Free Radic Res Downloaded from informahealthcare.com by University of Saskatchewan on 12/04/11
For personal use only

Free Radical Research, November 2009; 43(11): 1080-1089 informa

healthcare

Lipid and protein oxidation in hepatic homogenates and cell
membranes exposed to bile acids

LORENA FUENTES-BROTO"?, ENRIQUE MARTINEZ-BALLARIN!,
JAVIER MIANA-MENA!, CESAR BERZOSA!, EDUARDO PIEDRAFITA',
IGOR CEBRIAN', RUSSEL J. REITER? & JOAQUIN J. GARCIA!

' Department of Pharmacology and Physiology, University of Zaragoza, Spain, and *Department of Cellular and Structural
Biology, University of Texas Health Science Center, San Antonio, TX, USA

(Received 13 May 2009; revised 2 Fuly 2009)

Abstract

Cholestasis occurs in a variety of hepatic diseases and causes damage due to accumulation of bile acids in the liver. The aim
was to investigate the effect of several bile acids, i.e. chenodeoxycholic, taurochenodeoxycholic, deoxycholic, taurodeoxy-
cholic, ursodeoxycholic, lithocholic and taurolithocholic (TLC), in inducing oxidative damage. Hepatic tissue of male
Sprague-Dawley rats was incubated with or without 1 mM of each bile acid, with or without 0.1 mM FeCl; and 0.1 mM
ascorbic acid for the purpose of generating free radicals. Several bile acids increased lipid and protein oxidation, with TLC
being the most pro-oxidative (657 % and 175% in homogenates and 350% and 311% in membranes, respectively). TLC also
enhanced iron-induced oxidative stress to lipids (21% in homogenates and 29% in membranes) and to proteins (74% in
membranes). This enhancement was dose- and time-dependent and was reduced by melatonin. These results suggest that

bile acids differentially mediate hepatic oxidative stress and may be involved in the physiopathology of cholestasis.
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Introduction

Cholestatic liver disorders, among the leading indica-
tions for liver transplantation [1], are a heterogeneous
group of clinical diseases with the common finding of
impaired bile flow [2]. Although the various causes of
chronic cholestasis include structural, genetic, immu-
nologic and inflammatory processes, one of the puta-
tive final common pathways leading to cholestatic liver
injury is the intracellular accumulation of toxic bile
acids [3,4].

Bile acids are hydroxy steroids, biosynthesized
from cholesterol in the liver. Bile acid molecules
contain a steroid ring structure and a branched short
side chain. The chain terminates in a carboxyl group,
which, in physiological terms, can be conjugated with
glycine or taurine through an amido moiety. Steroid
rings carry hydroxyl groups and common bile acids

are differentiated on the basis of the number, position
and orientation of these groups.

Bile acids are well-established as being cytotoxic
[5,6]. These acids contribute to hepatocellular dys-
function during cholestasis, but the cellular mechan-
isms by which they cause hepatocellular injury
remains unknown. Several studies have demonstrated
that oxidative stress plays an important role in the
pathogenesis of bile acid hepatotoxicity [7,8].
Furthermore, oxidative stress in cholestatic liver
disease is a systemic phenomenon [9,10], probably
encompassing all tissues and organs, even those
separated by the blood-brain barrier [11].

An estimated 90% of the oxygen organisms breathe
is used for energy production by mitochondrial
cytochrome oxidase resulting in the formation of
two molecules of water. However, 1-4% of the O,
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taken into cells generates free radicals and other
reactive oxygen species (ROS). Free radicals are
molecules or atoms characterized by the presence of
an unpaired electron in its outer orbital. They are
highly unstable, usually very reactive and they often
have very short half-lives. Free radicals have a strong
tendency to either donate their free electron or pirate
an extra electron from an adjacent molecule, thereby
completing their molecular structure [12]. It is widely
accepted that ROS are harmful to cells; they cause
tissue injury by reacting with lipids, proteins or
nucleic acids [13].

When free radicals react with the phospholipids in
a biological membrane, they initiate a devasting chain
reaction, identified as lipid peroxidation (LPO),
which leads to loss or suppression of numerous
membrane-dependent cellular functions and even to
cell death [14]. Exposure of proteins to free radicals
leads to gross structural modifications. These oxida-
tively-modified proteins inhibit the functions of
membrane receptors and ionic channels, which have
catastrophic consequences on the cells [15].

