cells were 

XIII 



xiv 

functionally more acti ve, the clearance of intravenously 

administered colloidal carbon from the blood of Vi tamin A 

treated rats was compared to that of control rats. It was 

found that Vitamin A treated rats cleared carbon particles 

three times faster than that of controls. Therefore, we 

hypothesized that Vitamin A activation of Kupffer cells may 

be the mechanism of potentiation of liver injury. When 

stimulated, these activated cells could release active 

oxygen species which could promote peroxidation of 

hepatocyte membranes and potentiate CC14-induced liver 

injury. To test this hypothesis animals were treated with 

superoxide dismutase or catalase to catalyze the 

degradation of active oxygen species; or with methyl 

palmitate to deactivate Kupffer cells. Superoxide 

dismutase, catalase or methyl palmitate completely 

inhibited the Vitamin A potentiation of CC14 induced liver 

injury, but did not al ter the toxici ty of CC14 in non

Vitamin A treated rats. In addition, these agents 

inhibited the enhanced lipid peroxidation observed in 

Vi tami n A treated rats admi ni stered CC14. Therefore, we 

conclude that the Vi tamin A potentiation of CC14 induced 

liver injury results from Vitamin A's ability to activate 

Kupffer cells. Upon minimal hepatocellular injury produced 

by CC14, these acti vated Kupffer cells are stimulated to 

release act i va ted oxygen spec i es. It is these reacti ve 
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intermed ia tes that induce the enhanced 1 i P id perox i da t i on 

that results in the potentiated response. 



CHAPTER 1 

INTRODUCTION 

The purpose of this chapter is to introduce the 

reader to those critical areas associated with the research 

of this dissertation project. The research attempted. to 

characterize Vitamin A potentiation of chemically induced 

liver injury. 

The liver is often at high risk of chemically 

mediated injuries. There are many reasons for such 

vulnerability (Bridges 1981). First, the oral route is a 

common route by which chemicals gain access to the body. 

Chemicals absorbed from the gastrointestinal tract go 

excl us i vely to the liver through the portal c i rcula t ion. 

Therefore, the liver occupies a position in the circulatory 

system that results in its exposure to orally ingested 

chemicals. Second, the Ii ver has developed extraction and 

storage capabilies that result in the uptake and 

accumulation of many chemicals. Also the liver is 

rela t i vely large size and recei ves a high perc en tage of 

cardiac output. Third, the liver has a high concentration 

of drug metabolizing enzymes, relati ve to other organ in 

the body. These drug metabolizing enzymes interact wi th 

xenobiotics in order to facilitate their elimination by 

1 
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converting them to more hydrophilic species. As a resul t 

of metabolism, reactive intermediates of xenobiotics can be 

produced. These may be toxic to the biological matrix due 

to their reactivity and tendency to bind to intracellular 

macromolecules. In addi tion, conversion of a chemical to 

its metabolite alters the liver to blood equilibrium of the 

parent compound. This can lead to increase uptake by the 

liver (negative concentration gradient), and the result is 

greater exposure to the chemical. Fourth, the liver 

rece i ves a dua 1 blood supply, the portal c i rcula tion and 

the systemic circulation, which increases the chance of 

exposure of the 1 i ver to many chemi cals. Finally, the 

liver is the most biochemically diverse of all organs 

(Bridges 1981). It is essential for utilization of 

absorbed nutrients, plasma 

detoxification of xenobiotics, as 

protein 

well as 

synthesis, 

excretion of 

exogenous and endogenous substances. Such complex 

di verse functions increase the exposure of the Ii ver 

potentially toxic substances. 

initiation of a toxic reaction. 

They also facilitate 

and 

to 

the 

Hepatic injuries as a result of exposure to 

xenobiotics can occur via many different mechanisms such as 

accumulation of lipids, inhibition of protein synthesis, 

covalent binding, and lipid peroxidation, among others 

(Plaa 1980). Lipid (triglycerides) accumulation in the 
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liver parenchyma cells can occur due to inhibition of lipid 

secretions, increase in lipid synthesis, inhibition of the 

formation of lipoprotein complexes essential for 

secretions, increase in lipid mobilization to the liver, or 

a combination of all these factors. In case of carbon 

tetrachloride-induced liver injury, fatty liver is produced 

mainly due to inhi bi tion of lipid secretions from Ii ver 

parenchyma (Hoyumpa et al 1975). Alterations in protein 

synthesis can also result in liver injury by interfering 

wi th enzyme functions and cellular cytoskel ton structure. 

Covalent binding of reactive intermediates to liver 

proteins and lipids often resul ts in hepatic lesions by 

destroying the functional significance of essential 

cellular macromolecules. Furthermore, peroxidation of 

lipid molecules by free radicals has been found to play an 

essential part in the development of liver injuries by 

xenobiotics. In such process, a reactive metabolite (most 

commonly, a free radi cal) attacks polyunsa tura ted fatty 

acid residues in lipid molecules initiating a self 

progressive destruction of the lipid molecules. In 

addi tion, other ind ices of hepa tic in jury incl ude 1 i ver 

cell necrosis, cholestasis, fibrosis and cirrhosis. 

Specific mechanisms of chemical-induced liver injury will 

be discussed next in more detail. 
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Hepatotoxicity of Carbon Tetrachloride 

The hepatotoxicity of carbon tetrachloride is due to 

its bioactivation to reactive metabolites and not simply 

due to its solvent effect on cellular structural components 

(Castro et al 1972). Carbon tetrachloride is metabolized 

by the cytochrome P-450 enzyme system of the endoplasmic 

reticulum of the liver. It is metabolized via a one 

electron reductive dehalogenation step resulting in 

homolytic cleavage of carbon-chloride bond and formation of 

trichloromethyl radicals (Mansuy et al 1980, Pohl et al 

1986). It is this trichloromethyl radical which is 

responsible for the initiation of the hepatotoxic events 

that leads to ultimate cell death by carbon tetrachloride. 

The trichloromethyl radical can then undergo another one 

electron reductive dehalogenation step to form 

dichlorocarbenes, interact with oxygen resulting in the 

formation of trichloromethyl peroxy radicals, form 

chloroform by abstracting hydrogen atoms from 

macromolecules in the biological env ironment, or bind to 

another radical to form hexachloroethane (Pohl and George 

1983) • Thus, carbon tetrachloride metabol ism resul ts in 

the formation of highly reactive free radicals which can 

interact with tissue macromolecules to initiate events that 

lead to cell death (Recknagel 1983). I t has been also 

shown that carbon tetrachloride metabol ism resul ts in the 
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formation of phosgene, a very reactive molecule capable of 

inducing deleterious biological events (Pohl et al 1984). 

The Phosgene molecule has a very strong non-residual 

positive charge on its carbon atom due to the strong 

electronegative atoms attached to it (electron withdrawing 

effect of two chloride atoms and one oxygen). This makes 

the phosgene molecule highly reactive towards nucleophilic 

centers in the biological matrix (Mansuy et al 1980). 

However, carbon tetrachloride derived free radicals will be 

highly reactive towards electrophilic centers (Recknagel 

and Goshal 1966). This diversity of metabolites' chemistry 

may play a role in the wide range of biological 

destructions induced by carbon tetrachloride in the liver. 

Additionally, the relative low association energy of the 

carbon-chloride bond in carbon tetrachloride molecule 

facilitates the bond cleavage and the formation of reactive 

species. Also, it has been shown that the bond association 

energy is progressi vely higher in less toxic haloalkanes 

such as dichloromethane and monochloromethane (Recknagel 

and Glende 1973, Slater 1966). 

Carbon tetrachloride induces histopathological 

changes in the liver such as hydrobic degeneration, 

vacuol i za tion and fatty accumulation in the centr i lobular 

region of the liver lobules. The ultimate response of 

these cells is death i.e. centrilobular necrosis (Rouiller 
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1964, Cameron 1936, Slater 1966). In addition to 

histopathological lesions, carbon tetrachloride also 

induces biochemical alterations in the liver. These 

include depression of the activity of glucose-6-

phosphatase, NADPH reductase, as well as many cytochrome P-

450 mediated reactions like aminopyrine demethylase, 

aniline demethylase. The concentration of cytochrome P-450 

is reduced by CCl4 administration (Zimmerman 1978). The 

covalent binding of carbon tetrachloride equivalents to 

cellular macromolecules was shown to occur as early as 5-30 

min (Rao and Recknagel 1969). I t has been also shown in 

this study that the amount of carbon equivalents that binds 

to lipids is greater than the amount that binds to 

proteins. Lipid peroxidation induced by carbon 

tetrachloride was monitored in-vivo and in-vitro by 

measur ing conjugated d ienes, malondialdehyde in the liver 

tissue and by exhalation of alkanes such as pentane and 

ethane (Klaassen and Plaa 1969, Durk and Frank 1984). The 

extent of both lipid peroxidation and covalent binding 

processes were shown to be highly linked with carbon 

tetrachloride metabolism and toxicity (Recknagel 1983, 

Younes et al 1983). Induction and inhibition of the 

cytochrome P-450 system have been shown to affect the 

metabolism and hepatotoxicity of carbon tetrachloride. 

Induction of cytochrome P-450 system by phenobarbi tal has 
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been shown to increase the metabolism of carbon 

tetrachloride to reactive intermediates. This induction 

results in enhanced covalent binding of CCl4-equivalents to 

cellular macromolecules as well as increased lipid 

peroxidation. The end result is an increase in the 

severity of the liver cell injury induced by carbon 

tetrachlor ide (Garner et al 1969). On the other hand, 

inhibition of cytochrome P-450 enzyme system by SKF-525A or 

pyrazole depressed carbon tetrachloride metabolism and 

hence its toxicity (Recknagel and Glende 1973, Acosta et al 

1972). 

Hepatotoxicity of Allyl Alcohol 

The hepatotoxicity of allyl alcohol is also 

dependent on its metabolism and bioactivation (Reid 1972, 

Patel et al "983) 0 Allyl alcohol is oxidized to its 

aldehyde, acrolein, by alcohol dehydrogenase enzyme. 

Acrolein could undergo another oxidation step by aldehyde 

dehydrogenase enzyme resulting in the formation of acrylic 

acid. In addition, allyl alcohol could be metabolized via 

cytochrome P-450 dependent epoxidation step to glycidol. 

Patel et al (1983) showed the dependency of allyl alcohol 

hepatotoxici ty on acrolein formation. This study compared 

between allyl alcohol and its deuterium substituted analog 

1,1-d2-allyl alcohol. They were able to show the decrease 

in acrolein formation as well as the hepatotoxicity by 
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deuterium labelling. In addition, inhibition of alcohol 

dehydrogenase enzyme by pyrazole blocked the hepatotoxicity 

of allyl alcohol while inhibition of aldehyde dehydrogenase 

by disulfiram potentiated such toxicity (Reid 1972, Ohno 

1985). In contrast, the epoxidation step of allyl alcohol 

to glycidol does not play a significant role in allyl 

alcohol-induced liver injury. It has been shown that 

deuterated allyl alcohol did not affect the epoxidation to 

glycidol but the hepatotoxicity was diminished (Patel et al 

1983) . Furthermore, induct ion of cytochrome P-450 enzymes 

by phenobarbital did not affect the hepatotoxicity of allyl 

alcohol. Glutathione plays an important role in allyl 

alcohol-induced liver injury. Acrolein binds rapidly to 

glutathione resulting in the formation of a non-toxic 

mercapturic acid conjugates. It has been shown that 

depletion of glutathione by diethyl maleate augments, the 

hepatotoxici ty of allyl alcohol. Addi tionally, protection 

against allyl alcohol toxici ty was achieved by the thiol 

generating agent, methionine and by N-acetyl cysteine (Ohno 

et al 1985, Berrigan et al 1980). Although the protective 

effect of glutathione and thiol compounds against allyl 

alcohol hepatotoxicity is evident, depletion of glutathione 

during allyl alcohol insult cannot explain the zonal 

specif ici ty of allyl alcohol toxici ty. It has been shown 

that allyl alcohol results in lesion in the periportal 
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region of the liver lobule (Reid 1972). I t has been also 

shown that there is no significant difference in acrolein 

formation and glutathione depletion between the periportal 

and peri central regions of the liver lobules (Bader et al 

1986). Bader et al (1986) have conducted a study to 

examine the role of differential oxygen tension in liver 

lobules on the hepatotoxicity of allyl alcohol using 

perfused liver preparation. In this study, antrograde 

perfusion (simulate in-vivo conditions) resulted in higher 

oxygen tension (oxygen electrode) in the periportal region 

compared to the centrilobular region. At the same time, 

allyl alcohol treatment resul ted in lactate dehydrogenase 

and malondialdehyde release, together with trypan blue 

uptake in the periportal zone. The opposi te resul ts were 

obtained when the liver was perfused retrograde (the 

centrilobular region now had a higher oxygen tension). 

Trypan blue uptake was mainly by cells in the centrilobular 

region. From this study, a correlation between oxygen 

tension, lipid peroxidation and cell death in allyl alcohol 

toxicity could be obtained and may explain the periportal 

lesion induced by allyl alcohol. The role of lipid 

peroxidation in allyl alcohol toxicity was shown when allyl 

alcohol hepatotoxici ty was blocked by inhi bi tors of lipid 

peroxida tion, desferr i oxamine ( iron chelator), allopur inal 

(xanthine oxidase inhibitor) or cyanidanol-3 (a free 
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radical scavengers) (Bader 1986). And it has been 

suggested that acrolein induces lipid peroxidation by its 

covalent binding to liver proteins releasing their iron 

contents which stimulate active oxygen formation (Belinsky 

et al 1986). The protective effect observed by glutathione 

precursors may be due to prevention of acrolein binding to 

cellular proteins. 

Lipid peroxidation and 
liver cell injury 

Lipid peroxidation is a complex process in which 

polyunsa t ura ted 1 i P i ds decompose. It is defined as the 

oxidative deterioration of polyenoic fatty acid residues in 

polyunsaturated lipids (Slater 1984, Recknagel et al 1982). 

The initiation of lipid peroxidation process depends on the 

attack of the lipid molecule by a free radical. This free 

radical could be an active oxygen species such as hydroxyl 

free radical or an organic compound reactive intermediate 

such as the trichloromethyl radical of carbon 

tetrachloride. The labile sites on the fatty acid have to 

carry an abstractable hydrogen, usually a carbon atom 

adjacent to a olifenic center. This hydrogen radical loss 

from the lipid molecule leaves a carbon centered free 

radical on the 1 i pid molecule (Porter 1986, Slater 1984, 

Recknagel et al 1982). The necessi ty of the existence of 

polyenoic residues in the lipid molecules making them 



11 

susceptible for peroxidation damage is evident. That is 

because the polyenoic residues will offer some stabili ty 

for the newly produced lipid free radicals through 

resonance. Molecular oxygen can attack the carbon centered 

lipid radical resulting in the formation of lipid peroxy 

radicals. These decompose into lipid hydroperoxides. 

Lipid free radicals and peroxy free radicals can undergo a 

self propagating destruction process (autocatalysis) 

through electron transfers and bond cleavage. These events 

result in destruction of the lipid molecules and production 

of many by-produc ts (Porter 1986). I t has been shown that 

free radical scavengers such as Vi tamin E and glutathione 

can terminate the propagation of the autocatalytic process 

by neutralizing the active free radical residues (Buttress 

1986). The following reaction summarizes the process of 

lipid peroxidation by a free radical (R): 

Lipid-H + Ro 

Lipid"+ 02 

Lipid-~O'' + H 

--i> RH + Lipido 

~ Lipid-OO° 

Lipid-DOH 



Lipid peroxidation is detected by a 

methods. Detection of lipid peroxidation 

variety 

depends 
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of 

on 

quantitative estimation of one or more of its by-products. 

As has been shown by many investigators, lipid peroxidation 

process results in numerous by-products such as conjugated 

dienes, lipid hydroperoxides, malonaldehyde-like substances 

and short chain hydrocarbons such as pentane 

(Tom et al 1984, Slater 1984, Recknagel et 

and 

al 

ethane 

1982) . 

Conjugated dienes are produced by rearrangement of double 

bonds of lipid fragments. These can be detected by 

absorbance at 215-250 nm (Woodward 1941, 1942). The most 

commonly used by-product for lipid peroxidation detection 

is malonic dialdehyde. It will conjugate with 

thiobarbituric acid to form an orange complex which can be 

measured at 550 nm (Recknagel and Goshal 1966). Since 

malonic dialdehyde is readily metabolized in the liver, it 

can be consumed and thus is not a sensitive marker of lipid 

peroxidation in vivo or in intact cells preparations. 

Initiation of lipid peroxidation by carbon tetrachloride 

was originally missed when detection was based only on 

malonic dialdehyde-like substances (Recknagel et al 1982). 

Lipid hydroperoxides decompose in presence of ferrous ions 

to form lipid oxide free radicals. Thus, in in-vivo 

situations lipid hydroperoxides can be a misleading 

determinant for lipid peroxidation. Detection of volatile 
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hydrocarbons as an index of lipid peroxidation offers 

advantage over the other methods of detection (Slater 

1984). First, it is a non-invasive technique. Lipid 

peroxidation can be detected in live animal. Second, short 

chain volatile hydrocarbons can be detected at very low 

levels by gas chromatographic analysis. This offers a 

highly sens i t i ve method for lipid peroxida t ion detect ion. 

In addition, it is also suitable for detection of lipid 

peroxidation in-vitro (Slater 1984). This versatility may 

facilitate the comparison between the in-vivo and in-vitro 

toxic responses to a chemical insult inducing lipid 

peroxidation. Third, in contrast with the other lipid 

peroxidation by-products, ethane is not metabolized. It is 

excreted in breath unchanged. This offers a more realistic 

end point for detecting the extent of lipid peroxidation 

(Ruiter et al 1981). 

Active Oxygen Species 
and Cell Injury 

Active oxygen species induce cell injury by lipid 

peroxidation process in which the "active" oxygen species 

attack the lipid molecule in cell membranes. This attack 

initiates a series of events that result in membrane 

destruction (Sevanian and Hochstein 1985). The active 

oxygen species involved in biological tissue destruction 

has been investigated thoroughly by many researchers. It 
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has been suggested through their work that the active 

oxygen species involved in tissue damage include hydrogen 

peroxide, superoxide anions, hydroxyl peroxy radicals, 

hydroxyl radicals and singlet oxygen (Halliwell and 

Gutteridge 1986). Efforts have been made to try to 

identify the active oxygen most responsible for induction 

of tissue damage. Singlet oxygen is an unlikely candidate 

since there is no evidence for its production in biological 

sys terns (Arud i et al 1984, Nakano et al 1985). Hydrogen 

peroxide is produced in-vivo but it is poorly reactive in 

aqueous medium. It is hydrophobic and can cross biological 

membranes (Halliwell and Gutteridge 1986). So, it is 

subject to destruction by cytosolic catalase and 

glutathione peroxidase. But hydrogen peroxide can undergo 

several reactions resulting in the formation of many other 

active oxygen species such as: 

H202 + Fe2+ --I> Fe3+ + "OH + OH

Fe3+ + H202 ~ Fe 2+ + 02- + H+ 

uOH + H202 --f> H20 + H+ + 02-

Therefore, the ability of hydrogen peroxide to produce 

biological damage is relatively high because of its ability 
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to produce a variety of reactive oxygen molecules. Also, 

the fact that hydrogen peroxide is a hydrophic molecule and 

can cross cell membranes increases its abili ty to induce 

oxidative damage in many areas distal to its site of 

production (Halliwell and Gutteridge 1984, 1986). 

