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Effects of Vitamin A on the Antioxidant Systems of the Growing Chicken
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ABSTRACT : The present study was conducted to evaluate effects of the increased dietary vitamin A supplementation on 
the vitamin A, vitamin E and ascorbic acid concentrations in the plasma and liver and activities of some enzymes in the 
liver of the growing chicken. One hundred and twenty female chickens at 4 weeks of age were divided in 6 equal groups 
in accordance with their body weight. They were housed in cages and fed on standard wheat-barley-based broiler diet 
balanced in the major nutrients. Vitamin A was supplemented in the form of retinyl acetate. Control diet was supplemented 
with 10 lU/g and experimental feeds were supplemented with 50, 100, 500, 1000 and 2000 lU/g. At days 42 and 56 of the 
development 8 chickens from each group were killed, plasma and liver were collected for vitamin and enzyme analyses. The 
increased vitamin A supplementation was associated with its increased accumulation in the liver and with a reduction of a - 
tocopherol concentrations in the plasma and liver. The blood plasma was more resistant to vitamin A concentration changes 
and the retinol level was elevated only when the vitamin A dose exceeded 100 lU/g feed. Ascorbic acid concentration in 
the liver was elevated when moderately high vitamin A supplementation was used but significantly decreased at the highest 
vitamin A dose. Similar changes were observed with glycogen concentration in the liver. Activities of hexokinase, 
glucose-6-phosphatase and lactate dehydrogenase in the chicken liver were also dependent on vitamin A supplementation, 
decreasing with highest vitamin A doses. Therefore the observations showed that the vitamin A excess compromises 
antioxidant system of the growing chickens suggesting that prooxidant activity may be responsible for at least part of the 
toxicity of vitamin A. (Asian-Aus, J. Anim. Set 2000. VoL 13, No. 9 : 1290-1295)
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INTRODUCTION

Postnatal development of the chick is associated 
with a rapid decrease in the vitamin E (Surai, 2000) 
and carotenoid (Surai et al., 1998) concentrations in 
the liver. This triggers changes in antioxidant defence 
strategy from fat-soluble antioxidants to antioxidant 
enzymes, including glutathione peroxidase (GSH-Px, 
Surai, 2000). The protective role of ascorbic acid in 
the antioxidant defence of the chick tissues in 
postnatal development was not determined although its 
concentration in the liver increased (Homig and Frigg, 
1979).

Nutritional factors are considered as major 
modulators of the antioxidant system. For example, 
dietary vitamin E supplementation increased the a - 
tocopherol levels in the tissues and protected them 
against lipid peroxidation (Surai, 1999; Sheehy et al., 
1997; Wen et al., 1997). Selenium supplementation has 
a similar protective effect through enhancing GSH-Px 
expression (Surai, 2000). Vitamin A is also considered 
to possess anti。:妇dant activities in different in vitro 
and in vivo systems (Olson, 1993; Livrea et al., 1996) 
and plays an important role in immune system 
modulation (McDowell, 2000), but it is toxic in high 
doses (Gerster, 1997). For example, the inclusion of 

vitamin A in the chick diet in high doses is 
associated with toxicosis (Veltmann and Jensen, 1986), 
growth depression (Jensen et al., 1983) and 
exacerbation of nutritional encephalopathy development 
(Dror et al., 1980).

Our previous studies showed that the vitamin A 
excess in the breeders diet (Surai et al., 1998) or its 
intubation into the crop of the day old chick (Surai et 
al., 2000) significantly decreased vitamin E, carote
noids and ascorbic acid levels as well as activities of 
antioxidant enzymes. Vitamin A excess can also 
decrease the antioxidant system efficiency of the 
postnatal rat (Subirade et al., 1996). Therefore it is 
possible to suggest that the antioxidant status of the 
growing chicks could be compromised as a result of 
the vitamin A excess in their diet but there have not 
been data confirming this suggestion.

The aim of the present study was to evaluate the 
effect of the increasing dietary supply of vitamin A 
on the antioxidant system of the chicken in postnatal 
development.

