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Summary

Background: Although it is generally accepted that there is
an increased oxidative stress status in alcoholics, the sepa-
rate relevance of oxidative stress following alcohol withdraw-
al is still not understood to this date. There are reports stat-
ing that the increased oxidative stress status in alcoholics
may persist independently of the constant presence of alco-
hol intake, while on the other side, it was demonstrated that
the antioxidant defense mechanism could significantly
increase after alcohol withdrawal.

Methods: In the present work, we were interested in study-
ing the relevance of oxidative stress status in the alcohol
withdrawal processes, by determining some oxidative stress
markers (two antioxidant enzymes: superoxide dismutase —
SOD and glutathione peroxidase — GPX and a lipid peroxi-
dation maker — MDA) after one week and one month of
abstinence, as compared to the baseline and a control group
of subjects.

Results: Our data confirmed the increased oxidative stress
status in alcoholic patients and, more importantly, we dem-
onstrated here a significant decrease of the oxidative stress
status one week and one month following the withdrawal, as
showed by a significant increase in the specific activity of

Address for correspondence:

lonela Lacramioara Serban, MD, PhD

»Gr. T. Popa« University of Medicine and Pharmacy
Department of Physiology

700115, lasi, Romania

Tel: 0040741066760; Fax: 0040232211820
e-mail: ilserban1@yahoo.com

Kratak sadrzaj

Uvod: lako je poznato da kod alkoholi¢ara postoji stanje po-
jacanog oksidativnog stresa, do sada nije zasebno utvrdena
vaznost oksidativnog statusa u apstinenciji. Neki izve$taji go-
vore da stanje poviSenog oksidativnog stresa kod alkoholi-
¢ara moze trajati nezavisno od stalnog unosa alkohola, dok
je s druge strane pokazano da mehanizam antioksidantne
odbrane moze znacajno ojacati posle prestanka konzumira-
nja alkohola.

Metode: U ovom radu nas je zanimalo da prou¢imo vaznost
statusa oksidativnog stresa u procesima odvikavanja od alko-
hola, putem odredivanja nekih od markera oksidativnog stre-
sa (dva antioksidantna enzima: superoksid-dismutaze — SOD
i glutation-peroksidaze — GPX, kao i markera lipidne peroksi-
dacije — MDA) posle nedelju dana i posle mesec dana apsti-
nencije i poredenja sa nivoima na pocetku studije i u kontrol-
noj grupi ispitanika.

Rezultati: Nasi podaci potvrduju postojanje pojacanog oksi-
dativnog stresa kod alkoholi¢ara. Stavi$e, pokazali smo ovde
da posle nedelju i posle mesec dana apstinencije dolazi do
znadajnog smanijenja oksidativnog stresa, koje se ogleda u
znacajnom porastu specifi¢ne aktivnosti SOD (p<0,003) kao
i snizenju nivoa MDA (p<0,019). Ipak, u slu¢aju tri markera

List of abbreviations: ANOVA, analysis of variance; DSM-IV-TR,
Diagnostic and Statistical Manual of Mental Disorders IV Text
Revision; GPX, glutathione peroxidase; GR, glutathione re-
ductase; GSH, glutathione; GSSG, oxidized glutathione; MDA,
malondialdehyde; NAC, N-acetylcysteine; NMDA, N-methyl-
D-aspartate; NO, nitric oxide; NOS, NO synthase; ROS, reac-

tive oxygen species; SEM, standard error of the mean; SOD,

superoxide dismutase; TBARS, thiobarbituric acid reactive sub-
stances; WST-1, 2-(4-lodophenyl)-3-(4-nitrophenyl)-5-(2,4-
disulfophenyl)- 2H-tetrazolium, monosodium salt.
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SOD (p<0.003), as well as by a decrease in MDA levels
(p<0.019). Still, in the case of all three markers of oxidative
stress status which we determined, the levels after one week
or one month of abstinence were significantly altered when
compared to controls.

Conclusions: This suggests that severe and prolonged defi-
ciency in the oxidative stress marker levels needs longer than
one month of abstinence to normalize.

Keywords: alcohol, abstinence, oxidative stress

Introduction

Alcohol is the most widely consumed drug world-
wide and its levels of mortality and morbidity are
increasing constantly, considering that alcohol abuse
has been associated with a vast range of pathologic
conditions (1-4).