In contrast to hydrogen peroxide, superoxide anion 

has a residual negative charge. This limits its ability to 

cross biolog i cal membrane, al though the presence of anion 

channels may allow some superoxide anion to enter a cell. 

Superoxide anions are more reactive than hydrogen peroxide 

towards biological membranes (Beckman and Bruce 1986, 

Fridovich 1983). Superoxide anion can also induce 

reactions which result in the formation of other active 

oxygen species. These include: 

1) 02- + H202 Fe3+/Fe2+ ~ 02 + "OH + OH-

divided as: 

Fe3+ + 02- t> Fe 2+ + 02 

Fe2+ + H202 t> Fe3+ + °OH + OH-

2) 02- + H+ t> HOo2 
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Although hydrogen peroxide, by itself, is incapable of 

inducing membrane damage, superoxide anion has the ability 

to attack biological macromolecules resulting in their 

destruction (Halliwell and Gutteridge 1984). It has been 

suggested also that hydroperoxy radicals (H02°) are capable 

of membrane destruction (Hallilwell and Gutteridge 1984). 

Al though only 0.25% of superoxide anion is transformed to 

hydroperoxy radical at pH7.4, a greater conversion of 02-

to hydroperoxy radicals is believed to occur at more acidic 

pH. Such conditions exist in the proximity of cell 

membranes and also during phagocytic macrophages burst 

(Halliwell and Gutteridge 1986). It has been also 

suggested that hydroperoxy radicals play a significant role 

in the transfer of superoxide anions across cell membrane 

by consecutive protonation/deprotonation steps of the 

superoxide anion on the opposi te si tes of the biological 

membrane (Beckman and Freeman 1986). This transfer 

mechanism with or without the existence of superoxide anion 

channels in the membrane will help increase the range of 

attack by superoxide anions to sites distal from their 

production. 

The most 

believed to be 

Gutteridge 1986). 

reactive of active oxygen species 

the hydroxyl radical (Halliwell 

is 

and 

As shown above hydroxyl radicals can be 

produced by interaction of superoxide anions and hydrogen 
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peroxide with iron 

suggested that the 

ions as catalysts. 

high reactivity of 

It has 

hydroxyl 

been 

free 

radicals will make their damaging effect "site specific" to 

its production and this site of production has to contain 

metal ions such as iron salts. If the interaction between 

superoxide anion and hydrogen peroxide takes place in a 

location attached to DNA, it will result in OH-dependent 

base modification and strand break. If it takes place near 

a cell membrane, the 

peroxidation. And, if 

macromolecule, it will 

functional significance 

1986). It is also 

interaction will result in lipid 

it takes place nearby a cellular 

resul t in that molecule's loss of 

(Halliwell and Guttridge 1984, 

believed that the toxicities of 

superoxide anions and hydrogen peroxide produced together 

is due to the formation of hydroxyl radicals (Halliwell and 

Gutteridge 1984). 

As shown above, it is clear that iron plays a 

significant and important role in the production and, 

hence, the toxicity of active oxygen species. It is 

essential in the production of hydroxyl radicals and 

superoxide anions from hydrogen peroxide, and in the 

production of hydroxyl radicals from hydrogen peroxide and 

superoxide anions. In addition, it has been shown that 

iron ions catalyze the destruction of lipid hydroperoxides, 

or termination product in lipid peroxidation process: 



Lipid-OOH + Fe3+ 

Lipid-OOH + Fe2+ 

Lipid-OO° + H+ +Fe2+ 

Lipid-0° + OH- + Fe3+ 
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The production of Fe3+/Fe 2+ in the above two 

equation facilitates more destruction of lipid 

hydroperoxides. The production of lipid-oxy and peroxy 

radicals will facilitate propagation of lipid peroxidation 

process resulting in more destruction of cell membrane 

(Sevanium and Hochstein 1985, Ingold 1962). It has been 

also shown that Fe2+ is better able in propagating lipid 

peroxidation than Fe3+. This is because lipid-oxy radicals 

are more active in propagating a chain reaction than lipid

peroxy radicals (Halliwell and Gutteridge 1984). 

Cells have developed several protective measures 

against acti ve oxygen species because of the destructi ve 

reactions they produce. Cell damage often occurs when 

these protective measures have been exhausted (Beckman and 

Freeman 1986). These protecting measures include free 

radical scavengers such as vitamin E and glutathione; 

reducing agents such as ascorbic acid; and antioxidant 

enzymes such as superoxide dismutase (SOD), catalase (CAT), 

and glutathione peroxidase. The antioxidant enzymes have 

been used extensively by several investigators in order to 

elucidate the involvement of active oxygen species in 
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tissue injury. Superoxide dismutase catalyzes the 

degradation of superoxide anions by a dismutation step: 

while catalase and glutathione peroxidase enzymes 
catalyze the degradation of H202 via: 

GSH - Px E> GSSG + 2H20 

It has also been shown that catalase enzyme can 

participate in the degradation of superoxide anions (Kono 

and Fridovich 1982). Due to the specificity of the 

antioxidants enzymes towards active oxygen species, a 

blockade of cytotoxicity reaction by those enzymes usually 

suggests the involvement of active oxygen in such toxicity. 

Superoxide dismutase and catalase have been used 

successfully in-vivo and in-vitro. There are many 

commercial forms of those enzymes such as the native 

enzymes themselves and modified forms. The use of native 

enzymes in in-vivo condition has been limited in many cases 

due to their relatively short half lives in the circulation 

(6-9 min) (Beckman and Freeman 1986). Modified enzymes 

such as polyethylene glycol-linked (PEG) superoxide 

dismutase and catalase are more stable than the native 
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ones. They are more resistant to proteolysis and maintain 

rela t i vely long hal f lives in the c ircula tion (16-20 hr) 

(Pya tak et al 1980). I t has been also shown that PEG

linked enzymes do not stimulate an immune reaction due to 

the protrusion of PEG molecules that will elude the 

recognition of antigenic sites by the immune system (Pyatak 

et al 1980). Liposome-entrapped antioxidant enzymes have 

been also used i n-v i tro and in-v i vo for the detect i on of 

the involvement of active oxygen species in tissue injury 

(Szoka et al 1980). In liposome preparations SOD and CAT 

maintain a circulating half life of approximately 4-5 hr 

(Yusa et al 1984, Straubinger 1983). Liposome entrapped 

enzymes are more sui table for investigating intracellular 

events since they fuse to the cell membrane and internalize 

by an endocytosis process (Gatvin et al 1982). On the 

other hand, PEG-linked enzymes are more suitable for 

investigating events that occur in the extracellular space 

since it has been found that approximately 90% of the 

intra venously admi n i stered PEG-I inked enzyme is local i zed 

in the extracellular space (Beckman and Freeman 1986). 

Vitamin A and Derivatives 

Vi tamin A (all trans-retinol) is an essential fat 

soluble vitamin, initially named "fat-soluble A". 

A is present naturally in eggs, milk, butter, 

liver oils. It is also present in plants 

Vitamin 

and fish 

as its 



provitamin, 

essential 

Beta-carotene (Lotan 

for the maintenance 

1980). Vitamin A 

and differentiation 
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is 

of 

epithelial tissues. It is also required for normal growth, 

reproduction and vision (Deluca et al 1979). The 

biological mechanisms by which Vitamin A exerts its action 

is still unclear with the exception of its role in vision 

and in maintenance of biological membranes (Lotan 1980). 

In the vision cycle, reti nol serves as a precursor of 11-

Ci s-retinol which is the visual pigment chromophore. Its 

continuous isomerization to all trans and then back again 

to 11-Cis-isomer plays a significant role in the energy 

transport cycle inside the photoreceptor cells (La Vail 

1976). It has been also shown that retinol is an essential 

component for the formation of membrane glycoproteins by 

acting as a carrier for the mono-saccharide residue from 

the cytosol to the membrane structure (Roberts and Sporn 

1986). Briefly, retinol is phosphorylated to retinyl 

phospha te by non-spec i f i c phosphok inases and ATP. Then, 

retinyl phosphate is transferred to mammalian cell 

membranes where it is a natural constituent. Retinyl 

phosphate acts as an acceptor of monosaccharides by 

glycosylation process resulting in the formation of 

glycosyl-retinyl phosphate complex via specific glycosyl 

transferases. Then, the glycosyl-retinyl phosphate complex 

acts as a donner for glycosyl residues to protein molecules 
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resulting in the formation of glycoproteins which is a 

natural components of cell membranes essential for 

maintenance of membrane integrity and fluidity (Lotan 1980, 

Roberts and Sporn 1986). 

The role of Vitamin A in cell differentiation and 

tissue growth has been attributed to the stimulatory effect 

of Vitamin A on RNA synthesis (Deluca et al 1979, Jayaram 

1975) . The synthesi s of RNA is depressed in Vitamin A 

deficient animals, but is restored when Vitamin A 

supplement is gi ven to the animals. For instance, the 

formation of a nuclear RNA fraction in the liver was 

increased over 2 fold when Vitamin A supplement was 

administered to Vitamin A deficient rats (Deluca et al 

1979). 

Orally administered Vitamin A supplements (retinol, 

retinyl acetate, retinyl palmitate or B-carotene) are 

absorbed from the intestine (De luca et al 1979, Roberts 

and Sporn 1984). Retinol is absorbed unchanged while 

retinylesters have to be de-esterified first by intestinal 

lumen estrase enzymes. Beta-carotene is absorbed unchanged 

into the intestinal mucosal cells. Inside the intestinal 

mucosal cells retinol is esterified mainly to retinyl 

palmi tate and to a smaller extent to retinyl oleate and 

retinyl stearate. Retinyl esters then, migrate to the 

lymphatic system and are transported as chylomicra (low 



23 

density lipoprotein fraction). While the major part of the 

ingested retinol migrates to the lymph, a minor component 

is transported to the portal circulation as free retinol. 

Beta-carotene is hydrolysed to 2 molecules of retinal 

(retinaldehyde) inside the intestinal mucosa. Retinal is 

then reduced to ret inol by an aldehyde reductase. Ret inol 

is then handled as described above. Retinylesters' 

chylomicra are then transported LO the blood stream and 

travel mainly to the liver where it is taken up by the 

liver by endocytosi s and exposed to hydrolys is by surface 

esterases and lipases. Inside the liver cells, retinol 

binds to cellular binding protein forming a complex which 

facilitates its transfer in the liver cytosol. Then, 

retinol is subject to many metabolic steps (De luca et al 

1979, Lotan 1980, Paravicini 1981). Retinol could be 

oxidized reversibly to retinal by alcohol dehydrogenase 

enzyme, then further oxidized,irreversibly to retinoic acid 

via aldehyde dehydrogenase enzyme. Both retinal and 

retinoic acid, in addition to retinol are subject to 

glucuronidation. The highly water soluble glucuronides 

constitute the major excretory products of Vitamin A 

compounds. Retinol is also metabolized via ring oxidation. 

This reaction is mediated by cytochrome p-450 system. The 

main products are 3-hydroxy and 3,4 dihydroxy derivatives. 

In addition, the aliphatic side chain is oxidized by beta-
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oxidation to various hydroxylated products. Retinol and 

its hydroxylated products are phosphorylated by non

specific phosphokinase to retinyl phosphates. These playa 

significant role in membrane integrity, as mentioned 

earlier. In addition, retinol is esterified to fatty acid 

esters via fatty acid acyl transferase forming retinyl 

fatty acid esters. 

the 1 i ver. Free 

These are storage forms of Vitamin A in 

ret inol can also be exported from the 

liver. It is bound to retinol plasma binding protein. The 

retinol-plasma retinol binding protein complex migrates to 

other tissues via the blood stream. Tissue retinol take up 

from the blood stream occurs via a receptor mediated 

process. Cell ular receptors recognize the retinol-plasma 

retinol binding protein complex (De luca et al 1979). 

The 1 i ver is the main organ for Vitamin A storage. 

Many studies have been conducted to determine where and how 

Vitamin A is stored under normal and high Vitamin A intake. 

Drevon et al (1985) have investigated the form of retinol 

storage in cultured rat liver cells. In this study, there 

was an increase in the esterification of retinol to fatty 

acid esters as the amount of retinol increased. The major 

form of retinol storage was retinyl palmitate, but the 

level of other esters (i. e. ret inyl oleate) increased with 

increasing the amount of retinol added to the culture 

medium. Retinyl esters were identified in both hepatocytes 
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and fat storing cells. The amount of retinyl esters 

increased in both cell types wi th increasing amounts of 

Vitamin A in the media and with increased incubation time 

(Dre von et al). In another study, Hendr i ks et al (1985) 

have shown that retinyl esters are present in all types of 

rat liver cells; the hepatocytes, fat storing cells, 

endothel ial cell sand Kupffer cells. However, they showed 

that the fat storing cells are the major storage si te of 

Vitamin A in rat liver. It is not yet clear if the retinyl 

esters in the fat storing cells are transported to them 

from the hepatocytes or if fat storing cells are capable of 

the uptake and esterification of retinol. Blomhoff et al 

(1984) reported that retinol is esterified first in the 

hepatocytes and then transferred to fat storing cells. 

This finding was in agreement with the finding by Olson et 

al (1983). But, it has been also shown that fat storing 

cells are capable of retinol uptake and esterification in

vitr'o (Drevon 1985). However, in that study the puri ty of 

the preparation of isolated fat storing cells was of 

concern, since other liver non-parenchyma cells was 

present. Hi gh intake of Vi tami n A resul ts in a marked 

hyper.trophy and prol i fera t ion of fat storing cells. These 

cells contain most of Vitamin A present in the liver 

(Hendr i ks et al 1985). From these and other find i ngs, it 

can be concluded that Vitamin A is stored mainly in the fat 
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storing cells (Ito cells) of the liver in the form of 

retinyl esters. Whether or not those cells are capable of 

retinol esterification by themselves and the importance of 

this esterification is still in question. 

Beside the requirement of Vitamin A intake as an 

essential nutrient (4000 IU/day), Vitamin A and derivatives 

have high potential for treatment of different diseases. 

Vitamin A in doses up to 300,000 IU per day has been used 

in the treatment of acne (Peterson 1986). Although this 

high dose of Vitamin A was beneficial with respect to acne, 

serious side effects can be produced by the development of 

hypervitaminosis A. High doses of Vitamin A have been also 

proved effective clinicaliy in the treatment of several 

skin disorders such as keratinization (Adams, 1984). In 

addition, clinical studies have shown that the oral and/or 

topical administration of retinoic acids produce 

encouraging results in the treatment of bladder papillomas, 

precancerous condi tions of the sk in and mucous membrane, 

and basal cell carcinoma of the skin (Adams 1986). 

Furthermore, it has been shown that Vitamin A and 

derivatives are effective in supression of cancer 

development in laboratory animal s. Rut t ura et al (1975) 

ha ve demonstrated the effect i veness of ret inyl palmi ta te 

against the growth of inoculated adenocarcinoma cells in 

mice. Treated mice survived significantly longer than 
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untreated mice. Additionally, animals deficient in Vitamin 

A showed enhanced susceptibility to various chemical 

carc inogens of the respiratory tract, bladder, colon and 

stomach (Sporn et al 1976). Furthermore, it has been shown 

that Vitamin A palmitate potentiated significantly the 

anticancer effect of 5-fluorouracil and methotrexate in 

mice bearing asci tes sarcoma (Nakagawa 

it is clear that Vitamin A and its 

1985 ). Therefore, 

derivatives have 

potential, ei ther alone or in the combination wi th other 

treatments to suppress tumor growth and increase survival. 

The use of retinoids in therapy and prophylaxis of 

different diseases pose hazards for the development of 

retinoid-induced side effects, since the doses used are 

relatively high. The increased intake of Vitamin A can 

result in Vitamin A toxicity. The syndrome is referred to 

as hypervitaminosis A. In humans, high Vitamin A intake by 

self medication or prescription can lead to dizziness, 

anorexia, headache, weight loss, increased cerebrospinal 

fluid pressure and skin peeling (Howard and Willhite 1986). 

Excessive intake also causes gastrointestinal distress, 

fatigue, insomnia, menstrual disorders, and bone and joint 

pain (Howard and Willhite 1986). Hypervitaminosis A 

results also in liver toxicities such as portal 

hypertension, fibrosis, ascites and hepatosplenomegaly 

(Forouhar et al 1986). Hepatotoxicity of Vitamin A appears 
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to be due to Vitamin A accumulation in the liver. A 

prominent histological feature is proliferation of fat 

storing cells. Vitamin A hepatotoxicity can be diminished 

by Vitamin A withdrawal or by induction of Vitamin A 

metabolism by pregnenolone-16-carbonitrile (Forouhar et al 

1984). 

The mechanism by which Vitamin A e~erts its toxicity 

is not understood but it is believed to be related to the 

membranolyt i c propert i es of Vi tami n A (Goodman 1981). It 

is also bel i eved to be due to the prol ifera t ion of fat 

storing cells. Fat storing cells are fibroblasts and they 

normally produce collagen for the maintenance of liver 

cytoskeleton. It is possible that chronic Vitamin A

induced proliferation of fat storing cells results in 

increased production of collagen. This ultimately results 

in fibrosis in liver (Goodman 1981). The portal 

hypertension that develops due to chronic high Vi tamin A 

intake is believed to be due to increased deposi tion of 

basement membrane-like substances in the Ii ver sinusoids. 

This deposi tion forms a barrier between sinusoidal blood 

and the hepatocytes. This barrier deprives the hepatocytes 

of nutrients and oxygen leading to hepatocellular atrophy 

and eventual necrosis. Other hepatocellular changes that 

have been reported as a resul t of chronic intake of high 

doses of Vitamin A, such as fatty liver and focal 
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degradation of cytoplasmic organells are believed to be 

secondary to the chronic ischemia associated wi th portal 

hypertension (Forouhar et al 1984, Baadsgaard and Thomson 

1983) . Al though portal hypertension has been reported in 

many human cases of hypervitaminosis A, portal hypertension 

has not been observed in rats with high Vitamin A intake 

(250,000 IU/Kg, daily for 3 weeks, Sim and Earnest, 

personal communication). Similar to Vitamin A, high doses 

of retinoic acid and other retinoids can also produce 

hypervitaminosis A (Howard and Willhite 1986). Although 

most of the aspects of Vi tamin A toxici ty are reversible 

and can be controlled by adjusting the dose and/or regimen 

of ingestion, retinoids have been shown recently to produce 

birth defects (Howard and Willhite 1986). For instance, 

13-Cis-retinoic acid, administered orally during the first 

trimester of pregnancy resulted in 34 fetal teratology and 

30 cases of spontaneous abortion in humans (Lammer et al 

1986). Thus, an irreversible aspect of retinoid toxicity 

has been uncovered. 

Since Vitamin A is stored primarily in the liver and 

it induces some hepatotoxic effects by itself and since the 

potential use of high doses of Vi tamin A in therapy is 

high, Vi tamin A may also affect the hepatic responses to 

different chemicals. As shown previously, xenobiotics 

induce hepatic injury by variety of mechanisms and the 
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hepatotoxicity produced depends highly on intracellular 

defense mechanisms. In the study reported here, the effect 

of high Vitamin A intake on the hepatotoxicity of different 

xenobiotics was investigated. The xenobiotics selected for 

the study are carbon tetrachloride, allyl alcohol, 

acetaminophen and galactosamine. These compounds were 

selected due to the di versi ty in the mechanisms of their 

bioactivation to toxic metabolites and because they produce 

injury within different regions of this liver. The study 

was conducted in the rat since the rat has shown most of 

the toxic responses due to high Vitamin A intake like 

humans with the exception of development of portal 

hypertension. 

