CHAPTER 1

INTRODUCTION S

General Introduction on Isolated Hepatocytes

The isolation of hepatocytes in pure fraction are now being
used in an increasing number of biochemical and pharmacological
investigations, because of having several advantages as an in vitro
model. They allow the study of specific cellular functions without
the difficulties caused by the presence of other "unrelated" cells,

It is possible to control the surrounding medium without intervening
epithelial and vascular barrier. Repeating samples from a single

batch of cells can be withdrawn during the course of experiments, so
that both intra and extracellular biochemistry can be studied,
simultaneously. The biological variability can be minimized by dividing

cells prepared from a single animal and running paired control and

test cultures.

A. Isolation of Hepatocytes

Before the developement of enzymatic methods for the
isolation of hepatocyte preparations, nonenzymatic methods were
used. Firstly, the mechanical methods which included homogenization
(Palade and Claude, 1949; Harrison, 1953), and forcing of tissue
through steel meshes (Schneider and Potter, 1943).

Secondly, chemical mechanical methods using chelators for removing

of Ca2+ which play a role in cellular adhesion, prior to mechanical






The successful preparation of intact liver cells by
perfusion with collagenase is technically quite difficult, and still
remains mostly an art. Almost every worker has incorporated his own
modifications, but any successful method for obtaining well preserved
hepatocytes in high yields must involve three critical steps, namely
exposure of the tissue to a Ca2+-free medium, digestion with

collagenase, and gentle mechanical treatment (Wanson et al., 1979).

The numerous modifications introduced at various steps in
the cell preparation procedure have been published. It is difficult
to assess the value of these techniques, but the main features which

required to yield the viable cells are considered below.

1. Preperfusion

Ca2+ has been found to play a role in cellular adhesion
(Anderson, 1953). For the effective enzymatic dispersion, Ca2+ must
first be removed from the tissue by a nonrecirculating preperfusion
with Ca2+—and enzyme- free buffer, or with Caz+ chelators (Wagle and
ingerbretsen, 1975; Moldeus et al., 1978). The uniform perfusion
of liver as indicated by complete wash out of blood is probably the
most important feature of the collagenase perfusion technique

(Wagle and ingebretsen,1975; Jeejeebhoy and Phillips, 1976).

2; Collqgenasenperfusion

For economic reasons, the collagenase perfusion after the
preperfusion step is mostly performed in the recirculating condition
using a fix volume of collagenase buffer in the concentration ranging

from 0.01 to 0.08% (w/v). The optimal concentration may possibly






It must be stressed that a uniform flow collagenase
buffer is extremely important for a successul hepatocyte preparation.
All factors that may interupt the flow must be avoided. These
factors include the clogging of hepatic venules by solid particles or
microbubbles and vascular collapse that may occur if rats fall into

too deep ether anesthesia, or if the portal blood flow is arrested

for too long.

5. Liberation of Cells

After successful perfusion with collagenase the liver

consists of cells embedded in'a connective and vascular tissues. The use of
minimal mechanical force to liberate cells is very important. These
include gentle shaking or using a spatula, forceps (Berry and

Friend, 1969), a comb with widely spaced teeth (Seglen, 1973 b), etc.

6. Purification of Parenchymal Cells

The initial cell suspension obtained after the.perfu-
sion of collagenase contains mainly the intact cells with the minor por-
tions of variable numbers of nonparenchymal and damaged -cells,’ some cell
clumps, pieces of connective and vascular tissues, and subcellular
debris. The purpose of the purification is to remove all of these
contaminants. The most commonly used procedures are the combination

of filtration and differential centrifugation.

Preincubation with gentle shaking of the initial cell
suspension at 37°C for 10 minutes (Berry and Friend, 1969) serves
several purposes. Firstly, the structural damaged cell become

lighter by the release of their soluble contents and can be separated









allows succinate permeation at a rate sufficient to stimulate respira-

tion (Baur et al., 1975; Letko, 1978).

