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Abstract:

Background: The effect of a-tocopherol or simvastatin treatment on antioxidant defense in liver of old rats was investigated.
Methods: Endogenous thiobarbituric acid reactive substances (TBARS) and total nitrite/nitrate (NO2/NO3) levels as well as non-en-
zymatic glutathione (GSH) and enzymatic antioxidants [glutathione-S-transferase (GST), superoxide dismutase (SOD), glutathione
peroxidase (GPX) and catalase (CAT) activities] were determined in the livers of young (3 months), aged (22 months), a-tocopherol- or
simvastatin-treated aged rats. Serum lipid profile and liver function parameters were also assessed in these 4 groups.
Results: Both a-tocopherol and simvastatin almost equally restored the age-induced changes in liver TBARS and CAT activity, se-
rum aspartate aminotransferase (GOT), alanine aminotransferase (GPT) and alkaline phosphatase (ALP). a-Tocopherol, but not
simvastatin, tended to restore GST and GPX activities in livers of aged rats. Simvastatin, on the other hand, counteracted age-
induced increases in serum cholesterol, TG, LDL, total hepatic NO2/NO3 level, and preserved a normal liver function during aging.
Conclusion: Thus, either drug may be beneficial, in spite of a mechanistic difference in the antioxidant effect of both of them, in alle-
viating age-induced liver injury.
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Abbreviations: ALP – alkaline phosphatase, CAT – catalase,
GOT – aspartate aminotransferase, GPT – alanine aminotrans-
ferase, GPX – glutathione peroxidase, GSH – reduced glu-
tathione, GST – glutathione-S-transferase, g-GT – g-glutamyl-
transferase, HDL – high density lipoproteins, LDL – low den-
sity lipoproteins, NO – nitric oxide, NO2/NO3 – nitrite/nitrate,
ROS – reactive oxygen species, SOD – superoxide dismutase,
TBARS – thiobarbituric acid reactive substances, Tbil – total
bilirubin, TG – triglycerides

Introduction

Aging is an extremely complex and multifactorial pro-
cess characterized by a general decline in physiological

function that leads to morbidity and mortality [28]. Al-
though specific causes of this decline are not well
known, there is some evidence that sustained damage
inflicted by endogenously produced oxidants contribute
to the development of the age-related changes [4, 38].
These oxidants include hydrogen peroxide, superoxide,
hydroxyl radicals, and possibly singlet oxygen, which
can induce damage to cellular macromolecules, includ-
ing lipids, proteins and DNA [4]. Cellular redox state is
a consequence of the precise balance between the levels
of oxidizing and reducing equivalents, such as reactive
oxygen species (ROS) and endogenous antioxidants.
However, it appears that during the aging process an im-
balance between oxidants and antioxidants may occur,
referred to as oxidative stress [5, 18, 38].
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The multitude of functions assigned to the mam-
malian liver and its central role in physiology suggest
that it may be particularly susceptible to the insults of
aging [13, 25]. Free radicals production and oxidative
stress are known to increase in liver during aging and
may contribute to the oxidative damage, which plays
an important role in the aging process [21]. Similarly,
a recent study has demonstrated that increased hepatic
mitochondrial oxidative stress plays a critical role in
the process of aging in rhesus macaques supporting
the hypothesis that increased oxidative stress is a ma-
jor characteristic of aging liver [8], which may be par-
tially prevented by antioxidants [7].

ROS are kept at physiologically optimal levels un-
der normal conditions by antioxidant defense sys-
tems, including non-enzymatic antioxidants such as
GSH, bilirubin, creatinine, uric acid, albumin, cerulo-
plasmin, vitamins A, C and E, and endogenous com-
pounds with enzymatic properties such as SOD, GPX
and CAT [4, 27]. Although many experimental studies
have investigated the beneficial effects of various an-
tioxidants on the oxidative stress induced in aging
liver [25, 33], however, to our knowledge, no study
has yet reported on the effect of a-tocopherol or sim-
vastatin in this regards. a-Tocopherol is a lipid-soluble
antioxidant and a well known oxygen free radical scav-
enger [6, 25]. Simvastatin, on the other hand, in addi-
tion to improving the lipid profile, produces many
extra-lipid effects, including anti-inflammatory and an-
tioxidative actions, vasodilatation, an inhibitory action
on migration and proliferation of smooth muscle cells,
as well as favorable effects on hemostasis and adipose
tissue function [3, 10, 12].

Therefore, the aim of the present study was two-
fold. First, to investigate the antiaging and protective
potentials of a-tocopherol or simvastatin against ag-
ing-induced liver damage. Second, to assess whether
simvastatin hepatic actions was due to lipid-lowering
and/or extra-lipid effects.

