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ABSTRACT
This study was undertaken to test the effect of a 21-day
supplementation of antioxidant nutrients on biochemical
indicators of lipid peroxidation, and vitamin levels in al-
cohol-dependent patients during a program of alcohol re-
habilitation.

A randomized double-blind trial was performed compar-
ing two groups receiving daily either a combination of
micronutrients (vitamin A 5000 IU, vitamin D

3
 400 IU,

vitamin E 15 mg, vitamin B
1
 IP 5mg, vitamin B

2 
IP 5mg,

nicotinamide IP 45mg, D-panthenol IP 5mg, vitamin B
6

IP 2mg, vitamin C IP 75 mg, folic acid 1000mcg, vitamin
B

12
 IP 5mcg, dibasic calcium phosphate IP 70 mg, cop-

per sulphate BP 0.1mg, zinc sulphate monohydrate USP
28.7, potassium iodide IP 0.025 mg, light magnesium ox-
ide IP 0.15 mg) or a non-supplemented group. 160 male
alcohol-dependent patients, 25-45 years of age without
severe liver disease, hospitalized for a 21-day rehabilita-
tion program were included.

Serum malondialdehyde, -tocopherol, -carotene and
vitamin C were measured in serum, initially and after
supplementation. In the non-supplemented group, serum
concentrations of malondialdehyde decreased significantly
(p<0.05) and vitamin C  significantly increased (p<0.001),
whereas -tocopherol and -carotene concentrations
were unaffected. At the end of the hospital stay, serum
indicators were significantly improved in the supplemented
group as compared to the non-supplemented group for

-tocopherol, -carotene and serum malondialdehyde
(p<0.001).

The results indicate that a short-term supplementation
with physiological doses of antioxidant vitamins during
alcohol rehabilitation clearly improves micronutrient sta-
tus indicators, and reduces oxidative stress.
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Introduction
Ethanol oxidation involves three main metabolic path-
ways localized in three different sub-cellular compart-
ments of the liver cell: alcohol dehydrogenase (ADH)
and aldehyde dehydrogenase (ALDH) in the cytosol; the
microsomal ethanol oxidizing system (MEOS) in the en-
doplasmic reticulum, and the catalase system in both
peroxisome and mitochondria. Several studies have shown
that the first stable product of ethanol metabolism via
aldehyde oxidase (AO), acetaldehyde, may play a role in
ethanol-induced free radical injury.1,2 The enzyme can
use several electron acceptors, but molecular oxygen is
the physiological  oxidant that is divalently reduced to
produce H

2
O

2
. However, a part of the oxygen is

univalently reduced, generating superoxide anion radical
(O2-).3

Acute ethanol (via production of NADH) and chronic
ethanol (induction of P-450IIE1 uncoupling) administra-
tion may increase microsomal generation of oxygen radi-
cals (ethoxy, hydroxyethyl). Both acute and chronic etha-
nol intoxications can increase local production of reac-
tive oxygen species. Iron mobilization from ferritin by
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ethanol-stimulated O2- can supply reactive -OH (hydroxyl)
radicals. A direct increase of membrane permeability in-
duced by ethanol may cause an increased susceptibility
to lipid peroxidation. The development of oxidative stress
in the liver may contribute to the hepatotoxic action of
alcohol.4

Chronic alcoholism is associated with a high risk of mi-
cronutrient deficiency;5,6 it may affect nutrient intake,
increase the need for specific nutrients (especially when
ROS are generated in large amounts), and interfere with
their absorption, storage and utilization. Micronutrients
such as retinol, -tocopherol, vitamin C and carotenoids
are important factors implicated in the defense against
oxidative injury, and a deficit in any one of these ele-
ments can result in functional impairment of the overall
antioxidant system.7-10 Previously, some investigators
have observed lower -tocopherol, vitamin C and caro-
tenoid status in alcohol-dependent patients when com-
pared to controls.11,12  Therefore, this study was designed
to explore whether such serum indicators were altered
by supplementation with a combination of antioxidant
micronutrients (vitamin A, vitamin C and vitamin E) at
physiological doses during alcohol rehabilitation.

