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ABSTRACT 

Administration of large doses of retinol (75 mg/kg/day) results 

in potentiation of carbon tetrachloride-induced hepatic damage in 

rats. Further studies from our laboratory suggest that one of the 

primary mechanisms responsible for potentiation may involve the 

increased release of tumor necrosis factor (TNF) from act i vat e d 

Kupffer cells (KC). The exact mechanism of KC activation in this 

model is unknown. However, recent studies suggest that retinol 

pretreatment elevates plasma endotoxin levels and increases the 

proliferation of gram negative bacteria in the small intestine (SI). 

Therefore this dissertation project was designed to investigate the 

ability of other retinoids to potentiate chemically-induced hepatic 

damage and to investigate the involvement of TNF and endotoxin In 

retinol potentiation of CC4 -induced hepatic damage. Inorder to 

conduct these studies, male Sprague Dawley rats (250 g) received 

retinol for 7 days by oral gavage. On day 8, either CC4 (200 ullkg) 

or BrCCl3 (20 ullkg) was administered i. p. On day 9, the animals 

were killed via C~ asphyxiation. Plasma samples were collected for 

analysis of TNF levels (ELISA), endotoxin levels (Limulus 

Ameobocyte Assay) and alanine aminotransferase (ALT) activity. 

Inhibition of KC activity was achieved by the administration of GdCl3 

(10 mg/kg). Neutralization of TNF was achieved through the 

administration of a monoclona/polyclonal TNF antibody (250 u 1/2 7 5 

gram rat). Neomycin/polymyxin B (250 mg120 mg) were used for 
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endotoxin inhibition (EI). Retinol, retinoic acid or retinyl palmitate 

pretreatment potentiated significantly (p<O.05) CC4 or BrCCI3-

induced hepatic damage. Retinol pretreatment elevated significantly 

( p<o.05) plasma levels of TNF and endotoxin. 

also increased the growth of SI gram 

Retinol pretreatment 

negative bacteria. 

Administration of KC inhibitors, TNF antibody or EI reduced 

significantly (p<O.05) the degree of potentiation (98%, 58%, 55% 

reductions, respectively). These studies suggest that retinol-induced 

proliferation of SI-derrived gram negative bacteria and subsequent 

elevation of plasma endotoxin may activate Kupffer cells to release 

high levels of TNF. These high levels of TNF play an important role 

in retinol potentiation of CC14-induced hepatic damage. 
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CHAPTER ONE: INTRODUCTION 

Part One Retnoids: The biological significance 

and therapeutic importance of retinoids 

History 

In the early part of the 19th century, a fat soluble extract from 

egg yolk was discovered and initially termed fat-soluble A. This 

compound, now known as Vitamin A or Retinol, is also found in 

cruciferous vegetables, animal fats and fish oils. It has been shown 

to be essential for the regulation and modulation of many biological 

processes such as normal differentiation, growth and maintenance of 

epithelial tissues, normal development of embryonic tissues, proper 

mobilization of eBBential bone elements, formation of rhodopsin for 

proper visual function and proper development and separation of the 

skin layers. Of these retinol regulatory processes, proper visual 

function, embryonic development and tissue homeostasis are the 

most ~ocumented. Also, the metabolites and analogs of retinol 

(Bollag et a!., 1983; Biesalski, 1989) have been shown, in a variety of 

situations, to be as active as the parent compound. A list of the 

various retinoids and structures are presented viewed in Figure 1. 

Functionally, retinoids are considered to be any natural or 

synthetic compound with Vitamin A modulatory or regulatory 

activity. Chemically, retinoids are a group of compounds known as 
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Figure 1 and la. Retinoid Structures: This Figure displays the 

various natural and synthetic structures undergoing biomedkal 

research and clinical/therapeutic investigations. Natural retinoids 

are as follows: retinol, retinyl acetate, all-trans-retinoic acid, all

trans-4-oxo-retinoic acid, 13-cis-retinoic acid, 13-cis-4-oxo-retinoic 

acid, 4-hydroxy-retinoic acid, 7,8-dehydroretinoic acid. Synthetic 

retinoids are as follows: Am 580 (Ro 40-6055), Ro 1 5 - 0 778 

(Temarotene), Ro 13-7410 (TINPB), Ro 10-9359 (Etretina te), Ro 13-

7652, Ro 11-1430 (Motretinide) (Sporn, Roberts and Goodman. The 

retinoids: biology, chemistry and medicine. 2 ed. 1994.). 
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diterpenoids that are derived from a monocyclic parent compound 

which contains five carbon to carbon double bonds and a functional 

group at the terminus of the acyclic portion (Sporn et aI., 1976). In 

addition, many of the synthetic retinoids, such as triacyclic or 

tetracyclic retinoidal benzoic acid derivatives, do not have 

diterpenoidal chemical structures or were not derived from 

monocyclic parent compounds (Kraemer et al., 1988; Bollag et aI., 

1992). Metabolites anellor derivatives of retinol (e.g. retinoic acid, 

retinal) also tend to function in the same regulatory manner. In fact, 

retinol metabolites, in a variety of cases, are even more reactive than 

the parent compound. The retinoids receiving the mos t attention are 

retinol (retinoid alcohol): the parent compound, retinoic acid: the 

primary metabolite involved in proper tissue growth and 

development, retinyl palmitate (retinyl ester): the major hepatic 

storage form. of retinol and retinal (retinaldehyde): the primary 

metabolite involved in proper visual function (Bernstein et aI., 1987; 

Saari et al., 1991). 

Metabolism 

The natural retinoids present in mammals generally exist in 

the form. of alcohols, acids, esters or aldehydes with their 

configurations being either all-trans, 13-cis or 11-cis (Blomhoff et 

al., 1985a,1992). In order to obtain these various forms of retinoids, 

metabolism of the parent compound must take place. Following the 

intake of retinol substrates (performed dietary retinoids or 
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carotenoids), retinol is absorbed in the intestinal mucosa. It is then 

packaged as retinyl ester in nascent chylomicrons and transported to 

the liver, the major storage site for endogenous retnoids, via the 

lymphatic system (Goodman et al., 1965; Blomhoff et al., 1982). 

Retinol is delivered to target tissues through the circulation by 

retinol-binding-protein complex (Goodman et al., 1984). Once inside 

the target tissues, retinol usually undergoes two different types of 

modifications. Retinol is biotransformed to retinoic acid and/or 

retinyl aldehyde (Goodman et al., 1984). Retinol can be esterified 

(e.g. retinyl palmitate) for storage in fat storing cella, also known as 

stellate or ito cells (Goodman et al., 1984). Only minuscule amounts 

of ret inoi c acid are obtained through dietary consumption. The 

amount of retinoic acid that enters circulatory system is closley 

regulated. The predominant source of retinoic acid is endogenous 

metabolism of retinol or retinyl esters. The newly formed retinoic 

acid can then be directed to its site of action via retinoic acid binding 

proteins and retinoic acid receptors (Kalin et aI., 1981; Napoli et aI., 

1987). An overview of the intestinal uptake, hepatic uptake, and 

product formation of retinoids is presented in Figures 2-4. 

Functionally, the formation of these retinoid metabolites is 

structured around an essential interrelationship. That relationship is 

based on the fact that retinoids can replenish or deplete their stores 

depending on the biological need of the tissues (e.g. the process of 

retinyl ester forming retinol, which then forms retinaldchyde is a 

reversible metabolic process depending on the need for rhodopsin or 
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Figure 3. Hepatic Uptake Of Retinoids: This figure displays the 

hepatic uptake of retinoids in chylomicrons; the liberation 0 f 

retinoids from chylomicrons; the processing, storage and circulatory 

distribution of retinoids from the liver. RPH = retimyl palmitate 

hydrolase; ACRAT = acyl-CoA retinol acyltransferase; RBP = retinol 

binding protein. 
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Figure 4. Product Formation Of Retinoids: This figure displays 

examples of the endogenous products that result from retinoid intake 

and metabolic modification. 
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the abundance of unbound retinol) (Bernstein et al., 1986; 

Bhattacharya et al., 1992). Retinyl esters are the storage form of 

retinoids and can be obtained through dietary intake. The most 

abundant forms of natural retinyl esters are long-chain esters such 

as palmitic, steric, oleic and linoleic acids. Short-chain retinyl esters, 

such as retinyl acetate are not endogenous retinoid products (Cullum 

et aI., 1985). The formation of endogenous retinoids tends to follow a 

linear pathway. Retinyl esters are de-esterified to form retinol. 

Retinol can then be oxidized to form retinaldehyde or retinoic acid 

(Eckhoff et al., 1990; Lee et al., 1991). The following paragraphs will 

discuss the formation of these essential retinoid metabolites. 

In the ocular tissues, retinaldehyde produces the essential 

chromophore necessary for the formation of the visual pigment 

rhodopsin. The majority of data in the literature support the idea 

that the oxidation of retinol to retinaldehyde is catalyzed by a 

microsomal enzyme (Shih et aI., 1991). However, a variety of 

membrane-bound dehydrogenases have the ability to catalyze the 

interconversion of retinoids via oxidation/reduction. One isozyme, 

located in the distal segments of the rods, catalyzes the formation of 

all-trans retinaldchyde from all-trans retinol (Nicota et aI., 1976; 

1982, Blaner et al., 1980). Another dehydrogenase isozyme, located 

in the retina pigments, catalyzes the stereo specific formation of 11-

cis retinaldchyde from ll-cis retinol (Blaner et aI., 1980). Therefore, 

it is apparent that soluble alcohol dchydrogenases may play a role in 
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The only 

other essential function of retinaldehyde is that it also serves as the 

intermediate compound for the enzymatic oxidation of retinol to 

retinoic acid (Olson et at, 1983). 

Retinoic acid is the biologically active metabolite involved in 

the cellular proliferation/differentiation in a variety of tissues. Both 

all-trans and 13-cis retinoic acid are produced endogenously. Both 

forms of retinoic acid mediate their regulatory/modulatory activities 

through the activation of ligand-dependent transcription factors with 

retinoic acid being the essential ligand (Levin et a!., 1992). The exact 

biochemical process by which retinoic acid is formed in tissues has 

not been definitively established. Presently, the accepted hypothesis 

is that retinol is rust oxidized to retinaldehyde, which in turn is 

oxidized to retinoic acid. Therefore, the oxidation of retinol to 

retinoic acid is analogous to the oxidation of ethanol to acetaldehyde 

and subsequently acetic acid (McCormick et aI., 1983; Leo et aI., 

1984). Mezey and Holt (1971) showed that alcohol dehydrogenase 

could convert retinol to retinaldehyde. In 1984, Frolik showed that 

aldehyd~ oxidase can convert retinaldehyde to retinoic acid. Also, 

Leo and Lieber (1984) showed that animals deficient in these 

enzymes exhibited a significantly lower rate of retinoic acid 

formation. Thus, it is obvious that along with microsomal enzymes, 

alcohol dehydrogenases and aldehyde dehydrogenases/oxidases are 

involved in the formation of endogenous retinoic acid from retinol. 
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Therapeutic uses of retinol 

Retinoids display a high level of modulation/regulation of 

epithelial and other proliferating cell types. Because of these facts, 

the use of retinoids for the clinical/therapeutic treatment of a 

multitude of skin disorders was regarded as a novel breakthrough. 

Individuals with previously untreatable dermatological conditions, 

such as diseases of hyperkeritinization ( e.g. ichthyoses, Darier's 

disease), severe psoriasis and cystic acne, could now receive some 

therapeutic benefit through the use of retinoids (e.g. 13-cis retinoic 

acid also termed isotretinion, etretinate or all-trans retinoic acid also 

termed tretinoin). 

Treatment Of Hyperkeritinization 

In 1978, Peck and Yoder showed that isotretinoin was effective 

in the treatment of keritinization disorders. It has also been shown 

that etretinate is also effective (Orfanos et ai., 1987). It appears that 

isotretinoin may be somewhat more effective than etretinate in the 

treatment of these keritinization disorders, Darier's disease in 

particul~(Peck et aI., 1981; Goldsmith et al., 1982). It al so appears 

that patients treated with isotretinoin exhibit long term remission 

after discontinuation of of treatment, suggesting a very lasting 

therapeutic effect (Goldsmith et al., 1982). However, etretinate was 

shown by Burge, 1989, to be more effective than isotretinoin in the 

treatment of ichthyosis. Following treatment , individuals exhibited 

a significant reduction in scaling, increased epidermal heat tolerance, 
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improved ectropion and increase in the ability to sweat (Peck et ai., 

1981; Lowhagen et a1., 1982). 

Treatment Of Psoriasis 

The treatment of psoriasis with retinoids is generally a long 

term therapeutic regimen. This treatment regimen is necessary since 

relapses of the disease eventually occur if treatment is discontinued 

(Ward et ai., 1983). In this case retinoid toxicity becomes a concern. 

Etretinate is the retinoid of choice for the treatment psoriasis, which 

is one of the more severe dermatological diseases. This disease is 

characterized by the formation of pustules and the infiltration of 

neutrophils into the epidermis. Neutrophi1s may infiltrate into the 

epidermis in response to chemotactic factors present in the stratum 

corneum (Michie et a1., 1988). The action of retinoids on 

desmosomes leads to the shedding of stratum corneum cells 

containing the chemotactic factors. This cellular shedding would 

decrease the the response of neutrophils to chemotactic factors, 

leading to a decrease in epidermal damage (Sofen et aI., 1984; 

Strauss et ai., 1984). 

Treatment Of Cystic Acne 

The most noted dermatological condition which uses retinoid 

therapy is acne. Back in the early 70's, topical tretinoin as well as 

oral isotretinoin were shown to be effective in the treatment of acne. 

Infact, following the termination of retinoid treatment, individuals 
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It is believed that the 

retinoids exert the therapeutic effect by inhibiting sebum secretion. 

In some cases mild relapses may take place, more so in young 

adolescents than in adults. In cases such as these, a short trial of 

conventional retinoid therapy is very effective (Rubenow et aI., 

1987). In addition to the inhibition of sebum production, the 

mechanisms responsible for the therapeutic effects of retinoids may 

include anti-inflammatory effects, anti-bacterial effects, and 

desquamative effects on poral occlusion (Camisa et aI., 1982; King e t 

a!., 1982; Leyden and McGuire, 1982). 

The previous paragraphs have discus sed the more co mm 0 n 

uses for retinoid treatment. In recent years, more attention has bee n 

given to the potential use of retinoids in the treatment and! or 

prevention of cancer. Investigations conducted in a variety of 

laboratories have suggested that retinoids have antineoplastic effect s 

against certain cancerous conditions. In the early 1970' 5. 

experiments conducted by Stuttgen et aI., (1975) encouraged the 

concept of retnoid use as an antineoplastic agent or an anticancer 

agent. By the 19808, as a result of numerous laboratory 

investigations, it had become clear that retinol had the ability to 

provide a prophylactic effect on the development of epithelial 

cancers. For example, in 1976, Lasnitzki, Chopra and Wilkoff 

demonstrated that retinoid administration can reverse the 

premalignant changes in the epithelium. of mouse prostrate glands In 

organ culture. They also demonstrated that retinoid treatmenl 
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surpresses malignant cellular transformation regardless of the 

transformational-inducing agent. Also, Verma (1979) and Bollag and 

Matter (1981), demonstrated that the tumor promotion cascade 

initiated by phorbol ester exposure could be inhibited by retinoid 

administration. These and other results suggested that retinoid 

treatment may be beneficial in human cancer patients. A few years 

later, reports that retinoids were helpful in the treatment of non

melanoma skin cancer, premalignant skin cancer and non-epithelial 

malignancies demonstrated its usefulness in human patients. 

Cancer Treatment Overview 

When a compound is termed anti-neoplastic, anti-cancer 0 r 

chemopreventive, its is generally thought to either block neoplastic 

initiation or arrest/reverse the progression of transformed cells to 

malignant cells. Theoretically, the elimination of exposure to 

identifiable carcinogens is not feasible. Therefore the 

chemopreventative agent should enhance the physiological processes 

that protect the organism against the growth of neoplastic and 

preneoplastic cells (Bollag et aI., 1970). Retinoids are prime 

candidates for cancer chemoprevention and post malignant therapy 

because they regulate cellular proliferation and differentiation, and 

since a primary characteristic of cancer is abnormal cellular growth 

with a loss of differentiation. Thus, if an individual is deficient in 

retinol, clinically, they will display growth retardation, degeneration 

of reproductive organs, metaplasia of the dermal layers and 
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hyperkeritnization of epithelial cell layers (Hicks, 1980; Harris et aI., 

1992). Studies have shown that animals deficient in retinol are also 

more susceptible to chemical carcinogens when compared to non 

deficient animals (Rodgers et at, 1973; Cohen et a!., 1976). 

Treatment with retinol has been shown to inhibit carcinogen-induced 

epithelial changes in a variety of tissues (Hicks, 1983; Moon and Itri, 

1984). Therefore, it is conceivable that the administration of 

retinoids, either alone or m combination with other chemopreventive 

agents, can provide some therapeutic benefit concerning the 

development and progression of carcinogenisis (Smith et aI., 1992). 

Because retinoids have demons trated anti -neopla s tic and 

chemopreventive activity in the initial studies, further studies were 

developed to investigate the tis sue/organ specificity of retinoid 

induced anti-neoplastic activity. 

Dermal Malignancies 

Bollag and Matter, (1981) and Boutwell (1983) have conducted 

a large number of studies involving retinoids and skin carcinogenisis. 

Using the two-stage skin carcinogenesis model, the investigators 

demonstrated that retinoids inhibit phorbol ester-promoted skin 

malignancies. The investigators also established a therapeutic index 

for retinoids in which efficacy against skin cancer could be related to 

toxicity. This enabled researchers to compare the effectiveness of one 

retinoid to another with respect to dermal effectiveness (Ronald 

Marks et aI., 1991). 
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Respiratory Malignancies 

There is not much information concerning retinoids and 

respiratory malignancies. However, Nettesheim et aI., (1976) 

demonstrated that retinoid treatment could inhibit the development 

of tracheobronchial malignancies induced by 3-methylcholanthrene. 

Urinary Tract Malignancies 

In 1977, Sporn demonstrated that retinoids had an inhibitory 

effect on the development of bladder cancer in the rat multistage 

model: Initiation, promotion, progression. The investigation showed 

that retinoid administration, along with inhibiting the deve lopment 

of malignancies, reduced the severity of bladder neoplasms induced 

by the administration of methyl nitrosourea. Studies conducted by 

Moon et aI., (1984) demonstrated that retinoid administration 

reduced the incidence and severity of transitional cell carcinomas, as 

well as other proliferative lesions. Further studies indicated that the 

administration of retinoids could be extensively delayed (hours to 1 

day) following the last exposure to the nitrosoamine without loosing 

the ability to inhibit bladder carcinogenesis. 

Along with the natural retinoids, analogs of these compounds 

have been shown to have anti-neoplastic activity. Of these analogs, 

the retinamides are highly notable. The retinamides are a group of 

retinoid analogs in which the terminal carboxyl group of retinoic acid 

is replaced by an N-substituted carboxy amine group. In contrast to 



natural retinoids, retinamides retain the 

natural compounds with significantly 

(DeWys et aI., 1986). 
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biological activity of the 

reduced toxic side-effects 

It is clear that both synthetic and natural retinoids are 

effective in the inhibition of urinary tract malignancies in rodents. If 

these compounds are to be used in the treatment or prevention 

urinary tract neoplasms in humans, then the ability of retinoids to 

delay further neoplastic growth of pre-existing malignancies is of 

critical importance (Russell et aI., 1981; Mabarle et aI., 1985). 

Hepatic Malignancies 

Very few studies concerning retinoid treatment and hepatic 

malignancies have been reported to date. The majority of the studies 

have suggested that retinoids are ineffective in preventing the 

development of hepatic neoplasms. For example, Newberne (1977) 

reported that retinoids have no effect in preventing the development 

of aflatoxin-induced hepatic malignancies. However, Mairoana and 

Gullino (1980) demonstrated that retinoid administration could 

reduce the incidence of spontaneous hepatomas in mice, but the 

doses may approach the toxic threshold. 

Gastrointestinal Malignancies 

ineffective in Studies, to date, have shown that retinoids are 

preventing the development of gastrointestinal tract neoplasms. 

McGaughey and Jensen (1980) demonstrated that retinoid 
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administration enhanced the number of polycyclic aromatic 

hydrocarbon-induced neoplasms of the oral mucosa. Rodgers (1973) 

and Silverman (1981) have shown that retinoid treatment appears to 

be ineffective in the treatment of colon cancer. 

Mammary mali gnancie s 

Investigations in rodents have clearly demonstrated tha t 

retinoids inhibit the development of mammary malignancies induced 

by methylnitrosourea or dime thy lbenz anthracene. Moon (1985) and 

McCormick (1982) have shown that retinoids increase the latency 

period of initial tumor appearance and reduce overall tumor 

incidence. The retinod analog, ret inamide , appears to be significantly 

more potent and less toxic than its retinol counterpart. 

Epidemiological and experimental data have supported the idea 

of retinoid use as an anti-neoplastic agent. These data h a v e 

demonstrated that retinoid treatment is effective in preventing the 

development of specific malignancies such as dermal, mammary and 

urinary tract cancers. However, retinoids have not yet been accepted 

as a universal anti-neoplastic agent due to tissue/organ specificity 

and toxic side effects. The development of retinoid analogs, such as 

retinamide, which retain a high level of effectiveness but exhibit a 

significant reduction in toxic side effects, may establish a more 

promising future for retinoids to be used as clinical chemopreventive 

agents. 
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Retinol Toxicities 

In every form of therapeutic treatment concern is focused on 

potential development of toxic side-effects. The ingestion of high 

doses of retinol can result in: nervousness, drowsiness, nausea, 

vomiting, fatigue, lethargy, cutaneous erythema, conjunctival 

inflammation, blurred vision, mild bone resorption, reproductive and 

developmental inhibition, che li tis , hair loss, hyperlipidemia. The 

liver is highly susceptible to retinol toxicity Since it is the primary 

storage site for retinol. The most severe manifestation of 

hepatotoxicity is liver failure. However the more noted toxicities are 

elevated serum transaminase activities and the development of 

steatosis (Newbernc et aI., 1977; McCormick et aI., 1982). Also, the 

effect that retinoid treatment may have on other chemicals and 

chemical toxicities is not well documented and is of great concern to 

the medical community. Whether retinoids, through interactive 

toxicology, can increase or decrease the toxicities of other chemicals 

requires further investigations. 



