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We measured the content of free radical lipid peroxidation products, intensity of induced lipid
peroxidation, and concentration of carbonylated proteins in the liver of adult (10-12 months)
and old rats (22-25 months) subjected to 30-min immobilization. Changes in the intensity of
induced lipid peroxidation in homogenates and accumulation of carbonylated proteins in
subcellular liver fractions indicate that immobilization stimulates free radical generation in
the liver of both adult and old rats. The intensity of this process in old rats surpassed that in

adult animals.
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Stress-induced changes in the intensity of free radical
processes in the liver during late ontogeny remain
little studied [3,6,9]. Study of this problem would al-
low us to determine the mechanisms of age-related
impairment of the resistance to stress and develop new
approaches for the correction of this disorder. Here we
studied changes in free radical oxidation (FRO) of
lipids and proteins in the liver of adult and old rats
during immobilization stress.

MATERIALS AND METHODS

Experiments were performed on 60 adult (10-12 months)
and old Wistar rats (22-25 months). Some animals
were intact. Other rats were subjected to immobiliza-
tion stress (fixation on the back for 30 min). The ef-
ficiency of stress was evaluated by blood concentra-
tions of 11-hydroxycorticosteroids and catecholami-
nes.

The animals were decapitated. Liver samples were
frozen in liquid nitrogen and used to measure the con-
tents of conjugated dienes (CD) [12], Schiff bases
[13], carbonylated proteins [1], and thiobarbituric
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acid-reactive (TBA-reactive) substances [10]. In a spe-
cial series the amount of carbonylated proteins was
measured in mitochondrial, microsomal, and cytosolic
fractions of the liver.

For evaluation of the intensity of induced lipid
peroxidation (LPO) the liver was washed from blood,
minced, and homogenized in 0.1 M phosphate buffer
(pH 7.4). Freshly prepared homogenates (10%) con-
taining 2-4 mg protein were transferred to the reaction
mixture consisting of 0.1 M Tris-chloride buffer (pH
7.4), 0.8 mM ascorbic acid, and 1.2 uM More salt and
incubated at 37°C. CD concentration was measured in
aliquots taken at fixed time intervals.

Protein content was determined by the method of
Lowry. The results were analyzed by Student’s ¢ test.

RESULTS

The concentration of carbonylated proteins in the liver
of old rats was 33% lower than in adult animals (Table
1). Similar differences were revealed in subcellular
fractions. In old rats the amount of carbonylated pro-
teins in mitochondrial, microsomal, and cytosolic frac-
tions was lower than in adult animals by 33, 43, and
29%, respectively (Fig. 1). The intensity of induced
LPO decreased, and the dynamics of this process was
different in liver homogenates from old rats (Fig. 2).
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TABLE 1. Content of LPO Products in Rat Liver after Immobilization Stress (M+m)

Adult rats Old rats
Index
intact stress intact stress
Conjugated dienes
nmol/g lipids 5619 5112 50+1 25+2*
(4) (6) (6) (6)
nmol/g 23.8+0.5 22.7x1.4 22.5+0.3 18.0+0.6
(6) (6) (6) (6)
TBA-reactive substances, umol MDA/g 1.4£0.1 1.3%£0.1 1.6+0.1 1.2+0.1~*
() (6) (6) (6)
Schiff bases, U/g 46+12 74+12 316 28+5
(5) (6) (6) (6)

Note. Number of animals is shown in parentheses. *p<0.05 compared to intact rats.

Oxidative stress develops in tissue of internal or-
gans during late ontogeny [5]. However, we did not
reveal these changes in the liver. Probably, high re-
sistance to oxidative stress is one of the factors that
determine the ability of this organ to retain functional
activity during late ontogeny [14]. Age-related chan-
ges in the resistance of hepatocytes to prooxidants and
alteration of enzyme systems utilizing FRO products
play an important role in this phenomenon.

Immobilization was accompanied by changes in
the content of products of FRO of lipids and proteins
in the liver, which depended on the age of rats. After
immobilization the concentrations of CD and TBA-
reactive substances in old animals decreased by 51 and
25%, respectively, compared to the baseline level (Ta-
ble 1). By contrast, immobilization had no effect on
the amount of CD, TBA-reactive substances, and Schiff
bases in the liver of adult rats.
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Immobilization stress had no effect on the content
of carbonylated proteins in the liver in both age groups
and this parameter did not differ from that in intact
rats. It should be emphasized that in adult rats the
concentration of these metabolites after immobiliza-
tion increased in mitochondrial and microsomal frac-
tions (by 25 and 40%, respectively), but decreased in
the cytosolic fraction (by 29%, Fig. 1). In old rats
subjected to immobilization stress the content of car-
bonylated proteins increased in mitochondria and mic-
rosomes (by 75 and 150%, respectively), but remained
unchanged in the cytosol.

Accumulation of carbonylated proteins in mito-
chondrial and microsomal fractions suggests that im-
mobilization promoted oxidative stress in hepatocytes
in both age groups. The degree of oxidative stress in
old rats was higher than in adult animals (Figs. 1 and
2). It was probably related to age-related decrease in
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Fig. 1. Accumulation of conjugated dienes (umol/mg protein) during induced LPO in liver homogenates from adult (a) and old rats (b): intact
(7) and stressed animals (2). Here and in Fig. 2: mean of 5-6 measurements.
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activity of the antioxidant system [2]. These changes
accompany dysfunction in membrane electron-trans-
port chains during aging and stimulate radical genera-
tion in mitochondria and microsomes [3,11]. This pro-
motes generation of reactive oxygen species and leads
to local accumulation of carbonylated proteins.

Our findings suggest that aging is associated with
increased risk of oxidative stress in the liver of rats
during immobilization. Age-related variations in func-
tional activity of membrane redox systems [11] and
changes in catalytic properties of first-level antioxi-
dant enzymes play an important role in this process.

Stimulation of FRO probably serves as a nonspe-
cific factor that increases organism’s resistance to
immobilization stress [4]. However, the efficiency of
this process markedly decreases during accumulation
of cytotoxic FRO products in the cytosol. Compen-
satory stimulation of enzymes degrading products of
FRO of lipids and proteins contributes to adaptation
of cells in internal organs to stress [7,8].

Our results suggest that functional activity of meta-
bolic systems utilizing products of protein FRO in the
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Fig. 2. Content of carbonylated proteins (nmol/mg protein) in
mitochondria (a), microsomes (b), and cytosol of the liver (¢) from
adult and old rats. Light bars: intact animals. Dark bars: stressed
animals.

liver is high in adult and old rats. It decreases the
negative effect of FRO products on hepatocytes in
animals of both age groups. These changes reduce an
adaptive role of oxidative stress in the liver during
immobilization stress. Stimulation of FRO in liver
cells of old rats exposed to immobilization probably
occurs against the background of reduced antioxidant
capacity. Therefore, the risk that oxidative stress would
produce a negative effect on hepatocytes markedly
increases in old rats. The state of “strain” in mecha-
nisms underlying adaptation of the liver to adverse
environmental factors contributes to a decrease in or-
ganism’s resistance to stress during aging.
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