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RATE OF LIPID PEROXIDATION IN BRAIN AND LIVER
TISSUES AND THE TOTAL ANTIOXIDANT STATUS
OF BLOOD PLASMA IN DEVELOPING CHICKS
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Age-related changes of tissue lipid peroxidation (LPO) of liver and brain,
as well as plasma antioxidant capacity of broiler chicken cockerels were investi-
gated. Tissue LPO was characterised by the spectrophotometric assessment of
thiobarbituric acid reactive substances (TBARS). Plasma antioxidant power was
evaluated by the measurement of total antioxidant status (TAS). Newly hatched
broiler chicks had similar TAS value (1.19 mmol/l) as newborns of mammalian
species. Significant changes (p < 0.05) were observed in the time course of all pa-
rameters. Tissue TBARS concentration was higher in the brain than in the liver at
hatching, while the latter organ was found to have more effective antioxidant de-
fence during embryonic life. The concentration of TBARS increased up to the
10th day in the liver but only up to the 21st day in the brain, and the former was
accompanied by an approximately 50% decrease of plasma antioxidant capacity.
This suggests that the liver plays an important role in forming the antioxidant de-
fence mechanisms of the blood plasma in broiler chicks.
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Age-related changes of the antioxidant system have been studied in many
species. Many observations were made on the embryonic development of the an-
tioxidant system in chicks. It was established that the transport of lipids across
the yolk sac membrane occurs only in the third week of incubation (Noble and
Cocchi, 1990) and is accompanied by the transport of the antioxidant vitamin E
(Gaal et al., 1995). The transport of vitamin A precedes this process via an active
transport mechanism and reaches its maximum level in the second week of incu-
bation when the development of the retina is going on. Antioxidant defence
mechanisms may vary in the organs due to different concentrations of the major
antioxidants. Concentrations of vitamin A, vitamin E, reduced glutathione (GSH)
and activities of antioxidant enzymes superoxide dismutase (SOD) and glutathi-
one peroxidase (GPX) were found to be significantly higher in the embryonic
liver tissue than in the brain, whereas concentration of ascorbic acid was higher
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in the latter organ (Gaal et al., 1995; Surai et al., 1996). Some of the antioxidant
pathways in the developing chick embryo are regulated by the increasing oxygen
consumption and cause GSH accumulation in the liver and higher SOD activity
in the brain (Wilson et al., 1992). In newly hatched chicks the brain tissue is the
most prone to spontaneous and to in vitro iron-induced lipid peroxidation (LPO),
and is characterised by low GPX and catalase (CAT) activity (Surai et al., 1999).
The susceptibility of the brain tissue to LPO is enhanced further by the increase
of its polyunsaturated fatty acid content during embryonic development (Mald-
jian et al., 1996). Other investigations revealed many nutritional diseases of
poultry that are connected with disturbances of the antioxidant system. The best
known disorder is nutritional encephalomalacia of poultry that develops on the
7th to 21st day of life due to absolute or relative deficiency of vitamin E in the
feed (Sallmann et al., 1991; Fuhrmann et al., 1996). Evidence was produced that
increasing the n-3 polyunsaturated fatty acid (PUFA) content of the chicken diet
elevates liver LPO and depresses plasma antioxidant capacity. These changes
could be diminished by vitamin E supplementation of the diet (Husvéth et al.,
2000). Other nutritional diseases such as vitamin A, selenium, monensin, and sa-
linomycin-tiamulin toxicosis, tibial dyschondroplasia and pulmonary hyperten-
sion (ascites) syndrome are also closely connected with impaired antioxidant
mechanisms or increased rate of free radical formation (Mézes et al., 1992;
Enkvetchakul et al., 1993; Whitehead et al., 1994; Bottje and Wideman, 1995;
Mézes et al., 1997). Ontogenetic changes in the antioxidant mechanisms have
been observed in many other species, e.g. in rats, cattle and swine (Ledwozyw
and Kadziotka, 1989; Carillo et al., 1992; Gunther et al., 1993; Gaal et al., 1996).
These findings support the LPO theory of ageing (Harman, 1969) and underline
the need for appropriate antioxidant defence in newborn animals. Recently new
methods have been developed to characterise the antioxidant status of biological
systems with a single parameter instead of measuring the levels of certain anti-
oxidants separately. One of these methods is the total antioxidant status (TAS)
assay that was developed by Miller et al. (1993) for the evaluation of antioxidant
capacity of human plasma. The method was applied for detecting changes in the
antioxidant power of chicken plasma by Gaal and Kopal (1997). The aim of this
study was to use this method for assessing the antioxidant capacity of the blood
plasma in growing chickens.

As few data are available on changes of the antioxidant system in newly
hatched chicks, this study was carried out to evaluate LPO in the organs and the
antioxidant status of the blood plasma in newly hatched chicks from the Ist to
the 21st day of life. We hypothesised that the atmospheric oxygen created a sig-
nificant oxidative stress for the animals, causing measurable changes in the rate
of LPO in brain and liver tissues and in the total antioxidant status of the plasma.
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Materials and methods

Animals

Twenty-one 1-day-old Ross cockerel chicks were purchased from a com-
mercial hatchery (HE-ROSS Hatcheries Co., Ocsa, Hungary). The animals were
kept together during the experimental period in battery cages with elevated floors
and were fed a commercial diet (‘starter diet’ meeting the Hungarian and NRC
recommendations for vitamin and nutritional substance content of feed) for
broilers. The birds were kept in a controlled environment at 20 to 25 °C tem-
perature. Additional heating was used during the initial 2-week period. Lighting
was provided 24 h a day. The chicks had free access to feed and water. The ex-
periment was approved by the Local Supervising Committee for the Use and
Welfare of Experimental Animals (25-9/2000).

