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Plasma and hepatic antioxidant control and vitamin A nutritional status
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Abstract. Twenty-seven rats were divided into three groups and fed on diets containing 0.3, 6 or 60 RE (retinol
equivalent) retinyl palmitate/g food. After 7 weeks, hepatic vitamin A uptake was found to be more efficient in
vitamin A-deficient rats than in rats given adequate vitamin A. We showed that during the metabolic adaptation
of the animals to the level of vitamin A in the diet, extensive modifications occur in the antioxidant defences of the
organism. In parallel with the increase in the level of vitamin A, the decrease in the level of a-tocopherol in the
plasma can bring about a greater susceptibility of the lipoproteins to oxidative stress. Similarly, the decrease in the
hepatic a-tocopherol level and in glutathione peroxidase activity leads to the weakening of the liver’s antioxidant

defences.
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Introduction

It has been reported that, like carotenoids’, retinoids
are in vitro antioxidants® %, more exactly, they scavenge
peroxyl radicals>®. In a manner analogous to that
proposed for B-carotene’, they should provide better
protection than a-tocopherol against peroxidation pro-
cesses occurring at low pO,”-3. However, direct demon-
strations of the in vivo antioxidant activity of
carotenoids and retinoids have been rather isolated®®
and contradictory evidence obtained. Thus, vitamin A
excess can protect against® or potentiate'® lipid peroxi-
dation initiated by xenobiotics such as doxorubicin and
carbon tetrachloride (CCl,). Moreover, the toxic effect
of CCl, can be potentiated or reduced depending on the
species of animal considered!'.

It is known that the defences of the organism against
oxidative damage involve enzymes [catalase, superoxide
dismutase (SOD) and glutathione peroxidase] and
molecules that trap radicals directly («-tocopherol, uric
acid, ascorbic acid)'?; in the organism some of these
molecules work cooperatively'®. However, the protec-
tion against lipid peroxidation provided by the combi-
nations of antioxidants was either additive, less than
additive or synergistic'®. Moreover, it has also been
shown that modification of the level of an antioxidant
such as x-tocopherol in the diet can alter the vitamin A
levels in the organism'® and the activity of certain en-
zymes involved in the defence against free radicals'®.
We propose that, in animals, metabolic adaptation to
the level of vitamin A in the diet could bring about
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modifications of the antioxidant capacity of the organ-
ism and could explain some of the controversies de-
scribed concerning the effect of vitamin A in vivo. For
this purpose, we analyzed various plasma and hepatic
parameters reflecting antioxidant defence in rats receiv-
ing a diet normal for vitamin A [6 RE (retinol equiva-
lent)/g food]. The results were compared with those
obtained with other animals receiving a diet deficient in
(0.3 RE/g) or with an excess of (60 RE/g) vitamin A.

Materials and methods

Weanling male Sprague-Dawley rats (n = 27) were di-
vided into three groups. For 7 weeks, they received a
basal diet as described previously'” but without vitamin
A, containing 22% vitamin-free purified casein, and
21.8% sucrose and 43.6% corn starch as carbohydrate
components. The diet was supplemented with 0.3, 6 or
60 RE retinyl palmitate/g food. The concentrations of
other nutrients were the same for the three groups. At
the end of the period, blood samples were obtained by
cardiac puncture, and plasma was immediately sepa-
rated after centrifugation (15 min at 4 °C, 1800g). The
livers were rapidly removed, and a 10% homogenate
was then prepared in ice-cold 3 mM EDTA, 154 mM
KCl at pH 7.4. Cytosol was obtained after two succes-
sive centrifugations (9000g and 105,000g).

Antioxidant defences were evaluated in the biological
samples. The following methods were used: urate and
SH groups (or glutathione) using respectively a
Boehringer test'® and the method of Eliman'®; total
vitamin C after oxidation of ascorbic acid present®;
vitamin A and vitamin E in the plasma and in the liver
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homogenate according to De Leenher et al.?! and Péri-
quet et al.?? respectively; SOD and catalase activities,
respectively according to Marklund? and Del Rio et
al.?*; total and selenium (Se)-dependent glutathione
peroxidase activities® using tert-butyl hydroperoxide
and H, O, respectively as substrates.