Objectives 

An ini tial observation was made by Sim and Earnest 

(personal communication) that Vitamin A potentiates the 

hepatotoxicity of CC14. The overall objective of the study 

presented in this dissertation is to elucidate the 

mechanism of Vitamin A potentiation of CC14 hepatotoxicity. 

The specific aims of this study are: 

1. To examine the ability of Vitamin A to 

potentiate the hepatotoxicity of chemicals other 

than CC14. 
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2. To examine the relationship between Vi tamin A 

dose and treatment duration on the 

hepatotoxicity of CC14. 

3. To examine the effect of Vitamin A on the 

metabolism of CC14 as a possible mechanism for 

the potentiation of hepatotoxicity by Vitamin A. 

4. To examine the involvement of extrahepatocyte 

factors in potentiation of CC14 hepatotoxici ty 

by Vitamin A. 



CHAPTER 2 

VITAMIN A POTENTIATION OF 
CHEMICALLY INDUCED LIVER INJURY 

Introduction 

Vitamin A is an essential nutrient necessary for the 

maintenance of epithelial tissue, cellular differentiation, 

vision, growth and reproduct ion (Deluca et al 1979, Lotan 

1980). High doses of Vitamin A have been used in the 

treatment of different diseases. It has been used in the 

treatment of acne, psoriasis and in cancer chemotherapy 

(Peterson 1980, Adams 1984). The growing use of Vi tamin A 

in therapy and the growing belief by the general public 

about the anticancer effects of Vi tamin A, together wi th 

the fact that Vitamin A is available without prescription, 

has resulted in consumption of large quantities of Vitamin 

A. Consumption of large doses of Vi tamin A, specially 

chronically, poses a hazard to the heal th of the general 

public. That is because Vitamin A can induce several 

toxicities. Among these is hepatotoxicity. Hepatic 

injuries include: fatty liver, hepatomegally, hepatic 

atrophy, cellular degeneration, hepatic fibrosis and 

hepa tocell ular necrosi s (Forouher et al 1984). Although 

Vitamin A is capable of inducing liver injuries by itself, 

it is possible that it can also modulate the hepatotoxicity 

of other known hepatotoxicants. 

32 



33 

In this study, we examined the ability of Vitamin A 

to modulate the hepatotoxicity of several xenobiotics. The 

compounds tested in this study were carbon tetrachloride, 

allyl alcohol, acetaminophen and galactosamine. These 

compounds were selected due to the differences in the 

mechanisms by which they induce hepatic injury. This is 

important in order to examine the possible effects Vitamin 

A might have on different mechanisms of chemically-induced 

liver injury. Carbon tetrachloride is bioactivated by 

reductive dehalogenation via cytochrome P-450 isozymes. 

The resulting trichloromethyl free radical initiates a 

number of events which ul timately resul t in centrilobular 

necrosis (Recknagel 1983). Acetaminophen is metabolized by 

cytochrome P-450 isozymes via an oxidation step which leads 

to the formation of a toxic reactive metabolite (Jollow et 

a11976). 

necrosis. 

This metabolite can also lead to centrilobular 

Allyl alcohol is metabolized by alcohol 

dehydrogenase to a reactive aldehyde, acrolein (Reid 1972). 

This metabolite is responsible for the periportal necrosis 

produced by allyl alcohol. On the other hand, 

galactosamine produces its hepatotoxic i ty by depletion of 

uridine nucleotides (Decker and Keppler 1976). 

To determine if Vitamin A treatment affected the 

hepatic concentration of protective agents, the 

concentration of Vitamin E and glutathione were also 
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examined. This is due to the possible protective role of 

glutathione in the hepatotoxicity of acetaminophen and 

allyl alcohol. Also, Vitamin E exerts antioxidant 

propertieS against lipid peroxidation processes (Buttress 

and Diplock 1986) which was shown to be involved in carbon 

tetrachloride hepatotoxicity. 

Methods 

The effect of Vitamin A pretreatment on the hepatotoxicity 
of Carbon tetrachloride, Acetaminophen, Galactosamine or 
Allyl Alcohol: 

Male Sprague Dawely rats (180-200g, Harlan) received 

Vitamin A (retinol, Aquasol-A, Armour Pharmaceutical) by 

oral gavage in a dose of 250,000 IU (75 mg 262 u 

mole)/Kg body weight daily for 3 weeks. At 24 hr after the 

las t dose of Vitamin A, the rats rece i ved the appropr ia te 

hepatotoxicant by I.P. injection. Carbon tetrachloride 

(CC14) was administered at a dose of 0.1 ml or 0.15 ml/Kg 

in corn oil. Acetaminophen (Sigma) was administered at a 

dose of 19/Kg in 50% PEG-400 aqueous solution. 

Galactosamine was administered at a dose of 300 mg/Kg in 

water. Allyl alcohol was administered in a dose of 40 

ul/Kg in corn oil. Appropriate control groups received the 

aqueous vehicle (7% tween-20, 10% propylene glycol in 

water) for Vitamin A and the appropriate control vehicle of 

the hepatotoxicant dosing solutions. The rats were killed 

by cervical dislocation at 24 hr after administration of 
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the hepatotoxicant. Blood and liver samples were collected 

for analysis. Plasma was isolated from the heparinized 

blood by centrifugation at 3000 rpm in a refrigerated table 

top certr ifuge (Beckman TJ 6) for 10 min. Li ver samples 

were fixed in 10% neutral buffered formaldehyde for at 

least 48 hr. The sections were then imbedded in paraffin, 

stained wi th hematoxyline and eosine, and examined under 

light microscopy. The parameters for histopathological 

changes include vacuolization, hydropic changes, cloudy 

swelling, fatty infiltration and cell death. Fatty 

infiltration was detected by Osmium staining. Liver damage 

was further evaluated by determining the activity of plasma 

glutamate pyruvate transaminase (PGPT). The increased 

activity of this enzyme in the plasma is an indication of 

liver damage. The activity of PGPT was determined using a 

Sigma Diagnostic Kit (procedure No. 59 UV) in which the 

rate of disappearance of NADH from the assay ki t is an 

indication of the activity of the added PGPT. NADH 

absorbance at 340 nm was determined using a Beckman DU-7 

spectrophotometer. 

Determination of total non-protein sulfhydryl compounds in 
the rat liver from control and Vitamin A treated groups: 

Liver samples from Vitamin A or control treated rats 

were excised and homogenized in 10 volumes of 0.05 M Tris-

Hel buffer (pH 7.4) using a polytron homogenizer. Protein 
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contents were precipitated using 5% sulfosalicylic acid 

solution and sedimented by centrifugation. Ellman's reagent 

(0.4% 5,5 - dithio - (bis) - nitrobenzoic acid in methanol) 

was added to the resul ting supernatant. Absorbance was 

measured spectrophotometrically at 412 nm within 5 min of 

color development. For each sample, a turbidity blank was 

used. It consisted of the supernatant after protein 

precipitation without the addition of Ellman's reagent. A 

1 mM reduced glutathione solution was used to develop the 

standard curve (0.01 to 0.5 mM). The non-protein 

sulfhydryl content of the liver samples was quantified from 

the standard curve (Sedlock and Lindsey 1968, Ellman 1959). 

Determination of total cytochrome P-450 contents in liver 
microsomal preparation: 

Livers from control or vitamin A treated rats were 

obtained and placed immediately in 3 volumes of ice-cold 

Tris KCI buffer (pH 7.4). Livers were minced with scissors 

into pieces approximately cm square immediately after 

they were placed in the ice-cold Tris-KCI buffer. All the 

steps were done at 4-5°C. The livers were homogenized with 

a polytron homogenizer for 30 sec at setting 5 followed by 

teflon-glass homogenizers (ten passes of the pestle). The 

homogenates were centrifuged in a Beckman J-21 centrifuge 

using a JA-20 rotor . The samples were spun at 5000 rpm 

for 10 min, 10,000 rpm for the next 10 min and 15,000 rpm 
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for the final 10 min. The supernatants were poured through 

glass wool to remove floating lipids. The filtered 

supernatants were then centrifuged for 40 min at 

100,000 x g in a Beckman LS-55 centrifuge, to sediment the 

microsomes (using a 50.2 Ti rotor at 50,000 rpm). The 

microsomal pellets were collected, resuspended in Tris-KCI 

buffer and rehomogenized again using all glass 

homogenizers. The prepar'ations were centrifuged again at 

100,000 x g as described. The microsomal pellets 

resuspended in Tris-KCI buffer containing 20% glycerol and 

1 mM EDTA. The mi crosomal preparation was stored at-70°C 

until assayed for cytochrome P-450. Total cytochrome P-450 

contents were determined by carbon monoxide difference 

spectrum according to the method of Omura and Sato 1964. 

The microsomal preparation was diluted to 1 mg protein per 

ml in ice-cold Tris-KCI buffer (pH 7.4). Using the 

extinction coeff icient of 91 nM-1 Cm- 1, the concentration 

of cytochrome P-450 per mg microsomal protein was 

calculated. 

Microsomal protein contents were determined 

according to the method of Lowry et al 1951. To each 

microsomal preparation, approximately 2 mg sodium 

di thioni te was added. The reduced samples were then added 

to cuvettes and the baseline absorbance determined between 

400 and 500 nm. Carbon monoxide was then bubbled slowly 
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(approximately 50 bubbles) into each sample. The spectrum 

was recorded between 400 and 500 nm and the baseline 

automatically subterracted. Absorbance at 450 nm was used 

to determine the concentration of cytochrome P-450. 

The effect of vitamin A pretreatment on the metabolism of 
aminopyrine by N-demethylation to carbon dioxide: "Breath 
test". 

Rats were treated with vitamin A or control vehicle 

as mentioned earlier. At 24 hrs after the last dose of 

vitamin A or vehicle, aminopyrine [N-dimethyl-14Cl was 

administered (100 ug/Kg with specific activity of 9.35 

mCi/mmole, IP). 

metabol i sm cages. 

The rats were housed in gas tight glass 

A vacuum pump pulled air through the 

cage at a flow rate of 200 ml/min. Exhaled air containing 

carbon dioxide was bubbled through a trap containing 

Carbosorb solution (Packard), an organic ethylamine that 

reacts with carbon dioxide to form a non-volatile 

carbamate. The Carbasorb solution was changed every 15 

min. for 3 hr, and 0.5 ml of the solution were added to 

Betaphase scintillation fluid. The 14C-equivalents were 

determined by liquid scintillation spectroscopy (Beckman LS 

2800). Data were expressed as % dose exhaled as 14C02. 
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Data Analysis 

Analysis of variance and student t-test were used 

for statistical evaluation. Data were considered 

significantly different when P was < 0.05. 

Results 

As shown in Figure 1, three weeks of Vitamin A 

treatment did not result in liver injury, as assessed by 

PGPT activity. Also, a dose of 0.1 ml/Kg of CCl4 was not 

hepatotoxic at 24 hr after administration. However, the 

administration of 0.1 ml/Kg of CCl4 to Vitamin A treated 

rats resulted in elevated PGPT activity at 24 hr (4 times 

CCl4 alone). 

Histopathological examination of liver sections 

obtained from these rats supported the findings observed 

with PGPT. No histological changes, at the light 

microscopy level, were observed in the livers of Vitamin A 

or CCl4 treated rats. Although the increases in PGPT 

following the administration of CCl4 to Vitamin A treatment 

suggested minimal liver injury, this was not conf irmed by 

histological examination. No change from control were 

observed when H & E stained sections were evaluated by 

light microscopy (photo la-c). 

When the dose of CCl4 was increased to O. 15 ml IKg, 

the 24 hr PGPT activity increased to 7 times that of 

control. Histopathological changes were observed in these 
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livers. These consisted mainly of vacuolization and 

hydropic changes and fatty infiltration in the area around 

the terminal hepatic vein (THV or central vein), Photo 2. 

Vitamin A pretreatment for 3 weeks dramatically potentiated 

the hepatotoxici ty produced by this dose of CCI4. PGPT 

activity was 17 times that produced by CCl4 alone. This 

potentiation of CCl4 hepatotoxicity by Vitamin A 

pretreatment was also observed by histological examination 

of liver sections. As seen in Photo 2 large areas of 

centrilobular necrosis were present. Surrounding the areas 

of necrosis, which were in the areas closest to the THV 

were areas of hydropic changes and vacuolization. 

To determine if this Vitamin A dosing regimen 

potentiated the injury produced by other hepatotoxicants, 

acetaminophen (ACTM), galactosamine (GA) or allyl alcohol 

(AA) was administered to Vitamin A treated rats. These 

hepatotoxicants were chosen because they produce liver 

injury by mechanisms different than CCl4 and because the 

area of the liver lobule where damage is local i zed, is 

different. [Allyl alcohol produces damage in the 

periportal area, galactosamine produces focal necrosis and 

ACTM produces centrilobular necrosis.J The doses chosen 

were those that produce minimal liver injury, about 5-7 

fold increases in PGPT as compared to vehicle treated rats. 

Vitamin A pretreatment potentiated the increase in PGPT 
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activity induced by ACTM (P < 0.05). This potentiation 

was documented by the increased histopathological changes 

observed in the Vi tamin A/ACTM group. These changes were 

increased areas of necrosis around the terminal hepatic 

vein when compared to ACTM alone (Photos 4a and 4b). The 

effect of Vitamin A pretreatment on GA (300 mg/Kg) 

hepatotoxicity is shown in Fig. 4 and photo 4c. No 

significant effect of vitamin A treatment on GA-induced 

liver injury was observed. 

dramatic and significant 

On the other hand, there was a 

potentiation of AA (40 ul/kg) 

induced liver damage by Vitamin A pretreatment. The AA

induced increase in PGPT activity was approximately 80 

times greater in the vitamin A treated rats than in the 

vehicle control rats (Fig. 5, P < 0.05). 

Histopathological examination of the livers confirmed that 

Vitamin A potentiated AA-liver injury. Larger areas of 

periportal necrosis were observed compared to those 

produced by AA treatment alone (Photos 3a-c). 

To determine possible mechanisms by which Vitamin A 

may be potent ia t ing chemi cal-induced 1 i ver injury, it was 

determined if it altered the hepatic concentrations of 

cytochrome P-450, non-protein sulfhydryls (mainly 

gluta thione) and lor Vitamin E. These speci f ic parameters 

were determined due to their significant involvement in the 

bioactivation of CC14 and ACTM or in their general ability 
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to serve as hepatoprotective agents. As shown in Table 1, 

Vitamin A treatment did not result in any significant 

changes in the liver contents of Vitamin E (alpha

tocophorol), non-protein-sulfhydryl compounds, or total 

cytochrome p-450 activity. The effect of Vitamin A 

pretreatment on the in-vivo metabolic capabilities of 

cytochrome P-450 system was studied by examining the 

metabolic profile of N-demethylation of 14C-aminopyrine. 

As shown in fig. 6, there was no significant effect of 

vi tamin A pretreatment on the amount of 14C02 exhaled by 

the rats. This indicates Vitamin A had no effect on the 

cytochrome P-450 that catalyzes this reaction. 
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Table 1 

The effect of Vitamin A treatment (250,000 IU/Kg/day) for 1 
or 3 weeks on the hepatic concentrations of non-protein 
sulfhydryls, Vitamin E and Cytochrome P450. 

Non-Protein 
Treatment Sulfhydryl Vitamin Ea Cytochrome b 
GrouQ (l:!mole/g) (l:!g/g) P450 

Control 5.25 ± 0.65 112 ± 24 0.8 ± O. 11 

Vitamin A 5.43 ± 0.25 99 ± 12 0.6 ± O. 18 
1 week 

Vitamin A 6.5 ± 0.6 106 ± 15 0.86 ± O. 13 
3 weeks 

Data points are x ± S.D., n = 5 

aVitamin E was determined by an HPLC assay at the 
University of Nebraska Analytical Center. 

bnmole/mg of microsomal protein. 
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* 

Figure 1: The effect of Vitamin A pretreatment for 3 
weeks (250,000 IU/Kg daily) on the 
hepatotoxicity of CC14 (0.1 ml/Kg). 

CC14 was administered loP. (0.1 ml/Kg), 24 ·hr 
after the last dose of Vitamin A. 
Hepatotoxici ty was evaluated at 24 hr by the 
activity of plasma glutamate pyruvate 
transaminase (PGPT). 
Data points are x + S.D., n = 5 
*P < 0.05 -
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Figure 2: The effect of Vitamin A pretreatment for 3 
weeks (250,000 IU/Kg, daily) on the 
hepatotoxicity of CC14 (0.15 ml/Kg). 

CC14 was administered loP. (0.15 ml/Kg), 24 hr 
after the last dose of Vitamin A. 
Hepatotoxicity was evaluated by determining the 
activity of PGPT. 
Data points are x ± S.D., n = 5 
P < 0.05 
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Figure 3: The effect of Vitamin A pretreatment for 3 
weeks (250,000 IU/Kg, daily) on the 
hepatotoxicity of acetaminophen (Actm). 

ACTM was administered I.P. (lg/Kg), 24 hr after 
the last dose of Vitamin A. Hepatotoxicity 
evaluated by PGPT activity at 24 hr. 
Data points are x + S.D., n = 5 
P < 0.1 
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Figure 4: The effect of Vitamin A pretreatment for 3 
weeks (250,000 IU/Kg daily) on the 
hepatotoxicity of galactosamine (GA). 

GA was administered I.P. 
after the last dose 
Hepatotoxicity evaluated 
activity of PGPT. 

(300 mg/Kg), 24 hr 
of Vitamin A. 

at 24 hr by the 

Data points are x ~ S.D., n = 5 



,-.,. 
I"") 
0 ..... 
x 

""'-" 

.?:' 
'> ,-.,. .- --I -0, «=> 
t- .;::.. 
a. 
C,!) 

c 
E 
rn 
c 
a. 

12 

10 

8 

6 

4 

2 

0 

Allyl Alcohol 
( 40 ul/kg, ip) 

* 

48 

Control Vit A A A 1 wk Vit A 3 wk Vit A 
+AA +AA 

Treatment Groups 

Figure 5: The effect of Vitamin A pretreatment for 1 or 3 
weeks (250,000 IU/Kg daily) on the 
hepatotoxicity of allyl alcohol (AA). 

AA was administered I.P. (40 ul/Kg), 24 hr 
after the last dose of Vitamin A. 
Hepatotoxicity evaluated at 24 hr by the 
activity of PGPT. 
Data points are x + S.D., n = 5 
P < 0.05 
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The effect of Vitamin A pretreatment for 3 
weeks (250,000 IU/Kg daily) on the cummulative 
14C02 exhalation derived from 2-aminopyrine 
(14C-N-dimethyl). 
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Photomicrograph 1: Effect of Vitamin A pretreatment on the 
hepatotoxicity of 0.1 ml CCl4/Kg. 

Vitamin A was administered to male rats 
by oral gavage in a dose 6f 250,000 
IU/Kg/day for 3 weeks. 24 hr later, 
CCl4 was administered I.P. (0.1 ml/Kg). 
Li ver sections were stained wi th Hand 
E and examined under light microscopy. 
a: Control 
b: Vitamin A; 250,000 IU/Kg/day for 3 

weeks 
c: Vitamin A/CCl4 (0.1 ml/Kg) 
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Photomicrograph 2: Effect of Vitamin A pretreatment on the 
hepatotoxicity of 0.15 ml CC14/Kg. 