MATERIALS AND METHODS

Chickens
The experiment was conducted with 4 week-old 

chicksns (Leghorn type) maintained in cages and fed 
on standard wheat-barley-based diet (wheat 312, barley 
436, soyabean meal 97, fish meal 71, grass meal 50, 
lime 11, dicalcium phosphate 16, sodium chloride 2, 
vitamin and mineral premix 5) balanced in the major 
nutrients. One hundred and twenty female chickens
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were divided in 6 equal groups in accordance with 
their body weight. Vitamin A was supplemented in the 
form of retinyl acetate and doses are shown in table 
1. At days 42 and 56 of the development 8 chickens 
from each group were killed, plasma and liver were 
collected for vitamin and enzyme analyses.

Analytical procedures
Vitamins E and A were detennmed by HPLC as 

previously described (Surai et al., 1998). In brief, the 
samples were saponified with ethanolic KOH in the 
presence of pyrogallol and the retinol and tocopherols 
were extracted from the mixture with hexane. The 
extract was dried under nitrogen, dissolved in methanol 
and injected into a HPLC system (Shimadzu Liquid 
Chromatograph - LC-10AD, Japan Spectroscopic Co. 
LTD with JASCO Intelligent Spectrofluorometer 
821-FP) fitted with a Spherisorb, type S30DS2, 3 卩 
Cis reverse phase HPLC column, 15 cm X 4.6 mm 
(Phase Separations Limited, UK). Chromatography was 
performed using a mobile phase of metiianol/water 
(97:3, v/v) at a flow rate of 1.05 ml/min. Fluorescence 
detection of retinol involved excitation and emission 
wavelengths of 325 and 480 nm and detection of 
vitamin E used excitation at 295 nm and emission at 
330 nm. Standard solutions of a -tocopherol and 
retinol in methanol were used for instrument 
calibration and tocol was used as an internal standard.

The ascorbic acid content of the tissues was 
detennmed spectrophotometrically, as described earlier 
(Surai et al., 1996), by the method of Omaye et al. 
(1979) based on the oxidation of ascorbic acid and the 
reaction of the oxidation products with 2,4- 
dinitrophenylhydrazine to form the derivative bis-2,4- 
dinitrophenylhydrazone. The latter was detennmed by 
its absorbance at 520 nm. The reaction was performed 
in the presence of thiourea to provide a mildly 
reducing medium in order to prevent interference from 
non-ascorbic acid chromogens.

Glycogen detennmation in the liver was performed 
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photometrically as described by Rosebrough et al. 
(1978), and expressed as mg/g fresh tissue. Tissue 
preparation for enzyme assays was performed as 
described by Shen and Mistry (1979) and glucose- 
6-phosphatase (G6Pase) was assayed according to 
Baginsky et al. (1974), hexokinase (HK) and lactate 
dehydrogenase (LDH) were determined spectrophoto- 
metrically as described by Bergmeyer et al. (1974) and 
Bergmeyer and Bemt (1974), respectively. G6Pase was 
detennined at 37 °C and HK and LDH were measured 
at 30°C. Enzyme activities were expressed as p.moles 
of substrate consumed or product formed/g wet tissue.

Statistical analysis
Results are presented as mean ± SE of measure

ments on the tissue from 8 individual samples in each 
group. Statistical analysis was performed by one-way 
ANOVA and Student's t-test.

RESULTS

The antioxidant composition of the plasma and 
liver of chickens at 42 days of age is shown in table 
1. The increased vitamin A supplementation was 
associated with the vitamin A accumulation in the 
liver which increased almost 10-fold at the highest 
vitamin A supplementation. Vitamin A in the plasma 
was more resistant to changes with a significant 
(p<0.05) increase only at three highest vitamin A 
doses. The vitamin E concentration in the liver and 
plasma also depended on the vitamin A supplemen
tation: the increased vitamin A supplementation 
significantly (p<0.05-0.01) decreased the a -tocopherol 
concentrations in the liver and plasma. The moderately 
increased vitamin A doses (50-100 lU/g) increased 
(p<0.05) the ascorbic acid concentration in the liver 
but further increase in the vitamin A supplementation 
had an opposite effect with a significant decrease in 
the ascorbic acid level in the liver of the chickens fed 
on the two highest vitamin A doses.

