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Abstract: The effect of various concentrations of ursodeoxycholic acid
(UnCA), ;1 potent hepntoprotective agent on hydrogen peroxide-induced
mito.:hondrial swelling was evaluated in uirto to find out the mechanism
of a.:tion of the drug. Aliquots of sheep liver mitochondria were pre­
incubated with various concentrations of UDCA [0-600llg! and swelling
was induced by hydrogen peroxide [I mM}. Swelling was assessed at various
time intervals llnd lipid peroxide, reduced glutathione status were also
evaluated simultnneously. unCA minimized hydrogen peroxide-induced
swelling in a dose-dependent manner. Time-dependent elevation in the
level of lipid peroxides was noted in mitochondria treated with hydrogen
peroxide and this elevation was minimized in UneA pre-treatment. UnCA
also maintains the reduced glutathione level in mito.:hondria. UDCA nets
against the oxidative stress imposed in liver mitochondria. It reduces
lipid peroxidation-induced abnormalities such as swelling and thiol group
depletion and the anti lipid peroxidative efficacy of the drug may be related
to its hydrophilic nal-ure which might protect the hydrophobic regions of
the mitochondrinl membranes which are prone for free radical-mediated
renctions.
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INTRODUCTION

Ursodeoxycholicacid (UnCAl, a beta
isomer of chenodeoxycholic acid is a potent
d.rug for the treatment of gall stone diseases,
primary biliary cirrhosis and primary
sclerosing cholangitis 0-3). UnCA is a
hydrophilic bile sail, protects directly against
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mitochondrial swelling
lipid peroxide sulphydryl groups

the toxicity of hydrophobic endogenous bile
salts stich as chenodeoxycholic acid and
deoxycholic acid (4).

Liver mitochondrial abnormalities have
been reported in cholestatic liver diseases.
Respiratory functions of liver mitochondria
was reporled to be disturbed markedly in
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hypotension and the degree of which
correlated with the time of biliary obstruction
(5). The degradation of liver mitochondrial
phospholipids by bile acids has been shown
to be responsible for the eady phase of liver
dysfunction in obstructive jaundice (6).

Clinical and experimental studies have
been conducted to prove the role of lipid
pero:ddation in the pathogenesis of the
above mentioned disorders (7-8) and the
beneficial cffects of UDCA IS a therapeutic
agent (9-10).

The aim of the present study is to find
out the role of UDCA against the lipid
peroxidation related abnormalities in liver
mitochondria and thereby the mechanism
nf action of the drug.

METHODS

Isolation of mitochondda

Fresh sheep liver samples were obtained
from slaughter house, in ice cold containers.
After homogenisation, mitochondria were
isolated in a sucrose based medium
containing 0.1 mM EDTA, 3 mM KH2PO.,
300 mM sucrose, 1 mM MgCI2, pH 7.2 (11).
Protein content was estimated by a modified
Biuret method (12). The protein content of
thl! mitochondrial stock was found to be
20-23 mg/mJ.

Preparation of drug solution

UDCA was finely powdered and
dissolved in 0.9 CA· saline to get a
concentration of 1 mg/m\.
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Measurement of mitochondrial swcllinf{

Aliquots of mitochondrial preparations
(2 mg protein) were incubated at 37°C fa,· 1
hour with various cones of UDCA (0-600 J.lg)
in a total volume of 2 m!' 1.0 ml of swelling
medium (13) was added followed by 1.0 mM
hydrogen peroxide. Swelling was assessed
by change in optical density at 540 nm at
different time intervals.

Measuremcnt of lipid peroxides

Mitochondrial preparations were
incubated with UDCA as described
previously and 1.0 mM of H2 02 was added.
Aliquots were withdrawn at different time
intervals and treated with 10% TCA (2.0
mI). Lipid peroxidatioll was monitored by
measuring the thiobarbituric acid reacting
substances at 533 om (14).

Mcasurement of jlrot.ein sulphydryl groups

Aliquots were withdrawn similarly as
described for lipid peroxide determination
at different time intervals and protein
sulphydryl groups were determined (15)

after removal of non protein sulphydryl
groups by washing the aliquots with 6.5%
ice cold TCA. The precipitate was suspended
in 2 ml of 0.3 mM No.

2
HP04• 100 III of 5-5'

dithio bis nitro benzoic acid (4.0 mg/ml) was
added and the absorbance measured at 412 om.

RESULTS

Hydrogen peroxide treatment resulted in
a lime dependent increase in the rate of
swelling in the absence of UDCA which was
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Fig. 2: Ef cl of 0 A on H,O, induced lipid
peroxidntion. Milochondrial preparaLion, \ I'

tren ed similarly. xpl in d in Pig 1
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Fig. 1: The Rate of sw lliug as a function of lime
in sh p liver mi ochondria. Aliquols of
mltochoDdri.l prepnrntioDS (2 mg proteID) wer
incubated at 37·C for 1 hour with various
CODe ntrtltion I' {DCA (0-0, 100 Ilg - .,
200ftl~-O, 300/lg-_. 400p.g-6, 50011g-4,
600Jlg-.) in a lotol volume of 2m!' LO ml o'
welling medium was added followed by 1.0 mM

hydrog n p roxide. welling WIIS as ess d by
mea uring change in optical d n ity t 540 om
at differ nl tim> int rv I. alu s ar
m :lOx from 6 differ n mitochondrial
prepa ali ns. t tis ically significant variations
are xfJr 88 d al **P<O.OOl.