Collectively, the molecular damage that accumu-
lates is referred to as oxidative stress, which results
when there is an imbalance between oxidants and
antioxidants in favour of the oxidants. Accumulating
evidence indicates that the molecular destruction that
is a result of ROS is consequential in the pathogenesis
of a number of disease processes [16].

Cells have developed sophisticated mechanisms to
maintain redox homeostasis and to cope with the
excess of oxygen- and nitrogen-based reactants.
These antioxidant protective mechanisms either sca-
venge and/or detoxify free radicals, block their
production or sequester transition metals that are a
source of donated electrons.

The aim of the present work was to examine
systematically the role of oxidative stress in hepato-
toxicity of bile acids. We tested whether individual
bile acids per se generate oxidative damage and if they
can increase the iron-induced oxidative damage. A
free radical generator model constituted by ferric
chloride and ascorbic acid which simulates the
Fenton reaction was used. All studies were performed
in two different samples: liver homogenates and
hepatic membranes. Liver homogenates retain phy-
siological levels of antioxidants, whereas in hepatic
membranes these levels fall dramatically. Since the
cellular membrane is constituted, in essence, by lipids
and proteins, two different indicators of damage
caused by free radicals were used. Malondialdehyde
(MDA) and 4-hydroxyalkenals (4-HDA) and carbon-
yl contents were quantified as indices of oxi-
dative damage to lipids and proteins, respectively.
These biochemical parameters offer an overview of
the oxidative damage bile acids can exercise on the
hepatic tissue. In order to confirm the pro-oxidative
role of bile acids, we also investigated the protective
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effect of an antioxidant, i.e. melatonin, in preventing
bile acid-induced liver injury.

Material and methods
Chemicals

Chenodeoxycholic (QCA), taurochenodeoxycholic
(TQA), deoxycholic (DCA), taurodeoxycholic (TDA),
ursodeoxycholic (UDA), lithocholic (LCA) and tauro-
lithocholic (TLC) acid, FeCls, ascorbic acid, ethylene-
diamine-tetraacetic acid disodium (EDTA-Na,), Tris
(hydroxymethyl) aminomethane (TRIS), 4-(2-hydro-
xyethyl)piperazine-1-ethanesulphonic acid (HEPES)
and melatonin were purchased from Sigma-Aldrich
(Madrid, Spain). MDA + 4-HDA were measured with
the Bioxytech LPO-586 assay kit (Portaland, OR). Other
chemicals used were of the highest quality available. Bile
acids, FeCl; and ascorbic acid were diluted in the
incubation buffer (Tris-HCl 20 mM; pH 7.4) and
prepared fresh just prior to use. Melatonin was diluted
in absolute ethanol and incubation buffer; the ethanol
concentration was 2% (v/v) in the final mixture.

Amnimals, liver homogenates and membranes isolation

The handling and animal procedures were made in
strict compliance with the recommendations of the
European Economic Community (86/609/CEE) for
the care and use of laboratory animals. Sprague-
Dawley rats weighing 225-250 g were purchased
from Harlan Iberica (Barcelona, Spain), and received
standard chow and water ad lbitum. After being
acclimatized for 2 weeks, animals were anaesthetized
with sodium thiopental given intraperitoneally
(50 mg/kg) and perfused through the heart with
0.9% ice-cold saline, in order to minimize the excess
of extra cellular iron and other metallic ions that
could artificially increase free radical damage. Im-
mediately after perfusion, the liver was quickly
removed, washed in saline solution (0.9% NaCl),
frozen and stored at — 80°C prior to use. To obtain
homogenates, livers were homogenized 1/5 w/v in
Tris-HCI buffer (20 mM; pH 7.4). To isolate mem-
branes, livers were homogenized 1/7 w/v in 140 mM
KC1/20 mM HEPES buffer (pH 7.4). The resulting
suspension was centrifuged at 1000 x g for 10 min at
4°C to be cleared of cell debris and nuclei by
centrifugation. The supernatant was centrifuged at
50000 x g for 20 min at 4°C. The pellet obtained was
re-suspended in 140 mM KCIl/20 mM HEPES buffer
(pH 7.4) and centrifuged at 10 000 x g for 10 min at
4°C. The supernatant and the buffycoat, which
contained the membranes, were homogenated and
re-centrifuged at 50 000 x g for 20 min at 4°C. The
resulting pellet was suspended 1/2v/v in 140 mM
KC1/20 mM HEPES buffer (pH 7.4), frozen and
stored at — 80°C until assay.