Materials and Methods
This study was carried out after getting clearance from
the Institutional Ethical Review Committee of Grant
Medical College & Sir JJ Groups of Hospitals, Byculla,
Mumbai. Informed consent was obtained from all the
subjects. A discrimination procedure was used to sepa-
rate alcoholics from non-alcoholic patients having hepatic
disease, using a combination of the most promising mod-
els: CAGE,13-15 Michigan Alcohol Screening Test
(MAST),16,17 Alcohol Use Disorder Identification Test
(AUDIT),18,19 and Severity of Alcohol Use Disorder Data
(SADD).20 Patients between 25 and 45 years of age,
willing to participate in the study, and  with no history of
undergoing long-term medical intervention for various
reasons like cancer, diabetes, advanced alcohol liver dis-
order, acute respiratory distress (ARD), chronic renal
failure (CRF), cardiovascular diseases (CVS), etc., were
included in the study. Patients with acute psychotic states
were also excluded. Alcoholic patients (n=160) attend-
ing the de-addiction center who met the inclusion criteria
and gave their informed consent were included in the
study. Exclusion criteria for patients and controls were
as follows:

Patients below 25 and above 45 years

Patients undergoing long-term medical intervention for
various reasons.
Excessive smoking evaluated according to
Fagerstrom test for nicotine dependence with score
more than 15.21-23

Substance abuse involving cannabis, nicotine, opium
and other psychotropic substances.
Patients taking vitamins, antioxidants or any other sig-
nificant supplements.
Immuno-compromised and acute infectious states.
Patients with acute psychotic states, or patients un-
willing to participate in study.

Abstinence and treatment compliance were checked by
regular interviews. In addition, during the rehabilitation
program, patients had to stay in the hospital department,
and no alcohol beverage was allowed to enter the hospi-
tal area. In addition, the patients did not take supplements
containing any of the studied micronutrients. During the
hospital stay, four main meals were served (breakfast,
lunch, evening snack and dinner). Food composition of
these meals was calculated in accordance to the "Rec-
ommended Dietary Allowances for Indians".24 All the
patients underwent a complete medical examination and
a biological screening at the entrance, and three weeks
of rehabilitation. A detailed standardized interview aimed
especially at drinking history, tobacco and drug consump-
tion was performed.

Participants were randomly assigned to one of two treat-
ment groups (n=80 in both non-supplemented and supple-
mented groups). The supplemented group members re-
ceived one capsule per day for a period of 21 days, each
capsule containing vitamin A 5000 IU, vitamin D

3
 400

IU, vitamin E 15 mg, vitamin B1 IP 5mg, vitamin B
2
 IP

5mg, nicotinamide IP 45mg, D-panthenol IP 5mg, vita-
min B

6
 IP 2mg, vitamin C IP 75 mg, folic acid 1000mcg,

vitamin B
12

 IP 5mcg, dibasic calcium phosphate IP 70
mg, copper sulphate BP 0.1mg, zinc sulphate monohy-
drate USP 28.7 mg equivalent to 10.4 mg of elemental
zinc, potassium iodide IP 0.025 mg, and light magnesium
oxide IP 0.15 mg. The other group was not provided with
supplements. In each group, 5 subjects were withdrawn
from the trial before the end. All the withdrawals were
due to non-compliance with the rehabilitation program,
or with micronutrient treatment. Statistical analyses were
performed on the non-supplemented group of 80 sub-
jects, and supplemented group of 80 subjects (all males).
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Vitamin and carotenoid status, and measurements of bio-
logical indices were determined at the baseline, and af-
ter 21 days of supplementation. Ten ml of venous blood
samples from overnight fasting individuals were col-
lected. The blood samples were collected in plain tubes,
and serum was separated by centrifuging at 2500 rpm
for 7 minutes at room temperature, and was used for
estimation of serum gamma-glutamyl transferase (GGT),
glutamic-oxaloacetic transaminase (SGOT), glutamic-
pyruvic transaminase (SGPT), and beta carotene, vita-
min E, vitamin C and malondialdehyde (MDA).
Haemolysed and turbid samples were discarded. Blood
samples collected in EDTA tubes were used for estimat-
ing MCV. All fine chemicals used in this study were from
Sigma (St Louis, MO, USA), and other reagents were
obtained from E-Merck, India Ltd.