Oxidative stress is the condition arising from the
imbalance between toxic reactive oxygen species
(ROS) and antioxidant systems (5), being also recog-
nized as a very important mechanism in a variety of
pathologies (6) including neuropsychiatric disorders, as
our group has previously demonstrated (7-11).

Although it is now generally accepted that there
is an increased oxidative stress status in alcoholics,
mainly expressed through a reduction in the general
antioxidant activity (a distinct feature of chronic alcohol
exposure) (12) as well as by increased levels of lipid
peroxidation markers such as malondialdehyde (MDA)
in both cerebrospinal fluid or peripheral venous blood
(13), the relevance of oxidative stress following alcohol
withdrawal is still not understood to this date. There are
reports stating that the increased oxidative stress sta-
tus from alcoholics may persist independently of the
constant presence of alcohol intake, perpetuating a
prooxidative condition in the body even during absti-
nence (14-16). On the other side, it was demonstrat-
ed that the antioxidant defense mechanism (as repre-
sented for example by superoxide dismutase — SOD,
the first antioxidant enzyme in the way of the free rad-
icals) could significantly increase after alcohol with-
drawal (12, 17). In fact, for the specific activity of
SOD, there is a multitude of controversial studies,
indicating an increase following alcohol withdrawal
(as mentioned before), as well as a decrease (18, 19)
or modifications, irrespective of alcohol ingestion or
abstinence, or the kind of treatment administered
(12, 15).

Thus, in the present report, we were interested
in studying the relevance of oxidative stress status in
the alcohol withdrawal processes, by determining
some oxidative stress markers (two antioxidant enzy-
mes — SOD and glutathione peroxidase and a lipid
peroxidation maker — MDA) after one week and one
month of abstinence, as compared to the baseline
(oxidative stress status at the time of entry into the
study) and a control group of subjects.

statusa oksidativnog stresa koje smo odredili, nivoi posle ne-
delju i posle mesec dana apstinencije bili su znac¢ajno izme-
njeni u poredeniju sa kontrolnom grupom.

Zakljuéak: Ovo ukazuje da je potrebno vise od mesec dana
apstinencije kako bi se normalizovala ozbiljna i produzena
deficijencija u nivoima markera oksidativnog stresa.

Kljuéne reci: alkohol, apstinencija, oksidativni stres

Methods

The study included 33 patients aged between
26 and 79 years (average 45.2+3.58 years), all of
them males. They fulfilled the Diagnostic and
Statistical Manual of Mental Disorders IV Text
Revision (DSM-IV-TR) diagnostic criteria of alcohol
dependence and were scheduled to be admitted to
the alcohol detoxification ward (no. Il B) for further
alcohol dependence rehabilitation in the Psychiatry
University Hospital, lasi, Romania. Alcohol consump-
tion was stopped abruptly at admission.

Alcoholic patients without illicit drug use, chron-
ic systemic disease or severe mental disorders were
selected. They were all treated with diazepam or
lorazepam and also supplemented with vitamins from
the B group (B1+B6). The detoxification ward was a
restricted environment for one week to one month for
the patients included in the study, who received iden-
tical meals provided by the hospital. However, only 19
from the initial 33 patients remained in the ward for
one month, for the final blood collection, since most
of them decided to drop out of the study (withdrawal
symptoms ameliorated and discharge at patients’
request or refusal to give another sample of blood).

The control group (n="18) included healthy age-
and sex-matched subjects without known physical or
psychiatric illnesses which were identified by clinical
interview and routine laboratory tests. They also did
not meet the diagnostic criteria of alcohol abuse or
dependence in the past nor abusive alcohol con-
sumption during the previous two months.

The study was conducted according to provi-
sions of the Helsinki Declaration and the local ethics
committee approved the study. All the patients or
their families signed the consent for the participation
in this study.

Biochemical estimations

Blood samples were collected at baseline
(n=33), after one week (n=33) and after one month
(n=19), in the morning, before breakfast, allowed to
clot and centrifuged immediately. Serum was aliquot-
ed into Eppendorf tubes and stored at —40 °C until
measurement.
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The classical biological markers of chronic alco-
holism such as gamma-glutamyltransferase, aspartate
transaminase and alanine aminotransferase were
determined, being significantly higher in alcoholic
patients at baseline, when compared to controls.
Additionally, all these markers decreased significantly
after 1 week and 1 month of detoxification (data not
shown).