Metabolic capabilities may give an overall impression
of preparation quality, but they show great biological variability
(Seglen, 1976 a). The choice of suitable metabolic tests to assess
the competence of the cells depend on the experimental conditions
used of normal functions such as gluconeogenesis and protein synthesis

which should be functionally demonstrated.

In morphological terms, the cells in a wet mount should
have well defined outline, yellow color, and refractile
appearance.  Morphology at light microscopic level is inadequate
in assessing functional activity. On electron microscopy,the cell
membrane should show microvilli and organelles with their normal
structure and distribution. Nuclear and nucleolar detail should be

well preserved.

It has been pointed out that no single test supplies
full information about the metabolic competence of isolated hepatocytes.
One should use criterion questioning at least the integrity and
function of plasma membrane and/or the metabolic performances of the

cells.

C. Properties of Isolted Hepatocytes

Much work on the properties of isolated parenchymal cells
have been published. Freshly intact isolated hepatocytes retain many
of the essential properties of the intact tissue, including complete

normal internal ultrastructure (Seglen, 1976 a; Berry and Friend,
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processes, long-term exposure to low concentrations is cumulative.
Severe effects of cadmium to health may be fatal, and that increasing

industrial pollution may endanger the general population (Flick et

al, 1971).

A. Cadmium in Man and Environment

The relationship between geographic distribution, tissue
levels of cadmium, deposition and clinical evidence of cadmium toxicity
is unresolved. Based on current knowledge, it can be said that there
is a positive correlation between tissue cadmium content and signs

of cadmiosis (Flick et al, 1971).

Schroeder - and Balassa (1961) reported that cadmium
deposition in man was cumulative, with kidney and liver having the

highest levels. Renal cadmium (mean level) among Japanese was 6,030

H

800 ppm ash, Hong Kong 5,620 * 950 ppm ash,Bangkok Thai 4,910 + 1,470
ppm ash, Taiwan Chinese 4,150 + 1,160, United States 2,910 + 110,
England over 1,000 ppm, Bern Swiss, 2,260 + 480 ppm, Delhe-Lucknow
Indian 2,120 + 310 ppm, and Nigerian Negro 1,700 + 150 ppm, Liver
levels of cadmium,about one-tenth the respective renal levels, showed

a similar pattern (Schroeder, 1960; Schroeder and Balassa, 1961)

Cadmium has always been leaching from rocks into
soil. In addition, man has contributed in a minor way of burning
the fossil fuels in the production of iron, steel and other metals.
Due to this mormal background, biological materials, as well as
airborne dust, always contaminated with unavailable traces of

cadmium (0.001 - 1 pg/g). Open seawater contains small amount of
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major sites of accumulation, about 50% of the total body burden is

found in these two organs.

a) Cadmium in Blood

#

Cadmium is rapidly accumulated and cleared from
blood. Maximal concentrations were reached 5-10 minutes after

injection, and 90% clearance Occurred after several hours (Gunn et al.,

1968; Nordberg, 1972).

b) Hepatic Cadmium

Following either acute or chronic exposure
irrespective of the route of administration, liver becomes a primary
site of accumulation. About 60-70% of a single injected cadmium dose
were rapidly found in the liver (Decker et al., 1957; Cotzias et al.,
1961; Shaikh and Lucis, 1972, Kotsonis and Klaassen, 1977). However
orally administered cadmium appeared in the liver at a much slower

rate (Decker et al., 1957).

In addition td rapid accumulation, cadmium levels
are maintained in the liver for extended periods of time although
a time-dependent decrease of hepatic cadmium coupled with a continual
increase in renal cadmium has been observed. According to Kotsonis
and Klaassen (1977), the tissue concentrations of cadmium after 2 days
following single oral dose of 109Cd was highest in the liver. After
2 weeks, most tissue concentrations decreased by 50%, except liver
anchapged level at high doses) and the kidney (a three to four-
folds:increase). Similar hepatic-renal cadmium redistribution have

been reported by others (Decker et al., 1957; Cotzias et al, 1961).