The serum lipid peroxidation was estimated by
thiobarbituric acid (TBA) reactivity.25,26  Malondialdehyde
(MDA) and end-products of fatty acid peroxidation re-
act with TBA to form a coloured complex that has maxi-
mum absorbance at 532 nm. MDA values were calcu-
lated from the absorbance coefficient of MDA-TBA
complex at 532 nm, 156,000 cm-1 mol-1. Serum vitamin E
was estimated by the method of Baker et al.27 Vitamin E
from serum was extracted into n-heptane, which reacts
with ferric chloride, and reduces ferric to ferrous ions.
Ferrous ions then form a red coloured complex with 2,2-
dipyridyl, which was read at 520 nm. The method pro-
posed by Kyaw was used to estimate serum vitamin C.28

Vitamin C from serum reacts with phosphotungstate to
give a blue colour that has maximum absorbance at 600
nm. All spectrophotometric readings were taken on
Shimadzu UV-160A, UV-Visible Recording Spectropho-
tometer. All the samples were run in duplicate, differ-
ences were statistically assessed using student t-Test,29

by using statistical software MINITAB; ONE-WAY
ANOVA was applied. The results obtained were ex-
pressed as Mean ± standard deviation (SD). For all com-
parisons, a p value < 0.05 was considered to be statisti-
cally significant.

Results
At baseline, the remaining subjects in the supplemented
and in non-supplemented groups were similar in terms of
age, alcohol intake, as well as anthropometric indices
(Table 1), and biological characteristics: GGT, SGOT,
SGPT activities and MCV (Table 2). After the 21-day
rehabilitation program GGT, SGOT, SGPT activities and

MCV significantly decreased (Table 2), whereas an-
thropometric indices significantly increased (Table 1).
At entrance in the study, no significant difference was
observed between supplemented and non-supplemented
group for vitamin C, vitamin E, beta-carotene and serum
MDA levels (Table 2). In non-supplemented group af-
ter the 21 days of rehabilitation, serum concentrations of
vitamin E and beta carotene were unaltered, whereas
serum vitamin C levels increased significantly (p<0.001),
and serum MDA levels decreased significantly (p<0.05).
At the end of the hospital stay, serum indicators signifi-
cantly improved in the supplemented group for vitamin
E, beta carotene and also MDA (p<0.001).

Discussion
The alcohol abuser group was carefully controlled, and
withdrawal was monitored. However, subjects were se-
lected according to strict criteria, and biological markers
of alcohol consumption (GGT and MCV), and
hepatocellar injury (SGOT and SGPT) were measured.
The levels of biological markers of alcohol consumption
and hepatocellar injury at entrance (GGT, MCV, SGOT
and SGPT) were higher in the group of alcohol-depen-
dent patients. The enzyme markers of liver cell mem-
brane disruption (SGOT and SGPT) normalized after
three weeks of abstinence, contrary to GGT activity and
MCV. Generally, in abstinent patients without liver dis-
ease, SGOT and SGPT activities return to normal after
three weeks, GGT activity after six to eight weeks, and
MCV after three months.30

It is well known that antioxidant status plays a critical
role in the defense against oxidative stress. In this study,
it was observed that there is a significant decrease in
antioxidant status with respect to vitamin E, C and beta
carotene, which may be due to increased demands of
vitamin E due to enhanced oxidative stress. These ob-
servations are in agreement with that of others.31-33

Dupont et al reported an 18% decrease in vitamin E con-
centration in alcoholic patients.34 Alpha tocopherol can
act as chain-breaking antioxidant to prevent lipid
peroxidation. When this antioxidant defense is impaired,
free radicals cause cell injury. Alpha tocopherol stops
lipid peroxidation by trapping the free radicals. In this
process, alpha tocopherol is converted to alpha
tocopheroxyl radical. Vitamin C regenerates  alpha to-
copherol from  alpha tocopheroxyl radical. Vitamin C
may have an important role in regeneration of reduced
form of vitamin E.35-37 It is known that vitamin C defi-
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Table 1 Physical Findings of Subjects Before and After 3 Weeks of Alcohol Rehabilitation (Supplement and Nil Supplement
Group)a

Parameters Groups Before Rehabilitation After Rehabilitation

Age (years) Nil Supplement 37.28±5.3

Supplement 36.60±6.2

Alcohol intake (g/day) Nil Supplement 99.6±15.9 ~

Supplement 101.3±10.6 ~

Anthropometric Index@ Nil Supplement 0.14±0.017 0.20±0.04***

Supplement 0.13±0.013 0.22±0.05***

a  Results are expressed as mean ± standard deviation.
*** p< 0.001; rehabilitation effect for both groups in ANOVA for repeated values.
Differences in change between Nil Supplement and Supplement groups were non-significant for all variables.
~ alcohol intake was absent during rehabilitation programme
@ Age independent anthropometric indices = (Weight in kg x 100) / (Height in cm)2     (Normal range = 0.15-0.16)

