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1 Melatonin protection against ethanol-induced gastroduodenal injury was investigated in duodenum-
ligated rats.

2 Melatonin, injected i.p. 30 min before administration of 1 ml of absolute ethanol, given by gavage,
signi®cantly decreased ethanol-induced macroscopic, histological and biochemical changes in the
gastroduodenal mucosa.

3 Ethanol-induced lesions were detectable as haemorrhagic streaks. Ethanol administration damaged
36% and 25% of the total gastric and duodenal surface, respectively. Melatonin treatment reduced
ethanol-induced gastric and duodenal damage to 14% and 8%, respectively. When indomethacin was
given together with ethanol, the gastric damaged area was 44% of the total surface, while the duodenal
damaged area was 35%; melatonin administration reduced the damage to only 13% of the total gastric
surface and to 12% of total duodenal surface.

4 Both stomach and duodenum of ethanol-treated animals showed polymorphonuclear leukocyte
(PMN) in®ltration. The number of PMN increased more than 600 and 200 times in stomach and
duodenum, respectively, following ethanol administration. Melatonin treatment reduced ethanol-induced
PMN in®ltration by 38% in the stomach and 20% in the duodenum. In indomethacin-ethanol-treated
rats, the number of PMN increased by 875% compared to control group in the stomach and by 264% in
duodenum. Melatonin administration reduced the indomethacin-ethanol-induced PMN rise by 57% in
the stomach and 40% in the duodenum.

5 Gastroduodenal total glutathione (tGSH) concentration and glutathione reductase (GSSG-Rd)
activity were signi®cantly reduced following ethanol and indomethacin-ethanol administration.
Melatonin ameliorated both the decrease in tGSH concentration as well as the reduction of GSSG-
Rd activity elicited by ethanol both in the stomach and duodenum; melatonin was e�ective against
indomethacin-ethanol-induced damage only in the stomach.

6 Ethanol-induced gastroduodenal damage is believed to be mediated by the generation of free radicals.
Recently, a number of in vivo and in vitro experiments have shown melatonin to be an e�ective
antioxidant and free radical scavenger; thus, we conclude that the protection by melatonin against
ethanol-induced gastroduodenal injury is due, at least in part, to its radical scavenging activity.
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Introduction

Ethanol consumption is one of the co-factors predisposing to
acute gastroduodenal injury in man (Lulu & Dragstedt, 1970).
Intragastric administration of ethanol to pylorus-ligated rats
rapidly induces gastric mucosal lesions which are commonly
used to study both the pathogenesis and therapy of human
ulcerative disease. Ethanol rapidly penetrates the gastroduo-
denal mucosa causing membrane damage, exfoliation of cells
and erosion. The subsequent increase in mucosal permeability
together with the release of vasoactive products from mast
cells, macrophages and other blood cells may lead to vascular
injury, necrosis and ulcer formation (Szabo, 1987).

It has been suggested that one of the mechanisms respon-
sible for ethanol-induced gastroduodenal damage is the gen-
eration of free radicals (Pihan et al., 1987; Szelenyi & Brune,
1988). Superoxide dismutase and catalase, two endogenous
antioxidants which protect cells against superoxide anion and
hydroperoxide, respectively, decrease mucosal damage caused
by ethanol administration (Pihan et al., 1987). Compounds
with free radical scavening properties such as thiourea, dime-

thylsulphoxide and sulphydryl-containing substances signi®-
cantly reduce ethanol toxicity to gastric mucosa, whereas
naturally occurring antioxidants, including a-tocopherol and
b-carotene are ine�ective (Szelenyi & Brune, 1988). Also,
oxygen-derived free radicals have been shown to participate in
reperfusion damage both in the intestine and stomach leading
to lesions which morphologically resemble those induced by
ethanol (Parks et al., 1982; 1983; Itoh & Guth, 1985).

Recently, the pineal hormone melatonin was shown to
scavenge both the hydroxyl and peroxyl radical (Tan et al.,
1993; Pieri et al., 1994; Poeggeler et al., 1995). Both in vitro
and in vivo studies have demonstrated the antioxidant
properties of melatonin (Hardeland et al., 1995; Reiter et al.,
1995; Reiter, 1995). The indolamine confers protection
against oxidative stress caused by di�erent chemicals in
several tissues and biological systems (Abe et al., 1994; Tan
et al., 1994; Melchiorri et al., 1995a,b; Sewerynek et al.,
1995a,b,c).