Vitamin A was administered to male rats 
by oral gavage in a dose of 250,000 
IU/Kg/day for 3 weeks. 24 hr later, 
CC14 was administered LP. (0.15 ml/Kg) 
24 hr after the last dose of Vitamin A. 
Li ver sections were stained wi th Hand 
E or Os04 and examined under light 
microscopy. 
a: CC14 (0.15 ml/Kg), Hand E 
b: CC14 (0.15 ml/Kg), Osmium 
c: Vitamin A/CC14, Hand E 
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Photomicrograph 3: Effect of Vi tamin A pretreatment for 1 
or 3 weeks on the hepatotoxicity of 
Allyl Alcohol (AA). 

Vitamin A was administered to male rats 
in a dose of 250,000 IU IKg Iday for 3 
weeks. 24 hr later, AA was 
administered LP. (40 uI/Kg). Liver 
sections were stained wi th Hand E and 
examined under light microscopy. 
a: AA (40 ul/Kg) 
b: Vitamin A, 1 week/AA (40 ul/Kg) 
c: Vitamin A, 3 weeks/AA (40 ul/Kg) 
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Photomicrograph ij: Effect of Vitamin A pretreatment on the 
hepatotoxicity of of Acetaminophen 
(ACTM) or Galactosamine (GA). 

Vitamin A was administered to male rats 
by oral gavage in a dose of 250,000 
IU/Kg/day for 3 weeks. 24 hr later, 
ACTM (lg/Kg) or GA (300 mg/Kg) was 
given I.P. Liver sections were stained 
with Hand E and examined under light 
microscopy. 
a: ACTM (lg/Kg) 
b: Vitamin A/ACTM (lg/Kg) 
c: Vitamin A/GA (300 mg/Kg) 
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Discussion 

The data presented in this chapter indicate the 

abili ty of Vi tamin A to potentiate chemical-induced Ii ver 

injury. Vitamin A potentiated the hepatotoxicity of CCI4, 

allyl alcohol and acetaminophen as indicated by increases 

in PGPT acti v i ty and liver cell necrosi s. In separate 

studies, it was also demonstrated that Vitamin A 

potentiates the hepatotoxicity of endotoxin (Sim and 

Earnest, personal communication). 

In our experimental model, Vitamin A did not induce 

hepatotoxicity. This was indicated by the lack of an 

effect on PGPT activity and the absence of detectable cell 

death when the liver was examined by light microscopy. 

But, it is possible that Vitamin A may have resulted in 

biochemical alterations in the liver. These were not great 

enough to induce detectable Ii ver cell injury. In fact, 

Vitamin A resulted in an increase in the prominance of fat 

storing cells, as will be shown in the next chapter. 

Whether or not this increase in fat storing cells will play 

a role in the potentiation of chemical induced liver 

injury, is unknown. 

The data presented here suggest that Vitamin A 

potentiates the hepatotoxicity of other chemicals as 

opposed to the alternative that these other chemicals 

potentiate the hepatotoxicity of Vitamin A. Two reasons 
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support this conclusion. First, the absence of the 

hepatotoxicity of Vitamin A by itself, even when the 

treatment continued for five weeks (data not shown). 

Second, the nature of the hepatic lesions produced is 

characteristic of the investigated hepatotoxicants. The 

lesions reported for CCl4 and acetaminophen are 

centrilobular (Recknagel et al 1977 and Michell et al 

1973). Vitamin A pretreatment followed by CC14 or 

acetaminophen, also, resulted in centrilobular lesions. 

However, when Vitamin A pretreatment was followed by allyl 

alcohol treatment, the lesion observed was periportal. 

Periportal necrosis is a characteristic lesion of allyl 

alcohol hepatotoxicity (Reid 1973). In addition, time 

course for the development of hepatotoxicity following CCl4 

was assessed by measuring the activity of PGPT over 72 hr. 

Vitamin A pretreatment only augmented the increases in the 

activity of PGPT induced by CCl4 but did not alter the time 

course for the development of liver injury (shown in 

Chapter 3). 

It appears that minimal hepatic injury must be 

produced by a chemical before Vitamin A potentiation is 

expressed. Both CC14, at a dose of 0.1 ml/Kg and 

galactosamine, at a dose of 300 mg/Kg, did not induce 

hepatic injury by themselves; Vitamin A pretreatment did 

not potentiate the hepatotoxicity of these chemicals at 
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these doses. On the other hand, when the chemicals tested 

elicited hepatic injuries by themselves, Vitamin A 

potentiated this hepatotoxicity. It is possible that the 

minimal injury induced by the chemicals alone could induce 

"events" that are necessary to ini tiate the potentiation 

response. So, it is concluded from these stud ies that 

Vitamin A pretreatment did not convert a non-toxic dose of 

a chemical to toxic dose. Instead, Vitamin A pretreatment 

dramatically potentiated the hepatotoxicity of a low toxic 

dose of the interacting chemical. 

Since CCl4, allyl alcohol and acetaminophen 

hepatotoxicities depend on their bioactivation to reactive 

metabolites, Vitamin A pretreatment may potentiate their 

toxicities by increasing their metabolism. CCl4 is 

metabolized by 

dehalogenation 

trichloromethyl 

Recknagel et al 

cytochrome p-450 enzymes via reductive 

to trichloromethyl radicals and 

peroxy radicals (Sipes et al 1977, 

1977). It 

dichlorocarbenes and phosgene 

Frank 1984, Recknagel 1982) . 

is also metabolized to 

\ l-ohl et al 1986, Burk and 

CCl4-reactive metabolites 

then initiate series of biochemical alterations that will 

lead to cell death. In addition, acetaminophen is 

metabolized by cytochrome P-450 dependent oxidation to 

highly reactive metabolite (Jollow et al 1976, Mitchell et 

al 1973). The data presented in this chapter may argue 
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against an effect of Vitamin A on cytochrome P-450 

dependent metabolism. No change in the total liver 

concentration of cytochrome P-450 was produced by Vitamin A 

treatment for or 3 weeks. Also, Vitamin A did not affect 

the metabolism of 2-aminopyrine N-demethylation which is 

mediated by cytochrome P-450. However, Vitamin A may 

induce specific isozymes of cytochrome P-450 system that 

are invol ved in the metabol i sm of CCl4 or acetami nophen. 

The next chapter will discuss in detail the effect of 

Vitamin A pretreatment on the metabolism of CCI4. 

Depletion of hepatoprotecti ve agents could also be 

responsible for Vitamin A potentiation of hepatic injury. 

In this study we have examined the effect of Vitamin A 

treatment on the hepatic concentrations of glutathione and 

Vitamin E. GI uta th ione const i tutes 90% of the non-prote in 

sulfhydryl compounds in the liver (Ketterer et al 1983). 

It plays an important role in normal hepatocellular 

functions including destruction of hydrogen peroxide, lipid 

peroxides and free radicals and detoxification of reactive 

metabolites (Meister and Tate 1976). It has been shown 

that glutathione plays a critical role in the protection 

against the hepatotoxicity of acetaminophen and allyl 

alcohol. Its depletion results in the potentiation of the 

hepatotoxicity of those chemicals (Jollow et al 1976, 

Hansson and Anders 1978, Ohno et al 1985). Vitamin E is an 
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essential nutrient and exists in biological membranes. It 

serves mainly as a free radical scavenger protecting the 

cell membrane against the propagation of lipid peroxidation 

(Buttriss and Diplock 1986); a process that holds a key 

role in CCl4 hepatotoxicity (Recknagel 1983). If Vitamin A 

treatment depleted the hepatic contents of glutathione 

and/or Vitamin E, the potentiation of hepatic injury of the 

chemicals under investigation could be explained. However, 

our studies showed that the Vitamin A treatment regimen did 

not affect the liver contents of glutathione or Vitamin E. 

These results argue against the involvement of depletion of 

these two significant hepatoprotective agents in the 

potentiation of hepatotoxicity by Vitamin A. 

In conclusion, the data presented in this chapter 

show the ability of Vitamin A to potentiate the 

hepatotoxicity of xenobiotics. At present the mechanism of 

this potentiation is not known. It does not appear to be 

related to induction of cytochrome P-450 by Vi tamin A. 

But, studies of the effect of Vitamin A on the metabolism 

of the specific compounds of interest are needed to prove 

this point. Finally, the potentiation of chemically 

induced liver injury by Vitamin A is not due to depletion 

of glutathione or Vitamin E as a result of Vitamin A 

treatment. 



CHAPTER 3 

VITAMIN A POTENTIATION OF CARBON TETRACHLORIDE 
HEPATOTOXICITY: I. ROLE OF BIOTRANSFORMATION OF CC14 

Introduction 

Vitamin A (Vit A, retinol) is an essential nutrient 

that is required for differentiation and maintenance of 

epithelial tissue including the skin and mucous membranes. 

I t is also required for reproduction, vision, development 

and normal growth of higher animals (Deluca et al 1979). 

Vitamin A is primarily stored in the liver as 

retinylesters, primarily in the Ito or Fat Storing Cells 

(FSC) (Hendriks et al 1985). High doses of Vitamin A have 

been used in the treatment and prophylaxis of different 

diseases. Those include treatment of psoriasis, ichthyosis 

and acne and prophylaxis against common cold and cancer 

(Peterson 1984, Adams 1984). Use of high doses is of 

concern because hyperv i taminosis A can resul t in a number 

of toxicities. Of most concern are gastrointestinal 

distress, bone and joints pain, hepatomegaly, fatty 1 i ver 

and hepatic degeneration and fibrosis (E. Howard and 

Willhite 1986). 

Not only is Vitamin A toxic, but Vitamin A 

potentiates the hepatotoxicity of different chemicals. 

Chemicals tes ted to date are carbon tetrachlor ide, allyl 

59 
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alcohol, acetaminophen and endotoxin. In this study we 

have further explored the dose and time response for 

Vitamin A potentiation of CC14-induced hepatotoxicity. 

Different doses of Vitamin A and different treatment 

durations with Vitamin A have been examined. In addition 

different retinoids were studied in order to determine if 

certain structural requirements are necessary. Only esters 

of retinol accummulate in the liver. Therefore, a 

relationship between accumulation and potentiation of liver 

injury may be uncovered. It is well known that CC14 

hepototoxicity depends upon its activation by the 

cytochrome P-450 system to the trichloromethyl radical 

(Burdino et al 1973, Sipes et al 1977). It has been also 

shown that the processes of lipid peroxidation as well as 

covalent binding of CC14 species to lipids and proteins 

coincide highly with the extent of metabolism of CCl4 

(Recknagle 1983, Burk and Frank 1984). 

In this study, we investigated the effect of Vitamin 

A pretreatment on the extent of metabolism of CC14, since 

increased metabolism of CCl4 by Vitamin A pretreatment 

could explain the potentiation of CC14 hepatotoxici ty by 

Vi tamin A. Exhalation of 14C02 and covalent binding of 

14CCl4 derivatives to liver proteins and lipids, were 

assessed to measure metabolism. CCl4-induced lipid 

peroxidation was monitored to determine if membrane damage 
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was associated wi th metabolism and/or the extent of Ii ver 

injury. 

Materials and Methods 

The effect of Vitamin A dose and pre-treatment time on CCl4 
hepatotoxicity: 

Vitamin A (retinol; Armour Pharmaceutical) or 

vehicle (7% tween-20, 10% propylene glycol in water) was 

given by oral gavage to male Sprague Dawley rats (180-200 

g, Harlan). In the Vitamin A dose-response study, Vitamin 

A was given at doses of 100,000; 150,000; 200,000; or 

250,000 IU/Kgiday for 3 weeks. In the Vitamin A 

pretreatment time - response study, Vitamin A was given at 

a dose of 250,000 IU (75 mg, 262 u mole)/Kg/day for 1 day; 

or 1 week; 2 weeks; 3 weeks; or 5 weeks. At 24 hr after 

the last dose of Vitamin A, CCl4 (0.15 ml CCI4/Kg, IP in 

corn oil) was administered to Vitamin A or vehicle 

pretreated rats. Appropriate control groups; Vitamin A 

alone or vehicle alone, were also included in the study. 

At 24 hr after CCl4 administration, the rats were killed by 

cervical dislocation and blood and liver samples were 

collected. Hepatic injury was evaluated by determining the 

activity of the plasma glutamate pyruvate transaminase 

enzyme (PGPT) using a Sigma diagnostic kit (procedure No. 

59-UV), and by histopathological examination. Liver 

sections were fixed in 10% buffered formalin and imbedded 



62 

in paraffin. Sections (5 urn thick) were stained with 

hematoxylin and eosin and examined by light microscopy. 

Determination of liver contents of retinol and retinyl 
palmitate by HPLC analysis: 

Ret inol and ret inyl palmi ta te levels in the livers 

of Vi tamin A or control treated rats were determined by 

Y. M. Peng of the Uni versi ty of Arizona Cancer Center as 

described below. Liver samples were suspended in a 

solution containing Na2-EDTA and ascorbic acid (0.5 mg/ml 

each) • Tissue suspensions were homogenized on ice using a 

polytron homogenizer (Brinkman Instruments). Retinoids 

were extracted from liver homogenates by ethyl acetate 

extraction after precipi tation of proteins by ice-cold 5% 

perchloric acid. Ethyl acetate extractions were analysed 

by HPLC. HPLC analyses were performed using two model M45 

solvent delivery systems, a Model 110 B WISP auto injector 

and a model 440-dual wavelength ultraviolet detector 

(Waters Associates). 

A-Retinol: 

Two analytical reverse phase columns were placed in 

series to enhance resolution. The first column was 5um 

ultrasphere ODS (25 cm x 4.6 mm I.D., Altex). The second 

column was 10 uM microbondapack C10 (30 cm x 3.9 mm 1.0., 

Waters). The mobile phase consisted of acetonitrile and 1% 

aqueous ammonium acetate (95:5) delivered at a flow rate of 



63 

2.5 ml/min. To assure accuracy and specificity of retinoid 

measurement in each sample, dual wavelength detection at 

340 and 365 nm was used. Quantification of retinol was 

determined by external standardization by using standard 

retinol (Sigma), retention time 4.9 min. 

B-Retinyl palmitate: 

One reverse phase column (5 urn ul trasphere ODS, 25 

cm x 4.6 mm I.D., Altex) was used for analysis. The mobile 

phase consisted of acetonitrile and tetrahydrofuran (85:15) 

delivered at a flow rate of 2.5 ml/min. Detection and 

quantification (retinyl palmitate standard, Sigma) was 

performed as described above. Retention time was 4.4 min. 

The effect of 13-Cis-retinoic acid and all trans-retinoic 
acid on the hepatotoxicity of carbon tetrachloride: 

To determine if other retinoids potentiated CC14 

hepatotoxicity 13-Cis-retinoic acid (C-RA) or all trans

retinoic acid (t-RA) was administered by gavage to male 

rats. They were prepared in an aqueous dosing solution (1% 

Tween 20 and 10% propylene glycol in water). Each solution 

was made fresh daily and protected from light. Retinoic 

acids were administered in a dose of 262 u molelKg daily 

(equimolar dose to Vitamin A) for 1 week. At 24 hr after 

the last dose of the appropriate retinoic acid, CC14 (0.15 

ml/kg) was administered I.P., in corn oil. Control groups 

recei ved the retinoid vehicle andlor corn oil. The rats 
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were killed 2~ hr after CCI~. Hepatotoxicity was assessed 

as described previously. 

The effect of Vitamin A pretreatment on the extent of CC14 
metabolism: 

Rats recei ved Vi tamin A or control vehicle by oral 

gavage (250,000 IU/Kg/day for 1 week). On day 8, the rats 

recei ved 1 ~CCI~ (New England Nuclear) (0. 15 ml IKg, in corn 

oil) I.P. The specific activity of 1~CCI~ dosing solution 

was 21. ~ uCi Immole. The rats were housed individually in 

glass metabolism cages (Vangard International) that allow 

separate collection of exhaled air, urine and feces. The 

airflow through the cage was 200 ml/min. Exi ting air was 

passed through absolute ethanol maintained in an ice bath 

for collection of exhaled organics, then through an ice 

cold carbosorb (Packard) trap for collection of exhaled 

Ethanol and carbosorb traps were changed at 30 

min., 2 hr, ~ hr, 6 hr and 2~ hr. At each time point, 0.5 

ml of ethanol and 0.2 ml carbosorb were removed and added 

to Beta Phase scintillation fluid. The amount of 1~C-

equivalents present was determined by liquid scintillation 

spectroscopy (Beckman LS 2800). At 2~ hr, urine and feces 

were collected and analyzed for 1~C-equivalents. Feces 

were digested in 0.5% NaOH solution overnight and 

neutralized wi th glacial acetic acid before analysis. One 
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ml samples were removed, Beta phase added and counted as 

before. 

The efficiency of the trapping system to collect 

exhaled organics and C02 separately was tested before the 

study. 14CCl4 was placed in the metabolism cage under the 

same air flow conditions as the experiment. By 30 min, 95% 

of 14CCl4 was trapped in the ice cold ethanol. None 

appeared in the carbosorb trap. In a separate experiment, 

a solution of NaH14C03 was placed in the metabolism cage, 

and then acidified with HCI. The 14C02 that evolved was 

not trapped by the ice-cold ethanol. 

14C02 was trapped by carbosorb. 

More than 96% of 

The effect of Vitamin A pretreatment on in-vivo covalent 
binding of 1~CCI4-equivalents to liver lipids and proteins: 

Rats received Vitamin A or control vehicle (250,000 

IU/Kg/day for 1 week) as mentioned earlier. On day 8, 

14CCl4 was administered (0.15 ml/Kg, 21.4 uCi/mmole, I.P. 

in corn oil). The rats were killed at 30 min, hr, 2 hr 

and 4 hr after CCl4 administration. Livers were excised, 

frozen on dry ice and then kept at -80°C until th'e time of 

analysis. One gm of liver tissue was homogenized in 9 ml 

ice-cold tris-HCI buffer (pH 7.4) with a polytron 

homogenizer for 30 seconds at 4°C. Two ml of the 

homogenate were added to 4 ml of ice-cold 100% ethanol to 

precipitate the proteins. The tubes were chilled in an ice 
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bath, vortexed and then centrifuged (Beckman TJ-6) at 4°C 

at (3000 rpm) for 30 min. The supernatant was collected in 

a collection flask kept on ice. To extract lipids and non

covalently bound 14C-equivalents, the pellets were 

extracted wi th organic sol vents (Sipes and Gandolf i 1982). 

Wi th each extraction the samples were centrifuged and the 

organic supernatants were pooled in a collection flask. 

First, the pellets were extracted 3 times with chloroform: 

ethanol (1:3), then extracted once with ice-cold 100% 

ethanol. Finally, 4 ml of ice cold 5% trichloroacetic acid 

was added to each sample. After the samples were vortexed 

and centrifuged, the supernatants were discarded. After 

the pellets (covalently bound protein adducts) were air 

dried, 1 ml 1 N NaOH was added. The tubes were capped and 

let stand in a 37°C water bath for 4 hr. The 

radioactivity, as 14C-equivalents, was determined by liquid 

scintillation spectroscopy after neutralization of the 

samples with 1N perchloric acid. The lipids present in the 

organic solvent extracts were concentrated by evaporation 

of the solvents under stream of N2. The lipid residue was 

further extracted with unlabelled CC14, which was then 

evaporated. Th iss tep was included to faci 1 i ta te removal 

of non-covalently bound 14CC14. The lipid residue was 

dissolved in toluene and radioactivity determined as 

described for proteins. Total proteins and phospholipids 
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were determined by the methods of Lowery et al (1951) and 

Raheja et al (1913), respectively. 