Results are expressed as means + SE by volume or in
relation to proteins determined according to Lowry et
al.*® The significance of the differences was assessed
using Student’s ¢ test.

Results

The mean body and liver weights of each group of nine
animals at the end of the experimental period were
respectively 435+ 10 g and 17.86 + 1.31 g for the ani-
mals on a diet containing 0.3 RE vitamin Afg food,
430+ 8 and 17.83 +0.72 for 6 RE, and 435+ 8 and
18.10 £ 1.12 for 60 RE. These values did not differ
significantly among the three groups.

The results in figure 1 show the concentrations of
retinol in the plasma and of total vitamin A in the liver
for the various levels administered in the diet. For the
plasma retinol, only slight variations were noted be-
tween the groups, but the concentration was signifi-
cantly lower for the 0.3 RE animals. Moreover, the
presence of retinyl palmitate was noted in the plasma of
the 60 RE animals but at very low concentrations
(0.09 + 0.005 uM). On the other hand, the hepatic levels
of total vitamin A rose very significantly with the level
in the diet. However, when the dietary vitamin A in-
creased from 0.3 RE to 6 RE (20-fold) or from 6 RE to
60 RE (10-fold), the corresponding increments in hep-
atic vitamin A were 200-fold and 12-fold respectively.
Retinyl palmitate was the major form of vitamin A in
the liver and it occurred in lower proportions for the 0.3
RE (58%) than for the 6 RE (78.7%) and the 60 RE

Table 1. Effect of different vitamin A intakes on plasma chain-
breaking antioxidants.

0.3 RE* 6 RE* 60 RE*
a-tocopherol 21.3+2.45 15.3 +1.75* 8.78 + 0.64°
(M)

n 6 8 9
Total vitamin C 78.6 + 6.122 92.5 + 8.58* 84.2 4+ 6.28*
(1M)

n 6 9 9

SH groups 22554127 2224+10.3* 22584942
(nM)

n 6 9 9
Urate 25.0 +2.14° 31.74+2.562® 352 +1.372
(uM)

n 6 8 9

*0.3 RE, 6 RE and 60 RE are as described in figure 1.

Results are means + SE (n = number of rats per group). Values in
the same line followed by the same letter were not significantly
different (p < 0.05).
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(75.7%). Retinyl stearate, on the other hand, was
present in higher proportions for the 0.3 RE (29%) than
for the 6 RE (17%) and the 60 RE (18%). Other forms
(retinyl esters: laurate, myristate, linoleate, pentade-
canoate and heptadecanoate) were undetectable in the
0.3 RE group but represented 4% for 6 RE and 6% for
60 RE. Retinol represented 13% for 0.3 RE and only
0.6% and 0.3% respectively for 6 RE and 60 RE.

For the plasma chain-breaking antioxidants (table 1),
the concentrations of vitamin C and of SH groups were
not significantly different among the three groups. How-
ever, the concentrations of a-tocopherol fell, and those
of urate rose with increasing levels of vitamin A in the
diet. The differences observed were significant for o-
tocopherol between the control group (6 RE) and the
60 RE group and for urate between the 0.3 RE and the
60 RE groups.

In the liver (table 2) no variation was observed for
vitamin C, SOD or catalase. However, the level of
a-tocopherol and the activities of total and Se-depen-
dent glutathione peroxidases decreased steadily with
increasing intake of vitamin A, differences between the
control group and the 60 RE group always being signifi-
cant. Glutathione levels were not very different between
the groups, although there was a significant difference
between the 60 RE and the 6 RE groups.

Discussion

In our experimental conditions, the dietary intake of
vitamin A determines its liver storage: in the vitamin
A-deficient state, hepatic vitamin A uptake is more
efficient than in the replete state. Note that only defi-
ciency causes a notable alteration in the various forms
stored. The drop in blood retinol after 7 weeks of
deficient diet shows that the homeostatic control mecha-
nism no longer maintains the level of circulating retinol,
in agreement with preliminary studies?’.

During the metabolic adaptation of the animals to the
level of vitamin A in the diet, extensive modifications of
the parameters involved in antioxidant defences were
observed. The decrease in the level of a-tocopherol (in
the plasma and in the liver), in parallel with the increase
in vitamin A in the diet, could be related to results
observed in the plasma with f-carotene-supplemented
diets®®. The results from the liver complete those of
other authors®-3® obtained simply with vitamin A-defi-
cient diets.

