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ABSTRACT 

The most important and novel finding of this work 

was enhanced liver Kupffer cell phagocytic and metabolic 

function by hypervitaminosisA. An animal model of 

hypervitaminosis A was developed in male Sprague-Dawley 

rats gavaged with 250,000 I.U. retinol/Kg body weight/day 

for 3 weeks. Presence of hypervitaminosis A was 

indicated by characteristic changes in the fur coat, 

presence of brittle bones and spontaneous fractures and a 

significant increase in plasma and liver concentrations 

of retinyl palmitate while retinol levels remained the 

same as in controls. Hypervitaminosis A did not cause 

severe liver abnormalities as reflected by normal plasma 

glutamate pyruvate transaminase activity and bilirubin. 

Hepatic blood flow and portal pressure were also normal. 

Liver microsomal cytochrome P-450 was decreased while 

malondialdehyde, a by-product of lipid peroxidation, was 

increased by the Vitamin A treatment. Examination of 

liver tissue by light microscopy showed no signs of liver 

cell injury. The main change was a marked increase in 

size of the fat or vitamin A storing cells. Although 

hypervitaminosis A itself did not cause severe liver 

damage, pretreatment with high doses of vitamin A 

x 
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severely potentiated liver injury by known 

hepatotoxicants such as carbon tetrachloride, endotoxin 

and acetaminophen. The potentiation of hepatotoxicity 

was determined by activity of glutamate pyruvate 

transaminase in plasma as well as by histological 

examination of liver tissue. Measurement of clearance 

from blood of indocyanine green and 99mTc-disofenin 

indicated this hepatocyte function was normal. Kupffer 

cell phagocytic function was enhanced in hypervitaminosis 

A as determined by clearance from blood of 99mTc-sulfur 

colloid. In vitro, there was also evidence that 

treatment with high doses of Vitamin A activated or 

enhanced Kupffer cell function. Kupffer cells from 

control and Vitamin A treated rats were isolated by 

enzymatic dispersion, purified by centrifugal 

elutriation, and placed in culture. Activation was 

indicated by (1) increased phagocytosis of 51cr-1abeled 

opsonized sheep red blood cells (2) enhanced release of 

superoxide anion and (3) enhanced production of tumor 

cytolytic factor by Kupffer cells from Vitamin A treated 

rats. stimulation of Kupffer cell function in 

hypervitaminosis A seemed to be via lymphokines produced 

by lymphocytes in responce to the excess Vitamin A. We 

propose that activated Kupffer cells may play an 

important role in liver injury in hypervitaminosis A. 



:INTRODUCT:ION 

The research of this dissertation proj ect was 

directed to an investigation of mechanisms of liver 

injury in hypervitaminosis A. Some background 

information explaining the rationale for this 

investigation will be presented in this introductory 

chapter. 

Vitamin A Toxicity 

Acute ingestion of massive amounts of vitamin A 

has produced a well described toxicity and even death. 

As early as 1956, Artic explorers repeatedly noted the 

poisoning of men and dogs following ingestion of polar 

bear liver, which contains 13,000 to 18,000 I.U. vitamin 

A per gram of liver (Moore, 1957). In the few instances 

of acute vitamin A toxicity in adults that have been 

reported, it appears that the harmful level of vitamin A 

is in the range of 2 to 5 million I.U. per day or more 

(Hayes and Hegsted, 1973). However, in infants, doses as 

low as 75,000 to 300,000 I.U. can cause acute toxicity 

symptoms. This usually results from accidental overdose. 

Acute hypervitaminosis A is manifested mainly by 

1 
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abnormalities in central nervous system function. It is 

characterized by irritability, muscle soreness and 

general drying and flaking of the skin. The causative 

mechanism is unknown but is thought to be related to an 

acutal~' induced neuronal abnormality. 

Chronic vitamin A intoxication results from 

prolonged ingestion of the vitamin in amounts many times 

the normal daily requirement. Cases of chronic 

hypervitaminosis A have been reported in patients who 

have taken as little as 50,000 I.U. per day, but for many 

years. Chronic excessive vitamin A intake produces 

distinct systemic manifestations, including anorexia, 

weight loss, fatigue, irritability, slight fever, night 

sweats and pallor. Other clinical signs are itching, dry 

skin, desquamation and also hypercalcemia. Most reported 

cases have hepatomegaly and abnormal tests of liver 

function (Howard and Willhite, 1986). That these mild 

hepatic abnormalities may lead to more severe and chronic 

liver disease is suggested by a number of investigators 

who report hepatic fibrosis, cirrhosis and portal 

hypertension in both adults and children who chronically 

take large amounts of Vitamin A. The association of 

chronic liver disease with hypervitaminosis A has been 

developed primarily from retrospective circumstantial 

evidence. The exact causative mechanism is not known. 
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There are several reasons for concern over the 

occurence of chronic hypervitaminosis A. In developed 

countries like the united states where vitamin A is not 

regulated and can be bought and consumed in any amount 

without physician supervision, toxicities due to chronic 

hypervitaminosis A are likely to occur. Several cases of 

vitamin A associated liver damage have been reported in 

persons who were 'health I food devotees and took 

excessive amounts of the vitamin for health promotion. 

In the Journal of Clinical Nutrition, McLaren (1981) 

noted that an excessive intake of Vitamin A habitually 

exists in North America and western Europe, manifested by 

liver Vitamin A concentrations which rise with each 

decade of life. 

In addition, pharmacological doses of Vitamin A 

and some of its analogues have been shown to potentially 

have beneficial effects in a variety of skin conditions 

as well as in certain neoplasms (Bollag, 1983). 

Retinoids have been used therapeutically for many years 

to treat conditions in dermatology such as acne (Strauss 

et aI, 1984) and psoriasis (Orfanos, 1980). A 

relationship between vitamin A deficiency and a higher 

incidence of cancer was suggested more than 50 years ago 

(Fujimaki, 1926). Since then several retinoids have been 

found to possess anti-carcinogenic and anti-tumor 
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activities both in vivo and in vitro (DeLuca, 1978; Mayer 

et aI, 1978: Sporn, 1977). Many experiments have tested 

the ability of natural and synthetic retinoids to prevent 

the development of epithelial carcinomas in animals 

exposed to various carcinogens. The results indicate 

that certain retinoids are indeed capable of preventing 

the development of cancer of the skin, respiratory tract, 

urinary tract and mammary gland (Adams, 1986; Sporn et 

aI, 1975, 1976: Dion et aI, 1977; Lotan and Nicholson, 

1977). They have also been shown to suppress the in 

vitro expression of the malignant phenotype whether it be 

caused by radiation or by viral transforming factors 

(Nakagawa, 1985; Harisiadis et aI, 1978; Seifter et aI, 

1976). In clinical trials, retinoids alone or in 

combination with other regimens have showed effectiveness 

against skin carcinoma. However, to demonstrate 

chemopreventive and other therapeutic activity, vitamin A 

and its analogues must be present in the diet in amounts 

that are manyfold higher than the normal daily 

requirement and ingested for many months. 

Any investigation of the consequences of excess 

vitamin A should logically and appropriately begin with a 

consideration of the metabolism and effects of vitamin A 

on tissues and cells. 
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vitamin A Metabolism 

vitamin A is an essential, lipid soluble nutrient 

first discovered in eggs, milk, butter and fish liver 

oils. Plants also contain vitamin A in the form of its 

provitamin beta-carotene. Carotenoids, synthesized in 

plants, are the ultimate source of vitamin A and are 

converted enzymatically to vitamin A in mammals. The 

naturally occurring oxidation products are trans-retinal 

(Vitamin A aldehyde) and trans-retinoic acid (Vitamin A 

acid) • 

The united states Recommended Dietary Allowance 

for vitamin A for adults is set at 3300 I.U. for males 

and 2664 I.U. for females (Food and Nutrition Board, 

1980). One International unit (I.U.) of vitamin A is 

defined as o. 3ug of all-trans retinol. Because 

individuals have variable capacities to convert carotenes 

to vitamin A and the ratio of provitamin A carotenoids to 

preformed vitamin A in food varies greatly, the term 

'retinol equivalent' is used in order to convert all 

sources of vitamin A and carotenoids in the diet to a 

single unit. Generally, 6 ug of beta-carotene, or 12 ug 

of mixed carotenoids in food, are assumed to be 

biologically equivalent to I ug of retinol. 

The recognition of vitamin A as an essential 

growth factor was based principally on experiments that 
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monitored changes caused in animals or in organ cultures 

by Vitamin A deficiency or excess. Such studies have 

demonstrated the importance and requirement of the 

vi tamin for growth in all vertebrates and for the 

prevention of night blindness. Vitamin A is essential 

for general growth, differentiation of epi thel ial 

tissues, visual function, reproduction and in 

glycoprotein production. Of the many roles of vitamin A, 

only its function in the visual cycle and in glycosyl 

transfer reactions have been clearly defined at the 

molecular level. 

Preformed Vitamin A and carotenoids in food are 

released in the stomach by the action of pepsin and in 

the upper intestinal tract by various proteolytic 

enzymes. Derivatives of vitamin A and carotenoids 

generally aggregate into lipid globules. These are 

dispersed in the upper intestine by conjugated bile acids 

and then hydrolyzed by a variety of esterases secreted in 

the pancreatic juice. The free carotenoids and free 

Vitamin A are then absorbed. Dietary vitamin A is 

usually absorbed 80 to 90 percent, with only a slight 

reduction in efficiency at high doses. Factors that 

effect the absorption efficiency of carotenoids and 

vi tamin A include the presence of fat, protein and 

antioxidants in the food, the presence of bile and a 
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normal component of pancreatic enzymes in the intestinal 

lumen and the integrity of the mucosal epithelial cells. 

Beta-carotene is converted to Vitamin A primarily 

in the intestinal mucosa. Carotenoids are cleaved by the 

enzyme 15,15' -carotenoid dioxygenase to give 2 mol of 

all-trans retinaldehyde (Goodman and Huang, 1965). 

15,15 1 -carotenoid dioxygenase is a soluble enzyme and its 

activity is depressed by inadequate protein intake 

(Stoecker and Arnrich, 1973). The retinaldehyde formed 

is reduced to retinol by another soluble mucosal enzyme, 

retinaldehyde reductase. Retinol in the mucosal cell is 

reesterified with long-chain, mainly saturated fatty 

acids such as palmitic acid. Retinyl ester, together 

with triglyceride, phospholipid and cholesteryl ester, 

are then incorporated into chylomicrons. These are 

transported through the lymph and into the general 

circulation. 

Once in the vascular compartment, the chylomicron 

triglyceride is degraded at a relatively rapid rate by 

plasma lipoprotein lipase and removed by extra-hepatic 

tissues. The resulting smaller and cholesterol-rich 

chylomicron remnant containing virtually all of the 

retinyl esters, is removed from the circulation almost 

entirely by the liver (cooper and Yu, 1978). Small 

amounts of vitamin A are found in most tissues but, in 
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both humans and rats, more than 90 percent of vitamin A 

in the body is normally stored in the liver (Goodman and 

Blanner, 1984). 

Several types of liver cells namely, Kupffer, 

parenchymal and fat-storing cells, have been proposed as 

the main sites of vitamin A storage (Sundaresan and 

Lakshmanan, 1984; Olson and Gunning, 1983; McKenna et aI, 

1983; Peterson et aI, 1973). The parenchymal liver cells 

play the major role in the primary uptake of retinyl 

esters in chylomicra (Blomhoff et aI, 1982). Drevon et 

al (1985) investigated the form of retinol storage in 

cultured rat liver cells. The major form of vitamin A 

storage was retinyl palmitate but the levels of other 

esters (oleate, stearate) increased with increasing 

amounts of retinol added to the culture medium. Retinyl 

esters were found in both hepatocytes and fat storing 

cells. The amount of retinyl esters increased in both 

cell types with increasing amount of vitamin A in the 

media and with increasing incubation time (Drevon et aI, 

1985) • Hendriks et al (1985) assessed the cellular 

distribution of Vitamin A in the liver of adult vitamin 

A-sufficient rats usng highly purified sinusoidal and 

parenchymal cells. vitamin A was found to be present in 

the rat liver mainly as retinyl palmitate. Kupffer and 

endothelial cells contained only small amounts of retinyl 
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esters. Fat-storing cells contained large amounts of 

these retinyl esters, about 300-fol~ higher than 

parenchymal cells and were shown to be the main storage 

sites of Vitamin A in the rat liver. In excessive intake 

of Vitamin A, there was marked hypertrophy and 

proliferation of fat-storing cells which contain most of 

the Vitamin A in the liver (Kobayashi etal, 1973). From 

these and other findings (Blomhoff et aI, 1985), it can 

be concluded that the hepatic fat-storing (Ito) cells are 

the main storage sites of retinyl esters. The mode of 

interaction between hepatocytes and fat-storing cells is 

still unclear. 

The mobilization and transport of Vitamin A from 

liver storage requires the hydrolysis of the retinyl 

ester. This is catalyzed by a retinyl ester hydrolase. 

The released all-trans retinol is conjugated with an 

intracellular apo-retinol binding protein synthesized by 

parenchymal cells (Soprano et aI, 1982). The resultant 

holo-retinol binding protein is processed through the 

Golgi apparatus and microtubules and secreted into the 

plasma (Smith and Goodman, 1979). In plasma, retinol 

binding protein forms a reversible 1:1 molar complex with 

prealbumin. vitamin A requiring cells have a specific 

cell surface receptor that recognizes the binding protein 

and not retinol per se. These receptors have been 
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demonstrated to occur on a number of different cells 

(Rask et a1, 1979), the best studied being the epithelial 

cells of the retina (Bok and Heller, 1976). After holo

retinol binding protein is bound. to the cell surface, 

all-trans retinol is transferred to the cell and the 

resultant apo-retinol binding protein is released. It is 

still unknown as to how retinol is released from its 

tight complex with the binding protein after the retinol

binding protein complex binds to the cell surface. The 

released apo-retinol binding protein is no longer 

complexed with prealbumin and is taken up by kidney 

tubular cells and degraded. 

After entering a target or receptor cell, retinol 

is quickly bound by specific proteins in the cell cytosol 

and can participate in various metabolic reactions. One 

such protein is cellular retinol binding protein. A 

number of studies have documented that it is different 

from plasma retinol binding protein both in regard to 

binding specificity and immunoreactivity (Chytill and 

Ong, 1979; Ross and Goodman, 1979). Cellular retinol 

binding proteins have been found in many tissues 

including the brain, intestinal mucosa, testes, eye, 

kidney, liver and lung (Chytill and Ong, 1978; Ross and 

Goodman, 1979). A different intracellular protein 

specifically binds all-trans retinoic acid and is found 
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in many of the same tissues as cellular retinol binding 

protein but not in the kidney, liver, lung, spleen or 

muscle of adult animals (Ross and Goodman, 1979). A 

number of reports have suggested a relationship between 

the binding affinity of the proteins for various vitamin 

A-related compounds and the biological activity of the 

compounds (Chytill and Ong, 1976; Sani ·and Hill,1976). 