. 009022



16

The mechanism of this redistribution is not clearly understood,
although it has been suggested that cadmium binding protein metallo-

thionein may play a role in the distribution and retention of cadmium.

The kinetics of hepatic cadmium transport have
been studied and suggested that cadmium uptake into the liver occurred
by a combination of simple diffusion and carrier mediated process
which involved zinc transport (Frazier and Kingsley, 1976; Frazier
and Puglese, 1978; Stacy and Klaassen, 1980). By usingla cell
separation technique, Cain and Skilleter (1980) showed that the
uptake of cadmium was more selective to the liver parenchymal cells

than the non-parenchymal cells.

c) Renal Cadmium

Unlike liver, the kidneys accumulated cadmium
more Slowly, where it was preferentially concentrated in the cortex
(Gunn and Gould, 1957). According to Decker et al (1957), renal
11SCd levels in rats showed a gradual increase from 1.6% at 4 hours

" to 5.1% after 5 weeks following a single intravenous dose. Similar

results were also observed by Kotsonis and Klaassen (1977).

i

d) Cadmium in Other Tissues

Kinetics of cadmium uptake in pancreas paralleled
to hepatic retention in that there were the rapid accumulation and
retention for at least 25 days. Pancreatic cadmium concentrations,
were found at least four folds lower than hepatic 1levels, and two folds

higher than testicular levels with & gradual decline as a function of time
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(Shaikh and Lucis, 1972). 1In addition to the major sites of cadmium
accumulation, cadmium was found in a wide variety of other tissues,
though to a much lesser extent. These tissues included intestine,
spleen, heart, hlood vessels, lungs, muscle, brain, bone, uterus and

placenta (Kotsonis and Klaassen,1977; Berlin and Ullberg, 1963).

3. Excretion

The primary routes of cadmium excretion are through

the kidney and the gastrointestinal tract.

Urinary excretion studied in normal renal function
aminals showed that less than 0.5% of a single parenteral cadmium
was found in urine within one week (Miller et al., 1968; Klaassen and
Kotsonis, 1977; Shaikh and Lucis, 1972, Moore, 1973). Chronic
subcutaneous administration resulted in urinary excretion of about
1% of the injected dose per day. After several months of exposure
the 20 to 100 folds increase were observed, accompanied with renal
dysfunction as manifested by the onset of proteinuria (Axelsson and

Piscator, 1966; Nordberg, 1972).

Fecal excretion was dependent on the route of cadmium
administration. About 85% of orally administered cadmium to mice,
was excreted in the feces within 3 days, this reflected limited
absorption of cadmium through the gastrointestinal tract (Decker et al,
1957). After a single parenteral dose, about 1-2% was excreted in
feces per day (Axelsson and Piscator, 1966; Miller et al., 1968).. In

chronic studies', 1.6-2.8% of the daily dose was excreted in feces

(Axelssen ans Piscator, 1966).
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from the hepatocytes into the culture medium, increase in lactate-

to-pyruvate (L/P) ratios, and decrease in urea content in a dose-

dependent manner.

Aims of the Thesis

As it is pointed out that, irrespective of the route of
administration, liver (mainly parenchymal cells) initially accumulated
most of cadmium (Cain and Skilleter, 1980). Previous in vivo labora-
tory experiments have demonstrated hepatic morphological, functional
and metabolic alterations following cadmium exposure. Recognition of
early cell injury induced by several chemicals is often difficult in
the intact animal. Various in vitro liver preparations have been used
to evaluate the potential injurous effects of xenobiotic at the
cellular level. Primary culture of rat hepatocytes have been used to
investigate the cytotoxic action of cadmium (Santone and Acosta, 1982).
However the culture system is time consuming. Since freshly isolated
hepatocytes have increasing been used for biochemical, drug metabolism
and toxicity studies. A major advantage of this system is that it is
possible to observe the reaction of hepatocytes to the direct action
of the factors under study. Recently, the use of liver cells in
suspension has been advocated as an in vitro system for the assessment
of the hepatotoxic potential of drugs and toxicants (Sear and McGivan,
19793 Stacey and Klaassen, 1979; Tsao et al, 1981). Therefore, the
present study was undertaken to assess the utility bf-isolated-hepatocytes

as the in vitro model to evaluate the hepatotoxicity of cadmium.
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Experimental Protocol