RIGHTS

1r



Free Radic Res Downloaded from informahealthcare.com by University of Saskatchewan on 12/04/11
For personal use only

1082 L. Fuentes-Broto et al.

Effects of different bile acids

In this experiment, aliquots of liver homogenates and
aliquots of hepatic membranes were incubated at
37°C for 2 h with or without 1 mM of each bile acid
(QCA, TQA, DCA, TDA, UDA, LCA or TLC), in
the presence or absence of 0.1 mM FeCl; and
0.1 mM ascorbic acid.

Concentration and time-course study with TLC

The aim of this study was to determine the optimal
concentration of TLC and incubation time required
to induce liver injury. For this purpose, aliquots of
liver homogenates and aliquots of hepatic membranes
(0.5 mg protein/mL) suspended in 20 mM Tris-HCIl
buffer (pH = 7.4) were incubated in a water bath with
shaking at 37°C for 120 min either in the absence or
presence of 0.1 mM FeCl; and 0.1 mM ascorbic acid
and different concentrations of TLC (0.001, 0.01,
0.1, 0.3, 1, 3mM). The same incubations were
performed for 0, 10, 30, 60 or 120 min with 1 mM
TLC, in the presence or absence of 0.1 mM FeClj
and 0.1 mM ascorbic acid.

In subsequent experiments, 5 mM melatonin
was added at the same time as TLC to incubation
medium. After 120 min, aliquots of liver homoge-
nates or hepatic membranes were assayed to
determine melatonin’s protective effect against
TLC-induced lipid and protein oxidation.

Measurements of protein concentrations

The protein concentrations in incubation media were
determined using the method of Bradford [17], in
which bovine serum albumin served as standard.

Measurement of malondialdehyde and
4-hydroxyalkenals levels

MDA and 4-HDA are the end-products of peroxida-
tion of polyunsaturated fatty acids. Therefore,
MDA + 4-HDA levels are widely used as an index
of the oxidative breakdown of lipid in the prepara-
tions [18]. Total MDA + 4-HDA levels in incubation
media were measured using a spectrophotometric
assay [19]. In short, the assay was based on the
reaction of a chromogenic reagent, N-methyl-2-
phenylindole, with MDA or 4-HDA vyielding a stable
chromophore with a peak of maximum absorbance at
586 nm. 1,1,3,3-Tetramethoxypropane was used as
standard. Results were expressed as nmol MDA + 4-
HDA per mg of protein.

Measurement of carbonyl contents

The carbonyl contents of proteins were quantified by
the reaction with 2,4-dinitrophenylhydrazine (DNPH),
using the method previously described by Levine et al.
[20]. Briefly, 1 mL of samples were mixed with 100 pl

of 20 mM Tris-HCI buffer and 200 pl of 10 mM
DNPH and reacted for 1 h at 37°C to give a final
concentration of 2 mM of DNPH. Next, proteins were
precipitated by adding 325 pl of 50% ice-cold trichlor-
oacetic acid. After 10 min of incubation on ice, samples
were centrifuged at 3000 x g for 10 min. Pellets
containing the proteins were washed three times with
ethanol/ethyl acetate (1:1 v/v), each wash was followed
by centrifugation at 11000 x g for 3 min. Finally, the
pellets were dissolved in 700 pl of 6 M guanidine in 2N
HCI (pH = 2.0) by vortexing and incubated at 37°C for
15 min. After this interval, samples were clarified by
centrifugation at 12 000 x g for 10 min and the absor-
bance of supernatants was read at 375 nm. Protein
carbonyl content, expressed in nanomoles per milligram
of protein, was estimated by using the molar absorption
coefficient of 22000 M~ cm ! for DNPH derivates.
Guanidine-HCI solution was used as a blank.

Statistical analysts

Distribution of the groups was analysed with the
Kolmogorov-Smirnov test. When groups showed nor-
mal distribution, parametric statistical methods were
used to analyse the data. Homogeneity of variance was
assessed by the Leven’s test. Statistical comparisons
among experimental groups were conducted by either
one-way analysis of variance (ANOVA) or two-
tailed Student’s z-tests paired as appropriate. Values
are expressed as means + standard error (SEM) and
p<0.05 was defined for the rejection of the null
hypothesis.

