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Summary

The influence of regular moderate ethanol consumption on the status of vitamin C was followed in guinea-pigs
and rats. In the guinea-pigs examined, 10-day consumption of ethanol (4.5 g per day and kg of body weight),
administered in drinking water under a vitamin C-deficient diet, caused a greater decrease in the tissue
concentrations and the body-pool of this vitamin than in the group without alcohol. In the rats, on the contrary,
the daily consumption of ethanol (6 % vol) during 10 months resulted in an increase in the body stores of vitamin
C, especially in the liver, adrenals, kidneys, and lungs. Moreover, the biosynthesis of ascorbate from D-
glucuronolactone in vitro was more intensive (by 30 %) in the liver microsomes of alcoholized rats than in those
of controls (without alcohol). These results indicate that the need of vitamin C during chronic consumption of
moderate alcohol doses is enhanced. This is due to the participation of ascorbate in oxidoreducing processes
connected with ethanol metabolism which leads to its irreversible destruction. In the rat, this loss is compensated
by its enhanced biosynthesis, while in the guinea-pig it produces increased demands for its exogenous intake. If
these are not satisfied, a partial vitamin C deficiency may occur, which potentiates the harmful effect of alcohol
on the health status.
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Introduction

Ethanol plays an ambivalent role in the life
style of man. It is a part of the dietary sources of
energy and at the same time a drug harmful to human
health. In the Czech Republic and in the Slovak
Republic the alcohol consumption contributes
significantly to the daily energy intake of adults (to
10-12 %). The systematic damage done to various
human organs by alcohol is well-known. However, a
less known aspect of alcohol abuse is the alteration of
both metabolism and biological functions of essential
nutrients, such as vitamins and minerals. Alcohol
consumers often suffer from various types of
malnutrition, that are caused by decreased resorption,
deteriorated metabolic activation or disorders in
deposition of vitamins A, Bj, Bs, E and folate
(Hoyumpa 1986, Halsted and Heise 1987, Lieber 1990,
Pirozhkov et al. 1992). Moreover, the results of
experimental and clinical studies have shown serious
changes of vitamin C metabolism in connection with

frequent alcohol consumption (Fazio ef al. 1981, Hsu
and Hsieh 1982, Susick ef al. 1986, Seitz and Suter
1994). However, these finding do not appear
consistent, and so far no precise explanation for the
mechanism of such changes has been proved. Seeing
that some social groups fail to have a sufficient dietary
intake of vitamin C and often incline towards alcohol
abuse, we have tried to resolve some relations between
both of these nutritional aspects.

Methods

In our experiments we used, on the one hand,
guinea-pigs that - similarly as man - do not
synthetize vitamin C and depend entirely on its external
supply, and, on the other hand, rats that synthetize
vitamin C as is necessary. The experimental animals
were males from the laboratory breeding VELAZ
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company, Prague. The body weight of guinea-pigs was
290 g, that of rats 220 g.

In the course of 4 weeks, 21 guinea-pigs were
adapted to a diet deficient in vitamin C (Ginter et al.
1968), vitamin C being added to their drinking water
(0.2 g per liter). After this time, 7 animals were killed,
and the remaining animals were transfered to the
scorbutogenic diet (vitamin C was left out of the
drinking water). Simultaneously, a half of them (seven
animals) received a solution containing 7 ml of ethanol
in 100 ml water for drinking. During the following 10
days, the consumption of food and water as well as the
body weight were followed in both experimental (i.e.
alcoholized) and control (without alcohol) groups. At
the end of a 10-day period, all of the animals were
killed, and the vitamin C concentration was assessed in
12 metabolically important organs and tissues (Roe
and Kuether 1943). On the basis of the known weight
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of the analyzed organs and tissues (Wagner and
Manning 1976), their content of vitamin C was
calculated.

In a second series of experiments, 20 rats were
fed a standard diet for 10 months. One half of them
(the experimental group) were given 6 % ethanol in
the drinking water. In the course of this period, the
consumption of food and drinking fluid as well as the
body weight were followed in both groups. After killing
the animals, the vitamin C concentration was
determined in metabolically relevant tissues (Roe and
Kuether 1943). Liver microsomes were separated by
ultracentrifugation (Ayaz et al. 1976) and the intensity
of L-ascorbate biosynthesis from D-glucuronolactone
was measured (Chatterjee 1970, Zloch and Ginter
1984). The results obtained from the experimental and
control group were statistically evaluated by the paired
t-test.
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The body weight changes in guinea-pigs during the experimental period in alcoholized and control groups. The
values are expressed as arithmetic means. No stattsistically significant difference between the experimental and

control groups was obtained.