Part Two Chemically-Induced Hepatotoxicity: The 

Development Of Carbon Tetrachloride Or 

Bromotrichloromethane Induced Hepatic 

Damage 

Description And Uses Of Carbon Tetrachloride 

4 1 

Carbon tetrachloride (CC14) is a clear, heavy liquid with a 

distinguishable odor. It does not leech heavily into the solid 

environment due to its high propensity for evaporation. The 

majority of the environmental CC14 is fOlmd in the atmosphere as a 

gas, however trace amounts have been found in water. 

CCl4 is not a natural chemical. It is produced by exhaustive 

chlorination of a variety of low molecular weight hydrocarbons such 

as carbon disulfide, methanol, methane, propane, and ethylene 

dichloride. it is also produced by thermal chlorination in the 

product~on of tetrachloroethylene. 

Carbon tetrachloride has a variety of trade names such as 

B enzinoform, F as cicilan, Flukoids, Freon 10, Halon 10, Tetraform and 

Tetrasol. Other synonyms for this compound are as follows: Carbona, 

Carbon chloride, Carbon tet, Methane tetrachloride, 

Perchloromethane, Tetrachloromethane. 
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In the early 1900s, CC14 was produced extensively as a 

refrigerant or as an aerosol propellant. CCl4 was also used as a 

cleaning fluid, both in industry, where it served as a degreasing 

agent, and in the household, where it served as an all-purpose spot 

remover. In the mid 1900s CC14 was used therapeutically for the 

treatment of intestinal worms (Hall, 1921). Also, due to its 

neurological effects it was briefly used as an anesthetic (Harden, 

1954). Because of its non-combustibility, CC14 was also used as a 

stabilizing agent in rue extinguishers until the 1960s. CC14 was also 

used as a fumigant to kill insects contaminating grain, but was 

discontinued in 1986 due to its potential as a hazard to harvesters 

and consumers. Presently CCLt is primarily used as an industrial 

solvent. 

Exposure To Carbon Tetrachloride 

Because CC14 has been used as a therapeutic agent, Indus trial 

solvent and a domestic cleaner, a considerable amount of data on its 

biological effects in humans have been reported. 

In humans, CC14 elicits toxicity primarily in three organ 

systems; the central nervous system, kidneys and liver. The 

toxicities take place following inhalation, oral or dermal exposure. 

The majority of these toxicities observed in humans parallel those 

observed in animal models, with the more prominent effects 

manifested in the liver following oral exposure. However, animal 

studies have demonstrated species variability in toxicity (Bell et ai., 
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1985). The species variability is believed to be related to differences 

in the bioactivation of CC14 to reactive metabolites (Sipes et al., 1977; 

Bratten et al., 1985). 

Inhalation Exposure 

Following inhalation of CC14 vapors, a variety of lung toxicities 

can develop. Pulmonary toxicities are usually manifested as marked 

hemorragic congestion, edema and sloughing of epithiliaI cells lining 

the respiratory tract (Boyd et al., 1980). 

Oral Exposure 

Oral exposure to CC14 elicits more dramatic patterns of toxicity 

when compared to the other routes of exposure. Pulmonary toxicity 

ul!lually develops as hemorrhaging and edema (Bruckner et al., 1986). 

Animal studies conducted by Gould and Smuckler (1971) showed 

that oral exposure to 400 mg/kg of CC14 resulted in marked 

pulmonary edema and hemorrhage and HoHanger (1982) showed 

that 160 mg/kg (CC14) caused respiratory epithelial cell 

degener~tion. The gastrointestinal effects of oral CC14 exposure ( as 

low as 10 mIs) include nausea, vomiting and abdominal pain (Gamer 

et aI., 1969). The renal dysfunction, in animals and humans, IS one of 

the more prominent toxicities following CC14 ingestion. Typically, 

oliguria, anuria, edema, hypertension and glomerular degeneration 

develop (Jennings et al., 1953; Guild et al., 1958). The proximal 

tubular epithelium appears to be the target of toxicity, where the 



cells become swollen, granular and necrotic (Jennings et at, 

Kluwe et ai., 1981). 
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1953; 

The most prominent and widely studied target organ for CCl4-

induced toxicity IS the liver. CC14-induced hepatic damage is 

manifested as severely swollen liver, hepatic vacuolization, severely 

elevated plasma liver enzymes, degeneration of liver proteins and 

centrilobular necrosis (Jennings et aI., 1953; Kluwe et ai., 1981). 

Following oral CC14 exposure, one can also observe the degeneration 

of hepatic endoplasmic reticulum, inhibition of metabolic enzymes, 

accumulation of tri glyceride s, alterations in mi tchondria I 

permeability and shifts in electrolyte flux. The toxic events which 

occurr most frequently are lipid imbalance, inhibition of protein 

synthesis and lipid perxidation. CC14 lowers the levels of lipoproteins 

by effecting the synthesis of the protein moeity and prohibiting the 

secreation of lipoprotein from hepatic cells. This exposure also 

inhibits de novo protein synthesis by preventing the incorporation of 

critical amino acids in the synthesizing process. Also, exposure to 

CCl4 can result m lipid peroxidation via interactions with free 

radicals. produced from CC14 metabolism. The accumulation of the se 

events leads to a fatty, necrotic, dysfunctional liver. In the past, 70 

mglkg was administered for the treatment of hookworm. Even this 

small dose of CC14 resulted in a steatitic liver, elevated plasma 

enzymes and hepatic necrosis (Docherty and Burgess, 1922; Harden 

1954). Animal studies have shown that doses from 15 mglkg to 500 

mglkg can elicit very similar hepatotoxic responses as previous I) 
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mentioned (Butler et aI., 1961; Detoranzo et aI., 1978a; Cagen et al., 

1979; Kenel et al., 1985b). 

Dermal Exposure 

Basically, the toxicities which develop following exposure to 

CCl4 through dermal application are similar to the toxicities which 

develop following oral exposure in both animals and humans. 

Metabolism And Elimination of Carbon Tetrachloride 

Investigations have shown that CC14 is metabolized by a 

specific cytochrome P-450 isozyme, P-450 lIEI, to form a 

trichloromethyl radical (Recknagel and Glende, 1973). The homolytic 

cleavage of the carbon-chloride bond yields a trichloromethyl radical 

which is thought to cause hydrogen abstraction at the methlylene 

group of polyenoic fatty acids (Camporti et aI., 1985). This results in 

the formation of free raicals. These radicals rapidly react with 

molecular oxygen to produce peroxyl radicals and peroxides (Butler 

et aI., 1961). CC14 can act as a suicide substrate, resulting in the loss 

of P-450 lIEI. The mechanism of P-450 lIEI loss may result from a 

variety of actions such as direct attack of radical species on the 

isozyme or highly localized lipid peroxidation which results in the 

detachment of the isozyme from its membrane stores (Sipes et aI., 

1977; Camporti et aI., 1985). 
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Description And Uses for Bromotrichloromethane 

Bromotrichloromethane (BrCCI3), an analog of CCl4, is volatile 

colorless, dense and non-combustible (Aida et aI., 1987). 

Bromotrichlormcthane has also been refered to as 

trichlorobromomethane and monobromotrichloromethane. BrCCl3 

exists in the liquid state and is primarily processed through synthetic 

production (McGirr et aI., 1990). It can be formed chemically through 

the reaction of trichloromethane and aluminum bromide (Bouwer et 

aI., 1981; Chu et aI., 1982a). It has been used as an industrial 

degreasing solvent and as an antimicrobial fumagant (Class et aI., 

1986). It has also been used as a stabilizer in waxes, as a flame 

retardant, as a separation solvent for salt and mineral complexes, 

and as a constituent in rue extinguishers (Sax, 1984). At present, 

BrCCl3 is used as an industrial solvent and as a chemical 

intermediate in laboratory organic chemical synthesis (Sitteg 1985; 

Verschueren 1983). 

Exposure To Bromotrichloromethane 

A variety of studies have shown that BrCC13 exposure cause s 

severe tissue/organ specific toxicity (Mehendele et aI., 1991; Cai e t 

aI., 1991). The toxicities which develop following BrCC13 exposure 

are very similar to those resulting from CC14 exposure. Basically the 

target tissues are the nervous system, renal system and hepatic 

system with the hepatic system being the most sensitive. The 

primary difference between these two structurally similar 
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compounds is that BrCCl3 is approximately 100 times more toxic than 

CCl4 ( Mehendele et al., 1991; Cai et al., 1991). The difference in 

toxicity is not completely understood, however, evidence suggests 

that it is due to the more labile bromide-carbon bond. This lability 

results in a more rapid production of the highly toxic trichloro 

methyl radical ( Agarwal et al., 1982; Mehendel et al., 1991; Faroon 

et aI., 1991). Unlike the extensive studies conducted on inhalational, 

dermal and oral exposure to CCI4, the majority of studies conducted 

on BrCCl3 have only addressed oral exposure. 

Oral Exposure To Bromotrichloromethane 

Following oral exposure to BrCCl3 a variety of toxicities have 

been reported. In the immune system, a significant decrease in the 

number of B cells/antibody forming cells was observed (Munson t aI., 

1982). Ruddick et aI., (1983) reported an increase in sternebral 

anomalies in fetuses of rats exposed to BrCCI3, 50 mg/kglday. The 

kidney has alBo been shown top be susceptible to BrCC13 toxicity. In 

rats, evidence of kidny injury include anuria, increases in blood urea 

nitrogen, and glomerular swelling ( Condie et al., 1983; Ruddick et aI., 

1983; Munson et. al., 1982). Several studies have shown that BrCCl3 

exposure causes severe liver damage. As little aslO ullkg/day can 

result in massive hepatocyte vacuolization, hepatocyte denucleation, 

lipid peroxidation, inflammation, centrilobular necrosis, increases in 

intracellular calcium and elevation in liver-specific plasma enzymes 
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(Condie et aI., 1983; Riddick et aI., 1983; Dunnick et aI., 1987; 

Mehendale et aI., 1989). 

Metabolism And Elimination Of Bromotrichloromethane 

The metabolism of BrCCl3 basically follows the same pathway 

of CC14 metabolism. The toxicity is elicited by the rapid production 

of the trichloromethyl radical which initiates lipid peroxidation (Di 

Renzo et al., 1982). BrCCl3 is eJirninated as CO2 in exhaled air or as 

conjugated metabolites in feces and! or urine (fhakore et al., 1991). 

Summary Of Carbon Tetrachloride And Bromotrichloromethane 

A variety of investigations have shown that the toxicities 

induced by CC14 or BrCCI3, hepatotoxicity in particular, can be 

dramatically potentiated by alcohols, ketones and a wide range of 

other compounds. The mechanisms by which these agents potentiate 

hepatocellular injury induced by CC14/BrCCI3 may relate to their 

ability to induce cytochrome P450 IIEI. This induction increases the 

metabolic activation of CC14 or BrCC13 to toxic intermediates. Other 

mechani.sms by which chemicals can potentiate the hepatotoxicity 

induced by CC14/BrCCI3 include the inhibition of tissue regeneration, 

activation of Kupffer cells and other phagocytic cells, or the signaling 

of specific intracellular events such as apoptosis or cytoskelatal 

dissociation (Waller et al., 1982; Mehendale et al., 1991). The 

bioactivation of CCl4/BrCCl3 and a list of properties are presented in 

Figure 5. and Table 1 and 2 , respectively. 
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Table 1. 

Physical And Chemical Properties Of CCl4 

Property 

Molecular Weight 
Color 
Physical 
Melting Point 
Boiling Point 
Density 
Odor 
Solubility (H20, mg/L) 

(organic solvents) 
Flash Point 
Flammability Limits 
Vapor Pressure 2()oC, mm Hg 

Val ue 

153.8 
colorless 
liquid 
-230 C 
76.50 C 
1.594 
aromatic 
785 
miscible 
none 
none 
91.3 

5 1 



Table 2. 

Physical And Chemical Properties Of BrCC13 

Property 

Molecular Weight 
Color 
Physical 
Melting Point 
Boiling Point 
Density 
Odor 
Solubility (H20, mg/L) 

(organic solvents) 
Flash Point 
Flammability Limits 
Vapor Pressure 2()oC, mm Hg 

Val ue 

163 
colorless 
liquid 
-57oC 
900C 
1.980 
none 
4,500 
soluble 
none 
none 
50 

52 
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The Involvement Of Non-Parenchymal 

Cells In The Potentiation Of Hepatic 

Damage: A Focus On Kupffer Cells, The 

Resident Macrophages Of The Liver 

This section will focus on the biological functions of K up ffer 

cells and the role they may play in the potentiation of chemically

induced liver damage. 

Introduction Of Hepatic Cellular Heterogeneity 

The liver is one of the most structured and essential organs in 

the body. It performs a variety of biological functions. With respect 

to toxicology, the liver is most noted for its role in xenobiotic 

biotransformation, bioactivation and detoxification. The liver 

possesses heterogeneity within cell types as well as between cell 

types. The liver is composed primarily of parenchymal cells, termed 

hepatocytcs. The liver is also composed of a non-parenchymal cell 

population such as duct cells, which are epithelial cells lining the 

hepatic ducts; fibroblasts, which differentiate from Ito cells and 

produce connective/structural tissue; sinusoidal cells which include 

the following: endothelial cells, which comprise the hepatic 

sinusoidal structure; pit cells, the hepatic natural killer cells; Ito cells, 

the hepatic fat/retinol storing cells and Kupffer cells, the resident 
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macrophage of the liver. The hepatocytes make up approximately 

60% of all the liver cells, the sinusoidal cells comprise 

approximately30% and other cells such as the epithelial duct cells 

contribute the f'mal 10%. Of the sinusoidal cells, approximately 44% 

are endothelial cells, 33 % are Kupffer cells, 22 % are Ito cells and 1 % 

are pit cells (Wisse and Knook, 1979; Brower et aI., 1982). Another 

important fact is that the endothelial cells make up approximately 

20% of the all the cells in the liver while the Kupffer cells are 

responsible for approximately 10% (Wisse and Knook, 1979; Brower 

et aI., 1982). 

The liver is continuously exposed to a variety of chemicals both 

toxic and non-toxic. In most cases, the liver can extract and detoxify 

these chemicals. However, in some instances, the liver is subjected 

to chemically-induced hepatic damage. Also, because the liver is 

exposed to many chemicals simultaneously, one chemical can 

influence the hepatotoxicity of another chemical. Thus, potentiation 

of liver damage can occur. A wealth of information pertaining to 

chemically-induced hepatic damage and potentiation of this damage 

has ~n documented. Most mechanistic studies have focused 

mainly on parenchymal cell function and involvement. However it 

has become more evident that non-parenchymal cells play a 

significant role in the potentiation of chemically-induced liver 

damage (Laskin et aI., 1990). One non-parenchymal cell that ha 5 

received a considerable amount of attention is the Kupffer cell, which 

is the resident macrophage of the liver. In fact, the Kupffer ce 11 
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represents the largest population of fIXed or localized macrophages in 

the body. In order to better understand Kupffer cell/hepatocyte 

function/interaction concerning the potentiation of hepatic damage, 

we must discuss the basic physiological and pathological function of 

macrophages. 

Overview Of The Macrophage: Histoty. Origin. Localization 

The macrophage is a highly active and resilient member of the 

mononuclear phagocyte system. This system is comprised of a 

variety of similar cell types such as bone marrow monoblasts, pro

monocytes, peripheral blood monocytes and tissue/organ specific 

macrophages. Macrophage is widely distributed throughout the 

body. They are present in lymphoid tissue, gastrointestinal tract, 

central nervous system, bone, skin, lungs and liver. 

In the early 1900s, Metchnikoff et aI., observed large 

mononuclear phagocytic cells in tissues and termed them 

macrophages (Kamovsk:y et al., 1981). These cells, at one point, were 

included, exclusively, in reticuloendothelial system which is a broad 

functional system consisting of reticular cells, endothelial cells, 

fibroblasts, histocytes and monocytes (Furth et aI., 1972). However, 

macrophages are currently placed in a more specific phagocytic 

system due to their mononuclear lineage and functional 

characteristics. From a phylogenetic and ontogenetic standpoint, the 

macrophage is a primitively evolved cell type which originates 
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within the yolk sac of most species and from the bone marrow in 

adult humans (Moore et al., 1970; Furth et aI., 1989). 

The bone marrow contains all of the essential precursors for 

macrophages (e.g. monoblasts, pro-monocytes and monocytes). The 

hematopoietic differentiation of macrophage and T -cells can be 

viewed in Figure 6. A considerable amount of evidence suggests that 

macrophages and neutrophils share a common bone-marrow 

progenitor cell termed colony-forming-unit, granulocyte-macrophage 

(CFU-GM) (Met cal et al., 1971; Furth et aI., 1980). This Bone marrow 

progenitor cell population has been shown to give rise to 

macrophages and neutrophils in semi solid bone marrow cultures 

(Metcal et al., 1971, Furth et al., 1980). It appears that the CFU-GM 

commits to either a monocyte or a 

promyelocytic/promonocytic differentiation 

1971; Furth et aI., 1980). 

granulocyte before the 

stage (Metcal et al., 

Newly formed monocytes remain in the bone marrow for 

approximately 15 hours before distribution into the circulatory 

system (Furth et al., 1970; Meuret et al., 1973). Once in the target 

tissue, the monocytes may adhere to tissue endothelium and then 

differentiate into macrophages. The adherence of monocytes to the 

endothelium is facilitated by monocytic production of anchoring 

glycoproteins (e.g. lymphocyte function-associated antigen 1; LFA-l, 

CDll/CdI8) which interact with intercellular adhesion molecule-l 

(ICAM-l) located on the endothelial cells (Rothlein et al., 1986; 

Dustin et al., 1986). Cytokines, such as interleukin-l (IL-l) and 
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Figure 6. Hematopoietic Differentiation Of Macrophage and 

Lymphocytes: This figure displays the origination and development 

of macrophage and lymphocytes from pluripotent bone marrow cells 

( Cassarett and Dou11. Toxicology: the basic science of poisons. 3 ed., 

1986). 
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are produced by macrophages and can 

of ICAM-l (Dustin et ai., 1986). The 

in ICAM-l production can then better 

facilitate the distribution and inflammatory response of monocytes. 

Macrophages produce a variety of stimulatory and modulatory 

factors. Following the phagocytosis of particles, macrophages can 

produce granulocyte-macrophage-colony-stimulating-factor (GM-

CSF) and macrophage-colony-stimulating-factor (MCSF). Also, in 

response to particulate/bacterial exposure, macrophages can produce 

IL-l and tumor necrosis factor (TNF). All of these elements can 

facilitate the expansion and activation of macrophage (Broudy et aI., 

1986; M unkcr et aI., 1986; Bagby et ai., 1986). 

Macrophage Function 

Two key words must be dermed when addressing macropha ge 

behavior and function; priming and activation. Priming is when the 

macrophage, following exposure to a modulatory factor or a chemica I. 

assumes a state where the threshold for activation is significantly 

lowered. Activation is when the macrophage, following contact with 

a stimulus, exhibits an increase in one or more functional activities 0 r 

displays a novel activity (Adams et aI., 1984). One of the more basic 

yet essential functions of the macrophage is to provide defense 

against invading microorganisms via microbial phagocytosis. The 

macrophage, guided by opsonization, approaches and phagocytize! 

the particle (Nathen et al., 1983, Klebanhoff et aI., 1988). During 
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phagocytosis the macrophage becomes activated, thus, destroying the 

particle through a variety of mechanisms: respiratory burst which is 

generated by membrane localized oxidases that produce reactive 

oxygen species; enzymatic degredation; exposure to lysosomal acid 

hydrolases, proteases, lipases; phagosomal incorporation and 

degradation. The other very prominent function of the macrophage 

is the process of antigen presentation. The macrophage has the 

ability to 1.) present antigens to the B-cells, thus initiating the 

humoral immune response or 2.) present antigens to the cytotoxic T

cells, thus initiating the cellular cytotoxic immune response (Adams 

et ai., 1984). 

Heterogeneity Of The Macrophage 

Macrophage provide immune defense in a variety tissues. The 

wide distribution of these cells demonstrate the regio-heterogeneity 

of the macrophage. It appears that the tissue localization induces 

specific functional activities displayed by these mononuclear cells 

(Gordon et al., 1988). 

Spleenic Macrophage 

The spleen contains a heterogeneous population of 

macrophages. The heterogeneity is attributed to different functions 

of the spleenic macrophages. Marginal zone macrophage trap and 

process foreign antigens; lymphoid-area macrophages conduct 

specialized interactions with T -cells and B-cells; red-pulp 
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macrophages phagcytose and degrade red blood cells (Buckley et aI., 

1987, Gordon et aI., 1988). 

Bone Marrow Macrophage 

In the bone marrow, stromal macrophages maintain growth 

and differentiation of haematopoietic precursors (Crocker et aI., 

1985). 

Pulmonary Macrophage 

The lungs contain several functionally and biochemically 

distinct sub populations of macrophages. A large number of CD14 

and CDl6 surface receptor containing macrophage are present in the 

alveolar spaces. The primary role of these pulmonary macrophages 

is to provide local defense against pathogenic and particulate 

invaders of the airway (Nakstad et a!., 1989). 

Hepatic Macrophage 

The resident macrophages of the liver are involved in localized 

hepatic. defense, and clearance of blood bom particulates and 

microbials. Tboy express such receptors as CD 14, CD 33 and 

mannosyl-fucosyl (MFR) receptors. These cells are also involved in 

the acute phase response concerning hepatocyte injury. Since the 

Kupffer cell exhibit a variety of biological functions and appears to 

be intricately involved in the potentiation of liver damage, the 
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following sections will examine the physiological/functional aspects 

of the Kupffer cell (Hume et aI., 1987). 

KUPFFER CELLS, THE RESIDENT HEPATC MACROPHAGE 

Introduction Of Kupffer Cells 

Kupffer cells are distinctly different from other hepatic 

phagocytic cells based on their morphological, biochemical, functional 

and cellular characteristics. It is believed that Kupffer cells originate 

from the bone marrow. Of the total Kupffer cell population, 43% is 

located in the periportal region, while 28% and 29% are located in the 

midzonal and centrilobular regions, respectively (Bouwens et aI., 

1986). The Kupffer cells reside in the lumen of the sinusoids and are 

anchored to the sinusoidal endothelium by glycoprotein-enriched 

cytoplasmic processes. It has been hypothesized that Kupffer cells 

phagocytose potentially harmful blood-born material entering the 

sinusoids. This hypothesis was based on the fact that the Kupffer 

cells predominate in the periportal region and are, essentially, 

bathed by the sinusoidal blood flow (Bradfield et aI., 1977). Several 

biological functions characteristic of Kupffer cells are as follows: 

phagocytosis and processing of forigen particulates or antigens, 

detoxification and clearance of endotoxin, hepatocyte homeostasis, 

regulation of hepatic microcirculation, mediation of immune 

reactions, catabolic reactions, etc., (Nolan et aI., 1981). A diagram of 

the Kupffer cell in the hepatic sinsuoids is presented in Figure 7. 
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Morphology Of Kupffer Cells 

The characteristics of Kupffer cells are typical of other 

macrophages. The Kupffer cell possesses a number of membrane 

blebs, microvilli-like projections and lamellipoda can be seen on its 

outer surface (Wisse et aI., 1980). Kupffer cells possess two external 

coats or layers in addition to the plasma membrane. The inner coat 

is a very thin layer of proteinacious material, while the outer coat is 

a very thick filamentous layer (Emeis 1976; Wisse et aI., 1980). 