In the present study, we investigated the potential protective
e�ect of melatonin against ethanol-induced gastroduodenal
injury in duodenum-ligated rats. Ethanol-induced mucosal
damage was evaluated by three di�erent approaches: macro-
scopic investigation, histological analysis and measurement of
biochemical parameters.1Author for correspondence.
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Methods

Animals

Eighty four Sprague Dawley male rats (225 ± 250 g) were ob-
tained from Harlan (Houston, TX) and housed in Plexiglas
cages with 3 animals per cage. The animal rooms were win-
dowless with automatic temperature (22+18C) and lighting
controls (light on at 07h 00min and o� at 21h 00 min; 14 h
light/10 h dark). The rats received standard laboratory chow
and water ad libitum.

Animal treatment

Forty eight hours before the experiments, the rats were fasted
and allowed access to water ad libitum. They were kept in cages
with wide mesh wire bottoms to prevent coprophagia. On the
day of the experiment, animals were anaesthetized with `rodent
cocktail' (ketamine 60 mg ml71+xylazine 8 mg ml71) at a
dose of 0.2 ml/250 g71 body weight and the duodenum was
ligated at a site 2 cm distal to the pylorus. After ligation, rats
were divided in 5 groups of 12 animals each and 2 groups
(control and melatonin groups) of 10 animals each. In previous
experiments undertaken in our laboratory, ethanol injection at
a dose of 2.3% i.p. was not protective against gastroduodenal
injury induced by the intragastric administration of 1 ml of
absolute ethanol. This observation is consistent with the
knowledge that low doses of ethanol injected i.p. stimulate
gastric acid secretion, thus inducing gastric damage (Glass et
al., 1979). On the basis of these data, in the present study the
control group was not injected with 2.3% ethanol and received
only 1 ml of distilled water by gavage with a metal orogastric
tube. Group 2 received 1 ml of absolute ethanol by gavage.
Group 3 was treated with melatonin (10 mg kg71, i.p.) fol-
lowed, 30 min later, by ethanol. Group 4 was injected with
melatonin and received 1 ml of distilled water intragastrically.
Group 5 was injected with indomethacin s.c. and, after 30 min,
received ethanol by gavage. Group 6 was treated with mela-
tonin and indomethacin and, after 30 min, the animals re-
ceived ethanol intragastrically. Group 7 received indomethacin
s.c. and distilled water by gavage. One hour after the admin-
istration of ethanol, animals were killed by decapitation. The
stomach and duodenum were removed. The stomach was
opened along the greater curvature and washed, together with
duodenum, in physiological saline.

Macroscopic and histological analysis

For the measurement of gross gastric lesions, the freshly ex-
cised stomach was laid ¯at and the glandular and non-gland-
ular portions of the stomach were outlined and the mucosal
lesions were traced on clear acetate paper. Gross mucosal le-
sions were recognized as haemorrhage or linear breaks (ero-
sions) with damage to the mucosal surface; the induced
haemorrhage caused blood to coagulate on the mucosal sur-
face. After photographic enlargement, the area of gross lesions
was calculated in a blind manner by planimetry. The glandular
stomach was separated from the non-glandular portion and
the damaged part was expressed as the percentage of either the
total gastric area or of the non-glandular area. The same
procedure was followed for the measurement of gross duode-
nal lesions. For histological examinations, stomach and duo-
denum were washed in phosphate bu�er and dehydrated in
graded concentrations of ethanol (70, 80, 90 and 100%); the
tissues were embedded in para�n. In the case of the stomach,
histological sections were cut along the longitudinal axis so
they contained portions of both the glandular and non-
glandular stomach. The duodenum was cut to obtain cross-
sections. From each sample, 4 mm thick sections were obtained
and stained with haematoxylin-eosin to evaluate morphologi-
cal damage. Gastroduodenal damage was scored for each
histological section as follows: score 0, no lesions; 1, di�use
hyperaemia; 2, one or two haemorrhagic lesions or erosions; 3,

three to ®ve haemorrhage lesions or erosions; 4, more than 5
haemorrhagic lesions or erosions; 5, 20 to 40% of total gas-
troduodenal surface with haemorrhagic lesions or multiple
erosions; 6, more than 40% of total gastroduodenal surface
with haemorrhagic lesions or multiple erosions. Polymorpho-
nuclear leukocytes (PMNs) were counted in 20 microscopic
®elds (6250).

