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Abstract:

The effect of taurine treatment on antioxidant defense in liver and brain tissues of old rats was investigated. Endogenous malondial-
dehyde (MDA) and diene conjugate (DC), ascorbic acid (AA)- and NADPH-induced lipid peroxide levels as well as non-enzymatic
(glutathione – GSH, vitamin E and vitamin C) and enzymatic antioxidants (superoxide dismutase, glutathione peroxidase and glu-
tathione transferase) were determined in livers and brains of young (5 months), old (22 months), and taurine-treated old rats. Taurine
(2%, w/v; in drinking water) was administered to old rats for 6 weeks. Taurine levels decreased in the liver and brain of old rats com-
pared to young rats. MDAand DC levels increased, GSH levels decreased, but induced lipid peroxidation remained unchanged in livers
of aged rats. Oxidative stress parameters did not change in brains of aged rats. Taurine treatment resulted in significant increases in
taurine levels, decreases in MDA and DC levels and increases in GSH levels in livers of old rats. Taurine treatment also increased brain
taurine levels. However, no significant changes were detected in lipid peroxidation and antioxidant system in brains of old rats follow-
ing taurine treatment. Accordingly, in old rats the liver seems more susceptible to age-related lipid peroxidation increases and taurine
level changes than the brain. Thus, taurine supplementation seems to be useful for decreasing hepatic oxidative stress in aging.
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Introduction

One of the mechanisms underlying the aging process
is proposed to be oxidative damage caused by free
radicals [4]. The rat is one of the most suitable ani-

mals for studies of aging in mammals, since its life
span is short and nutrition can be easily controlled.
Therefore, the relationship between oxidative stress
and aging has been investigated extensively in rats.
Several researchers have reported that oxidative stress
parameters such as lipid peroxides, protein carbonyls
(PC) or DNA damage increased in the liver [10, 28,
30] and the brain [26, 28] with age, although some
studies failed to confirm these findings [2, 23]. In ad-
dition, there are conflicting results in the literature
concerning non-enzymatic and enzymatic antioxi-
dants in the liver [2, 10, 16, 23, 28, 29] and the brain
[2, 10, 16, 23, 26, 28, 29] of old rats. These discrepan-
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cies may be due to differences in the susceptibility of
organs and tissues to oxidative damage as well as the
techniques used for assessing oxidative stress in aged
rats.

Taurine (2-aminoethanesulfonic acid) is the major
intracellular free �-amino acid, which is normally
present in most mammalian tissues [25]. Taurine has
hepatoprotective [1, 12] and neuroprotective [31]
properties as an antioxidant, when administered thera-
peutically. The antioxidant role of taurine has been at-
tributed to its ability to scavenge reactive oxygen spe-
cies, to reduce the production of lipid peroxidation
end products, and to stabilize biomembranes [13, 25].
It has been reported that plasma and tissue taurine lev-
els decrease with aging [7, 11] and this decrease may
contribute to oxidative damage that occurs during the
aging process [11]. However, there are few studies in
the literature investigating the effects of taurine treat-
ment on oxidative stress in old animals [11, 32].

In this study, we investigated the effect of taurine
treatment on pro-oxidant and antioxidant status in old
rats. For this reason, endogenous malondialdehyde
(MDA) and diene conjugate (DC) levels, ascorbic
acid (AA)- and NADPH-induced lipid peroxidation as
well as non-enzymatic (glutathione – GSH, vitamin E
and vitamin C) and enzymatic antioxidants (superox-
ide dismutase – SOD, glutathione peroxidase – GSH-
Px and glutathione transferase – GST) were deter-
mined in the livers and brains of young and old rats.
These parameters were also measured in tissues of old
rats following taurine administration.

Materials and Methods

Animals and treatments

Young (5 months) and old (22 months) male Wistar
rats were obtained from the Center for Experimental
Medical Research Institute of Istanbul University. The
animals were allowed free access to food and water
and were kept in wire-bottomed stainless steel cages.
The experimental procedure used in this study met the
guidelines of the Animal Care and Use Committee of
the University of Istanbul. Taurine and other chemi-
cals were purchased from Sigma-Aldrich Chemical
(St. Louis, USA).