Materials and Methods

Experimental protocols

Experiments were carried out on male Wistar rats ob-
tained from the Alexandria Faculty of Pharmacy Ani-
mal House. The research experiments protocol has

been approved by the Animal Care and Use Commit-
tee (ACUC), Faculty of Pharmacy, Alexandria Uni-
versity. Male Wistar rats were caged individually,
with 12-h light/dark cycle and free access to food and
water until the time of the experiments. Animals were
divided into four groups (n = 7): young rats (3-month-
old, given peanut oil/day), aged rats (22-month-old,
given peanut/day), aged a-tocopherol-treated rats, given
200 mg/kg of a-tocopherol/day and aged simvastatin-
treated rats, given 10 mg/kg of simvastatin/day [19].
Both drugs were from El-Amriya Pharmaceutical Co.,
Egypt. Peanut oil was chosen as the vehicle to deliver
the treatments because of its low natural content of
a-tocopherol [11]. a-Tocopherol dose was chosen
based on literature review and pilot studies from our
laboratory. Treatments were administered by using
daily oral gavage for 6 weeks.

Sample collection

Twenty four hours after the last doses, rats were anes-
thetized with thiopental and a blood sample was with-
drawn from each rat by the orbital plexus method.
Plasma was recovered and stored at –70°C until ana-
lyzed. The rat abdomen was opened by a midline inci-
sion, the liver was quickly removed, washed in ice-
cold saline, blotted dry, weighed and homogenized in
ice-cold physiological saline. Liver homogenate was
divided into portions and stored at –70°C until ana-
lyzed.

Determination of biochemical markers

of oxidative stress

TBARS content of liver homogenate was determined
by thiobarbituric acid test measured at 535 nm [40].
Hepatic total GSH level was assayed spectrophotomet-
rically at 412 nm using 5,5’-dithio-bis(2-nitrobenzoic
acid) – DTNB method described by Richardson and
Murphy [36]. The specific activity of GST was meas-
ured by the method described by Habig et al. [16].
SOD activity was assayed using the pyrogallol method
of Marklund and Marklund [23]. The GPX and CAT
activities were measured according to Pagila and Val-
entine [31] and Aebi [1] methods, respectively. Total
NO2/NO3 level was determined by the Griess reaction
modified by Navarro-Gonzalvez [30].
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Determination of serum lipid profile and liver

function parameters

The serum lipid profile was assessed by measuring
the changes in serum levels of cholesterol, triglyc-
erides (TG), low density lipoproteins (LDL) and high
density lipoproteins (HDL) (as markers for lipid me-
tabolism alteration).

Liver functions were assessed by measuring the se-
rum levels of aspartate aminotransferase (GOT, a non-
specific marker for hepatic parenchymal injury), al-
anine aminotransferase (GPT, a specific marker for
hepatic parenchymal injury), alkaline phosphatase
(ALP, a marker of the relative degree of hepatocellu-
lar damage and of obstruction, intrahepatic or extra-
hepatic, tends parallel the degree of hyperbilirubine-
mia), total bilirubin (Tbil, a specific marker for the
development of cholestasis and of liver failure), and
g-glutamyltransferase (g-GT, a marker for cholesta-
sis). All these parameters were measured using Ran-
dox diagnostic kits, UK.

Statistical analysis

Results were expressed as the mean ± SEM of 7 ex-
periments. The one-way analysis of variance (ANOVA
or F test) followed by Student-Newman-Keuls post-

hoc test was utilized. The criterion for statistical sig-
nificance was set at the 0.05 level.

Results

Biochemical markers of oxidative stress

TBARS levels

Significant increase was observed in TBARS level
(49.9%) in liver homogenates of aged rats as com-
pared to young rats. a-Tocopherol or simvastatin
treatment caused significant decreases in TBARS
level in the liver of old rats by 22.2% and 19.3%, re-
spectively (Fig. 1).

Reduced glutathione level and glutathione-S-
transferase activity

GSH content remained unchanged in the liver of aged
rats as compared to young rats (Fig. 2). However,
a significant reduction in the hepatic GST activity
(81.6%) was detected with aging. Only a-tocopherol
treatment was able to significantly increase the hepatic
GST activity (145.2%) as compared to aged rats, how-
ever, the young rats value was not restored (Fig. 3).