Results

Fig. 1 shows that a moderate decrease in food
consumption occurred in the experimental guinea-pigs
drinking the alcohol solution. This was manifested itself
by lesser growth, but the difference between the
experimental and the control group was not statistically
significant. In the rats, the food and water consumption
as well as their weight growth were the same in both
the control and experimental groups. The average

intake of alcohol in the experimental groups was
calculated as 4.25 g per day and kg of body weight in
both the guinea-pigs and rats.

The vitamin C concentrations found in guinea-
pig tissues are given in Table 1. During the 10-day
cessation of vitamin C in the diet, its concentration in
most of the tissues decreased by 50 % (in the brain),
and even as much as by 95 % (in the liver, lungs, heart
and adipose tissue).
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Table 1
Vitamin C concentrations in the body tissues of guinea-pigs at the beginning of the experiment (0 day) and the
vitamin C concentrations and total content in the tissues at the end of the experiment

Tissue Vitamin C Experimental group Control group

concentration

on day 0 Vitamin C Total content  Vitamin C Total content P<

concentration of vitamin C  concentration of vitamin C

(mg/100 g) (mg/100 g) (mg) (mg/100 g) (mg)
Blood 0.08+0.06 0.11+0.03 0.021+0.006 0.15+0.01 0.033+0.002 -
Liver 26.6+2.7 1.3+0.2 0.143+0.022 2402 0.294+0.024 0.01
Lung 363+1.5 1.8+0.3 0.040+0.010 3.8+0.5 0.098+0.012 0.01
Heart 8.7+0.3 0.2+0.01 0.001+0.001 0.8+0.1 0.006+0.001 0.001
Muscle 29+0.2 0.08+0.06 0.102+0.077 0.14+0.01 0.206+0.061 -
Testes 46.9+3.6 103+0.6 0.184+0.011 91+04 0.188+0.028 =
Intestine  302%0.9 1.5+0.4 0.202+0.054 21+03 0.330+0.047 0.05
Adrenals 171.1+139 9.5+1.9 0.018+0.004 15.8+2.7 0.035+0.006 0.05
Brain 283+0.7 13.5+0.9 0.304+0.021 13.3+0.5 0.350+0.013 =
Fat 7.8+0.7 0.41+£0.23 0.093+0.052 0.53+0.08 0.138+0.021 -
Skin 10.4+0.4 0.5+0.1 0.280+0.056 1.4%0.2 0.894+0.057 0.01
Bone 13.6+1.2 1402 0.340+0.049 1.6+0.2 0.456+0.13 =
Total 1.728+0.130 3.027+0.317 0. 05

Data are means + S.E.M. P = statistically significant differences between the experimental (alcoholized) and control
group.

Table 2
Vitamin C concentrations in body tissues of the rats and L-ascorbic acid
biosynthesis in liver microsomes

Tissue Experimental group Control group P<
(mg/100 g) (mg/100 g)
Blood 2.14+0.34 1.72+0.23 0.05
Liver 58.0+£6.0 50.5+7.5 0.05
Spleen 59.1+4.7 46.7+6.6 0.01-
Kidneys 159+1.7 13.0+0.7 0.05
Lung 15.0+3.7 13.4+23 =
Brain 15.7+0.7 15.0+£0.03 =
Intestine 18.7+2.2 19.6+6.0 =
Adrenals 264+61 212+34 0.05

L-ascorbic acid

production  0.202+0.054 0.170+0.034 0.05
(umol/h/mg protein)
P - statistical significance of differences between the experimental

(alcoholized) and control group
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Changes in the tissue concentrations of
vitamin C generally differ between the experimental
and control groups. A statistically significant decrease
in vitamin C concentrations prevails in the group of
experimental (alcoholized) guinea-pigs. The total
content of vitamin C, established by summing its partial
contents in the individual organs, is also significantly
lower in the experimental animals than in the controls
(544mg and 822mg per kg of body weight,
respectively). These values represent a substantial part
of the body pool because the 12 analyzed tissues
constitute approximately 90 % of the body mass of
guinea-pig weighing 350 g.