However, the exact role played by these intracellular 

binding proteins in regulating the effect of Vitamin A on 

cellular function is still unclear. Of note, cellular 

retinoic acid binding protein has been found in a number 

of epithelial cell tumors that respond therapeutically to 

retinoic acid (Jetten and Jetten, 1979). 

Retinol is readily esterified and de-esterified in 

the intestine, liver and other tissues. Retinol can also 

undergo reversible oxidation to retinal by alcohol 

dehydrogenase. The retinal can be further oxidized 

irreversibly to retinoic acid (Harrison et aI, 1979). 

Isomerases exist in the gut, liver and eye for the 

interconversion of the trans and cis forms. Retinol can 

also undergo ATP-dependent phosphorylation in the liver 

and other tissues. The retinyl phosphate then reacts 

with a nucleotide sugar, GDP-mannose, to form a retinyl

phosphomannose derivative (DeLuca et aI, 1979; Kiorpes et 

al,1979). This glycosyl retinyl phosphate acts as a 
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sugar carrier and can transfer the mannose directly to a 

membrane glycoprotein acceptor. Both retinol and 

retinoic acid can be converted to their respective 

glucuronides by the action of glucuronyl transferase in 

the presence of UDP-glucuronic acid. This takes place in 

the endoplasmic reticulum of the intestine and liver but 

not in the retina. The glucuronides, which are very 

polar and water-soluble, are the major metabolites and 

excreted principally in bile (Zile et aI, 1980; Frolik et 

aI, 1981). Products of chain shortening reactions 

including terminal decarboxylation, are also excreted in 

the urine. Enterohepatic circulation of vitamin A 

derivatives such as biliary retinoyl beta-glucuronide and 

other more polar derivatives occurs and may be of 

importance when the Vitamin A stores are depleted. 

Known Mechanisms of Vitamin A Toxicity 

The exact causative mechanism for toxicity caused 

by hypervitaminosis A is unknown. It has been postulated 

that a membrane-toxic effect may be responsible, 

especially in acute hypervitaminosis A. This hypothesis 

is based on the fact that vitamin A is an amphipathic 

molecule, is capable of partitioning into the lipid 

structure of membranes and thus possesses surface-active 
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membranolytic properties. studies both in vivo and in 

vitro have shown that excess vitamin A results in 

increased lability of biological membranes (Goodman, 

1981) characterized by increased permeability and 

decreased stability. In addition, excess vitamin A has 

been shown to lead to increased release of lysozomal 

enzymes (Fell and Dingle, 1971). This causes changes in 

both the composition and breakdown of cartalige cells and 

limb-bone rudiments (Fell and Dingle, 1971). Other 

studies carried out in rats given high doses of vitamin A 

showed both growth disturbances and the presence of a 

fatty liver (Mallia et aI, 1975). In the rats with 

hypervitaminosis A, there was large increases in the 

concentrations of vitamin A in serum. This resulted 

mainly from an increase in the amount of retinyl esters. 

The level of serum retinol-binding-protein was decreased 

(Mallia et aI, 1975). Most serum retinol and almost all 

of the retinyl esters were associated in serum with 

lipoproteins and not with retinol-binding-protein. It 

was thus suggested that toxicity of vitamin A may result 

when the capacity of retinol-binding-protein to transport 

vitamin A is exceeded and excessive vitamin A is 

presented non-specifically to biological membranes by 

serum lipoproteins (Mallia et aI, 1975: Smith and 

Goodman, 1976). Hence, retinol-binding-protein may 
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function not only to regulate the supply of retinol to 

tissues, but also to protect tissues from the surface

active properties of the vitamin. 

The liver plays a major role in the processing of 

Vitamin A. It is almost entirely responsible for the 

removal of vitamin A-rich chylomicron remnants from the 

circulation, for mobilization of the vitamin from its 

storage form and site in Ito cells and for secretion of 

retinol into plasma with retinol-binding-protein. 

Because the liver is the main storage site for excess 

vitamin A, it is not surprising that hepatic 

abnormalities have been evident in hypervitaminosis A. 

In most reported cases, hepatomegaly and splenomegaly 

were present and accompanied by abnormal liver function 

tests. Portal hypertension can develop subsequent to 

liver injury (Forouhar et aI, 1984; Baadsgaard and 

Thomson 1983). The latter may lead to a decrease in 

blood supply to liver cells with an attendant decrease in 

nutrition and oxygen supply. Evidence of portal 

hypertention has been present in a number of reported 

cases of liver diseases with hypervitaminosis A 

(Baadsgaard and Thomsen, 1983; Russell et aI, 1974; 

Muenter et al, 1970). Generally, excess collagen, 

fibrosis and cirrhosis have also been present in these 

cases. In both human cases and experimental animals with 
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hypervitaminosis A, light microscopy demonstrated 

mitochondrial swelling and fatty changes in the 

hepatocytes accompanied by hepatic necrosis (Goodman, 

1981; Muenter et aI, 1970; Lucy et aI, 1963). Chronic 

hypervitaminosis A has been shown to induce proliferation 

of fat storing cells resulting in increased production of 

collagen and eventually fibrosis of the liver (Goodman, 

1981). The mechanism for this is unclear. 

Mechanisms of Chemically Induced Liver Injury 

There are several reasons why the liver is very 

susceptible to chemically mediated toxicity (Bridges, 

1981). First, oral ingestion is the most common route of 

exposure to a significant number of chemicals. Once 

absorbed from the stomach or intestine, ingested 

chemicals pass almost exclusively through the portal vein 

to the liver, thereby reaching the liver in significantly 

higher concentrations than other tissues. Second, the 

liver contains a relatively greater amount of drug 

metabolizing enzymes than do other tissues. These 

enzymes or enzyme systems catalyze the biotransformation 

of many foreign compounds with the potential for 

formation of toxic metabolites. This fact makes the 

liver especially vulnerable to metabolite-mediated 
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toxicity. Third, due to its comparatively large size and 

high concentration of cellular binding sites, especially 

proteins, the liver also has a high capacity to non

specifically bind chemicals. The resulting accumulation 

of xenobiotics may make the liver more susceptible to 

toxicity. Finally, the liver is the most biochemically 

diverse of all the organs (Bridges 1981). It has the 

capaci ty to extract nutrients and other compounds from 

the blood, to chemically modify these substances, to then 

store them. The liver also serves as an excretory organ 

for systemic metabolic waste. 

The drug metabolizing enzymes in the liver convert 

foreign compounds to metabolites which are more 

hydrophilic than the parent compound. This not only 

decreases the abil i ty of the compound or metabol i te to 

partition into biological membranes but promotes the 

excretion of the chemicals by the urinary, biliary and 

fecal routes. In the biotransformation of xenobiotics, 

the metabolic products can be more toxic than the parent 

compounds. In many cases, highly reactive intermediates 

are formed. These interact covalently with tissue 

macromolecules. This interaction may be responsible for 

hepatic injury which ultimately results in cell death. 

Injury of liver cells from exposure to xenobiotics 

can occur via many different mechanisms. These include 
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accumulation of abnormal amounts of lipid in the 

parenchymal cells , inhibition of protein synthesis, 

covalent binding of metabolites to tissue macromolecules 

and also lipid peroxidation (Plaa, 1980). The following 

is a brief review of each of the above mentioned 

mechanisms. 

Triglyceride is the main lipid class that 

accumulates in fatty liver. General mechanisms that 

could cause lipid accumulation include the inability of 

the liver to secrete the triglyceride into the plasma, 

increased rate of lipid synthesis, increased mobilization 

of lipid to the liver or a combination of these factors 

(Lombardi, 1966). Fatty liver, seen in carbon 

tetrachloride induced liver injury, results from a block 

in the secretion of hepatic triglyceride into plasma. In 

addition, carbon tetrachloride causes a decrease in the 

level of circulating lipoproteins essential to the 

transport of hepatic triglyceride to extrahepatic 

tissues. Inhibition of protein synthesis can result in 

liver injury by affecting enzyme functions and cellular 

structure. 

Covalent binding between the produced 

electrophilic reactive intermediates and the nucleophilic 

si tes on tissue macromolecules (such as the sulphydryl 

group of glutathione and cysteine) or the amino or 
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hydroxyl groups in DNA, RNA or protein, destroys the 

functional capabilities of these important cellular 

macromolecules. If unrepaired, hepatic injury develops. 

The structural phospholipids of membrane components 

contain polyunsaturated fatty acids. In the liver, 

reactive intermediates, e.g. free radicals, are formed in 

the biotransformation of xenobiotics and initiate lipid 

peroxidation by the attack of the free radicals on 

polyunsaturated fatty acids. The resultant peroxidation 

of lipid molecules causes widespread pathological changes 

and eventual necrosis (Recknagel and Glende, 1977). The 

free radical that initiates lipid peroxidation can also 

be an active oxygen species such as a hydroxyl ion. 

Lipid peroxidation can be detected by a number of 

methods. Most of these rely on the quantitative 

determination of the by-products of lipid peroxidation 

such as conjugated dienes, lipid peroxides, malonic 

dialdehyde and short chain hydrocarbons like ethane and 

pentane (Slater, 1984; Recknagel et aI, 1982). 

Bioactivation is the prefered term to describe the 

formation of reactive intermediate toxic metabolites 

through biotransformation. The most important enzyme 

system involved in bioactivation is the cytochrome P-450 

containing monooxygenases. These enzymes are found in 

the matrix of the endoplasmic reticulum. Examples of 
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drugs that cause liver injury via bioactivation through 

the cytochrome P-450 system include carbon tetrachloride 

and acetaminophen. Carbon tetrachloride is metabolized 

by the cytochrome P-450 system via a one electron 

reductive dehalogenation step that results in the 

formation of trichloromethyl radicals (Mansuy et aI, 

1980; Pohl et aI, 1986). These radicals can produce many 

hepatotoxic consequences and ultimately cause cell death 

(Recknagel, 1983). Histopathological changes caused by 

carbon tetrachloride injury include vacuolization and 

fatty accumulation in the centrilobular region of the 

liver lobule as well as centrilobular necrosis (Slatter, 

1966). 

Reactive intermediates as well as stable 

metabolites and parent compounds with the appropriate 

functional group are often detoxified by covalent linking 

to a small molecular weight endogenous molecule. The 

resulting conjugation products include glucuronides, 

sulfate esters, amino acid conjugates and glutathione 

conjugates (which are excreted as mercapturic acids). An 

example of a chemical compound that is detoxified in the 

liver by conjugation is the antipyretic analgesic drug 

acetaminophen. Under normal conditions, acetaminophen is 

conjugated with sulfate and glucuronic acid. However, 

large doses of acetaminophen deplete the sulfate pool and 
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since the glucuronidation pathway is rate limited, more 

of the parent compound is available for biotransformation 

by the cytochrome P-450 system. This later pathway 

results in formation of a toxic reactive metabolite. 

This reactive metabolite is detoxified by conjugation 

with glutathione. However, the pool of glutathione is 

limited and when it is exhausted, the reactive 

intermediates of acetaminophen reacts covalently with 

tissue macromolecules, a mechanism of hepatotoxicity. 

This can lead to centrilobular necrosis (Jollow et aI, 

1976). 

Liver toxicity can be due to mechanisms other than 

the formation of reactive intermediates. Endotoxin is a 

soluble lipopolysaccharide cell wall constituent of Gram

negative bacteria that is released into body fluids 

during infections by these organisms. When absorbed into 

hepatic portal blood, endotoxin can produce liver injury. 

The mechanisms of endotoxin induced liver injury are not 

completely understood. Studies have demonstrated that 

the administration of endotoxin significantly decreases 

the activities of drug metabolizing enzymes, including 

cytochrome P-450 (Gorodischer et aI, 1975; Renton and 

Mannering, 1976; Sonawane and Yaffe, 1983) but with no 

increase in cytochrome P-420. There are contrasting 

reports as to the effects of endotoxin on the level or 
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activity of the enzyme UDP-glucuronyltransferase 

(Gorodischer et aI, 1975; Sonawane et aI, 1982). It has 

also been suggested that endotoxin may generate free 

radicals. These could promote lipid peroxidation and 

thus decrease cytochrome P-450 (Sonawane et aI, 1982). 

Potentiation or Xnhibition of Mechanisms of 

Hepatotoxicity 

The activity of biotransformation enzymes can be 

potentiated by several chemical compounds. For example, 

phenobarbital increase the activity of the cytochrome P-

450 system by inducing synthesis of more enzymes. This 

effect occurs mainly in hepatocytes located in the 

peri central region of the liver lobules. The consequence 

of increased cytochrome P-450 activity is increased 

biotransformation of many xenobiotics. Those compounds 

which are bioactivated to reactive intermediates via 

induced P-450 isozymes show increased biotransformation. 

For example, carbon tetrachloride is metabolized by the 

P-450 system to a reactive intermediate. Induction of 

the P-450 enzyme system results in increased production 

of this toxic intermediate and consequently potentiation 

of hepatotoxicity. 

Enzyme inhibition can either potentiate or inhibit 
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hepatotoxicity depending on the specific enzyme involved. 

Allyl alcohol is oxidized to its aldehyde, acrolein, by 

alcohol dehydrogenase. Acrolein can be further oxidized 

by aldehyde dehydrogenase resulting in the formation of 

acrylic acid. Patel et al (1983) showed that allyl 

alcohol hepatotoxicity is dependent on the formation of 

acrolein. Inhibition of the enzyme, alcohol 

dehydrogenase, by pyrazole blocked the hepatotoxicity of 

allyl alcohol. In contrast, inhibition of aldehyde 

dehydrogenase by disulfiram potentiated its toxicity 

(Reid, 1972; Ohno, 1985). 

Chemicals that alter the levels of 

hepatoprotective agents also alter the degree of 

xenobiotic biotransformation. Depletion of conjugating 

agents ultimately results in potentiation of 

hepatotoxicity. For example, diethylmaleate rapidly 

reduces tissue stores of glutathione. Depletion of 

glutathione can dramatically potentiate the toxicity of 

those chemicals that are detoxified by conjugation with 

sulfhydry groups. Examples include the reactive 

intermediates of acetaminophen and chloroform. Similarly, 

galactosamine depletes hepatic stores of uridine 

nucleotides (Decker and Keppler, 1976), inhibiting the 

synthesis of uridine diphosphate glucuronic acid and 

causing hepatotoxicity. 
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Thus, hepatotoxicity due to xenobiotics or their 

reactive intermediates can be potentiated or inhibited by 

a variety of factors and chemicals. 

Objectives and General Approach 

The objective of this study was· to characterize 

the effects of excess hepatic vitamin A on liver function 

and to evaluate fro a possible mechanism to explain how 

hypervitaminosis A causes liver injury. 