Superoxide dismutase (SOD) activity was mea-
sured by the percentage reaction inhibition rate of
enzyme with WST-1 (2-(4-lodophenyl)-3-(4-nitro-
phenyl)-5-(2,4-disulfophenyl)- 2H-tetrazolium, mono-
sodium salt) substrate (a water soluble dye) and xan-
thine oxidase using an SOD Assay Kit (FLUKA,
19160) according to the manufacturer’s instructions.
Each endpoint assay was monitored by absorbance at
450 nm (the absorbance wavelength for the colored
product of WST-1 reaction with superoxide anions)
after 20 minutes of reaction time at 37 °C. The per-
cent inhibition was normalized by mg protein and
presented as SOD activity units.

The glutathione peroxidase (GPX) activity was
measured using the GPX cellular activity assay kit
CGP-1 (SIGMA). This kit uses an indirect method,
based on the oxidation of glutathione (GSH) to oxi-
dized glutathione (GSSG) catalyzed by GPX, which is
then coupled with recycling GSSG back to GSH utiliz-
ing glutathione reductase (GR) and NADPH. The de-
crease in NADPH at 340 nm during oxidation of
NADPH to NADP is indicative of GPX activity.

Malondialdehyde levels were determined by
thiobarbituric acid reactive substances (TBARs) assay.
Two hundred pL of serum was added and briefly
mixed with 1 mL of trichloroacetic acid at 50%, 0.9
mL of TRIS-HCI (pH 7.4) and 1 mL of thiobarbituric
acid 0.73%. After vortex mixing, samples were main-
tained at 100 °C for 20 minutes. Afterwards, samples
were centrifuged at 3000 rpm for 10 min and super-
natant read at 532 nm. The signal was read against
an MDA standard curve, and the results were
expressed as nmol/mL.

Data analysis

The levels of oxidative stress markers (SOD,
GPX and MDA) were statistically analyzed by using
one-way analysis of variance (ANOVA). All results are
expressed as mean * the standard error of the mean
(SEM). Post hoc analyses were performed using
Tukey’s honestly significant difference test in order to
compare baseline, one week and one month groups.
F values for which p<0.05 were regarded as statisti-
cally significant.

Results

Regarding the specific activity of SOD, which is
of course the first enzyme in the way of ROS, we
report here a significant decrease at both baseline
time (F(1.49)=54, p<0.0001), as well as in the case
of measurements that were taken after one week
(F(1.49)=11, p=0.001) or one month (F(1.35)=17,
p<0.0001) after withdrawal, when compared to our
set of control subjects (Figure 1).

Moreover, when we applied the post hoc analy-
sis, we observed significant differences between the
baseline and one week (p<0.0001) or baseline vs.
one month groups (p=0.003), as well as between one
week and one month groups (p=0.003) (Figure 1).

Also, in the case of the other antioxidant enzyme
we determined here, GPX, we observed a significant
decrease at the baseline time (F(1.49)=7, p=0.01),
as well as after 1 week (F(1.49)=9, p=0.004) or one
month (F(1.35)=17, p=0.01) after withdrawal, as
compared to the control group (Figure 2).
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Figure 1 Superoxide dismutase (SOD) specific activity in the
serum of control subjects, baseline and alcohol abstinent
patients after one week and one month. The values are mean
+ SEM (n=18 in control group, n= 33 in baseline and one
week groups and n=19 in one month group). **p<0.001;
***p<0.0001. For post hoc analysis — a (baseline vs. one
week): p<0.0001; b (one week vs. one month): p=0.003;
¢ (baseline vs. one month): p=0.003.
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Figure 2 Glutathione peroxidase (GPX) specific activity in
the serum of control subjects, baseline and alcohol abstinent
patients after one week and one month. The values are mean
+ SEM (n=18 in control group, n=33 in baseline and one
week groups and n=19 in one month group). *p=0.01;
**p=0.004.
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Figure 3 The levels of malondialdehyde (MDA) in the serum
of control subjects, baseline and alcohol abstinent patients
after one week and one month. The values are mean = SEM
(n=18 in control group, n=33 in baseline and one week
groups and n=19 in one month group). ***p<0.0001. For
post hoc analysis — a (baseline vs. one week): p=0.019; b
(baseline vs. one month): p=0.004.