Study 1

The purpose of the first series of experiments is to determine
the viability of freshly isolated rat hepatocyte suspensions using

the following criterion for cell viability.

1. Morphological features

Experiment : Hepatocytes were isolated from male rats

(200-250 g.) by the method described in chapter II.

Aliqouts of rat hepatocyte suspensions were
prepared for light and electron microscopic examinations (methods

described in chapter II).

2. Plasma membrane integrity

Experiment : Aliqouts 3.0 ml of rat hepatocyte suspensions
(10.x106 cells/ml) were incubated at 37°C in metabolic shaker bath
for 30 to 60 minutes, triplicate flasks were used for each time point.
Three viability tests were done before and after 30, and 60 minutes
of incubation. For analyzation, every sample was divided as : 50 ul
for TB exclusion test and 1.0 ml for examination of the released ALT

activity and intracellular K' (methods decribed in chapter II).

3. Metabolic capability

Experiment 3.1 : To determine the aminopyrine demethylase
activity,triplicate samples of 3.0 ml cell suspensions (10'x106 cells/
ml) were incubated with 5 uM aminopyrine at 5700 in metabolic shaker

bath for 30 min. The formaldehyde formed which was trapped as semicarbazone
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was determined by the method of Nash (methods described in Chapter II).

Experiment 3.2 : To determine the gluconeogenic capability,
triplicate samples of 3.0 ml 24 hr fasted cell suspensions (10 xlO6 cells/
ml) were incubated with 10 mM gluconeogenic substrates (L-alanine,
B-D-fructose, L(+)-lactic acid, and sodium pyruvate, for 1 hour at
37°C in metabolic shaker bath. Aligouts 1 ml samples were taken for
quantitative assay of glucose formed using the O-toluidine method

(methods described in chapter I1I).

Study 2

The purpose of the second series of experiments is to
investigate the acute hepatotoxicity of cadmium chloride on freshly

isolated rat hepatocyte suspensions.

Experiment 1. To determine the acute effects of cadmium

chloride on cell membrane integrity of isolated hepatocytes.

Triplicate samples of 3.0 ml cell suspen-
sions were incubated with 50 1l cadmium chloride (1-100uM final
concentration_of cadmium) or saline for 30 minutes at 37°C in
metabolic shaker bath. Aliqouts of the cell suspensions were removed
for assay of cell injury by using : TB exclusion test, intracellular

K content; and the released ALT (methods described in chapter II).

Experiment 2. To determine the acute effects of cadmium

chloride on gluconeogenic capability from lactate of isolated

hepatocytes.
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Triplicate samples of 3.0 ml of 24 hr-fasted
cell suspensions were incubated with 50 pl cadmium chloride (1-100 uM
final concentration of cadmium) or saline for 30 minutes prior to
incubation with 10 mM final concentration of sodium lactate for 1 hour
at 37°C in metabolic shaker bath. The amounts of glucose formed from
lactate were determined by using the O-toluidine method (methods

deseribed in chapter II).

Experiment 3. To determine the acute effects of cadmium

chloride on the morphological features of isolated hepatocytes.

Triplicate samples of 3.0 ml hepatocyte
suspension were incubated with 5 mM cadmium for 30 minutes at 37°C in
metabolic shaker bath. At the end of 30 minutes exposure, hepatocyte
suspensions were prepared for electron microscopic examination (methods

described in chapter II).
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