To do this, we first developed an animal model of 

hypervitaminosis A to permit us to evaluate the general 

effects of excess vitamin A on liver structure and 

function. The rat was chosen for this as it shows most 

of the systemic toxic responses to Vitamin A reported in 

human cases of hypervitaminosis A. The activity of 

alkaline phosphatase, lactate dehydrogenase and aspartate 

and alanine aminotransaminase as well as levels of 

bilirubin and albumin were determined in plasma to assess 

the general effects of vitamin A supplememtation on liver 

function. Liver histology was examined by light 

microscopy for evidence of vitamin A induced injury. 

Since hypervitaminosis A has been reported to cause 

portal hypertention in humans, portal pressure and 

hepatic blood flow were also measured. 
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The effect of hypervitaminosis A on function of 

specific liver cells was evaluated by measuring 

extraction from blood of test substances specifically 

removed by individual cell types. Disofenin and 

indocyanine green were used to probe the function of 

parenchymal cells while sulfur colloid was used to test 

for an effect of hypervitaminosis A on the 

reticuloendothelial system (liver Kupffer cells). 

Disofenin is an anionic compound selectively taken up by 

parenchymal cells and excreted into bile (Vincent et aI, 

1984). Indocyanine green is an organic anionic dye. Its 

clearance from blood also reflects hepatic parenchymal 

cell function and liver blood flow (Leevy et aI, 1967 ; 

Paumgartner et aI, 1970). Sulfur colloid is removed in 

the liver by phagocytic Kupffer cells (Lamki, 1982; 

Vincent et aI, 1984). 

Leo and Lieber (1983) reported that excess vitamin 

A potentiates the hepatotoxicity of ethanol in rats. 

This raised the intriguing possibility that 

hypervitaminosis A produced liver injury indirectly by 

potentiating the effect of another toxin rather than by a 

direct toxic effect by itself on the liver. Accordingly, 

we evaluated whether excess vitamin A might alter 

responses of the liver to known hepatotoxicants. The 

specific agents used were carbon tetrachloride, 
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endotoxin, acetaminophen and galactosamine. These 

compounds were chosen because they produce liver injury 

by different mechanisms. Doses of the selected toxicants 

were chosen which produced only minimal liver injury as 

defined by a slight increase in level of plasma 

transaminase and only minimal necrosis by light 

microscopy. The effects of these minimal injury

producing-doses were than evaluated in rats with 

hypervitaminosis A to see if potentiation of toxin effect 

was present. When this result was observed, we 

postulated that the mechanism for the potentiating effect 

of Vitamin A on liver injury by hepatotoxicants might 

involve an induced activity of hepatic drug metabolizing 

enzymes. In order to confirm this hypothesis, we 

quantitated the level of total hepatic cytochrome P-450 

monoxygenase system in the liver. Since injury can also 

be caused by increased lipid peroxidation, we measured 

for increased hepatic malonic dialdehyde, a product of 

pOlyenoic fatty acid peroxidative decomposition. 

The results from one study of the effects of 

hypervitaminosis A on function of individual liver cell 

groups led to a specific focus on hepatic Kupffer cells. 

In order to further evaluate the effects of 

hypervitaminosis A on this resident hepatic macrophage, 

Kupffer cells were isolated, purified and placed in 
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culture for analysis in vitro. studies were then pursued 

to determine the effect of vitamin A supplemention on 

Kupffer cell function. These include phagocytosis of 

opsonized sheep red blood cells and secretion of tumor 

cytolytic factorft 

Once hypervitaminosis A was demonstrated to be 

accompanied by activated Kupffer cells, we tested for 

whether vitamin A might cause this by a direct deefect of 

the vitamin on Kupffer cells or by an indirect effect 

through other cell types. To evaluate for a direct 

mechanism, vitamin A was presented to Kupffer cells in 

culture by (1) varying concentrations of vitamin A in 

ethanol and (2) retinol encapsulated in liposomes. The 

direct effect of added vitamin A or phagocytized 

intracellular vitamin A on Kupffer cell was then measured 

by the MTT assay. The possibility of an indirect effect 

of vitamin A treatment on Kupffer cells, for example via 

stimulated production of lymphokines by lymphocytes was 

examined using supernatant from cultured lymphocytes 

harvested from normal rats and those with subacute 

hypervitaminois A. 

The results of this work enabled us to propose a 

hypothesis to explain in part a mechanism for liver 

injury in hypervitaminosis A. This is based on 

activation of Kupffer cells by excess Vitamin A and is a 
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novel mechanism for enhanced toxicity by chemical 

hepatotoxicants. 

specific Aims 

The specific aims of this research project were : 

1. To develop an animal model of hypervitaminosis A and 

liver toxicity. 

2. To evaluate effects of hypervitaminosis A on liver 

function as determined by general biochemical tests, 

histology and tests of specific liver cell functions. 

3. To investigate the modifying effects of vitamin A on 

liver injury by known hepatotoxicants. 

4. To develop and test a hypothesis to explain the 

mechanism of liver injury in hypervitaminosis A. 



METHODS AND MATERIALS 

Animal Model 

Male Sprague-Dawley rats (Harlan), weighing 

approximately 200-250g, were maintained on a regular rat 

chow diet (Wayne) and housed in standard polystyrene rat 

pans in a 14 hours light and 10 hours dark cycle. 

vitamin A (retinol, Aquasol-A, Armour Pharmaceutical) was 

supplemented by oral gavage with 250,000 I.U. retinol/Kg 

body weight daily for 3 weeks. An attempt was made to 

keep the body weight gain similar between the control and 

Vitamin A groups. Rats were sacrificed 24 hrs after the 

last dose of Vitamin A. Prior to termination, the rats 

were assesed for gross evidence of hypervitaminosis A. 

The rat was anesthesized with 0.2 ml/Kg Innovar (Pitman

Moore), secured on its back, the abdomen opened and blood 

and liver samples collected for further analyses. 

Plasma Levels of Retinol and Retinyl Palmitate 

Blood was drawn from the vena cava into a 

heparinized syringe. Plasma was obtained by centrifuging 

28 
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the whole bl\')od in a refrigerated Beckman TJ-6 table-top 

centrifuge at 2000 rpm for 10 min. 

Plasma levels of retinol and retinyl palmitate in 

the vitamin A and control treated rats were determined 

courtesy of Dr. D. Alberts using a HPLC technique. For 

this, two model M45 solvent delivery systems, a Model 710 

B WISP auto injector and a model 440-dual wavelength 

ultraviolet detector (Waters Associates) were used. 

For analysys of retinol, two analytical reverse 

phase columns were placed in series to enhance 

resolution. The first column was a 5um ultrasphere ODS 

(25 em x 4.6 mm I.D., Altex) and the second column was a 

10 um microbondapack C10 (30 cm x 3.9 mm I.D., Waters). 

The mobile phase consisted of acetonitrile and 1% aqueous 

ammonium acetate (95:5) delivered at a flow rate of 2.5 

mllmin Dual wavelength detection at 340 and 365 nm was 

used to assure accuracy and specificity of retinoid 

measurement. Quantification of retinol was determined by 

external standardization using standard retinol (Sigma). 

Retention time for retinol was 4.9 min. 

Retinyl palmitate was separated using only one 

reverse phase column (5um ultrashpere ODS, 25 cm x 4.6 mm 

I.D., Altex). The mobile phase consisted of acetonitrile 

and tetrahydrofuran (85:15) delivered at a flow rate of 

2.5 ml/min. Detection and quantification were preformed 
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as above using a retinyl palmitate standard obtained from 

Sigma. Retention time was 4.4 min. 

Biochemical Tests in Blood Assessing Liver Function 

Activities of plasma alkaline phosphatase, lactate 

dehydrogenase and plasma glutamate pyruvate and glutamate 

oxaloacetate transaminase was analysed by a standard 

autoanalyzer technique in the Clinical Pathology 

Laboratory of the University Medical Center, Tucson, 

Arizona. To access liver injury by hepatotoxicants, only 

plasma aminotransaminases were examined. 

Determination of Blood Flow and Portal Pressure 

Portal pressure was measured directly by a 

technique in which a 22G needle connected to an I.V. 

extent ion tubing filled with saline was directly inserted 

into the portal vein. The tubing was connected to a 

venous pressure transducer which was in turn linked to a 

Hewlett-Packard Physiological Monitor, Model HP7788A. 

Hepatic blood flow was estimated from the 

clearance curve of indocyanine green from blood utilizing 

the method of Rickers and Moody (1974). A 2.5 mg/ml 

solution of indocyanine green was prepared just before 

use. vitamin A treated and control rats were given 10 

mg/Kg indocyanine green. After induction of anesthesia 
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(Innovar), the rat was secured on its back. Both jugular 

veins were cannulated with PE 50 polyethylene tubing 

through bilateral neck incisions. The right jugular 

catheter was placed in the superior vena cava or right 

atrium for ease of blood sampling. One ml of blood was 

withdrawn into a heparinized syringe and the appropriate 

volume of indocyanine green solution was injected into 

the left catheter. Blood was sampled through the right 

jugular catheter at 5, 1.0, 1.5 min after inj ection. 

Removed blood was replaced by an equal volume of normal 

saline. Plasma was separated, diluted appropriately and 

analyzed for indocyanine green at an absorbance of 800 nm 

using a Beckman Model 25 spectrophotometer. The plasma 

indocyanine green disappearance curve was plotted using 

• the logarithm of plasma indocyanine green concentration 

versus time. Hepatic blood flow was estimated as follows 

(Burczynski et aI, 1987) : 

Plasma volume 
(ml/100g body wt) 

Liver blood flow 
(ml/min/100g body wt) 

indocyanine green dose (mg) 
= ------------------------------

plasma concentration at time 
zero (mg/ml) 

1 
= plasma vol x slope x 

hematocrit 
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Liver Histology 

The large left lateral lobe of the rat's liver was 

removed under Innovar anesthesia and sections placed 

immediately in 10% neutral buffered formaldehyde. 4 um 

thick sections were cut, imbedded in paraffin and stained 

with hematoxyline and eosine for examination under light 

microscopy. 

Tests of Specific Liver Cell Clearance Function 

Sulfur colloid (Syncor) and disofenin (Dupont) 

were commercially labelled with 99~c. Vitamin A treated 

and control rats were anesthesized with Innovar and 200 

uCi (0.5 ml) of either 99mTC sulfur colloid or 99mTc 

disofenin was injected into a rear foot vein of each 

animal. The end of the rat's tail was then immediately 

removed with a very sharp razor blade and blood collected 

in SO ul heparinized capillary tubes. serial blood 

samples were then obtained at various time intervals in 

the same manner. The entire blood sample was immediately 

dispersed into 2.0 ml of normal saline and radioactivity 

quanti tated in a gamma counter (Tracor Analytic Model 

1197). A semi-logarithmic graph of radioactivity versus 

time was plotted and the half-life, t1/2' of the test 

substance determined. Phagocytic index, k, of the test 

substance was calculated by dividing 0.301 by t 1/ 2 • 



33 

Total relative uptake of 99mTc sulfur colloid by 

macrophages in the liver (Kupffer cells) and in the 

spleen was quantified by measuring the radioactivity in a 

weighed section of the liver and the whole spleen. One 

hour following the last blood sample, the liver and 

spleen were removed, weighed and radioactivity 

quantitated in a gamma counter (Tracor Analytic Model 

1197) . Parenchymal cell anion uptake function was 

similarly accessed by measuring clearance from blood of 

indocyanine green. 

Effects of Vitamin A Pretreatment on Liver xnjury by 

specific Hepatotoxicants 

Rats were treated with Vitamin A as described 

above. At 24 hours after the last dose of vitamin A, 

control and Vitamin A rats received the respective 

hepatotoxicants. Carbon tetrachloride (CCL4 ) was 

administered at a dose of 0.1 ml/Kg in corn oil by I.P. 

injection. Endotoxin (E. Coli 026:B6, Sigma) was 

administered at a dose of 0.5 mg/Kg in water by I.V. 

injection. Acetominophen was administered at a dose of 

1000 mg/Kg in 50% PEG-400 aqueous solution by I.P. 

injection and galactosamine was administered at a dose of 
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200 mg/Kg in water by I.P. injection. 

The rats were killed at 24 hrs after the 

administration of the hepatotoxicants. Blood and liver 

samples were collected for analysis. Plasma was obtained 

and the activity of glutamate pyruvate transaminase was 

determined as described above. Liver samples were 

prepared and examined by light microscopy. 

Liver Microsomal cytochrome P-4S0 

Approximately 2 grams of liver from Vitamin A and 

control rats were placed in 10 ml ice-cold Tris-KCl 

buffer (pH 7.4). The sample was homogenized with a 

Polytron homogenizer (Brinkman) at setting 5 for 30 

seconds. All steps were performed at 4-50 C. The 

homogenate was then centrifuged at 800 x g for 10 min in 

a Beckman J-2l centrifuge using a JA-20 rotor at 4oC. 

The resulting supernatant was centrifuged at 25,000 x g 

for 20 min. This supernatant was removed and then 

centrifuged in a 50.2 Ti rotor at 105,000 x g for 60 min 

(Sorvall ultracentrifuge) to sediment the microsomes. 

The microsomal pellet was resuspended in 2 ml iced Tris

KCl buffer (pH 7.4) which contained 20% glycerol and 1 mM 

EDTA. The microsomal preparation was stored at -70oC 

until assayed for cytochrome P-450. Microsomal protein 

was determined according to the method of Lowry et al 
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(1951). 

Total cytochrome P-450 in the liver microsomal 

preparations was determined according to the method of 

Omura and Sato (1964, 1967). The microsomal preparations 

were diluted to contain about 15-20 mg protein per ml in 

ice-cold Tris-KCl buffer (pH 7.4). To each O. 5 ml of 

microsomal suspension, approximately 2 mg sodium 

dithionite was added to reduce the iron. The reduced 

sample was then placed in a cuvette and the baseline 

absorbance between 400 and 520 run was determined in a 

Beckman DU-7 spectrophotometer. Carbon monoxide was then 

carefully bubbled into each sample for approximately 30 

sec. The absorbance spectrum was again recorded between 

400 and 520 run. Absorbance at 450 run was measured and 

the concentration of cytochrome P-450 calculated using a 

molar extinction coefficient of 91 x 106 cm-1 • 

Malondia1dehyde in Liver 

The concentration of malondialdehyde in liver was 

used as an index of lipid peroxidation. A colorimetric 

assay (Ernster and Nordenbrand, 1967) was employed to 

determine malondialdehyde content in liver from control 

and vitamin A rats. Thiobarbituric acid reacts with 

malondialdehyde to form a red pigment which has an 

absorption maximum in acid solution at 532nm. A buffer 
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solution (pH 7.4) was prepared by adding 1 ml 0.04M 

butylated hydroxy toluene in ethanol added to 1 L of 0.05M 

Tris 0.15M KC1. A 0.75 % solution of thiobarbi turic 

acid was made fresh daily. Approximately 100 mg liver 

was placed in 2 ml of the ice-cold buffer solution and 

homogenized immediately with a Polytron homogenizer 

(Brinkman) at setting 7 for 60 sec. Two ml of cold 30% 

trichloroacetic acid was added to the homogenate to 

precipitate the protein. Malonaldehyde bis 

dimethylacetal (obtained from Sigma) was added to water 

to prepare stock solutions for use to construct a 

standard curVe. To each liver sample and standard, 0.3 

ml of 5M hydrochloric acid was added, followed by 3 ml 

0.75% thiobarbituric acid. Each specimen was then placed 

in a 1000 C water bath for 15 min. The reaction mixture 

was then cooled to room temperature, 3 ml chloroform was 

added and the mixture vortexed. The liver samples and 

standards were then centrifuged at 200xg for 5 min. The 

top aqueous phase was collected and the absorbance at 

532nm determined with a Beckman Model DU-7 

spectrophotometer. Protein in the liver sample was 

determined according to the method of Lowry et al (1951) 

using bovine serum albumin (Sigma) as a standard. 
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seperation and Isolation of Liver sinusoidal Cells 

Kupffer cells from vitamin A and control rats were 

isolated by recirculation perfusion of a collagenase / 

pronase enzyme solution and purified by centrifugal 

elutriation by a modification of the method reported by 

Knook and Sleyster (1976). Figure 1 shows the 

recirculating perfusion system used. All glassware, 

equipment and instruments involved were sterilized by 

steam autoclave before each use. All solutions were 

sterilized by filtration through a o. 22u millipore 

filter. The perfusion and recirculation perfusion 

apparatus and elutriation equipment were also soaked 

overnight in 75% ethanol. The alcohol was completely 

removed by washing with sterile Gey's Balanced Salt 

Solution (GBSS, Appendix I) prior to use. All steps were 

performed in a horizontal or laminar flow hood (Forma 

Scientific) to minimize contamination. Enzymatic 

solutions used were made in GBSS just before use. 