Additionally, in this case, the post hoc analysis
showed no significant differences between baseline
and one week (p=0.27) or baseline vs. one month
groups (p=0.98), as well as between one week and
one month groups (p=0.28) (Figure 2).

When we determined the serum levels of MDA,
as a fundamental parameter of the lipid peroxidation
processes, we observed a very significant increase
in the MDA levels at baseline (F(1.49)=13,
p<0.0001), when compared to control subjects
(Figure 3). Still, the levels of MDA were normal after
one week (F(1.49)=2, p=0.11) and one month
(F(1.35)=1, p=0.2), since no significant differences
were observed in these two groups (one month and
one week), when compared to controls (Figure 3).

Additionally, the post hoc analysis for MDA lev-
els showed significant differences between baseline
and one week determinations (p=0.019), as well as
between baseline and one month (p=0.004). How-
ever, no significant differences regarding the concen-
trations of MDA were found between one week and
one month determinations (p=0.4) (Figure 3).

Discussion

Our present data confirmed the increased
oxidative stress status in alcoholic patients and, more
importantly, we demonstrated here a significant
decrease in the oxidative stress status one week and
one month following the withdrawal, as showed by a
significant increase in the specific activity of SOD, as
well as by a decrease in MDA levels, when compared
to baseline. As mentioned, we demonstrated an
increased oxidative stress status in the patients with
alcohol dependence, considering the reduced specif-
ic activity of both SOD and GPX, completed by the
significant increase in MDA, as a specific marker of

the lipid peroxidation processes, when compared to
our age-matched subjects.

These aspects are consistent with previous
reports stating that the antioxidant activity is lower in
chronic alcoholics than in control subjects. This was
demonstrated for the antioxidant enzymes such as
SOD, GPX and CAT (12, 19, 20), but also for the
classic antioxidants such as glutathione (21). Also,
the lipid peroxidation processes, as evaluated through
the various levels of thiobarbituric acid reactive sub-
stances (TBARS), were reported to be significantly
decreased in the CSF or blood of chronic alcohol con-
sumers (16, 22, 23).

The mechanistics responsible for these effects
are mainly represented by the mobilization of Fe3+
ions, acetaldehyde, as well as an alcohol-induced
increase in NADPH-oxidases (1, 24, 25). Also, the
alcohol-inducible cytochrome P450 isoform 2EA
(CYP2E1) seems to play a very important role in
chronic alcohol consumers by generating an in-
creased rate of ROS formation (19, 26, 27).

Regarding the withdrawal processes and rele-
vance of oxidative stress in this matter, there are a lot
of controversial results. In this way, as we previously
mentioned for SOD, the first antioxidant enzyme
against reactive oxygen species, both increased (12,
17) or decreased (16, 18) specific activity was report-
ed following withdrawal.

Similarly, in the case of GPX, there are reports
describing a significant decrease in its specific activity
following withdrawal (12), while other authors failed
to find any significant modification in GPX during
abstinence (28). Also, for MDA, the main marker of
the lipid peroxidation processes, while several studies
have found elevated levels in the serum of patients
undergoing alcohol withdrawal (20, 22, 29), there
are also reports describing clear reductions in the var-
ious markers lipid peroxidation following alcohol with-
drawal (12, 30).

Regarding the results we obtained in the present
study, we report here a significant decrease in the
oxidative stress status both one week and one month
following the withdrawal, as showed by a significant
increase in the specific activity of SOD, as well as by
a decrease in MDA levels, when compared with those
at baseline. Still, no significant modifications between
the levels of GPX at baseline, one week and one
month were observed. One possible explanation for
this could be the fact that SOD is the most sensitive
to and the primary defense against ROS damage (5),
exhibiting prompt compensation processes when
encountering or not heavy oxidative injury. Therefore,
it is possible for the compensatory modifications of
GPX to be less sensible, as compared to SOD.