measured as a chang in O.D at 540 om
(Fig. 1). Time-d pend nt el v tion in he
I vel of TBA Reactant "wa ob rved in
hydrogen p roxid treated mitochondria
with/wi hou UO A (Fig. 2). D A pr -
ram nt wa found to deer a the rat of
welling induced by hydrog n peroxid in a

dos -dep ndeD mann r. Th d creas ,
ignifican (P<O.OO 1 at h UDCA

cone ntration of 300 j..lg. Lipid p rox:id level
wa found to be low in UOCA treated
mi ochondria. highly ignifican inhibi ion
w ob erv d (P<0.001) at the concentra ion
of 300 j..lg UDCA. Level of prot in
ulphydryl group wer found to b depleted

in H 2 2 r tment withou DO A.
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The effect of UDCA on protein
sulphydryl groups was also found to be time
and dose dependent. There was a significant
(P<O.OOI) prevention of protein sulphydryl
groups depletion at the concentration of 300
)lg UDCA (Fig. 3)

DISCUSSION

Mitochondria have been recognised as a
major physiological source of reactive
oxygen species which arise as a consequence
of oxygen reduction and formation of
hydrogen peroxide and singlet oxygen. The
ability of hydroperoxides to increase the ion
permeability of the inner mitochondrial
membrane and to induce mitochondrial
swelling have been well established (16-18).

Swelling is a well known and one of the
most common responses of the mitochondria
to many unfavourable influences under both
in vivo and in vitro experimental conditions.
Mitochondrial swelling has been reported
to be the consequence of the opening of
permeability transition pore in mitochondria
(9) and oxidative stress has been involved
in this process (20).

[n this study, UDCA minimises the rate
of swelling in mitochondria induced by
hydrogen peroxide. In an another study, it
has been shown that UDCA prevents the
opening of permeability transition pore by
reducing the reactive oxygen species
production (21), Ethanol induced liver
mitochondrial injury has been found to be
minimised in UDCA treatment (22).
So, one of the mechanisms by which
UDCA protects mitochondria from oxidant
injury may be due to the inhibition of
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mitochondrial membrane depolarisation and
channel formation (23).

Lipid peroxidation damages the
structural integrity of mitochondria, large
amplitude swelling, increased permeability
to cations and decreased membrane
potential (24). Protection against such
oxidative damage is provided by
antioxidants such as Vitamin E (25J and
reduced glutathione (26).

Two mechanisms accounting for the
hydrogen peroxide induced mitochondrial
abnormalities have been reported. One of
mechanisms is related to hydrogen peroxide
decomposition, leading to formation of free
radicals (27) and subsequent. initiation of
lipid peroxidation (28).

The results of this investigation have
shown that UDCA decreases the level of
"TBA reactants" in dose-dependent manner.
Lipid peroxidation plays a major ro!e in the
pathogenesis of various liver disorders and
gall bladder diseases for which UDCA is
being used as therapeutic drug. So. the
observed beneficial effect of UDeA might
b'e due to its antilipid peroxidative efficacy.
UDCA is a hydrophilic agent nnd it might
protect the hydrophobic, lipid rich portions
of mitochondrial membrane which ate more
prone to free radical damage. The
hydrophilic nature of the drug has already
been explained with respect to the
modulation of mitochondrial membrane
perturbation (21). Many hydrophilic agent.
have been proved to be potent antioxidants.
Alpha - tocopherol acetate, a hydrophilic
analogue of alpha • tocopherol has been
shown to be more effective that alpha -
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tocopherol in attenuating the effect H
2
0

2

129).

UDCA protects the protein sulphydryl
groups signit1cantly from oxidative damage.
Hydrogen peroxide and a few other
hydro peroxides have been reported to cause
progressive decrease in -the glutathione and
reduced niacinamide coenzyme levels
suggesting pro 4 oxidative changes (30).

Oxidative damage to mitochondria have
been reported to be more significant
after glutathione depletion by chemical
methods and glutathione supplementation
bas been shown to suppress lipid
peroxidation induced changes in
mitochondria (31).

Lipid peroxidation in membrane has
been reported to result in the formation of
free fatty acids (32). huving protonophoric
effect and act as inducers of mitochondrial
swelling (13). UDCA due to its anti lipid
peroxidativt:! property might have inhibited
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the free fatty acid formation and thereby to
some extent swelling.

The result.s presented in this study
indicate that the protective effect of UDCA
on mitochondria might be due to its
antioxidative property. The hydrophilic
nature of the drug might be responsible for
the protection rendered to the hydrophobic,
free radicals susceptible, lipid region in the
mitochondrial membranes. The anti lipid
peroxidative property might have resulted
in the preservation of protein sulphydryl
groups which are necessary for the normal
functioning of the organelle. UDCA protects
liver from oxidative stress perhaps by
preserving mitochondrial functions.
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