The portal vein was cannulated wi th an laG 

5.lcm catheter (Travenol) and held in place with two silk 

sutures and a "bull dog" clamp (Dieflenbach Serrefine 

clamp). The liver was first perfused in situ with Gey's 

Balanced Salt Solution (GBSS) pH 7.4 at 370 C for about 3 

min to flush out as much of the blood as possible. All 
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Figure 1 Scheme of the Preperfusion (in situ), Perfusion 
and Recirculation System 
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perfusions were performed at a flow rate of 10 ml/min at 

370 C with a LKB 2115 peristaltic pump. This was followed 

by perfusion with 60 ml of 0.2% solution of pronase E 

(Sigma) in GBSS. During this perfusion, the liver was 

very carefully excised without injuring or disrupting the 

liver capsule. The excised liver with portal vein 

cannula intact, was placed onto a wet nylon sieve and 

coverved with a piece of gauze soaked in GBSS to keep the 

liver moist. A heat lamp was positioned above the 

perfusing liver to provide warmth. A piece of aluminum 

foil was placed over the liver to shield it from light as 

much as possible. After approximately 6 min, the 

perfusion was switched over to recirculating system (LKB 

2115 peristaltic pump) using 60 ml of 0.05% collagenase 

(cooper, Biomedical) and 0.05% pronase E (Sigma) in GBSS. 

At the end of 30 min, the liver was disconnected from the 

perfusion apparatus and the cannula removed. The 

Glisson's capsule surrounding the liver was then broken 

and removed together with any extraneous non-liver 

tissues. The liver, which had a paste like texture, was 

minced with a razor blade. The minced liver was then 

incubated with slow stirring by a magnetic stirrer in 100 

ml of 0.05% collagenase and 0.02% pronase in GBSS for 30 

min at 37oC. The incubation media was maintained at pH 

of 7.4 by drop-wise addition of 0.1 N sodium hydroxide as 
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needed. The liver suspension was then filtered through 4 

layers of nylon gauze and centrifuged at 2000 rpm in a 

Beckman TJ-6RS centrifuge for 10 min at lSoC. The 

supernatant was discarded and the sinusoidal cell pellet 

resuspended in GBSS. 

The sinusoidal cell preparation was then purified 

by centrifugation on a one-step discontinuous gradient of 

Metrizamide (Sigma). A suspension of 100-400 x 106 

sinusoidal cells was diluted to 10 ml with GBSS. Seven 

ml of 30% Metrizamide in GBSS (without NaCl) was added 

to every 5 ml of the sinusoidal cell suspension- and 

thoroughly mixed by inversion. GBSS (2-3 ml) was then 

carefully layered on top of the suspension. The gradient 

tube was centrifuged at 1500 x g for 20 min at lSoC, 

using a swinging bucket rotor in a Beckman TJ-6RS 

refrigerated table-top centrifuge and allowed to stop 

without braking. The layer of purified sinusoidal cells 

at the metrizamide / GBSS interface was harvested and 

brought up to approximately 4 ml with GBSS in a syringe. 

The cells were then ready to be introduced into the 

elutriator. 

seperation and Purification of Sinusoidal Cell Fraction 

by centrifugal Elutriation 

Centrifugal elutriation is a technique which 
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exposes cells in the seperation chamber to both a 

centrifugal force and a centripetal flow of liquid. The 

two opposite forces seperate the sinusoidal cells into 

groups on a size and density basis as they are flushed 

into the separation chamber. Cells in the separation 

chamber migrate to a position in the chamber where the 

two opposing forces acting on them are equal. The 

posi tion of each cell is determined by its size, shape 

and density. 

As mentioned by several investigators, there are 

many advantages to using the centrifugal elutriation 

technique (Knook and Sleyster, 1977; Pretlow and Pretlow, 

1979; Hayner et aI, 1984). For example, this method does 

not require the preparation of a continuous density 

gradient and no pelleting accurs, which can damage cells. 

Any medium can be used in which the cells sediment and 

viability remains high. The rotor has a large capacity 

and is capable of high resolution. Only a short time is 

required for separation by the centrifugal elutriation 

procedure. 

equipment 

However, the disadvantages are that the 

is relatively expensive and requires an 

experienced operator. 

The Beckman J2-21 centrifuge and the Beckman JE-

6B elutriator rotor equipped with a Sanderson chamber 

were used for cell seperation and purification. Figure 2 
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is an illustration of the Beckman elutriation system. 

The speed was set at 3250 rpm and centrifuge temperature 

at lSoC throughout the elutriation. sterile GBSS was 

used as the elutriation medium. The sinusoidal cells 

(100-500 x 106 cells) were injected into the mixing

chamber and the cells loaded into the elutriating 

(Sanderson) chamber at a flow rate of lS.0 ml/min. After 

150 ml of elutriate was collected, the flow rate was 

increased to 33.0 mllmin and then finally to 4S.0 ml/min. 

At each flow rate 150 ml were collected. The last 

fraction was centrifuged at SOO x g for 10 min to pellet 

the elutriated Kupffer cells. These were then 

resuspended in about 5 ml of complete culture media 

(Appendix II) and the number of Kupffer cells determined 

by counting in a hemocytomter. 

determined by Eosin Y exclusion. 

Cell viability was 

Cells were cultured in a complete media (pH 7.2) 

which consisted of Iscove • s Modified Dulbecco' s Medium 

(IMDM from Gibco) with 10% heat inactivated fetal bovine 

serum (Hyclone) and 2.0 giL sodium bicarbonate. Also 

included were 100,000 units/L penicillin, 100,000 mcg/L 

streptomysin and 12.5 mg/L Fungizone (Gibco). The cells 

were incubated in a humidified atmosphere containing 5% 

carbon dioxide with temperature maintained at 370 C in a 

VWR lS10 incubator. 
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Kupffer cell purity was determined by peroxidase 

staining. The incubation medium was prepared by adding 

15 mg 3,3-diaminobenzidine tetrahydrochloride.2H20 (DAB) 

(Sigma) to 15 ml 0.05 M Tris-HCl buffer containing 7% w/v 

sucrose (pH 7.4; 300 mOsm). Ten ul of 30% hydrogen 

peroxide was added and the solution used within half an 

hour. A few drops of the cell fraction (approximately 

0.5 x 106 cells) were added to about 2 ml incubation 

medium. After incubation for 30 min at 370 C, the cell 

susppension was centrifuged for 5 min at 300 x g. The 

supernatant was removed and the cells resuspended in 

GBSS. The percentage of cells staining positive for 

peroxidase (Kupffer cells) was determined in a 

hemocytometer. (Note: erythrocytes are stained almost 

homogeneously black, while Kupffer cells have a brown to 

speckeled black color. However, the erythrocytes and 

Kupffer cells can be easily distinguished on the basis of 

cell size. Endothelial and other blood cells remain 

unstained. ) 

Kupffer cell identity was also confirmed by 

electron microscopy courtesy of Dr. M. Hendrix. 
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Kupffer cell Function: 

(a) Kupffer Cell Phagocytosis of 51cr Labelled Sheep Red 

Blood Cells 

Kupffer cells isolated from vitamin A treated or 

control rats were cultured in 24-well plastic plates 

(Falcon) at a density of 5 x 105 cells/well. 

A solution of 10 % sheep red blood cells in 

Alsever's solution (Gibco) was washed and resuspended in 

Hank's Balanced Salt Solution (HBSS) pH 7.2. To every 3 

ml of HBSS containing sheep red blood cells, 0.2 ml anti

sheep red blood cell anti-body (Cooper Biomedical) was 

added and incubated for 60 min at 370 C. The opsonized 

sheep red blood cells were then washed with HBSS and 0.2 

ml 5lcr (approximately 1 mCi) (New England Nuclear) added 

to the loose pellet. The mixture'was incubated at 370 C 

for 60 min with gentle shaking and mixing every 15 min. 

The radioactive labelled and opsonized sheep red blood 

cells were then washed twice with HBSS and resuspended in 

12.0 ml of complete media. 

Media was aspirated from Kuppfer cells that had 

been in culture for 24 hours. Five hundred ul of the 

opsonized 5lc-sheep red blood cells was added to Kupffer 

cells in each well and incubated at 37 0 C for 60 min. 

Following this, the newly added media was removed by 
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aspiration and 1.0 ml of Tris-ammonium chloride was 

added to the wells for 10 min to lyse any attached or 

unphagocytised sheep red blood cells. Each well was then 

washed twice with HBSS. One hundred and fifty ul of a 

detergent, N-P40 (1% solution), was then added to disrupt 

and lyse the Kupffer cells. The solution in each well 

was completely removed with a cotton tipped applicator 

which was then placed in a test-tube and radioactivity 

quantified in a gamma counter (Tracor Analytic 1197). 

(b) Release of Reactive Oxygen species by Kupffer Cells 

Approximately 2 x 106 Kupffer cells were cultured 

in 6-well plastic tissue culture plates (Falcon) for 18 

hrs. The non-adherent cells were removed by washing the 

wells with HBSS at room temperature. 

The adherent Kupffer cells were incubated at 370 C 

for 60 min with 1.5 ml of the reaction mixture which was 

as follows: HBSS containing 44 uM ferricytochrome c 

(sigma) and 170 nM phorbol 12-myristate l3-acetate in 

DMSO (f ina 1 concentration of DMSO was 0.033 %) • 

Superoxide dismutase 40 ug/ml (Sigma), was added to half 

of the samples. Superoxide release by Kupffer cells 

into the media was quantified by measuring the reduction 

of ferricytochrome c. After the incubation, the media 

from each well was pipetted into test-tUbes and 
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centrifuged at 2000 rpm (Beckman TJ-6RS). The amount of 

ferricytochrome c reduced was determined from the light 

absorbance of the supernatant at 550 nm (Bekman Model 25 

spectrophotometer) • The amount of ferricytochrome c 

reduction by O2- was calculated from the 00550 of samples 

without superoxide dismutase, minus the 00550 of matched 

samples containing superoxide dismutase. The molar 

extinction coefficient of 21.0 x 103 per cm (Nakagawara, 

Nathan et aI, 1981) was used to calculate to the amount 

of O2- produced. Cells in matched wells were rinsed in 

0.9% sodium chloride, dried , dissolved in O. 5N sodium 

hydroxide, and assayed for protein by the method of Lowry 

et al (195l) using bovine serum albumin as a standard 

(Sigma). 

(c) Assay for Tumor cytolytic Factor 

Kupffer cells isolated from Vitamin A treated and 

control rats were cultured at a density of 4 x 106 cells 

per well for 48 hours. L929 fiboblasts (mouse 

leukemia), a lymphotoxin-sensitive tumor cell line, were 

used as the target cells. 

The target cells were maintained in IMOM complete 

media (Appendix II) in culture flasks (Falcon). The L929 

target cells were prepared from confluent cultures. The 

cells were removed from culture flasks by scrapping with 
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a cell scraper (corning) and resuspended at 1 x 10 6 

cells/ml in complete medium. Aliquots (100 ul) were 

dispensed into 96-well flat-bottom microtiter plates 

(Falcon) using a multichannel pipet. One hundred ul of 

supernatant from the respective Kuppfer cells were 

transfered to the microti ter plates containing target 

cells (total volume, 200 ul). The plates were then 

incubated at 370 C in a humidified 5% co2-air mixture. 

At the end of 72 hours, the effect of the Kupffer 

cell supernatant on the L929 target cells was assesed by 

the MTT colorimetric assay as first described by Mos~ann 

(1983) and modified by Denizot and Lang (1986). This 

method can be used to reflect cytotoxicity and cell 

proliferation as well as activation. Gerlier and 

Thomasset (1986) reported data, as well as extensive 

kinetic studies, that showed the MTT assay can also be 

used for the quantitative determination of mitochondrial 

activity independent of cell proliferation. The increase 

in mitochondrial activity was observed independent of the 

increase in DNA synthesis. Therefore, the MTT assay 

would be useful in determing the involvement of 

mitochondrial activity in cell activation or the 

activation of cells other than DNA synthesis. 

The MTT dye (dimethylthiazol diphenyltetrazolium, 

Sigma) was prepared fresh each time at 1 mg/ml in HBSS. 
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culture media was removed by inverting, flicking and 

blotting the plate. An aliquot of 50 ul of MTT solution 

was added to each well using a multichannel pipet and the 

plate then incubated at 370 C for 3 hrs. At the end of 

the incubation, the un reacted dye and media were removed 

again by inverting, flicking and blotting the plate. To 

each well, 100 ul of iso-propanol was added to solubilize 

the metabolized MTT which was now a purple formazan 

compound. Complete solubilization of the dye was 

achieved by repeated (3-4 times) pipetting of the 

propanol solution in each well. Light absorbance of 

each well was measured using an automatic microplate 

reader, the Titertek Multiskan (Flow Laboratories), with 

a 570 nm filter. Viability of the target cells was 

quantif~ed by the ability of their mitochondrial enzymes 

to reduce the MTT salt to a purple formazan. 

Evaluation for Mechanisms causing Rupffer Cell 

Activation: 

Ca) Effect of Lymphokines on Rupffer Cells 

Lymphocytes from Vitamin A treated and control 

rats were isolated as follows by the method of Boyum 

(1964 and 1968). The separation media used was Lympho-



50 

paque (Nyegaard, Oslo, Norway) which is designed for the 

separation of mammalian lymphocytes. 