Internally, the Kupffer cell contains a large number of phagocytic, 

pinocytotic and lysomal vesicles. The presence of these numerous 

vesicular organelles reflects the prominent role that these 

macrophage play in the phagocytosis, clearance and catabolism of 

foreign particulates or endogenous macromolecular material (Knook 

e tal., 1980; Reiner et at, 1981). 

Kupffer cells also exhibit, to a certain degree, morphological 

heterogeneity. The periportal Kupffer cells are larger in size, contain 

a significantly larger number of lysomal vesicles, are more readily 

activated following exposure to a stimulus and possess a larger 

concentration of lysosomal enzyme activity when compared to the 

centrilobular Kupffer cells (Sleyster et aI., 1982). 

Kupffer Cell Regulatory Elements 

A number of factors can decrease or surpress Kupffer cell 

function. They include: aflatoxin Bl, methyl palmitate, silica and 

gadolinium chloride (Riggi et at, 1962; Mohapatra et aI., 1985; 



6 6 

Chadwick et a1., 1985). Likewise a variety of stimuli can activate 

Kupffer cells. Some of these activating elements are as follows: 

phorbol myristate, estrogen, colony stimulating factor, lymphokines, 

somatostatin, endotoxin and tumor necrosis factor (Ferluga et a1., 

1978; Szabo 1983; Piazza et a1., 1985; Decker et aI., 1985). This 

activation generally results in the increase in phagocytic function, 

respiratory burst, release of cytotoxic lysosomal enzymes and release 

of cellular modulatory factors. The respiratory burst is characterized 

by an increase in the production of superoxide radical and hydrogen 

peroxide (Bhatnagar et al., 1981; Matsuo et aI., 1985). An example of 

the importance of Kupffer cell activation and subsequent release of 

superoxide radicals and tumor necrosis factor is evident in the mouse 

malaria model. In this model, parasitized red blood cells accumulate 

in the hepatic sinusoids. In response to this invasion of a foreign 

element, the Kupffer cells become activated and release superoxide 

radicals and tumor necrosis factor. The combined bio-toxic activities 

of oxygen radicals and tumor necrosis factor facilitate the destruction 

of the malarial parasites (Kern et ai., 1986). These oxygen radicals, 

aside from being protective against un-wanted foreign elements, can 

be harmful to localized parenchymal cells. F or example, 

Gunawardhana et a1., (1993) have demonstrated that the 

administration of superoxide dismutase ( an oxygen radical 

scavenger) or methyl palmitate ( phagocytic cell inhibitor) to rats 

exposed to DCB inhibits the DCB-induced hepatotoxicity. Larric et ai., 

(1990) showed that TNF-activated Kupffer cells resulted in the 
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increase production of oxygen radicals and the subsequent induction 

of tis sued injury. Laskin et at, (!989) also showed that the inhibition 

of radical production from acetaminophen exposed animals resulted 

in the decrease in acetaminophen-induced liver damage. 

Furthermore, EI Sisi et aI., (1993) demons trated that in retinol 

pretreated rats, oxygen species released from activated Kupffer cells 

caused the potentiation of CC14-induced hepatic damage. 

One of the most documented agents that can activate Kupffer 

cells is endotoxin. Endotoxin is derived from endogenous 

gastrointestinal microflora. It is transported to the liver via portal 

venous plasma. It is then effectively cleared by the Kupffer cells via 

phagocytosis (Ruiter et aI., 1981; Pilaro et aI., 1986). Upon exposure 

to endotoxin the Kupffer cells become activated and release a variety 

of factors such as prostaglandins, hepatocyte regulatory factors and 

tumor necrosis factor (Nolan et aI., 1981, Bhatnagar et aI., 1982, 

Keller et at, 1985). These factors can then further modulate/activate 

other Kupffer cells and influence/regulate hepatocyte function (Nolan 

et aI., 1981, Bhatnagar et aI., 1982, Keller et al., 1985). 

Kupffer Cell Interactions 

In recent years, it has become evident 

interact with other liver cells, hepatocytes in 

variety of physiological and pathophysiological 

that Kupffer cells 

particular, through a 

pathways. Kupffer 

cells produce a number of factors which modulate and regulate 

hepatocyte function and protein synthesis (Bauer et aI., 1984; Hirata 
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et aI., 1985). They also produce a factor which stimulates 

hepatocyte-mediated fibrinogen synthesis (Sanders et aI., 1983). In 

certain adverse liver conditions, Kupffer cells may be cytotoxic to the 

hepatic parenchymal cells by releasing lysing enzymes, oxygen 

radicals, proteases and/or tumor necrosis factor (Bauer et aI., 1 985) . 

For example, Kupffer cells from rats with CCl4-induced hepatic 

damage produce and release a factor which catalyzes the 

proliferation and differentiation of Ito cells to hepatic fibroblasts 

(Kim et aI., 1986). Thus, Kupffer cells may play an important role in 

the development and progression of hepatic fibrosis (Kim et aI., 

1986). Also, the activation of Kupffer cells may, secondarily, lead to 

the development, potentiation or progression of hepatic damage. 

In summary, there is increasing evidence which indicate t hat 

hepatocytes and Kupffer cells closely interact during the 

development or progression of chemically-induced hepatic damage. 

Agents that modulate Kupffer cell function may influence these 

hepatocellular interactions and impact the overall development of 

chemic~lly-induced liver injury. 
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Part Four The Involvement Of Macrophage Modulators 

And/Or Activators In The Regulation Of 

Kupffer Cell Activity: A Focus On Endotoxin 

And Tumor Necrosis Factor 

ENDOTOXIN 

Introduction Of Endotoxin 

Gram-negative bacteria contain a variety of amphiphiles on 

their outer surfaces. Among these amphiphiles, lipopoly saccharide s 

(e.g. endotoxin, O-antigens) have been extensively studied. 

Lipopolysaccharides are made of a heterogeneous portion which 

provides the O-antigenic properties while the lipid A portion is 

responsible for the endotoxic responses (Nikaido et a1., 1979; Johns e t 

ai., 1983). 

Lipopolysaccharidcs are an integral component of the cell wall 

of gram negative bacteria and are unique to these microbes. 

Lipopolysaccharides are amphiphilic macromolecules which 

,combined with phospholipids and proteins, comprise the outer 

membrane of gram negative bacteria (Ludcritz et aI., 1982). Wit h in 

the outer membrane, lipopolysaccharides are exclusively located in 

the apical portion, thereof, 

(Westphal et ai., 1975). 

lipopolysaccharides are the 

resulting in direct environmental contact 

Due to their location and make up. 

primary microbial constituents which 
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interact with host organisms. Therefore, immune or defense 

responses 

predominantly 

following gram-negative bacterial 

directed towards lipopolysaccharide 

Biological And Structural Aspects Of Endotoxin 

contact, 

structures. 

are 

Lipopolysaccharides consist of a lipid A portion and a 

polysaccharide portion which is comprised of two parts, an O-specific 

structure and a core (Brade et aI., 1983; 10hns et aI., 1983). The 0-

specific portion contains structures which determine the 

immunological specificity. Each bacterial subtype synthesizes a 

distinctly unique lipopolysaccharide-O portion the distinguishes one 

microbe from another (Rietschel et aI., 1984). To date, over 200 0-

specific chains have been characterized. The core oligosaccharide 

exhibits very little heterogeneity between bacterial subtypes. It 

possess structural similarity to both the O-chain and the lipid A 

chain. It contains a very immunologically active ketose moiety (2-

keto-3-desoxyoctonic acid), also termed the KDO group (Unger et aI., 

1981, Brade et aI., 1983). The lipid A portion represents an 

amphiphilic, zwitterionic phosphoglycolipid of high specificity (Brade 

et al., 1983). 'The structural orientation is as follows: a central 

bisphosphorylated B 1-6-linked D-glucosamine disaccharide which is 

substituted by as many as four ester and amide bound 3-acyloxyacyl 

or 3-hydroxyacyl residues (Brade et aI., 1983). This structure 

represents that which is primarily found in the lipopolysaccharide 

portion of gram negative bacterial walls. The structure of endotoxin 
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and its constituents, the KDO region and the Lipopolysaccharide A 

region, are present in Figures 8, 9, AND 10, respectively. 

A variety of elements can induce the proliferation of bacterial 

sub groups. Interestingly, certain vitamins have been shown to elicit 

proliferative activity from microfl ora I sub populations. The 

administration of vitamin K and B-12 have been shown to induce 

microbial proliferation (Bently and Meganathan, 1982,1983; B anwell 

et at, 1985). The exact mechanism involved in this proliferation is 

not completely understood. However, researchers believe that the 

vitamin-induced activation of certain bacterial kinases may be 

involved (Bently and Meganathan, 1982,1983; Banwell et at, 1985). 

With this precedence, it is conceivable that other vitamins such as 

vitamin A (retinol) could also induce microbial proliferation in the 

small or large intestine. This concept is even more conceivable since 

vitamin A (retinol) has been well documented for its effects on 

cellular proliferation and differentiation (Lotan et a!., 1980). 

Conversely, some of the more common inhibitors of endotoxin are the 

anti-microbial agents, polymyxin B and neomycin (Salmon et a!., 

1962, Broitman et ai., 1963). More recently, antibodies which bind 

the lipopolysaccharide A active portion of endotoxin have bee n 

developed (Wood et ai., 1992; Parent et a!., 1992). These endotoxin 

antibodies are highly specific and void of aberrant biological 

activities making them a very useful research tool (Wood et a!., 1 992; 

Parent et aI., 1992). 
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Figure 8. Representative Structure Of Endotoxin 

(Lipopolysaccharide): This figure displays the essential components 

of endotoxin the O-specific chain, the core region and the lipid A 

section. All, of which, are necessary for functional activity of 

endotoxin (Anderson, L., Unger, F., 1983. Bacterial 

Lipopolysaccharides: structure, synthesis, biological activities. A m 

Chem Soc. Symp. Series, vol. 231) 
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Figure 9. ~ KDO Region Of Endotoxin: This figure displays the 

location of the KDO (2-keto-3-deoxyoctonic acid) region in endotoxin. 

The exact function KDO region is not completely understood, 

however, researchers believe it is involved in the specificity of the 

antigenic response (Anderson, L., Unger, F., 1983. Bacterial 

Lipopolysaccharides: structure, synthesis, biological activities. A m 

Chem Soc. Symp. Series, vol. 231). 
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Figure 10. Lipopolysaccharide A (lipid A) Region Of Endotoxin: 

Symbols A, B, and C represent polar substituents of the lipid A 

backbone or hydrogen. Symbol D represents the fatty acid or 

hydrogen. This figure displays the lipopolysaccharide region in 

endotoxin, which controls the functional activity and response 

of endotoxin (Anderson, L., Unger, F., 1983. Bacterial specificity 

Lipopolysaccharides: structure, synthesis, biological activities. A m 

Chem Soc. Symp. Series, vol. 231). 



7 7 

0 •• 

® 



78 

Interactions Of Endotoxin With Kupffer Cells 

Endotoxin (bound to an LPS binding protein) is generally 

phagocytosed by macrophages, in particular by Kupffer cells. It is 

transported to the liver via the portal circulation. Once in the he pat i c 

sinusoidal space, endotoxin is then engulfed by the resident hepatic 

macrophage, processed and degraded. The mechanism of bacterial 

phagocytosis appears to be very important in the Kupffer cell 

responses which transpire. It appears that the microbial binding of 

the Fc receptors triggers an oxidative burst, while binding to the 

compliment receptor triggers a significantly lower degree of oxygen 

radical production (Lepay et al., 1989) but a high degree of cytokine 

production (Peterson et al., 1977; Lepay et al., 1985). For some 

pathogens, the type of opsinization (opsinization is the antibody 

coating of a potential pathogen which elicits more eficient 

phagocytosis of that pathogen) dictates the fate of the microbial and 

the activity of the Kupffer cell (Peterson et al., 1977). For example, 

when Kupffer cells ingest un-opsonized or partially opsinized 

mycobacterium tuberculosis, the bacterium are not incorporated into 

the intracellular phagosomes andlor lysosomes for enzymatic 

degradation (Griffm et al., 1975; Liang-Takasaki et al., 1982). In this 

case the bacterium are discarded from the cells because complete 

opsinization did not take place. However, macrophage can process 

non-opsinized particles. A variety of macrophage receptors mediate 

this form of phagocytosis. They include: LFA-l, complement receptor 

3 and pl50/p95 (Bianco et al., 1975; Blackwell et al., 1985). 
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Aside from the more commonly documented production of 

oxygen radicals, the phagocytosis of endotoxin also triggers the 

production of various cytokines. Interleukin-l and -6 are pro duced 

following exposure to almost all infectious agents (Bendtzen et aI., 

1988). Interleukin-l can induce the production of factors that 

trigger hepatic acute phase protein activity. Interleukin-l can also 

induce the production of Interleukin-2 from T-cells and the 

proliferation of B-cells (Bendtzen et aI., 1988). Interleukin-6 

primarily induces acute phase proteins and modulation of T -cells/B

cells (Bendtzen et at, 1988). Tumor necrosis factor is very potent 

cytokine that is also produced following phagocytosis of endotoxin. 

More recently, TNF is viewed as a potential biomarker for 

endotoxemic conditions due to its preferential release following 

lipopolysaccharide phagocytosis. The following sections will focus 

more closely on TNF, its biological significance, its relationship with 

Kupffer cells and its probable involvement in potentiation of hepatic 

damage (Bendtzen et aI., 1988; Michie et at, 1988). 

TUMOR NECROSIS FACTOR 

Introduction Of Tumor Necrosis Factor 

Tumor necrosis factor has been under extensive investigation! 

since the 1960s. It was during that time when various independent 

research groups, such as Ruddle and Wakesman, (1969); and Granger 

and co-workers (1969) reported the existence of a cytotoxic factor of 
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monocytic origin and termed it lymphotoxin. During the same period 

Rosenau and colleagues (1968) reported the lymphocytic production 

of cytotoxic proteins which were functionally identical to 

lymphotoxin. In the middle 1970s, Old and colleagues demonstrated 

that the plasma of mice treated with endotoxin contained a tumor 

necrosing element. Subsequent studies by many groups, 

demonstrated that the injection of tumorous animals with bacterial 

filtrates or preparations of purified lipopolysaccharides can lead to a 

hemorrhagic necrosis of vascularized tumors. Aside from initiating 

the modem cascade of TNF investigations, the most important 

contributions made by Old and colleagues were to show conclusively 

that the hemorrhagic necrosis of tumors was mediated by a host

derived factor, that TNF had a direct inhibitory effect on certain 

tumor cell lines, and that TNF was primarily produced by 

macrophage. Recent advances in molecular, genetic and analytical 

techniques have enabled researchers to further characterize and 

understand the biological activities of TNF. For example, Beutler et 

aI., (1985), with the me of advanced molecular techniques, 

demonstrated that a presumably newly found cytotoxic factor, 

cachectin, was actually tumor necrosis factor. With further 

understanding of the functional activity of TNF, researchers and 

clinicians may be able to elucidate the therapeutic uses of TNF, while 

curtailing the potential toxic side effects. 

presented in Figure 11. 

The structure of TNF-a is 
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Figure 11. Structure Of TNF-Cl: The stars denote potential cleavage 

sites of trypsin. The exposed basic residues 31, 32, 44, 90 and 128 

can be seen on the polypeptide chain. The arrows represent protein 

chain stability (Aggarwal and Vilcek. Tumor necrosis factors: 

structure, function, and mechanism of action. 1992). 
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Genetic Aspects Of The Original TNF: Defined As TNF-alpha 

From a genetic standpoint, the TNF gene and its regulation h a v e 

been a major focus of research since the late 70s and early 80s. 

Early DNA mapping studies , using Southern blot analysis of human

murine somatic cell hybrids and a TNF cDNA probe localized the TNF 

gene to an area of chromosome 6, between 6p23 and 6p12, which 

flanked the respective centromere (Spriggs et aI., 1990). This area 

also contains the major histocompatability complex (Nedwin et aI., 

1985). Recent studies, using chromosome walking and cosmid clones, 

have shown the TNF genes to be 210 kb from the HLA-B locus of the 

class I gene family (Spies et aI., 1989). The chromosomal location of 

TNF in rodents is very similar. In the mouse, TNF genes are located 

within the MHC on chromosome 17, proximal to the H2-D locus. The 

H2-D locus is the murine equivalent to the HLA-B locus (Muller et aI., 

1987). The positional relationship between TNF and MHC genes 

suggests the possible genetically linked interaction be tween 

immuno-activation and inflammatory responses. 

Important Cytokine And Non-qytokinc Modulators Of TNF 

There arc a variety of TNF inducers, some more specific than 

others. Many inducers are of the cytokine variety, while others are 

not. One group of non-cytokine inducers are the phorbol esters. The 

administration of 12-0-tetradecanoylphorbol-13-acetate (TPA) can 

induce the production of tumor necrosis factor mRNA by cultured 

human monctyes within 3 hours. Maximum TNF transcripts levels 
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were reached after 12 hours (Sariban et aI., 1988). F oHowing this 

induction, TNF is secreted into the culture supernatant. Following 

TPA administration, the regulation of TNF appears to involve 

transcriptional as well as post-transcriptional mechanisms. 

Transcriptional run on assays have demonstrated that the TNF gene 

is inactive in untreated human monocytes, however, 20 minutes 

following TPA administration TNF gene transcription is enhanced as 

much as 10 fold and protein kinase c is activated (Sariban et aI., 

1988). In another study, Horiguchi et aI., (1982) showed t hat 

monocytes exposed to TPA exhibited an increase in the release of 

arachidonic acid. An increase in the transcriptional activation of TNF 

mRNA was also observed. This TPA induced increase in TNF 

transcription was blocked by pre-incubation with phospholipase A2 

inhibitors. This suggest a possible role for arachidonic acid in TPA

induced increases of TNF transcription. The exact mechanism of 

TPA-induced TNF transcription is unclear. However, it is well 

documented that TPA can activate protein kinase C and stimulate 

arachidonic acid metabolism (Castagna et al., 1982). The transcription 

factor, NF-KB, may also be indirectly or directly involved in this 

phenomenon of TPA-induced induction of TNF transcription. When 

activated, NF -KB can trigger the transcription of TNF (Israel et al.. 

1990). The activation of NF -KB is dependent on the activity of the 

inhibitory/re gulatory protein, IKB (Ghosh and Baltimore, 1990). 

When IkB is inhibited, NF-KB becomes activated. Sen and Baltimore 

(1986) showed that the administration of TPA resulted in the 
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inhibition of IKB via protein kinase C-mediated phosphorylation. 

This led to the activation of NF-KB and the subsequent induction of 

TNF transcription. 

One of the most highly documented non-cytokine inducers of 

TNF is Lipopolysaccharide (LPS), also referred to as endotoxin. 

Endotoxin has been shown to be highly specific m inducing TNF 

production. The molecular mechanisms responsible for endotoxin

induced transcription of TNF in macrophages have not been 

completely elucidated. The production of TNF by 

monocytes/macrophages is dependent on phagocytic cell activation. 

Macrophage/monocyte activation by endotoxin may involve a 

variety of signal transduction pathways such as phospholipase C, 

phospholipase A2, protein kinase C and calcium transport. In 

cultured macrophages, the administration of endotoxin resulted in 

the induction of protein kinase C activity as well as TNF transcription 

and release (Michle et aI., 1990). Calcium has been shown to b e 

involved in endotoxin induced activation of macrophages. 

Administration of a calcium ionophore, A23187, leads to the increase 

of TNF, production by activated monocytes (Drysdale et aI., 1983). 

Subsequent chelation of intracellular calcium results in the decrease 

in monocytic activation (Drysdale et. aI., 1983). Therefore, it appears 

that protein kinases as well as calcium interactions play a role in the 

endotoxin-induced activation of monocytes/macrophages. 

Phospholipase and leukotriene activity may also be involved in 

endotoxin-induced production of TNF from macrophages. Mohri et 
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a!., 1990 demonstrated that the endotoxin-induced transcription of 

TNF is accompanied by a significant increase of phospholipase A2 

activity. The administration of a phospholipase A2 inhibitor 

decreases the transcription of TNF. These observations suggest that 

eicosinoids may be associated with the endotoxin-induction of TNF 

transcription. 

As previously mentioned, there 

inducers of TNF. Examples of these are 

are a variety of cytokine 

Granulocyte/Monocyte-Colony 

Stimulating Factor, Interferon or Interleukin-l. However, the auto

inductive activity of TNF on itself is one of the more extensively 

studied phenomena. Hensel et a!., 1987 showed that TNF induces its 

own expression at both the RNA level and the protein level. It 

appears that the mechanisms of TNF auto-induction may, primarily, 

involve phospholipase A2 activity. Along with the induction of its 

own transcription, TNF causes the increase of phospholipase A2 

activity which liberates arachidonic acid metabolites (Kuntel et a!., 

1988). It does not effect phospholipase C activity (Michie et a!., 

1990). Also the inhibition of lipoxygenase results in the decrease of 

TNF induction. These observations suggest that phospholipase A2 

and lipooxygenase pathways may be intricately involved in the 

transcriptional activation of TNF following TNF induction. A list of 

TNF inducers and supressors are presented in Table 3. 



Table 3. 