However, in the case of all three markers of the
oxidative stress status we determined here, the levels
from one week or one month of abstinence were sig-
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nificantly altered when compared to our age-matched
group of control subjects, suggesting that severe and
prolonged deficiency in their specific activity and lev-
els needs longer than one month of abstinence to
normalize. Therefore, additional experiments from
our group are underway regarding the oxidative stress
status in patients with alcohol dependence following
3, 6 or 12 months after withdrawal.

Also, despite some opinions that in fact the so-
called detoxification of alcohol-dependent patients
still leads eventually to a restoration of the prooxidant
processes (16), it was also very recently demonstrat-
ed that oxidative stress could be relevant for the ame-
liorative processes that would actually appear after a
period of abstinence in pathologies like alcoholic hep-
atitis (31). In this way, the Wang group showed that
SOD, as well as glutathione levels, were increased in
alcoholic hepatitis patients with abstinence, when com-
pared to those without abstinence, while the levels of
MDA were significantly decreased (31).

It seems that glutamatergic neurotransmission
could be extremely relevant for the oxidative stress
mechanisms during alcohol abstinence (18). Hence,
Tsai et al. demonstrated that the augmentation of this
excitatory neurotransmission may lead to enhanced
oxidative stress, which together with reduced inhibito-
ry neurotransmission may contribute to the symptoms
of ethanol withdrawal and be associated with its neu-
rotoxicity (18).

Another important aspect could be represented
by the N-methyl-D-aspartate (NMDA) toxicity, which
is known as an important mechanism in the alcohol
withdrawal symptoms, by increasing both ROS and
nitric oxide (NO), through the upregulation of NO
synthase (NOS) (22, 32). This could be very impor-
tant, considering that lately there is an increased
awareness regarding the interactions that might exist
between the oxidative and nitrosative stress status in
various cellular insults (33). Moreover, as it was
demonstrated in some animal studies, NOS inhibition
resulted in an attenuation of alcohol withdrawal
symptoms (19, 34).

Of course, all the aforementioned aspects lead
to the idea of using antioxidants in order to amelio-
rate damage done by alcohol consumption and absti-
nence. Thus, N-acetylcysteine (NAC) was proposed
for the improving of myocardial oxidative stress in
alcoholic heart disease, an important pathologic
condition associated with alcoholism. The protective
effects of NAC could be also explained by the fact
that it is required for glutathione biosynthesis, thus
inhibiting ROS toxicity (35). Additionally, it was dem-
onstrated that alcohol-induced oxidative stress could be

inhibited by NAC administration (36, 37). Moreover,
it was showed that in fact NAC intake and ethanol
abstinence interact synergistically in order to improve
the hepatic antioxidant defenses and to decrease the
serum lipids concentrations (37). It was also demon-
strated relatively recently (38) that procysteine could
increase alcohol-depleted glutathione stores in the
plantaris muscle of some rat models, after a period of
abstinence, considering that chronic alcohol abuse
may lead to a variety of skeletal muscle complica-
tions, including atrophy, altered gait and impaired
mobility (38).

There are, of course, several limitations of our
present study, including the lack of vigorous control
for the diet, body mass index and alcohol concentra-
tions consumed before withdrawal, as well as the lim-
ited number of patients used and also the relatively
short period of time chosen for the observation. Still,
further studies regarding the aforementioned markers
and their relevance in the present study are underway
right now by our group, as well as additional experi-
ments regarding the oxidative stress status in patients
with alcohol dependence following 3, 6 or 12 months
after withdrawal.

Another aspect could be represented by the fact
that the patients took antioxidants such as the B
group vitamins, but this could not be avoided since it
represents a classical way to treat this kind of patients.
Still, all the patients took without any exceptions
exactly the same combination of B1+B6 vitamins.

Conclusions

Our present study confirmed the increased
oxidative stress status in alcoholic patients (as showed
by decreased antioxidant enzymes and increased lipid
peroxidation). We also demonstrated here a signifi-
cant decrease in the oxidative stress status one week
and one month following the withdrawal, as showed
by a significant increase in the specific activity of
SOD, as well as by a decrease in MDA levels, when
compared to baseline. Still, in the case of all three
markers of the oxidative stress status which we deter-
mined (SOD, GX and MDA), the levels from one
week or one month of abstinence were significantly
altered when compared to controls, suggesting that
severe and prolonged deficiency in their levels needs
longer than one month of abstinence to normalize.