Old rats were divided into two subgroups as un-
treated and taurine-treated old rats. Taurine (2%, w/v)
was given in drinking water for 6 weeks. The water
supply was refreshed daily. At the end of this period,
six young (6.5 months), 6 old and 6 taurine-treated
old (23.5 months) rats were fasted overnight and the
animals were killed by decapitation. Livers and brains
of rats were quickly removed and washed in 0.9%
NaCl and tissue samples were frozen at –80°C for
later use.

Biochemical analyses

Portions of liver and brain tissue were homogenized
in ten volumes of 3% sulfosalicylic acid. After centri-
fugation, the supernatant was filtered through 0.45 �m
filter and taurine contents were determined with
Hewlett Packard amino acid analyzer as previously
reported [12].

Tissues were also homogenized in ice-cold 0.15 M
KCl (10%, w/v). Lipid peroxidation was assessed by
two different methods in the tissue homogenates. First,
the levels of MDA were measured by thiobarbituric
acid test [19]. The breakdown product of 1,1,3,3-tetra-
ethoxypropane was used as a standard. Second, DC
levels were determined in tissue lipid extracts at 233
nm spectrophotometrically and calculated using a mo-
lar extinction coefficient of 2.52 × 104 M–1cm–1 [5].

To determine induced lipid peroxide levels, two
different media were prepared [9]. The incubation
mixture (1 ml) for the estimation of AA-induced lipid
peroxidation, contained 50 �M FeSO4, 1 mM KH2PO4,
0.15 M Tris-HCl buffer (pH 7.4), 0.4 mM ascorbic
acid and 0.1 ml tissue homogenate. For NADPH-
induced system, 50 �M FeCl3 instead of FeSO4, and
4 mM ADP were included and 0.4 mM NADPH was
added instead of ascorbic acid. After incubation at
37°C in a shaking water bath for 30 min, the amount
of MDA formed was estimated according to Buege
and Aust [5].

Tissue total GSH levels were measured with 5,5’-
dithiobis(2-nitrobenzoate) at 412 nm [3]. Vitamin E
and vitamin C levels were measured in tissue homo-
genates by the method of Desai et al. [8] and Omaye
et al. [20], respectively. SOD, GSH-Px and GST ac-
tivities were determined in post-mitochondrial frac-
tion of the tissues, which was separated by sequential
centrifugation. In brief, tissue homogenates were
centrifuged at 600 g for 10 min at 4°C to remove
crude fractions. Then, supernatants were centrifuged
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at 10,000 g for 20 min to obtain the post-mitochon-
drial fraction. SOD activity was assayed by its ability
to increase the effect of riboflavin-sensitized photo-
oxidation of o-dianisidine [18]. GSH-Px [17] and
GST [14] activities were measured using cumene hy-
droperoxide and 1-chloro-2,4-dinitrobenzene as sub-
strates, respectively. Protein levels were determined
using bicinchoninic acid [27].

Statistical analysis

The results were expressed as the mean ± SD. Experi-
mental groups were compared using Kruskal-Wallis
variance analysis test. Where significant effects were
found, post-hoc analysis using Mann-Whitney U test
was performed, and p < 0.05 was considered to be sta-
tistically significant.