Results

After incubating liver homogenates for 2h, 1 mM
concentrations of different bile acids significantly
increased LPO (TQA, 214%; TDA, 227%; and
TLC, 657%) (Figure 1A ) and also caused significant
elevations of the carbonyl content (QCA, 55%; TQA,
111%; LCA, 122%; DCA, 155%; TDA, 174%;
UDA, 174% and TLC, 175%) (Figure 2A). In
hepatic membranes several bile acids increased
MDA + 4-HDA concentrations (LCA, 68%; UDA,
72%; DCA, 73%; and TLC, 350%) (Figure 1B) and
all bile acids caused elevations in carbonyl content
(QCA, 113%; LCA, 133%; TQA, 147%; DCA,
150%; UDA, 175%; TDA, 201%; and TLC,
311%) (Figure 2B).

Some bile acids increased the lipid peroxidation in
liver homogenates produced as a result of the Fenton
reaction, but the differences were only statistically
significant with regard to the control samples oxidized
in the presence of TLC, with a 21% increase
(Figure 1C). In terms of protein oxidative stress, the
only statistically significant increase was observed with
TDA (36%) (Figure 2C). In hepatic membranes, bile
acids enhanced lipid (UDA, 10%; TQA, 21%; TDA,
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Figure 1. Effect of bile acids on LPO in absence of iron in rat liver homogenates (A) and in rat hepatic membranes (B). The effects of bile
acids on LPO induced by FeCls and ascorbic acid in rat liver homogenates (C) and in rat hepatic membranes (D). Values are means + SEM

(n=6). p <0.05 vs control (*) or vs control+ (#).

24% and TLC, 29%) and protein (LCA, 24%; UDA,
27%; DCA, 30%; TDA, 33%; TQA, 41% and TLC,
74%) oxidation due to iron and ascorbic acid
(Figure 1D and 2D). TLC was selected for subsequent
studies, since it provided the maximal induction of
oxidative damage in lipids and proteins.

The second series of studies was performed to
determine the optimal time of incubation and con-
centration of TL.C to induce an appropriate amount of
LPO and carbonyl contents. Figure 3 shows that 1 mM
TLC increased MDA+ 4-HDA levels and carbonyl
contents in a time-dependent manner in liver homo-
genates and in hepatic membranes. TLC behaves as an
excellent oxidant in terms of LLPO and carbonyl
contents and its damaging effects increased during
the 2 h of incubation. The 2-h incubation period (p <
0.05) was selected for the subsequent studies since it
yielded high levels of LPO products and carbonyl
contents.

In TLC concentration kinetic studies, LPO and
carbonyl content in liver homogenates were increased
by all TLC concentrations studied (Figure 4A and

5A). In membranes, LPO and carbonyl content was
elevated in a dose-dependent manner when increas-
ing concentrations of TLC were used (Figure 4B and
5B). Concentrations of TLC greater than 0.3 mM
significantly increased the MDA + 4-HDA levels and
carbonyl content in hepatic membranes.

In the presence of iron, concentrations of TLC
greater than 1 mM and 0.001 mM caused significant
elevations of MDA + 4-HDA levels in liver homoge-
nates and hepatic membranes, respectively (Figure 4C
and 4D). Incubation of the liver homogenates with
FeCl; and ascorbic acid raised carbonyl contents, but
the addition of TLC to the incubation mixture did not
further increase levels of carbonyl contents over those
induced by FeCl; and ascorbic acid only (Figure 5C).
Hepatic membranes incubated with FeCl; and ascor-
bic acid raised carbonyl contents. The addition of TLC
to the incubation mixture further increased levels
of carbonyls such that the values where significantly
elevated over those induced by FeCls and ascorbic
acid only (Figure 5D). Carbonyl contents increa-
sed in a dose-dependent manner with increasing
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Figure 2. Effect of bile acids on protein oxidation in absence of iron in rat liver homogenates (A) and in rat hepatic membranes (B). Effect
of bile acids on LPO induced by FeCl; and ascorbic acid in rat liver homogenates (C) and in rat hepatic membranes (D). Values are means +

SEM (n=6). p < 0.05 vs control (*) or vs control+ (#).

concentrations of TLC. Concentrations of TLC
greater than 0.001 mM caused significant elevations
in the carbonyl contents of hepatic membranes.

The aim of the third study was to test whether
melatonin would prevent TLC-induced oxidative
stress. The co-incubation of the liver homogenates
and hepatic membranes with melatonin reduced the
levels of LPO products which were induced by TLC
(Table I). Carbonyl contents in the membranes were
also reduced by melatonin in relation to membranes
treated with TLC only, and showed no significant
differences to those of the control basal samples (no
melatonin or TLC) (Table I).