Sample collection

At each sampling time (1, 10, and 21 days of life) 7 chicks were slaugh-
tered, and brain, liver and heparinised blood samples were collected. After blood
sampling plasma was separated from the blood cells by centrifugation (3000 rpm
for 5 min) and approximately 0.5 gram of each tissue sample was homogenised
with physiological (160 mmol/l) saline solution. Prepared samples were stored at
—20 °C to await the analyses for maximum five days.

Chemical analyses

The rate of LPO was determined by the modified thiobarbituric acid reac-
tion (Placer et al., 1966). The concentration of thiobarbituric acid reactive sub-
stances (TBARS) was calculated with the help of a calibration curve of malondial-
dehyde standard solution. The total antioxidant status (TAS) of plasma was meas-
ured by a commercial test kit (TAS kit, Randox Laboratories, Crumlin, UK). This
assay employs the method of Miller et al. (1993). In this reaction 2, 2’-azinobis-(3-
ethylbenzothiazoline 6-sulphonate (ABTS) is incubated with a peroxidase (met-
myoglobin) and hydrogen peroxide to produce the radical cation ABTS™. This has
a relatively stabile green colour, which is measured at 600 nm. Antioxidants in the
added sample inhibit the formation of this colour production to a degree that is
proportional to their concentration or activity. All reagents except the Randox TAS
kit were purchased from Sigma-Aldrich Ltd. (Budapest, Hungary).

Statistical analysis

Data were analysed by means of one-way analysis of variance (ANOVA)
and Student’s #-test with the help of the STATGRAPHICS statistical software.
Significance was accepted at 5% confidence level. Results are expressed as
means =+ standard error of mean (SEM).
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Results

One-way ANOVA revealed significant changes according to time in all
parameters measured (Table 1).

The concentration of TBARS was almost three times higher in the brain of
the newly hatched chicks than in their liver. At day 10 the TBARS level was al-
most twice higher in the liver than in the previous samples and there was no sig-
nificant difference between the two organs. Another ten days later the brain
TBARS concentration showed a marked increase while the level of this sub-
stance in the liver remained almost constant throughout the investigated period.
The TAS value of the blood plasma of 10-day-old chicks was less than half of
that measured in any other sample, which showed almost the same level.

Table 1

Concentration of TBARS in brain and liver tissues and TAS of the blood plasma in chicks

Parameters
Age in days TBARS, nmol/g wet tissue TAS, mmol/l
brain liver blood plasma
1 738 +7 26"+ 1 1.19* £ 0.05
10 59*+2 50°+ 4 0.46° + 0.04
21 110°+6 46°+3 1.09* £ 0.06

Note: results in the same column with different letters in superscript mean signifi-
cant (p < 0.05) differences

Discussion

In harmony with the findings of Husvéth et al. (2000), our data confirm
that the TAS method can be applied for evaluating the antioxidant status of the
blood plasma in chicks. TAS values of the newborn and developing chick were
very similar to those (around 1 mmol/l) measured in other species (Miller et al.,
1993; Gaal and Kopal, 1997), except at day 10 when a significantly lower TAS
value was found. This result suggests that the antioxidant mechanisms of plasma
are temporarily exhausted at that period of development. It can be presumed that
the antioxidant system is developed well enough to cope with the acute effects of
changing from gas exchange across the chorioallantoic membrane to pulmonary
ventilation during hatching, but later on it becomes exhausted by the increased
rate of peroxide formation. The above findings are supported by the results of
Meézes et al. (1997), who found low activities of CAT and GPX and high con-
centration of TBARS in the blood plasma of chicks of similar age. The marked
post-hatch increase in liver TBARS concentration could have been caused by the
increasing lipid content of the organ due to fat reabsorption from the yolk sac.
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After this process was completed and lipid transport from the liver ceased, no
further increase in LPO could be observed. It seems that the liver may play a
crucial role in the regulation of the antioxidant mechanisms of the plasma as
well, as the increase of liver TBARS concentration was accompanied by a de-
creased plasma TAS value. The brain has a different antioxidant defence system
compared to the liver, as the levels of the major antioxidants like vitamin E, GSH
CAT and GPX are low in this organ but there is a relatively high vitamin C con-
centration which is thought to play an important role in antioxidant pathways of
the embryonic chick brain (Surai et al., 1999). In this study we observed a
marked increase of TBARS concentration in the brain from the 10th to the 21st
day of development. Although neither the concentration nor the activity of indi-
vidual antioxidants was measured in this experiment, one may speculate that
these mechanisms are impaired at this developmental stage in the brain tissue.
Others found increased LPO and decreased GPX activity in the brain tissue of
chicks only at 35 days of age (Mézes, 1988). These results call attention to the
fact that the brain has decreased antioxidant capacity around the third week of
life, at which age nutritional encephalomalacia, which is thought to be the most
important disease connected with impaired antioxidant status, most often occurs
(Sallmann et al., 1991; Fuhrmann et al., 1996). A similar tendency was observed
in the developing rat brain (i.e. increasing LPO till the third week of life) by
Gunther et al. (1993).

In conclusion, it is stated that newly hatched chicks have a plasma anti-
oxidant capacity similar to that of other species. The rate of LPO is compara-
tively low in the liver and high in the brain of 1-day-old broiler chicks. Increased
LPO was observed in the liver tissue on the 10th day and in the brain tissue on
the 21st day of life, and the former was accompanied by a concomitant decrease
of plasma antioxidant capacity.
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