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Summary
Background & Aims: Increased intestinal permeability is one of the grastointestinal
changes observed in alcoholic patients. However, there are no objective definitions
as yet of how alcohol induces pathological changes in the various organs. The action
of oxygen-free radicals during ethanol metabolism has been considered a
determinant factor of these alterations. The present study was undertaken to
determine the effect of niacin supplementation on intestinal permeability and
oxidative stress in patients with alcoholic pellagra.
Methods: The study was divided into two phases: in Phase 1 we studied ten patients
with pellagra before treatment with niacin, and in Phase 2 we studied the same
patients after 27 days of treatment with niacin. Intestinal permeability was assessed
by the 51CrEDTA test and the antioxidant action of niacin supplementation was
assessed by the determination of lipid peroxidation (plasma malondialdehyde, MDA),
protein oxidation (plasma carbonyl group) and of the antioxidants plasma vitamin E
and erythrocyte glutathione peroxidase.
Results: Comparison of intestinal permeability by the 51CrEDTA test before and
after niacin treatment showed a significant decrease in permeability from
4.2971.92% to 1.9071.19% (Po0.05). Assessment of oxidative stress showed a
significant decrease (Po0.05) in lipid and protein peroxidation (MDA:
1.1970.40–0.8970.27 mmol/l; carbonyl groups: 2.2270.36–1.8470.40 nmol/mg
protein).
Conclusions: The results suggest that niacin and vitamin E deficiency in patients
with pellagra could be important factors in increased intestinal permeability and
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decreased antioxidant conditions, recovering to normal values after treatment with
niacin, associated to alcohol abstinence and a balanced diet.
& 2006 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All
rights reserved.
Introduction

Continuous alcohol consumption is frequently asso-
ciated with different nutritional diseases, including
pellagra. This disease results from niacin deficiency
or from some disorder of tryptophan metabolism
caused by vitamin B complex deficiency.1–3 Both
chronic and acute alcohol consumption can cause
gastrointestinal changes such as increased intest-
inal permeability.4 This increase can lead to the
loss of substances from blood to the intestinal
lumen, and destabilization of the mucosal barrier
can promote the absorption of toxic compounds
that are not absorbed under normal conditions, and
their consequent entry into the bloodstream.5–7

Many studies have been conducted to character-
ize the mechanisms of diseases related to alcohol
consumption, but it is still unclear how ethanol
induces pathological changes in several organs.8

The effect of ethanol can be mediated by free
radical production, whose consequences include
lipid peroxidation, protein carbonylation, and
nucleotide hydroxylation.9 In addition, reactive
oxygen species interact covalently with DNA,
leading to the formation of acetaldehyde adducts,
a critical early event in the process of carcinogen-
esis induced by chemical compounds in alcoholic
subjects.10

The enzyme alcohol dehydrogenase (ADH) has
been pointed out as the major determinant factor
of the rate of ethanol elimination by the liver in
vivo and is associated with the transformation of
nicotinamide adenine dinucleotide (NAD) to its
reduced form (NADH). NADH inhibits the activity
of xanthine dehydrogenase, altering the oxidation
of purine to xanthine oxidase (XO) and thus
promoting the generation of reactive oxygen
species. Excess NADH in the cytosol can be
transferred to NADP+, generating NADPH which also
aids microsomal oxidation, including ethanol oxida-
tion.11

Recent results have demonstrated that the
hydroxyethyl radical (HER) is formed during hepatic
metabolism, thus stimulating lipid peroxidation.
Ethanol is oxidized to HER by the hepatic micro-
some system. Among the different cytochrome
P450 enzymes responsible for the metabolic activa-
tion of xenobiotics in the liver, CYP 2EI is the only
one induced by ethanol and therefore is of
particular interest. Also, the hepatic microsome
system is known to be gradually stimulated by the
chronic use of ethanol.12,13 These studies have
shown the fundamental role of this enzyme in the
generation of HER during the chronic use of alcohol
and this process can explain the origin of some
hepatic changes after alcohol administration.14

The induction of CYP 2EI can, of itself, damage
the cells15 and the increase in DNA single strand
breaks depends on the increase in CYP 2EI
concentration in the kidney.16 This enzyme has
the ability to promote electron binding to oxygen
and in the NADH cycle, with the consequent
formation of large amounts of oxygen-free radicals,
including HER.17

The role of niacin as an antioxidant has not been
fully elucidated but some studies have shown that
this vitamin contributed to the repair of DNA
damage by the maintenance of NAD+ levels for
poly-ADP ribose synthetase,18 important enzyme to
the modification of nuclear proteins, necessary to
complement DNA repair. Some studies have related
pharmacological doses of nicotinamide or nicotinic
acid to the attenuation of some diseases caused by
pro-oxidant situations.19,20