Measurement of biochemical parameters

For biochemical examinations, both stomach and duodenum
were frozen on solid CO2 and stored at7808C until the day of
the assay (no more than 3 days after decapitation). All samples
were obtained at approximately the same time of the day
(between 09h 00min and 12h 00min) because of the diurnal
variation in the concentration of sulphydryl compounds in
tissues (Beck et al., 1958). Total GSH (tGSH) and oxidized
glutathione (GSSG) were measured by the method of Gri�th
(1985). Glutathione peroxidase (GSH-Px) and GSSG-Rd were
measured according to Jaskot et al. (1983) and Goldberg and
Spooner (1985), respectively.

Chemicals

All chemicals were of the highest purity available. Absolute
ethanol, melatonin, indomethacin hydrochloride, saturated
picric acid, NADPH tetrasodium salt, 5-5'-dithio-bis-2-nitro-
benzoic acid (DTNB), reduced glutathione (GSH) and gluta-
thione reductase (GSSG-Rd) were obtained from Sigma (St.
Louis, MO). 2-Vinyl-pyridine monomer was purchased from
Fluka (Ronkonkoma, N.Y.). Melatonin was dissolved in ab-
solute ethanol (the alcohol concentration in the ®nal solution
was 2.3%) and administered i.p. as a single dose of 10 mg kg71.
Indomethacin hydrochloride was dissolved in saline and ad-
ministered subcutaneously as a single dose of 5 mg kg71.

Statistical analysis

Data were analysed by one-way analysis of variance (ANO-
VA). If the F values were signi®cant, Student-Newman-Keul's
test and Mann Whitney test were used to compare the mela-
tonin-ethanol group vs ethanol group, the melatonin-indo-
methacin-ethanol group vs indomethacin-ethanol group and
each group vs control and melatonin group. Linear regression
was calculated according to Winer (1971). The level of signif-
icance was accepted at P50.05.

Results

Macroscopic and histological results

In the stomach, macroscopically, the gastric damaged areas
were oedematous with lesions detectable as haemorrhagic
streaks. Ethanol administration damaged 36% of total gastric
surface, with the damaged area in the non-glandular stomach
being only 5% (Table 1). Melatonin pretreatment reduced the
damaged area to 14% and 2% of total gastric surface and non-
glandular surface, respectively. Indomethacin-ethanol treat-
ment increased the damage both in the total gastric surface as
well as in the non-glandular surface (Table 1). Melatonin ad-
ministration signi®cantly protected the glandular as well as the
non-glandular stomach (Table 1). Histologically, the damaged
areas included exfoliation and necrosis of super®cial cells, an
oedematous submucosa, PMN in®ltration and erosions. One
hour after ethanol and indomethacin-ethanol administration,
there was a signi®cant improvement of the lesion scores be-
cause the damage was partially counteracted by melatonin
treatment (Table 2). Melatonin administration greatly de-
creased the area of damage both in ethanol (Table 2) and in
indomethacin-ethanol-treated rats (Table 2). Also, melatonin
reduced the number of PMNs in ethanol and indomethacin-
ethanol groups (Table 3).

Melatonin and ethanol-induced gastroduodenal injury 265D. Melchiorri et al



In the duodenum, ethanol and indomethacin-ethanol
treatment damaged 25% and 35% of total duodenal surface,
respectively (Table 1). Melatonin treatment reduced the da-
maged area to 8% and 12%, respectively (Table 1). Histolo-
gically, the duodenum of ethanol and indomethacin-ethanol-
treated rats showed visible hyperaemia, exfoliation of super®-
cial cells, denudation of villus epithelium, reduction of villus
height, petechiae and epithelial necrosis with generalized blood
cell in®ltration. Melatonin administration decreased the area
of the damaged surface. Ethanol and indomethacin-ethanol
administration increased the duodenal lesion scores with mel-
atonin being signi®cantly protective (Table 2). Moreover,
melatonin decreased PMN in®ltration both in ethanol and
indomethacin-ethanol groups (Table 3).