Table 1. Effect of vitamin A supplementation on vitamins A, E and ascorbic acid levels in the liver and 
plasma of chickens at 42 days of age1

Vitamin A Vitamin E Ascorbic acid
Vitamin A Liver, “ g/g Plasma,卩 g/ml Liver,卩 g/g Plasma, “ g/ml Liver, “ g/g 

supplementation,
IU/g

122.4 ± 9.7 1.22 + 0.13 18.71 ± 1.44 4.16 + 0.37 220.4 ± 16.7
175.2 + 12.3a 1.30 + 0.15 15.19 ± 1.62 3.70 + 0.29 292.2 ± 21.P
368.9 土 29.4C 1.41 土 0.20 12.72 ± l.llb 3.02 + 0.25a 324.4 ± 21.lc
544.2 土 41.7C 1.83 土 0.17a 10.44 ± 1.15c 2.19 土 0.17c 193.0 ± 17.2
799.3 土 69.2C 2.79 土 o.2b 8.19 ± 1.13c 1.62 土 0.15c 166.2 ± 15S)a

1205.1 ± 122.4C 2.96 土 0.34c 6.19 ± 0.72c 1.02 ± 0.12c 158.3 ± 14.7a

10 (control)o
 o
 o
 o
 o

5
 0
 0
^
^

1
 5
 재

。

1

马
4

Values are means ±SEM of measurements from the tissues from 8 chickens. Significance of difference from control group.
p<0.05; b p<0.01; c p<0.001.
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The vitamin A accumulation in the liver continued 
with chicken age and in the control group practically 
doubled for the last two weeks (table 2). Nevertheless, 
the efficiency of the vitamin A accumulation decreased 
with increasing its inclusion in the diet. For example, 
in the liver from the chickens with the highest vitamin 
A supplementation (200-fold increased dose), the 
vitamin A concentration in the liver increased only by 
14.1 times. Plasma vitamin A was more resistant to 
manipulation and its concentration in the chickens with 
the highest vitamin A supplementation increased only 
by 2.4 times. The increased vitamin A supplementation 
by 5 times (from 10 up to 50 lU/g) did not change 
the levels of vitamins A and E in the chicken plasma 
and the vitamin E concentrations in the liver. Further 
increase in the vitamin A supplementation caused a 
significant decrease in the vitamin E concentrations in 
the liver and plasma. Similar to the data obtained with 
42-day chickens, the increased, by 10 times, vitamin A 
supplementation was associated with a significant 
(p<0.05) increase in the ascorbic acid concentration in 
the liver, but further increase in the vitamin A 
consumption had an opposite effect (table 2).

Data reflecting effects of vitamin A on 
carbohydrate metabolism are shown in table 3. The 
increased vitamin A supplementation (up to 500 lU/g) 
had a stimulating effect (p<0.05) on the glycogen 
concentration in the liver, but the highest vitamin A 
dose significantly (p<0.01) decreased the glycogen 
concentration in the liver, reducing it twice compared 
with the control chicken and almost 7 fold compared 
with the chickens fed on the diet supplemented with 
500 lU/g vitamin A. The moderate increase in the 
vitamin A supplementation (100-500 lU/g), decreased 
the HK activity in the liver, but further increase in 
the vitamin A consumption returned this parameter to 
the initial level. Opposite to HK, the G6Pase activity 
in the liver increased at the moderately increased 
vitamin A supplementation (100-500 lU/g) but 
decreased with the highest vitamin A supplementation.

The LDH a마ivity in the liver decreased depending on 
the vitamin A supplementation and starting from 500 
lU/g this decrease was significant (p<0.01).

DISCUSSION

Antioxidant defence plays an important role in 
biological systems, preventing the damaging effects of 
free radicals and products of their metabolism on 
biomolecules, including proteins, lipids, DNA and 
maintaining biological membranes in a functional state 
(Halliwell, 1994). There are three major lines of 
antioxidant defence in the cell. The first line includes 
the antioxidant enzymes superoxide dismutase (SOD), 
responsible for detoxification of superoxide anion 
(Fridovi사i, 1995), and two other enzymes GSH-Px and 
catalase, converting hydrogen peroxide formed as a 
result of the SOD activity, into water (Bast et al., 
1991). Since this line of defence is not able to stop 
the free radical production and lipid peroxidation, the 
second line of antioxidant defence is involved in 
restriction and prevention of the propagation step of 
lipid peroxidation (Niki, 1996). This line includes the 
radical scavenging fat-soluble antioxidants (vitamins A, 
E and carotenoids) and the water-soluble antioxidants 
(ascorbic acid and glutathione) (Surai, 1999).