Sources, Inducers, and Suppressors of TNF-a and TNF-b 

Sources 

Inducers 

Suppressors 

TNF-a 

Lymphocytes 
Monocytes 
Natural Killer Cells 
Endothelial Cells 
Mast Cells 
Glial Cells 
Astrocytes 
Kupffer Cells 
Granulosa Cells 

Mitogens 
Phorbol Esters 
Poly I:C 
Interleukin-2 
Virus 
Bacteria (endotoxin) 
Parasi tes 
Protozoa 
Tumor Cells 
GM/CSF 
Interleukin-l 
Interferons 
Indomethacin 
Silica 

TNF-b 

Lymphocytes 

Mitogens 
Phorbol Ester 
Poly I:C 
Interleukin-2 
OKT-3 

Cyclosporin A Cyclosporin A 
Dexamethasone 
Prostaglandin E2 
Liooxygenase Inhibitors 
PAF/Receptor Antagonists 
Interleukin-4, -6 

87 
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Biology And Genetic Orientation Of TNF-~ 

Tumor necrosis factor-~ was the rust TNF to be described in 

the middle to late 60's. In 1968, Ruddle and Waksman; Granger and 

Williams termed it cytotoxic factor and lymphotoxin, respectively. 

The latter name is representative of the cell that was originally 

discovered to produce this factor. This factor, which was produced by 

lymphocytes, was found to be cytotoxic to certain cell lines and was 

ultimately found to be very similar in size to TNF (Aggarwal et aI., 

1984). Because lymphotoxin and TNF are genetically and 

functionally similar, researchers referred to TNF as TNF-a and 

lymphotoxin as TNF -~ (Gray et aI., 1984; Shalaby et aI., 1985). This 

nomenclature is now used throughout the scientific community. Both 

TNF -a and TNF-~ are very closely linked. The genes are 

approximately 3kb and are spit by the same three introns (Gray, 

1987; Shakhov et al., 1990). The TNF -~ gene is always 5' to the TNF

a gene and the genes are always transcribed in the same direction 

(Gt'ay, 1987; Shakhov et al., 1990). These proteins retain over 50% of 

the genetic and functional homology. Thus, it is believed that TNF-a 

and TNF-~ genes are evolutionary duplicates of each other. However 

divergence of the genes has resulted in sequence changes and 

regulatory differences (Li et aI., 1987). TNF-~ is located in the 

identical region of TNF -a, with only 1 kb separating the two (Ruddle 

al., 1987; Gardner et aI., 1987). ThuB, both genes are termed the TNF 

gene complex. The structure of TNF -~ is presented in Figure 12. 
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Figure 12. Structure Of TNF -t3: The stars denote potential cleavage 

sites of trypsin. The circles denote glycosylation sites. The arrows 

represent protein chain stability (Aggarwal and Vilcek. Tumor 

necrosis factors: structure, function, and mechanism of action. 1992). 
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Biological Relationship Of TNF-a and TNF-6 

TNF -a and TNF-~ appear to be members of a duplicate gene 

family which interact closely with the major histocompatability 

Complex. They encode proteins which share similar biological 

functions. While these factors have been shown interact with 

distinctly different cell surface receptors, they maintain a certain 

degree of affmity for the same cell surface receptor. However, aside 

from the shared characteristics, important differences between both 

factors exist at the sequencing and functional levels. From a 

functional perspective, TNF-a appears to be more potent than TNF-~ 

in a variety of assays (Browning and Ribolini, 1989). Secretory 

differences also exist. TNF-a can be secreted or presented as a 

membrane protein, while TNF-~ has a more traditional signal peptide 

orientation (Kriegler et aI., 1988). Differences and similarities in the 

source of TNF are apparent. TNF-a was initially described as a 

macrophage product while TNF-~ was described as a T -lymphocyte 

product (Nedwin et aI., 1985). However many immune cells produce 

TNF -a and TNF-~. They include T-cell clollCs, B-cell lines, astrocytes, 

natural .killer cells and killer cells (Sheehan et aI., 1989; Laskov et aI., 

1990; Lieberman et al., 1989; Chambers et al., 1991). However the 

cellular specificity regarding the release of TNF-a and TNF-~ center 

around the high degree of potency and high rate of secretion by 

macrophage and T-cells, respectively (Rice et aI., 1988). 

Nevertheless, cells that can be induced to make both factors, do so 

through different intracellular signaling pathways. For example, 
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endotoxin induction of astrocytes results in the release of TNF-(X, 

whereas in the same cell type, release of TNF-~ can only be induced 

by Newcastle disease virus (Lieberman et at, 1989). Another 

observation is that TNF-(X is the only TNF produced by endotoxin 

stimulated macrophages and TNF -~ is the predominant TNF released 

by human T-cell leukemic virus type I (HTLV-I) stimulated T-cells 

(Kronke et ai, 1988; Steffen et at, 1988). These and other studies 

indicate that essential signal-induction specific and cell-function 

specific differences exist between these two protein factors. The 

comparison between amino acid sequences TNF -(X and TNF -~ is 

presented in Figure 13. 

Both TNF-a and TNF-~ have been shown to be very pleiotropic 

in nature. Because these two factors have similar affinity for the 

same cell surface receptor and exhibit binding competition, it is not 

surprising that they perform similar functions (Aggarwal, 1990; 

Goeddel et at, 1986). However, these cytokines also perform a 

variety of different quantitative and qualitative biological functions. 

F or example, in the hepatic system, the interaction of high levels of 

TNF -(X with endothelial cells results in the production/release of 

interleukin-l. Conversely, TNF-~ is inactive in this system and the 

levels of interleukin-l are detectably low (Locks ley et aI., 1985). 

TNF -(X was, also, shown to be a potent activator of macrophage 

resulting in the release of macrophage activating factor, whereas 

TNF -tJ did not produce this effect ( Oster et al., 1987). Oster (1987) 

also demonstrated that TNF-~ was antagonistic towards the TNF-(X 
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Figure 13. Comparison Of The Amino Acid Sequences Of TNF-a And 

'fNF-b: These two primary structures are identical to those predicted 

from nucleotide sequences. These two cytokines have been shown to 

be more than 50% homologous. The absence amino acid residues 

from the amino terminal of TNF-b, does not effect biological activity. 

TNF-a has two cysteine residues at positions 69 and 101, while TNF

b has two tyrosine residues at this position. TNF-b contains three 

methionine residues and TNF-a does not. TNF-b, also contains nine 

histadine residues, while TNF-a only contains three (Aggarwal and 

Vilcek. Tumor necrosis factors: structure, function, and mechanism of 

action. 1992). 
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-induced activation of macrophages. In addition, studies conducted 

by Se.~gnia et aI., 1989, showed that TNF -~ stimulated the growth of 

B-Iymphocytes, while TNF-a was non-effective. 

TNF Receptors 

The TNF receptors have been well characterized through a 

variety of analytical techniques such as affinity labeling procedure s, 

gel filtration and western blots. They exist in most cells and tissues. 

The highest concentrations of TNF receptors are found in the liver, 

kidney and spleen. Lesser amounts are located in such tissues as the 

stomach and small intestines. These receptors can be up-regulated 

by a variety of different pathways including negative and positive 

feedback of TNF, increases in interferon levels, increased activity of 

interleukin-l and exposure to lectins such as conconavalin A or 

wheat germ agglutinin (Aggarwal et aI., 1986; Scheurich et aI., 1987). 

Conversely, a number of elements have been shown to down

regulate TNF receptors. Examples of these elements are interleukin-

1, lipopolysaccharide and interestingly TNF, through a negative 

feedback mechanism (Holtman and Wallach, 1987; Ding and Nathan, 

1987). 

TNF And Tissue Damage 

Recently, researchers have become interested in the 

involvement of tumor necrosis factor in tissue damage or 

potentiation of tissue damage. Due to the fact that TNF can modulate 
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a variety of immune cells, it is conceivable that it may be involved in 

tissue damage. Among the many biological functions attributed to 

TNF, the ability to activate macrophages and to produce cytolytic 

activity have received the most attention. Decker et aI., ( 1 987) 

showed that TNF was able to activate macrophage to lyse tumor cells, 

and when TNF antibody was introduced, tumor cell lysis was 

eliminated. In another study, Higuchi et al., (1990) demonstrated 

that TNF could elicit macrophage cytotoxicity against certain tumor 

cell lines through the increase in oxygen radical production and 

nitrogen radical production. TNF may also be involved in more direct 

pathways of tissue damage. TNF can cause hemorrhagic necrosis and 

decreased perfusion of tissues. This occurrence is manifested by the 

TNF-induced production of a tissue coagulation factor that genera te s 

thrombin, decreases thrombomodulin and decreases anticoagulant 

protein C (Nawroth and Stern, 1986; Tracey et aI., 1987; Bevilacqua 

et al., 1986). The overall effect is an increase in clot formation in 

the tissue specific vascular system. TNF can increase the formation 

of endothelial cell ICAMS (Cotran et aI., 1986; Pober et aI., 1988; Fuei 

et aI., 1989). The expression of t.bcse adhesion molecules will 

facilitate the increased attachment of neutrophils to the endothelium. 

Along with the mediation of neutrophil attachment, TNF can also 

stimulate Deutrophils and endothelial cells to release oxygen and 

nitrogen radical species which contributes to further tissue damage. 
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The information presented on endotoxin and tumor necrosis 

factor clearly demonstrates their modulatory and stimulatory effects 

on macrophages. In our model system of retinol potentiation of 

chemically-induced hepatic damage, the Kupffer cell is an essential 

component. Thus, endotoxin and tumor necrosis factor may play an 

important role in this model. 

SPECIFIC AIMS OF THE RESEARCH PROJECf 

Recently, a number of studies have investigated the role of 

phagocytic cells in chemically-induced liver damage and the 

potentiation of that damage. In 1989, Sipes et aI., showed that, in 

rodents, retinol pretreatment resulted in the potentiation of CCl4-

induced liver damage. Subsequently, Mobley et aI., (1991) showed 

that Kupffer cells isolated from retinol treated rats displayed a high 

degree of activation. This Kupffer cell activation was manifested as 

an increase in the production of superoxide radical. Further 

investigations conducted by Elsiai et al., (1993) demonstrated that 

fol1ow~g retinol pretreatment, Kupffer cells became activated and 

CCl4 -induced hepatic damage was potentiated. EISisi et aI., (1993) 

also showed that when Kupffer cell function was inhibited with 

methyl palmitate, the potentiation of hepatic damage was eliminated, 

however, the basal hepatic damage induced by CC14 was not effected. 

These studies show that Kupffer cells and Kupffer cell activation play 

an important role in retinol potentiation of CCl4 -induced hepa tic 
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damage. In this model system, the mechanisms or pathways of 

Kupffer cell activation and potentiation of liver damage are unclear. 

It is conceivable that, both, endogenous elements that activate 

Kupffer cells (e.g. TNF, endotoxin) and cytotoxic factors released from 

activated Kupffer cells (e.g. TNF, reactive oxygen species) play a 

major role in this phenomenon of potentiation. Therefore, this 

dissertation project addresses the hypothesis that tumor necrosis 

factor and endotoxin play a major role in retinol 

potentiation of CCI4 -induced hepatic damage via Kupffer 

cell modulation. The following specific aims were designed to: 

1. Determine whether retinol pretreatment can potentiate CC14~ 

BreCh -induced hepatic damage in a dose-dependant manor. 2 • 

Further support the involvement of Kupffer cells in this model 

system of potentiation through the use of specific macrophage 

inhibitors. 3. Determine whether TNF and endotoxin play a critical 

role in our model system of potentiation. These specific aims, in an 

attempt to address our research hypothesis, have been addressed in 

the following chapters: 

Chapter Two Potentiation Of Carbon Tetrachloride Or 

Bromotrichlormethane-Induced Hepatic Damage By Selected Retinoid 

Pretreatment 

Chapter Three- Retinol Potentiation Of Chemically-Induced 

Liver Damage: A Potential Role For Tumor Necrosis Factor 
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Chapter Four Involvement Of Endotoxin In Retinol 

Potentiation Of Chemically-Induced Hepatic Injury 

Chapter Five Overview: The 

Endotoxin In Retinoid Potentiation Of 

Damage Via Kupffer Cell Modulation. 

Involvement Of TNF And 

Chemically-Induced He pat i c 
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CHAPTER 2 

POTENTIATION OF CARBON TETRACHLORIDE OR 

BROMOTRICHLOROMETHANE-INDUCED HEPATIC DAMAGE BY 

SELECTED RETINOID PRETREATMENT 



INTRODUCTION 

The previous chapter provided valuable 

to retinoids, Kupffer cells, TNF and endotoxin. 

are relevant to this dissertation project. The 
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information pertaining 

Each of these factors 

present chapter will 

focus on hepatotoxicantlretinoid interactions and Kupffer cell 

involvement. Briefly, retinoids are essential for a number of normal 

biological processes. Retinoids are also therapeutically effective in 

the treatment of certain neoplastic conditions (e.g. skin cancer). 

Nevertheless, retinoid treatment can elict certain hepatotoxic side 

effects (e.g. hepatocellular swelling). The previous chapter showed 

that Kupffer cells played a primary role in hepatic defense. 

However, Kupffer cells can also contribute to hepatic damage through 

abnormal cellular activation. Thus the hepatic interaction (s) 

between the two, as it pertains to hepatotoxicity, becomes important. 

In relation to the developement or progression of hepatic damage, 

this chapter will address the interactions of retinoids with carbon 

tetrachloride/bromotrichloromethane and provide evidence which 

further . supports the involvement of Kupffer cells in hepatic damage. 

Vitamin A (Vit. A), also referred to as retinol, is an euential fat 

soluble vitamin. A variety of normal biological processes are 

regulated by retinol. Some of these biological processes include the 

following: formation of rhodopsin for proper visual function, 

modulation of epithelial cell growth and differentiation, mobilization 

of essential bone elements, and regulation of normal fetal growth and 
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development (Biesalski et aI., 1989; B ollag et aI., 1983). Retinol can 

be obtained naturally, through the inges tion of egg yolk, as well as, 

cruciferous vegetables or artificially, through pharmaceutical 

preparations (Bollag et aI., 1983). Certain conditions such as 

pancreatic disease, colitis, or cirrhosis can lead to retinol deficiency, 

which can be counteracted through retinol (Vit. A) supplementation 

(Biesalski et a!., 1989; Bollag et a1., 1983; Goodman et a!., 1984). 

More recently, it has been suggested that the administration of 

retinol and other selected retinoids (e.g. retinoic acid and etretinate), 

in doses well above the recommended daily allowance (RDA), may 

provide protection from the development of certain diseases such as 

heart disease or skin cancer (Stuttgen et a!., 1975; Moon et a!., 1985). 

There is still concern with the development of direct, indirect or 

interactive toxic side-effects following the administration of large 

doses of retinoids. Previous studies, in rats, have shown that the 

administration of large doses of retinol can potentiate the hepatic 

damage induced by carbon tetrachloride (CC14) exposure (EISisi et a!., 

1 993a). Previous studies have also shown that Kupffer cells (KC), the 

resident. liver macrophage, play a significant role in retinol-induced 

potentiation of hepatic damage (Mobley et a!., 1991). Therefore, the 

following study was designed to: 1. Investigate the dose 

relationships between retinol and CC14 with respect 

potentiation of CC14-induced hepatic damage. 2. Determine 

response 

to the 

if the 

administration of selected retinoids, such as retinoic acid or retinyl 

palmitate, can potentiate the hepatic damage induced by CC14. 3. 
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Determine if the administration of selected retinoids can potentiate 

the hepatic damage induced by a structurally similar compound, 

BrCC13. and 4. Determine if the administration of 

macrophage/phagocyte inhibitors influence retinol potentiation of 

CCl4-induced hepatic damage. 



Animals: 

purchased 

MATERIALS AND METHODS 

( 220-250 grams) Male Sprague-Dawley rats 

from Harlan Sprague-Dawley Inc., (Indianapolis, 
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were 

IN). 

They were housed in wire hanging cages and maintained on a 12 

hour light! dark cycle at approximately 240 C. They received food 

(Wayne Lab-Blox)/water ad libitum. Following arrival to the 

University of Arizona Animal Care Facilities, animals were acclimated 

for 7 days before experimental procedures began. 

Materials: Carbon tetrachloride (CC14), bromo trichloromethane 

(BrCCI3), methyl palmitate, gadolinium chloride (GdCI3) were 

purchased from Sigma Chemical Co. (St.Louis, MO); retinol (all-trans), 

retinoic acid (all trans), retinyl palmitate were purchased from Fluka 

Chemical Co. (Ronkonkoma, NY) at 99% purity. 

Parameters Investigated 

Enzymatic and histological analysis of liver damage 

To determine the dose response characteristics in relation to retinol's 

ability to potentiate C04-induced hepatic damage, animals received 

various doses of retinol (either 75, 35 or 17.5 mg/kg/day), retinoic 

acid (either ISO, 300, 600 mg/kg/day ), or retinyl palmitate ( either 

1 SO or 300 mg/kg/day) for 7 successive days via oral gavage, at a 
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dosing volume of 2m1lkg, in corn oil vehicle. On day 8, CC14 (50,100, 

200 or 300 ullkg; dosing volume of 2mllkg; com oil vehicle) or 

BrCC13 (20 ullkg; dosing volume of 2m1lkg; com oil vehicle) was 

administered via ip injection. Control animals for the retinol, retinoic 

acid, retinyl palmitate, CC14 and BrCCl3 treatment groups received 

the appropriate volume of cornoil vehicle. Control animals in each 

retinoid treatment group were pair-fed to compensate for any 

decreases in nutritional intake. Twenty four hours following CC14 or 

BrCC13 exposure, rats were killed via C02 inhalation. Blood samples 

were obtained from the inferior vena cava via heparinized syringe 

and transferred to centrifugation tubes. Plasma samples were 

prepared by centrifugation at 2000g for 15 minutes and analyzed for 

alanine aminotranferase (ALT) activity using Sigma ALT diagnostic 

kit and the Beckman DU7 spectrophotometer. The results are 

reported as units per liter (UIL) plasma. For histological assessment 

of hepatic damage, rectangular liver slices were taken from the left 

lobe of the liver. The slices were immediately flXed in 10% buffered 

formalin and then embedded in paraffin. Tissue sections were then 

processed and stained with hematoxylin and eosin (El Sisi et aI.. 

1993). The stained liver sections were then evaluated for tissue 

damage by light microscopy. 

To inhibit Kupffer cell activity 

palmitate on 4 subsequent days prior to CCI4 

one day prior to CC14 or BrCCl3 exposure. 

rats received methy I 

exposure or gadoliniwn 

Methyl palmitate was 
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dissolved in 0.2% Tween 20 in 5% dextrose. A dose of 300 mg/kg 

was administered (i.v.) on day one, while 150 mg/kg was 

administered on days 2 through 4 four (Cowper et aI., 1990). 

Gadolinium chloride 10 mgfkg (GdC13) was dissolved in saline. After 

adjusting the pH to 3.5, the solution was administered, i.v., 1 day 

prior to CC14 or BrCC13 exposure (Hardonk et al., 1992). 

Statistical Analysis 

These data were analyzed using analysis of variance 

(ANOVA) and paired or unpaired student Newman-KeuIs t-test. 

Significance (designated by II * II on each graph) was observed w he n 

p was less than 0.05 (p <0.05) unless otherwise indicated. 
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RESULTS 

Retinol Potentiation Of CCl4-induced Hepatotoxicity 

Pretreatment with retinol (75 mg/kg/day) for 7 days prior to 

CC14 exposure (200 ullkg) resulted in an statistically significant (p < 

0.05) 6-fold increase in plasma AL T levels when compared to 

treatment groups that received CCl4 only (Fig.14). These results are 

consistent with previous findings in our laboratory that demonstrate 

the ability of retinol to potentiate the hepatic damage induced by 

CCl4. 

Dose-response or 

Hepatic Damage 

Retinol Potentiation or CCl4-induced 

Seven day pretreatment of rats with different doses of retinol 

(17.5, 35, or 75 mg/kglday) resulted in a dose-dependent increase in 

the potentiation of hepatic damage. Potentiation was demonstrated 

for all doscs of CC14 ( 100, 200 and 300 ullkg) except the 50 ulIkg 

dose, which did not result in hepatic damage or the potentiation of 

hepatic damage (as measured by plasma ALT activity levels) (Fig. 15). 

Retinoic Acid And Retinyl Palmitate Potentiation or CCI4-

Induced Hepatic Damage 

Seven day 

potentiated the 

pretreatment with retinoic 

hepatic damage induced 

acid (150 mg/kg/day) 

by CC14 (200 ullkg) 
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FI G.14. Retinol Potentiation of CCl4-induced Hepatic 

Damage. Pretreatment with retinol (75 mg/kg/day) for 7 days can 

potentiate hepatic damage induced by CCLt (200 ullkg; adminis tered 

24 hours following the last dose of retinol). 24 hours following CC14 

administration, plasma samples were collected for ALT activity 

analysis. Values are expressed as the mean .:t SE and n=9. Statistical 

significance (*) was expressed when p<O.05 in comparison to controls; 

a is statistically different from b. 
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FI G.IS. Dose Response or Retinol potentiation Of CCI4-

Induced Hepatic Damage. Seven day pretreatment with retinol 

(either 17.5, 35 or 75 mg/kg/day) potentiated hepatic damage 

induced by CC14 (either 100, 200 or 300 ul/kg; administered 24 

hours following the last dose of retinol). 24 hours following CC14 

administration, plasma samples were collected for AL T activity 

analysis. Values are expressed as the mean .± SE and n=8. Statistical 

significance (*) was expressed when p<O.05 in comparison to controls; 

a, b, and c of each treatment group are statistically different from 

each other. 
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FIG.16. Retinoic Acid Potentiation Of CCl4-Induced 

Hepatic Damage. Seven day pretreatment with retinoic acid (150 

mg/kg/day) potentiated the hepatic damage induced by CCLt (200 

ul/kg; administered 24 hours following the last dose of retinoic acid). 

24 hours following CC14 administration, plasma samples were 

collected for ALT activity analysis. Values are expressed as the 

mean ± SE and n=4. Statistical significance (*) was expressed when 

p<o.05 in comparison to controls. The three treatment groups 

displaying (*) are statistically different from each other. 
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FIG.17. Dose Response or Retinoic Acid Potentiation or 

CCl4-Induced Hepatic Damage. Seven day pretreatment with 

retinoic acid (either 0.0, 150, 300, 600 mg/kg/day) potentiated 

hepatic damage induced by CC14 (either 100 or 300 ul/kg; 

administered 24 hours following the last dose of retinol). 24 hours 

following CC14 administration, plasma samples were collected for AL T 

activity analysis. Values are expressed as the mean .± SE and n=8. 