Thus, the objective of the present study was to
observe the changes in intestinal permeability of
patients with pellagra due to the use of alcohol and
the effect of the use of niacin supplementation on
their recovery. The effect of this type of treatment
on permeability and on oxidative stress, and the
levels of antioxidant agents in these patients were
also determined.
Subjects and methods

Subjects

The study was approved by the Ethics Committee of
the University Hospital, Faculty of Medicine of
Ribeirão Preto, and informed consent to participate
was obtained from each subject. Because of the
natural limitations of a clinical study, 10 male
patients with alcoholic pellagra aged on average 35
years and not previously treated with vitamins
were included. The alcoholic abuse was diagnosed
based on the combination of excess drinking (490 g
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of ethanol/day) and apparent complication (clin-
ical pellagra). After diagnosis, patients then in-
itiated the treatment. They received niacin
(100mg/day) for 27 days, a period during which
they were hospitalized in the Metabolic Unit of the
University Hospital of Ribeirão Preto and did not
consume alcoholic beverages. The patients were
studied in two phases: Phase 1—before treatment,
and Phase 2—after treatment.

Design

On day 0 of the experiment, blood was collected
from each subject for the determination of
erythrocyte glutathione peroxidase (GSH-Px) and
of plasma malondialdehyde (MDA), carbonyl groups
and vitamin E. All patients were submitted to the
test for the assessment of intestinal permeability,
with urine collection at 3 h intervals over a period
of 24 h for the determination of 51CrEDTA and
N1methylnicotinamide (N1MN). After this collec-
tion, the patients took a daily niacin capsule
(100mg) for 27 days and on the 27th day all
biochemical determinations were repeated, includ-
ing the 51CrEDTA test.

Analytical methods

The collected blood samples were place in hepar-
inized glass tubes and processed immediately.
Blood was centrifuged at 4 1C at 3500 rpm for
10min. Plasma was removed by aspiration and
stored at �70 1C for MDA, carbonyl group and
vitamin E determination. The erythrocyte sediment
was washed and centrifuged with PBS buffer four
times and the erythrocytes were stored at �70 1C
until the time for GSH-Px determination. Urine
samples were stored at �20 1C for analysis of
51CrEDTA and N1MN.

51Cr-EDTA test
Intestinal permeability was determined by measur-
ing urinary radioactivity after oral administration
of 51Cr-EDTA by the method of Bjarnason et al.21

N1MN determination
N1MN was measured in 24 h urine by the method of
Carpenter and Kodiak22 adapted for determination
by HPLC (Shimadzu) using a 4.6� 25 cm C 18
column (Shimpack CLC-ODS) and fluorometric de-
tection.

MDA determination in plasma
Lipid peroxidation was indirectly quantified in
plasma by MDA measurement using a method based
on thiobarbituric acid (TBA). The MDA–TBA adduct
formed was separated and quantified by HPLC with
fluorometric detection.23,24

Determination of carbonyl group concentrations
in plasma
Metal-catalyzed protein oxidation was assessed by
a method based on the introduction of carbonyl
groups into the amino acid residues of proteins and
on the reaction of these groups with specific
reagents.25

Determination of vitamin E concentrations in
plasma
Plasma samples were submitted to HPLC for the
determination of a-tocopherol using a 4.6� 25 cm
C18 column (Shimpack CLC-ODS), a 4mm� 1 cm
pre-column and a flow rate of 2.0ml/min.26

Determination of GSH-Px activity
The determination of GSH-Px activity is based on
the measurement of the rate of glutathione
oxidation in the reduced form by a hydroperoxide
in the presence of GSH-Px.27

Statistical analysis
The variables were tested for normal distribution
and are reported as means7SD. Data for paired
samples before and after vitamin supplementation
with niacin were analyzed by the Wilcoxon test,
with the level of significance set at Po0.05.
Results

The urinary concentrations of N1MN are presented
in Fig. 1. There was a significant increase (Po0.05)
between Phase 1—before niacin treatment
(0.8271.21mg/24 h) and Phase 2—after niacin
treatment (9.9779.89mg/24 h).

Percent urinary 51CrEDTA excretion is reported in
Fig. 2. There was a significant decrease (Po0.05)
between phases, with mean values of 4.2971.92%
in Phase 1 and mean values of 1.9071.19% in
Phase 2.