In the plasma, considering the increase in the levels of
urate with the level of dietary vitamin A, the chain-
breaking antioxidant status is apparently little modified,
since a-tocopherol and urate are able to trap 2 and 1.3
peroxyl radicals respectively per molecule!?. However,
a-tocopherol is the most important lipid-soluble chain-
breaking antioxidant in the plasma, and its content in
circulating low density lipoprotein (LDL) is a major
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Figure 1. Effect of different vitamin A intakes on plasma and hepatic vitamin A content.
*0.3 RE, 6 RE and 60 RE are samples from groups of rats receiving these amounts of retinyl palmitate/g food. Results are means + SE
of nine rats for plasma retinol (4) and hepatic total vitamin A (B). Values of a parameter in the three groups followed by the same letter

were not significantly different (p < 0.05).

factor in determining resistance to lipid peroxidation®'.
Thus, the increase in the level of vitamin A in the diet
can indirectly induce a greater susceptibility of the lipo-
proteins to oxidative stress.

In the liver, the decrease in the activity of the glu-
tathione peroxidases with the level of dietary vitamin A
could be attributed to a decrease in the level of Se'*.
Since it has been demonstrated that excessive Se intake
decreases the concentrations of retinol and retinyl
palmitate in the liver®?, we can put forward the hypoth-

esis that there is an inverse relationship between the
level of vitamin A and the level of hepatic Se. Thus the
decrease in the glutathione peroxidase activities con-
tributes, together with the decrease in a-tocopherol, to
lowering antioxidant defences in the hydrophilic and
hydrophobic phases of the hepatic cells of animals hav-
ing received an excess of vitamin A.

In view of the present vogue for the wide use of antiox-
idants and megadoses of vitamins in preventive
medicine, these results, showing the delicate metabolic
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Table 2. Effect of different vitamin A intakes on hepatic vitamin A, E, C, glutathione and antioxidant enzymes.

0.3 RE* 6 RE* 60 RE*
a-tocopherol (pg/g liver) 43.5+3.92¢ 27.9 + 0.81° 21.1 +1.21°
n 6 6 6
Total vitamin C (ug/g liver) 3477+ 12.2¢ 383.7 +24.0* 360.1 4+ 40.1*
n 6 9 9
Glutathione (ug/g liver) 1206.0 + 27%° 1129.0 + 33° 1254.0 + 372
n 6 9 9
Total glutathione peroxidase 660.4 + 44.6* 586.5 + 28.6* 480.5 4+ 30.3°
(nmol NADPH oxidized/min/mg protein)

n 6 9 9
Se-dependent glutathione peroxidase 543.8 +38.7¢ 505.4 + 30.5* 394.3 +25.1°
(nmol NADPH oxidized/min/mg protein)

n 6 9 9

SOD (units/mg protein)** 774 +0.37* 926 +0.77* 8.33+0.87
n 6 9 9
Catalase (pmol H,O, decomposed/min/mg protein) 336.8 +21.2¢ 348.4 41092 300.2 +32.4*
n 6 6 6

*0.3 RE, 6 RE and 60 RE are as described in figure 1.

Results are means + SE (n =number of rats per group). Values in the same line followed by the same letter were not significantly
different (p < 0.05).

**One unit of SOD was defined as the amount of protein that inhibited pyrogallol autoxidation by 50%. Glutathione peroxidase and
SOD activities were measured in the cytosol; catalase activity was measured in the homogenate.

balance between several factors involved in the protec- 17 Muntané, J., Mitjavila, M. T., Rodriguez, M. C., Puig-Parel-

tion against oxidative damage and vitamin A, should be ]1619(13% P., Fernandez, Y., and Mitjavila, S., J. Nutr. 125 (1995)
a warning and an incentive to investigate this type of g Towr.l, M. H., Gehm, S., Hammer, B., Ziegenhom, J., J. clin.

interaction in humans. Chem. clin. Biochem. 23 (1985) 591. :
19 Ellman, G. L., Arch. Biochem. Biophys. 82 (1959) 70.
20 Deutsch, M. J., and Weeks, C. E., J. Ass. Agr. Chem. 48

1 Krinsky, N. I., Free Radical Biol. Med. 7 (1989) 617. (1965) 1248.

2 Nicotra, C., Livrea, M. A., and Bongiorno, A., IRCS Med. 21 De Leenheer, A. P., De Bevere, V., De Ruyter, M. G. M., and
Sci. 3 (1975) 141. Claeys, A. E., J. Chromatogr. 162 (1979) 408.