Biochemical parameters

In glandular stomach, ethanol administration reduced tGSH
concentrations by 62% compared to control animals (Table 4).
When rats were pretreated with melatonin, the decrease in
tGSH was only 35% (Table 4). Indomethacin did not increase
the loss in tGSH elicited by ethanol alone (Table 4); the pro-
tection conferred by melatonin against indomethacin-ethanol-
induced biochemical changes was less e�ective compared to its
action against ethanol alone (Table 4). Neither ethanol nor in-
domethacin-ethanol treatments altered the concentration of
GSSG (Table 4). Also, melatonin alone did not alter the tGSH
status (Table 4). Ethanol by itself decreased tGSH content of the
non-glandular stomach by 42% compared to that in control

animals (Table 4). The decrease was partially reversed by mel-
atonin treatment (Table 4). Pretreatment with indomethacin
reduced the non-glandular stomach tGSH by 60% (Table 4)
with melatonin partially preventing the loss in tGSH (Table 4).
Neither ethanol nor indomethacin+ethanol changed the con-
centrations of GSSG (Table 4). Ethanol, when administered
alone, reduced duodenal tGSH by 37% compared to control
animals with melatonin partially reversing this e�ect (Table 4).
Indomethacin injection did not exaggerate the reduction in
tGSH concentration (Table 4). No protection was a�orded by
melatonin when rats were pretreated with indomethacin (Table
4). Neither ethanol nor indomethacin-ethanol changed the
duodenal concentration of GSSG (Table 4).

Gastroduodenal GSH-Px activity remained unchanged in
ethanol as well as in indomethacin-ethanol-treated rats (Table
5). Melatonin, in combination with ethanol, increased GSH-Px
activity in the non-glandular stomach and duodenum, but not
in the glandular region of the stomach (Table 5).

GSSG-Rd activity was signi®cantly decreased by ethanol
administration both in the stomach and duodenum (Table 5)
with melatonin completely reversing this e�ect. Indomethacin
administration did not exaggerate the loss in enzyme activity
induced by ethanol (Table 5) but it decreased the protection
a�orded by melatonin in the glandular stomach (Table 5) and
completely prevented it in the duodenum (Table 5). Melatonin
completely protected the non-glandular stomach against the
loss in the enzyme activity (Table 5).

When macroscopic and histological data were ®tted toge-
ther with biological data by linear regression analysis, a direct

Table 1 Melatonin protection against ethanol and ethanol plus indomethacin-induced macroscopic gastroduodenal damage

ETOH+ ETOH+ ETOH+
Control ETOH MLT Indo Indo+MLT MLT

% total
gastric surface
% non-glandular
gastric surface
% total
duodenal surface

1.2+0.02

1.1+0.02

0.5+0.02

36+0.03888

5+0.0388

25+0.5888

14.3+0.02***888

2.1+0.02**88

8.0+0.05**888

44.5+0.04888

9.1+0.03888

35+0.5888

13.5+0.04+++888

2.2+0.03++88

12+0.4++88

1.2+0.02

1.3+0.01

0.6+0.02

The damaged area is expressed as percentage of total surface. Data were analysed by one way analysis of variance followed by Student-
Newman-Keul's test. Data are the means+s.e.mean. 888P50.001, 88P50.01 vs control and melatonin groups; ***P50.001, **P50.01
vs ethanol group; +++P50.001, ++P50.01 vs ethanol-indomethacin-group. ETOH, ethanol; MLT, melatonin; Indo, indomethacin.

Table 2 Histological evaluation of melatonin protection against ethanol and ethanol plus indomethacin-induced gastroduodenal
damage

ETOH+ ETOH+ ETOH+
Control ETOH MLT Indo Indo+MLT MLT

Total stomach
Non-glandular stomach
Duodenum

0
0
0

4.6+0.24
1.6+0.24
4.7+0.3

2.8+0.2**
0.6+0.2*
1.4+0.24**

6.0+0.2
2.6+0.2
5.6+0.2

3.0+0.3++

0.8+0.3++

3.0+0.3++

0
0
0

For each stomach and duodenum, 10 histological sections were examined. Data were analysed by Mann Whitney test. Data are the
means+s.e.mean. *P50.05, **P50.01 vs ethanol group; ++P50.01 vs ethanol plus indomethacin-group. ETOH, ethanol; MLT,
melatonin; Indo, indomethacin.