Statistical significance (*) was expressed when p<O.05 in comparison 

to controls; a, b, and c of each treatment group are statistically 

different from each other. 
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FIG.1S. Retinyl Palmitate Potentiation Of CCl4-Induced 

Hepatic Damage. Seven day pretreatment with retinyl palmitate 

(either 0.0, 150, 300 mglkg/day) potentiated hepatic dama ge 

induced by CC14 (200 ullkg; administered 24 hours following the last 

dose of retinol). 24 hours following CCl4 administration, plasma 

samples were collected for ALT activity analysis. Values are 

expressed as the mean ± SE and n=8. Statistical significance (*) was 

expressed when p<O.05 in comparison to controls; a, b and c are 

s tatis tically different from each other. 
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exposure (Fig.16). Seven day pretreatment of rats with different 

doses of retinoic acid (0.0, 150, 300, 600 mg/kg/day) resulted in a 

dose-dependent increase in the potentiation of hepatic damage. 

Potentiation was demonstrated for all doses of CC14 ( 100, 200 and 

300 uUkg) (Fig. 17). The same treatment, using different doses of 

retinyl palmitate (150 and 300 mg/kg/day) also resulted in the 

dose-dependent potentiation of CCl4 -induced (200 uUkg) hepatic 

damage (Fig. 18). These data demonstrate that selected retinoids, 

such as retinoic acid and retinyl palmitate, can potentiate CC14-

induced hepatic damage. 

Retinol, Retinoic Acid Or Retinyl 

BrCCl3-Induced Hepatic Damage 

Palmitate Potentiates 

Seven day pretreatment with either retinol (75 mglkg/day), 

retinoic acid (150 mg/kg/day) or retinyl palmitate (300 mg/kg) 

resulted in the potentiation of BrCCl3-induced (20 uUkg) hepatic 

damage. The administration of either retinol or retinoic acid resulted 

in 4 fold increase in BrCCl3-induced hepatic damage, while retinyl 

palmitat~ elicited a 6 fold increase in hepatic damage (Fig. 19, 20, 

and 21, respectively). 'fhcse data demonstrate the ability of selected 

retinoids to potentiate the hepatic damage induced by a compound 

(BrCCI3) which is structurally similar to the model compound, CC14. 
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FIG.19. Retinol Potentiation Of BrCCl3-Induced Hepatic 

Damage. Seven day pretreatment with retinol (75 mg/kg/day) 

potentiated hepatic damage induced by BrCC13 (20 ullkg; 

administered 24 hours following the last dose of retinol). 24 hours 

following BrCC13 administration, plasma samples were collected for 

ALT activity analysis. Values are expressed as the mean .± SE and 

n=S. Statistical significance (*) was expressed when p<o.OS in 

comparison to controls. The two treatment groups displaying (*) are 

statistically different from each other. The two treatment groups 

displaying (*) are statistically different from each other. 
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FIG.20. Retinoic Acid Potentiation or BrCCl3-Induced 

Hepatic Damage. Seven day pretreatment with retinoic acid (1S0 

mg/kg/day) potentiated hepatic damage induced by BrCCl3 (20 

ullkg; administered 24 hours following the last dose of retinoic acid). 

24 hours following BrCC13 administration, plasma samples were 

collected for ALT activity analysis. Values are expressed as the 

mean .± SE and n=S. Statistical significance (*) was expressed when 

p <o.OS in comparison to controls. The two treatment groups 

displaying (*) are statistically different from each other. 
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FIG.21. Retinyl Palmitate Potentiation Of BrCCl3-Induced 

Hepatic Damage. Seven day pretreatment with retinyl palmitate 

(300 mg/kg/day) potentiated hepatic damage induced by BrCC13 (20 

ullkg; administered 24 hours following the last dose of retinyl 

palmitate). 24 hours following BrCC13 administration, plasma 

samples were collected for ALT activity analysis. Values are 

expressed as the mean .± SE and n=S. Statistical significance (*) was 

expressed when p<O.OS in comparison to controls. The two trea tment 

groups displaying (*) arc statistically different from each other. 
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4 Day Dosing With Retinol Or Retinoic Acid Can Poten tiate 

CCl4-Induced Hepatic Damage 

Pretreatment with either retinol (75 mg/kglday) or retinoic acid 

(150 mglkg/day) resulted in the potentiation of hepatic damage 

induced by CCl4 (200 ullkg). Briefly, rats were treated for 4 days 

with either retinol or retinoic acid. 24 hours following the I as t 

retinoid treatment the animals were dosed with CC14. The 4 day 

retinol pretreatment produced a 5 fold increase in hepatic damage, 

while the 4 day retinoic acid treatment elicited a 12 fold increase in 

hepatic damage (Fig. 22 and 23). 

Gadolinium Chloride And Methyl Palmitate Inhibits Retinol 

Potentiation or CCl4 Or BrCCl3-induced Hepatic Damage 

To inhibit Kupffer cell activtiy either gadolinium chloride (10 

mg/kg) or methyl palmitate (150-300 mg/kg) was administered to 

the seven day retinol pre treatment group s prior to C C14 (200 u 11 kg) 

or BrCCl3 exposure (20 ulIkg). The results show that administration 

of either compound, gadolinium chloride or methyl palmitate. 

completely eliminated retinol potentiation of hepatic damage but did 

not influence the damage induced by CC14 or BrCCl3 exposure (Fig. 

24, 25, 26 and 27, respectively). 
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FIG.22. 4 Day Pretreatment With Retinol Can Potentiate 

CCl4-Induced Hepatic Damage. Four day pretreatment with 

retinol (75 mglkg/day) potentiated hepatic damage induced by CC14 

(200 ullkg; administered 24 hours following the last dose of retino!). 

24 hours following CC14 administration, plasma samples were 

collected for ALT activity analysis. Values are expressed as the 

mean ± SE and n=4. Statistical significance (*) was expressed when 

p <0.05 in comparison to controls. The two treatment groups 

displaying (*) are statistically different from each other. 
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FIG.23. 4 Day Pretreatment With Retinoic Acid Can 

Potentiate CCl4-Induced Hepatic Damage. Four day 

pretreatment with retinoic acid (150 mg/kg/day) potentiated hepatic 

damage induced by CCl4 (200 ullkg; administered 24 hours following 

the last dose of retinoic acid). 24 hours following CC14 

administration, plasma samples were collected for ALT activity 

analysis. Values are expressed as the mean .± SE and n=4. Statistical 

significance (*) was expressed when p<O.05 in comparison to controls. 

The two treatment groups displaying (*) are statistically different 

from each other. 
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F I G.2 4. Gadolinium Chloride Eliminates Retinol 

Potentiation or CC14-Induced Hepatic Damage. One day prior 

to CCl4 exposure (200 ul/kg), gadolinium chloride (10 mg/kg) was 

administered to the retinol (75 mg/kg/day for 7 days) pretreatment 

groups. 24 hours following CCl4 administration, plasma samples 

were collected for ALT activity analysis. The administration of 

gadolinium chloride eliminated the potentiation of CCl4-induced 

hepatic damage. Values are expressed as the mean + SE and n=9. 

Statistical significance (*) was expressed when ~.05 in comparison 

to controls. GC = gadolinium chloride; a is statistically different from 

b, c, and d; b, c, and d are not statistically different from each other. 
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FIG.25. Gadolinium Chloride Eliminates Retinol 

Potentiation or BrCCl3-Induced Hepatic Damage. One day 

prior to BrCCl3 exposure (20 ulIkg), gadolinium chloride (10 mg/kg) 

was administered to the retinol (75 mg/kg/day for 7 days) 

pretreatment groups. 24 hours following BrCCl3 administration, 

plasma samples were collected for ALT activity analysis. The 

administration of gadolinium chloride eliminated the potentiation of 

BrCCl3 -induced hepatic damage. Values are expressed as the mean .:t 

SE and n=4. Statistical significanoe (*) was expressed when p<O.05 in 

comparison to controls. GC = gadolinium chloride; a is statistically 

different from b, c, and d; b, c, and d are not statistically different 

from each other. 
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FIG.26. Methyl Palmitate Reduces Retinol Potentiation Of 

CCl4-Induced Hepatic Damage. Methyl palmitate (150-300 

mglkg) was administered to the retinol (75 mg/kglday for 7 days) 

pretreatment groups 4 subsequent days prior to CC14 (200 ul/kg) 

exposure. 24 hours following CCl4 administration, plasma samples 

were collected for ALT activity analysis. The administration of 

methyl palmitate significantly reduced the degree of potentiation 

(98% reduction). Values are expressed as the mean .± SE and n=5. 

Statistical significance (*) was expressed when p<O.05 in compari s on 

to controls. MP = methyl palmitate; a is statistically different from b, 

c, and d; b, c, and d are not statistically different from each other. 
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FIG.27. Methyl Palmitate Reduces Retinol Potentiation Of 

BrCCl3-Induced Hepatic Damage. Methyl palmitate (150-300 

mglkg) was administered to the retinol (75 mglkg/day for 7 days) 

pretreatment groups 4 subsequent days prior to BrCCl3 (20 ullkg) 

exposure. 24 hours following BrCCl3 administration, plasma samples 

were collected for ALT activity analysis. The administration of 

methyl palmitate significantly reduced the degree of potentiation 

(98% reduction). Values are expressed as the mean .± SE and n=5. 

Statistical significance (*) was expressed when p<O.OS in comparison 

to controls. MP = methyl palmitate; a is statistically different from b, 

c, and d; b, c, and d are not statistically different from each other. 
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Histological Analysis Of Retinoid Potentiation Of CCI4-

Induced Hepatic Damage 

Administration of CCLt resulted in centrilobular necrosis 

(hepatic zone 3). This centrilobular damage was manifested as 

cellular vacuolization and degeneration in the centrilobular region of 

the liver as compared to control (Fig. 28-a and 28-b). Adminis tra tion 

of CCLt to retinol pretreated rats resulted in more extensive 

centrilobulor (hepatic zone 3) damage. The damage also progressed 

across zone 2 approaching the periportal region (hepatic zone 1) 

(Fig.28-c). The S8InC pattern is observed when CCLt is administered 

to rats pretreated with either retinoic acid or retinyl palmitate (Fig. 

28-d and 28-e). Administration of either gadolinium chloride or 

methyl palmitate to the retinol pretreated rats resulted in a 

significant decrease in the severity of CC14-induced liver injury (Fig. 

28-g and 28-h) (fhe hepatic damage present in animals receiving 

either gadolinium chloride or methyl palmitate was re-Iocalized to 

the centrilobular region (hepatic zone 3) similar to the hepatic 

damage present in rats exposed to CC14 only). 
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FIG.28. 
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(h) ). 

membrane 

Hepatic damage 

blebbing, 

Retinoids, Hepatotoxicants And 

(shown in photomicrographs (a) through 

was viewed as hepatocyte swelling, 

cellular vacuolizations, multinucleated 

hepatocytes, de-nucleated hepatocytes, and localized or extended 

necrosis. The photomicrographs are H & E stained liver sections; 

magnification at lOX unless otherwise indicated. The orientation of 

zones 1, 2 and 3 in photomicrograph ( a ) the sa.me for 

photomicrographs ( b) through ( h). ( a) Control rat liver, showing 

zone 3 (central vein region); zone 2; zone 1 (periportal region). ( b) 

Rat liver exposed to CC14 (200 ul/kg) for 24 hours. Centrilobular 

damage in zone 3 is manifested as cellular vacuolization, 

multinucleation, necrosis and focal degeneration. ( c) Rat liver 

pretreated with retinol (75 mg/kg/day for 7 days) and subsequently 

exposed to CCl4 (200 ullkg) 24 hours following the last dose of 

retinol. Centrilobular damage in zone 3 is more prominent. Hepatic 

damage has extended across zone 2 and approaches zone 1, the 

periportal region. The same pattern of hepatic damage observed in 

(C) is manifested when CC14 is administered to rats pretreated with 

either retinoic acid (d) or retinyl palmitate (e). (g) Administration 

of GdCl3 (10 mglkg; 1 day prior to CC14 exposure) to the retinollCC14 

treatment groups resulted in the elimination of potentiation (note: 

hepatic damage was re-Iocalized to zone 3, the centrilobular region). 
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(G) The administration of gadolinium chloride (10 mglkg; 1 day prior 

to CC14 exposure) resulted in the elimination of potentiation. ( H) 

Administration of methyl palmitate (150-300 mg/kg; 4 subsequent 

days prior to CC14 exposure) to the retinollCCl4 treatment groups 

resulted in the elimination or significant reduction (98 % ) 0 f 

potentiation (note: with the administration of either gadolinium 

chloride or methyl palmitate, hepatic damage was re-localized to 

zone 3, the centrilobular region). 
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DISCUSSION 

The intake, metabolism and physiological distribution of 

retinoids are necessary for the regulation of many biological 

functions (e.g. production of rhodopsin for visual function, 

mobilization of essential bone elements) (Bollag et aI., 1983) . 

Researchers and clinicians have found that the adminis tration of 

large doses of retinoids (e.g. retinol, retinoic acid, retinyl palmitate) 

can be beneficial in preventing the development or progression of 

certain diseases, such as cancer (Bollag et aI., 1983). However, the 

development of toxicities (direct, indirect, or interactive) are of great 

concern. Previous studies have shown that, in rats, the 

administration of retinol can potentiate the hepatic damage induced 

by carbon tetrachloride exposure and other hepatotoxicants (Mobley 

et aI., 1991; EISisi et at., 1993a). However these studies did not 

address tbc ability of variable doses of retinol to elicit potentiation. 

Also these studies did not investigate the ability of other retinoids, 

such as retinoic acid and retinyl palmitate, to elicit potentiation in 

our model. These studies would be important since both retinoic acid 

and retinyl palmitate have been used prophalacticly and 

therapeutically in clinical settings (Lasnitzki et aI., 1976; Orfanos et 

aI., 1987). Studies have also shown that the resident liver 

macrophage, Kupffer cells, play a significant role in retinol-induced 

potentiation of hepatic damage (Mobley et aI., 1991; EISisi et aI., 
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1993a), however the mechanisms of Kupffer cell involvement are not 

completely understood. Therefore, this study was designed to: 

investigate the dose response relationships between retinol and CCl4 

with respect to the potentiation of CC14 -induced hepatic damage; 

determine if the administration of selected retinoids, such as retinoic 

acid or retinyl palmitate, potentiated the hepatic damage induced by 

CCl4; determine if the administration of selected retinoids 

potentiated the hepatic damage induced by a structurally similar 

compound, BrCCI3; and since Kupffer cells have been implicated in 

our model of potentiation, determine if the administration of 

macrophage/phagocyte inhibitors influence retinol potentiation of 

chemically-induced hepatic damage. 

This study has demonstrated that retinol can potentiate CC14-

induced hepatic damage in a dose dependent manner. These data 

support the fmdings made by Sipes et ai., 1989, and EISisi et ai., 

1993, which showed that seven day administration of retinol, 75 

mg/kglday, potentiated the hepatic damage induced by CC14. 

The present study has demonstrated that administration 0 f 

large doses of retinoic acid or retinyl palmitate can also elicit 

potentiation of CCl4-induced hepatic damage. These are important 

observations, since both retinoic acid and retinyl palmitate are 

metabolites of retinol. Retinyl palmitate is the major hepatic storage 

form of retinol. It is stored in the Ito cells and is liberated via 

hormonal regulation, feedback of low circulatory levels of retinol, 0 r 

Ito cell engorgement. Once liberated retinyl palmitate is metabolized 
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to retinol or retinoic acid. It is unlikely that retinyl palmitate is the 

oio-active component of these retinoids. It IS more likely that the 

formation of retinol or retinoic acid is responsible for the 

potentiation of chemically-induced hepatic injury. This is supported 

by the fact that retinoic acid can elicit potentiation in our model. 

Retinoic acid is the primary metabolite of retinol and possess a high 

degree of biological activity. Thus it is conceivable that retinoic acid 

may be the more important product concerning the biological activity 

of retinoids. 

The present study has demonstrated that the administration of 

either retinol, retinoic acid or retinyl palmitate can potentiate the 

hepatic damage induced by BrCCI3, These results were expected 

because BrCCl3 is structurally similar to CC14 and is also bioactivated 

to form a trichloromethyl radical. 

The present study also addressed the possibility that a shorter 

retinoid dosing period would result in the potentiation of chemically

induced hepatic damage. This is an important observation because it 

demonstrates that retinol is more efficacious then previously shown. 

The data show that pretreatment with retinol or retinoic acid for f 0 u r 

days can potentiate the hepatic damage induced by CC14 exposure 

following the last retinoid dose. The four day Retinol pretreatment 

produced a 5 fold increase in hepatic damage, while the four day 

retinoic acid treatment elicited a 12 fold increase in hepatic dam a ge 

(Fig. 22 and 23). This study has also shown that retinoid treatment 

affects nutritional intake which is manefested as a decrease in 
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weight gain for the retinol teratment groups and weight loss for the 

retinoic acidiretinyl palmitate treatment groups (Appendix B). 

Also the results from this study further demonstrate the 

involvement of Kupffer cells in retinoid potentiation of chemically

induced liver injury. The administration of either gadolinium 

chloride or methyl palmitate (inhibitors of Kupffer cell function) 

completely block potentiation without effecting the inherent toxicity 

of CC14 or BrCC13. However, the studies conducted in this chapter do 

not address the potential mechanisms of Kupffer cell involvement. 

These mechanisms will be further investigated in chapters 3 and 4. 

The data presented in this chapter provide valuable 

information about the dose response activity of retinoids and the 

involvement of Kupffer cells in the potentiation of chemically

induced hepatic damage. 



152 

CHAPTER 3 

RETINOL POTENTIATION OF CHEMICALLY -INDUCED LIVER 

DAMAGE: A POTENTIAL ROLE FOR TUMOR NECROSIS 

FACTOR 
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INTRODUCTION 

Chapter 1 gave an extensive overview of several pertinent 

topics including the biological and functional importance of Kupffer 

cells and TNF. The studies summerized in chapter 2 demonstrated 

the ability of retinoids to potentiate the hepatic damage induced by 

carbon tetrachloride or bromotrichlormethane. They also 

demons trated the involvement of Kupffer cells in our model of 

potentiation. The present chapter expands on the findings presented 

in chapter 2 which supported the the involvement of Kupffer cells 

(KC) in retinol potentiation of chemically-induced hepatic damage. It 

does this by providing valuable information which demonstrates the 

involvement of Kupffer cell-derived TNF in our model of 

potentiation. 

Previous studies, in rats, have shown that the administration of 

large doses of retinol can potentiate the hepatic damage induced by 

carbon tetrachloride ( CC14) exposure. These studies have also shown 

that the administration of gadolinium chloride or methyl palmitate 

blocks the potentiation of hepatic damage. The actual mechanisms 

involving KC in this phenomenon of potentiation is not completely 

understood. However, investigations conducted by Sipes et a1. 

(1989), Mobley et a1. (1991) and EISisi et a1. (1993a) have shown that 

KC from retinol pretreated rats exhibit an increase in the production 

and release of reactive oxygen species following activation. Both the 
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activation of retinol-primed KC and subsequent elevation in the 

production and release of reactive oxygen species, have been 

implicated in our model of potentiation of chemically-induced 

hepatic damage (Sipes et al., 1989; EISisi et al., 1993a). 

Nevertheless, the mechanisms responsible for KC activation, in 

our model, have not been clearly defined. Perhaps modulatory 

factors such as cytokines play a role in Kupffer cell activation. 

Beutler et al. (1990) and Nathan et al. (1990), have shown that the 

TNF is produced by, and can activate KC. In addition, TNF has the 

ability to directly or indirectly influence paranchymal cell integrity 

(Satoh et al., 1992; Kuiper et aI., 1988). Therefore, the following 

study was designed to determine if the administration of retinol, 

phagocyte inhibitors or TNF neutralizing antibody can affect TNF 

levels and the degree of potentiation of CC14-induced hepatic 

damage. 
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MATERIALS AND METHODS 

Ani mal s: Male Sprague-Dawley rats (220-250 grams) were 

purchased from Harlan Sprague-Dawley Inc., (Indianapolis, IN). 

They were housed in wire hanging cages and maintained on a 12 

hour light/dark cycle at approximately 240 C. They received food 

(Wayne Lab-Blox)/water ad libitum. Following delivery to the 

University of Arizona Animal Care Facilities, animals were allowed 

to acclimate for seven days before experimental procedures began. 

Materials: Carbon tetrachloride (CC14), methyl palmitate, 

gadolinium. chloride (GdCI3), protease type XIV, metrizamide density 

gradient, Gey's balanced salt solution and Delbecos modified hcove's 

medium were purchased from Sigma Chemical Co. (St.Louis, MO); 

retinol (all-trans) was purchased from Flub (Ronkonkoma, NY); 

polyclonal rabbit anti-mouse tumor necrosis factor neutralizing 

antibody was purchased from Genzyme (Cambridge, MA); rat 

interleukin-l a RIA kit was purchased from Cytokine Sciences Inc. 

(Boston, MA); collagenase class II was purchased from Worthington 

Biocbcm Corp. (Freehold, NJ); 6 well tissue culture plates, Falcon 

brand, were purchased from Baxter (McGraw Park, IL l. 
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Parameters I nves ligated 

Biochemical analysis of liver damage. 

To determine the dose response characteristics in relation to retino1's 

ability to potentiate CCl4 -induced hepatic damage, animals received 

various doses of retinol (either 75, 35 or17.5 mg/kg/day for 7 

successive days; dosing volume 2mVkg; corn oil vehicle) via oral 

gavage. On day 8, CC14 (50,100, 200 or 300 ul/kg; dosing volume of 

2m11kg; com oil vehicle) was administered via ip injection. Control 

animals for both the retinol and CC14 treatment groups received the 

appropriate volume of com oil vehicle (dosing volume; mllkg). 

Twenty four hours following CC14 exposure, rats were killed via 00:2 

inhalation. Blood samples were obtained from the inferior vena cava 

via heprinized syringe and transferred to centrifugation tubes. 

Plasma samples were prepared by centrifugation at 2000g for 15 

minutes and analyzed for alanine aminotransferase (ALT) activity 

using Sigma ALT diagnostic kit and the Beckman DU7 

spectrophotometer. The results are reported as units per liter (UIL) 

plasma. In this study alanine aminotransferase activity was used as 

the endpoint for the determination of hepatic damage. 
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Isolation of Kupffer cells for in vitro analysis of tumor 

necrosis factor was achieved through the modification of the 

isolation procedure first described by Knook and Sleyster (1976). 