3 Vile, G. F., and Winterbourn, C. C., FEBS Lett. 238 (1988) 22 Périquet, B., Lambert, W., Bailly, A., Tomatis, I., Ghisolfi, J.,
353. De Leenheer, A. P., and Thouvenot, J. P., Clin. Chim. Acta
4 Das, N. P., J. Neurochem. 52 (1989) 585. 172 (1988) 275.
5 Samokyszyn, V. M., and Marnett, L. J., Free Radical Biol. 23 Marklund, S. L., in: Handbook of Methods for Oxygen Radi-
Med. & (1990) 491. cal Research, p. 243. Ed. R. A. Greenwald. C.R.C. Press, Boca
6 Tesoriére, L., Ciaccio, M., Bongiorno, A., Riccio, A., Pin- Raton, Florida 1985.
taudi, A. M., and Livrea, M. A., Arch. Biochem. Biophys. 307 24 Del Rio, L., Ortega, M. G., Lopez, A. L., and Gorgé, J. L.,
(1993) 217. Anal. Biochem. 80 (1977) 409.

7 Burton, G. W., and Ingold, K. U., Science 224 (1984) 569. 25 Giinzler, W. A., and Floke, L; in: Handbook of Methods for

8 Kunert, K. J., and Tappel, A. L., Lipids 18 (1983) 271. Oxygen Radical Research, p. 285. Ed. R. A. Greenwald.

9 Ciaccio, M., Valenza, M., Tesoriére, L., Bongiorno, A., Al- C.R.C Press, Boca Raton, Florida 1985.
biero, R., and Livrea, M. A., Arch. Biochem. Biophys. 302 26 Lowry, O. H., Rosebrough, N. J., Farr, A. L., and Randall, R.
(1993) 103. J., J. biol. Chem. 193 (1951) 265.

10 Elsisi, A. E. D., Earnest, D. L., and Sipes, I. G., Toxicol. appl. 27 Périquet, B., Bailly, A., Périquet, A., Ghisolfi, J., and Thou-
Pharm. 1719 (1993) 289. venot, J. P, Int. J. Vitam. Nutr. Res. 55 (1985) 245.

11 Hooser, S. B., Rosengren, R. J., Hill, D. A., Mobley, S. A, 28 Xu, W. J,, Peng, Y. M., Liu, Y., Alberts, D. S., Plezia, P. W_,
and Sipes, 1. G., Environ. Health Persp. 102 (Suppl. 9) (1994) and Sayers, S. M., Proc. Am. Ass. Cancer Res. 31 (1990) 126.
39, 29 Pelissier, M. A., Boisset, M., and Albrecht, R., Experientia 45

12 Wayner, D. D. M., Burton, G. W., Ingold, K. U., Barclay, L. (1989) 342.

R. C, and Locke, S. J., Biochim. Biophys. Acta 924(1987) 408. 30 Colin, C., Narbonne, J. F., Migaud, M. L., Grolier, P,

13 Cho, S. H., and Choi, Y. S., Lipids 29 (1994) 47. Cassand, P., and Pelissier, M. A., Mutation Res. 246 (1991)

14 Leibovitz, B., Hu, M. L., and Tappel, A. L., J. Nutr. 120 159.

(1990) 97. 31 Esterbauer, H., Striegl, G., Puhl, H., and Rotheneder, M.,

15 Yang, N. Y. J., and Desi, 1. D., J. Nutr. 107 (1977) 1418. Free Rad. Res. Comms. 6 (1989) 67.

16 Chow, C. K., Reddy, K., and Tappel, A. L., J. Nutr. 103 32 Albrecht, R., Pelissier, M. A., and Boisset, M., Toxicol. Lett.
(1973) 618. 70 (1994) 291.



