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Summary. The results regarding taurine pretreatment on CCl4-induced
hepatic injury are controversial. To assess the therapeutic efficacy of taurine
on rat liver injury, hepatic malondialdehyde, glutathione, and hydroxyproline
levels together with morphologic alterations in the liver following CCl4

administration were investigated. The rats were divided into three groups.
Taurine-treated animals received 15ml/kg/day of a 5% taurine solution by a
gastric tube for 5 days before administering CCl4 (2ml/kg, intraperitoneally,
in a single dose). CCl4-treated rats received the same amount of saline
solution. Control animals received no treatment. The increase of hepatic
malondialdehyde formation in the CCl4-treated group was partially prevented
by taurine pretreatment, but taurine had no significant effect on the glu-
tathione and hydroxyproline content in the CCl4-treated rats. Taurine pre-
treatment induced a marked beneficial effect regarding the prevention of
hepatocellular necrosis and atrophy as demonstrated morphologically. In con-
clusion, these results suggest that taurine pretreatment might not significantly
change the biochemical parameters, but prevents the morphologic damage
caused by CCl4 in the early stages.
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Introduction

Taurine (2-aminoethanesulfonic acid) is an unusual amino acid found in a
wide variety of animal species. It is considered to play several important

* The protocol was reviewed and approved by the animal Care Committee and Surgical
Research Center of Gazi University Medical School.
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physiological functions in each organ. Recently, evidence has accumulated
supporting the hypothesis that taurine protects cellular membranes against
toxic compounds, including haloalkanes, bile acids, xenobiotics, and oxidants
(Huxtable, 1992; Timbrell et al., 1995; Seabra et al., 1997). Carbon tetrachlo-
ride (CCl4) is a toxic agent acting via a reactive free radical metabolite pro-
duced in the smooth endoplasmic reticulum which causes lipid peroxidation
(Poli et al., 1981; Recnagel et al., 1989). Breakdown of lipids, particularly
unsaturated phospholipids in the intracellular and the plasma membranes
increases membrane permeability. The beneficial effects of taurine against
oxidant induced tissue injury have been attributed to its ability to stabilize
biomembranes (Huxtable, 1992; You et al., 1998) and scavenge reactive oxy-
gen derivatives including hypochlorous acid (Wright et al., 1986; Marquez et
al., 1994; Marcinkiewicz et al., 2000).

It has been shown that the administration of taurine provides a protective
effect in both in vitro and in vivo settings in the liver. Nakashima et al. (1982)
found that taurine administration after exposure CCl4 protected the liver
against lipid peroxidation, as measured by malondialdehyde (MDA) produc-
tion. In addition, preincubation of the liver microsomes in vitro with very high
concentrations of taurine (70mM) reduced the lipid peroxidation caused by
CCl4. However, the same authors reported that the pretreatment with taurine
(3% aqueous solution, p.o. for 3 days) actually facilitated lipid peroxidation
(as shown by increased MDA levels) and significantly enhanced the hepato-
cellular damage (as evidenced by marked necrosis of hepatocytes) in the rat
liver after CCl4 administration (Nakashima et al., 1983).

Conversely, depletion of liver taurine in rats increased their susceptibility
to the hepatotoxicity of CCl4 (Waterfield et al., 1993a; Timbrell et al., 1995).
Recently, Zhou et al. (1996) demonstrated that taurine administration in
drinking water to rats inhibited hepatocellular degeneration, necrosis, and
DNA damage induced by CCl4.

Consequently, there is no agreement about the role of taurine pretreat-
ment on the CCl4-induced hepatotoxicity. The present study was therefore
carried out to investigate the effect of taurine pretreatment on the CCl4-
induced liver injury by determining the morphological and biochemical
parameters.

Materials and methods

This study was performed on male Wistar rats weighing 150–200g. Rats were divided into
three groups. In the control group, animals received no treatment. In the taurine-treated
group, taurine (5% aqueous solution, 15ml/kg/day) was administered using a gastric tube
for 5 days before CCl4 administration. In the CCl4-treated group, rats received the same
amount of saline solution before CCl4 dosing. CCl4 was administered intraperitoneally in a
single dose (2ml/kg) on day 6. The rats were sacrificed at 24 hours after CCl4-treatment by
an overdose of pentobarbital sodium anaesthesia. The livers were excised; rinsed in saline;
and then dried. The livers were then divided for biochemical and morphologic analysis.
The specimens for biochemical analysis were frozen immediately in liquid nitrogen.

Liver MDA levels were determined by the method of Uchiyama and Mihara (1978).
The breakdown product 1,1,3,3-tetraethoxypropane was used as standard and the results
were expressed as nmol MDA/g tissue.
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Total liver nonprotein sulfhydryl groups (TNPSH) were assayed by the method of
Ellman (Elmann, 1959). This was used as a measure of reduced liver glutathione, which
constitutes most (�95%) of the liver TNSPH. Results were expressed as µmol GSH/g
tissue.