The effect of Vitamin A pretreatment on CClij-induced lipid 
peroxidation: 

Lipid peroxidation was determined by monitoring 

ethane in expired air (Slater 1984). Ra ts were treated 

with Vitamin A (250,000 IU/Kg/day, for 1 week) as 

previously noted. Controls were included. After CCl4 

(0.15 ml/Kg) administration, the rats were housed in glass 

metabolism cages with an air flow of 200 ml/min. Exhaled 

air was drawn through coconut charcoal (Supelco) that was 

maintained in glass tubes surrounded by dry ice and was 

changed at 30 min, 1 hr, 2 hr, 3 hr, 4 hr, 6 hr and 24 hr. 

After each collection the charcoal containing adsorbed 

ethane was transferred to a screw cap glass tube wi th a 

teflon diaphragm. The charcoal was then heated to 230°C 

for 2 min and a 5 ml sample of the headspace was withdrawn 

from the tube (13 ml) using a gas tight syringe. The gas 

was compressed to 1.0 ml and injected into the gas 

chroma tograph for ethane determination. Ethane retention 

time was 6 min. on a carboseive G column (80/100, Supelco) 

maintained at an oven temp. of 180°C. Purified ethane gas 

mix (Supelco) was used for quantification. At 24 hr, the 

rats were killed and hepatotoxicity was evaluated as 

previously noted. 
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Data Analysis 

Analysis of variance and student t-test were used 

for statistical evaluation. Data were considered 

significantly different when P was < 0.05. 

Results 

In the Vitamin A dose-response study, increased 

doses of Vi tamin A resul ted in increased potentiation of 

CC14 hepatotoxicity. As shown in Fig. 7, increasing doses 

of Vitamin A for 3 weeks resulted in significantly 

increased levels of plasma GPT (P < 0.05). Thi s dose

response potentiation was also seen histologically (photo 

5) where the degree of centrilobular damage increased with 

increasing the dose of Vi tamin A. The degree of damage 

seen under 1 ight microscopy ranged from vacuol iza t ion and 

hydropic changes to cell necrosis around the terminal 

hepatic vein. 

Treatment with Vitamin A for 1 day did not 

potentiate the hepatotoxicity of CC14. As indicated in 

Fig. 8, the plasma GPT activity was not significantly 

grea ter than that produced by CCl4 wi thout pretreatment. 

As revealed by histopathological evaluation, no significant 

potentiation of CC14 injury after 1 day of Vitamin A 

treatment was seen (Photo 6C). On the other hand, 

pretreatment of rats with Vitamin A for 1-5 weeks 

dramatically potentiated CCl4-induced liver injury. 
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Significant elevation of plasma GPT activity occurred at 

all durations of Vitamin A treatment (P < 0.05) (Fig. 8). 

These elevations were of a similar magnitude. These 

findings were also documented by histopathological 

examination. As seen in photomicrographs (7a-d) the degree 

of centrilobular necrosis induced by CC14 did not differ 

drama t i cally in rats treated for 1, 2, 3 or 5 weeks with 

Vitamin A. 

As shown in Fig. 9, the hepatic injury that develops 

in Vitamin A treated rats is a consequence of the exposure 

to carbon tetrachloride rather than Vi tamin A. The time 

course for the development of liver injury following carbon 

tetrachloride was the same in vehicle treated or Vitamin A 

treated rats. In both groups the increase in PGPT activity 

maximized at 48 hr. Additional evidence that it is carbon 

tetrachlor ide induced liver injury that is potentiated by 

Vitamin A is the lobular location of the injury. In both 

groups of animals, untreated or Vitamin A treated the 

injury radiated from the terminal hepatic vein. The degree 

of injury became more severe as the doses of Vi tamin A 

increased. This toxicologic profile for carbon 

tetrachloride is in agreement wi th that reported in the 

literature by other investigators (Castro et, al 1972, 

Klaassen and Plaa 1969, Burk et al 1986). 
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Treatments of rats with 13 cis-retinoic (c-RA) and 

trans-retinoic acid (t-RR) for 1 week did not significantly 

potentiate CCl4-induced hepatotoxicity as assessed by 

increases in PGPT (Fig. 12). Histopathological evaluation 

of the liver confirmed that retinoic acids did not 

potentiate CCl4-induced liver 

histopathological lesions 

CCl4 treatment could be 

observed in 

classified as 

injury. 

c-RA or t-RA 

vacuolization 

The 

plus 

and 

swelling in the area around the central vein (Photo 8). 

These lesions were similar in degree to those produced by 

CCl4 alone. 

Administration of Vitamin A resulted in large 

increases in the concentrations of retinyl palmitate in the 

liver (F ig. 10). Thi s increase was dose depend en t up to 

150,000 IU/Kg/day (P < 0.05) but higher doses did not 

resul tin further increases. As shown in Fig. 10, the 

hepatic concentration of free retinol was not altered as a 

result of Vitamin A dosing. As shown in Fig. 11, the 

hepatic retinyl palmi tate concentration was not increased 

at one day after 250,000 IU Vitamin A/Kg. After one week 

of treatment with 250,000 IU/Kg/day, the hepatic 

concentration of retinyl palmitate increased about 8 fold. 

By 3 weeks of dosing, the increase in hepatic retinyl 

palmitate concentration plateaued at about 25 times that of 

animals not receiving Vitamin A. The hepatic concentration 
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of free retinol did not increase significantly over the 

five weeks of dosing (Fig. 11). Further evidence for 

accumula tion of Vitamin A in the 1 i ver due to Vitamin A 

dosing was indicated by the increase in the prominance of 

fa t s tor i n g cell s ( I to cell s , Vi tam inA s tor i n g cell s ) • 

Photo (9c and d) show the increase in Ito cells (fat stain, 

Os04) around the periportal region and centrilobular region 

of the liver lobule, respectively. Also, photo (9b and c) 

show a greater increase in Ito cells following the 3 weeks 

of Vitamin A treatment as compared to 1 week of treatment. 

On the other hand, the 1 day Vitamin A treatment di d not 

result in any detectable Ito cells at the light microscopy 

level (Photo 9a). Daily doses of 13 C-RA or all t-RA 

(equimolar doses to retinol) for 1 week did not result in 

any significant increase in the concentration of retinyl 

palmi ta te or retinol in the 1 i ver, nor increases in the 

prominance of fat storing cells (Ito cells); data not 

shown. 

As shown in Fig. 13, Vitamin A pretreatment for 1 

week did not alter the amount of 14CC14 exhaled as 14C02 in 

a 24 hr period. In ~ hr, approximately 5% of the dose of 

CC14 was exhaled as 14C02 in both vehicle treated and 

Vitamin A treated rats. By 6 hr, approximately 50% of the 

administered 14CC14 was exhaled as 14C02. Little 

additional 14C02 was exhaled between 6 hr and 24 hr. 
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Vitamin A pretreatment also did not alter the amount of 

exhaled 14C-equivalents trapped by ethanol (14CC14 derived 

exhaled organics) (Fig. 14). In ~ hr, approximately 8% of 

CCl4 dose was excreted as exhaled 14C-organics. At 6 hr, 

the cummulative 14C-exhaled organics reached approximately 

46% of the given dose. There was no significant excretion 

of exhaled 14C-organ ics after 6 hr. Al though the exhaled 

organics were not characterized, they should represent 

CCI4, CHCl3 and hexachloroethane (Pohl and George 1983). 

Vi tamin A pretreatment did not al ter the 24 hr urinary 

excretion of 14C-equivalents (0.6 and 0.8% of CC14 dose, in 

Vitamin A and control, respect i vely) . Furthermore, 24 hr 

fecal excretion of 14C-equivalents derived from 14CCl4 was 

approximately 0.35% in both Vitamin A and control rats 

(Fig. 15). 

Vitamin A pretreatment did not alter significantly 

the covalent binding of 14CCl4-derived equivalents to liver 

lipids expressed as 14C-equivalents bound per ug of 

phospholipids (Fig. 17). Additionally, Vitamin A 

pretreatment did not alter covalent binding of 14C

equivalents derived from 14CCl4 to phospholipids and 

proteins per gram liver (Fig. 16). In Vitamin A treated 

rats, there was a small increase in covalent binding of 

14C-equi valents to liver proteins at 1 hr and 2 hr after 

administration of 14CCl4 when the data are expressed as 
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dpm/mg protein (Fig. 18). The differences in binding 

between the two groups is most obv ious at 1 hr, pr imar i ly 

because of the lower values in the control animals. 

Vitamin A pretreatment for week, dramatically 

increased the amount of CCl4-induced ethane exhalation. As 

shown in Fig. 19, during the first 1.5 hr there was 

approximately a 6-8 fold increase in the amount of ethane 

exhaled by the Vitamin A treated rats administered CCl4 

when compared to control rats administered CCl4 (0.4 nmole 

ethane/min, 0.06 nmole ethane/min, respectively). After 

the first two hours the rate of ethane exhalation slowed 

dramatically in both groups. The increased CC14-induced 

ethane exhalation in Vitamin A/CCI4 group is interpreted as 

enhanced lipid peroxidation. 
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o~------------~~~~~~~~~~~~~---
Control Vit A CCI4 100 1 50 200 250 

(--Vit A dose,lU x 103-> 
+CCI 4 

Treatment Groups 

Fig. 7: Effect of pretreatment with different doses of 
Vitamin A on the hepatotoxicity of CC14 as 
evaluated at 24 hr by PGPT activity. 

Vitamin A was given by oral gavage to male SD rats 
in doses of 100,000-250,000 IU/Kg/day for 3 weeks. 
CC14 was administered LP. (0.15 ml/Kg) in corn 
oil, 24 hr after the last vitamin A dose. 
PGPT: plasma Glutamate Pyruvate Transaminase 
*p < 0.05 from CC14 alone, n = 6 
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Fig. 8: Effect of different periods of pretreatment with 
Vitamin A on the hepatotoxicity of CC14 as 
evaluated at 24 hr by PGPT. 

Vitamin A was given by oral gavage to male SD rats 
in a dose of 250,000 IU/Kg/day for different 
periods of time (1 day - 5 weeks). CC14 was 
administered I.P. (0.15 ml/Kg) in corn oil, 24 hr 
after the last Vitamin A dose. 
PGPT: plasma Glutamate Pyruvate Transaminase 
*P < 0.05 from CC14 alone, n = 6 
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Fig. 9: Plasma Glutamate Pyruvate Transaminase (PGPT) 
activity following CCl4 administration to Vitamin 
A pretreated or control rats. 

Vitamin A was given by oral gavage to male SD rats 
in a dose of 250,000 IU/Kg/day for 1 week. 
CCl4 was administered I.P. (0.15 ml/Kg) in corn 
oil 24 hr after the last dose of Vitamin A. 
*p < 0.05, n = 5 
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R P ( Retinyl Palmitate) • R OH ( Retinol) 

Fig. 10: The effect of treatment of different doses of 
Vi tamin A for 3 weeks on the Ii ver contents of 
retinyl palmitate and retinol. 

Data points are x ± S.D., n = 3 
Vitamin A (Retinol) was administered to male rats 
by oral gavage in a dose of 100-250,000 IU/Kg/day, 
for 3 weeks. 
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Fig. 11: The effect of Vitamin A treatment duration on the 
liver content of retinyl palmitate and retinol 

Data points are x ± SO, n = 3 
Vitamin A (retinol) was administered to male rats 
by oral gavage in a dose of 250,000 IU/Kg/day for 
different periods of time (1 day - 5 weeks) 
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Fig. 12: The effect of retinoids pretreatment for 1 week on 
the hepatotoxicity of carbon tetrachloride 
assessed at 24 hr by PGPT activity. 

Retinoids (262 umole/Kg/day) was administered to 
male rats by oral gavage for 1 week. CCl4 (0. 15 
ml/Kg, IP) was administered 24 hr after the last 
retinoid treatment. 24 hr later the rats were 
killed and PGPT activity was determined. 
Data points are x ± S.D., n = 5 
CRA: 13-Cis-retinoic acid; t-RA; All trans-
retinoic acid; 
ROH: retinol=Vitamin A 
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Fig. 13: (14C) Carbon dioxide exhalation vs time after 
14CCl4 administration to Vitamin A pretreated or 
control rats 

C02 was collected by an ice-cold carbosorb trap. 
Vitamin A was given to male SD rats by oral gavage 
in a dose of 250,000 1U IKg Iday for 1 week. CCl4 
was administered I.P. (0.15 ml/Kg) in corn oil 24 
hr after the last dose of Vitamin A. 
Data points are x ± S.D., n = 5 
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Fig. 14: 14CCl4-derived exhaled organics vs time in Vitamin 
A treated or control groups. 

Exhaled organics were collected in an ice-cold 
absolute ethanol trap. 
Vitamin A was given to male SD rats by oral 
in a dose of 250,000 IU/Kg/day for 1 w~ak. 
was administered (0.15 ml/Kg) in corn oil 
after the last Vitamin A dose. 
Data points are x ± S.D., n = 5 

gavage 
CCl4 

24 hr 



(1) .. 

100 

50 

10 

LJ Control 

f[lI Vitamin A 

82 

co 
CV 

" €I) 

::J 5 o 
X -CD ~ 

U N 
)( .: w 
-~ 
U 
u 
'0 
G 
OJ 
o 
Q 

?fl 

1 

0.5 

Ellhalod 
Orgonlco 

Urine Foctu, 

Fig. 15: Total excretion of 14C-equivalents in 24 hr, in 
exhaled air, urine and feces after administration 
of 14CC14 to Vitamin A treated or control groups. 

Vi tamin A was administered to male rats by oral 
gavage in a dose of 250,000 IU/Kg/day, for 1 
week. 14CC14 was administered I.P. (0.15 ml/Kg) 
in corn oil, 24 hr after the last dose of Vitamin 
A. 
Data points are x ± S.D., n = 5 
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Fig. 16: In-vivo covalent binding of 14CC14-equivalents to 
liver lipids and proteins per gram liver in 
Vitamin A treated or control groups. 

Vi tamin A was administered to male rats by oral 
gavage in a dose of 250,000 IU/Kg/day, for 1 
week. 14CC14 was administered I.P. (0.15 ml/Kg), 
24 hr after the last dose of Vitamin A. 
Data points are x ± S.D., n = 5 
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Fig. 17: In-vivo covalent binding of 14CCl4-equivalents to 
liver lipids in Vitamin A treated or control 
groups. 

Vitamin A was administered to male rats by oral 
gavage in a dose of 250,000 IU/Kg/day, for 
week. 14CCl4 was administered loP. (0.15 ml/Kg) 
24 hr after the last dose of Vitamin A. Lipids 
are represented as ug phosphorus in 
phospholipids. 
Data points are x ± S.D., n = 5 
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Fig. 18: In-vivo covalent binding of 14CCl4-equivalents to 
Ii ver proteins in Vi tamin A treated or control 
group. 

Vitamin A was administered to male rats by oral 
gavage in a dose of 250,000 IU/Kg/day for 1 week. 
14CCl4 was administered LP. (0.15 mI/Kg), 24 hr 
after the last dose of Vitamin A. 
Data points are x ± S.D., n = 5 *p < 0.05 
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Fig. 19: Effect of Vitamin A pretreatment for 
CC14-induced ethane exhalation 

week on 

Vitamin A was administered to male rats by oral 
gavage in a dose of 250,000 IU/Kg/day for 1 week. 
14CC14 was administered loP. (0.15 ml/Kg), 24 hr 
after the last dose of Vi tamin A. Ethane was 
collected immediately after CC14 treatment. Data 
points are x ± S.D., n = 4 
*p < 0.05 



Photomicrograph 5: The effect of different 
Vitamin A pretreatment 
hepatotoxicity. 

87 

doses of 
on CC14 

Vitamin A was administered to male 
rats by oral gavage in a dose of 100-
250,000 I U /Kg /day, for 3 weeks. CC14 
was administered I.P. (0.15 ml/Kg), 
24 hr after the last dose of Vi tami n 
A. Li ver sections were stained by H 
and E and examined under light 
microscopy. 
a: 100,000 IU Vito A/Kg/day 
b: 150,000 IU Vito A/Kg/day 
c; 200,000 IU Vi t. A/Kg/day 
d; 250,000 IU Vi t. A/Kg/day 
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Photomicrograph 6: 

88 

Effects of different treatments on 
liver histopathology. 

a: Vitamin A: 250,000 IU/Kg/day for 
1 week, by oral gavage 

b: CCl4: 0.15 ml/Kg, I.P. 
c: Vitamin A: 250,000 IU/Kg for 1 

day followed by CCl4 (0.15 ml/Kg) 
at 24 hr 
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Photomicrograph 7: 

89 

Effect of pretreatment durations wi th 
Vitamin A on CCl4 hepatotoxicity. 

Vitamin A was administered to male 
rats by oral gavage in a dose of 
250,000 IU/Kg/day for 1, 2, 3 or 5 
weeks. CCl4 was administered I.P. 
(0.15 ml/Kg), 24 hr after the last 
dose of Vitamin A. Liver sections 
were stained with Hand E and examined 
under light microscopy. 
a: 1 week Vi t. A + CCl4 
b: 2 weeks Vito A + CC14 
c: 3 weeks Vito A + CCl4 
d: 5 weeks Vito A + CCl4 
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Photomicrograph 8: 

90 

Effect of 13-Cis-retinoic acid or all 
trans-retinoic acid on the 
hepatotoxicity of CCI~. 

Retinoic acids were administered to 
male rats by oral gavage in a dose of 
262 umole/Kg/day for 1 week. CCl4 was 
administered LP. (0.15 mI/Kg), 24 hr 
after the last dose of retinoic acids. 
Liver sections were stained with Hand 
E and examined under light microscopy. 

a: 13-cis-Retinoic acid (c-RA) 
b: All trans-Retinoic acid (t-RA) 
c: c-RA plus CCl4 
d: t-RA plus CCl4 



90 

..Q 

u 



Photomicrograph 9: 

91 

Effect of Vitamin A treatment duration 
on the prominance of fat storing 
cells. 

Vitamin A was administered to male 
rats by oral gavage in a dose of 
250,000 IU/Kg/day for 1 day, 1 week or 
3 weeks. Li ver sections were stained 
for fat by osmium tetraxide stain. 
Fat storing cells appear as black 
structures in the perisinusoidal 
space. 
a: 1 day Vito A treatment 
b: 1 week Vito A treatment 
c: 3 week Vito A treatment 

(periportal region) 
d: 3 week Vito A treatment 

(Centrilobular region) 
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Discussion 

In this study the dose and time relationships for 

the Vitamin A potentiation of CCl4-induced liver injury 

have been established. Increasing the daily dose of 

Vitamin A resulted in increasing the extent of potentiation 

of carbon tetrachloride hepatotoxicity as well as the 

extent of retinyl palmitate accumulation in the liver. 

Increasing the treatment duration wi th Vitamin A from 1 

week to 5 weeks also resulted in increased accumulation of 

retinyl palmitate accumulation by the liver. However, 

increasing the duration of Vitamin A trea tmen t beyond 1 

week did not result in a greater degree of potentiation of 

carbon tetrachloride toxicity. These findings suggest that 

the potentiation of carbon tetrachloride hepatotoxicity by 

Vitamin A pretreatment could not be correlated with the 

level of retinyl palmitate in the liver. This is supported 

by the findings of the 1 week, 250,000 IU Vitamin A/Kg/day, 

and the 3 weeks, 100,000 IU Vitamin A/Kg/day, studies. 

These studies showed approximately the same level of 

retinyl palmitate in the liver (2-3.5 mg/g liver), but 

potentiation of carbon tetrachloride hepatotoxici ty was 5 

times more with the 1 week Vitamin A treatment regimen. 