Table 3 Melatonin protection against ethanol and ethanol plus indomethacin-induced polymorphonuclear leukocyte (PMN)
infiltration

ETOH+ ETOH+ ETOH+
Control ETOH MLT Indo Indo+MLT MLT

Stomach
Duodenum

115+7
132+4

856+22888
425+12888

529+17***888
340+10***888

1,122+26888
481+11888

480+10+++888
287+6+++88

126+8
117+9

PMNs were counted in 20 microscopic ®elds. Data were analysed by one way analysis of variance followed by Student-Newman-Keul's
test. Data are means+s.e.mean. 88P50.01, 888P50.001 vs control and melatonin groups; ***P50.001 vs ethanol group; +++P50.001
vs ethanol-indomethacin-group. ETOH, ethanol; MLT, melatonin; Indo, indomethacin.
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correlation between ethanol-induced gastroduodenal mucosal
damage and alteration in biochemical parameters was evident
(Figures 1 and 2). Also, melatonin protection against ethanol-
induced alteration of macroscopic parameters appeared to be
linearly correlated with the protection a�orded by the pineal
hormone at the biochemical level both in the stomach and
duodenum (Figure 1A and Figure 2A). Moreover, in the
duodenum, melatonin-ethanol administration increased
GSSG-Rd activity at a level signi®cantly higher than that de-
tected in the control group (Figure 2A). When indomethacin
was administered together with ethanol, a direct correlation
between indomethacin-ethanol-induced mucosal gross damage
and alteration in tGSH concentration as well as in GSSG-Rd
activity was evident only in the stomach (Figures 1B and 2B).

Discussion

Results from these experiments clearly show a signi®cant
protection by melatonin against ethanol-induced gastroduo-

denal injury. Ethanol damage to the gastroduodenal mucosa
has been described by several investigators (Katon & Smith,
1973; Eastwood & Kirchner, 1974; Szabo, 1987). Both changes
in the structure of the gastroduodenal mucosa as well as gastric
loss of tGSH have been demonstrated (Tarnawski et al., 1981;
Szabo, 1981; Lacy & Ito, 1982). Recently, indirect evidence has
indicated that generation of oxygen free radicals following
ethanol administration may be causative in these lesions (Del
Maestro et al., 1981; Pihan et al., 1987; Shaw et al., 1990).

In the present study, melatonin administration before
ethanol treatment greatly reduced the macroscopic and his-
tological gastroduodenal damage. Moreover, melatonin sig-
ni®cantly reduced PMN in®ltration both in the stomach and
duodenum. PMN in®ltration is a constant feature in in-
¯ammation. The respiratory burst of activated PMNs causes
the univalent enzymatic reduction of molecular oxygen to
the superoxide anion radical (Baboir et al., 1973) which, in
turn, can give rise to further generation of more reactive
oxygen species (Haber & Weiss, 1934), thus increasing and
propagating the damage. The reduction of PMN in®ltration

Table 4 Melatonin protection against ethanol and ethanol plus indomethacin-induced changes in (A) total reduced glutathione
(tGSH) and (B) oxidized glutathione (GSSG) concentrations

Glandular Non-glandular
stomach stomach Duodenum

A tGSH
(mmol g71 tissue)

Control
ETOH
ETOH-MLT
ETOH-Indo
ETOH-Indo-MLT
MLT

1.41+0.01
0.53+0.07888
0.93+0.15**88
0.53+0.06888
0.78+0.03+88
1.43+0.05

0.80+0.08
0.46+0.02888
0.66+0.07*88
0.30+0.03888
0.48+0.03+++88
0.90+0.10

0.87+0.03
0.55+0.05888
0.78+0.02**
0.51+0.06888
0.61+0.0588
0.90+0.04

B GSSG
(nmol g71 tissue)

Control
ETOH
ETOH-MLT
ETOH-Indo
ETOH-Indo-MLT
MLT

31.6+1.3
29.8+0.6
33.8+1.4
29.8+0.6
28.0+0.7
31.0+0.9

18.0+0.6
20.9+1.1
17.2+1.1
20.8+0.7
19.9+0.8
19.0+0.4

20.8+1.4
20.3+1.2
21.1+1.6
20.8+0.5
18.3+0.5
19.0+0.8

Data were analysed by one way analysis of variance followed by Student-Newman-Keul's test. Data are the means+s.e.mean.
**P50.01, *P50.05 vs ethanol group; +++P50.001, +P50.05 vs ethanol-indomethacin-group; 888P50.001, 88P50.01 vs control and
melatonin groups. ETOH, ethanol; MLT, melatonin; Indo, indomethacin.