Table 2 Characteristics and Serum Concentrations of Malondialdehyde, Vitamin E, Beta Carotene and Vitamin C in
Subjects Before and After 3 Weeks of Alcohol Rehabilitation (Nil Supplement and Supplement Group) a

Parameters Groups Before Rehabilitation After Rehabilitation

GGT (11-50 U/I at 37°C) Nil Supplement 188.92±7.9 46.88±8.3***

Supplement 183.76±8.8 33.45±2.9***

MCV (82-98 fL) Nil Supplement 115.3±3.9 93.4±4.1***

Supplement 110.7±1.1 96.4±4.1***

SGOT (0-40 IU/L) Nil Supplement 74.70±1.2 31.43±5.5***

Supplement 76.10±1.3 29.65±7.2***

SGPT (0-40 IU/L) Nil Supplement 54.55±0.87 23.88±1.4***

Supplement 56.18±4.2 34.49±1.4***

MDA (nmol/ml) Nil Supplement 4.12±0.24 1.13±0.35*

Supplement 4.30±0.34 0.82±0.32***

Beta Carotene (mg/dl) Nil Supplement 82.7±0.8 89.49±0.5 #

Supplement 86.7±0.6 116.57±0.6***

Vitamin E (mg/dl) Nil Supplement 0.56±0.23 0.59±0.24 #

Supplement 0.43±0.14 1.16±0.19***

Vitamin C (mg/dl) Nil Supplement 0.70±0.20 1.21±0.6***

Supplement 0.75±0.2 1.25±0.2***

a  Results are expressed as mean ± standard deviation.
* p< 0.05; rehabilitation effect for both groups in ANOVA for repeated values.
*** p< 0.001; rehabilitation effect for both groups in ANOVA for repeated values.
Differences in change between Nil Supplement and Supplement groups were non-significant for all variables.
# Non-significant difference of parameter on rehabilitation
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ciency occurs in alcoholism due to primary malnutrition,
or reduced dietary intake. Due to reduced concentration
of vitamin C,  alpha tocopherol may not be regenerated
from  alpha tocopheroxyl radical at the same rate at which
the latter is produced. Hence the concentrations of  al-
pha tocopherol are found to be reduced in alcohol de-
pendent patients.33,38,39 This suggests that oxidative stress
continues in the case of chronic alcohol intoxication.

During the rehabilitation period of 21 days, it was ob-
served in the non-supplemented group that there was an
increase in serum levels of vitamin C. Moreover, serum
alpha tocopherol and  beta carotene levels were not af-
fected, but serum MDA level decreased significantly at
the end of hospital stay. After abstinence, it was observed
that there was a statistically significant increase in the
levels of serum beta carotene, alpha tocopherol and vi-
tamin C, and a decrease in the levels of serum MDA
concentration of alcohol-dependent supplemented group.
This suggests a specific effect of withdrawal and micro-
nutrient supplementation on serum antioxidant vitamins
and lipid peroxidation.

At the end of the trial, it was observed that higher serum
concentrations of vitamin C, alpha tocopherol, and beta
carotene occurred in participants who received multi-
supplement during the 21-day rehabilitation, than in the
non-supplemented group. Such improvement after supple-
mentation with physiological amounts of vitamins,  beta
carotene and trace elements has been previously de-
scribed in healthy individuals.40 The role of alcohol in
vitamin C status is complex, and probably involves
behavioural as well as metabolic influence. Alcohol con-
sumption may reduce the intake and bioavailability of vi-
tamin C, and increase urinary excretion,41-44 as well as
the requirement due to increased free radical activity
associated with ethanol metabolism.45,46 During alcohol
rehabilitation, inverse processes probably occur and could
explain the large response to vitamin C intake.

In conclusion, the results indicate that short-term supple-
mentation (21 days) with moderate doses of antioxidant
vitamins such as vitamin E, vitamin C and beta carotene
during an alcohol rehabilitation program clearly improves
micronutrient status, and minimizes oxidative stress, i.e.,
lipid peroxidation.

REFERENCES
1. Spencer S, Elizabeth J. The role of aldehyde oxidase in

ethanol-induced hepatic lipid peroxidation in the rat.
Biochem J 1990; 268(3): 579-583.

2. Spencer S, Elizabeth J. Ethanol-induced iron mobilization:
Role of acetaldehyde-aldehyde oxidase generated super-
oxide radical. Biol Med 1990; 9(1): 11-17.

3. Mendenhall CL, Weesner RE. Alcoholism. Kaplan LA,
Pesce AJ (editors). Clinical Chemistry. Mosby Year Book
1996; 682-695.