But the need for a build-up of retinoid species in 

the liver before potentiation of carbon tetrachloride 

hepatotoxicity could be seen, is evident. Evidence 
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supporting this is the lack of potentiation of carbon 

tetrachloride hepatotoxici ty wi th only 1 day of Vi tamin A 

treatment. Also 1 week of treatment with retinoic acids, 

both of which did not result in any increase in the retinyl 

palmitate levels nor increase in the prominance of fat 

storing cells in the liver, did not potentiate liver 

injury. 

Although retinyl palmitate is the major storage form 

of Vitamin A (Hendriks et al 1985, Olson and Gunning 1983), 

retinyl palmitate is not the only possible storage form of 

Vitamin A in the liver. Other retinyl esters such as 

stearate and oleate, among others have been also identified 

(Hendriks et al 1985). So, it is possible that other 

esterification routes have been adapted for the formation 

of retinyl esters after the major route (palmitate) is 

exhausted. 

The need of certain time with Vitamin A treatment 

before potentiation of carbon tetrachloride hepatotoxicity 

could be observed suggests that a time-dependent phenomena 

may be required. Accumulation of retinyl palmitate in the 

liver is a time-dependent phenomena, but correlation with 

its extent in the liver and potentiation of carbon 

tetrachloride hepatotoxici ty could not be seen. At the 

same time, induction of drug metabolizing enzymes is also a 

time dependent phenomena. It has been shown by several 
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investigators that carbon tetrachloride hepatotoxicity 

depends on its bioacti vation by the Ii ver cytochrome P450 

enzyme system (Butler 1961, Reynolds, 1967, Gordis 1969, 

Burdino et al 1973, Sipes et al 1977). Several agents 

which potentiate carbon tetrachloride hepatotoxicity, do so 

by enhancing cytochrome P-450 mediated bioactivation of 

CCI4. Thi sis a resul t of induction of certain P-450 

i sozymes. The bi oac ti va tion of carbon tetrachlor ide leads 

to the formation of reactive metabolites which are capable 

of initiating a series of toxicological reactions including 

lipid peroxidation and covalent binding to tissue 

macromolecules. These events are thought to lead to cell 

injury (Rao and Recknagel 1969, Recknagel 1983). If 

Vitamin A treatment induces the liver cytochrome P450 

isozymes responsible for carbon tetrachloride 

bioactivation, it would explain the potentiation of liver 

injury. But the data presented in this chapter indicate 

that Vitamin A did not alter the process of bioactivation 

of carbon tetrachloride. This was indicated by the lack of 

al teration by Vi tamin A in the amount of carbon dioxide 

exhaled or in the urinary and fecal excretion of carbon 

tetrachloride equivalents. The covalent binding of 14C

equivalents to liver proteins and lipids also was not 

increased by Vi tamin A treatment. The slight increase in 

covalent binding of carbon tetrachloride equivalents to 
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liver proteins may suggest a slight increase in carbon 

tetrachloride metabolism or an increase in the 

suscept i bi I i ty of the biological rna tr ix due to Vitamin A 

treatment. However, this slight increase in the covalent 

binding to liver proteins is unlikely to explain the 

dramatic potentiation of carbon tetrachloride 

hepatotoxicity by Vitamin A pretreatment. That is because 

it only constitutes a very small fraction of carbon 

tetrachloride administered dose and other indicies of 

metabol i sm remai ned unchanged. 

shown that the hepatotoxicity 

In addition, it has been 

of carbon tetrachloride 

correlates better with its binding to liver lipids at least 

in vitro (Sipes and Gandolfi 1982). 

Carbon tetrachloride-induced lipid peroxidation is 

highly dependent on its bioactivation to free radicals such 

as trichloromethyl radicals and trichloromethyl peroxy 

radicals (Recknagle 1983, Recknagel 1966, Durk and Frank 

1984) . Since there was no effect of Vi tamin A on carbon 

tetrachloride bioactivation and its covalent binding to 

liver lipids, it was anticipated that Vitamin A 

pretreatment would not affect carbon tetrachloride-induced 

lipid peroxidation. However, the findings of this study 

showed a dramatic increase in lipid peroxidation induced by 

carbon tetrachloride due to Vitamin A pretreatment. The 

mechanism by which the enhanced lipid peroxidation is 
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produced is not known. Enhanced bioacti vation of carbon 

tetrachloride can be ruled out. Vitamin A associated 

decreases in hepatoprotective agents which act as free 

radical scavengers, also do not explain this enhanced lipid 

peroxidation. As it was shown in the previous chapter, 

Vitamin A treatment did not al ter the 1 i ver con ten ts of 

Vitamin E and glutathione. Therefore, it is concluded that 

Vitamin A pretreatment enhances carbon tetrachloride 

induced lipid peroxidation by mechanisms other than 

increase in carbon tetrachloride-deri ved free radicals or 

depletion of hepatic free radical scavengers. The source 

of this augmented lipid peroxidation process remains to be 

el uc ida ted. I t may be related to changes in the response 

of membranes to free radical attack (i. e., they are more 

labile) or another stimulus of lipid peroxidation may be 

produced in Vitamin A treated animals. 



CHAPTER 4 

CARBON TETRACHLORIDE TOXICITY 
IN HEPATOCYTES ISOLATED FROM 

VITAMIN A OR CONTROL TREATED RATS 

Introduction 

The mammalian liver consists of many functionally 

different cell types. These include the hepatocytes 

(parenchymal cells) which consti tute more than 90% of the 

total volume occupied by liver cells (Blowin et al 1977, 

Berkel 1982). The non-hepatocytes or non-parenchymal cells 

are much smaller than the hepatocytes and constitute about 

40% of the total liver cell number. The non-parenchymal 

cells include Kupffer cells (Ii ver resident macrophages), 

fat storing cells (Ito cells), endothelial lining cells and 

pi t cells (Berkel 1982, Zahl ten et al 1981) • In the 

prev ious chapter, it has been demonstrated that Vitamin A 

potentiated the hepatotoxici ty of carbon tetrachloride in 

the rat and this potentiation was not due to an increased 

bioactivation of carbon tetrachloride. In order to examine 

if the observed potentiation was due to a direct effect of 

Vitamin A pretreatment on the hepatocytes, in vitro studies 

were conducted on hepatocytes isolated from Vitamin A 

treated rats. 

97 
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The use of in-vivo/in-vitro studies with hepatocytes 

represents model that is a potentially very important tool 

for characterizing mechanisms of toxicity. Many 

investigators have used hepatocytes from rats pretreated 

with phenobarbital or 3--methylcholantherene in order to 

examine the potential role of metabolism in the toxicity of 

many chemicals (Br idges 1981). This model also el imina tes 

the involvement of other cell types, and other variables 

such as blood flow and nervous and humoral factors 

(Klaassen and Stacey 1982). The suitability of the 

i sola ted hepatocyte system to exami ne the potentiation of 

carbon tetrachloride hepatotoxicity was demonstrated by 

several investigators. Poli et al (1979) and Gravela et al 

(1979) have shown that biochemical parameters measured 

after carbon tetrachloride intoxication in isolated 

hepatocyte system were quite similar to those found in 

vivo. These parameters include enzyme leakage (such as 

Lactate dehydrogenase and glutamate pyruvate transaminase), 

inhibition of protein synthesis, secretions of proteins and 

lipoproteins, and lipid peroxidation. Furthermore, 

hepatocytes isolated from phenobarbital pretreated rats 

showed an enhanced release of lactate dehydrogenase enzyme 

compared to hepa tocytes from con trol rats upon in vitro 

exposure to carbon tetrachloride (Lindstrom et al 1978). 

Freshly isolated hepatocytes in suspension are often used 
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to identify and characterize early events in the 

progression of injury such as inhibition of protein and RNA 

synthesis. This is because they can only be preserved with 

high v iabi I i ty for short periods of time (up to 6 hr) 

(Bridges 1981). The use of freshly isolated hepatocytes in 

suspension has several advantages over the use of 

hepatocytes in culture. During culture, phenotopic changes 

occur which result in hepatocytes with characteristics 

different from those present in the intact liver. For 

example, hepatocytes maintained in culture can not maintain 

cytochrome P-450 at concentrations similar to those 

maintained in-vivo (Schwarz et al 1979, Acosta et al 1979, 

Althans 1979). Also, the profile of isozymes of cytochrome 

P-450 change during culture. Because of these alterations 

in cytochrome P-450, it was felt that suspensions of 

hepatocytes would be a better model to determine if Vitamin 

A potentiation of CCl4 could be reproduced in vitro 

(Bridges 1981). 

In this study, the effect of Vitamin A pretreatment 

on carbon tetrachloride toxici ty was assessed in isolated 

ra t hepa tocytes. Hepa totoxici ty was assessed by lactate 

dehydrogenase enzyme leakage into the medi urn (LDH) and by 

alterations in protein synthesis. 

by following the incorporation 

precipitable protein. 

The latter was assessed 

of 3H-leucine into acid 



Methods 

Preparation of hepatocytes from rat liver: 

100 

Rats were treated with Vitamin A (250,000 IU/Kg, 

daily) for 1 week or with its vehicle as described in the 

previous chapter. Hepatocytes were isolated from the rats 

according to the method of Seglen (1976) as modified by 

Moldeus et al (1978). 

To isolate hepa tocytes, rats were anesthetized wi th 

phenobarbital sodium (Nembutal, 50 mg/kg/IP). An incision 

was made in the rat abdomen to expose the liver. Hepar in 

(1000 uni ts/ml) was injected into the inferior vena cava 

(100 ul/Kg body wt). The hepatic portal vein was 

cannula ted wi th a 16G needle through which the liver was 

perfused wi th recirculating Ca2+ and Mg2+-free buffer (5 

ml/min). The vena cava was cut below the liver to prevent 

pressure build up. Perfusion was then continued at a 

higher rate (25 ml/min) for 5 min. The use of Ca 2+ and 

Mg2+ free buffer in this step of perfusion is to deplete 

the extracellular space of these di valent cations. Since 

Ca2+ and Mg2+ play an essential role in cell attachment, 

the yield of isolated hepatocytes is increased dramatically 

by this preperfusion (Anderson 1953, Berry et al 1983). 

This initial perfusion step also clears the liver of 

blood. Rapid removal of blood is essential for a high 

yield of viable hepatocytes (Klaassen and Stacey 1982). 
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Perfusion with collagenase buffer was started 

immediately following the first perfusion step. The intact 

liver was removed surgically from the rat and immersed into 

the collagenase buffer. Recirculating perfusion wi th the 

collagenase buffer continued for another 12 min. Then, the 

liver was transferred to a petri dish filled with 

collagenase buffer and the fibrous capsule cut open. The 

cell suspension was collected and then filtered through 

cotton gauze to remove the vascular trees and other 

biological debris. Suspension medium (Waymouth's media, 

fetal calf serum, pH 7.4) was added and the pre para t ion 

centrifuged at 40 x g for min (Beckman TJ-20). The 

supernatant was decanted and the pellet of viable 

hepatocytes was resuspended in new medium and then 

recentrifuged. The cells were resuspended in medium. 

V iabi 1 i ty and yield were determined us ing the trypan blue 

exclusion technique. Trypan blue dye is excluded from live 

cells. 

Only preparations of cells with viability> 85% were 

used in the experiment. The freshly prepared hepatocytes 

were pre incubated in suspension medium for 30 min at 37°C 

in a shaker bath (Labline Orbital). They were then 

centr i fuged at 40 x g, decanted and suspended agai n in 

fresh suspension medi urn. Suspension medi urn was added to 

the hepatocytes to yield a final concentration of 0.5 x 106 
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cells per ml medium. To the cell suspension, 3H-leucine 

[L-leucine (4,5 3H), specific activity: 55 Cilmmole] 

(ICN radioisotope) was added to yield a final concentration 

of radioactivity of 0.3 uCilml medium. Six ml aliquots of 

hepatocyte suspension were then placed into 25 ml conical 

Erlenmeyer flasks. The flasks were sealed wi th mininert 

screw caps that contained valves for addition of compounds 

to the flask. Carbon tetrachloride, to achieve a 

theoretical concentration of 0.2 or 4 mM, was added to the 

media wi th a hamil ton syringe through the val ve opening. 

The valve was closed immediately. For each incubation with 

carbon tetrachloride, a control incubation was included (no 

carbon tetrachloride added). The hepatocytes were 

incubated in the shaker bath at 37°C for 0, 30 min, 60 min, 

90 min and 120 min. At each time point, samples were 

collected and then analyzed for the release of lactate 

dehydrogenase into the medium and the extent 3H-leucine 

incorporated into acid precipitable protein. 

i-Lactate dehydrogenase (LDH): 

Duplicate 0.5 ml samples of the hepatocyte 

suspension were pipetted into 1.5 ml microfuge tubes and 

centrifuged to separate cells from the medium. The medium 

was transferred to another microfuge tube wi th a pasture 

pipette. To the sedimented cells, 0.5 ml of fresh medium 

was added and cells were disrupted by sonication to release 
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intracellular LDH. The activity of LDH was determined 

a~cording to the method of Amador (1963). This assay 

measures NADH from lactate according to: 

LDH 
Pyruvate + NADH Lactate + NAD+ 

The rate of appearance of NADH depends on the activity of 

LDH added. NADH was determined spectrophotometrically at 

340 nm in a Beckman DU-1 spectrophotometer. The rate of 

NADH appearance was determined over a 5 min per iod. The 

following formula yields LDH activity: 

LDH activity (U/ml /J. A/min 
incubation) = 6.22 x sample volume in ml 

where 6.22 is the Millimolar absorptivity of NADH at 340 

nm. 

The LDH activity in the medium and in the cells was 

determined and added to each other to yield the total LDH 

activity/incubation. The % LDH re I eased into the med i urn 

was determined for both carbon tetrachlor ide treated and 
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control incubations. Data are expressed as % LDH released 

in the medium and as % of control. 

ii - Protein synthesis: 

One ml of hepatocyte suspension was taken at the 

indicated time points. Samples were centrifuged at low 

speed to separate the cells from the media, which was 

discarded. The cell protein was precipitated with 0.5 ml 

of a solution of 0.9% ice cold NaCI and 10% perchlor i c 

acid. The samples were vortexed vigorously. The 

precipitated protein was isolated by centrifugation, the 

superna tant aspirated and prote in pellet washed tw i ce by 

resuspension and centrifugation with 0.2 ml of 2% 

perchloric acid. The precipitated protein was digested 

over night with 0.3 N NaOH solution at room temperature. 

Samples were taken for protein assay (Lowry et al 1951) and 

for determination of total radioactivity. The 

radioactivity was determined after neutralization with 0.1N 

HCI, 5 ml Beta phase was added and the DPM determined in a 

Beckman scintillation counter (LS2800). Data were 

calculated as DPM/mg protein and are presented as % of 

control incubations. 

Results 

Carbon tetrachloride (0.2 mM) in hepatocytes 

isolated from control rats did not result in any 

significant increase in LDH release into the media when 
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compared to untreated control (F ig. 20). Increasing the 

concentration of carbon tetrachloride to 4 mM resulted in a 

large release of LDH into the medium. This release 

reflects a cytotoxic effect (Figs. 20, 22). These two 

concentrations were chosen to insure that a response was 

produced in our system and that the system was sensi ti ve 

enough to allow measurement of potentiation (0.2 mM). 

Vitamin A pretreatment in-v i vo did not affect the release 

of LDH from the hepatocytes by itself when compared to the 

untreated control experiment (Figs. 20, 21). In addition, 

Vitamin A pretreatment in-vivo did not affect the 

hepa totoxici ty of carbon tetrachlor ide in-v i tro. Thi sis 

indicated by the similarity between the effects of 0.2 mM 

carbon tetrachlor ide concentration on LDH release in both 

control and Vitamin A pretreated hepatocytes (Figs. 20, 

21). Addi tionally, al though the higher concentration of 

carbon tetrachlor ide resul ted in an increased release of 

LDH at all time points, the magnitude of the increase was 

not different between cells isolated from Vitamin A or 

control rats (Figs. 20, 21, 22). 

Since there was no alteration in carbon 

tetrachloride-induced LDH release due to Vitamin A 

pretreatment, another parameter of carbon tetrachloride 

toxicity was examined. The data in Fig. 23 show that 0.2 

mM carbon tetrachloride inhibits protein synthesis. Unlike 
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the effect of carbon tetrachloride on LDH release, protein 

synthesi s was inhi bi ted only after 90 min of incubation. 

No difference in protein synthesis inhibition was observed 

when the concentration of carbon tetrachloride was 

increased to 4 mM. Vitamin A pretreatment did not result 

in any significant alteration in protein synthesis observed 

after exposure of the cells to carbon tetrachloride. 
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Fig. 20: The hepatotoxicity of carbon tetrachloride, in
vitro. 

Vitamin A vehicle was administered to male rats by 
oral gavage daily for 1 week. On day 8, 
hepatocytes were isolated and challenged, in
vitro, with two concentrations of carbon 
tetrachlor ide (0.2 mlv1 or 4 mM). Hepa totoxici ty 
was assessed by LDH release in the media. 
Data points are x ± S.D., n = 4 
*p < 0.05 
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Fig. 21: Effect of Vitamin A pretreatment, in-vivo, on the 
hepatotoxicity of carbon tetrachloride, in-vitro. 

Vitamin A was administered to male rats by oral 
gavage in a dose of 250,000 IU/Kg/day for 1 week. 
On day 8, hepatocytes were isolated and 
challenged, in-vitro, with carbon tetrachloride. 
Hepatotoxicity was assessed by LDH release. 
Data points are x ± S.D., n = 4 
*P < 0.05 
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Fig. 22: Effect of Vitamin A pretreatment, in-vivo, on the 
carbon tetrachloride-induced release of LDH 
expressed as % of controla . 

Vi tamin A was administered to male rats by oral 
gavage in a dose of 250,000 IU/Kg/day for 1 week. 
On day 8, hepatocytes were isolated and 
challenged, in-vitro, with carbon tetrachloride 
(O.2mM or 4 mM). Hepatotoxicity was assessed by 
LDH release as % control. 
Data points are x ± S.D., n = 4 
a% control: % of carbon tetrachloride untreated 
control. 
*p < 0.05 



Q) 
c 
() 
::s 
.3 
I 
I ..-. 

n 0 
L..... 

UJ C 
UJ 0 
Q) U 
:5 ~ 
c-.
>-

(f) 

c 
Q) ..... 
o 
L-
a.. 

500 

400 

300 

110 

0-00.2mMCCI4 
A-~4.0mMCCI4 
~-~VitA/ 

0.2mMCC14 
~-~VitA/ 

4.0mMCC14 

O+-----------~-----------r-----------; 
o 60 120 180 

Incubation Time ( minutes) 

Fig. 23: Effect of Vitamin A pretreatment, in-vivo, on the 
protein synthesis inhibition induced by carbon 
tetrachloride. 

Vitamin A was administered to male rats by oral 
gavage in a dose of 250,000 IU/Kg/day for 1 week. 
On day 8, hepatocytes were isolated and 
challenged, in-vitro, with carbon tetrachloride 
(0.2mM or 4 mM). Hepatotoxicity was assessed by 
3H-leucine incorporated as % of control. 
Data points are x ± S.D., n = 4 
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Discussion 

The finding that in-vivo Vitamin A pretreatment for 

week did not potentiate the in-vitro toxicity of carbon 

tetrachloride, is of critical importance in determining the 

mechanism of Vitamin A potentiation of carbon tetrachloride 

hepatotoxicity. This lack of in-vitro potentiation 

suggests the inability of the hepatocytes isolated from 

livers of rats treated with Vitamin A to generate the 

augmented hepatotoxicity on their own. It suggests that 

the potentiation seen in-vivo may be mediated by an extra 

hepatocyte source. That is, Vitamin A pretreatment for one 

week might induce events in other cells or tissues that 

respond when 

tetrachloride. 

the hepatocytes are injured by carbon 

The end result of this response is 

potentiation of liver injury. 