Table 5 Melatonin protection against ethanol and ethanol plus indomethacin-induced changes in (A) glutathione peroxidase (GSH-Px)
and (B) glutathione reductase (GSSG-Rd) activity

Glandular Non-glandular
stomach stomach Duodenum

A GSH-Px
(mM NADPH oxidized
min71 mg71 protein)

Control
ETOH
ETOH-MLT
ETOH-Indo
ETOH-Indo-MLT
MLT

0.25+0.04
0.24+0.03
0.30+0.02
0.29+0.02
0.28+0.02
0.27+0.05

0.13+0.01
0.12+0.01
0.21+0.03*
0.10+0.01
0.17+0.04
0.14+0.10

0.14+0.01
0.13+0.01
0.17+0.01*
0.12+0.02
0.15+0.02
0.16+0.03

B GSSG-Rd
(u mg71 protein)

Control
ETOH
ETOH-MLT
ETOH-Indo
ETOH-Indo-MLT
MLT

9.7+0.1
6.6+0.688
9.5+0.8*
5.8+0.2888
7.6+0.6+8
10.0+0.9

6.6+0.9
2.5+0.2888
4.8+0.2***
3.3+0.6888
6.3+0.9+

7.0+0.4

21.8+1.8
16.8+0.78
23.5+0.9**
16.4+1.088
16.3+2.48
20.0+0.8

Data were analysed by one way analysis of variance followed by Student-Newman-Keul's test. Data are the means+s.e.mean.
***P50.001, **P50.01, *P50.05 vs ethanol group; +P50.05 vs ethanol-indomethacin-group; 888P50.001, 88P50.01, 8P50.05 vs
control and melatonin group. ETOH, ethanol; MLT, melatonin; Indo, indomethacin.
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elicited by melatonin treatment may be either secondary to
the pineal hormone-induced decrease in mucosal damage or
caused by a direct e�ect of melatonin on the in¯ammatory
process induced by ethanol administration. In both cases, it
contributes to decreased free radical generation and coun-
teracts the alteration of vascular permeability induced by
ethanol treatment. An analogous e�ect of melatonin on
PMN in®ltration was described by Sewerynek et al., 1995b;
1996) in rat liver, following bacterial lipopolysaccharide
(LPS) treatment and during hepatic ischaemia-reperfusion in
rats. In both these cases, tissue injury is known to be
mediated by free radicals generated during the oxidative
stress that follows LPS treatment and ischaemia-reperfusion
insult.

The antioxidant properties of melatonin have been shown
in many experiments in recent years (Hardeland et al., 1995;
Reiter et al., 1995). In in vitro experiments, melatonin has
proven to be more potent than GSH in inactivating the
hydroxyl radical (Tan et al., 1993) and twice as potent as
vitamin E in scavenging the peroxyl radical (Pieri et al.,

1994), although this latter feature of melatonin has been
questioned (Scaiano, 1995; Marshall et al., 1996). Moreover,
melatonin scavenges hypochlorous acid at a rate su�cient to
protect catalase against inactivation by this molecule, and
prevents the oxidation of ox-brain phospholipids in a con-
centration-dependent manner (Marshall et al., 1996). In vivo
experiments have revealed the protective e�ect of melatonin
against oxidative damage induced by the chemical carcino-
gen safrole, by the herbicide paraquat and by LPS (Tan et
al., 1994; Melchiorri et al., 1995a; 1996; Seweryneck et al.,
1995a,b); these agents are known to damage tissues by
generating free radicals.