In biological systems, antioxidants act not 
individually but in concert providing the cooperative or 
synergistic effect with each other. Therefore, the 
antioxidant interactions and recycling are the 
fundamental mechanisms of antioxidant defence. In this 
context, vitamin A is shown to possess antioxidant 
effects in vitro and in vivo (Livrea et al., 1996), being 
a more effective antioxidant at low oxygen pressure, 
low retinol concentration and high radical flux 
(Tesoriere et al., 1997) and having a synergistic effect 
with vitamin E (Livrea and Tesoriere, 1999). The 
antioxidant effect of vitamin A is dose-dependent and 
its excess can serve as a prooxidant, enhancing lipid 
peroxidation (ElSisi et al., 1993; Livrea et al., 1996). 

Table 2. Effect of vitamin A supplementation on vitamins A, E and ascorbic acid levels in the liver and 
plasma of chickens at 56 days of age1

Vitamin A Vitamin E Ascorbic acid
Vitamin A
supplementation,
IU/g

Liver, “g/g Plasma, /xg/ml Liver, “g/g Plasma, “g/ml Liver, “g/g

10 (control) 258.2 ± 25.3 1.46 ± 0.22 12.40 ± 1.11 3.24 ± 0.26 269.2 ± 24.4
50 564.1 ± 71.lc 1.71 ± 0.33 11.70 ± 1.16 3.44 ± 0.31 288.4 ± 21.4

100 962.4 ± 88.1c 2.41 ± 0.22a 9.44 ± 0.77a 2.17 ± 0.22a 344.3 ± 20.2a
500 1622.4 ±221.4C 3.66 ± 0.34c 7.12 ± 0.42c 1.95 ± 0.16c 216.3 ± 19.4

1,000 2878.0 ±322.2C 9.22 ± 0.64c 5.11 ± 0.66c 0.82 ± 0.13c 192.3 ± 19.4a
2,000 3636.4 ±277.2C 12.5 ± i.ir 4.13 ± 0.52c 0.69 ± 0.07c 181.3 ± 12.4a

1 Values are means ± SEM of measurements from the tissues from 8 chickens. Significance of difference from control group.
a p<0.05; b p<0.01; c p<0.001.
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Since carotenoid concentration in the liver of chicks at 
42-56 days of age is quite low (Surai, unpublished), 
vitamin E and ascorbic acid provide the major 
protection against the damaging effects of free radicals 
in addition to the antioxidant enzymes.

From the data obtained in this study it is obvious 
that vitamin A can compromise antioxidant systems, 
indirectly decreasing the concentrations of the other 
important antioxidants namely vitamin E and ascorbic 
acid. These data are in agreement with our previous 
observations with laying hens (Surai et al., 1998) and 
newly hatched chicks (Surai et al., 2000). An adverse 
effect of high dietary supplementation of vitamin A on 
the absorption and metabolism of vitamin E was 
shown in other studies with chickens (Sklan and 
Donoghue, 1982; Frigg and Broz, 1984; Abawi and 
Sullivan, 1989). However, vitamin A did not affect 
vitamin E metab이ism, when an interaction in the 
intestinal tract was avoided by different routes of 
administration (Frigg and Broz, 1984). The interactions 
between vitamins A and E include: enhanced oxidation 
of dietary tocopherol prior to the intestine, increased 
tocopherol turnover and selective changes in activities 
of antioxidant enzymes (Sklan and Donoghue, 1982). 
An inverse relationship between dietary vitamin A and 
vitamin E levels in the liver and heart, but not in fat 
and muscles, was observed in pigs (Hoppe et al., 
1992) and rats (Blakely et al., 1991). Again, vitamin 
A injection had no effect on blood serum a -toco
pherol concentration in gestating swine (Anderson et 
aL, 1997).

It seems likely that interactions between vitamin A 
and vitamin C are also dose-dependent. The 
mechanisms of such interactions are not clear at 
present and need further investigation. It has been 
shown that the vitamin A deficiency in the rat caused 
a decrease in vitamin C synthesis and concentration in 
the liver (Kendler and Perek, 1968). Vitamin A 
supplementation increased vitamin C synthesis in the 
rat (Malathi and Ganguly, 1964) and increased vitamin 
C concentration in the liver of guinea pigs 

(Jablonowski et al., 1983). On the other hand, vitamin 
A excess was associated with decreased ascorbic acid 
synthesis (Ghosh et al., 1965). Hypervitaminosis A in 
rats increased the vitamin C concentration in the liver 
and vitamin A deficiency was acting contrary 
decreasing the ascorbic acid levels in the liver 
(Kurakina, 1976). Ascorbic acid synthesis in rats was 
reduced in both a deficiency and excess of vitamin A 
(Elliott and Lachance, 1980).