Vitamin A is known to produce effects in a number of 

tissues, as well as in other cells of the liver. Ito cells 

(fat storing cells) may playa role since our data showed 

that Vitamin A treatment induced their proliferation. 

Additionally, liver macrophages may playa role since it 

has been suggested by other investigators that some 

chemicals such as acetaminophen and galactosamine 

hepatotoxicity involves liver macrophages (Laskin et al 

1986, Al-Tuwaigri et al 1981). Mariguchi et al (1985) have 

shown that Vitamin A can activate alveolar and peritoneal 
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macrophages. A third possibility could be that the 

hepatocyte isolation technique may have reversed an effect 

induced by Vitamin A on the hepatocyte in-vivo. This 

possibility seems unlikely since many investigators showed 

that freshly isolated hepatocytes in suspension respond in 

a similar way to the intact animal in response to various 

challenges. However, an effect of Vitamin A on liver cell 

membrane may occur and it could be reversed by the 

isolation technique, this parameter was not tested. 

The involvement of liver macrophages in this 

potentiation seems likely. As mentioned above, Vitamin A 

can result in macrophage activation. Activated 

macrophages, including those of the liver (Kupffer cells), 

can release active oxygen species as well as other 

cytotoxic agents (Matsue et al 1985). Active oxygen 

species are capable of inducing lipid peroxidation which is 

a deleterious process that can induce cell death (Halliwell 

and Gut t e rid g e 1 984 , 1 986 ) . I f V i tam inA act i vat e s I i v e r 

macrophages, the acti ve oxygen species that are released 

could promote lipid peroxidation. As discussed in the 

pre v ious chapter, lipid peroxidation was greatly enhanced 

when Vitamin A treated rats were treated with carbon 

tetrachloride. This potentiation in peroxidation occurred 

in the absence of an effect of Vitamin A on carbon 

tetrachloride bioactivation. The following chapter will 
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address the involvement of Kupffer cells (liver 

macrophages) and active oxygen species in Vitamin A/carbon 

tetrachloride interaction. 



Chapter 5 

VITAMIN A POTENTIATION OF CARBON TETRACHLORIDE 
HEPATOTOXICITY: 

II. ROLE OF KUPFFER CELLS AND ACTIVE OXYGEN SPECIES 

Introduction 

The liver is a target tissue for toxic agents 

because of its abili ty to extract foreign chemicals from 

the blood and because of its ability to biotransform 

chemicals to reactive species (Sipes and Gandolfi 1982, 

Zimmerman 1982, Miller and Miller 1985). Pre exposure or 

simultaneous exposure of the liver to more than one 

chemical can resul t in an interaction which resul ts in a 

synergistic hepatotoxic response. For example, 

phenobarbital pretreatment can enhance the toxicity of many 

xenobiotics because of its ability to induce the cytochrome 

P-450 protein (Docks and Kirshna 1976, Mitchell and Jollow 

1975). This induction can result in an increased rate of 

biotransformation of a number of xenobiotics (Conney 1967, 

Sipes and Gandolfi 1986). Another mechanism by which one 

chemical influences the hepatotoxicity of another is 

depletion of glutathione, a hepatoprotective agent that 

conjugates reactive metabolites of xenobiotics (Reed 1985, 

Ket terer et al 1983) • For example, diethylmaleate and 

phorone enhance chemical induced toxicity via reduction in 

114 



115 

hepatic glutathione concentration (Belinsky et al 1986, 

Bayer et al 1981, Mitchell et al 1973) . 
. 

Recently, we have shown that pretreatment of rats 

with large doses of Vitamin A (Vit. A, retinol) 

dramatically enhances the hepatotoxicity of a number of 

chemicals (carbon tetrachloride, acetaminophen, allyl 

alcohol and endotoxin). Manuscripts describing these 

findings are in preparation. The mechanism of this 

potentiation has not yet been elucidated. Studies 

conducted with 14CCl4 have revealed that Vitamin A 

pretreatment does not influence the biotransformation of 

CC14. Exhalation of 14C02 following administration of 14CCl4 

was not altered by Vitamin A. Simi larly, the covalent 

binding of 14C-equivalents to liver proteins and lipids was 

not appreciably altered by Vitamin A pretreatment. 

Interestingly, CCl4-induced lipid peroxidation was enhanced 

five fold in Vitamin A pretreated rats. This was somewhat 

surprising since the bioactivation of CCl4 was not altered. 

A clue as to how Vitamin A may potentiate CCl4 

hepatotoxicity was revealed when livers were examined under 

electron microscopy (Earnest and Sim, personal 

communication). Kupffer cells were shown to be increased 

in size with numerous lamellipodia. Their cell membrane 

showed increased fenestration and dentation. These are 

fea tures of "act i va ted" Kupffer cells (Knook and Brouwer 
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1983, Wisse 1980, Seljelid 1980). Further ev idence for 

Kupffer cell activation was obtained when the clearance of 

colloidal carbon from the circulation was studied in 

Vitamin A treated rats. Colloidal carbon is often used to 

monitor phagocytic cell function and 90% of its dose 

selectively distributed to the liver (Triarhou and Cerro 

1985, Matsuo et al 1985, DiLuzio et al 1970). Carbon 

particles disappeared more rapidly from Vi tamin A treated 

rats. These results suggest that Vitamin A may potentiate 

hepa tocell ular injury v ia an acti va tion of Kupffer cells. 

Activated Kupffer cells have been shown previously to 

release different chemical mediators that can kill other 

cells. These mediators include interferon, interleukin I, 

lysosomal enzymes and acti ve oxygen species, among others 

(Nolan 1981) and they playa major role in the phagocytic 

processes used for killing bacteria and tumor cells (Matsuo 

et al 1985, Nathan et al 1979, Murray and Cohen 1980). The 

phagocytic and secretory capacities of Kupffer cells could 

be altered by different stimulators and inhibitors (Matsuo 

et al 1985, Dyer et al 1985, Chadwicket al 1985, Al

Tuwaijri et al 1981). Increased release of active oxygen 

species from Kupffer cells could explain both the enhanced 

lipid peroxidation and necrosis as a result of CCl4 

administration to Vitamin A pretreated rats. To test this 

hypothesis, we examined the effect of superoxide dismutase 
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and catalase (active oxygen scavengers) (Halliwell and 

Gutteridge 1986, 1984, Kono and Fridovich 1982) and methyl 

palmi tate (an inhi bi tor of Kupffer cell acti v i ty, DiLuzio 

1966, AI-Tuwaigri et al 1981) on the Vitamin A potentiation 

of CCl4-induced liver injury. 

Materials and Methods 

The effect of Vitamin A on carbon tetrachloride 

hepatotoxicity 

Vitamin A (retinol; Armour Pharmaceutical) or 

vehicle was gi ven by oral gavage to male Sprague Dawley 

rats (180-200 g, Harlan) at a dose of 250,000 IU/kg/day for 

7 days. Previous studies had shown that this dosing 

regimen with Vitamin A maximally potentiated CCl4 induced 

liver injury without other adverse effects. On day 8, CCl4 

was administered to the Vi tamin A or vehicle pretreated 

ra ts (0. 15 ml/kg I P in corn oi l) . Appropr ia te control 

groups, Vitamin A alone or vehicle alone, were also 

included in the study. At 24 hr after CCI4, the rats were 

killed by cervical dislocation and blood and liver samples 

were collected. Hepatic injury was evaluated by 

determining the activity of the plasma glutamate pyruvate 

transaminase enzyme (GPT) using a Sigma diagnostic kit 

(procedure No. 59-UV), and by histopathological 

examination. Liver sections were fixed in 10% buffered 

formalin, and imbedded in paraffin. Sections (5 urn) were 
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stained with hematoxylin and eosin and examined by light 

microscopy. 

The effect of superoxide dismutase (SOD) and catalase 
(CAT) : 

SOD and CAT were obtained from Enzon, Inc. (NJ) • 

Those enzymes are modified by covalent binding to 

polyethylene glycol (PEG). The PEG-enzymes demonstrate 

longer life times in the circulation. PEG-SOD and PEG-CAT 

ha ve tt of 16 hr and 5 hr respecti vely, whi Ie nat i ve forms 

have tt of approximately 10 minutes (Davis et al 1980, 

Baret et al 1984, Veronese et al 1983, Till et al 1983). 

In addition, PEG-enzymes lack the antigenicity of untreated 

enzymes due to the protrusion of PEG molecules that elude 

recogni tion by cell s of the immune sys tern (Da vis et al 

1980). PEG-SOD was prov ided in phosphate buffered sal ine 

(PBS) (pH 7.4) with specific activity of 2000 IU/mg protein 

and concentration of 10,000 IU/ml. PEG-CAT was provided in 

PBS (pH 7.4) with specific activity of 30,000 IU/mg protein 

and concentration of 100,000 IU/ml. PEG-SOD (6,000 IU/kg 

or 10,000 IU/kg) and PEG-CAT (40,000 IU/kg) were 

administered I.V. to Vitamin A or control rats 2 hrs after 

CC14. Control groups recei ved PEG in PBS solution. In 

certain experiments PEG-CAT was administered 2 hr before 

CC14. The rats were killed at 24 hr after CC14 and liver 

damage was eval ua ted as prev iously noted. In a separate 
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experiment, the effects of PEG-SOD (10,000 IU/kg, I.V.) and 

PEG-CAT (40,000 IU/kg, LV.) on the hepatotoxicity of high 

doses of CC14 alone (1 ml and 2 ml CC14 Ikg, I. P.) were 

examined. 

The effect of methylpalmitate (MP): 

Methylpalmi tate (Sigma) is an inhi bi tor of Kupffer 

cell activity which exerts maximum inhibition at 24 hr 

after I.V. administration (AI-Tuwaijri et al 1981, DiLuzio 

et al 1966). Methylpalmitate was prepared as an emulsion 

by sonication in 0.2% Tween-20 in 5% dextrose solution 

prior to its use. The particle size of the emulsion was 

approximately 2-3 urn as estimated by light microscopy. MP 

was given to Vitamin A or control rats in a dose of 2 g/kg 

(I.V.), 24 hr prior to CCl4. Control groups received MP-

vehicle. The rats were killed and liver damage evaluated 

as previously noted. 

The effect of SOD, CAT and MP on lipid peroxidation by CC14 
in Vitamin A treated rats: 

Lipid peroxidation was determined by monitoring 

ethane in expi red air ( Slater 1984). Rats were treated 

with Vitamin A as previously noted. PEG-SOD (10,000 IU/kg, 

LV.) or PEG-CAT (40,000 IU/kg, LV.) was administered 2 

hrs prior to CCl4 (0.15 ml/kg, loP.). MP (2 g/kg, LV.) 

was administered 24 hrs before CC14. Appropriate controls 

were included. After CCl4 admini s tra t ion, the rats were 
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housed in glass metabolism cages wi th an air flow of 200 

ml/min. Exhaled air was drawn through coconut charcoal 

(Supelco) that was maintained in glass tubes surrounded by 

dry ice and was changed every 30 min for 2 hrs. After each 

collection the charcoal containing adsorbed ethane was 

transferred to a screw cap glass tube with a teflon 

diaphragm. The charcoal was then heated to 230·C for 2 min 

and a 5 ml sample of the headspace was withdrawn from the 

tube (13 ml) using a gas tight syringe. The gas was 

compressed to 1.0 ml and injected into gas chromatograph 

for ethane determination. Ethane retention time was 6 min 

on a carboseive G column (80/100, Supelco) maintained at an 

oven temp. of 180·C. Pur i f i ed ethane gas mix (Supelco) was 

used for quantification. At 24 hr, the rats were killed 

and hepatotoxicity was evaluated as previously noted. 

The effect of methylpalmitate on colloidal carbon clearance 
in Vitamin A treated rats 

To insure that MP inhi bi ted Kupffer cell acti v i ty, 

the clearance of colloidal carbon was determined in Vitamin 

A, MP and Vitamin A and MP treated rats. Colloidal carbon 

was obtained by dialysis of Pelikan ink (Indian ink) as 

descr i bed by others (Di Luzio and Bl ickens 1966, Tr iarhou 

and Cerro 1984). A solution of colloidal carbon (37.5 

mg Iml sal ine) was injected into the external jugular vein 

of anesthetized rats (pentobarbital, 50 mglkg, ip) at a 
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dose of 100 mg/kg. The animals were maintained under 

pentobarbital anesthesia for the duration of the 

experiment. Blood samples (0.05 ml) were collected from 

the tail vein every 5 min for 30 min. 

mixed with 1 ml of 0.1% Na2C03 solution. 

the hemolyzed blood was determined at 

blank (blood sample collected before 

These samples were 

The absorbance of 

640 nm against a 

carbon injection). 

Decreases in absorption were used to calculate the 

clearance rate of colloidal carbon from circulation. 

Data Analysis 

Analysis of variance, followed by student t-test was 

used for statistical evaluation. Data were considered 

significantly different when was p < 0.05. 

Results 

Vitamin A pretreatment dramatically potentiated the 

hepatotoxicity of CCI4. As shown in Fig. 24, the CC14-

induced increase in plasma GPT was 20 times greater in the 

Vi tamin A treated rats as compared to its effect in the 

vehicle treated group (p < 0.05). Vitamin A pretreatment, 

in the absence of CC14, did not result in plasma GPT 

activity that was statistically different from untreated or 

vehicle treated controls (39 ± 7, 30 ± 4, 40 ± 5 IU /L, 

respectively). Vitamin A potentiation of CCl4-induced 

liver injury was documented by histopathological evaluation 
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(photomicrograph 10). Extensive centrilobular necrosis was 

apparent in the Vi tamin A-CCll.j group, while in the CC14 

alone group only vacuolization and hydropic changes were 

observed. Hi stopa tholog ical al tera tions were not observed 

at the light microscope level in rats treated for 7 days 

with Vitamin A. 

As shown in Fig. 24 and Fig. 25, I.V. administration 

of SOD or CAT clearly reduced the plasma GPT activity in 

the Vitamin A treated rats gi ven CC14. SOD at doses of 

6,000 or 10,000 1U/kg resulted in 50 and 92% reductions in 

GPT activity, respectively (p < 0.05). CAT treatment 

(40,000 1U Ikg) resul ted in 80-90% reduction in plasma GPT 

activity in the Vitamin A - CC14 group (p < 0.05). The 

protecti ve effects of SOD or CAT were also observed when 

the 1 i vers were eva 1 ua ted hi stologically (photomi crograph 

11). Importantly, nei ther SOD or CAT treatments affected 

CC14 hepatotoxicity in non Vitamin A treated rats 

administered 0.15 ml/kg, 1 ml/kg or 2 ml/kg (Table 2). 

MP resulted in complete blockade of the potentiation 

of CC14 hepatotoxicity by Vitamin A pretreatment (Fig. 26 

and photomicrograph 2) (p < 0.05). However, it did not 

affect the hepa totoxici ty of CC14 in control rats. In 

studies using 14CC14, but not reported here, we showed that 

MP did not affect the metabolism of CC14. Administration 

of MP after Vi tamin A treatment did block the effect of 
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Vitamin A on the rate of clearance of colloidal carbon from 

blood (Fig. 27). The tt for clearance of carbon was 

increased from 5.1 min (Vitamin A) to 16.5 min (Vitamin A-

MP). This latter value did not differ from that obtained 

in non treated animals. The treatment of rats with SOD, 

CAT or MP, which effectively blocked the Vitamin A 

potentiation of CCI4-hepatotoxicity, also completely 

blocked the enhanced expiration of ethane (Table 3). 

However, these treatments did not reduce ethane expiration 

to a level lower than that produced by CCl4 alone. 
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Table 2 

Effect of SOD and CAT on the 24 hr Hepatotoxicity of 
Various Doses of CCl4 in Control Rats 

Group 

CC14 (0.15 ml/kg) 

CC14 (1 ml/kg) 

CC14 (2 ml/kg) 

Plasma 

Control 

111 ± 55 

572 ± 167 

935 ± 2. 1 

GPT activity (lUlL) 

1S0D 2CAT 

118 ± 25 126 ± 51 

ND* 820 ± 245 

1003 ± 211 1197 ± 562 

1S0D:PEG linked superoxide dismutase, 10,000 IU/kg, I.V., 
2 hrs after CCl4 

2CAT:PEG linked catalase, 40,000 IU/kg, I.V., 2 hrs after 
CCl4 

*ND:not determined 

Values presented x ± S.D., n = 4 
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Effect of SOD, CAT, MP on CCl4-lnduced 
Lipid Peroxidation in Vitamin A Pretreated Rats 

Treatment Cumulative Ethane 
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Group Exhalation Plasma GPT ( lUlL) 

Control or 
Vitamin A 19.69 ± 5.5 38 ± 4 

CCl4 35.9 ± 13.2 168 ± 105 

Vitamin A/CCl4 128.3 ± 36* 2240 ± 522* 

Vitamin A/CAT/CCl4 37.5 ± 3. 19 209 ± 168 

Vitamin A/SOD/CC l 4 47. 3 ± 9.5 238 ± 127 

Vitamin A/MP/CCl 4 31.2 ± 14.02 87 ± 14 

*p < 0.05 

Values presented are x ± S.D., n = 4 

SOD:PEG linked superoxide dismutase, 10,000 IU/kg, given 2 
hr before CCl4 

CAT:PEG linked catalase, 40,000 IU/kg, given 2 hr before 
CCl4 

MP:Methyl palmitate (2g/kg), given 24 hr before CCl4 

Plasma GPT: Plasma glutamic pyruvic transaminase activity 
measured 24 hrs after CCl4 administration 

Ethane was collected for 2 hr following CCl4 as an index of 
lipid peroxidation 
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Fig. 24: Effect of SOD on the Vitamin A potentiation of 
CCl4-induced liver injury as evaluated by plasma 
GPT at 24 hr. 

Data points are x ± S.D., 
Control group represents 
vehicle treated rats 
significantly. 

n = 8 
untreated, Vitamin A treated or 
since they did not differ 

SOD:PEG linked superoxide dismutase (6,000 or 10,000 IU/kg) 
given 2 hr after CCl4 (0.15 ml/kg). 
Vitamin A was administered to male rats 
dose of 250,000 IU/Kg/day for 1 
administered I.P., 24 hr after the last 

by oral gavage in a 
week. CCl4 was 
Vitamin A dose. 
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Fig. 25: Effect of CAT on the Vi tamin A potentiation of 
CC14-induced 1 i ver injury as evaluated by plasma 
GPT at 24 hr. 

Data points are x ± S.D., n = 8 
Control group represen ts untreated, Vi tamin A treated or 
vehicle treated rats since they were not significantly 
different. 
CAT:PEG linked catalase (40,000 IU/kg) given 2 hr after or 
before CC14 (0.15 ml/kg). 
Vitamin A was administered to male rats 
dose of 250,000 IU/Kg/day for 1 
administered I.P., 24 hr after the last 

by oral gavage in a 
week. CC14 was 
dose of Vitamin A. 
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Fig. 26: Effect of methylpalmitate on the Vitamin A 
potentiation of CC14-induced liver injury as 
evaluated by plasma GPT at 24 hr. 