Conflict of interest statement

The authors stated that there are no conflicts of
interest regarding the publication of this article.



J Med Biochem 2014; 33 (3)

289

References

1. Seiva FR, Amauchi JE Rocha KK, Ebaid GX, Souza G,
Fernandes AA, et al. Alcoholism and alcohol absti-
nence: N-acetylcysteine to improve energy expendi-
ture, myocardial oxidative stress, and energy metabo-
lism in alcoholic heart disease. Alcohol 20093; 43:
649-56.

2. Ferreira MP Willoughby D. Alcohol consumption: the
good, the bad, and the indifferent. Appl Physiol Nutr
Metab 2008; 33: 12-20.

3. Sutherland GT, Sheahan PJ, Matthews J, Dennis CV,
Sheedy DS, McCrossin T, et al. The effects of chronic
alcoholism on cell proliferation in the human brain. Exp
Neurol 2013; 247: 9-18.

4. Montoya ID. The pathology of alcohol use and abuse.
Clin Lab Sci 2013; 26: 15-22.

5. Sies H. Oxidative stress: oxidants and antioxidants. Exp
Physiol 1997; 82: 291-5.

6. Hamad M, Awadallah S, Nasr H. The relationship
between haptoglobin polymorphism and oxidative stress in
hemodialysis patients. ] Med Biochem 2013; 32: 220-6.

7. Ciobica A, Hritcu L, Nastasa V, Padurariu M, Bild W.
Inhibition of central angiotensin converting enzyme
exerts anxiolytic effects by decreasing brain oxidative
stress. J Med Biochem 2011; 30: 109-14.

8. Ciobica A, Padurariu M, Dobrin |, Stefanescu C, Dobrin
R. Oxidative stress in schizophrenia — focusing on the
main markers. Psychiatr Danub 2011; 23: 237-45.

9. Ciobica A, Olteanu Z, Padurariu M, Hritcu L. The effects
of low-dose pergolide on memory and oxidative stress in
a 6-OHDA induced rat model of Parkinson’s disease.
Journal of Physiology and Biochemistry 2012; 68:
59-69.

10. Stefanescu C, Ciobica A. The relevance of oxidative
stress status in first episode and recurrent depression.
Journal of Affective Disorders 2012; 143: 34-8.

11. Padurariu M, Ciobica A, Lefter R, Serban IL, Stefanescu
C, Chirita R. The oxidative stress hypothesis in Alzhei-
mer’s disease. Psychiatr Danub 2013; 25.

12. Lecomte E, Herberlk B, Pirollet B Chanterelle Y. Effect of
alcohol consumption on blood antioxidant nutrients and
oxidative stress indicators. Am J Clin Nutr 1994; 60:
255-61.

13. Shaw S. Lipid peroxidation, iron mobilization and radical
generation induced by alcohol. Free Radic Biol Med
1989; 7: 541-7.

14. Lieber CS. Biochemical and molecular basis of alcohol
induced injury to liver and other tissues. N Engl J Med
1988; 319: 1639-42.

15. Marotta F, Reizakovic |, Tajiri H, Safran B Ideo G.
Abstinence-induced oxidative stress in moderate drinkers
is improved by bionormalizer. Hepatogastroenterology
1997; 44: 1360-6.

16. Huang MC, Chen CH, Peng FC, Tang SH, Chen CC.
Alterations in oxidative stress status during early alcohol
withdrawal in alcoholic patients. J Formos Med Assoc
2009a; 108: 560-9.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Guemouri L, Lecomte E, Herbeth B. Blood activities of
antioxidant enzymes in alcoholics before and after with-
drawal. J Stud Alcohol 1993; 54: 626-9.

Tsai GE, Ragan B Chang R. Increased glutamatergic neu-
rotransmission and oxidative stress after alcohol with-
drawal. Am J Psychiatry 1998; 155: 726-32.

Huang MC, Chen CC, Peng FC, Tang SH, Chen CH. The
correlation between early alcohol withdrawal severity and
oxidative stress in patients with alcohol dependence.
Prog Neuropsychopharmacol Biol Psychiatry 2009b; 33:
66-9.

Peng FC, Tang SH, Huang MC, Chen CC, Kuo TL, Yin
SJ. Oxidative status in patients with alcohol dependence:
a clinical study in Taiwan. J Toxicol Environ Health A
2005; 68: 1497-5009.