Vitamin A excess affects not only antioxidant 
metabolism but also is associated with changes in 
carbohydrate metabolism. The vitamin A excess 
increased the glycogen accumulation in the rat liver 
(Kumar et al., 1965) as well as activities of glycogen 
synthetase (Singh et al., 1978a). Similarly in the 
chicken, vitamin A hypervitaminosis was responsible 
for decreased hexokinase activity and increased blood 
glucose (Rynca, 1984). Probably this effect depends on 
the vitamin A dose used, since Singh et al, (1978b) 
was not able to show hexokinase activity changes due 
to vitamin A excess. It is suggested that enhancement 
of gluconeogenesis in hypervitaminosis A is caused by 
a stimulation of gluconeogenic activity of the liver 
(Dileepan et al., 1977). Vitamin A feeding resulted in 
a significant increase in the activities of hexokinase 
and pyruvate kinase in rat gingiva with the different 
doses tested (De Paiva and Nicolau, 1983). In rats 
submitted to excess of vitamin A, hexokinase activity 
did not alter in the submandibular gland while for the 
parotid it showed higher activity o끼y in the case of 
moderate vitamin A increase (Siquara da Rocha et al., 
1978). The effects of vitamin A are influenced by the 
age of the animal as well as the amounts of vitamin 
A fed and the results show that the effects of vitamin 
A are exerted by the stimulation of adrenal activity 
(increased corticoid synthesis) (Ram and Misra, 1975).

Our observations indicate that the effect of the 
increased vitamin A supplementation on antioxidant 
system and carbohydrate metabilism in the liver is 
dose-dependent. An increase in the vitamin A 
supplementation from 10 lU/g up to 100 lU/g is 

Table 3. Effect of vitamin A supplementation on parameters of carbohydrate metabolism in the liver of 56 
day-old chickens1 ______________________________________________________________________
Vitamin A 
supplementation,
IU/g

Glycogen, mg/g Hexokinase,卩 mol 
glucose/g tissue/min

Glucose-6-phosphatase, 
//mol phosphate/g 

tissue/min

LDH, 
// mol pyruvate/g 

tissue/min
10 (control) 22.14±1.77 2.73 ±0.21 24.30±2.17 297.1 ±24.4

50 28.23 ±1.92a 2.52 ±0.24 27.31 ±1.95 273.8±21.4
100 47.22 ±2.02c 2.01 ±0" 39.42 ± 2.7顷 265.2 ±25.5
500 74.22 ±4.22c 1.59±0.14c 44.31 ± 3.14c 214.4±21.2a

1,000 26.22 ±1.92 2.42 ±0.18 26.59±2.14 182.8 ±17.2C
2,000 11.02±1.64c 2.81 ±0.22 18.33 ±1.74a 163.3 ±13.4C

1 Values are means ±SEM of measurements from the tissues from 8 chickens. Significance of difference from control gr이jp.
p<0.05; b p<0.01; c p<0.001.
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associated with the compensatory increase in the 
ascorbic acid concentration to maintain the antioxidant 
protection despite vitamin E decrease. At the same 
time there are some changes in carbohydrate 
metabolism, which can also be considered as adaptive. 
On the other hand, further increase in the vitamin A 
supplementation further compromised antioxidant 
system since the ascorbic acid concentration decreased. 
At this stage, probably, a toxic effect of vitamin A 
occured and the adaptive ability of the body was 
overcome. This was also associated with dramatic 
changes in carbohydrate metabolism.

CONCLUSION

Our observations showed that the vitamin A excess 
compromises antioxidant system of the growing 
chickens and are in agreement with the suggestions of 
Livrea et al. (1996) that prooxidant activity may be 
responsible for at least part of the toxicity of vitamin 
A. Since receptor-mediated changes in gene expression 
are considered to be also involved in vitamin A 
toxicosis (Armstrong et al., 1994), further 
investigations are needed to understand the systemic 
dose-dependent action of vitamin A in biological 
systems.
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