Mean plasma MDA concentration also significantly
decreased (Po0.05) between Phase 1 (1.197
0.40 mmol/l) and Phase 2 (0.8970.27 mmol/l)
(Table 1). Mean carbonyl group concentration in
plasma significantly decreased (Po0.05) between
Phase 1 (2.2270.36 nmol/mg protein) and Phase 2
(1.8470.40 nmol/mg protein) (Table 1).

Mean plasma vitamin E concentrations significantly
increased (Po0.05) between Phase 1 (12.667
4.23mmol/l) and Phase 2 (20.4977.74mmol/l)
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Figure 2 Urinary 51CrEDTA excretion (%). *Phase 2 patients differed significantly from Phase 1 patients (Po 0.05).
(1) (Before treatment)—Patients with alcoholic pellagra who had not been previously treated with any medication.
(2) (After treatment)—Group 3 patients after 27 days of treatment with niacin.
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Figure 1 Urinary N1MN excretion. *Phase 2 patients differed significantly from Phase 1 patients (Po0.05). (1) (Before
treatment)—Patients with alcoholic pellagra who had not been previously treated with any medication. (2) (After
treatment)—Group 3 patients after 27 days of treatment with niacin.

Table 1 Concentrations of N1MN in urine, of MDA, carbonyl groups and vitamin E in plasma, and of GSH-Px in
erythrocytes.

Phase 1 (n ¼ 10) Phase 2 (n ¼ 10) Statistical difference

N1MN (mg/24 h) 0.8271.21b 9.9779.89a Po0.05
MDA (mmol/l) 1.1970.40b 0.8970.27c Po0.05
Carbonyl group (nmol/mg prot) 2.2270.36a 1.8470.40b Po0.05
Vitamin E (mmol/l) Reference value 415 mmol/l 12.6674.23b 20.4977,74a Po0.05
GSH-Px (U/g Hb) Reference value 427U/g Hb 21.7077.46a 29.5478.72b Po0.05

Data are reported as means7SD.
Means followed by different letters were significantly different (Po0.05). Phase 1 (Before treatment)—Patients with alcoholic
pellagra with no previous treatment with any drug. Phase 2—Patients after 27 days of treatment with niacin.
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(Table 1). Figure 3 presents the results of the
calculation of correlation between intestinal perme-
ability and vitamin E concentrations (P ¼ 0:002,
r ¼ 0:83).

Mean erythrocyte GSH-Px activity increased
significantly (Po0.05) between Phase 1 (21.707
7.46 U/g Hb) and Phase 2 (29.5478.72U/g Hb)
(Table 1).
Discussion

In the present study, pellagra was clinically and
biochemically characterized by niacin deficiency
before patient treatment (Phase 1) (Table 1), as
also reported by others,28,29 with elevation and
normalization of urinary N1MN excretion (Fig. 1)
after treatment.
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Figure 3 Correlation between plasma vitamin E concentrations and intestinal permeability in patients with pellagra
(P ¼ 0:002, r ¼ 0:83).
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During Phase 1, patients with pellagra showed
increased intestinal permeability, while after nia-
cin treatment (Phase 2) they presented a signifi-
cantly decreased 51CrEDTA excretion, suggesting an
alteration of intestinal permeability when the
patients showed niacin deficiency (Fig. 2). Troncon
et al.7 using the 51CrEDTA test to evaluate intestinal
permeability in eutrophic subjects, patients with
various diseases of small intestine, and patients
with large bowel disease, detected increased
intestinal permeability in the patients with diseases
of the small intestine and pointed out the efficacy
of the method for the assessment of intestinal
permeability to 51CrEDTA, which indicates the
occurrence of alterations in intestinal epithelial
structure.

Rao30 demonstrated that acetaldehyde, and not
ethanol, is responsible for the increased paracel-
lular permeability of Caco 2 cells, which may lead
to increased endotoxin absorption. Alcohol oxida-
tion by ADH is an important pathway for the
production of gastrointestinal acetaldehyde.30

This oxidation resulting in acetaldehyde produc-
tion is associated with a loss of hydrogen (H) which
reduces NAD to NADH. The large quantity of
reduced equivalents generated above the cellular
ability to maintain the system of redox homeostasis
leads to metabolic abnormalities including hyper-
lactacidemia and secondarily hyperuricemia, keto-
sis, purine generation, hypoglycemia, and
triglyceride accumulation.31,32

In the present study, after a 27 days treatment
with niacin there was increased urinary N1MN
excretion and reduced 51CrEDTA excretion, with
recovery of excretion rates similar to those of
eutrophic subjects. These results suggest that
niacin may play an important role in maintaining
the integrity of the epithelial barrier, probably due
to the mechanism whereby niacin helps to regulate
the redox system and, in the absence of alcohol (no
acetaldehyde production), could act on the rees-
tablishment of the barrier.