The Kupffer cells were isolated by recirculation perfusion of 

collagenase/pronase enzyme solution and purified by centrifugal 

elutriation. Briefly, the portal vein was canulated and perfused in 

situ initially with Gey's Balanced Salt Solution for the removal of red 

blood cells. The liver was then removed from the body cavity and 

perfused with 0.2% pronase in order to selectively destroy 

hepatocytes while rendering the non-parenchymal cells relatively 

undamaged (Knook et aI., 1975). After this perfusion the liver was 

minced and slowly stirred at 370C for 30 minutes in a 0.05% 

collagenase/0.05% pronase solution to dissociate liver cells from the 

hepatic matrix. The resulting liver suspension was filtered through a 

mesh filtering funnel to separate undissociated liver fragments from 

liberated parenchymal/non-parenchymal cells. The filtered solution 

is then centrifuged at 750 x g for 10 minutes to yield a pelleted 

hepatoc~llular isolate. The non-parenchymal cells were then 

separated by centrifugation over a discontinuous metrizamide 

density gradient. Isolation of Kupffer cells was then achieved by 

centrifugal elutriation using multiple flow rates. Kupffer cell purity 

was established through the use of peroxidase staining (Kupffer cell 

isolations were determined to be approximately 98% pure). For a 
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more detailed overview of the Kupffer cell isolation procedure see 

procedure section in Appendix A. 

Tumor necrosis factor (TNF) analysis was assessed by 

first obtaining plasma samples or culture media samples from the 

treatment 

enzyme 

groups. 

linked 

The samples were 

immunosorbant assay 

then analyzed for TNF via 

(ELISA). The ELlS A kit was 

purchased from Genzymc. An ELISA reader was used to measure 

TNF levels. Briefly, samples and standards are first incubated with a 

solid phase monoclonal antibody which captures TNF. The solid 

phase-TNF complex is then incubated with a second antibody, rabbit 

anti-TNF polyclonaI. The resulting immune complexes (e.g. 

monoclonal TNF antibody: TNF: and polyclonal TNF antibody) are 

then incubated with a peroxidase conjugate. The peroxide substrate 

and chromogen are added. This addition resulted in a color change 

which is directly proportional to the amount of TNF present in the 

samples and standards. Absorbence values were read at 450 nm. 

The accuracy of sample concentrations of TNF can be determined by 

comparing their respective absorbences with those obtained from 

standards plotted on the standard curve. For a more detailed 

overview of the TNF-ELISA procedure, see procedure section in 

Appendix A (Sheehan et aI., 1989; Stenger et aI., 1991). TNF 

cytotoxic activity was measured using the WEHI 164 cytotoxicity 

bioassay. Briefly, a target cell line, WEHI 164 cell line, was adjusted 

to a density of 5 X uP cells/ml in RPMI 1640 media containing 10% 
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Fetal Bovine Serum (FBS), 30 ug/ml gentamycin, and 0.5 ug/ml 

actinomycin D. Next, 100 ul of sample (e.g. plasma containing TNF) 

was added to the wells of a Corning-25860 96 well culture plate. 

The target cell line (100 ul) is added to each well following the 

addition of the sample. Following incubation for 1 hr at 370 C with 

5 % C02, specific TNF antibodies were added to the wells and 

incubated for 20 minutes at 370C in 5% C02. Following this step, 20 

ul of MTT was added to the wells and then incubated for 4 hour s. 

Following this incubation period, 150 ul of the supernatant was 

discarded from each well, 100 ul of isopropanol with 0.04 N HCL was 

added to each well and incubated for 24 hours. Plates can then be 

read at 570 nm. For a more detailed overview of the WEHI 164 TNF 

cytotoxicity bioassay procedure, see procedure section in Appendix 

A. 

To inhibit Kupffer cell activity rats received methyl 

palmitate four subsequent days prior to CC14 

chloride oDC day prior to CC14 exposure. 

exposure or gadolinium 

Methyl palmitate was 

dissolved in 0.2% Tween 20 in 5% dextrose. Methyl palmitate, 300 

mg/kg, was administered (i.v.) on day ODC, while a dose 150 mg/kg 

was administered on days 2 through 4 four ( Cowper et ai., 1990). 

Gadolinium chloride was dissolved in saline, adjusted to pH 3.5, and 

then a dose of 10 mg/kg was administered Lv., 24 hours prior to CC14 

exposure (Har&onk et ai., 1992). 
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Neutralization of TNF was achieved through the Lv. 

administration of polyc1onal rabbit anti-mouse TNF to treatment 

groups 1 day prior to hepatotoxicant exposure. The dose was 

of antibody/2S0 gram rat (100 ul of antibody neutralizes 

100 ul 

100,000 

units of TNF as measured through the L929 bioassay) ( Smith et ai., 

1990). This antibody hal!- been shown to be highly specific for the 

neutralization of rodent TNF bio-activity (Asmuth et aI., 1990). 

Statistical Analysis 

The Statistical Significance 

analysis of variance (ANOVA) and 

Significance (designated by " * " on 

p was less than 0.05 (p < 0.05) unless 

was determined using 

student Newman-Keuls t-test. 

each graph) was observed w hen 

otherwise indicated. 
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RESULTS 

Plasma TNF Levels Or Activity Following Treatment With 

Retinol, Gadolinium Chloride Or TNF Antibody 

The TNF ELISA assay demonstrated that retinol pre trea tment 

(75 mglkglday) elicited a 9 fold increase in Plasma TNF levels 

(Fig.29) while the administration of gadolinium chloride, a Kupffer 

Cell inhibitor, resulted in non-detectable levels of plasma TNF 

(Fig.34) when compared to the respective controls. With the use of 

The WEHI-164 TNF bioassay demonstrated that retinol pretreatment 

(75 mg/kg/day) resulted in a significant (p < 0.05) increase in TNF 

cytotoxicity in comparison to the respective controls (Fig.31). In this 

bioassay, both control groups and groups treated with TNF antibody 

(100 ul) displayed non-detectable levels of TNF cytotoxicity. The 

ELISA showed that the administration of TNF neutralizing antibody 

(100 ul) to rats pretreated with retinol (75 mg/kg) and subsequently 

exposed to CCI4 (200 ulIkg) resulted in non-detectable levels of TNF 

(fig.32). Also, the administration of TNF neutralizing antibody 

(100 ul) to rats pretreated with retinol (75 mg/kg) and subsequently 

exposed to CC14 (200 ullkg) resulted in a 60-65% decrease in 

potentiation of CC14 -induced liver damage (Fig.33). The 

administration of the antibody did not effect the hepatic damage 

induced by CC14 administration alone. 
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FI G.29. Plasma TNF Levels Following Retinol 

Administration. Pretreatment with retinol (75 mg/kg/day for 7 

days) only or pretreatment with retinol followed by exposure to CC14 

(200 ul/kg), 24 hours following the last retinol dose, resulted in the 

increase of plasma TNF levels. Values are expressed as the mean ± 

SE and n=8. Statistical significance (*) was expressed when p<o.05. 

The two treatment groups displaying (*) are not statistically different 

from each other. 
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FIG.30. Gadolinium Chloride Reduces TNF Levels. The 

administration of gadolinium chloride (10 mg/kg) to rats pretreated 

with retinol (75 mglkg/day for 7 days) and subsequently exposed to 

CCl4 (200 ullkg) resulted in non-detectable levels of TNF. 24 hours 

following CCl4 exposure, plasma samples were collected for the 

determination of TNF levels. Values are expressed as the mean .:t SE 

and n=8. Statistical significance (*) was expressed when p<O.05. ND 

= non-detectable levels; GC = gadolinium chloride. The two treatment 

groups displaying (*) are not statistically different from each other. 
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FI G.31. Cytotoxicity Of TNF Following Retinol 

Administration. Pretreatment with retinol (75 mg/kg/day for 7 

days) resulted in 300 fold increase in TNF bio-activity as measured 

via WEHI-164 cytotoxicity bioassy. The administration of TNF 

antibody (100 ul) resulted in non-detectable levels of cytotoxicity 

which confmns the TNF neutralizing activity of this antibody. Values 

are expressed as the mean :t SE and n=5. Statistical significance (*) 

was expressed when p<O.05. ND = non-detectable levels; TNF-Ab = 

tumor necrosis factor neutralizing antibody. 
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FI G.32. The Administration Of TNF Antibody Reduces TNF 

L eve I s. The administration of TNF antibody (100 uIJ250 gram rat) 

to rats pretreated with retinol (75 mglkg/day for 7 days) resulted in 

non-detectable levels of TNF as measured via TNF ELISA assay. 

Values are expressed as the mean .± SE and n=3. Statistical 

significance (*) was expressed when ~.05. ND = non-detectable 

levels; TNF-Ab = tumor necrosis factor neutralizing antibody. 
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FIG.33. The Administration Of TNF Antibody Reduces 

Retinol Potentiation or CCl4-Induced Hepatic Damage. The 

administration of TNF antibody (100 u1l250 gram rat) to rats 

pretreated with retinol (75 mg/kg/day for 7 days) and subsequently 

exposed to CC14 (200 ul/kg) resulted in a 60-65 % decrease in 

potentiation of liver damage. 24 hours following CC14 exposure, 

plasma samples were collected for the determination of TNF levels. 

Values are expressed as the mean ± SE and n=8. Statistical 

significance (*) was expressed when p<O.05. con = control; TNF-Ab = 

tumor necrosis factor neutralizing antibody. The two treatment 

groups displaying (*) are statistically different from each other. 
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Culture Media TNF Levels From Retinol-Pretreated Kupffer 

ce lis 

Kupffer cells were isolated from retinol treated rats. These 

cells were then cultured (1 x 1 cP cells/well) and allowed to incubate 

for 24 hours. Following this incubation period, samples of the culture 

media were analyzed for the presence of TNF. In culture, Kupffer 

cells isolated from rats treated with retinol (75 mg/kg) displayed an 

approximated 5 fold increase in the release of TNF into culture 

media. Kupffer cells isolated from rats treated with vehicle alone did 

not display an elevation in TNF release (Fig.34). 
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The Release TNF In Culture Media. Kupffer cells 

(via hepatic digestion and centrifugal elutriation) and 

from retinol-pretreated (75 mg/kg/day for 7 days) rats 

an increase in TNF production/release when compared to 

non-pretreated rats. 24 hours after culturing, media samples were 

collected for the determination of TNF levels. Values are expressed 

as the mean + SE and n=5. Statistical significance (*) was expressed 

when p<o.05. 
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DISCUSSION 

Recently, researchers have focused on the role that 

nonparanchymal hepatic cells may play in the development of 

hepatic damage (Brouwer et a!., 1983; Laskin 1990; E1Sisi et aI., 

1993a). Among these nonparanchymal cells, Kupffer cells have 

received a considerable amount of attention. These cells represent 

the largest reservoir of localized macrophages in the body which 

function in immune defense/modulation in the liver (Wisse and 

Knook, 1979; Brower et aI., 1982). Upon activation, Kupffer cells 

release a variety of factors such as reactive oxygen species 

(superoxide radical) and/or cytokines (TNF) (Adams et aI., 1984; 

Broudy et aI., 1986). Both superoxide radicals and TNF have been, 

directly or indirectly, implicated in the development or progression 

of liver injury (Bautista et aI., 1991; Armendariz-Borunda et aI., 

1991). It is conceivable that the activation of Kupffer cells and 

subsequent release of such factors, may be one mechanism which 

contributes to the potentiation or progression of liver injury. 

The present study showed that 7 day retinol pretreatment can 

potentiate CC14 -induced hepatic damage in a dose-dependent 

manner. These observations are consistent with those made by other 

investigators. Mobley et aI., (1991) and EISissi et al., (1993) have 

shown that primed and activated Kupffer cells are involved in our 

model of potentiation. If Kupffer cell function is inhibited the n 
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potentiation of hepatic damage may be influenced. A variety of 

studies have shown that both GdCl3 and methyl palmitate can inhibit 

Kupffer cell activity (Hardonk et a!., 1992). We found that the 

administration of either gadolinium chloride (10 mg/kg) or methyl 

palmitate (150-300 mglkg) prior to CC14 exposure (200 ul/kg) 

resulted in the elimination or decrease in the potentiation of hepatic 

damage. These observations added further support to previous 

findings which suggested that Kupffer cells play an important role in 

our model of potentiation. 

The mechanism of Kupffer cell involvement in our model of 

potentiation is not completely understood. However, there is 

evidence that activation of retinol primed Kupffer cells plays a 

significant role in potentiation of hepatic damage (Mobley et a!., 

1991; E1Sisi et a!., 1993a). Many investigators have shown that 

cytokines, such as interleukin-l or TNF, play a significant role in the 

activation of Kupffer cells (Larric et a!., 1990; Bautista et aI., 1991; 

Decker, 1990). Preliminary studies suggested that in our model 0 f 

potentiation, plasma TNF levels were elevated. As a result of this 

finding,. TNF was further investigated for several reasons: it is 

produced and released by Kupffer cells, it can directly activate 

Kupffer cells, it can modulate a variety of cellular functions, and it 

can exhibit cytotoxic activity against certain paranchymal cell types 

(Larric et a!., 1990; Bautista et aI., 1991; Decker, 1990). Our further 

investigations showed that pretreatment with retinol for 7 days 

resulted in elevated plasma TNF levels. Also Kupffer cells that were 
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cultured from retinol-pretreated rats produced/released significantly 

higher levels of TNF, in culture media, when compared to Kupffer 

cells cultured from non-retinol pretreated rats. These data suggest 

that retinol, either directly or indirectly, can elicit an increase in TNF 

production/release from Kupffer cells. 

Another piece of evidence supporting the involvement of TNF 

in our model was produced from the WEHI 164 cytotoxicity bioassay. 

This bioassay demonstrated that retinol treatment resulted in a 300 

fold increase in TNF related cytotoxicity when compared to controls. 

The bioassay also showed that the administration of TNF 

neutralization antibody resulted in non-detectable levels of TNF 

cytotoxicity, conflflDing the efficacy of our TNF antibody. This study 

also showed that, in vivo, the administration of gadolinium chloride 

(macrophage/kupffer cell inhibitor) to retinol pretreated rats 

resulted in non-detectable plasma levels of TNF. Also, the 

administration of TNF neutralizing antibody to retinol pretreated rats 

resulted in a 60-65% decrease in potentiation of chemically-induced 

liver damage, as measured through AL T analysis. 

The mechanisms concerning Kupffer cell involvement in 

potentiation of hepatic damage are not fully understood. However, 

we have shown that TNF produced/released by Kupffer cells plays a 

significant role in our model of potentiation. Neutralization of TNF 

resulted in a 65% decrease in potentiation. The involvement 0 f 

another cytokine, interleukin I (ll..-I), was also investigated. The 

data showed that the levels of IT..-I were not effected by retinol 
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treatment (Appendix B). However, the cytokine samples were 

obtained at one time point, 48 hours following the fmal retinol 

treatment. Perhaps some of the other cytokines may be elevated at 

time points which have not been addressed. This parameter 

warrants further investigation. Nevertheless, the data presented in 

this chapter confirm the involvement of TNF in our model of 

potentiation as shown in figure 35. The mechanisms responsible for 

the 30-35% of potentiation not effected by TNF neutralization are 

unknown. Immunohistochemical analysis has shown the presence of 

neutrophils during liver injury (Brower et al., 1983; Laskin et aI., 

1990). Perhaps the infiltration of inflammatory cells (neutrophils) is 

responsible for the percentage of potentiation not effected by TNF 

neutralization. During liver injury endothelial have been shown to 

release various reactive/cytotoxic factors (Locksly et aI., 1985). It is 

conceivable that these endothelial-cell-related factors may directly 

or indirectly mediate the 30-35% of potentiation not effected by TNF 

neutralization. Retinol pretreatment may, also, influence the activity 

of other endogenous clements, such as pyrogens or endotoxins, which 

may subsequently lead to the increase in TNF production and release 

(this possibility will be addressed m chapter 4). Further 

investigations of our findings are required to better elucidate the 

mechanisms of Kupffer cell/TNF involvement in retinol potentiation 

of chemically-induced hepatic damage. 
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FI G.3S. Schematic Diagram: Proposed involvement of Kupffer 

cell-derrived TNF In retinol potentiation of CCl4-induced hepatic 

damage. This working model suggests that retinol administration 

causes the release of TNF from activated Kupffer cells following 

exposure to a stimulus or activating factor. TNF can then activate 

other quiescent Kupffer cells to produce cytotoxic factors which can 

potentiate liver damage. 
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CHAPTER 4 

INVOLVEMENT OF ENDOTOXIN IN RETINOL POTENTIATION 

OF CHEMICALLY-INDUCED HEPATIC INJURY 
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INTRODUCTION 

Chapter 3 demonstrated that Kupffer cell-derrived TNF played 

a significant role in our model of potentiation. 

that high levels of TNF are released only 

It is well documented 

when Kupffer cells are 

activated by a stimulus. Endotoxin is a known endogenous stimulus 

that activates Kupffer cells to release specifically TNF. The present 

chapter demonstrates the ability of retinol to elevate plasma 

endotoxin levels by increasing the proliferation of gram negative 

bacteria in the small intestine. 

Investigations conducted in our laboratory have shown that the 

activation of retinol-primed Kupffer cells and subsequent release of 

TNF plays an important role in our model of potentiation. This was 

an important observation since TNF can exhibit autocrine-like 

activity to activate Kupffer cells and can recruit other 

phagocytic/immune cells to the liver (Decker, 1990; Armendariz

Borunda et al., 1991). Studies have shown that CC14 alone do not 

result in the specific release of TNF. However, an endogenous 

element that has been highly documented for its ability to activate 

Kupffer cells and stimulate the release of TNF, specifically, is 

endotoxin (Peterson et al., 1977; Lepay et aI., 1985; North et al., 

1988). (v-K refRefone et al., (1989) showed that bacteria exposed to 

vitamin K exhibited an increase of bacterial proliferation. Daily 

exposure to large doses of retinol may produce a similar effect. 
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Retinol is initially absorbed and processed in the small intestine 

where intestinal flora are present. It is conceivable that endogenous 

bacterial exposure to vitamin A may stimulate bacterial proliferation 

and the subsequent elevation of endotoxin. Therefore, the pre sen t 

study was designed to determine if retinol administration affects 

small intestinal microflora and if endogenous endotoxin plays a role 

in our model of potentiation. 
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MATERIALS AND METHODS 

Ani m a Is: Male Sprague-Dawley rats (220-250 grams) were 

purchased from Harlan Sprague-Dawley Inc., (Indianapolis, IN). 

They were housed in wire hanging cages and maintained on a 12 

hour light/dark cycle at approximately 240 C. They received food 

(Wayne Lab-Blox)/water ad libitum. Following delivery to the 

University of Arizona Animal Care Facilities, animals were allowed to 

acclimate for seven days before experimental procedures began. 

Mat e ria Is: Carbon tetrachloride (CCLt), methyl palmitate, 

gadolinium chloride (GdCI3), polymyxin B, neomycin were purchased 

from Sigma Chemical Co. (St.Louis, MO); retinol (all-trans) was 

purchased from Fluka (Ronkonkoma, NY); polyclonal rabbit anti

mouse tumor necrosis factor neutralizing antibody was purchased 

from Genzyme (Cambridge, MA); endotoxin standard, lysate enzyme, 

amcobocyte reagent were all kind gifts from Dr. Bob McCuskey (Dept. 

of Anatomy, University of Arizona), Bacterial flXation swab (Univ. 0 f 

Arizona Diagnostic Laboratory), Enterotube II enterobacteriaceae 

identification system was purchased from Roche Diagnostic Systems 

Inc. (Montclair, NJ). 
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Parameters I nves tigated 

The methodology for enzymatic and histological 

analysis of liver damage, analysis of tumor necrosis factor, 

inhibition of Kupffer cell activity, and neutralization of TNF 

are presented in the materials and methods section of 

chapters two and three. 

Endotoxin analysis was assessed by first obtaining plasma 

samples from the treatment groups. The samples were then 

analyzed via limulus amoebocyte lysate assay (Urbaschek et a!., 

1985). Briefly, plasma samples of endotoxin are diluted 1: lOin 

sterile water. The samples were incubated for 10 minutes at 8()oC in 

a water bath. Following this 10 minute incubation period, 50 u1 of 

sample was added to the wells in the 96 well microtiter assay plate. 

Amoebocyte mixture was then added to the samples. This mixture 

was then incubated at 370C in oven for 10 minutes. Then 25 u1 of 

lysate ~nzyme was added to the respective wells. This mixture is 

then incubated for approximately 1 minute. For a more detailed 

overview of the Limulus Amoebocyte Lysate assay (LAL), see 

procedure section in Appendix I. 

Inhibition or neutralization of endotoxin was achieved 

by administering a combination of antibiotics ( polymyxin B; 20 
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mg/kg and neomycin; 250 mg/250 gram rat) daily for 2 subsequent 

days prior to hepatotoxicant exposure. These antibiotics, at thi s 

dosing regimen, have been shown to effectively bind endotoxin 

(polymyxin B) and sterilize the intestine (neomycin) (Salmon et ai., 

1962; Broitman et ai., 1963). 

Retinol-induced proliferation of small intestinal 

microflora was analyzed. Bacterial samples were taken from the 

small intestine. Through the use of the University of Arizona 

Diagnostic Laboratory, the bacterial samples were: 1. Cultured to 

ascertain growth integrity, 2. Identified via an amino acid bacterial 

identification kit, 3. Quantified for strains of bacterial growth and 

extent of bacterial growth via standardized microbial bio-

quantification procedure and grided-strain-specific bacterial culture 

plates. For a more detailed overview of the bacterial identification 

and quantification techniques, see procedure section in Appendix I. 

Statistical Analysis 

These data were analyzed using analysis of variance 

(ANOVA) and student Newman-Keuls t-test. Significance (designated 

by " * n on each graph) was observed when p was less than 0.05 (p < 

0.05) unless otherwise indicated. 
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RESULTS 

Effect Of Retinol On Endogenous Endotoxin Levels 

Pretreatment with retinol (75mg/kg/day) for 7 days resulted 

in an increase in plasma endotoxin levels when compared to the 

respective controls (fable 4). Exposure to CCLt or vehicle did not 

result in an increase in plasma endotoxin levels. These data suggest 

that the administration of retinol alone IS responsible for the 

elevation in plasma endotoxin levels (Table 4.). The data presented 

in Table 4. also shows the corresponding ALT activity levels and 

endotoxin levels following exposure to both retinol and CC14. The 

results show that the retinollCC14 exposure group exhibits not only 

an elevation in plasma ALT activity, but also an elevation in plasma 

endotoxin when compared to the respective controls. As a positive 

control demonstrating the potentiation of hepatic, table 4 also shows 

that pretreatment with retinol for 7 days prior to carbon 

tetrachloride exposure resulted in an estimated 10 fold increase in 

plasma AL T levels when compared to controls. 