Kannan M, Wang L, Kang YJ. Myocardial oxidative stress
and toxicity induced by acute ethanol exposure in mice.
Exp Biol Med 2004; 229: 553-9.

Yuksel N, Uzbay IT, Karakilic H. Increased serum
nitrite/nitrate (NOx) and malondialdehyde (MDA) levels
during alcohol withdrawal in alcoholic patients. Pharmaco-
psychiatry 2005; 38: 95-6.

Le Lan C, Ropert M, Laine F, Medevielle M, Jard C,
Pouchard M, et al. Serum ceruloplasmin and ferroxidase
activity are not decreased in hepatic failure related to
alcoholic cirrhosis: clinical and pathophysiological impli-
cations. Alcohol Clin Exp Res 2004; 28: 775-9.

Shaw S, Jayatilleke E. Ethanol-induced iron mobilization:
role of acetaldehyde-aldehyde oxidase generated super-
oxide. Free Radic Biol Med 1990; 9: 11-17.

Steinberg D, Pearson TA, Kuller LH. Alcohol and athero-
sclerosis. Ann Intern Med 1991; 114: 967-76.

Cederbaum Al. Oxygen radical generation by micro-
somes: role of iron and implications for alcohol metabo-
lism and toxicity. Free Radic Biol Med 1989; 7: 559-67.

Shaw S. Lipid peroxidation, iron mobilization and radical
generation induced by alcohol. Free Radic Biol Med
1989; 7: 541-7.

Girre C, Hispard E, Therond P Effect of abstinence from
alcohol on the depression of glutathione peroxidase
activity and selenium and vitamin E levels in chronic alco-
holic patients. Alcohol Clin Exp Res 1990; 14: 909-12.

Soardo G, Donnini D, Varutti R. Alcohol-induced
endothelial changes are associated with oxidative stress
and are rapidly reversed after withdrawal. Alcohol Clin
Exp Res 2005; 29: 1889-98.

Situnayake RD, Crump BJ, Thurnham DI, et al. Lipid per-
oxidation and hepatic antioxidants in alcoholic liver dis-
ease. Gut 1990; 31: 1311-17.

Wang T, Zhu D, Xu X, Xu Y. The amelioration of AH by
abstinence and the attenuation of oxidative stress.
Hepatogastroenterology 2012; 59: 73-6.

Gunasekar PG, Kanthasamy AG, Borowitz JL, Isom GE.
NMDA receptor activation produces concurrent genera-

tion of nitric oxide and reactive oxygen species: implica-
tion for cell death. J Neurochem 1995; 65: 2016-21.



290 Alexinschi et al.: Relevance of oxidative stress status in alcohol abstinent patients

33.

Bild W, Ciobica A, Padurariu M, Bild V. The interdepend-
ence of the reactive species of oxygen, nitrogen, and car-
bon. J Physiol Biochem 2013; 69: 147-54.

34. Adams ML, Sewing BN, Chen J, Meyer ER, Cicero TJ.

35.

Nitric oxide-related agents alter alcohol withdrawal in
male rats. Alcohol Clin Exp Res 1995; 19: 195-9.

Diniz YS, Rocha K, Souza G, Galhardi C, Ebaid G, Novelli
Filho JL, et al. Effects of N-acetylcysteine on sucrose-rich
diet-induced hyperglycaemia, dyslipidemia and oxidative
stress in rats. Eur J Pharmacol 2006; 543: 151-7.

36.

37.

38.

Ozaras R, Tahan V, Aydin S, Uzun H, Kaya S, Senturk H.
N-acetylcysteine attenuates alcohol-induced oxidative
stress in rats. World J Gastroenterol 2003; 9, 791-4.

Seiva FR, Amauchi JF, Ribeiro Rocha KK, Souza GA,
Ebaid GX, Burneiko RM, et al. Effects of N-acetylcysteine
on alcohol abstinence and alcohol-induced adverse
effects in rats. Alcohol 2009b; 43: 127-35.

Otis JS, Guidot DM. Procysteine increases alcohol-
depleted glutathione stores in rat plantaris following a
period of abstinence. Alcohol 2010; 45: 495-500.

Received: June 13, 2013
Accepted: July 7, 2013