4. Kulkarni AP, Byczkowski JZ, Hodgson E, Levi P (editors).
Introduction to Biochemical Toxicology. 1994. Appleton &
Lange. 459-490.

5. Filiberti R, Giacosa A, Brignoli O. High-risk subjects for
vitamin deficiency. Eur J Cancer (Suppl 1) 1997; S37-S42.

6. Van Gossum A, Closset P, Noel E, Cremer M, Neve J. Defi-
ciency in antioxidant factors in patients with alcohol-re-
lated chronic pancreatitis. Digest Dis Sci 1996; 41: 1225-
1231.

7. Hageman JJ, Bast A, Vermeulen NP. Monitoring of oxida-
tive free radical damage in vivo: analytical aspects. Chem
Biol Interact 1992; 82: 243-293.

8. Chow CK. Vitamins and related dietary antioxidants. In:
Dreosti IE (ed). Trace Elements, Micronutrients and Free
Radicals. 1992. Humana Press. 129-147.

9. Cheer SZ, Keen CL. Essential trace elements in antioxidant
processes. In: Dreosti IE (ed). Trace Elements, Micronutri-
ents and Free Radicals. 1992. Humana Press. 107-125.

10. Sies H, Stahl W, Sundquist AR. Antioxidant functions of
vitamins. Vitamins E and C, beta-carotene, and other caro-
tenoids. Ann NY Acad Sci 1992; 669: 7-20.

11. Lecomte E, Herbeth B, Pirollet P, Chancerelle Y, Arnaud J,
Musse N, et al. Effect of alcohol consumption on blood
antioxidant nutrients and oxidative stress indicators. Am J
Clin Nutr 1994; 60: 255-261.

12. Lecomte E, Grolier P, Herbeth B, Pirollet P, Musse N, Paille
F, et al. The relation of alcohol consumption to serum caro-
tenoid and retinol levels. Effects of withdrawal. Int J Vita-
min Nutr Res 1994; 64:170-175.

13. Ewing JA. Detecting Alcoholism: The CAGE Questionnaire.
JAMA 1984; 252: 190-197.

14. Ewing JA, Rouse BA. Identifying the hidden alcoholic.
Presented at the 29th International Congress on Alcohol
and Drug Dependence, Sydney, Australia, Feb 3 1970.

15. Mayfield D, Mcleod G, Hall P. The CAGE Questionnaire:
Validation of a new Alcoholics Screening Instrument. Am J
Psychiatry 1974; 131: 1121-1123.

ORIGINAL PAPER:  A STUDY AFTER  MICRONUTRIENT SUPPLEMENTATION DURING ALCOHOL REHABILITATION



34 JOURNAL OF THE INDIAN SOCIETY OF  TOXICOL OGY (J IS T) VO L 006   ISSUE 001   JAN-JUN 2010

16. Selzer ML. The Michigan Alcoholism Screening Test: The
quest for a new diagnostic instrument. Am J Psychiatry
1971; 127: 1653-1658.

17. Selzer ML, Vinokur A, Van Rooijen L. A self-administered
short Michigan Alcoholism Screening Test (MAST). J Stud
Alcohol 1975; 36: 117-126.

18. Babor TF, De La Fuente JR, Saunders J, et al. AUDIT, The
Alcohol Use Disorders Identification Test Guidelines for
Use in Primary Health Care. 1992. World Health Organiza-
tion, Geneva.

19. Bohn MJ, Babor TF, Kranzler HR. The Alcohol Use Disor-
ders Identification Test (AUDIT): Validation of a screen-
ing instrument for use in medical settings. J Stud Alcohol
1995; 6(4): 423-432.

20. Stockwell T, Sitharathan T, McGrath, Lang E. The mea-
surement of alcohol dependence and impaired control in
community sample. Addiction 1994; 69:167-174.

21. Fagerstrom KO. Measuring degree of physical dependence
to tobacco smoking with reference to individualization of
treatment. Addict Behaviors 1978; 3: 235-241.

22. Pomerleau CS, Carton SM, Lutzke ML, et al. Reliability of
the Fagerstrom Tolerance questionnaire and the Fagerstrom
Test for Nicotine Dependence. Addict Behaviors 1994; 19:
33-39.

23. Heatherton TF, Kozlowski LT, Frecker RC, et al. The
Fagerstrom Test for Nicotine Dependence: A revision of
Fagerstrom Tolerance questionnaire. Br J Addict 1991; 86:
1119-1127.