Data points are x ± S.D., n = 8 
Control group represents untreated, Vi tamin A treated or 
vehicle treated rats since they did not differ 
significantly. 
MP: Methylpalmitate (2 g/kg) given 24 hr before CC14 (0.15 
ml/kg). 
Vitamin A was administered to male rats 
dose of 250,000 IU/Kg/day for 1 
administered I.P., 24 hr after the last 

by oral gavage in a 
week. CC14 was 
dose of Vitamin A. 
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Fig. 27: Effect of Vitamin A and methylpalmitate on 
colloidal carbon clearance in the rat. 

Data points are x ± S.D., n = 8 
Colloidal carbon (100 mg/kg) was given I.V. and blood 
collected at 5 min intervals. 
MP: Methylpalmi ta te (2 g /kg) given 24 hr before colloidal 
carbon administration. 
Vitamin A was administered to male rats by oral gavage in a 
dose of 250,000 IU/Kg/day for 1 week. Blood samples were 
collected every 5 min and carbon absorbance was measured 
after hemolysis. 
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Fig. 28: Proposed mechanism for Vitamin A potentiation of 
carbon tetrachloride hepatotoxicity. 
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Photomicrograph 10: Effect of Vitamin A pretreatment on 
the hepatotoxicity of CC14. 

Vitamin A was administered to male rats by oral gavage in a 
dose of 250,000 IU IKg Iday for 1 week. 24 hr later, CC14 
(0.15 ml/Kg) was administered loP. Liver sections were 
stained by Hand E and examined by light microscopy. 
a - Control 
b - Vitamin A 
C - CC14 
d - Vitamin A/CC14 
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Photomicrograph 11: Effect of SOD, CAT or 
Vitamin A potentiation 
hepatotoxicity. 

Vitamin A was administered to male rats by oral 
dose of 250,000 IU /Kg /day for 1 week. 24 hr 
was administered loP. (0.15 ml/Kg). 
a - Vitamin A + CC14 + SOD (10,000 IU/Kg), 2 hr 
b - Vitamin A + CC14 + CAT (40,000 IU/Kg), 2 hr 
C - Vitamin A + CC14 + MP (2g/Kg), 24 hr before 

MP on 
of 

gavage 
later, 

after 
after 
CC14· 

132 

the 
CC14 

in a 
CC14 

CC14· 
CC14· 



132 

u 

..a 



Vitamin A is 

normal growth and 

(Knook et al 1985). 
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Discussion 

an essential nutrient required for 

development, reproduction and vision 

It is required for the maintenance of 

differentiated epithelia and for mucos secretion (Knook et 

al 1985). In the past few years high doses of Vitamin A 

and its esters, as well as retinoic acid and synthetic 

retinoids, have been used as a biological response modifier 

in cancer chemotherapy (Newton and Sporn 1919). Treatment 

wi th such high doses can resul t 

derivatives tend to accumulate 

administration of high doses of 

in toxicity. Vitamin A 

in the liver following 

Vi tamin A to animals or 

man. The major storage site is the fat storing cells of 

the liver, but all cells in the liver contain Vitamin A 

derivatives (Lane 1968, Wanless 1983, Blomhoff et al 1984, 

Knook et al 1985). Accumulation of Vitamin A in the liver 

has been associated with the development of hepatotoxicity. 

Fa tty livers have been reported. Other types of hepatic 

injury include fibrosis and focal congestion (Russell et al 

1914). 

In the study reported here, we have focused on the 

mechanism of Vitamin A potentiation of CCl4-induced 

hepatotoxici ty. CCl4 has been widely used and much is 

known about the mechanism by which it produces hepatic 

injury (Recknagel 1983, Castro et al 1912). Previous 

studies have shown that Vitamin A did not influence the 
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bi otransforma tion or bioacti va tion of CCI4. However, 4 to 

6 fold increases in lipid peroxidation, as assessed by 

ethane exhalation, were observed when CCl4 was administered 

to Vitamin A pretreated rats. Therefore, lipid 

peroxidation seemed to be a critical event in the Vitamin A 

potentiation of CCl4 injury. The reason for this enhanced 

lipid peroxidation was not readily apparent, since 

bioactivation of CCl4 was not influenced by Vitamin A. 

These results suggest that Vitamin A may: alter the 

response of hepatocellular membranes to the reactive 

metabolites of CCI4; deplete an hepatoprotective agent 

and lor pro v i de a stimulus for lip id peroxida t ion that is 

from a non-parenchymal cell origin. This last suggestion 

seemed probable, since isolated hepatocytes from Vitamin A 

rats did not demonstrate increased cytotoxicity when 

incubated in vitro with CCl4 (data not presented). 

The finding, from electron microscopic examination 

of the livers of Vitamin A treated animals, that Kupffer 

cells appeared to be activated suggested a possible site of 

action for Vi tamin A and prov ided an explanation for the 

increased lipid peroxidation induced by CCl4 in Vitamin A 

treated rats. Kupffer cells, when stimulated, release 

active oxygen species (Nolan 1981, Matsuo et al 1985, 

Nathan et al 1979, Murray and Cohen 1980). Such species 

are harmful to biological systems, since they can result in 
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the destruction 

Gutteridge 1986, 

of lipids and proteins (Halliwell 

1984, Sevanian and Hochstein 1985). 

and 

In 

addition, they are known to initiate 

(Morehouse et al 1984, Halliwell and 

lipid peroxidation 

Gutteridge 1986). 

Therefore, we hypothesized that Vitamin A activates Kupffer 

cells and that when stimulated, these cells release active 

oxygen species. The increased release of acti ve oxygen 

species would explain the enhanced CCl4-induced lipid 

peroxidation observed in Vi tamin A treated rats and thus, 

the potentiation of CCl4-induced liver injury. 

The findings that SOD and CAT blocked both the 

enhanced lipid peroxidation and the potentiated 

hepatotoxicity of CCl4 in Vitamin A pretreated rats 

supports a role of active oxygen species in the Vitamin A 

potentiation of CCl4-induced liver injury. SOD quenches 

superoxide anions while CAT quenches hydrogen peroxide and 

superoxide anions (Halliwell and Gutteridge 1986, Halliwell 

1982, Kono and Fridovich 1982). Because SOD and CAT are of 

high molecular weight, they cannot readily pass cell 

membranes (Davis 1980). Therefore, their action is 

localized mainly to the extracellular space following I.V. 

administration. Thus, these enzymes are quenching act i ve 

oxygen species present in the extracellular space or 

associated with the extracellular membrane of the 

hepa tocyte. It should be noted that SOD or CAT did not 



136 

affect the hepatotoxicity of CCl4 administered to the 

vehicle control rats. They affected only the potentiated 

response. 

The source of the acti ve oxygen species that are 

quenched by SOD or CAT is most likely the Kupffer cell, the 

residen t macrophage of the liver. When these cells were 

deactivated by administration of MP, both the enhanced 

CCl4-induced lipid peroxidation and the potentiated Ii ver 

injury were blocked in the Vitamin A treated rats. Again, 

MP did not influence the CCl4-induced responses in non

Vitamin A treated rats. The studies with colloidal carbon 

clearance provide evidence that Vitamin A enhances the 

phagocyt i c act i v i ty of Kupffer cells and that MP reduces 

this activity. It is important to note that MP did not 

reduce the metabolism of CCI4. 

The involvement of activated Kupffer cells in 

chemical-induced liver injury has been suggested by others. 

Laskin et al (1986) showed that acetaminophen 

hepatotoxicity could be mediated, in part, by activated 

Kupffer cells s t imula ted to release acti ve oxygen spec i es 

(superoxide anion). Their studies indicate that necrosis 

does not occur in the centrilobular region of liver until 

after inflammatory cells accumulate at the site of injury. 

In addition, AI-Tuwaijri et al (1981) demonstrated that 

glactosamine hepatotoxicity could be decreased or increased 
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palmitate) or an activator 

the reticuloendothelial system 

In summary, it has been shown tha t pretreatment of 

rats with Vitamin A potentiates the hepatotox-icity of CCI4. 

The si te of Vi tamin A action appears to be the Kupffer 

cells, which Vitamin A activates. Following administration 

of minimally hepate-toxic doses of CCI4, these activated 

Kupffer cells are stimulated to release active oxygen 

species, which promote lipid peroxidation, an event that 

increases the severity of CCl4-induced liver injury 

(Fig. 28). 

Important questions remain to be answered. Does 

this mechanism explain how Vitamin A potentiates the 

hepatotoxici ty of other chemicals? Can other chemicals 

potentiate liver injury by this mechanism? What is the 

mediator that causes the activated Kupffer cells to release 

acti ve oxygen species and other mediators of cell injury? 

This mediator may be released from injured hepatocytes, 

since Vitamin A itself does not produce liver injury under 

the dosing regimen used in this study. Answers to .hese 

questions are currently being sought. 



CHAPTER 6 

GENERAL DISCUSSION AND 
FUTURE DIRECTIONS 

The data presented in this dissertation show that 

high doses of Vi tamin A can potentiate the hepatotoxici ty 

of a number of xenobiotics. I t has been al so shown tha t 

Vitamin A can potentiate the hepatotoxicity of a compound 

tha tis presen t endogenously (i. e. endotox i n) . These are 

significant findings in that they suggest that the 

hepatotoxicity of Vitamin A could, in part, result from its 

interaction with other hepatotoxicants. As reviewed in the 

Introduction, humans develop hepatic injuries due to 

Vitamin A treatments. These include fatty changes, focal 

degradation of cytoplasmic organelles, hepatocellular 

atrophy, fibrosis and cell death. Since these hepatic 

injuries result from a combination of different biochemical 

and histological alterations, it is possible that Vitamin A 

may not be solely responsible. A role for Vitamin A 

potentiation of other hepatotoxicants in Vitamin A 

associated liver injury cannot be stated at this time. 

However, considering the large number of chemicals that 

induce hepatic injury and the large number of chemicals to 

which humans are exposed, it is apparent that opportunities 

for this potential interaction exist. 

138 
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It should be stressed that in the studies presented 

here, Vitamin A was not hepatotoxic under the condition of 

its administration to the rats. This does not imply that 

Vi tamin A was not producing histopathological effects in 

the liver. Indeed, Vitamin A produced an increase in the 

prominence of fat storing cells (Ito cells). Additionally, 

Vitamin A induced histopathological alterations in Kupffer 

cells that was only seen under electron microscopy. These 

include increase in the cell membrane, existence of worm

like bodies in the cytoplasm and even existence of mitotic 

figures which are hardly seen in normal Ii vers (Earnest, 

personal communication). However, no structural 

alterations in the hepatocytes or endothelial lining cells 

could be seen under electron microscopy (personal 

communication, Sim and Earnest). In addition, Vitamin A 

did not produce increases in serum enzymes as was observed 

following administration of known hepatotoxicants. Also, 

at the light microscopy level, Vitamin A-induced changes in 

the hepa tocytes were not apparen t. Therefore, it seems 

appropriate to conclude, under the conditions of this 

exper imental model, that Vitamin A was not hepatotoxic. 

This also allows us to conclude that Vitamin A is 

potentiating the hepatotoxici ty of other chemicals rather 

than that other chemicals are potentiating Vitamin A 

induced liver injury. This is also supported by the nature 
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of the hepatocellular lesions seen. They are centrilobular 

in case of carbon tetrachloride and acetaminophen but they 

are periportal in case of allyl alcohol. However, it is 

possible that under other experimental condi tions, other 

chemicals could exacerbate Vitamin A induced liver injury. 

The lack of Vitamin A potentiation of hepatotoxicity 

of (0.1 ml) carbon tetrachloride and (300 mg) galactosomine 

suggests the need of "minimal" injury to be induced by the 

hepatotoxicant itself. That is not to say that this dose 

of carbon tetrachloride or galactosamine is not producing 

biological effects. But, it is just not producing those 

changes necessary to trigger the event that results in 

Vitamin A induced potentiation of liver injury. This 

conclusion is supported by the dramatic Vitamin A induced 

potentiation of carbon tetrachloride hepatotoxicity when 

its dose is increased to 0.15 ml/Kg which, by itself, 

resulted in detectable hepatic injury. Injured hepatocytes 

could then produce a signal that will initiate the 

potentiation phenomenon. The nature of this proposed 

signal could be a variety of things. It could be the 

hepatotoxicant itself at this higher concentration, a 

metabolite, or a biological event triggered by the 

hepatotoxicant. Recent evidence presented by Laskin and 

co-workers suggests that chemically injured hepatocytes 

release a factor that recruits phagocytic cells to the 
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liver. Whether or not this factor also triggers the 

release of cytotoxic factors from these phagocytic cells is 

unknown. A simi lar type of factor could be invol ved in 

this model. 

The lack of 

hepatotoxicity in 

potentiation of carbon tetrachloride 

isolated hepatocytes harvested from 

Vi tamin A pretreated rat suggests the involvement of more 

than one cell type in this potentiation. The major si te 

where Vitamin A is producing its effects, with regards to 

the potentiation of carbon tetrachloride, appears to be 

Kupffer cells. This is supported by the fact that Vitamin 

A treatment results in the activation of Kupffer cells. It 

is these activated Kupffer cells that release the mediators 

(Le. active oxygen species) that are capable of inducing 

cell death. Strong support for thi s conclusion comes from 

the studies with methyl palmitate. When the activated 

Kupffer cells were "deacti vated" by methyl palmi tate, the 

enhanced lipid peroxidation was blocked and no potentiation 

of 1 i ver injury was observed. The abi 1 i ty of Vi tami n A

activated Kupffer cells to be triggered to release active 

oxygen species was demonstrated by Sim and Earnest 

(personal communications). In their study, Kupffer cells 

isolated from Vi tamin A pretreated rats released higher 

amounts of superoxide anions, compared to control, when 

challenged in-v i tro with phorbol esters. Act i ve oxygen 



142 

species are capable of promoting lipid peroxidation, as has 

been rev iewed in the In troduct ion. I t appears that these 

produce the enhanced peroxidation observed in Vitamin A 

trea ted rats challenged wi th carbon tetrachloride. I t is 

possible that other mediators of cell injury could be 

secreted from the activated Kupffer cells but their 

critical involvement in Vitamin A potentiation of carbon 

tetrachloride hepatotoxicity is not indicated. That is 

because of the complete blockade of the potentiation 

process by the antioxidant enzymes. 

At this time it is not possible to discount 

completely an affect of Vitamin A on the hepatocyte. It is 

possible that Vitamin A may have a membrane effect on the 

hepatocytes making them more susceptible to active oxygens' 

insults. Also, it is possible that Vitamin A may have an 

effect that results in an "increased amount" of the 

proposed 

that is 

biological signal. It is this proposed signal 

believed to be responsible for triggering the 

activated Kupffer cells to release active species of 

oxygen. 

The involvement of another hepatic non-parenchymal 

cell in this potentiation phenomenon is not clear. As was 

shown, Vitamin A had a pronounced effect on fat storing 

cells (Ito cells). But whether or not the proliferation of 

these cells plays a role in potentiation of carbon 
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tetrachlor ide hepa totoxici ty is not known. A direct role 

of Ito cells in this potentiation seems unlikely. That is 

because the inhibition of Kupffer cells by methyl palmitate 

resulted in complete blockade of the potentiation process. 

However, whether or not Vitamin A could result in 

alteration in Ito cell functions is unknown. It is 

possible that Ito cells could participate in the 

potentiation process by facilitating signal communication 

or transfer of Vitamin A among different liver cells. It 

is also possi ble that I to cells may be the origin of the 

required biological signal that lead to triggering 

activated Kupffer cells. 

Although the involvement of Kupffer cells and active 

oxygen species in the Vitamin A induced potentiation of 

carbon tetrachloride is evident, such involvement in 

Vi tamin A induced potentiation of allyl alcohol is less 

clear. In studies, not reported here, catalase (40,000 

IU/Kg) did not block the Vitamin A potentiation of allyl 

alcohol hepatotoxici ty. This suggests the absence of a 

role for hydrogen peroxide. In addi t ion, methyl palmi ta te 

only resulted in 50% blockade of this potentiation. This 

suggests only a partial involvement of acti vated Kupffer 

cells. However, these resul ts do not indicate the absence 

of a role of active oxygen and activated Kupffer cells in 

the allyl alcohol potentiation study. This is because 
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higher doses of catalase or methyl palmitate may be needed, 

since the Vitamin A-induced potentiation of allyl alcohol 

hepatotoxicity was greater in magnitude (50 times) than 

carbon tetrachloride (17 times). Also, the effect of 

superoxide dismutase was not examined. Future studies with 

superoxide dismutase and higher doses of catalase are 

needed to test the involvement of active oxygen species in 

Vitamin A-induced potentiation of allyl alcohol 

hepatotoxicity. In addition, the role of lipid 

peroxidation in such potentiation, if any, needs to be 

examined. Allyl alcohol appears to result in lipid 

peroxidation by a different mechanism than that of carbon 

tetrachloride. The toxic metabolite of allyl alcohol, 

acrolein, binds covalently to cellular proteins. This 

binding causes release of their iron contents. 

are capable of inducing lipid peroxidation 

explained in the Introduction. Since iron 

Iron salts 

process as 

salts are 

involved in active oxygen-induced lipid peroxidation and in 

allyl alcohol induced lipid peroxidation in control 

animal s, such invol vement could be tested in thi s Vitamin 

A/hepatotoxicant interaction model. Involement of iron 

salts could be examined by using a specific iron chelator 

such as desferrioxamine. Furthermore, the effect of 

Vitamin A pretreatment on allyl alcohol metabolism needs to 

be examined. Since increased activity of alcohol 
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dehydrogenase and/or decreased activity of aldehyde 

dehydrogenase could augment allyl alcohol toxicity. 

The resul ts obtained in this research project are 

important for several reasons. Perhaps foremost is that 

they have made a major contribution to basic toxicological 

science. They have undercovered a mechanism by which one 

chemical influences the toxicity of another. The mechanism 

that was elucidated underscores the complexity of 

integrated cellular systems. It demonstrates that we must 

consider the response of not only the cell that is injured 

but other cells in the tissue/organism. As more in vitro 

systems are developed to screen for toxicity or to 

elucidate mechanisms, potential interactions may be missed 

if only single cell types are used. On the other hand, the 

resul ts of this project also demonstrates the potential 

interaction between therapeutic drugs and environmental 

polutants. It shows the necessi ty of the awareness of 

physicians and pharmacists to these potential interactions. 

With the growing use of Vitamin A in therapy and 

prophylaxis, special care must be taken in dose adjustment 

and in patients' monitoring. This is to avoid the possible 

development of hazardous side effects and toxicities which 

may not be solely due to Vitamin A 
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Conclusions 

1) high doses of Vi tamin A (retinol) potentiates the 

hepatotoxicity of carbon tetrachloride, allyl 

alcohol and acetaminophen. Potentiation of carbon 

tetrachloride hepatotoxicity with Vitamin A 

pretreatment depends on Vitamin A dose and multiple 

dosing with Vitamin A is required. 

2) Potentia tion of carbon tetrachlor ide hepa totoxici ty 

with Vitamin A is not due to: 

a) Increased metabolism of carbon tetrachloride 

b) Depletion of Vitamin E or glutathione 

c) The extent of accumulation of ret inyl palmi ta te 

in the liver 

3) Vitamin A pretreatment enhanced lipid peroxidation 

process induced by carbon tetrachloride treatment 

4) Vitamin A-induced potentiation of carbon 

tetrachloride hepatotoxicity is due to direct 

involvement of active oxygen species; superoxide 

anion and hydrogen peroxide. 

5) Vitamin A pretreatment acti va tes Kupffer cells and 

the potentiation of carbon tetrachloride 

hepatotoxicity is due to triggering of Kupffer cells 

to release their active oxygen species. 
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