Liver hydroxyproline levels were measured by the method of Woessner (Woessner,
1961). The hydroxyproline values were determined by using the L-hydroxyproline stand-
ard curve and given as µg hydroxyproline/mg tissue.

Liver tissue samples were obtained for morphologic examination. For light
microscopy, tissues were fixed in 10% buffered formalin and embedded in paraffin. The
sections were stained with both haematoxylin and eosin (HE). For electron microscopy,
tissues were fixed with gluteraldehyde and osmium tetroxide. The thin sections were
stained with uranyl acetate and lead citrate.

Statistical analysis

The data are shown as mean � SD. Differences among groups were analyzed by using
the one way ANOVA and Mann-Whitney U tests. P value of �0.05 was considered as
significant.

Results

Liver MDA, GSH and hydroxyproline levels of all groups are shown in Table 1.
MDA formation in the liver was significantly increased in CCl4 and taurine

administered rats compared with controls (p � 0.05). The levels of MDA were
lower (but not significantly) in the taurine-treated group compared with CCl4-
treated group (p � 0.05).

Hepatic GSH and hydroxyproline concentrations did not show any change
in the CCl4-treated and taurine-treated groups compared with the control
group (p � 0.05).

The morphological changes in the CCl4 group included marked necrosis,
congestion and atrophy of hepatocytes in the perivenular area (Fig. 1). Mito-
chondria and endoplasmic reticulum cisternae were irregular. Nucleus was
ovoid and nuclear chromatin appearance was also irregular (Fig. 2). Taurine
pretreatment prevented these changes. In the taurine-treated group, the

Table 1. The effect of taurine on hepatic malondialdehyde, glutathione and hydroxypro-
line levels in CCl4-intoxicated rat liver

Groups n MDA GSH HP
mean � SD mean � SD mean � SD

Control 6 57 � 7 8.4 � 0.7 0.19 � 0.04
CCl4-treated 6 77 � 11.2* 7.4 � 1.4 0.14 � 0.06
Taurine-treated 6 71.8 � 6.4* 7.1 � 0.9 0.20 � 0.09

* p � 0.05, significantly different from the control. MDA, malondialdehyde (nmol/g
tissue); GSH, glutathione (µmol/g tissue); HP, hydroxyproline (µg/mg tissue); CCl4,
carbontetrachloride was administered 2 ml/kg, i.p. as a single dose. Taurine (5% aqueous
solution) was administered 15 ml/kg/day using a gastric tube for 5 days before CCl4

administration.
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cytoplasm of the perivenuler hepatocytes were large and pale, and the nuclei
of these cells had some activity findings such as nuclear enlargement and
hyperchromasia (Fig. 3). There were lucent lipid droplets in the taurine-
treated group, and nuclei, mitochondria and other organelles were more
regular than in the CCl4 group (Fig. 4).

Fig. 1. A light microscopic view in CCl4-treated group. Necrosis, congestion and hepato-
cellular atrophy in the perivenular area (arrows), HE � 200

Fig. 2. An electron microscopic view in CCl4-treated group. Degenerated cytoplasm and
organelles. Mitochondrion (M), lipid droplets (L), uranyl acetate, lead citrate, �3000
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Fig. 5 and Fig. 6 show light and electron microscopic views of control liver
tissues, respectively.

Discussion

Assessment of malondialdehyde (MDA) has been extensively used during the
past 3 to 4 decades as a marker of lipid peroxidation (Jentzsch et al., 1996). It

Fig. 3. Hepatocytes having larger, paler cytoplasm located in the perivenular region
compared to the adjacent hepatocytes, taurine-treated group, HE � 200

Fig. 4. An electron microscopic view in taurine-treated group, mitochondrion (M),
nucleus (N), lipid droplets (L), uranyl acetate, lead citrate, �3000
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has been known that taurine decreases MDA levels in the liver (Lim et al.,
1998; Hwang et al., 1998).

In the present study, the effects of CCl4 and taurine on lipid peroxidation
in the liver were determined by measurement of MDA production. MDA
levels were found to be significantly increased in the CCl4-treated and taurine-
treated rats compared with controls (p � 0.05), but this increase was lower
in the taurine-treated group. These results indicate that pretreatment with

Fig. 5. A light microscopic view in control group. Hepatocyte (thick arrow), sinusoids
(thin arrow), toluidin blue �400

Fig. 6. An electron microscopic view in control group. Mitochondrion (thick arrow),
rough endoplasmic reticulum cisternae (thin arrow), uranyl acetate, lead citrate, �3000
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taurine limits the CCl4-induced lipid peroxidation. Our findings are not con-
sistent with Nagashima’s results (1983).