Table 2 indicates that the vitamin C
concentrations in rats influenced by ethanol ingestion
are contrary to those exhibited by the guinea-pigs. In
the most of rat tissues analyzed the content of vitamin
C was significantly higher in alcoholized animals than
that in the control group (without alcohol). There are
several possible reasons for the enhanced ascorbate
concentration in the tissues of alcohol intoxicated rats:
a) its active transport into the tissues as well as its
distribution therein, b) its diminished need, while the
intensity of its biosynthesis remains unchanged, c) its
enhanced biosynthesis (Horio et al. 1983, Hornig et al.
1984, Rose 1988).

In an independent study (Table 2), we
ascertained that the rate of L-ascorbate biosynthesis in
microsomes, isolated from the liver of experimental
rats, is significantly higher (by 30 %) than in the
controls. The increased ascorbate production manifests
itself in higher levels in the blood as well as in the
metabolically important organs, such as the liver,
adrenals, kidneys and lungs.

Discussion

The alcohol ingestion in guinea-pigs resulted
in accelerated vitamin C catabolism, which was
manifested — when compared with the control group
- by a more rapid decrease in the body pool of this
vitamin. Similar results, yet limited to the tissue
concentrations of a lesser number of the organs
examined, were also obtained by several other authors
dealing in single experiments with guinea-pigs
subjected either to acute or chronic ethanol
intoxication (Yunice et al. 1984, Halsted and Heise
1987). Likewise, the study of human alcoholics has
shown that, independently of the level of alcohol intake
the concentrations of vitamin C in their leukocytes and
liver are always lower. As realimentation with synthetic
ascorbate  proceeds, with concomitant alcohol
consumption, it is much slower than in teetotallers.
Our results demonstrate that vitamin C occurs
ubiquitously in the organism of the guinea-pig, and it
catabolizes at a different rate in various organs. Under
the concomitant effect of regular moderate alcohol
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doses, the rate of its catabolism is approximately higher
by one third. The practical consequence of this finding
is the fact that regular alcohol consumers require a
relatively greater intake for vitamin C, and that they
are facing enhanced risk of a latent defficiency of this
vitamin unless this need is satisfied.

Vitamin C is an essential factor of enzyme-
catalyzed hydroxylation processes. These constitute a
type of oxido-reduction changes during which
ascorbate decomposes irreversibly (Hoyumpa 1986,
Gershoff 1993, Nagyova and Ginter 1994, Tatara and
Ginter 1994). Besides, ascorbate is actively involved in
the cytochrome P450 cycle, influencing positively its
monooxygenase activity (Koop and Tierney 1990,
Nagyova et al. 1993). One of the isoenzymes of this
system (CYP IIE1) is induced by larger or more
frequent doses of ethanol, and participates actively in
its enzyme oxidation (the microsomal ethanol oxidizing
system. Sinclair ef al. 1991, Kukielka and Cederbaum
1992, Morimoto et al. 1993). The results of
experimental work suggest that the rate of ethanol
metabolism, as well as its toxicity, may partly be
affected through enhanced doses of vitamin C (Yunice
et al. 1984, Chen et al. 1990). Thus, during ethanol
intoxication an increased need for vitamin C can occur,
which is compensated in rats by increased ascorbate
biosynthesis. This effect has already been demonstrated
previously in rats intoxicated by various xenobiotics,
e.g. DDT and aminopyrine (Horio et al. 1983). In
guinea-pigs, which do not synthetize vitamin C, an
enhanced need for this vitamin, connected with ethanol
metabolism, leads to acceleration of the metabolic rate
of ascorbate and consequently to a reduction of its
tissue concentrations.