In the present study, we assessed oxidative stress
by lipid peroxidation (MDA) and protein oxidation
(carbonyl groups) and observed a greater free
radical production in patients before niacin treat-
ment when they were deficient and presented
pellagra, whereas a reduction of lipid peroxidation
and protein oxidation occurred after niacin treat-
ment (Table 1). These results could indicate a
possible antioxidant action of niacin, since lipid
peroxidation and protein oxidation were reduced
after treatment with this vitamin, but abstinence
from alcohol and ingestion of a balanced diet for 27
days certainly also did play an important role.

According to Lieber,11 increased free radical
production occurs in the hepatic microsome system
due to induction of the CYP 2EI enzyme by ethanol.
This induction is related to increased NADPH
oxidation, which in turn results in H2O2 generation.
There is also increased production of the super-
oxide radical and ethyl hydroxide (HER) which
contributes to the lipid peroxidation associated
with alcoholic liver damage.11 In a study in which
lipid peroxidation was compared between eu-
trophic and alcoholic subjects, an increase in lipid
peroxidation was also observed among the alco-
holic subjects since there was a higher concentra-
tion of plasma MDA and increased XO activity,
indicating increased lipid peroxidation.33 In the
same study, Gratagliano et al.33 detected a
significant increase of protein oxidation among
the alcoholic patients. Alcohol appears to reduce
protein metabolism, possibly altering their degra-
dation and favoring oxidation.11

Assessment of the antioxidant profile of the
groups studied here showed that the plasma
concentrations of vitamin E and GSH-Px activity
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were below normal values in the patients before
treatment (Phase 1) and their increase after niacin
treatment (Table 1) can be attributed to the
ingestion of a balanced diet and to abstinence
from alcohol during the period of hospitalization.
Reduced a-tocopherol concentrations can be de-
tected in alcoholic patients, but this effect of
alcohol on antioxidant vitamins seems to be
independent of patient nutritional status, since
the concentrations of these vitamins were altered
and MDA concentrations tended to increase in
normal subjects who consumed moderate amounts
of alcohol, confirming that alcohol consumption can
favor the development of oxidative stress.34 In an
experimental study on rats receiving a diet supple-
mented with vitamin E, ethanol significantly re-
duced the plasma and hepatic concentrations of
vitamin E.34 In an in vitro study, Puntarulo et al.14

observed inactivation of the antioxidant enzymes
GSH-Px, superoxide dismutase, and catalase by the
ethyl hydroxyl radical, as well as the consumption
of the antioxidant compounds vitamin E and
ascorbic acid.14

The antioxidant action of niacin has been
described in some reports and probably the
mechanism underlying this action is based on the
supply of electrons to the generation of NADPH, an
essential substance for glutathione synthesis and
therefore extremely important for the mainte-
nance of GSH-Px activity, which in the present
study was reestablished after niacin administra-
tion. Nicotinamide and nicotinic acid, as precursors
of NAD+ and NADPH in the cells, maintain the state
of reduction in the cell and the production of ATP.
Another important function of these compounds is
to act as substrates for poly-ADP-ribose polymer-
ase, an enzyme involved in the repair of DNA bases.
The synthesis of this enzyme rapidly occurs as a
cellular response to DNA damage. During growth, in
the presence of nicotinic acid or Nicotinamide
deficiency, NAD+ depletion rapidly occurs, causing a
reduction in poly-ADP-ribose polymerase activity
with a consequent reduction in DNA repair.20

Jackson et al.36 studied the effects of supple-
mentation with nicotinic acid and nicotinamide on
NAD+ and hepatic poly-ADP-ribose in rats after
exposure to diethylnitrosamine. Plasma NAD+ and
hepatic poly-ADP-ribose concentrations increased
after supplementation with the two forms of
niacin.35 From the point of view of the pro- and
antioxidant balance, these results support the
importance of these vitamins in maintenance of
NAD levels and cellular oxy-reduction in DNA
repair.37

In the present study, elevated N1MN values after
treatment with niacin coincided with a reduction in
intestinal permeability, suggesting their participa-
tion in the normalization of this condition. Also, the
decay in intestinal permeability was inversely
correlated with the increased vitamin E concentra-
tions.

The results suggest that, in patients with
pellagra, alcohol consumption, associated with
niacin and vitamin E deficiency, could be important
factors influencing the increased intestinal perme-
ability and the decreased antioxidant conditions of
these patients, situation corrected after treatment
with niacin, associated to alcohol abstinence and a
balanced diet.
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