Due to its high lipid (Reiter et al., 1994) as well as aqueous
solubility (Shida et al., 1994), melatonin can easily reach every
subcellular compartment and can potentially protect cells from
oxidative stress occurring anywhere in the organism (Reiter et
al., 1995). Moreover, in vitro studies (Poeggeler et al., 1995)
have shown that the pineal hormone acts synergistically with
endogenous radical scavengers such as GSH, vitamin E and
ascorbate. Interestingly, melatonin exerts potent antioxidant
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Figure 1 Correlation between gastric gross damage and gastric
biochemical parameters following ethanol (A) and indomethacin plus
ethanol (B) administration. Data were ®tted by linear regression. (&)
gastroduodenal total glutathione (tGSH); (&) glutathione reductase
(GSSG-Rd) (A). Ethanol treatment: upper line=correlation between
gastric damage and (&) GSSG-Rd activity (r2=0.96; F(1,2)=47.66;
P50.05). Lower line=correlation between gastric damage and (&)
tGSH concentration (r2=0.9673; F(1,2)=59.22; P50.05). Dotted
lines delimit con®dence interval of gastric damage: a=control and
melatonin groups; b=ethanol-melatonin group; c=ethanol group.
(B) Indomethacin plus ethanol treatment: upper line=correlation
between gastric damage and (&) GSSG-Rd activity (r2=0.99;
F(1,2)=194; P50.01). Lower line=correlation between gastric
damage and (&) tGSH concentration (r2=0.91; F(1,2)=19.47;
P50.05). Dotted lines delimit con®dence interval of gastric damage:
a=control and melatonin groups; b=indomethacin-ethanol-melato-
nin group; c=indomethacin-ethanol group. Biochemical data were
analysed by one way ANOVA followed by Student-Newman-Keul's
test. Each symbol represents the mean and vertical lines show
s.e.mean. *P50.05; **P50.01 vs ethanol group; 8P50.05;
88P50.01; 888P50.001 vs control and melatonin groups.
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Figure 2 Correlation between duodenal gross damage and duodenal
biochemical parameters following ethanol (A) and indomethacin plus
ethanol (B) administration. Data were ®tted by linear regression. (&)
gastroduodenal total glutathione (tGSH); (&) glutathione reductase
(GSSG-Rd). (A) Ethanol treatment: upper line=correlation between
duodenal damage and (&) GSSG-Rd activity (r2=0.48;
F(1,2)=1.822; P40.05). Lower line=correlation between duodenal
damage and (&) tGSH concentration (r2=0.99; F(1,2)=401.0;
P50.01). Dotted lines delimit con®dence interval of duodenal
damage: a=control and melatonin groups; b=ethanol-melatonin
group; c=ethanol group. (B) Indomethacin plus ethanol treatment:
upper line=correlation between duodenal damage and (&) GSSG-
Rd activity (r2=0.60; F(1,2)=3.05; P50.05). Lower line=correlation
between duodenal damage and (&) tGSH concentration (r2=0.85;
F(1,2)=10.99; P40.05). Dotted lines delimit con®dence interval of
duodenal damage: a=control and melatonin groups; b=indometha-
cin-ethanol-melatonin group; c=indomethacin-ethanol group. Bio-
chemical data were analysed by one way ANOVA followed by
Student-Newman-Keul's test. Each symbol represents the mean and
vertical lines show s.e.mean. *P50.05; **P50.01 vs indomethacin-
ethanol group; 8P50.05, 88P50.01; 888P50.001 vs control and
melatonin groups.
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activities even in the presence of low concentrations of endo-
genous antioxidants, far below those concentrations that are
commonly detected in vivo.

Sulphyldryl compounds have been shown to protect the
gastric mucosa from ethanol-induced damage both in animals
and man (Szelenyi & Brune, 1988; Loguercio et al., 1993).
GSH is a major endogenous antioxidant in the organism and it
is present in high concentrations in the stomach and bowel of
both rodents and man (Boyd et al., 1979; Hoppenkamps et al.,
1984; Siegers et al., 1984; 1989). The reduction in tGSH con-
centration elicited by ethanol in the present study deprives the
cell of one of its most important antioxidants and impairs the
balance between GSSG and GSH concentrations. In contrast
to tGSH, GSSG levels remained unchanged following ethanol
and indomethacin-induced administration. Thus, either tGSH
depletion is not due to GSH conversion to its oxidized form or
both tGSH and GSSG are partially lost from the damaged
mucosa. Being only a small percentage of tGSH, GSSG could
be signi®cantly lost through a leakage from mucosal lesions in
the gastroduodenal lumen, thus preventing an increase in
GSSG levels.

