
12 JOU RNA L OF THE INDI AN SOC IETY OF  TO XIC OL OGY  (J IST) VOL  005   ISSUE 001   JAN-JUNE 2009

Kulkarni SR*, Pratibha Ravindra K**, Dhume CY***, Rataboli PV+, Rodrigues EJ++

ABSTRACT
This study was designed to determine the nitric oxide
metabolism measured as circulating nitrate levels in the
serum of alcoholic patients. Nitric oxide (NO) plays a
significant role in the inflammatory process and has been
implicated in several autoimmune disorders. This study
was carried out prospectively to estimate the levels of
nitrate in the serum, as a surrogate marker of NO pro-
duction, among alcohol-dependent patients. Serum nitrate
concentrations as an index of plasma NO levels were
assessed in alcohol-dependent patients attending the de-
addiction centre of a major hospital.

Total sample size comprised 450 males. Age- and sex-
matched non-alcoholic control population (n=90) was
compared with alcoholics (n=360) of similar socioeco-
nomic status. Serum nitrate concentration was assayed
spectrophotometrically. Stable metabolites of nitrates
were significantly higher in alcoholics compared with their
nonalcoholic controls (p<0.05).

The results may support the involvement of oxidative dam-
age due to high NO concentration, and may be linked to
its excitotoxicity and cytotoxicity in neurons, glia, and
myelin. Generation of NO has been linked to an increased
tendency towards tolerance to alcohol.
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Introduction
Excessive consumption of alcohol (ethanol) by a large
section of the population is still an important medical and
social problem in many countries. It leads to various physi-
cal, mental, social, and psychological changes. Alcohol-
ism is well known to cause fatty liver disease and cirrho-
sis over a period of time. In addition, many neurological
lesions and even cerebral atrophy may develop in alco-
holics.1-5

Ethanol is extensively metabolized in the liver, leading to
the generation of acetaldehyde by the enzymatic activity
in cytosol, microsomes, and peroxisomes. Acetaldehyde
is further oxidized to acetate by acetaldehyde dehydro-
genase in the mitochondria, which results in the genera-
tion of free radicals/reactive oxygen species (ROS).1-6

Additionally, ethanol is metabolized more selectively in
brain microsomes by cytochrome P-450IIE1, which may
result in the generation of ROS.2,3

Oxidation of ethanol by alcohol dehydrogenase gener-
ates NADH, and NADH-dependent production of ROS
by various organelles increases after chronic ethanol
consumption.5,7 These ROS can cause cellular damage
until they are removed by the antioxidant system.
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The antioxidant system includes antioxidant enzymes and
antioxidant substances.2,3,5,6 Nitric oxide (NO) is a highly
diffusible, lipid-soluble, short-lived free radical gas gen-
erated from arginine by NO synthase (NOS, EC1.
14.13.39). It is associated with both physiological and
pathological events in the body, including the brain.8, 9

One of the most important interactions in biological flu-
ids is the reaction of NO with O2 to form nitrite and
nitrate, and its rapid reaction with the superoxide anion
(O 2

-) to form the highly reactive peroxynitrite
(ONOO-).8,9 ONOO- is a strong oxidizing agent that is
capable of hydroxylating and nitrating aromatic com-
pounds, and inducing cellular injury by lipoprotein oxida-
tion, DNA fragmentation similar to that of apoptosis, dam-
aging proteins and plasma lipids, depleting important
plasma antioxidants, and nitration of proteins leading to
cellular dysfunction that damage the endothelium, and
induce thickening of the intima in the arterial walls.6,10

Nitric oxide has important bioregulatory functions in the
immune, cardiovascular, and central nervous systems
(CNS). Its role in physiological and pathological events
may be modulated by alcohol.8,9,11 Kahkonen and
Zvartau12 showed that NO may modulate the cardiovas-
cular system in alcohol withdrawal syndrome. NO syn-
thesized in the CNS produces important effects. It is im-
plicated in, among other things, the control of blood flow,
learning and memory, neurotransmitter release, gene ex-
pression, immune responsiveness, and cell survival.9 Al-
cohol is lipophilic, and readily crosses the blood-brain bar-
rier, and therefore enters the CNS. Alcohol produces nu-
merous effects in the CNS, some of which overlap with
those thought to be modulated or mediated by NO.8,13

The acute and chronic effects of ethanol on the CNS
are complex, involving a range of cell types and signal-
ing systems.