Superoxide dismutase, glutathione peroxidase and
catalase activities

GPX and CAT activities were significantly decreased
in the livers of aged rats as compared to young rats by
31.3% and 32.6%, respectively. On the other hand, no
significant age-induced change was observed in he-
patic SOD activity (Fig. 4). a-Tocopherol administra-
tion tended to increase the hepatic GPX activity
(21.9%), however, no statistical difference was at-
tained as compared to aged rats (Fig. 5). On the other
hand, a-tocopherol or simvastatin administration sig-
nificantly increased the hepatic CAT activities as
compared to aged rats by 39.6 and 54.7%, respec-
tively (Fig. 6).
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Fig. 1. Effect of a-tocopherol or simvastatin treatment on the age-
induced changes in liver TBARS. Drugs were administered orally for
6 weeks; * p < 0.05 compared with the young group; # p < 0.05 com-
pared with the aged group
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Fig. 3. Effect of a-tocopherol or simvastatin treatment on the age-
induced changes in liver GST activity. Drugs were administered
orally for 6 weeks; * p < 0.05 compared with the young group; # p <
0.05 compared with the aged group; + p < 0.05 compared with the
aged + a-tocopherol group
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Fig. 4. Effect of a-tocopherol or simvastatin treatment on the age-
induced changes in liver SOD activity. Drugs were administered
orally for 6 weeks
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Fig. 2. Effect of a-tocopherol or simvastatin treatment on the age-
induced changes in liver GSH content. Drugs were administered orally
for 6 weeks
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Fig. 5. Effect of a-tocopherol or simvastatin treatment on the age-
induced changes in liver GPX activity. Drugs were administered
orally for 6 weeks; * p < 0.05 compared with the young group



702 Pharmacological Reports, 2012, 64, 698�705

0.0

0.2

0.4

0.6

0.8

1.0

1.2

*

#

#

L
iv

er
C

A
T

a
ct

iv
it

y
(U

/g
ti

ss
u

e)

Fig. 6. Effect of a-tocopherol or simvastatin treatment on the age-
induced changes in liver CAT activity. Drugs were administered orally
for 6 weeks; * p < 0.05 compared with the young group; # p < 0.05
compared with the aged group
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Fig. 7. Effect of a-tocopherol or simvastatin treatment on the age-
induced changes in liver NO2/NO3 level. Drugs were administered
orally for 6 weeks; * p < 0.05 compared with the young group; # p <
0.05 compared with the aged group; + p < 0.05 compared with the
aged + a-tocopherol group

Tab. 1. Effects of a-tocopherol or simvastatin treatment on the age-dependent changes in the serum levels of cholesterol, triglycerides (TG),
low density lipoproteins (LDL), high density lipoproteins (HDL), aspartate aminotransferase (GOT), alanine aminotransferase (GPT), alkaline
phosphatase (ALP), total bilirubin (Tbil) and g-glutamyltransferase (g-GT)

Group parameter Young Aged Aged + a-tocopherol Aged + simvastatin

Cholesterol (mg/dl) 29.28 ± 1.96 52.86 ± 4.24* 49.52 ± 3.39* 37.02 ± 2.01#+

TG (mg/dl) 17.62 ± 1.62 33.68 ± 3.38* 30.40 ± 1.95* 21.21 ± 2.04#+

LDL (mg/dl) 18.27 ± 1.92 34.02 ± 2.65* 21.21 ± 2.04* 36.87 ± 1.99#+

HDL (mg/dl) 5.02 ± 0.12 5.80 ± 0.48 4.99 ± 0.37 5.20 ± 0.47

GOT (IU/l) 120.16 ± 8.47 192.78 ± 9.78* 137.25 ± 12.41# 128.70 ± 10.88#

GPT(IU/l) 54.70 ± 3.81 85.40 ± 4.12* 60.60 ± 3.07# 61.20 ± 2.14#

ALP(IU/l) 145.30 ± 5.70 187.98 ± 9.31* 148.50 ± 4.67# 150.41 ± 8.77#

Tbil (mg/dl) 0.187± 0.013 0.21 ± 0.016 0.178 ± 0.015 0.198 ± 0.018

g-GT(IU/l) 1.74 ± 0.084 1.66 ± 0.091 1.58 ± 0.110 1.81 ± 0.084

Data are the mean ± SEM of 7 experiments; * p < 0.05 vs. the young group; # p < 0.05 vs. the aged group; + p < 0.05 vs. the aged + a-toco-
pherol group



Total NO
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As shown in Figure 7, total liver NO2/NO3 level was
increased with aging (43.5%) as compared to young
rats. Only simvastatin treatment was able to signifi-
cantly decrease the hepatic NO2/NO3 level (44.7%) as
compared to aged rats.

Determination of serum lipid profile and liver

function parameters

Age-induced changes in serum lipid profile and liver
metabolism were also assessed. Cholesterol, TG and
LDL increased with age, whereas HDL remained
unchanged. Simvastatin administration counteracted
these changes. Compared to young rats, aging induced
significant increases in GOT, GPT, and ALP. Both a-
tocopherol and simvastatin administration in the aged
rats abolished these changes. On the other hand, Tbil
and g-GT remained unchanged with aging (Tab. 1).