Blood was collected from the vena cava of 

anesthesized rats with an l8G needle into heparinized 

syringes. The heparinized whole blood was then mixed 

with an equal volume of physiological saline. This 

diluted blood (4 ml) was carefully layered over 3.0 ml of 

Lympho-paque. Care was taken to avoid any mixing of the 

blood and separation media. The tube was centrifuged at 

l8-20o C for 20 min at 800 x g. The white band of 

lymphocytes at this interface, was carefully removed by a 

Pasteur pipette. The collected lymphocytes were 

transfered to a test-tube containing HBSS and the cells 

pelleted by centrifugation at 200 x g for 10 min at 18-

2 OOC. This washing procedure was repeated twice. The 

lymphocytes were tested for viability by Eosin Y 

exclusion and brought up to 1 x 106 cells/ml in complete 

media (Appendix II) without fetal bovine serum. One 

hundred ul of lymphocyte suspension was plated in 96-well 

plates (Falcon) with varying concentrations of a mitogen 

(PHA, Sigma) in serum free media and cultured for 48 hrs. 

Kupffer cells were isolated from normal rats as 

described above and plated onto a 96-well plate at a 

density of 1 x 105 cells/100 ul/well. The lymphocyte 

culture microplates were centrifuged at 800 x g using 
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microplate holders in a Beckman TJ-6RS table-top 

centrifuge to sediment the lymphocytes. 100 ul of the 

lymphocyte supernatant was overlayed on the Kupffer cells 

which were then cultured for 96 hrs. The effect of 

lymphocyte supernatant on normal Kupffer cells was then 

evaluated by the MTT assay using the method of Gerlier 

and Thomasset (1986). 50 ul of the freshly made MTT 

solution (7.5 mg/ml) was added to each well and the assay 

performed as described previously. 

(b) Effect of Direct In Vitro Addition of vitamin A on 

Kupffer Cells 

All trans-retinol (Sigma) or retinyl palmitate 

(Sigma) was dissolved in absolute ethanol. All steps 

involvi~g the retinoids were preformed under red light. 

Kupffer cells isolated from normal rats were plated onto 

96-well microplates at a density of 1 x 105 

cells/200ul/well and cultured with concentrations of 

retinol from 10-4M to 10-12M• As a control, Kupffer 

cells were also cultured with ethanol alone. The final 

concentration of ethanol in the culture media was 0.05%. 

At the end of 24 hours, the effect of the retinol on 

Kupffer cells was measured by both the phagocytosis and 

MTT assay as described above. The effect of retinyl 

palmitate was measured only by the MTT assay. 
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(0) Effeot of Liposome-Enoapsulated-Retinol on Kupffer 

Cells 

Retinol was encapsulated in liposomes and 

introduced into Kupffer cells by phagocytosis/ 

pinocytosis. Liposomes with or without retinol were 

prepared with the assistance of Dr. Janos Szebini of the 

section of Surgical Biology, Department of Surgery, 

University of Arizona. 20 mg of egg phosphotidylcholine 

(EPC) (Sigma) with or without 0.76 mg retinol (Sigma) 

(EPC:retinol = 10:1 mole ratio) was dried to the wall of 

a glass flask by nitrogen gas. The lipid film was ·then 

hydrated in 20 ml HBSS by vortex-mixing for 2-3 min. The 

resulting dispersion was sonicated overnight in the dark 

in a bath sonicator at 4oC. 

Kupffer cells isolated from normal rats were 

plated into 96-well culture plates at a density of 1 x 

105 cells per well. To the cells was added 50 ul of 

retinol-loaded-Iiposomes and, as a control, 50 ul of 

blank liposomes was added to the control cell wells. The 

cells were incubated for 60 min at 37oC, after which the 

unphagocytized liposomes were removed by washing the 

wells with HBSS. 200 ul of complete media (Appendix II) 

was added to each well and the cells again incubated in a 

hUmidified 5% CO2 atmosphere at 370 C for 24 hours. The 

effect of vitamin A on Kupffer cells metabolic activity 
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was determined by the MTT assay as described above. 

statistical Analysis 

All means are presented with their standard error. 

Student's t-test was utilized to determine significant 

differences between two groups of data. When more than 

two groups were compared, an analysis of variance was 

preformed. Values were considered significantly 

different when p < 0.05. 



RESULTS 

Animal Model 

Observation of the rats after treatment with 

Vi tamin A for 3 weeks showed gross evidence of 

hypervitaminosis A. Findings included coarsening of the 

hair, weight loss and brittle bones which occasionally 

resu1 ted in spontaneous fractures. Dry, flaking skin 

around the eyes was observed in about 25 percent of the 

animals. 

Table 1 shows the comparison between the levels 

of retinol and retiny1 palmitate in both plasma and 

liver. Vitamin A treatment did not si9nificantly alter 

the concentrations of retinol but the 1p.vels of retinyl 

palmitate were significantly increased in both the plasma 

and the liver. 

Biochemical Tests Reflecting Liver Function 

Results of the biochemical tests performed in 

plasma to assess liver function after Vitamin A treatment 

are presented in Table 2. Levels of alkaline phosphatase 

54 
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Table 1 

Effect of vitamin A Treatment (250,000 IU/kg/day) for 3 
Weeks on Levels of Retinol and Retiny1 Palmitate in 
Plasma and Liver. 

Control en = 13) vitamin A en = 13) 

Plasma . . 
Retinol 194.50 + 20.18 196.17 ± 21.90 

(ng/m1) 
Retiny1 Palmitate 27.33 ± 15.51 178.50 ± 53.50 * (ng/m1) 

Liver . . 
Retinol 12.60 + 1.10 62.10 + 28.41 

(ng/ug protein) 
Retiny1 Palmitate 42.60 ± 4.49 605.10 ± 103.65 * (ng/ug protein) 

Values are mean + SEM 

* p < 0.05 
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Table 2 

Plasma Biochemical Tests After 3 Weeks of vitamin A 
Treatment (250,000 lU/kg/day). 

control en = 13} vitamin A en = 13} 

Alkaline Phosphatase 276.17 + 20.97 414.30 + 44.64 * 
(lUlL) 

Lactate Dehydrogenase 198.60 + 14.39 331.00 + 28.88 * (lUlL) 
Bilirubin 0.11 ± 0.04 0.13 + 0.04 

(mg/dl) 
Albumin 2.79 ± 0.04 2.15 + 0.11 

(nmoles/mg protein) 
PGOT 74.91 + 5.01 106.67 + 10.79 * (lUlL) 
PGPT 39.75 ± 4.57 61.46 + 10.76 

(lUlL) 

Values are mean + SEM 

* p ~ 0.05 
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and lactate dehydrogenase in plasma were both increased. 

There were no significant changes in measured levels of 

albumin and bilirubin. Although the plasma level of 

glutamate-oxalate transaminase activity (PGOT) was 

significantly increased in the vitamin A group, plasma 

glutamate-pyruvate transaminase (PGPT) activity was not 

significantly changed from control. These results 

indicates minimal if any biochemical evidence for 

significant damage to the liver by vitamin A loading. 

Liver Histology 

Vitamin A treatment for 3 weeks did not result in 

any significant histological evidence of damage to 

hepatic parenchymal cells as assessed by light 

microsc~py. Representative photomicrographs are shown in 

Figure 3. However, scattered throughout the liver of the 

vitamin A treated animals were prominently enlarged 

vitamin A or fat-storing (Ito) cells, distended by 

increased amounts of stored lipid and vitamin A. 

Portal Pressure and Liver Blood Flow 

The results of the measured portal pressure and 

the estimated hepatic blood flow are presented in Table 

3. vitamin A treatment did not alter significantly 

either portal pressure or liver blood flow. 
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a 

b 

Figure 3 Effect of Vitamin A Treatment on Liver 

Vitamin A was administered to male S.D. rats by 
gavage at a dose of 250,000 IU/kgjday for 3 
weeks. Liver sections were stained with 
hemotoxolin and eosin and examined by light 
microscopy. Magnification x200. 

a control 
b : Vitamin A (250,000 IU/kgjday by gavage for 

3 weeks) 
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Table 3 

Effect of vitamin A Treatment (250,000 IU/kg/day) for 3 
Weeks on Liver Hemodynamics 

Control en = 4) Vitamin A en = 4) 

Portal Pressure 7.60 + 1.10 6.20 ± 1.32 
(mmHg) 

Hepatic Blood Flow 0.55 + 0.04 0.56 + 0.04 
(ml/min/lOOg body wt) 

Values are mean + SEM 

No statistical difference 
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Test for specific Hepatic Cell Function 

As shown in Figure 4, vitamin A treatment did not 

al ter the clearance from blood of indocyanine green, a 

classic test to measure integrity of hepatic parenchymal 

cell function. Likewise, blood clearance of 99mTC 

labelled disofenin by hepatic parenchymal cells was not 

affected by vitamin A treatment (Figure 5). 

In contrast, the rate of clearance of 99~c-sulfur 

colloid from blood was significantly changed by vitamin A 

dosing. As shown in Table 4, the half-life (tl / 2 ) of 

99mTC- sulfur colloid was significantly less in -the 

vitamin A group than that in control rats. Also the 

phagocytic index (k) was significantly greater than in 

control. These results show that vitamin A treatment 

increased the rate of blood clearance of these test 

particles which are removed primarily by phagocytic 

cells, especially liver Kupffer cells. The data 

presented in Figure 6, indicate that uptake of 99mTc 

sulfur colloid in hypervitaminosis A was mainly by liver 

phagocytic cells and not by phagocytic cells in other 

organs such as the spleen. Total liver uptake of 99mTC 

sulfur colloid was significantly greater in the animals 

with induced hypervitaminosis A than it was in controls. 
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Figure 4 Effect of vitamin A Treatment on Clearance from 
Blood of Indocyanine Green In vivo 

Rats were given vitamin A by gavage at 250,000 
IU/kg/day for 3 weeks. 10 mg/kg indocyanine 
green was given I.V. at time zero. 

n = 4, values are mean ± SEM 
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5 

Effect of vitamin A Treatment on Clearance from 
Blood of 99~c Disofenin by Hepatocytes In vivo 

vitamin A was administered J'~ gavage at 250,000 
IU/kg/day for 3 weeks. Tc Disofenin was 
given by I.V. at time zero. 

n = 10, values are mean + SEM 
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Table 4 

Control (n = 10) vitamin A en = 10) 

t1/2 (min.) 1.410 + 0.010 1.320 + 0.010 * 
k 0.212 ± 0.001 0.228 + 0.003 * 

Values are mean + SEM 

* p .$. 0.05 
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Figure 6 Organ Uptake of 99mTC Sulfur Colloid after 
vitamin A Treatment 

250,000 IU/kg/day of vitam~~ A was administered 
by gavage for 3 weeks. ~c sulfur colloid 
was given I. V. and respective organ collected 
one hour after dosing. 

n = 10, values are mean + SEM 

* p < 0.05 



Effect of Hepatotoxicants with and without vitamin A 

Pretreatment on Levels of Plasma Transaminase 

and on Liver Histology 
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As shown in Figure 7, after 3 weeks of 

pretreatment with vitamin A, administration of 0.1 ml/kg 

of CC14 caused dramatic increases in the plasma activity 

of GOT and GPT at 24 hrs after dosing with the toxicant. 

Plasma GPT was not affected by vitamin A treatment alone. 

CC1 4 alone caused an increase in PGPT activity of 

appromixately four times that of control. 

Histopathological examination of the liver tissue, 

confirmed the presence of fatty change, necrosis and 

varying degrees of stromal collapse following treatment 

with CC1 4 • CC1 4 treatment alone resulted in minimal 

vacuolization and hydropic changes of the hepatocytes 

around the terminal hepatic vein (Figure 8). When the 

animals were pretreated with Vitamin A, administration of 

the same dose of CC14 resulted in much more severe and 

extensive area of liver necrosis but again located mainly 

around the terminal hepatic vein or central vein. 

Surrounding these enlarged areas of centrilobular 

necrosis were areas of vacuolization and swelling of 

parenchymal cells documenting the even more extensive 

areas of parenchymal cell injury. 
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Figure 7 Effect of vitamin A Pretreatment and Carbon 
Tetrachloride on Plasma Transaminase Levels 

vitamin A was administered to male rats at a 
dose of 250,000 IU/kg/day for 3 weeks. Carbon 
tetrachloride was administered 24 hrs after the 
last dose of vi tamin A. Plasma transaminase 
levels were determined 24 hrs after the 
administration of carbon tetrachloride. 
PGOT - Plasma Glutamate Oxalate Transaminase 
PGPT - Plasma Glutamate Pyruvate Transaminase 

vitamin A, vit. A . . 

Carbon Tetrachloride, CCl4 : 

n > 4, values are mean + SEM 

* p < 0.05 

250,000 IU/kg/day 
for 3 weeks by 
gavage. 
0.1 ml/kg I.P. 
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a 

b 

Figure 8 Histological Effect of Vitamin A Pretreatment 
on Carbon Tetrachloride Hepatotoxicity 

Rats were given Vitamin A at a dose of 250,000 
IU/kgjday for 3 weeks by gavage. Carbon 
tetrachloride (CC1 4 ) was administered I.P. 24 
hrs after the last dose of Vitamin A at a dose 
of 0.1 mljkg. Liver sections were collected 24 
hrs after administration of the hepatotoxin and 
stained with H and E for light microscopy. 
Magnification x200. 

a CC1 4 (0.1 ml/kg I.P.) 
b : Vitamin A (250,000 IU/kgjday for 3 weeks 

by gavage) and cc14 (0.1 mljkg I.P.) 
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Another hepatotoxin, endotoxin, at a dose of 0.5 

mg/kg did not increase the activities of PGOT or PGPT in 

control animals (Figure 9). However when this same dose 

of endotoxin was administered to vitamin A treated rats, 

the activities of plasma GPT and GOT were significantly 

increased at 24 hours. This potentiation of endotoxin 

liver injury by hypervitaminosis A was also evident 

histologicaly as shown in Figure 10. Pretreatment with 

vi tamin A and then dosing with endotoxin, caused 

extensive patchy areas of liver necrosis. Of note, the 

necrosis was scattered throughout the hepatic lobule 

without a zonal pattern in contrast to the necrosis in 

the central lobular area seen with CCl 4 • Endotoxin 

alone (at 0.5mg/kg I.V.) did not cause apparent hepatic 

damage by light microscopy. 

vi tamin A pretreatment also potentiated the 

hepatotoxicity of acetaminophen. At 24 hr after 1000 

mg/kg of acetaminophen, the activities of PGOT and PGPT 

were significantly increased (Figure 11). After 

pretreatment with vitamin A, the same dose of 

acetaminophen increased the activities of PGPT and PGOT 

approximately 8 and 14 times that of the hepatotoxicant 

alone. These changes were statistically different from 

the effects of acetaminophen alone. Histologically, 

vitamin A plus acetaminophen resulted in distinct areas 
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Figure 9 Effect of vitamin A Pretreatment and Endotoxin 
on Plasma Transaminase Levels 

vi tamin A was administered to male rats at a 
dose of 250,000 IU/kg/day for 3 weeks. 
Endotoxin was administered 24 hrs after the 
last dose of vi tamin A. Plasma transaminase 
levels were determined 24 hrs after the 
administration of endotoxin. 
PGOT - Plasma Glutamate Oxalate Transaminase 
PGPT - Plasma Glutamate Pyruvate Transaminase 

Vitamin A, vit. A : 250,000 IU/kg/day for 3 
weeks by gavage. 