Acute and chronic ethanol exposures have been reported
to lead to excitotoxicity, partially due to increased levels
of NO.5,9,11 Increased free radical formation in the brain
has been shown to be one of the manifestations of acute
and chronic ethanol intoxication.2,3,14 Brain mitochondria
are very susceptible to oxidative injury caused by alco-
hol-induced free radicals.2 Investigators have obtained
variable data concerning the effects of ethanol on brain
and blood total antioxidant activity (AOA), and NO lev-
els. Therefore, the present study was undertaken to in-
vestigate the effect of alcohol consumption on NO lev-
els in the sera of alcohol dependent patients.

Materials & Methods
This study was carried out after getting clearance from
the Institutional Ethical Review Committee, Grant Medi-
cal College & Sir J.J. Groups of Hospitals, Byculla,
Mumbai. Patients were selected as per the flow chart
depicted in Fig 1.

A discrimination procedure was designed to separate al-
coholics from controls and patients with non-alcoholic
hepatic diseases, by using a combination of the most pow-
erful tests. The discrimination model was constructed
with a battery of screening instruments for detecting al-
cohol problems: CAGE,15,16,17 Michigan Alcohol Screen-
ing Test (MAST),18,19 Alcohol Use Disorder Identifica-
tion Test (AUDIT),20,21 and Severity of Alcohol Use Dis-
order Data (SADD).22

Patients between 25 and 45 years of age, willing to par-
ticipate in the study, and with no history of undergoing
long-term medical intervention for conditions such as
cancer, diabetes, advanced alcohol liver disorder, acute
respiratory distress syndrome (ARDS), chronic renal fail-
ure (CRF), cardiovascular diseases (CVS), and other se-
rious medical, surgical, or neurological conditions, were
included in the study. Patients with acute psychotic states
were excluded.

Alcoholic patients (n=450) attending the deaddiction cen-
ter who met the inclusion criteria, and gave their informed
consent were included in the study. These patients were
matched for age, sex and socio-economic status with
normal controls (n=90) who were participating in a
screening programme. These controls were, to their
knowledge, healthy, and had no reason to consult their
local doctors during the preceding 12 months. Further,
their nutritional anthropometry (age-independent anthro-
pometric indices) was evaluated by the method of Rao.23

Exclusion criteria for patients and controls comprised:
1. Patients below 25 and above 45
2. Patients undergoing long-term medical intervention for

cancer, diabetes, advanced alcohol liver disorder, acute
respiratory distress syndrome (ARDS), chronic renal
failure (CRF), cardiovascular diseases (CVS), and
other serious medical, surgical, or neurological condi-
tions.

3. Excessive smoking, evaluated as per Fagerstrom Test
for Nicotine Dependence, with a score more than
15.24, 25, 26
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4. Substance abuse involving cannabis, opiates, and other
psychotropic substances.

5. Patients taking vitamins, antioxidants, or any other sig-
nificant nutritional supplements.

6. Immunocompromised patients, and those in an acute
infectious state.

7. Patients with acute psychotic states.
8. Patients unwilling to participate in study.

A dietary survey of study population was conducted by
oral questionnaire method, to assess the daily consump-
tion of calories, fats, and protein. The daily food intake
was recorded on a proforma, and the values were com-
puted on the basis of standard charts for “Recommended
Dietary Allowances for Indians,”27 and by estimating di-
etary antioxidant vitamins in the blood of study popula-
tion. Further assessment of their socio-economic status
was done based on per capita income and education,
with the help of personal interview.28

Within 24 hours of admission, and overnight fasting con-
ditions, a total of 10ml of venous blood samples were

collected. From blood samples collected in plain tubes,
serum was separated by centrifuging at 2500 rpm for 7
minutes at room temperature, and was used for estima-
tion of serum gamma glutamyl transferase (GGT), se-
rum glutamic-oxaloacetic transaminases (SGOT), serum
glutamic-pyruvic transaminases (SGPT), and beta caro-
tene, vitamins E and C, malondialdehyde (MDA), and
serum nitrite concentration. Haemolysed or turbid samples
were discarded. Blood samples collected in EDTA tubes
were used for estimating MCV.

All the chemicals used in this study were procured from
Sigma Company (St Louis, MO, USA), while other re-
agents were obtained from E-Merck, India Ltd.