Discussion

Aging is accompanied by changes in structure and
function of different organs and tissues. The senescent
liver exhibits a number of characteristics consistent
with oxidative injury and many studies have exam-
ined the effect of aging on the oxidative status in this
mammalian tissue [14]. Oxidative stress induces lipid
peroxidation that can be quantified by TBARS meas-
ure [5, 24]. The increase in liver TBARS level ob-
served in this study, consistent with previous reports
[7, 20, 32], supports the presence of an enhanced oxi-
dative stress in the liver of senescent rats. Antioxidant
enzymes constitute an important defense system to
clear up the detrimental ROS in vivo, including GST,
SOD, CAT and GPX. Any factor that undermines the
activities of antioxidant enzymes may lead to accu-
mulation of ROS and subsequently oxidative damage
to biological macromolecules [9]. Liver has one of the
highest antioxidant enzyme activities in the body, be-
ing involved in major detoxification functions, and
numerous influences such as metabolic state and nu-
tritional status may be interfering factors [29]. Results
of the current study demonstrated a significant de-
crease in GST activity in livers of aged rats, consistent
with previous reports [20, 22]. Literature concerning

SOD response to aging is confusing, showing age-
dependent increased, unaltered, or decreased activity
[42]. However, the liver SOD activity remained unal-
tered in the current study. There are also contradictory
reports on how GPX activity is affected by aging [37].
In the current study, a significant reduction in liver
GPX activity was evident, which is in concordance
with other previous studies [2, 15]. Aging has been
previously reported to reduce liver CAT activity [7,
37], similar results were obtained during the current
study. This could be due to an oxidative-induced dam-
age to CAT by excess peroxyl and superoxide radicals
[26, 34]. Furthermore, aging has been demonstrated
to be associated with nitric oxide (NO)-dependent
oxidative/nitrosative damage. NO contributes to ROS
production either directly through the inhibition of the
mitochondrial electron transport chain increasing the
production of the superoxide anion or indirectly
through the formation of peroxynitrite [35]. Moreo-
ver, peroxynitrite induces nitrosation reactions, dam-
age of proteins and lipids, depression of mitochon-
drial enzymes, depletion of glutathione, and DNA
strand damage [39]. In this research, a significant in-
crease in liver total NO2/NO3 level was evident,
which is in concordance with the results obtained by
Escames et al. [13]. Results of current study has also
demonstrated significant increases in serum choles-
terol, TG, LDL, GOT, GPT and ALP, consistent with
previous reports [13, 17], further supporting the pres-
ence of liver dysfunction and altered lipid metabolism
in senescent rats.

According to the results of the current study, a-to-
copherol administration protected the liver against
oxidative stress and preserved a normal liver function
during aging. a-Tocopherol appears to be the first line
of defense against the peroxidation of polyunsaturated
fatty acids that are contained in cellular and subcellu-
lar membrane phospholipids, because it binds to per-
oxyl free radicals and forms stable molecules. It also
binds to a variety of active oxidant species such as
singlet oxygen and superoxide free radicals [41].

Both a-tocopherol and simvastatin almost equally
decreased liver TBARS content and restored CAT ac-
tivity. a-Tocopherol, but not simvastatin, tended to re-
store GST and GPX activities in the livers of aged
rats, consistent with its potent antioxidant properties.
However, it lacked any effect on the age-induced rise
in serum cholesterol, TG or LDL levels.

Simvastatin, on the other hand, counteracted the
age-induced increases in serum cholesterol, TG, LDL,
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total hepatic NO2/NO3 level, and preserved a normal
liver function during aging, as demonstrated by its
ability to decrease elevated serum GOT, GPT and
ALP levels.

To our knowledge, this study is the first to give evi-
dence that a-tocopherol or simvastatin administration
in rats can reverse age-induced liver injury. This study
is also the first to demonstrate that the hepatoprotec-
tive effect of simvastatin, could be mainly attributed
to its antioxidant action. This notion was evidenced
by the ability of the antioxidant, a-tocopherol, to re-
store a normal liver function during aging despite the
lack of any effect on age-induced alteration in serum
lipid profile. However, one cannot rule out the lipid-
lowering effect of simvastatin that would probably
add to its beneficial hepato-protective antioxidant ac-
tivity, which is not definitely comparable to that of the
well known antioxidant, a-tocopherol. In fact, a-toc-
opherol, but not simvastatin, was able to restore GST
and GPX activities in the liver of aged rats.

Finally, the comparison of the effect of a-toco-
pherol and simvastatin on age-induced liver damage
revealed that either drug may be beneficial, in spite of
a mechanistic difference in the antioxidant effect of
both of them. Accordingly, it is suggested that com-
bining a-tocopherol with low doses of simvastatin
may be a potential long-term treatment of the age-
induced liver dysfunction. A study therefore merits to
be designed to investigate the effect of different dose
combinations of a-tocopherol and simvastatin at dif-
ferent periods of treatments on age-associated liver
dysfunction.
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