Table 4 

The Effect Of Retinol, Endotoxin Inhibitors (E I), And 
CCl4 On Plasma AL T Activity And Endotoxin 

Treatment Endotoxin ALT 
Groups (pg/ml) (UIL) 

control ND 27 ::!: 2 

vehicle control ND 20 ::!: 2 

EI ND 21 ::!: 2 

retinol 310 + 116 32 ::!: 3 

retinol + EI ND 29 ::!: 4 

CCl4 ND 231 ::!: 48 

CCl4 + EI ND 191 ::!: 44 

retinol + CC4 111 ::!: 45 3261 ::!: 749* 

retinol + CC4 + E I ND 1130::!: 250* 

* = significantly different, p < 0.05 from respective controls 

ND = non-detectable levels (limit of detection is 5-10 pg/ml) 

EI = combination of Polymyxin B (20 mg/kg) and Neomycin 
(250 mg1250 gram rat); one dose/day given 2 days prior 
to CCl4 (200 uI/kg) exposure. 

retinol dose was 75 mg/kg/day for seven days 
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Effect Of Retinol On Small Intestinal Microflora 

The data presented in Table 5 show that administration of 

retinol ( 75 mg/kg/day) for 7 days resulted in the increase of gram 

negative bacterial growth in the small intestine (Fig. 36). However, 

exposure to CCl4 or vehicle did not elicit gram negative bacterial 

growth. These observations are further supported by the data in 

Table 5. which shows that retinol and retinollCC14 treatment groups 

display a 40 fold increase in gram negative bacterial growth when 

compared to non-retinol treated controls. This increase is considered 

abnormal (ABN) because gram negative bacteria are not normally 

present in the small intestine of rodents. 

The Ability Of Antibiotics To Inhibit Or Neutralize 

Endotoxin And Effect Retinol-Induced Potentiation 

Both polymyxin B and neomycin have the ability to eliminate 

endotoxin ( Broitman et a!., 1963). Co-adminis tration of polymyxin 

B/neomycin effectively eliminated the bacteria present in the small 

intestine (Tables 5.). The administration of these antibiotics to the 

retinol or retinollCC14 treatment groups resulted in non-detectable 

levels of plasma endotoxin. This was also accompanied by a 60-65 % 

decrease in potentiation of CC14-induced hepatic damage as 

measured via ALT activity (Table 4). 
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Table 5 

Microbiological Culturing Of Small Intestinal Uejunum) 
Microflora Following Pretreatment With Retinol (75 
mg/kg/day); Treatment With Antimicrobial Agents 

Used For The Inhibition Of Endotoxin (EI); Exposure To 
CC14 (200 ullkg) 

Treatment 
Groups 

control 

vehicle control 

endotoxin inhibitors 

retinol 

retinol + EI 

CCl4 

CCl4 + EI 

retinol + CC14 

retinol + CC14 + E I 

(EO 

# Of Gram Negative 
Bacterial Foci 

0 

0 

0 

41 + 5 

0 

0 

0 

43 + 9 

0 

Bacterial 
Integrity 

N 

N 

Z 

ABN 

Z 

N 

Z 

ABN 

Z 

E I = combination of Polymyxin B (20 mg/kg) and Neomycin 
(250 mg1250 gram rat); one dose/day given 2 days 
prior to CCI4 exposure 

N = normal bacterial growth; Z = zero or no bacterial growth; 
ABN = abnormal bacterial growth: increases in gram 
negative bacterial proliferation 



191 

Fi g. 36. Retinol-Induced Proliferation Of Gram Neg a ti v e 

Microflora. Each petri dish contains solid media which is positive 

for gram negative bacterial growth. Bacterial samples from the small 

intestine of retinol or antimicrobial treated rats were applied to the 

petri dishes. The dishes were then cultured for bacterial growth. 

Dish 1 contains a control sample. Dish 2 contains bacterial s amp Ie 

from rats treated with retinol and antimicrobial agents. Dish 3 

contains bacterial samples from rats treated with retinol only. 

Dishes 1 and 2 showed no gram negative bacterial growth. 

However, Dish 3 displayed an increase of gram negative bacterial 

growth. 
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Corresponding Endotoxin And Tumor Necrosis Factor levels 

The administration of retinol resulted in the corresponding 

elevation of plasma endotoxin and tumor necrosis factor levels as 

seen in Table 6. Figure 37 compares the effects of TNF neutralizing 

antibody and the antimicrobial agents on the retinol potentiation of 

CCJ4-induced hepatic damage. The comparison shows that the 

administration of either TNF antibody or antimicrobial agents 

produces a 60-65% decreslSe in potentiation of CC14-induced hepatic 

damage. Since endotoxin can directly increase TNF levels and 

polymyxin B/neomycin can neutralize endotoxin, it is conceivable 

that these antimicrobial agents may affect TNF levels. In an effort to 

address this possibility, we have shown that the administration of 

polymyxin B/neomycin to the retinol treatment groups resulted in 

non-detectable levels of endotoxin and an 80% decrease in plasma 

tumor necrosis factor levels (Fig. 38). 



Table 6 

Treatment With Retinol, Endotoxin Inhibitors (EI), Or 
CCl4 Can Affect Corresponding Plasma Levels Of Tumor 

Necrosis Factor And Endotoxin 

Endotoxin Levels TNF Levels 
Treatment Groups (pg/ml) (pg/mll 

control NO 10 ± 5 

vehicle control NO 10 .± 5 

EI NO 10 + 5 

retinol 310 + 116 110 .± 30* 

retinol + EI NO 30 ± 10* 

CCl4 NO 10 ± 5 

CCl4 + EI NO 10 + 5 

retinol + CC14 111 ± 45 90 ± 25 * 

retinol + CC14 + E I NO 26 ± 11 * 

* = significantly different, p < 0.05 from respective controls 

NO = non-detectable (endo.-limit of detection is 5-10 pg/ml) 

EI = Polymyxin B (20 mg/kg) and Neomycin (250 
mg/250 gram rat); one dose/day given 2 days prior 
to CCl4 (200 ullkg) exposure. 

TNF = Tumor Necrosis Factor 

retinol dose was 75 mg/kg/day for seven days 
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Fig. 37. Comparison or How Antimicrobial Agents Or TNF 

Antibody Reduces Retinol Potentiation or Chemically

Induced Liver Damage. The co-administration of polymyxin 

B/neomycin (20 mg/kg; 250 mg/250 gram rat) or TNF antibody (100 

ul) to rats pretreated with retinol (75 mg/kg/day for 7 days) 

decreases retinol potentiation of CCl4-induced hepatic damage by 6 0-

65%. Values are expressed as the mean .± SE and n=8. Statistical 

significance (*) was expressed when p<O.05 in comparison to control 

groups. Anti-Micbl = antimicrobial agents polymyxin Band 

neomycin; TNF-Ab = tumor necrosis favtor neutralizing antibody; a is 

statistically different from b and c; b and c are not statistically 

different from each other. 
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Fig. 38. The Effects Of Antimicrobial Agents On TNF 

Levels. The co-administration of polymyxin B/neomycin (20 

mg/kg; 250 mg/250 gram rat) to rats pretreated with retinol (75 

mg/kg/day for 7 days) decreases the plasma levels of TNF by 

approximately 80%. Values are expressed as the mean .:t SE and n=8. 

Statistical significance (*) was expressed when p<o.05 in comparison 

to control groups. ND = non-detectable; TNF-Ab = tumor necrosis 

factor neutralizing antibody; Anti-Micbl = antimicrobial agents 

polymyxin B and neomycin. The two treatment groups displaying (*) 

are statistically different from each other. 
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DISCUSSION 

The previous chapters have demonstrated that activation of 

retinol-primed Kupffer cells resulted in an increase in the production 

and release of both reactive oxygen species and tumor necrosis 

factor. However, the mechanisms responsible for initial/primary 

activation of Kupffer cells, in this model, have not been defined. 

Perhaps modulatory factors (e.g. tumor necrosis factor), which are 

produced and released by Kupffer cells or other non-paranchymal 

liver cells, play a role in activation. Beutler et aI. (1990) and Nathan 

et aI. (1990) have shown that TNF is produced by and can activate 

Kupffer cells. In addition, TNF has also been shown to exhibit 

cytotoxicity against hepatocytes (Satoh et aI., 1992, Kuiper et aI., 

1988). It is true that tumor necrosis factor has the ability to activate 

liver macrophages, but it is unlikely that tumor necrosis factor is 

responsible for the initial/primary activation since Kupffer cell 

activation, itself, facilitates tumor necrosis factor production and 

release . (Beutler et aI., 1990, Nathan et aI., 1990). Tumor necrosis 

factor is probablY more related to secondary activation of Kupffer 

cells. One plausible explanation may center around the presence of 

endogenous endotoxin in our model of potentiation. 

Researchers have shown that endotoxin does have the ability to 

activate Kupffer cells (Lepay et aI., 1985; Bendtzen et aI., 1988; 

Michie et aI., 1988). Kupffer cells have been shown to be one of the 



primary sources of endogenous endotoxin clearance 

1975; Peterson et aI., 1977; Liang-Takasaki et aI., 
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(Griffin et aI., 

1982). Studies 

have also shown that an elevation of plasma endotoxin results in the 

direct elevation of plasma tumor necrosis factor levels due to Kupffer 

cell activation (Lepay et aI., 1985; Bendtzen et aI., 1988; Michie et aI., 

1988). These observations have lead to the suggestion that tumor 

necrosis factor could be viewed as a potential bio-marker of 

endotoxemia. If this is true, then it is conceivable that 

initiallprimary activation of Kupffer cells ( in our model of 

potentiation) could be partially attributed to an elevation of 

endogenous endotoxin levels. 

The present study showed that the administration of retinol, 

for 7 days, resulted in the elevation of plasma endotoxin levels 

(endotoxin is generally viewed as the cell wall of gram negative 

bacteria which is found in the gastrointestinal tract). Since the 

administration of certain vitamins ( e.g. vitamins K and B-12) can 

increase the proliferation of gram negative bacteria ( Bently and 

Meganathan, 1982; Banwell et a1., 1985), it is conceivable that the 

adminis~ation of retinol (vitamin A) could elicit the same response. 

Further experiments showed that retinol pretreatment significantly 

increased the proliferation of gram negative bacteria in the jej unum 

which is the area of retinol absorption in the small intestine. In 

rodents, the small intestine contain a 

such as Lactobacilli and Torulopsis. 

retinol for 7 days, these populations 

normal population of bacteria 

Following administration of 

of bacteria had exhibited a n 
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increase in proliferation. Gram negative bacteria, which is generally 

not present in the small intestine, displayed the most significant 

increase in proliferation (approximately 40 fold increase). 

The present study also showed that the administration 0 f 

antibiotics resulted in the elimination of small intestinal microflora, a 

60-65% decrease in potentiation of chemically-induced hepatic 

damage and an 80% decrease in plasma TNF levels, as determined 

through microbiological quantification, AL T analysis and TNF ana ly sis 

respectively. The pervious chapter showed that neutralization of 

tumor necrosis factor resulted in a 60-65% decrease in potentiation 

of CC14-induced hepatic damage. This correlates well with the 

present findings resulting from the neutralization/elimination of 

endotoxin. Both investigations support the hypothesis that endotoxin 

and tumor necrosis factor play a role in our model of potentiation via 

Kupffer cell interactions. Adding further support to the hypothes is, 

the present study has also shown that the neutralization/elimination 

of endotoxin correlates with an 80% decrease in plasma levels of 

tumor necrosis factor. 

The reasons that binding/elimination of endotoxin did nol 

completely block retinol potentiation of CC14-induced hepatic damage 

are unclear. Immunohistochemical analysis has shown lhal 

neutrophils are present during liver injury (Hardonk et al., 199~. 

Laskin, 1990). Perhaps the infiltration of inflammatory cells 

(neutrophils) and the release of their cytotoxic factors arc 

responsible for the percentage of potentiation not affected b) 
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neutralization/elimination of endotoxin. Studies have shown that 

lymphocyte derrived factors can activate Kupffer cells (Decker, 

1990). Thus, it is conceivable that these lymphocytic factors could 

elicit TNF release from activated Kupffer cells. Endothelial cells have 

been shown to release various reactive factors during liver injury 

(Decker et a!., 1987; Higuchi et a!., 1990). Liver injury has bee n 

shown to influence the production and release of leukotrienes, which 

are well known immune cell chemo-attractants and modulators. 

Perhaps one or all of these proposed factors, directly or indirectly, 

mediate the 35-40% of potentiation not effected by 

neutralization/elimination of endotoxin. The data from this chapter 

confirm the involvement of endotoxin in our model of potentiation. 

Further investigations of present and past findings are necessary to 

better characterize the mechanisms of endotoxin, Kupffer cell and 

tumor necrosis factor involvement in retinol potentiation of 

chemically-induced hepatic damage. 
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CHAPTER 5 

OVERVIEW: THE INVOLVEMENf OF TUMOR NECROSIS 

FACTOR AND ENDOTOXIN IN RETINOID POTENTIATION OF 

CHEMICALLY-INDUCED HEPATIC DAMAGE VIA KUPFFER CELL 

MODULATION 
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This dis serta tion project showed the following: 1 . 

pretreatment of rats for seven days with retinol, ret iny 1 palmitate, or 

retinoic acid results in the potentiation of CCl4 or BrCC13 - in d u c e d 

hepatic damage as measured through ALT analysis and histological 

analysis. Seven day Pretreatment with retinol resulted in a decrease 

in weight gain (Appendix B), while pretreatment with retinoic acid or 

retinyl palmitate resulted in weight loss (Appendix B). Although 

retinoid treatment affected body weight, paired-feeding studies 

indicated that the changes in weight were a result of decreased 

nutritional intake which did not affect retinol potentiation of 

chemically-induced hepatic damage. These data verify the ability of 

selected retinoids to potentiate the hepatic damage induced by CCl4 

or BrCCI3. 2. the administration of the phagocyte/macrophage 

inhibitors, gadolinium chloride or methyl palmitate, prior to CC14 

exposure resulted in the elimination of potentiation of hepatic 

damage. These observations added further support to previous 

findings which suggested that Kupffer cells play an important role in 

our mo~l of potentiation (Mobley et at, 1991; EISisi et at, 1993a). 

3. Pretreatment with retinol for seven days resulted in elevated 

plasma TNF levels. Also Kupffer cells that were cultured from 

retinol-pretreated rats produced/released significantly higher levels 

of TNF, in culture media, when compared to Kupffer cells cultured 

from non-retinol pretreated rats. These data support the 

observation that retinol, either directly or indirectly, can elicit an 
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increase in TNF production/release from Kupffer cells. 4. The WEHI 

164ffNF cytotoxicity bioassay demonstrated that retinol treatment 

caused a significant (p < 0.05) increase in TNF related cytotoxicity 

when compared to controls and confirmed the elevation of plasma 

TNF levels via ELISA. 5. The administration of TNF neutralizing 

antibody resulted in non-detectable levels of TNF -related 

cytotoxicity, confirming the efficacy of the antibody. The 

administration of gadolinium chloride (macrophage/kupffer cell 

inhibitor) to retinol pretreated rats resulted in non-detectable 

plasma levels of TNF. Also, the administration of TNF neutralizing 

antibody to retinol pretreated rats resulted in a 60-65% decrease in 

potentiation of chemically-induced liver damage, as measured 

through ALT analysis. These data demonstrate that the 

neutralization of TNF can influence retinol potentiation of CCI4-

induced hepatic damage and thus support the involvement of TNF in 

our model of potentiation of hepatic damage. 6 • The administration 

of retinol, for 7 days, resulted in the elevation of plasma endotoxin 

levels (endotoxin is viewed as the cell wall of gram negative bacteria 

which is found in the gastrointestinal tract). Retinol pretreatment 

significantly increased the proliferation of gram negative intestinal 

microflora in the small intestine. The administration of antibiotics 

resulted in the elimination of small intestinal microflora and a 60% 

decrease in potentiation of chemically-induced hepatic damage as 

determined through microbiological quantification and ALT analysis, 

respectively. In addition, the present study also demonstrated that 



206 

the neutralization/elimination of endotoxin results in significantly 

lower levels of tumor necrosis factor when compared to the 

respective controls. The data presented in (1.) through (5.) verify 

the involvement of TNF and endotoxin in our model of potentiation 

(Figure 39). 

The importance of non-parenchymal cell 

potentiation/progression of hepatic injury has 

research interest. Among these nonparanchymal 

involvement in the 

become a 

cells, Kupffer 

major 

cells 

have received a considerable amount of attention. Upon activation, 

Kupffer cells release a variety of factors such as superoxide radicals 

and TNF, both of which have been directly or indirectly, implicated in 

the development or progression of liver injury (Bautista, 1991; 

Gunawardhana et aI., 1993). Previous studies conducted by Mobley 

et ai. (1991) and E1Sissi et al. (1993) have shown that activated 

Kupffer cells are involved in our model of potentiation of hepatic 

damage. The present study has shown that if Kupffer cell function is 

inhibited by gadolinium chloride or methyl palmitate, potentiation of 

hepatic damage is ameliorated. These data help to verify the role 

that Kupffer cells play in our model of potentiation. 

The mechanisms involving Kupffer cells in our model of 

potentiation are not completely understood. However, the present 

study has provided evidence that the production/release of TNF fro m 

activated Kupffer cells plays a significant role in our model 0 f 

potentiation of hepatic damage. This study has demonstrated that 

retinol pretreatment results in high plasma TNF levels and an 
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elevation in media levels from cultured Kupffer cells ( The elevation 

of in vitro TNF levels confJ.mled the fact that Kupffer cells, 

specifically, were producing/releasing TNF). These were important 

observation for several reasons: TNF is produced and released by 

Kupffer cells, it can directly activate lrupffer cells, it can modulate a 

variety of cellular functions, and it can exhibit cytotoxic activity 

against certain paranchymal cell types (Bautista et aI., 1991). Also 

the WEHI 164 TNF cytotoxicity bioassay demonstrated that TNF

related cytotoxicity was significantly elevated (p < 0.05) following 

retinol treatment. These data suggest that retinol, either directly 0 r 

indirectly, can elicit an increase In TNF production/release from 

Kupffer cells. 

The administration of TNF neutralizing antibody in the WEHI-

164 TNF cytotoxicity bioassay resulted in non-detectable levels of 

TNF-related cytotoxicity. Another interesting observation was that 

the administration of TNF neutralizing antibody to retinol pretreated 

rats resulted in non-detectable plasma levels of TNF and a 60-65 % 

decrease in the degree of potentiation of chemically-induced liver 

damage" as measured through ALT analysis. Nevertheless, these d a t a 

further support the involvement of TNF in retinol potentiation of 

CCl4-induced hepatic damage. 

The mechanisms involved in activating Kupffer cells to release 

high levels of TNF, are not completely understood. However, the 

present study showed that the administration of retinol, for 7 days, 

increased the proliferation of gram negative bacteria in the small 
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intestine. This increase in bacterial proliferation caused an elevation 

in plasma endotoxin. It has been well documented that increases in 

endogenous levels of endotoxin result in the direct increase of 

plasma TNF (Beutler et ai., 1986b). The administration of 

antimicrobial agents resulted in the elimination of small intestinal 

microflora and the reduction in plasma TNF levels. The 

administration of these agents also produced non-detectable levels of 

endotoxin and a 60% decrease in the potentiation of CC14- induced 

hepatic damage. 

The mechanisms responsible for the 30-40 % of potentiation of 

hepatic damage not effected by TNF neutralization or by endotoxin 

neutralization/elimination, are unknown. Immunohistochemical 

analysis has shown the presence of neutrophils during liver injury 

(28,29). Perhaps the infiltration of inflammatory cells 

(neutrophils/mast cells/T -cells) is responsible for the percentage of 

potentiation not effected by neutralization. During liver injury 

endothelial cells have been shown to release various 

reactive/cytotoxic factors (Brouwer et ai., 1983). It is conceivable 

that endothelial-ceIl-related factors may directly or indirectly 

fascilitate the remaining 30-40% of potentiation not effected by 

neutralization/inhibition of either of the two elements. Liver injury 

has been shown to influence the production and release of 

leukotrienes, which are well known immune cell chemoattractants 

and modulators (Decker et aI., 1990). Perhaps one or all of these 

proposed events, directly or indirectly, mediate the 30-40% of 
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elimination of endotoxin. 
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the neutralization of TNF or the 

The information generated from this project has introduced 

some fundamentally novel concepts relating to the mechanisms 

involved in retinoid potention of CCl4-induced hepatic damage. Some 

of these novel concepts relate to: 1. the retinol-related activation of 

Kupffer cells 2. the increase in Kupffer cell-derrived TNF 3. the 

retinol-induced elevation of endotoxin. Perhaps the most unique 

finding is that retinol can increase the proliferation of gram negative 

bacteria in the small intestine. This is first evidence demonstrating 

the ability of vitamin A to cause bacterial proliferation in vivo. 

Perhaps, with further investigations, the other mechanisms involved 

in our model of potentiation can be elucidated. 

Nevertheless, the results presented in this dissertation project 

support the hypothesis that TNF and endotoxin play an important 

role in retinol potentiation of chemically-induced hepatic damage. 

(Fig. 39). The mechanisms involved in our model of potentiation are 

sequential and follow a distinct pattern. Retinol induces the 

proliferation of gram negative intestinal microfIora which is the 

source of endotoxin. Subsequently high levels of endotoxin are 

transported to the liver for clearance by the Kupffer cells. These 

increased levels of endotoxin can activate Kupffer cells to release 

high levels of TNF. These high levels of TNF can activate quiescent 

Kupffer cells and recruit other immune cells to release a variety of 

cytotoxic factors such as reactive oxygen species. The release of these 
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reactive oxygen species can promote lipid peroxidation of hepatocyte 

membranes (EISisi et al., 1993). The lipid peroxidation can alter 

membrane transport which leads to intracellular vacuolization and 

hepatocellular necrosis. 



2 1 1 

Fig. 39. Schematic Diagram: The proposed interactions 

between retinol, Kupffer cells, Small intestinal microfl ora , TNF and 

hepatocytes which results in the potentiation of carbon tetrachloride

induced hepatic damage. 
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APPENDIX A 
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PROTOCOL 1: ELISA 

1. ELISA ASSAY FOR TNF: The 96 well flat bottom plate (immulon.2 Dynatech 
Lab, Inc.) is coated with diluted hamster anti-mouse (HaM) TNF monoclonal 
antibody (MoAb) (Genzyme). (See formula page). Then 50 ul is placed into each 
well and the plate kept in a wet plastic bag and incubated at 370 for 2 hours or 40C 
overnight. (With each new batch of MoAb you will have to titer it. Not all lots are 
the same). 