Discussion

In liver tissue of patients with cholestatic liver disease,
such as primary biliary cirrhosis, the intra-hepatic
concentration of total bile acids can rise as high as
600 nmol/g liver tissue [21]. In the current experi-
ments, homogenates and the hepatic membranes
were incubated with 0.001-3 mM TLC. Assuming

that 1g liver is equivalent to 1 mL, these concentra-
tions approximate the bile acid concentrations found
in cholestatic livers.

The mechanisms by which bile acids are toxic to
the liver are not fully understood. Several studies
reported in the recent years have suggested a role for
ROS in bile acid-mediated toxicity [22-24]. Accu-
mulation of these acids alters essential processes of
the cell including energy production by mitochon-
dria, increasing the formation of additional ROS
which are capable of oxidizing lipids, proteins and
nucleic acids resulting in compromised cellular func-
tion [7,8,23-26].

To date, studies have reported that bile acids
induce oxidative damage in wvitro in isolated hepato-
cytes [7,8], primary cultures of hepatocytes [27],
hepatic homogenates [26] and in hepatic mitochon-
dria [7,8,28]. Also intravenous administration of bile
acids [26] and bile duct obstruction induce oxidative
damage n vivo [24,29-31]. It has been hypothesized
that the intracellular generation of hydroperoxides by
mitochondria is an early event in bile acid-induced
hepatotoxicity [31], where interactions of bile acids
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Figure 3. Time-dependent changes in MDA +4-HDA accumulated in liver homogenates (A) and in hepatic membranes (B). Time course
study on the induction of protein oxidation in liver homogenates (C) and in hepatic membranes (D). Incubation times were 0, 10, 30, 60 or
120 min in the presence (¥) or absence (V) of 1 mM TLC, and in the presence of iron and ascorbic acid. Controls were performed in
absence of TLC and in the presence (e) or absence (0) of iron or ascorbic acid. Values are means +SEM (n =5). *p <0.05 vs corresponding

control at 0 time.

with Complex I and III of the electron mitochondrial
transport chain lead to superoxide radical (O,)
production.

In the current experiments all the bile acids studied
increased the levels of carbonyls both in homogenized
tissues and in membranes. Nevertheless, rises in lipid
peroxidation were statistically significant only when
bile acids conjugated with taurine were used; i.e.
TQA, TDA and TLC, in the case of the homogenates
and LCA, UDA, DCA and especially TLC in the
isolated membranes. Unquestionably, all bile acids
studied exhibited pro-oxidant activity.

Bile acids that are conjugated with taurine are more
hydrophilic than the free bile acids [32]. Among free
bile acids, hydrosolubility also differs, with UDA
being the most soluble compared to LCA, DCA and
QCA [32]. Hydrophilicity could be important in the
induction of the LPO in homogenates, although this
may not be true in the case of the membranes.
Perhaps by using isolated purified membranes, the
more hydrophobic bile acids could accumulate in the

hydrophobic core of the bilayer and thereby promote
pro-oxidant actions. Protein oxidation was also in-
dependent of hydrosolubility of bile acids.

The physiological concentration of bile acids is
apparently tolerated without causing damaging ef-
fects. However, under conditions in which free iron is
available, even low concentrations of bile acids may
become cytotoxic [33]. Iron readily generates the
highly toxic hydroxyl radical (-OH) from hydrogen
peroxide or superoxide via the Fenton and Haber-
Weiss reactions [34]. Iron ions are responsible for
most of the lipid peroxidation that occurs n vivo. In
this study, we used FeCl; and ascorbic acid since
ascorbate is a strong reducing agent and it has been
classically used to reduce transition metals such as
Fe’* or Cu®™ and to generate -OH [35]. The ability
of bile acids to enhance ferrous iron-induced LPO is
related to the hydrophobicity of individual bile acids
[36]. One possible explanation for this effect is an
interaction of bile acids with iron ions; it makes iron
available at the lipid membrane, which then promotes
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Figure 4. Effect of increasing concentrations of taurolithocholic acid (TLC) on lipoperoxidation (LPO) in absence of iron in rat liver
homogenates (A) and in rat hepatic membranes (B). Effect of increasing concentrations of TLLC on LPO induced by FeCl; and ascorbic acid
in rat liver homogenates (C) and in rat hepatic membranes (D). Values are means + SEM (z =6). p < 0.05 vs control (*) or vs control + (#).