Results

Results are shown in Figures 1–3 and Table 1. Signifi-
cant decreases were observed in taurine levels of liver
(40.2%) and brain (18.0%) homogenates of old rats as
compared to young rats. Taurine treatment caused sig-
nificant increases in taurine levels in the liver (83.6%)
and brain (30.3%) of old rats (Fig. 1). Liver MDA
(25.8%) and DC (32.5%) levels increased, but there
were no changes in these values in brains of old rats.
Taurine treatment decreased MDA (27.2%) and DC
(20.7%) levels in livers, but not in brains of old rats
(Fig. 2). Significant decreases in GSH (26.9%) con-
tent and increases in vitamin E (44.0%) levels were
detected in liver homogenates of old rats. However,
there were no changes in vitamin C levels and SOD,
GSH-Px and GST activities in livers of old rats. In ad-
dition, non-enzymatic and enzymatic antioxidants
with the exception of vitamin C levels (22.3% de-
crease) did not change in brains of old rats. Taurine
caused increases in GSH (24.4%) levels, but vitamin
E and vitamin C levels and SOD, GSH-Px and GST
activities in the livers of old rats did not change In ad-
dition, enzymatic and non-enzymatic antioxidants
were found unchanged in the brains of taurine-treated
old rats (Tab. 1). We found that AA- and NADPH-
induced MDA levels remained unchanged in livers
and brains of untreated and taurine-treated aged rats
as compared to young rats (Fig. 3).
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Fig. 1. Taurine levels in liver and brain homogenates of young, old
and taurine-treated old rats (the mean ± SD; n = 6 each). * p < 0.01
as compared to young rats; a p < 0.01 as compared to old rats

Fig. 2. Malondialdehyde (MDA) (A) and diene conjugate (DC) (B)
levels in liver and brain homogenates of young, old and taurine-
treated old rats (the mean ± SD, n = 6 each). * p < 0.01; ** p < 0.05
as compared to young rats; a p < 0.01; b p < 0.05 as compared to
old rats



Discussion

It has been reported that liver and brain taurine levels
were decreased with aging [7, 11], an effect related to
decreased taurine synthesis and not to increased re-
nal loss [11]. In the current study, we have also ob-
served that taurine levels decreased in liver and brain
homogenates of aged rats. Since taurine is known to
play a role in the normal antioxidant defense system,
decreases in taurine levels may be considered to shift
the balance toward a pro-oxidant environment in the
tissues and contribute to oxidative damage that occurs
during the aging process. However, we have recently
reported that �-alanine treatment, which is known to
deplete tissue taurine, did not change the susceptibil-
ity of liver, brain and heart to lipid peroxidation in
young rats. Liver pro-oxidant-antioxidant balance was

also found unaffected [21]. Therefore, in this study,
we wanted to investigate how the changes in taurine
levels influenced prooxidant-antioxidant balance in
livers and brains of old rats and taurine-treated old
rats. There are two related papers in the literature
[11, 32]. In the study of Eppler and Dawson [11],
18-month-old male Fischer rats were treated with
taurine (1.5% in drinking water) for eight months.
The authors reported that this treatment decreased
protein carbonyl (PC) groups in the cerebral cortex
and kidney, although there was no change in liver PC
and total thiol groups. However, Yildirim et al. [32]
found taurine effective in decreasing liver MDA lev-
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Fig. 3. Ascorbic acid (AA) (A) and NADPH-induced (B) malondial-
dehyde (MDA) levels in liver and brain homogenates of young, old
and taurine-treated old rats (the mean ± SD, n = 6 each)

Tab. 1. Glutathione (GSH), vitamin E and vitamin C levels and super-
oxide dismutase (SOD), glutathione peroxidase (GSH-Px) and glu-
tathione transferase (GST) activities in liver and brain homogenates
of young, old and taurine-treated old rats (the mean ± SD; n = 6 each)

Young rats Old rats Taurine-treated
old rats

Liver

GSH
(µmol/g tissue)

5.50 ± 0.68 4.02 ± 0.59* 5.00 ± 0.48a

Vitamin E
(nmol/g tissue)

41.4 ± 5.14 59.6 ± 13.4** 52.4 ± 10.4**

Vitamin C
(nmol/g tissue)

1.28 ± 0.12 1.18 ± 0.11 1.18 ± 0.21

SOD
(U/mg protein)

24.0 ± 3.59 23.9 ± 3.23 23.5 ± 5.89

GSH-Px (nmol/
min/mg protein)