24. Mahajan BK, Gupta MC. Textbook of Preventive and So-
cial Medicine. 2nd edn, 1995. New Delhi: Jaypee Broth-
ers.134-135.

25. Wilbur KM, Frederick B, Shapiro OW. The thiobarbituric
acid reagent as a test for the oxidation products of unsat-
urated fatty acids by various agents. Arch Biochem Biophys
1949; 305-313.

26. Buege JA, Aust SD. Microsomal lipid peroxidation. In:
Methods in Enzymology. 1978. London: Academic Press.
302-310.

27. Baker H, Frank O. Determination of serum alpha-tocopherol.
In: Gokenlock AH, McMurray JR, Mehauchian DM. Varley's
Practical Clinical Biochemistry. 6th edn, 1968. London:
William Heinemann Medical Books Ltd. pp.902-903.

28. Kyaw A. A simple colorimetric method for ascorbic acid
determination in blood plasma.  Clinica Clinica Acta 1978;
86: 153-157.

29. Stell RGU, Torrie JH. Principles and Procedures of Statis-
tics. 1960.  New York: McGraw Hill. p.78.

30. Keso L, Salaspuro M. Laboratory tests in the follow-up of
treated alcoholics: how often should testing be repeated?
Alcohol Alcohol 1990; 25: 359-363.

31. Dupont I, Bodenez P, Berthou F, Simon B, Bardou LG, Lucas
D. Cytochrome P4502E1 activity and oxidative stress in
alcoholic patients. Alcohol Alcohol 2000; 35(1): 98-103.

32. Lecomte E, Herbeth B, Pirollet P, Chancerelle Y, Arnaud J,
Musse et al. Effect of alcohol consumption on blood anti-
oxidant nutrients and oxidative stress indicators, Clin Nutr
1994; 60: 255-261.

33. Poli G. Liver damage due to free radicals. Br Med Bull 1993;
49(3): 604-620.

34. Gunn-Elin AB, Johnsen J, Bjomeboe A, Skylv N, Morland
J. Diminished serum concentration of  vitamin E  in alco-
holics. Ann Nutr Metab 1988; 32: 56-61.

35. Kojos IH. Interactions between vitamin C and vitamin E
are observed in tissues of scorbutic rats. J. Nutr 1997; 127:
2060-2064.

36. Beyer RE. The role of ascorbate in antioxidant protection
of biomolecules: Interaction with vitamin E and coenzyme
Q. J Bioenerg Biomembr 1994; 26: 349-358.

37. Lass A, Sohal RS. Effect of coenzyme Q10 and alpha toco-
pherol content of mitochondria on production of superox-
ide anion radicals. FASEB J 2000; 14: 87-94.

38. Bonjour JP. Vitamins and alcoholism. Int J Vitam Nutr Res
1981; 51: 307-318.

39. Wayner DDM, Burton GW, Ingold KU, Barclay LRC, Locke
SJ. The relative contributions of vitamin E, urate, ascor-
bate and proteins to the total peroxyl radical-trapping anti-
oxidant activity of human blood plasma. Biochem Biophys
Acta 1987; 924: 408-419.

40. Preziosi P, Galan P, Herbeth B, Valeix P, Roussel AM, Malvy
D, et al. Effects of supplementation with a combination of
antioxidant vitamins and trace elements at nutritional doses,
on biochemical indicators and markers of the antioxidant
system in adult subjects. J Am Coll Nutr 1998; 17: 244-249.

41. World MJ, Ryle PR, Thomson AD. Alcoholic malnutrition
and the small intestine. Alcohol Alcohol 1985; 20: 89-124.

42. Fazio V, Flint DM, Wahlqvist ML. Acute effects of alcohol
on plasma ascorbic acid in healthy subjects. Am J Clin
Nutr 1981; 34: 2394-2396.

43. Faizallah R, Morris AI, Krasner N, Walker RJ. Alcohol en-
hances vitamin C excretion in the urine. Alcohol Alcohol
1986; 21: 81-84.

44. Hsu JM, Hsieh HS. Ethanol increases urinary and tissue
ascorbic acid concentrations in rats. Proc Soc Exp Biol
Med 1982; 170: 448-452.

45. Nordmann R, Ribiere C, Rouach H. Implication of free radi-
cal mechanisms in ethanol-induced cellular injury. Free
Radical Biol Med 1992; 12: 219-240.

46. Nordmann R. Alcohol and antioxidant systems. Alcohol
Alcohol 1994; 29: 513-522.