Endotoxin, ET : 0.5 mg/kg I.V. 

n ~ 4, values are mean + SEM 

* p < 0.05 



70 

a 

b 

Figure 10 Effects of Vitamin A Pretreatment and Endotoxin 
on Hepatic Morphology 

Vitamin A was given by gavage at a dose of 
250, 000 IU/kgjday for 3 weeks. Endotoxin at 
0. 5 mgjkg was administered I. V. 24 hrs after 
the last dose of Vitamin A. Liver sections 
were obtained 24 hrs after dosing with 
Endotoxin and stained with H and E. 
Magnification x200. 

a Endotoxin (0.5 mgjkg I.V.) 
b : Vitamin A (250, 000 IU/kgjday for 3 weeks 

by gavage) and Endotoxin (0.5 mgjkg I.V.) 
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Figure 1.1 Effect of vitamin A Pretreatment and 
Acetaminophen on Plasma Transaminase Leve1.s 

vi tamin A was administered to ma1.e rats at a 
dose of 250,000 IU/kg/day for 3 weeks. 
Acetaminophen was administered 24 hrs after the 
last dose of vitamin A. Plasma transaminase 
levels were determined 24 hrs after the 
administration of acetaminophen. 
PGOT - Plasma Glutamate Oxalate Transaminase 
PGPT - Plasma Glutamate Pyruvate Transaminase 

vitamin A, vito A 

Acetaminophen, AM 

250,000 IU/kg/day for 3 
weeks by gavage. 
1.000 mg/kg I.P. 

n > 4, values are mean + SEM 

* p < 0.05 
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of necrosis surrounding the central vein (Figure 12). 

Essentially no gross 1i ver necrosis was seen with 

acetaminophen alone although there were subtle signs of 

cell injury in parenchymal cells around the terminal 

hepatic vein. 

At the dose of galactosamine administered, no 

elevation in activities of PGOT and PGPT were observed 

(Figure 13). Histological examination of liver sections 

also revealed no evidence for potentiation of 

galactosamine injury by Vitamin A (Figure 14). 

Liver Malondialdehyde and Microsomal cytochrome P-450 

The effects of vitamin A treatment on liver 

malondialdehyde and microsomal cytochrome P-450 are 

presented in Table 5. Malondialdehyde, a product of 

lipid peroxidation, was significantly increased in liver 

tissue of rats with hypervitaminosis A. In the same 

group, total hepatic cytochrome P450 was decreased when 

compared to controls. 

seperation and Isolation of Kupffer Cells 

Kupffer cells purified by centrifugal elutriation 

were shown to be identical with published Kupffer cell 
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a 

b 

Figure 12 Effect of Vitamin A Pretreatment and 
Acetaminophen on Hepatic Morphology 

250,000 IU/kgjday of Vitamin A was 
administrated to rats by gavage for 3 weeks. 
24 hrs after the last dose of Vitamin A, 
1000mgjkg of acetaminophen was given by I.P. 
Liver sections were collected 24 hrs after the 
administration of acetaminophen and stained 
with H and E for light microscopy. 
Magnification x200. 

a Acetaminophen (1000 mgjkg) 
b : Vitamin A (250,000 IU/kgjday for 3 weeks 

by gavage) and Acetaminophen ( 1000 mgjkg 
I. p.) 
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Figure 13 Effect of vi tamin A Pretreament and 
Galactosamine on Plasma Transaminase Levels 

vitamin A was administered to male rats at a 
dose of 250,000 IU/kg/day for 3 weeks. 
Galactosamine was administered 24 hrs after the 
last dose of Vi tamin A. Plasma transaminase 
levels were determined 24 hrs after the 
administration of galactosamine. 
PGOT - Plasma Glutamate Oxalate Transaminase 
PGPT - Plasma Glutamate Pyruvate Transaminase 

vitamin A, vit. A : 250,000 IU/kg/day for 3 
weeks by gavage. 

Galactosamine, GA : 200 mg/kg I.P. 

n ~ 4, values are mean + SEM 
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a 

b 

Figure 14 Effect of Vitamin A Pretreatment and 
Galactosamine on Hepatic Morphology 

Rats were given Vitamin A at a dose of 250,000 
IU/kgjday for 3 weeks by gavage. Galactosamine 
was administered I.P. 24 hrs after the last 
dose of Vitamin A at a dose of 200 mgjkg. 
Liver sections were collected 24 . hrs after 
administration of galactosamine and stained 
with H and E for light microscopy. 
Magnification x200. 

a Galactosamine (200 mgjkg I.P.) 
b : Vitamin A (250, 000 IU/kgjday for 3 weeks 

by gavage) and Galactosamine (200 mgjkg 
I. p.) 
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Table 5 

Effect of vitamin A Treatment (250,000 IU/kg/day) for 3 
Weeks on Liver Microsomal cytochrome P-450 and on 
Malondialdehyde. 

Cytochrome P450 
(nmole/mg protein) 

Malondialdehyde 
(nmoles/mg protein) 

Values are mean + SEM 

* p < 0.05 

control en = 7) Vitamin A en = 7) 

0.62 ± 0.12 0.29 + 0.08 * 

9.30 ± 0.73 14.60 + 1.02 * 
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morphology (DeLeeuw et aI, 1983). Figure 15 is an 

electron micrograph of the Kupffer cell fraction 

collected from elutriation. There was no significant 

difference in viability, yield and purity of Kupffer 

cells isolated from the rats with hypervitaminosis A and 

from control rats. As presented in Table 6, cell 

viability, determined by Eosin Y exclusion was greater 

than 90%. A total of approximately 9.1 x 106 Kupffer 

cells per gram of liver was obtained as determined by 

counting on a hemocytometer. Purity of the Kupffer cell 

fraction, determined by peroxidase staining, was greater 

than 85%. The major contamination was by endothelial 

cells (>94% of contaminants) with a very small 

contribution from red blood cells and hepatocytes. 

Rupffer Cell Function In Vitro: 

I. Phagocytosis of 51cr Labelled Sheep Red Blood Cells by 

Kupffer Cells in culture 

Figure 16 shows phagocytosis of opsonized 51cr 

labelled sheep red blood cells by isolated Kupffer cells 

maintained in culture for 24 hrs. Phagocytosis of red 

blood cells by Kupffer cells from Vitamin A treated rats 

is expressed as a percentage of that observed using 



Figure 15 
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Electron Micrograph of Kupffer Cells 
Isolated from Control Rat 
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Table 6 

Viability, Yield and Purity of Rat Liver Kupffer Cell 
Fraction Purified by centrifugal Elutriation. 

Control Vitamin A 

Yield (x 106 cells/liver) 29.92 ± 0.90 27.30 ± 0.47 

Viability (%) 96.28 + 0.47 91.00 + 1.15 

Kupffer Cells (%) staining 87.50 + 0.31 87.27 + 1.00 
positive for peroxidase 

n = 3 

Values are mean + SEM. 

Control and vitamin A values are not statistically 
different (p<0.05) 
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Figure 16 Effect of vitamiR1A Treatment on Kupffer Cell 
Phagocytosis of Cr Labelled Opsonized Sheep 
Red Blood Cells (SRBC) in CUlture 

vitamin A was given to male S.D. rats by gavage 
at a dose of 250,000 IU/kg/day for 3 weeks. 
Kupffer cells were isolated and placed in 
culture for 24 hrs before analysis. 
Phagocytosis was determined after 60 min of 
SRBC exposure. 

n = 4; All samples were done in replicates of 
at least 8. 

Values are mean + SEM 

* p < 0.05 
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Kupffer cells from control rats. Kupffer cells isolated 

from Vitamin A treated rats showed significantly greater 

phagocytosis of Slcr sheep red blood cells which was 

approximately 1.S times that of those isolated from 

control rats. 

II. Release of superoxide Anion by Kupffer Cells in 

culture 

The release of reactive oxygen species by Kupffer 

cells was measured as superoxide dismutase inhibitable 

reduction of ferricytochrome c. Phorbol ester was used 

to stimulate Kupffer cell release of superoxide. The 

amount of superoxide anion released was calculated by 

subtracting the results of samples containing superoxide 

dismutase from those without. The data presented in 

Figure 17 show that the amount of ferricytochrome c 

reduced by superoxide anion from Kupffer cells isolated 

from vitamin A treated rats was approximately twice that 

of controls. 

III. Release of Tumor cytolytic Factor by Kupffer Cells 

in culture 

The release of a tumor cytolytic factor by Kupffer 

cells was determined by quantifing the number of viable 

tumor cells remaining after culture with a supernatant 
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Figure 17 Effect of vitamin A Treatment on Kupffer Cell 
Release of Superoxide Anion Determined by 
Superoxide Dismutase Inhibi table Reduction of 
Ferricytochrome c in CUlture 

vitamin A was given to male S.D. rats by gavage 
at a dose of 250,000 IU/kg/day for 3 weeks. 
Kupffer cells were isolated and placed in 
culture for 24 hrs before analysis. 
Reaction mixture consisted of 44 uM cytochrome 
c, 170 uM phorbol ester and with or without 
40 ug/ml superoxide dismutase (SOD). 
Superoxide release was determined from the 
00550 of samples without SOD, minus the 00550 
of ~at~hed sampl~s with SOD, ~sin~1a molar 
ext1nct1on coeffic1ent of 21 x 10 em • 
Protein was determined by the method of Lowry. 

n = 4, all samples were done in triplicate. 
Values are mean + SEM 
* P < 0.05 
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derived from Kupffer cells. Viability of the tumor cell 

line, L929 was determined by measuring its reduction of 

the tetrazolium salt, MTT, to a purple formazan. A 

decrease in the absorbance (at 570nm) of formazan 

indicates a reduction in viable cells. This is 

interpreted to result from increased death of target 

cells caused by cytotoxic factor(s) in the Kupffer cell 

media. The data presented in Figure 18 show that the 

supernatants of Kupffer cells obtained from rats treated 

with Vitamin A caused a decrease in the amount of purple 

formazan produced by the tumor cells i. e. less viable 

tumor cells. Compared to controls the number of viable 

cells was decreased by 11%. However, the values obtained 

were not significantly different at the 5% level. 

Mechanism causing Activation of Kupffer Cells by 

Excess Vitamin A 

pilot studies were carried out to determine 

whether the stimUlating effects of Vitamin A on Kupffer 

cells could be due in part to the presence of increased 

immunological mediators secreted by lymphocytes in 

response to the excess retinol or whether activation 

resulted from a direct effect of vitamin A on the Kupffer 
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Figure 18 Effect of Kupffer Cell Supernatant on the 
Ability of L929 Target Cell to Reduce MTT after 
vitamin A Treatment 

vitamin A was given to male S.D. rats by gavage 
at a dose of 250,000 IU/kg/day for 3 weeks. 
Supernatant from Kupffer cells was cultured for 
48 hrs before being transfered to L929. 
After 72 hrs, viability of L929 was quantitated 
by the colorimetric MTT assay at OD570 • 

n = 4, all samples were done in duplicates of 
10 in a micro tissue culture plate. 

Values are mean + SEM 
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cells. Two approaches were pursued. First, the 

possibility that hypervitaminosis A stimulates production 

of an activating lymphokine was studied by evaluating the 

effects of condi tioned media from cultured lymphocytes 

stimulated with PHA on Kupffer cell metabolic activity 

assesed by the MTT assay. Secondly, the amount of Vitamn 

A in cultured Kupffer cell from normal rats was 

artificially increased by (i) incubating Kupffer cells 

with varying concentrations of retinol and also retinyl 

palmitate and (ii) feeding cultured Kupffer cells empty 

liposomes and liposomes pre loaded with retinol. 

I. Indirect Activation: 

(a) Effect of Lymphokines on Kupffer Cell Function 

The results are presented in Figure 19. Data 

points are the mean of results from 4 rats with each 

repeated in replicates of four. In the presence of a 

stimulus (PHA) , the supernatant from lymphocytes of 

Vitamin A rats caused a significant increase in the 

ability of Kupffer cells to reduce MTT, as compared to 

lymphocytes from control rats. 
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Figure 19 Effect of Lymphocyte Supernatant on Metabolic 
Ability of Kupffer Cell to Reduce MTT after 
vitamin A Treatment 

Lymphocytes were isolated from vitamin A 
treated (250,000 IU/kq/day for 3 weeks) and 
control rats and cultured in serum free media 
with PHA for 48 hrs. 
Lymphocyte supernatant was added to Kupffer 
cells isolated from normal rats and cuI tured 
for 96 hrs. 
The Kupffer cells were then tested and 
quantitated for activation by their reduction 
of MTT at 00570. 

n = 4, all samples were done in duplicates of 4 
Values are mean + SEM 
'* P < 0.05 compared to Kupffer cells cultured 
wi th supernatant from lymphocytes of control 
rats. 
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II. Direct Activation: 

(a) Effect of Retinol and Retinly Palmi tate on 

Kupffer Cells in culture 

In order to observe whether increased Vitamin A 

effects Kupffer cells directly, Kupffer cells were 

cultured in the presence of varying concentrations of 

retinol or retinyl palmitate. The vitamin A was 

delivered to the Kupffer cells in ethanol. The Kupffer 

cells incubated with retinol were then tested for 

evidence of activation or depression in phagocytic and 

metabolic function. Kupffer cells incubated with retinyl 

palmitate were tested for effect on their metabolic 

function. The assays used were phagocytosis of opsonized 

51cr labelled sheep red blood cells and MTT reduction. 

At lower concentrations of retinol (10-10 to 10_12M) no 

effect was observed by both these parameters (Figures 20 

and 21). At higher concentrations of retinol, the 

activities of Kupffer cells were slightly decreased. 

However, there was no evidence of an effect of retinyl 

palmitate on Kupffer cell activity as determined by MTT 

reduction (Figure 22). 

(b) Effect of Liposome-Encapsulated-Retinol on 

Kupffer Cells in Culture 

To ensure that the retinol was being taken up by 
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Figure 20 Effect of Retinol on Ability of Kupffer Cells 
to Reduce MTT 

Kupffer cells isolated from normal rats were 
cultured with varying concentrations of retinol 
in 0.05% ethanol for 24 hrs. 
Evidence for activation or depression of cell 
function by the retinoid was assessed by 
measuring Kupffer cell metabolic reduction of 
MTT which was quantitated at OD570 • 

n = 2, samples were done in quadruplicate. 