Total alcohol content in the liquor samples collected from
the patients were analyzed by gas chromatography.29

Determination of inorganic nitrate in serum was done by
a kinetic cadmium-reduction method.30 Nitrate in serum
was assayed by a modification of the cadmium-reduc-
tion method; the nitrite produced was determined by dia-
zotization of sulfanilamide and coupling to naphthyle-

Assessment
for abuse or
dependence

Screening Tool for heavy
drinker and to differenti-
ate between past and
current alcohol use

Serum nitrate concentration
Serum malondialdehyde
Serum vitamin C
Serum vitamin E
Serum beta carotene
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CAGE, MAST, AUDIT

SADD

Informed consent form

Laboratory testing (such
as GGT, MCV, SGOT,
SGPT)
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Positive (Abnormal)

Standard
validated
questionnaires

Fig. 1 Screening and Diagnosis of Alcoholism
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thylene diamine. After the samples were deproteinized
with somogyl reagent, the nitrate was reduced by Cu-
coated Cd in glycine buffer at pH 9.7 (2.5 to 3g of Cd
granules for a 4 ml reaction mixture).The reduction fol-
lowed pseudo-first order reaction kinetics, a convenient
time interval for assay being 75 to 90 min. Maximum
reduction (85%) occurred at about 2h. Detection limits
in serum were 2 to 250 micromoles/L. This method does
not require the reaction to go to completion, does not
require expensive reagents or equipments, and can be
used to assay several samples simultaneously.

The serum lipid peroxidation was estimated by
thiobarbituric acid (TBA) reactivity.31,32 Malondialdehyde
(MDA) and end-product of fatty acid peroxidation, re-
acts 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.33 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 Ayekyaw was used to estimate serum vitamin
C.34 Vitamin C from serum reacts with phosphotung-
state to give a blue colour that has maximum absorbance
at 600 nm.

All spectrophotometric readings were taken on Shimadzu
UV-160A, UV-Visible Recording Spectrophotometer.
All the samples were run in duplicate, and were statisti-
cally assessed using student t-Test,35 by using statistical
software MINITAB, and were subjected to ONE-WAY
ANOVA. The results obtained were expressed as Mean
± Standard Deviation (SD).

Results
1. Demographic and clinical data (Mean ± SD) of con-

trols and alcoholic patients from three different so-
cioeconomic backgrounds consuming alcohol of three
different qualities, exhibited significantly lower val-
ues of parameters such as Anthropometric Index, in-
dicative of  malnutrition.

2. The results, concerning the  scores of rating scales
and markers of alcoholism in alcoholics versus con-
trol group showed a statistically significant increase
in the rating scales such as CAGE, MAST, AUDIT
and SADD of alcoholics consuming alcohol of differ-
ent qualities from  different socioeconomic background.

3. The results demonstrated statistically significant in-
crease in the GGT, MCV, SGOT, and SGPT values
of all alcoholic patients (p < 0.001) as compared to
their respective controls.

4. A significant increase was observed in the levels of
serum nitrite, and malondialdehyde (MDA), while a
significant decrease in the levels of serum vitamin C,
vitamin E, and vitamin A (beta carotene) concentra-
tion, in alcoholic patients.

Discussion
The study data showed that alcohol-dependent patients
displayed significantly lower levels of dietary antioxidant
vitamins such as vitamin E, vitamin C, and beta caro-
tene, and significantly higher levels of serum MDA, than
their non-alcoholic healthy control group. This is an im-
portant finding in view of the simultaneous deleterious
effects of free radicals on serum constituents. It is well
known that decreased antioxidant activity results in in-
creased lipid peroxidation, which in turn plays a signifi-
cant role in the pathogenesis of various diseases.2,5,14

Many investigators have shown that alcohol decreases
the activity of various antioxidant enzymes and vitamins,
which results in decreased total antioxidant activity. In-
deed, it has been reported that both brain36 and serum37,38

tocopherol levels, and brain3, 39, 40,41 and serum6, 14 ,41-44

activity of some significant antioxidant enzymes were
reduced after ethanol exposure. Husain et al 6 and Aydýn
et al44 reported that chronic ethanol consumption in-
creased plasma malondialdehyde (MDA) levels, and
decreased antioxidant enzymes activities. One explana-
tion for the observed lower level of antioxidant vitamins
in our alcohol-dependent patients may be due to the in-
creased utilization of antioxidants in the scavenging of
free radicals. Mounting evidence points to oxidative stress
as an important mechanism in alcohol toxicity, because
alcohol induces peroxidation of membrane lipids, and
oxidation of proteins and nucleic acids.36,40,45