More di�cult to explain is the dramatic decrease in tGSH
concetration. The reduction could be due to the oxidation of
GSH with the subsequent leakage of GSSG into the gastro-
duodenal lumen; but this seems unlikely to be the primary
cause of tGSH depletion. Alternatively, a block in the synth-
esis of the tripeptide induced by ethanol-generated free radicals
may occur. GSH synthesis is regulated by the amount of cy-
steine available (Deneke & Fanburg, 1989). Ethanol treatment
has been shown to decrease in the level of gastric cysteine by
50% (Loguercio et al., 1993). Thus, it is reasonable that oxy-
gen free radicals, generated by ethanol administration, con-
verted gastric and duodenal cysteine to cystine thereby
inhibiting the synthesis of GSH. Moreover, the impairment of
GSSG-Rd activity which would decrease the rate of conversion
of GSSG to GSH, could contribute to GSH depletion. Mela-
tonin protection against ethanol-induced decrease in tGSH
concentration, as occurred in the present study, is consistent
with previous experiments in which the pineal hormone af-
forded protection against oxidative stress by restoring the
normal GSH concentration in the organism (Melchiorri et al.,
1995a; 1996; Sewerynek et al., 1995a). Also, melatonin ad-
ministration prevented cataract formation in newborn rats
treated with the GSH synthesis inhibitor, buthionine sul-
phoximine (Abe et al., 1994).

The drop in GSSG-Rd activity correlates well with data
from previous study by Hirashi et al. (1991) in which gastric
cell susceptibility to lysis by H2O2 was shown to be inversely
related to endogenous GSSG-Rd activity. The authors de-
monstrate that GSSG-Rd is much more potent that endo-
genous catalase in protecting cultured gastric mucosal cells
from oxidative stress. These data reveal the importance of the
GSH system as a ®rst line of antioxidant defense in the sto-
mach (Hirashi et al., 1991).

The impairment of GSSG-Rd induced by ethanol adminis-
tration is probably due to the generation of free radicals at a
rate that overwhelms the naturally occurring defense mechan-
isms of the cell (Pigeolet & Remacle, 1991). Melatonin ad-
ministration completely or partially overcame ethanol-induced
changes in GSSG-Rd activity in the gastroduodenal tract. In-
terestingly, the changes in tGSH concentration as well as the
decrease in GSSG-Rd activity in the gastroduodenal tract di-
rectly correlate with the level of ethanol-induced gross gastro-
duodenal damage caused by ethanol administration in both the
stomach and duodenum. The same direct correlation was evi-
dent when we analysed melatonin protection against ethanol-
induced gastroduodenal injury. The administration of melato-
nin decreased the gastroduodenal morphological damage in-
duced by ethanol treatment with the level of protection being
linearly correlated with the action of melatonin on tGSH
concentration and GSSG-Rd activity. Indomethacin-ethanol
treatment caused a worse morphological and histological pic-
ture both in the stomach and duodenum, while in¯uencing only
partially the biochemical parameters. Melatonin protected ef-
fectively against indomethacin-ethanol-induced morphological
and histological changes and PMN accumulation, being less
e�ective in counteracting the biochemical changes induced by
the co-administration of indomethacin and ethanol.

Among the most important mechanisms of mucosal pro-
tective drugs are increases of endogenous prostaglandins and
inhibition of gastric secretion. The cytoprotective action of
prostaglandins is well known (Robert et al., 1983). It occurs at
concentrations far below those needed for the antisecretory
e�ects of these compounds. Indomethacin administration
suppresses the activity of cyclo-oxygenase, thus preventing the
formation of prostaglandins. It is thus possible that indome-
thacin administration, by decreasing the endogenous defence
mechanisms of the gastroduodenum, increased its vulnerability
to ethanol-generated free radicals. Under these conditions, the
protective action of melatonin, while still e�ective on some
parameters, is somewhat less obvious when other parameters
of damage were considered.

Since aspirin-induced, but not ethanol-induced gastric mu-
cosal damage can be diminished by antisecretory compounds
(Pihan et al., 1987), the protection conferred by melatonin in
our study cannot by due to increase of intragastric pH. In-
tragastric administration of ethanol increases, by itself, intra-
grastric pH. The administration of prostaglandins has been
shown to reduce the increase in gastric pH elicited by ethanol
(Tarnawski et al., 1985). However, in our studies, melatonin-
ethanol treated animals did not show any signi®cant di�erence
in intragastric pH compared to the ethanol group (data not
shown).

On consideration of the large amount of data that have
accumulated in recent years related to the antioxidant activity
of melatonin, it is likely that the protection a�orded by the
pineal hormone against ethanol-induced gastroduodenal injury
was due, at least in part, to its radical scavenging activity.
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