Values are mean + SEM 

* p < 0.05 
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Figure 21 Effe~t of Retinol on Kupffer Cell Phagocytosis 
of Cr Labelled Opsonized Sheep Red Blood 
Cells 

Kupffer cells isolated from normal rats were 
cultured with varying concentrations of retinol 
dissolved in 0.05% ethanol. 
Evidence for activation or depression of cell 
function by the retinoid was assessed by 
measuring Kupffer cell phagocytosis ofS1Cr 
labelled opsonized sheep red blood cells. 

n = 2, samples were done in quadruplicate. 

Values are mean + SEM 

* p < 0.05 
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Figure 22 Effect of Retinyl Palmitate on Ability of 
Kupffer Cells to Reduce MTT 

Kupffer cells isolated from normal rats were 
cultured with varying concentrations of retinyl 
palmitate in 0.05% ethanol for 24 hrs. 
Evidence for activation or depression of cell 
function by the retinoid was assessed by 
measuring Kupffer cell metabolic reduction of 
MTT which was quantitated at 00570. 

n = 2, samples were done in quadruplicate. 

No evidence for a statistically significant 
effect was observed. 
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the Kupffer cells in culture, retinol was provided to the 

culture encapsulated in liposomes. After 60 min of 

incubation of Kupffer cells with the liposomes containing 

encapsulated retinol, the wells were washed and the 

effects, if any, of the added vitamin A on Kupffer cell 

function was again assessed by measuring cell reduction 

of MTT. As a control, empty liposomes were also provided 

to Kupffer cells. The results are presented in Figure 

23. Empty liposomes alone decreased Kupffer cell 

activity. There was no difference in MTT reduction 

between Kupffer cells that received empty liposomes and 

those that received liposomes containing retinol. 
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Figure 23 Effect of Liposome-Encapsulated Retinol on 
Kupffer Cell Reduction of MTT in CUlture 

Kupffer cells isolated from normal rats were 
incubated for 60 min with liposome-encapsulated 
retinol. The excess liposomes were removed by 
washing and the Kupffer cells incubated for an 
additional 24 to 120 hours. After the varying 
times in culture, the effect of Vitamin A on 
Kupffer cells was measured by their metabolic 
ability to reduce MTT and quantitated at 00570· 

n = 4, all samples were done in duplicates of 4 

Values are mean + SEM 

.. P 5 0.05 compared to Kupffer cells with no 
liposomes. 



DISCUSSION AND CONCLUSIONS 

The overall goal of this project was to better 

characterize and possibly define the mechanism(s) of 

liver injury in hypervitaminosis A. Resul ts of the 

initial observations led us to focus on a potential role 

for the hepatic Kupffer cell in promoting liver injury in 

hypervitaminosis A. After further investigations, the 

results demonstrated a unique and novel finding, namely 

that Kupffer cells are activated in hypervitaminosis A 

and produce increased amounts of mediators, including 

superoxide, that potentially could cause parenchymal cell 

injury. In this chapter, the findings which led to this 

conclusion are discussed. 

The resul ts of this proj ect can be most 

conveniently considered in four general phases. 

Evaluation of the results of each led to the development 

of and focus on the next phase. The four phases were: 

(1) creation of an animal model of hypervitaminosis A and 

characterization of the effects of hypervitaminosis A on 

standard liver function tests and liver histology. (2) 

Evaluation of the ·effects of hypervitaminosis A on 

hepatotoxicity induced by known chemical hepatotoxicants. 

93 
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(3) Some results of these initial studies led us to focus 

on the effects of hypervitaminosis A on hepatic Kupffer 

cells. Thus, the third phase of the project was to study 

the effects of hypervitaminosis A on isolated, purified 

Kupffer cells in culture. (4) The forth phase was to 

establish whether retinol caused Kupffer cell activation 

by a direct effect of the retinoid on Kupffer cell or 

indirectly by another mechanism. 

Clinically evident hypervitaminosis A was induced 

in the experimental animals after three weeks of oral 

dosing with retinol. Gross, visual manifestations of 

hypervitaminosis A in the Sprague-Dawley rat included 

roughness of the hair, weight loss, flaky skin and 

brittle bones. The concentration of retinyl palmitate 

was increased in plasma and liver and supported the fact 

that excess systemic vitamin A was present. In contrast, 

the plasma and liver concentrations of non-esterified 

retinol did not increase, similar to findings in 

hypervitaminosis A reported by others (Muenter et aI, 

1970; smith and Goodman, 1976). 

Biochemical, functional and histological tests 

were employed to determine if the liver was affected by 

excess vitamin A. A minimal effect on liver cell 

function was suggested by the normal or slightly 

increased levels of alkaline phosphatase, lactate 
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dehydrogenase and glutamate oxalate transaminase (GOT) in 

plasma. However, none of these tests are specific for 

liver injury. They could also reflect an effect of 

vitamin A on muscle or bone as well as on liver. The 

level of glutamate pyruvate transaminase (GPT) in plasma, 

a more specific enzymatic test for liver injury, was 

similar in both Vitamin A treated and control groups. 

The results of these biochemical tests suggest that the 

injurious effects of subacute hypervitaminosis A on liver 

parenchymal cells were minimal at best. 

Histopathological examination of liver by light 

microscopy showed no evidence of necrosis. The portal 

areas were normal and there was no increase in 

inflammatory cells. Ito (fat-storing) cells, which also 

store Vitamin A, were prominently enlarged and appeared 

to bulge into the sinusoids. We questioned whether such 

Ito cell enlargement and apparent distortion of the 

sinusoids could disrupt hepatic blood flow. This 

observation plus the reports of portal hypertension in 

some of the clinical cases of hypervitaminosis A 

stimulated us to measure portal pressure. vitamin A 

loading did not increase portal pressure and also had no 

measurable effect on hepatic blood flow as assessed by 

blood clearance of indocyanine green. 

Indocyanine green and disofenine are organic 
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anionic compounds which are selectively taken up by 

parenchymal cells. Indocyanine green is ideal for 

analysis of hepatic function since it is non-toxic in 

large doses (Leevy et aI, 1967) and does not undergo 

extrahepatic removal, intrahepatic conjugation or 

enterohepatic circulation (Wheeler et aI, 1958). There 

was no difference in blood clearance of indocyanine green 

and disofenine for the Vitamin A and control animals 

indicating that hypervitaminosis A had no effect on this 

parenchymal cell function. 

Phagocytic function of the liver is often impaired 

when liver injury is present. The main liver cell 

responsible for phagocytic activity is the hepatic 

macrophage or Kupffer cell. The functional capacity of 

this reticuloendothelial system cell is often assessed by 

determining the rate of plasma clearance of intravenously 

inj ected colloidal SUbstances or other particulate 

materials. These particles, similar to bacteria and 

foreign proteins in hepatic blood, are taken up by 

Kupffer cells by phagocytosis. We were surprised to find 

that the phagocytic function of the reticuloendothelial 

system was actually increased by the effect of excess 

Vitamin A treatment. This was reflected by the shortened 

plasma t1/2 for sulfur colloid clearance and the 

calculated phagocytic index. This observation led us to 
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later develop methods for isolation and culture Kupffer 

cells to study the effects of excess vitamin A on their 

function. 

since hypervitaminosis A did not cause overt liver 

injury, we examined the possibility that excess vitamin A 

loading might alter the hepatic response to known 

hepatotoxicants. We found that excess Vitamin A 

significantly potentiated the hepatotoxicity of carbon 

tetrachloride, endotoxin and acetaminophen, reflected by 

both the large increases in plasma glutamate pyruvate 

transaminase acitivity and in extent of overt liver cell 

necrosis after dosages of these toxicants. The lobular 

distribution of the necrotic lesions, observed by light 

microscopy in the control and Vitamin A-potentiated 

groups, was characteristic for each hepatotoxicant used. 

For example, carbon tetrachloride and acetaminophen cause 

centrilobular necrosis (Recknagel et al, 1977; Michell et 

al, 1973). Vitamin A pretreatment, followed by dosing 

with amounts carbon tetrachloride and acetaminophen that 

produced only minimal centrilobular injury in control 

rats caused extensive centrilobular necrosis in the 

vitamin A treated group. Endotoxin alone caused small 

patchy areas of necrosis without a zonal pattern. With 

vi tamin A pretreatment, the areas of necrosis were 

greater in number and much more extensive in size. We 
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observed no apparent potentiation of galactosamine liver 

toxicity. However, we were not able to reliably induce 

liver toxicity with this compound, and thus believe no 

specific conclusions can be drawn about whether its 

toxicity is also modified by hypervitaminosis A. It is 

interesting to note that toxici ty of allyl alcohol is 

also potentiated by vitamin A (EI-Sisi, Ph.D. 

Dissertation , University of Arizona, 1987) • The 

potentiation of allyl alcohol injury as well as that of 

endotoxin suggest that the effect of vitamin A on liver 

toxicity may be more general than only enhanced formation 

of a specific toxic intermediate. 

To further explore or more completely exclude this 

latter possibility, the hepatic concentrations of 

cytochrome P-450 and non-protein sulfhydryls (mainly 

glutathione) were determined. Several agents have been 

shown to modulate the hepatotoxicity of other chemical, 

by an effect on bioactivation of the chemicals to toxic 

metabolites and/or a depletion of a hepatoprotective 

sUbstance. Since the hepatotoxici ty of carbon 

tetrachloride and acetaminophen depends on their 

bioactivation to reactive metabolites, hypervitaminosis A 

conceivably could potentiate liver toxicity by increasing 

metabolism of the toxicant. Carbon tetrachloride 

metabolizm directly involves cytochrome P450 enzymes. 
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The hydrocarbon undergoes reductive dehalogenation to 

give trichloromethyl radicals (Sipes et aI, 1977) among 

others. These reactive metabolites initiate a series of 

reactions that lead to cell death. Acetaminophen is also 

metabloized by cytochrome P450 enzymes, undergoing an 

oxidation step, to give a highly reactive intermediate 

(Jollow et aI, 1976). Since the liver toxicity of both 

of these compounds was potentiated by hypervitaminosis A, 

we speculated that Vitamin A might increase the amount of 

cytochrome P-450. However, we found that the content of 

cytochrome P-450 in rats with hypervitaminosis A was not 

increased, but instead decreased. Diminished activity or 

amounts of liver cytochrome P-450 in hypervitaminosis A 

has also been reported by other investigators (Miranda 

and Chhabra, 1981; Nomi et aI, 1981). Accordingly, it 

appears very unlikely that hypervitaminosis A 

potentiates hepatotoxicity by increasing cytochrome P-

450-dependent production of reactive metabolites of the 

toxicant, unless it induced the selective synthesis of a 

particular isoform of cytochrome P-450. 

Potentiation of toxici ty of chemical substances 

and endotoxin by vitamin A could also result from 

depletion of hepatoprotective agents. In the metabolism 

of acetaminophen, a reactive toxic intermediate is 

produced. Normally it is detoxified and eliminated by 
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conjugation with glutathione. Experimental, depletion of 

glutathione by diethylmaleate has been shown to 

potentiate hepatotoxicity from acetminophen and allyl 

alcohol (Mitchell et aI, 1973; Ohmo et aI, 1985). In a 

related study by EI-sisi (personal communication) it was 

shown that vitamin A loading did not change the hepatic 

stores of non-protein sulfhydryl compounds, of which 90% 

is glutathione (Ketterer et aI, 1983). Thus, it seems 

highly unlikely that the mechanism by which vitamin A 

potentiates toxicant induced hepatotoxicity is linked to 

either xenobiotic bioactivation or to excessive 

production of toxic metabolites. The different 

mechanisms of bioactivation for carbon tetrachloride and 

acetaminophen plus the observed potentiation of liver 

injury by endotoxin, a hepatotoxin that does not require 

bioactivaton, argue against specific involvement of 

bioactivation or increased formation of toxic chemical 

intermediates in vitamin A potentiated liver injury. 

Although the mechanism whereby hypervitaminosis A 

enhances liver toxicity of chemical hepatotoxicants 

remains unknown, the increased phagocytic function of 

Kupffer cells suggested that these cells might somehow be 

involved. Kupffer cells are fixed tissue macrophages 

that line the sinusoids of the liver. One of their major 

functions is to remove foreign particles and endotoxin 



101 

entering the liver via the portal vein or the hepatic 

artery (Saba, 1982). This phagocytic function is subject 

to constant regulation. For example, Kupffer cell 

activity changes significantly during trauma, disease, 

infection and may also be modified by many artificial 

compounds (Altura, 1980). When there is inflammation in 

liver tissue, mononuclear phagocytes migrate in and, like 

other cells of the reticuloendothelial system, become 

activated. 

In the activated state, both functional and 

biochemical properties of reticuloendothelial system 

cells are altered. Activated macrophages are 

characterized by enhanced antitumor and antimicrobial 

action, altered morphology, enhanced functional capacity 

including chemotaxis, phagocytosis and the release of 

reactive mediators (Adams and Hamilton, 1984). Activated 

macrophages have also been reported to show increased 

tumoricidal and antimicrobial capabilities (Adams and 

Johnson, 1982). Therefore, we hypothesized that enhanced 

Kupffer cell function somehow played an important role in 

vitamin A potentiation of chemically-induced 

hepatotoxicity. To further evaluate this, we carried out 

in vitro studies on highly purified preparations of 

Kupffer cells searching for evidence of an effect of 

hypervitaminosis A on function of the Kupffer cell. 
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We used the method of Knook and Sleyster (1977) to 

obtain highly purified single cell preparations of 

Kupffer cells. The 90% pure Kupffer cells were also 

highly viabile. An excellent yield was obtained by the 

method employed. Identity as Kupffer cells was confirmed 

by positive peroxidase staining and by electron 

microscopy. Knook and Sleyster (1976) showed that 

Kupffer cell ultrastructure, as seen by transmission 

electron microscopy, was preserved after the same type of 

isolation and purification procedures which we employed. 

The functional and metabolic properties of Kupffer cells 

obtained by this method are also normal (Knook and 

sleyster, 1977; Sleyster et aI, 1977; DeLeeuw et aI, 

1983). In addition, the isolated Kupffer cells were 

placed in culture for 24 hours prior to any functional 

study. This was done to eliminate as much as possible 

any deleterious effects of pronase, used in the cell 

isolation, on membrane-related functions of Kupffer 

cells. This approach is based on observations by Munthe

Kass et al (1975) that Kupffer cell membrane 

characteristics are restored during a maintenance culture 

for a period of 24 hours. Also, DeLeeuw et al (1983) 

showed that specific membrane structures and receptors 

are reformed during a 24-hour maintenance cell culture. 

In the current study, evidence for in vi vo 
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activation of hepatic macrophages by vitamin A treatment 

was further confirmed by in vitro studies using cultured 

Kupffer cells. Three Kupffer cell functions were 

examined for evidence of Vitamin A related activation: 

(1) phagocytosis of 51cr-labeled opsonized sheep red 

blood cells, (2) release of superoxide anion and (3) 

production of tumor cytolytic factors. Data from these 

observations indicated that excess vitamin A loading 

caused enhanced Kupffer cell activity. 

will be discussed below. 

Each parameter 

A major function of Kupffer cells is phagocytosis 

and removal of foreign particles in portal blood. 