Ascorbate, as a very effective hydrosoluble
antioxidant, inhibits among others the formation of
free radicals and quenches reactive oxygen species
(Henson et al. 1991, Niki 1991). The abuse of ethanol
enhances the production of superoxide and hydroxyl
radicals, both being very harmful in the intracellular
medium and represents one of the modes of alcohol
toxicity (Cederbaum 1989, McCay et al 1992,
Nordmann et al. 1992, Rashba-Step et al. 1993,
Kukielka et al. 1994). Many experimental studies have
proved intensive peroxidative changes of intracellular
membrane lipids after alcohol intoxication in both rats
and guinea-pigs. Under certain circumstances,
ascorbate can be a preventive factor inhibiting these
undesirable oxidative alterations (Susick et al. 1986,
Wefers and Sies 1988, Staats and Colby 1989,
Nordmann 1994). The action of ascorbate in this type
of oxidative processes again leads to its irreversible
destruction which, in the guinea-pig and in the man,
manifests itself by decreasing their body reserves
whereas, in the rat, it results in its increased
biosynthesis de novo. If the body pool of vitamin C is
not renewed by an adequate intake, a state of its latent
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marginal deficiency can arise. Many biological activities ~ the pathogenic effect of alcohol, this state may
of ascorbate then become limited, and together with  contribute to an overall threat to an individual’s health.

References

AYAZ KM, JENNESS R, BIRNEY E.C.: An improved method assay for L-gulonolactone oxidase. Anal.
Biochem. 72: 161-171, 1976.

CEDERBAUM A.L: Role of lipid peroxidation and oxidative stress in alcohol toxicity. Free Rad. Biol. Med. T:
537-541, 1989.

CHATTERIJEE LB.: Biosynthesis of L-ascorbate in animals. Meth. Enzymol. 18( A): 28-34, 1970.

CHEN F.M., BOYCE H.W., HSU J.M.: Effect of ascorbic acid on plasma alcohol clearence. J. Am. Coll. Nutr.
9: 185-189, 1990.

FAZIO V., FLINT D.M., WAHLQUIST M.L.: Acute effects of alcohol on plasma ascorbic acid in healthy
subjects. Am. J. Clin. Nutr. 34: 2394-2396, 1981.

GERSHOFF S.N.: Vitamin C (ascorbic acid): new roles, new requirements? Nutr. Rev. 51: 313-326, 1993.

GINTER E., BOBEK P., OVECKA M.: Model of chronic hypovitaminosis C in guinea-pigs. Int. J. Vitam. Res.
38: 104-113, 1968.

HALSTED C.H., HEISE C.: Ethanol and vitamin metabolism. Pharmacol. Ther. 34: 453—-464, 1987.

HENSON D.E., BLOCK G., LEVINE M.: Ascorbic acid: biologic functions and relation to cancer. J. Nat. Canc.
Inst. 83: 547-550, 1991.

HORNIG D., GLATTHAAR B., MOSER U.: General aspects of ascorbic acid function and metabolism.
In: Ascorbic Acid in Domestic Animals. Royal Danish Agriculture Society, Copenhagen 1984, p. 3-24.

HORIO F., KIMURA M., YOSHIDA A.: Effect of several xenobiotics on the activities of enzymes affecting
ascorbic acid synthesis in rats. J. Nutr. Sci. Vitaminol. 29: 233-247, 1983.

HOYUMPA A .M.: Mechanisms of vitamin deficiencies in alcoholism. Alcohol Clin. Exp. Res. 10: 573-581, 1986.

HSU J.M., HSIEH H.S.: Ethanol increases urinary and tissue ascorbic acid concentrations in rats. Proc. Soc. Exp.
Biol. Med. 170: 448-452, 1982.

KOOP D.R., TIERNEY D.J.: Multiple mechanisms in the regulation of ethanol-inducible cytochrome P450 IIE1.
BioEssays 12: 429-435, 1990.

KUKIELKA E., CEDERBAUM AI: The effect of chronic ethanol consumption on NADH- and NADPH-
dependent generation of reactive oxygen intermediates by isolated rat liver nuclei. Alcohol Alcoholism 277:
233-239, 1992.

KUKIELKA E., DICKER E., CEDERBAUM A.L: Increased production of reactive oxygen species by rat liver
mitochondria after chronic ethanol treatment. Arch. Biochem. Biophys. 309: 377-386, 1994.

LIEBER C.S.: Interaction of ethanol with drugs, hepatotoxic agents, carcinogens and vitamins. Alcohol Alcoholism
25: 157-176, 1990.

MCCAY P.B., REINKE L.A., RAU J.M.: Hydroxyl radicals are generated by hepatic microsomes during NADPH
oxidation: relationship to ethanol metabolism. Free Rad. Res. Commun. 15: 335-346, 1992.

MORIMOTO M., HAGBJORK A.-L. , NANJI A A, INGELMAN-SUNDBERG M,, LINDROS K.O,, FU P.C,
ALBANO E., FRENCH S.W.: Role of cytochrome P450 2E1 in alcoholic liver disease pathogenesis.
Alcohol 10: 459-464, 1993.