Waterfield et al. (1993b) suggested that if the tissue taurine level is
below threshold, susceptibility to CCl4 will be increased. In that study, a highly
significant correlation was found between the liver damage in rats due to CCl4

and the predicted liver taurine concentration. Holecek et al. (1999) showed
that plasma taurine concentrations at 48 hours after administration of various
doses of CCl4 decreased to below the control values. Nakashima et al. (1982)
reported that hepatic taurine content decreased significantly 24 hour after
CCl4 administration, and oral administration of taurine to CCl4-intoxicated
rats was able to protect these rats from hepatic taurine depletion. In our study,
pretreatment with taurine may have prevented the decrease of hepatic taurine
content.

Thiol groups play a complex role in biological systems and GSH in particu-
lar, is an important constituent of cellular protective mechanisms against a
number of noxious stimuli including oxygen derived free radicals. GSH is
among the most widely cited water soluble forms of biological antioxidants
(Basaga, 1990). Nakashima et al. (1983) reported that the contents of
watersoluble antioxidants in the liver were not altered after CCl4 administra-
tion, and taurine did not have any effect on the content of these antioxidants
in the CCl4-intoxicated liver. On the contrary, Wu et al. (1999) established
that the cytoprotective ability of taurine in CCl4-induced hepatotoxicity is
related to polyamines which may prevent GSH and protein SH depletion. In
our study, GSH contents in the CCl4-treated and taurine-treated groups were
not significantly different when compared with the control group. These re-
sults are compatible with Nakashima’s study.

Penttila et al. (1990) suggested that GSH accumulates faster in the peri-
portal (PP) hepatocytes compared to perivenous (PV) hepatoytes, because of
the higher biosynthesis rate of the GSH in PP cells. The limited replenishment
capacity of GSH potentiates the cellular injury triggered by toxic chemicals.
Penttila and colleagues suggested that the slow GSH synthesis in PV cells
relates to their large capacity to catabolize intracellular cysteine to taurine. In
the present study, perivenular hepatocytes showed more necrosis and atropy
compared with peripheral hepatocytes in the CCl4-treated group. Our findings
suggest that the exogenous taurine inhibited this catabolism and prevented
the GSH depletion and perivenular cell damage.

Hydroxyproline is an abundant amino acid found in collagen, and in our
study, the levels of hydroxyproline were measured to predict hepatic collagen
metabolism. The hydroxyproline levels in CCl4-treated and taurine-treated
groups did not show any changes. In our study, the rats were killed after 24
hour of CCl4 treatment and an explanation migth be that the exposure time of
the liver to CCl4 was not sufficient to alter collagen metabolism. The general
method of CCl4 administration in rats requires at least biweekly administra-
tion of the hepatotoxin and the chronicity of liver damage is certainly an
important aspect of liver fibrosis (Seyer et al., 1992). Chen et al. (1999)
showed that there are significant elevations of hepatic collagen I, III, IV,
laminin and hyaluronic acid levels in rats after 12 weeks of CCl4 treatment. In
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addition, they observed that taurine prevented increases in type I and III
procollagen mRNA expression as well as the accumulation of collagens,
laminin and hyaluronic acid in the liver. They suggest that taurine has a
protective effect in CCl4-induced hepatic fibrosis. Zhou et al. (1996) have also
observed that abnormal expressions of hepatic extracellular matrix in the light
microscopic examination of the rat liver sections become observable five
weeks after CCl4 administration. However, in this study, taurine (1,5% solu-
tion, p.o.), not only inhibited hepatocellular degeneration, necrosis and DNA
damage, but also inhibited the lesions in the extracellular matrix induced by
CCl4.

It has been reported that taurine or taurine conjugated bile acids enhances
cell proliferation (Kendler, 1989, Panella et al., 1995; Barone et al., 1996;
Alpini et al., 1999). In the present study, histopathologic findings demon-
strated that taurine prevented hepatocellular necrosis and atrophy as well as
stimulating nuclear activity in the hepatocyte (Fig. 3). This may be related to
the cell proliferative effect of taurine. In a previous study, we observed that
taurine administration enhanced proliferation of the epidermis and acceler-
ated the healing of incisional skin wounds in mice (Dinçer et al., 1996).

It is generally considered that hepatic lipid peroxidation is an important
factor in inducing hepatocellular necrosis following CCl4 administration. One
of the suggested roles of lipid peroxidation is the control of cell proliferation.
Products of the peroxidation of lipids, such as aldehydes and peroxides,
possess a cytostatic activity (Tirmenstein et al., 1988). In our study, taurine
was probably able to mitigate CCl4-induced lipid peroxidation and hepatocel-
lular necrosis by stimulating cell proliferation.

In conclusion, although taurine pretreatment might not significantly
change the biochemical parameters, taurine does prevent the morphologic
damage caused by CCl4 in the early stages.
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