Phagocytosis is important in the repair and removal of 

damaged cells and tissue debris. A variety of cell 

surface receptors are present on Kupffer cells which 

ensure firm attachment of such substances to the 

macrophage. Examples are the Fc and C3 receptors 

required for the binding and uptake of immunologically 

opsonized material (Munthe-Kass, 1976). The Fc receptor 

is necessary for specific recognition and binding of 

opsonized sheep red blood cells used in this study. 

Binding of opsonized sheep red blood cells to the Kupffer 

cell plasma membrane has been shown to stimulate 

phagocytosis (Griffin et aI, 1975). We found that 

Kupffer cells isolated from vitamin A treated rats 
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phagocytized opsonized sheep red blood cells 

significantly greater than did Kupffer cells from control 

rats. Moriguchi et al (1985) found similar enhancement 

of phagocytosis of opsonized sheep red blood cells by 

peritoneal macrophages activated in vivo by vitamin A. 

other studies have demonstrated enhanced phagocytosis in 

macrophages activated with lipopolysaccharide (Pilaro and 

Laskin, 1986) and also with thioglycollate (Laskin and 

Laskin, 1980). The enhanced activity produced by vitamin 

A treatment could result from changes in the Kupffer cell 

plasma membrane induced by the excess vitamin A or 

possibly from an increase in number or functional state 

of receptors on the Kupffer cell surface. 

"Hyperactivated" Kupffer cells may also have lost the 

ability to recognize and distinguish between self and 

non-self as a result of altered receptor function. As a 

consequence, the inabil i ty to distinguish between the 

subtle differences in degrees of cellular injury (for 

example hepatocytes minimally damaged by toxins) may have 

contributed to the increased liver injury observed in 

hypervitaminosis A. 

During the I resting I state, macrophages produce 

small amounts of reactive oxygen species. However, with 

the onset of phagocytosis, there is a marked increase in 

oxygen uptake and reduction of 02 to form 02- (superoxide 
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anion) • Hydrogen peroxide (H20 2 ) and the hydroxyl 

radical (OH ) can then be generated by 02--dependent 

reactions. Production and release of o~ygen radicals is 

one of the major mechanisms by which macrophages destroy 

engulfed particles (Babior, 1978). This' respiratory 

burst' of macrophages can be increased by exposure to 

certain stimulating mediators or lymphokines secreted by 

lymphocytes (Badwey and Karnovsky, 1980). 

Bhantnagar et al (1981) first observed the release 

of 02 from rat Kupffer cells which had been stimulated 

by zymosan. Increased production of superoxide anion and 

hydrogen peroxide by rat Kupffer cells stimulated with 

cytochalasin E and phorbol myristate acetate has also 

been reported by Matsua et al (1985). Recently, Pilaro 

and Laskin (1986) reported increased °2- release from 

Kupffer cells isolated from rats treated with 

lipopolysaccharide. ThUS, activated macrophages consume 

increased amounts of oxygen and concomitantly release 

reactive oxygen species including superoxide anion, 

hydrogen peroxide, hydroxyl radical and singlet oxygen 

(Babior, 1984). In this study, pretreatment with excess 

vi tamin A enhanced the release of 02 - from rat Kupffer 

cells in response to phorbol myristate acetate. Indeed, 

these oxygen species can cause cellular injury and may 

have contributed to the potentiation of toxin-induced 
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liver injury in hypervitaminosis A. 

In 1981, Nakagawara et al reported that the 

release of oxygen species by cultured human monocytes 

gradually decreased as the cells differentiated into 

macrophages. In addition, LePay et al (1985) 

demonstrated that newly recruited mouse liver 

macrophages, not resident Kupffer cells, release reactive 

oxygen species in response to stimulation. Kupffer cells 

are highly differentiated macrophages, and therefore the 

release of reactive oxygen species by resident Kupffer 

cells might be anticipated to be low. It is possible 

that in our rats with hypervitaminosis A, other non

Kupffer cell macrophages may have migrated into the 

liver. If this is the case, the observed increase in 

production of superoxide anion in hypervitaminosis A 

could reflect a function of newly recruited and activated 

macrophages from blood or other extra-hepatic tissues. 

This possibility appeared unlikely as we did not observe 

any change in the total number of Kupffer cells isolated 

from vitamin A treated and control rats. However, we did 

not try to specifically distinguish between resident 

Kupffer cells and any newly recruited macrophages from 

the blood and bone marrow in response to Vitamin A 

treatment. 

unlikely. 

While this remains a possibility, it seems 
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Activated macrophages are an important part of the 

immune system and carry out phagocytosis, produce enzymes 

and secrete several factors or mediators. Warren and 

Ralph (1986) reported that stimulated macrophages from 

peripheral blood produce increased amounts of interferon, 

a potent antiviral and macrophage activating agent, and 

also tumor necrosis factor, a protein which is cytotoxic 

to many cell lines. Previous studies have shown that 

Kupffer cells demonstrate cytolytic activity against a 

variety of tumor cells in vitro (Keller et al, 1984; 

Sherwood et al, 1986). Kupffer cell cytotoxic activity 

can be stimulated to a significant degree by macrophage

activating agents, such as glucan (Sherwood et al, 1987) 

and various lymphokines (Decker et al, 1985). In the 

present study, we did observe an increase in lysis of 

mouse tumor L929 cells by mediators secreted by Kupffer 

cells from rats with hypervitaminosis A. However, the 

increased cell lysis was not significantly different at 

the 5% level from tumor cell lysis by control 

macrophages. One possible explanation for the apparent 

failure of Vitamin A treatment to stimulate this 

parameter of Kupffer cell function might be the 

inadvertent activation of Kupffer cells prepared from the 

control rats. For example, Keller et al (1984) 

demonstrated lysis of various target cells by non-
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activated Kupffer cells. Similar data have been reported 

by other investigators using macrophages from different 

sites (Keller, 1976). Decker et al (1984), however, 

reported that Kupffer cells isolated from rats housed in 

specific pathogen-free conditions, showed no spontaneous 

cytolysis. The experimental and control animals in our 

study were not housed under specific pathogen-free 

conditions and this fact may have led to activation of 

control rat Kupffer cells from environmental factors. 

Another possibility might be that a small amount of 

lipopolysaccharide, enough to stimulate Kupffer cells, 

was present in the culture media, introduced through 

fetal bovine serum. 

The results of this study have clearly 

demonstrated that hypervitaminosis A effects Kupffer cell 

function. This is a new and previously unrecognized 

effect of vitamin A. The data show that liver 

macrophages from rats with hypervitaminosis A are more 

active than those from control rats and that the 

functionally activated state in vivo persists in vitro in 

culture. Moreover, the cultured cells may be further 

stimulated by agents such as PMA. Other than the 

presence of hypervitaminosis A, there is no apparent 

reason to explain why the retinoid treated rats had 

activated liver macrophages. Thus, one main conclusion 
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from this work is that vitamin A can activate hepatic 

Kupffer cells. In the last phase of the study, 

experiments were designed to give some insight into how 

vitamin A might cause Kupffer cell activation. 

We considered the possibilities that vitamin A 

might either have a direct effect on Kupffer cells or 

could stimulate them indirectly through an effect on 

other immune cells. We found no evidence in vitro for a 

direct activating effect of Vitamin A on Kupffer cells. 

Cultured Kupffer cells were incubated with varying 

concentrations of retinol and also retinyl palmitate in 

tissue culture media. There was no evidence of enhanced 

phagocytic function or other measured parameters of cell 

activation. In fact, high concentrations of retinol 

actually decreased phagocytic function. Fortunately, 

such high concentrations of free retinol do not appear to 

be achieved in vivo. Under normal physiological 

conditions, retinol in blood is bound to retino1-binding

protein and is transported in this complex to the cell 

plasma membrane where it is removed and translocated to 

intracellular receptor proteins (Kanai et al, 1968). It 

had been previously shown that Vitamin A does enter into 

cells in this type of a culture system (Barkai and 

Sherman, 1987; Drevon et al, 1985). 

Both in vivo and in vitro studies have previously 
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shown that excess vitamin A, presented non-specifically 

to biological membranes, results in alteration of 

membrane integrity. This effect is thought to cause 

increased permeability and decreased stability of the 

membrane system. This effect may be due to the surface

active properties of Vitamin A (Goodman, 1981). 

Accordingly, we tried to bypasss a direct effect of 

vi tamin A on the plasma membrane by delivering the 

retinol intracellularly, encapsulated in liposomes. When 

compared to the effects of empty-liposomes there was no 

enhancement of Kupffer cell function by retinol-loaded

liposomes. 

In contrast to a lack of stimulation from the 

direct addition of vitamin A to Kupffer cells, we found a 

significant enhancement in Kupffer cell function 

following exposure to conditioned supernatant derived 

from T-lymphocytes of rats with hypervitaminosis A. This 

finding suggests that vitamin A loading stimulates T

lymphocytes to secrete soluble factors or lymphokines 

that enhance Kupffer cell function. Lymphokines have 

been reported to induce changes in macrophage morphology 

and function. These changes include greater adherence to 

the culture vesicle, increased metabolic activity (Nath 

et aI, 1973), and enhanced antimicrobial activity 

(Krahenbuhl et aI, 1973). After in vitro activation by 
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lymphokines, cultured human blood macrophages have been 

demonstrated to release increased amounts of 02- and H202 

(Nakagawara et al, 1982). In addition, Moriguchi et al 

(1985) have demonstrated that excess vitamin A stimulates 

lymphocytes to increase the incorporation of 

[3H]thymidine into DNA. The results of this dissertation 

proj ect strongly suggest that vitamin A stimulation of 

lymphocytes to produce macrophage activating lymphokines 

may be one of the mechanisms responsible for enhanced 

Kupffer cell function in subacute hypervitaminosis A. 

In summary, the initial goal of this project was 

to develop an animal model of vitamin A liver toxicity 

and if possible to define the mechanism causing vitamin A 

liver injury. Short term treatment with high doses of 

vitamin A did not by itself produce severe liver injury. 

We cannot exclude the possibility that longer exposure to 

excess vitamin A might itself cause some injury to 

hepatic parenchymal cells. Subacute hypervitaminosis A 

did result in marked potentiation of hepatic injury by 

other known hepatotoxic sUbstances. It is thus possible 

that advanced liver diseases reported in humans with 

chronic hypervitaminosis A is really a manifestation of 

liver injury from small dosages of drugs or toxicants in 

the environment being potentiated by excess vitamin A. 

This interpretation is compatible with the observation 



112 

that only a small number of persons who ingest excessive 

vi tamin A actually develop clinical evidence of liver 

injury. 

The mechanism causing potentiation of toxicant 

induced liver injury did not seem to be caused by a 

commonly recognized pathway of enhanced drug toxici ty • 

The two specifically evaluated included enhanced drug 

bioactivation and loss of a hepatoprotective substance. 

In contrast, the results focused attention on a potential 

causative role for the hepatic Kupffer cells which were 

activated in rats with hypervitaminosis A. Preliminary 

studies suggested that hypervitaminosis A caused Kupffer 

cell activation indirectly by stimulating increased 

release of lymphokines from T-lymphocytes. 

The possibility that activated Kupffer cells might 

play a role in potentiating liver injury is intriguing 

since Kupffer cells are normally thought to have a 

protective function, i.e. removal of endotoxin, bacteria 

and foreign macromolecules from the portal blood. The 

mechanism by which activated Kupffer cells potentiate 

hepatic injury is not clearly defined. In this work we 

found increased amounts of malondialdehyde in 1 i ver in 

vivo in vitamin A loaded rats. Evidence was also found 

that hypervitaminosis A increased ethane production in 

breath of intact rats (El-Sisi, Ph.D. dissertation, 
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University of Arizona, 1987). These observations suggest 

the presence of abnormally great lipid peroxidation. 

Therefore, one possible mechanism for potentiation of 

liver injury in hypervitaminosis A would be through 

increased lipid peroxidation, resul ting from increased 

amounts of Kupffer cell production of reactive oxygen 

species. 

It is also possible that excess vitamin A caused a 

subtle form of injury to liver parenchymal cells not 

detectable by methods used in this study. Minimaly 

injured parenchymal cells could be more sensitive than 

normal to injury by mediators such as superoxide secreted 

by the activated Kupffer cells. For example, when 

Kupffer cells were stimulated in vivo by a phagocytic 

challenge, Bradfield and Souhami (1980) demonstrated a 

wave of regenerative proliferation among liver 

hepatocytes. They suggested that the parenchymal cell 

regenaration was stimulated by diffuse hepatocellular 

damage brought on by the large phagocytic burst of 

Kupffer cells. Lastly, excess vitamin A might retard or 

inhibit repair of sublethal cell injury and thereby 

result in increased parenchymal cell death. 

In conclusion, we developed a rat model of 

subacute hypervitaminosis A and found no gross evidence 

of liver injury. However, liver injury following low 
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doses of a variety of exogenous and endogenous 

(endotoxin) toxins was markedly potentiated by subacute 

hypervitaminosis A. This observation raises the 

possibility that persons who have been described with 

advanced liver disease and hypervitaminosis A may 

actually have had some exposure to an environmental 

toxin. In this regard, it was reported that vitamin A 

potentiates ethanol-induced liver injury (Leo and Lieber, 

1983). Acetaminophen, which we used as a toxicant, is a 

widely used analgesic/antipyretic drug. Ethanol abuse is 

known to potentiate liver toxicity of acetaminophen in 

humans. It is interesting to speculate that unsuspected 

liver injury from use of such drugs as acetaminophen 

and/or ethanol may underlie the fibrotic liver disease 

reported in humans with hypervitaminosis A. 

The mechanism causing vitamin A potentiation of 

liver injury remains unclear. Our observation that 

Kupffer cells were activated in hypervitaminosis A and 

that they produce increased amounts of toxic substances 

such as reactive oxygen species raises the distinct 

possibility that activated Kupffer cells may play a 

contributing role or enhance liver injury. This 

possibility is important since a number of drugs can 

increase immune system and Kupffer cell function and 

therefore might also potentiate liver drug toxicity. 



APPENDIX I: Gey's Balanced Salt Solution 

Gey's Balanced Salt Solution (GBSS) -

Perfusion and Elutriation Medium : 

~ 

NaCI 8000 

KCI 370 

MgS04 ·7H2O 70 

NaH2po4·2H20 150 

caC12 ·2H2O 220 

NaHC03 227 

KH2P04 30 

MgCI2 ·6H2O 210 

Glucose 1000 

pH = 7.4 

Osmolarity = 275-285 mOsm 

sterilize by filtration and store at 4 oC. 
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APPENDIX II: complete Culture Media 

Complete Culture Media consisted of Iscove' s Modified 

Dulbecco's Medium supplememted with : 

10 % heat inactivated fetal bovine serum 

100 U penicillin / ml 

100 ug streptomycin / m1 

12.5 ug fungizone / ml 

2 mg NaHC04 / ml 

pH = 7.28 

Sterilize by filtration and store at 4oC. 
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