NAGYOVA A., GINTER E.: Interactions between hepatic ascorbic acid, cytochrome P-450 and lipids in female
guinea pigs with different ascorbic acid intake. Physiol. Res. 43: 307-312, 1994.

NAGYOVA A., GINTER E., STEFEK M., YANEV §.: Hepatic monooxygenases and conjugating enzymes in
cadmium-intoxicated hamsters: effects of vitamin C supplementation. Physiol. Res. 42: 409-414, 1993.

NIKI E.: Vitamin C as an antioxidant. World Rev. Nutr. Diet. 64: 1-30, 1991.

NORDMANN R.: Alcohol and antioxidant systems. Alcohol Alcoholism 29: 513-522, 1994.

NORDMANN R., RIBIERE C., ROUACH H.: Implication of free radical mechanisms in ethanol-induced cellular
injury. Free Rad. Biol. Med. 12: 219-240, 1992.

PIROZHKOV S.V., ESKELSON C.D., WATSON R.R., HUNTER G.C., PIOTROWSKI J.J., BERNHARD V.
Effect of chronic consumption of ethanol and vitamin E on fatty acid composition and lipid peroxidation in
rat heart tissue. Alcohol 9: 329-334, 1992.

RASHBA-STEP J., TURRO N.J., CEDERBAUM A.L: Increased NADPH- and NADH- dependent production
of superoxide and hydroxyl radical by microsomes after chronic ethanol treatment. Arch. Biochem.
Biophys. 300: 401-408, 1993.

ROE JH., KUETHER C.A. Determination of ascorbic acid in whole blood and urine through the
2,4-dinitrophenylhydrazine derivative of dehydroascorbic acid. J. Biol. Chem. 147: 399-407, 1943.



178 Zioch, Ginter Vol. 44

ROSE R.C.: Transport of ascorbic acid and other water-soluble vitamins. Biochim. Biophys. Acta 947: 335-366,
1988.

SEITZ HK., SUTER P.M.: Ethanol toxicity and nutritional status. In: Nutritional Toxicity. FN. KOTSONIS,
M. MACKEY, J. HIELLE (eds), Raven Press, New York, 1994, pp. 95-116.

SINCLAIR J.F., McCAFFREY J., SINCLAIR P.R.,, BEMENT W.J., LAMBRECHT LK. WOOD S.G., SMITH
E.L, SCHENKMAN J., GUZELIAN P.S., PARK S.S.: Ethanol increases cytochromes P45 IIE, 1IB1/2,
and IIIA in cultured rat hepatocytes. Arch. Biochem. Biophys. 284: 360-365, 1991.

STAATS D.A,, COLBY M.D.: Modulation of the effects of ascorbic acid on lipid peroxidation by tocopherol in
adrenocortical mitochondria. J. Steroid. Biochem. 42: 609-611, 1989.

SUSICK R.L., ABRAMS G.D., ZURAWSKI C.A. ZANNONI V.G.: Ascorbic acid and chronic alcohol
consumption in the guinea-pig. Toxicol. Appl. Pharmacol. 84: 329-335, 1986.

TATARA M., GINTER E.: Erythrocyte membrane fluidity and tissue lipid peroxides in female guinea-pigs on
graded vitamin C intake. Physiol. Res. 43: 101-106, 1994.

WAGNER J.E., MANNING P.J.: The Biology of the Guinea-Pig. Academic Press, New York, 1976, 317p.

WEFERS H., SIES H.: Antioxidant defense: vitamins E and C and beta-carotene. Oxy-Rad. Mol. Biol. Pathol.
4: 481-490, 1988.

YUNICE AA,, HSU J.M,, FAHMY A., HENRY S.: Ethanol-ascorbate interrelationship in acute and chronic
alcoholism in the guinea-pig. Proc. Soc. Exp. Biol. Med. 177: 262-271, 1984.

ZLOCH Z., GINTER E.: Experimentally proved biosynthesis of vitamin C in a guinea-pig. Naturwissensch.
71: 533-534, 1984.

Reprint Requests
Doc. Ing. Z. Zloch, Institute of Hygiene, Faculty of Medicine, Charles University, Lidicka 4, 301 66 Plze#i, Czech
Republic.