As evident from the foregoing reported findings, many
investigators have measured different antioxidant sub-
stances or enzymes in evaluating the effect of alcohol
on the antioxidant defense system, since it may be par-
ticularly useful for monitoring alterations in antioxidant
levels.46 Thus, we are of the opinion that our data pro-
vide additional, practical, and applicable information for
evaluating the effect of alcohol on the antioxidant de-
fense system.
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In the present study serum NO levels in the alcohol-de-
pendent patients were significantly higher than their re-
spective controls. This finding is in accordance with the
findings of many other investigators.5,44,45,47,48 One
mechanism proposed for this change is an increase in
the level of free radicals due to alcohol consumption,1-7,36

as free radicals induced by ethanol stimulate the synthe-
sis of some cytokines (such as interleukin-1,-2,-6, and
-8, and tumour necrosis factor-alpha), which in turn stimu-
late the synthesis of NO.5,45

Two additional mechanisms have been proposed for this
increase. One mechanism is to do with the overproduc-
tion of NO in alcoholics via inducible NOS (iNOS), re-
sulting from chronic inflammation and stimulation of the
immune system. Increased production of NO, and in-
creased production of superoxide, with vasoconstrictive
effects can play a role in cardiovascular instability and
the evolution of hypertension in alcoholics.5, 6 The other
proposed mechanism concerns an increase in vascular
endothelial growth factor expression, as well as endot-
helial NOS (eNOS) activation, leading to NO generation
in response to mild to moderate concentrations of etha-
nol in vitro and in vivo.6,49 In addition, from our results it
can be postulated that since NO is also a free radical,
lower levels of dietary antioxidant vitamins such as vita-
min E, vitamin C, and beta carotene, and enhanced lev-
els of serum MDA in alcohol-dependent patients might
be another significant cause of increased serum NO lev-
els, or vice versa.

Studies on human alcoholic liver disease reveal that the
high haemodynamic state of patients with advanced cir-
rhosis is possibly due to either increased endothelial syn-
thesis of NO,50,51 or smooth-muscle derived NO.52 Pe-
ripheral blood monocytes from patients with alcoholic
hepatitis secrete more nitric oxide than monocytes from
patients without alcoholic hepatitis.53 But this was re-
futed in another study.54 Peripheral blood monocytes from
patients with alcohol-induced cirrhosis however clearly
produce higher levels of NO compared to monocytes
from healthy controls.54,55 Binge drinking has been ex-
perimentally shown to influence metabolic pathways in
liver cells.56,57 Gluconeogenesis has cbeen found to be
delayed in isolated perfused rat liver,58 and F-actin con-
tent was found to be unregulated in leucocytes of female
rats.59 Acute ethanol intoxication has been reported to
stimulate superoxide anion production in the perfused rat
liver,60 and ethanol-induced oxidative stress has been
shown to cause massive mitochondrial DNA degrada-

tion.61 Acute alcohol intoxication may increase free radi-
cal release due to activation of Kupffer endothelial
cells,62,-65 and hepatocytes.66 Acute ethanol intoxication
also influences expression of interleukin-6 surface re-
ceptors in both Kupffer cells and hepatocytes.67 Chemo-
kine production by Kupffer cells is also modulated by
binge drinking.68,69

In conclusion, our findings of reduced dietary antioxi-
dant vitamins such as vitamin E, vitamin C and beta caro-
tene, and increased MDA levels in the alcohol-depen-
dent patients constitute evidence that alcohol weakens
the body’s defense mechanism against free radical at-
tacks. Furthermore, decreased dietary antioxidant vita-
min levels in the alcohol-dependent patients may be an-
other significant cause of increased levels of serum NO,
or vice versa, which could lead to exitotoxicity, and sub-
sequent cytotoxicity in neurons, glia, and myelin. Forma-
tion of NO has been linked to an increased tendency
towards tolerance to alcohol. Nonetheless, a better un-
derstanding of the effects of alcohol on NO levels re-
quires further investigation.
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