peroxidation. Alternatively, bile acids due to their
membrane perturbing properties [37] may render the
lipid bilayer more permeable to iron ions, which
would also result in the elevated breakdown of lipids.
The present results using liver homogenates and
hepatic membranes support the idea that bile acids
are iron-LPO enhancers and this study is the first to
show bile acids as iron-protein oxidation enhancers.
While iron induced-carbonyl contents were not
increased by TLC in liver homogenates, they were
elevated in hepatic membranes. This difference may
be due to the remaining physiological antioxidants in
liver homogenates that protected the proteins from
oxidation. For example, there are high levels of
melatonin, a strong oxidative stress inhibitor, in the
bile of rats and other mammals [38,39].

These current results are in agreement with those
obtained in the absence of iron and reinforce the
importance of the solubility of the bile acids. Sree-
jayan and von Ritter [36] demonstrated that bile acids
are capable of promoting LPO induced by iron which
is directly related by their hydrophility. This is
consistent with the major pro-oxidant effects of
TLC in lipids.

Since, under the experimental conditions used
herein, TLC was the most pro-oxidant bile acid, it
was used in the two kinetic models, one of duration of
incubation and the other of concentration. The TLC
pro-oxidant effect was time-dependent and a 2 h
interval was selected for the subsequent experiments.
This is the same incubation period used by Sreejayan
and von Ritter [36] to study bile acids in liposomes.
Regarding the concentration kinetic, TLC produced
an increase in all the studied cases, with the exception
of the carbonylation induced by iron in liver homo-
genates. The existence of a TLC concentration-
dependent pro-oxidant effect was evident in the
studies with membranes.

This study has shown that bile acids differentially
increase the level of cellular LPO and protein carbonyl,
both consequences presumed to be due to the
increased production of ROS, with oxidative stress
being a major component of hepatocyte damage in
cholestasis. The protective antioxidant effect of mela-
tonin reported here is consistent with the idea that bile
acids cause the generation of reactive oxygen species.

The proposed mechanisms of toxicity of bile acids
probably involve free radical generation [40] by
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Effect of increasing concentrations of taurolithocholic acid (TLC) on protein oxidation in absence of iron in rat liver

homogenates (A) and in rat hepatic membranes (B). Effect of increasing concentrations of TL.C on protein oxidation induced by FeCl; and
ascorbic acid in rat liver homogenates (C) and in rat hepatic membranes (D). Values are means +SEM (n =6). p <0.05 vs control (*) or vs

control+ (#).

mitochondria, a major source of free radicals. Also, a
reduction in the endogenous antioxidant mitochon-
drial defenses including lowered gluthatione and
ubiquinone levels, such as observed in bile duct-
ligated rats [40]. Finally, reduced Cu, Zn-superoxide

Table I.

the presence (+) or absence of 0.1 mM FeCl; or 0.1 mM ascorbic acid (AA) in liver homogenates and in hepatic membranes.

dismutase and catalase activities in the liver of
patients with diverse hepatopaties have been observed
[41], indicating these changes may be contributing
to bile acid-induced liver toxicity. Since beneficial
effects of antioxidants in the hepatic damage are

Protective effect of 5 mM melatonin (aMT) against lipid and protein oxidation induced by 1 mM taurolithocholic acid (TLC), in

Homogenates

Membranes

MDA +4-HDA
(nmol/mg protein)

Carbonyl content
(nmol/mg protein)

MDA +4-HDA
(nmol/mg protein)

Carbonyl content
(nmol/mg protein)

Without FeCl; +AA

Control 0.27+0.04 3.47+0.27 0.35+0.18 6.66+1.62

TLC 0.60+0.07 (* 8.35+0.59 (%) 5.36+0.58 (%) 10.9442.45 (%)

aMT 0.44+0.02  (n) 6.70+0.74 (¥ 4.464+0.52 (*,o) 5.884+1.55 (n)
With FeCl; +AA

Control 0.44+0.04 (¥ - 39.98+5.88 (%) 18.14+4.16 ()

TLC 0.820.14 *#) - 52.06+6.04 (%#) 43.71+4.67 (%H#)

aMT 0.330.05 #,5) - 2.0240.52  (%#S) 2.7140.94 (#5)
Values are means +SEM (n =6). p <0.05 vs control (¥), vs control+ (#), vs TLC (a) or vs TLC+ (§).
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typical [42-47], the use of antioxidants to reduce bile
acid toxicity at the level of the hepatocyte is
suggested.
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