2. ADDmON OF SAMPLES AND STANDARDS: After incubation with the hamster 
anti-mouse monoclonal antibody the plate is washed twice with PBS-tween and 
semi-dried, 50 ul of sample in complete medium is added to each well, and diluted 
standards (recombinant murine TNF genzyme) is diluted in PBS tween-20 and added 
to the top row of the 96 well plate. The plate is incubated at 37° for 1-1.5 hrs. 

3. ADDITION OF POL YCLONAL Ab: (Rabbit anti-mouse TNF polyclonal Ab 
genzyme). After step 2 incubation the plate is washed twice with PBS-tween-20 and 
semi-dried then 50 ul of the diluted polyclonal Ab (see formula page) is added to 
each well. The plate is incubated at 37° for 1-1.5 hrs. 

4. ADDmON OF HRP-CONJUGA TED ANTISERA: (HRP-conjugated goat anti
rabbit IgG American Qualex): The plate is washed twice with PBS-tween-20 and 
semi-dried after incubation from Step 3. Then 50 ul of diluted HRP-conjugated 
antiserum (see formula page) is added to each well, of the 96 well plate. The plate 
is then incubated for 1-1.5 hours at 37°C. 

5. ADDmON OF ABTS SOLUTION 1 (SIGMA CAT# A1888): After step 4 
incubation, the plate is washed twice with PBS-tween and semi-dried, then 100 ul 
of ABTS solution 2 (see formula page) is added to each well. Incubate plate for 15, 
20 and 25 minutes at R. T., at each time point a ELISA reading is taken on the 
reader using 405-415 NM. Plot on SEIM log paper Y axis and concentrations of 
recombinant TNF on X axis. 

Formulas: 
HC03 Buffer (0. 795g N~C03 + 1.465 g NaHC03 + 0.1 g NaN3 in 500 ml DD-H20 pH 
9.6). 
Monoclonal Hamster anti-mouse TNF Monoclonal Antibody: 
Dilution 2 ul of HaM TNF MoAb in 5 mL's of HC03 buffer. 
Polyclonal Antibody Dilution: 
40 u1 in 5 mL of PBS-tween-20. 



HRPT-CONJ: 
1 ul into 5 mL's PBS-tween-20. 
ABTS Solution 1: 
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0.548 g ABTS, 21.0 g citric acid monohydrate, in 1 liter of DDH20, pH 4.0 and stored 
at -80°C. 
ABTS Solution 2: 
Before addition to the 96 well plate add 10 ul ofH20 2 30% solution to 10 mL' s of ABTS 
solution. 



216 

PROTOCOL 2: BIOASSAY 

TNF Bioassay using WEHI-l64 cell line 

Literatures sources: Mixed assays which were published in: 
1. Immunological Investigation 19:69-79, 1990 ; 
2. J. of Immunological Methods 95:99-105, 1986. 

1. WEHI-l64 cell line (ATCC, CRL 1751 ) or WEHI-l64 cell line sub clone 13 from 
Arizona Cancer Center Dr. Dorr's Lab. Original from Dr. Waage's Lab in Norway, 
Institute of Cancer Research, University of Trondheim, Trondheim Norway) is 
cultured in RPM! 1640 medium (GIBCO Lab.) containing 10 % FBS (Gemini Bio
products, Inc., Calabasas, CA.) and 30 ug/ml of Gentamicin (Sigma G-1397, 50 
mg/ml , P.O.Box 14508, St Louis, MO.) at 37°C, 5 % C02 incubator. 

* Always check the cell density in cell culture, avoid high density of cell, otherwise 
cell will lose their sensitivity to TNF rapidly. 

2. WEHI-l64 cells are adjusted to 5 x 105 cells / ml in RPMI 1640 containing 10 % 
of FBS 30 ug/ml of Gentamicin, with 0.5 ug/ml of Actinomycin D (Sigma A4262 
or A1410). 

3. To a cell culture plate (flat-bottom 96 well, Corning 25860),each well is added 100 
ul of samples such as a serises dilution of BAL or supernatants from Macrophage 
culture which was or was not stimulated by LPS 1 ug/ml or 10 ug/ml (in case of dog 
alveolar macrophage, 10 ug/ml for 24 h and remove the supernatant, put 10 ug/ml 
of LPS again for another 24 h) in vitro for 24 h. (Duplicated or triplicated for each 
dilution). 
Put 100 ul of medium alone for 4-6 wells. 

4. To Calibrate the activity for cytotoxicity of TNF , add 100 ul of a serises dilutions 
of recombinant murine TNF in culture medium (Start from 20 ng/ml of recombinant 
TNF, then 1: 10 for 8 dilutions). 
Murine TNF were purchased from Genzyme Corporation (Cat No. TNF-M, 400 
u/ng, 10 nq/ul, One Kendall Square, Cambridge, MA 02139) 

5. To each well, 100 ul of target cell (5 x 105/ml, containing 0.5 ug/ml of actinomycin 
D) suspension is added. (Total volume will be 200 ullwell). To some wells (4-h 

wells) , only 100 ul of target cell will be put into. Then the plate will be cultured 
in 37°C, 5 % C02 incubator for 1 h then remove the supernatants in wells which 
only have 100 ul of target cells, and put 200 ul of distilled water for 100 % killing 
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the cells. 

6. To determinate the cytotoxicity specificity of TNF, add different concentrations of 
Polyc1onal antibody or monoclonal antibody against murine or human TNF (Start 
1: 10 for polyc1onal antibody which is actual antiserum; and start from 1: 10 also for 
monoclonal antibody which was purified; then make 1: 10 dilutions in RPMI 1640 
medium) to neutralize the TNF by pre-cultured the antibodies with recombinant TNF 
or supernatants from macrophage culture stimulated with LPS in vitro, for at least 
lh at 37°C, 5% C02 incubator. 
Polyc1onal antiserum were purchased from Genzyme (both anti-murine and anti
human TNF); 

Monoclonal antibody was purchased from Genzyme for againsting murine TNF; 
while monoclonal antibody against human TNF was purchased from Olympus Lake 
Success, NY.) 

7. Then incubate the plate at 37°C, 5% C02 incubator for 20 h. 

8. After 20 h incubation, 20 ul of MIT ( (3-[4,5-Dimethylthiazol-2-yl]2,5-
diphenyltetrazolium bromide; thiazolyl blue, Sigma M 5655) at concentration of 5 
mg/ml in 0.01 M PBS will be added to each well and continue to culture for 4 h at 
37° C, 5 % C02 incubator. 

* MTT solution perfer to prepare freshly and pass through a 0.2 urn filter before 
use. 

9. Then discard 150 ul of supernatants from each well by multichannel pipet then 100 
ul of Isopropanol with 0.04 N of HCI is added to each well and keep in dark at room 
temperature overnight to dissolve the precipitate of formazan crystal. 

10. Then read the plate at test wavelength 570 nm and reference wavelength 660 nm on 
a MR 600 microplate reader. 

11. Detective ranges: 

For ATCC and C.C. WEHI 164 : About 2 pq/ml - 2 ng/ml 
For Norway WEHI 164 subclone l3 : 0.2 pg/ml - 200 pg/ml. 
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PROTOCOL 3: KUPFFER CELL ISOLATION 

Before begin add Gentamycin (58 mg/L) and Pen-Strep (1O mllL of lO00U Pen and 10 
mg Strep/ml) to the GBSS or HBSS buffer. 

1. Anesthetize the rat with Nembutal 0.0012 x body weight. 

2. Tape the rat down on the dissecting board and aseptically scrub the abdominal area 
with surgical scrub, open the abdominal cavity and expose the liver by pushing the 
intestines over to the right onto a border of gauze. Inject 0.2 ml Heparin in IVC (try 
through fat up the fork). While the heparin is circulating insert a suture under the 
portal vein. Canulate the portal with an 18g canula and secure it in place by tying 
it off with the suture that was placed around the vein and bulldogs. 

3. Perfuse the liver with GBSS or HBSS buffer for 3-5 min using a peristaltic pump 
with a flow rate of 14 ml's/min. At this point the liver should be removed from the 
abdominal cavity. Do this by cutting the diaphragm then teasing apart the mesentary 
holding the liver to the stomach (freeing and pushing through the small lobes). The 
esophagus should not be cut while connections to the stomach are removed. To 
finish the removal pick up the liver and tease away the underside mesentary 
connections and those to the portal. Finally the portal should be cut below the 
canula. The liver should be free of all red blood cell and it should have a tan color 
to it. 

4. After removal of tile liver stop the pump and transfer the perfusion tube to solution 
one. Start pumping solution one and place the liver onto the mesh screen sitting on 
top of a 600 ml beaker. 

5. Once solution one is finished stop the pump and place the screen with the liver on 
top of the funnel sitting atop the circulating chamber. Perfuse with solution two, 
allow the liver to digest for 30 minutes. During the digestion gently massage the 
liver with sterile cotton swabs. If it's a good digestion the liver will have a pitted 
look to it (If the liver has this look before 30 minutes stop the pump, remove the 
liver from the screen and proceed to the next step). 

6. After solution two is finished remove the canula and any excess diaphragm connected 
to the liver. Mince the liver using a sterile razor blade (clamped in forceps), in a 
sterile petri dish. Pour the minced liver into a 250 ml Erlenmeyer flask containing 
solution three and a sterile stir bar and stir for 30 min. at a low RPM. 

7. Filter the above suspension through a small nylon filter into two 50 ml centrifuge 



219 

tubes and centrifuge at 800 x g for 15 min. 

8. Gently remove the supernatant leaving tile cell pellet in a small volume of media 
(5ml). The cell pellet is very loose so be careful not to disturb it. Resuspend both 
cell pellets in one tube and bring the cell pellet to a total volume of 10 ml' s using 
GBSS. 

9. Place 5 ml of the above solution into two 15 ml centrifuge tubes containing 7 ml of 
metrizamide. Invert the tubes and gently layer 2 ml of GBSS on top of the 
metrizamide cell suspension. The final volume should be 14 ml per tube. If fewer 
ml of cells are obtained adjust the final volume with GBSS. 

10. Centrifuge at 1800 x g for 20 min., with the brake off. 

11. Collect the interface using a 5 ml syringe with a 18G needle that the bevel end was 
cut off (swab with ethanol to sterilize) and bring up syringe volume to a total of 4 
ml's with G 13SS. Collect the interface by touching the end of the needle to the cell 
layer and apply suction while lifting up on the syringe. The buffy cell layer should 
lift in one piece and then be quickly pulled into the syringe. Do not draw up extra 
GBSS or metrizamide. 

12. Then Elutriate following the procedure of D.L. Knook et al. 

Elutriation: 
Inject the cell suspension from step 11 in to the elutriator which is set at a speed of 
3255 RPM and set the pump at a flow rate of 18 mL/min. 

Collect fractions I and 2 into separate sterile bottles in case needed. Kupffer cell 
fractions should be collected in separate sterile centrifuge vessels. 

Fraction 1 Collect a 150 ml' s at this flow rate which is called fraction one; this fraction 
contains endothelial cells. 

Fraction 2 Collect another 150 ml's at a flow rite of 32 ml's/min. This fraction is 
fraction 2 which contains lymphocytes. 

Fraction 3 Collect another 150 ml's at a flow rate of 48 ml's/min. This fraction 
contains kupCCer cells. (the next three flow rate will contain kupffer cells). 

Fraction 4 Collect another 1 50 ml's at a flow rate of 55 ml's/min. This fraction also 
contains kupffer cells. 
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Fraction 5 Collect another 150 mIls at a flow rate of 60 mIls/min. This fraction also 
contains kupffer cells. 

Fraction 6 Collect another 150 mils at a flow rate of 70 mils/min. This fraction also 
contains kupffer cells. 

Once you have collected all Kupffer cell fractions centrifuge them at 2000 rpm or 800 x 
g for 10 min., resuspend the cell pellet in complete media (RPMI-1640, IMDM + 10% 
FCS) and culture. 
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KUPFFER CELL ISOLATION: 

MATERIALS: 

SOLUTIONS: GEY'S BALANCED SALT SOLUTION OR HANK'S BALANCED 
SALT SOLUTION with Calcium + , MG++ (see formula page) and llepes 

METRIZAMIDE (30%) MAKE IN NaCL - FREE GBSS SIGMA CHEMICAL 

PRONASE SIGMA CHEMICAL 

COLLAGENASE TYPE 11 (250-280U/mg) WORTHINGTON BIOCHEMICAL 

DNase (DN-25) SIGMA CHEMICAL 

Follow for a 200-250g rat 

SOLUTION 1: 60 ml of GBSS, and 120 mg of PRONASE (TYPE XIV) 
SOLUTION 2: 60 ml of GBSS, 20 mg of PRONASE, and 20 mg COLLAGENASE 
TYPE II 
SOLUTION 3: 100 ml of ISCOVES, 20 mg of PRONASE, 50 mg COLLAGENASE 
TYPE II and 1.0 mg of DNase 

Follow for a 250-300 g rat 
SOLUTION 1: 60 ml of GBSS, and 160 mg of PRONASE (TYPE XIV) 
SOLUTION 2: 60 ml of GBSS, 30 mg of PRONASE, and 30 mg COLLAGENASE 
TYPE II 
SOLUTION 3: 100 ml of ISCOVES, 30 mg of PRONASE, 55 mg COLLAGENASE 
TYPE II and 2.0 mg of DNase 

Follow for a 300-350 g rat 
SOLUTION 1: 60 ml of GBSS, and 180 mg of PRONASE (TYPE XIV) 
SOLUTION 2: 60 ml of GBSS, 35 mg of PRONASE, and 35 mg COLLAGENASE 
TYPE II 
SOLUTION 3: 100 ml of ISCOVES, 35 mg of PRONASE, 65 mg COLLAGENASE 
TYPE II and 4.0 mg of DNase 
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PROTOCOL 4: LAL ENDOTOXIN ASSAY 

November 1992 
ENDOTOXIN ASSAY PROTOCOL 

1. Turn on Water Bath: must be up to 80-85 degrees C to be ready for use. 

2. Turn on Heating Block (low setting). 

3. Put micro titer plate into heating block. 

4. Reconstitute Lysate- Add 6ml of sterile water using sterile disposable pipette(open 
fresh bottle of water each day). This is enough for two plates and is stable for 24 
hours. Put into refrigerator. 

5. Dilution of plasma samples- use 12X75 boroscillicate glass test tube. * 
---USE ONLY STERILE TUBES -

a. Heated samples (ET).-

Human sample: 1-.5 dilution 
400ul sterile water + l00ul sample 

Mouse/rat sample- 1: 10 dilution 
450ul sterile water + 50ul sample 

b. Non-Heated samples (ENC) 

Human sample- 1: 10 dilution 
450ul sterile water + 50ul sample 

Mouse/ratsample- 1: 10 dilution 
450ul sterile water + 50ul sample 

*There will be times when ET levels are so high that assay can't read them. In these 
cases, samples should be pre-diluted 1: 10. 

6. Incubate "Heated" plasma samples for 10 min in 80 degree C water bath. Loosely 
cover samples with parafilm. 



7. Dilution of Endotoxin: use 14 12X75 boroscillicate glass test tubes. 
--- USE ONLY STERILE TUBES --

Endotoxin spikes for Heated samples 1: 10 (one plate) 

(A) (B) (C) (0) (E) (F) 
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(G) 
ET(pg/ml) 2500 500 50 5 0.5 0.05 0.005 ( =concentration in well) 
H20 (ul) 450 320 360 360 360 360 360 

ET stock (ul) 50* 

pipette (ul) 80 40 40 40 40 0 0 

*100 ng ET/ml 

Endotoxin spikes for Non-heated samples 1:2 (one plate) 

(A) (B) (C) (0) (E) (F) (G) 
ET (pg/ml) 5000 2500 1250 625 312 156 78 

H20 (ul) 400 250 250 250 250 250 250 

ET stock (u 1)100 

pipette (ul) 250 250 250 250 250 250 250 

Vortex each tube after addition of sample and always use fresh pipette tip between each 
dilution. 

8. Cover tubes in heating block with long strip of parafilm. Put sterile water into 
heating block. 
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1 2 3 4 5 6 7 8 9 10 11 12 

A 

B 

C 

D 

E 

F 

G 
r--

H 

9. Pipette 25 ul of sterile water into these wells first; H6-Hll, FI-F6,GI-G6. 

10. Pipette 25ul of each of the ET dilutions as follows: 
Start with lowest concentration of ET and work towards highest. This way you can 
use the same pipette tip. 

a. Heated Samples - ET dilution 1: 10 
HS, EI-E6 = 0.5 (E) 
H4, DI-D6 = 5.0 (0) 
H3, CI-C6 = 50 (C) 
H2, BI-B6 = 500 (B) 
HI, Al -A6 =2500 (A) 1:5 dilution 



b. Non-heated Samples - ET dilution 1:2 
G7-G 12 78 (G) 
F7-F12 IS6 (F) 
E7-E12 312 (E) 
D7-D12 = 624 (0) 
C7-C12 = 12S0 (C) 
B7-B12 = 2S00 (B) 
A 7-A12 = SOOO (A) 

11. Pipette SOul of sterile water into HI -Hl1. 

*When you add ingredients be sure you put the pipette tip in correct place. 
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12. Using reverse pipette method (to avoid bubbles in well), pipette SOul of each plasma 
sample as follows: 

a. Heated Samples 
PI into GI-Al 
P2 into G2-A2 
P3 into G3-A3 
P4 into G4-A4 
PS into GS-AS 
P6 into G6-A6 

b. Non-heated Samples 
PI into G7-A 7 
P2 into G8-A8 
P3 into G9-A9 
P4 into GlO-AlO 
PS into G11 -A11 
P6 into G 12-12 

*always begin with "G" and proceed in reverse order to "A". 

13. Mix microliter plate on shaker (2S0rpm) for 20 seconds. Then place in 37 degree 
oven for 20 min. 
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14. Put sterile creche into heating block. Leave covered with foil. 

15. About 3 min before timer for the oven goes off, put bottle of reconstituted LAL into 
heating block. 

16. Just before you are ready to put lysate into plate, pour 112 bottle of lysate into 
creche. 

17. Remove plate from oven and place into heating block. 

18. With 8 channel pipette, pipette 25ul of LAL into all wells. Aspirate LAL from the 
bottom of creche to avoid bubbles. *pipettor is capable of only 10 deliveries. Do ET 
on one run, then do ENe on the other. 

19. Mix on shaker for 15 seconds. 

20. Immediately place microliter plate into photometer. Remember to remove top of 
plate. 
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November 1992 

TREATMENT OF SERUM FOR ET ASSAY 

1. Plasma is preferable to serum. 

2. If heparin is used it should be at a concentration no more than 20[U/mi. Be careful 
to keep everything sterile. Use sterile water if made up from powder. Do not put 
needle through rubber stopper if taken from bottle. 

3. Serum needs to be collected under pyrogen-free sterile conditions. 

Use new needle and syringe for each animal. 
Use sterile boroscillicate glass tube if possible. Otherwise use clean micro
centrifuge tube that has not been sitting open on counter. The microcentrifuge 
tubes are sterile when they arrive sealed in the bag. Open bag carefully and 
remove the tube with sterile forceps. Partially close the tube while it is sitting in 
rack while you collect the blood. 

4. Ideally, samples should not be frozen. Store in refrigerator. Because of some 
experiments, samples are collected over a period of weeks and must be frozen. 
(-80 freezer) If samples are frozen they should be tested at the same period of 
time from collection, or on the same plate. 

5. It is best if samples are measured in assay within one week. Again, this will not 
always be possible. Plasma samples should not be stored in the refrigerator for 
more than 24 hour (48 hr maximum). If samples must be kept longer, freeze at 
-80 degree F. 

NOTE: Freezing samples and storage over a period of weeks will reduce the amount of 
measurable Endotoxin and ENe. 
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Protocol 5: Bacterial Isolation And Identification 

Bacterial isolation swab was used to obtain bacterial samples 
from the jejunum in the small intestine. The bacterial samples were 
then cultured for 24 to 72 hours in culture plates containing Blank 
media which was positive for gram negative bacterial growth or 
media which was not specific. 

To conduct quantitative analysis of the bacterial samples, the 
bacterial culture plates were divided into four quadrants. Growth in 
quadrants one and two was designated as low to moderate growth, 
while growth in quadrants three and four was designated as 
moderate to extensive growth. These various levels of growth are 
contingent on the numbers of bacterial colonies or foci in the 
respective quadrants. 

To conduct qualitative analysis of the samples the bacterial 
ENTEROTUBE II system (Roche Diagnostic Systems, Montclair, New 
Jersey 07042-5199) was used along with bacterial selective culture 
plates. This system determines the identity of specific bacterial 
populations through biochemical reactions. These reactions are 
catalyzed by specific enzymes unique to certain bacterial 
populations. The enterotube is separated into 12 compartments 
which contain 15 different biochemical reactions. The bacteria is 
applied to the compartments via inoculating wire provided by the 
system. Incubate enterutube for 18 to 24 hours at 370C, then 
identify colonies via computer coding system which is also provided 
by the ENTEROTUBE II system. For further information contact the 
diagnostic section in the animal care facilities at the University of 
Arizona Health Sciences Center. 
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APPENDIX B 



200~----------------------------------~ 

150-

-150- b* 

-200~--~,-------r-1----~1-------~1------r-,~ 

control vcon. reti nol ret. acid ret. pal. 

treatment group 

Weght Change Following Retinoid Administration. The 
administration of retinol (75 mg/kg/day, for seven days) 
causes a decrease in body weight gain, while the 
adminstration of either retinoic acid or retinyl palmitate 
causes a significant decrease in body weight. Values were 
expressed as the mean +/- SE. Statistical significance 
(*) was expressed when p<0.05. Retinol groups were n = 
10, while retinoic acid and retinyl palmitate were n = 6, 
respectively. vcon. = vehicle control which was corn oil, 
ret. acid = retinoic acid (150 mg/kg/ day). ret. pal. = 
retinyl palmitate (300 mg/kg/day); a, b, and care 
statistically different from each other and control 
groups, respectively. 
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control IL-Ab retinol ret+IL-Ab poSe control 
treatment groups 

Plasma IL-1 Levels Following Retinol 
Administration. The administration of retinol (75 
mg/kg/day, for seven days) did not affect plasma 
IL-1 levels. Values were expressed as the mean +1-
SEe Statistical significance (*) was expressed when 
p<0.05 in comparison to the respective controls. 
Retinol groups were n = 10, retinoic acid and retinyl 
palmitate groups were n = 6, respectively. IL-Ab = 
Interleukin-1 Antibody, pOSe control = positive 
control which was concanavalin A 
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