846.6 ± 65.3 795.3 ± 139.5 853.3 ± 167.1

GST (nmol/min/
mg protein)

443.3 ± 50.2 409.3 ± 28.1 386.3 ± 44.3

Brain

GSH
(µmol/g tissue)

1.20 ± 0.12 1.19 ± 0.20 1.30 ± 0.25

Vitamin E
(nmol/g tissue)

20.5 ± 3.10 21.8 ± 4.05 23.2 ± 5.32

Vitamin C
(nmol/g tissue)

1.66 ± 0.13 1.29 ± 0.24* 1.23 ± 0.21*

SOD
(U/mg protein)

8.55 ± 1.54 8.50 ± 1.26 9.06 ± 1.24

GSH-Px (nmol/
min/mg protein)

44.3 ± 6.50 44.6 ± 11.7 40.0 ± 12.4

GST (nmol/min/
mg protein)

94.2 ± 9.51 92.3 ± 10.4 90.5 ± 11.6

* p < 0.01; ** p < 0.05 as compared to young rats; a p < 0.05 as com-
pared to old rats



els and increasing GSH content and GSH-Px activity
when given to 13–14 month old rats at a dose of
200 mg/kg/day ip for a week.

In our study, pro-oxidant-antioxidant balance was
evaluated by measuring endogenous MDA and DC
levels and enzymatic and nonenzymatic antioxidants
in liver and brain homogenates of old rats. Increased
endogenous MDA and DC levels and decreased GSH
levels indicated that the balance changed on the be-
half of pro-oxidation in liver homogenates of old rats.
However, the balance was not changed in brains of
old rats.

Taurine treatment, which results in significant in-
creases in tissue taurine content, has been found to re-
duce endogenous lipid peroxidation and increase
GSH levels. Taurine is known to attenuate tissue lipid
peroxidation either by scavenging or quenching oxy-
gen-derived free radicals, hydrogen peroxide or hypo-
chlorous acid directly, or by binding free metal ion
species like Fe2+ or Cu2+ by its sulfonic acid group
[13, 25]. Taurine administration has also been sug-
gested to decrease enhanced oxidative damage by de-
creasing carbonyl group production [13, 25]. On the
other hand, since cysteine is a precursor of taurine and
GSH, taurine supplementation may cause enhance-
ment in GSH levels by directing cysteine into the
GSH synthesis pathway [15, 25]. Therefore, increased
GSH levels after taurine treatment may play an addi-
tional role in decreasing oxidative stress. The liver
seems to be one of the target organs of taurine. In-
deed, an amelioration in hepatic pro-oxidant and anti-
oxidant balance of old rats has been observed by
taurine treatment. In brain, however, aging appeared
not to affect oxidative stress parameters. Therefore,
increased taurine levels were not expected to change
these parameters.

Some researchers have also investigated the lipid
peroxidation potential of liver and brain tissues in old
and young rats. Increased [22], decreased [2] or un-
changed [10] lipid peroxidation potential were re-
ported in the livers of old rats. Decreased [2] or un-
changed [6, 10] peroxidation potential in brains of old
rats have also been found. In our study, there were no
changes in AA- and NADPH-induced MDA levels in
either liver or brain homogenates of old rats as com-
pared to young rats. Both non-enzymatic AA-induced
lipid peroxidation and enzymatic NADPH-induced
lipid peroxidation reflect peroxidation potential of tis-
sues and are controlled by several factors such as
availability of substrates in the form of unsaturated

fatty acids, the presence/absence of peroxidation in-
ducers, and inhibitors of free radical reactions [24].
We also found that taurine treatment did not affect the
lipid peroxidation potentials of the liver and brain of
old rats. Therefore, the observed increase in taurine
levels may be considered insufficient to prevent the
strong lipid peroxidation occurring in vitro.

According to our results, the liver appears to be
more susceptible to the age-related lipid peroxidation
increases and to changes in taurine levels than the
brain of old rats. Thus, taurine administration may
be beneficial to decrease hepatic oxidative stress in
aging.
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