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SUMMARY: The oxygen free radicals-induced lipid peroxidation (LP) has been implicated in the pathogenesis of acute
ethanol-induced gastric mucosal lesions. However, the role of LP in the generation of chronic gastric mucosal injury is unknown.
We have developed a model of chronic mucosal injury induced by continuous ethanol ingestion for 5 days and characterized by
marked alterations in plasma membranes from gastric mucosa. Therefore, LP was evaluated in this experimental model.
Indicators of peroxidative activity, mucosal glutathione content, thymidine kinase activity (an index of cell proliferation), and
histamine H2-receptor (H2R) binding constants were quantified in animals undergoing gastric mucosal damage. The effect of
famotidine, a H2R antagonist that readily ameliorates the chronic mucosal injury, was also tested. Increased free radicals and LP
levels were detected during gastritis; however, a second, higher peak of LP was noted in mucosal plasma membranes after
ethanol withdrawal (recovery period). This further increase of LP coincided with active cell proliferation, decreased mucosal
glutathione levels, and diminished specific cimetidine binding by H2R. Administration of famotidine accelerated the mucosal
proliferative process, inducing the second lipoperoxidative episode sooner, and preserved the content of glutathione. In addition,
LP correlated directly with cell proliferation and inversely with mucosal membrane cimetidine binding. In conclusion, LP seems
to be involved in chronic ethanol-induced gastric mucosal injury. However, a further enhancement of plasma membrane LP
occurred, associated with increased DNA synthesis and diminished cimetidine binding by membrane H2R. Therefore, increased
LP could also participate in the compensatory mucosal proliferation initiated after ethanol withdrawal. (Lab Invest 2000,
80:1161–1169).

T here is growing evidence that lipid peroxidation
(LP) could play a significant role in the pathogen-

esis of ethanol-induced gastric mucosal lesions, es-
pecially because oxygen radicals have been directly
implicated in the damage of cell membranes after
administration of that agent (Kvietys et al, 1990; Szele-
nyi and Brune, 1988; Terano et al, 1989). Indeed, the
hypothesis that superoxide free radicals are involved
in the immediate deleterious effect of ethanol on
gastric mucosa seems to be confirmed by these
studies. However, there are no reports regarding the
involvement of LP in a model of mucosal damage
induced by the long-term administration of ethanol.

We have found that ethanol administration elicits a
histological profile of chronic gastric injury, accompa-
nied by evident alterations in the plasma membranes
obtained from gastric mucosa (Hernández-Muñoz and
Montiel-Ruı́z, 1996). These alterations (ie, increased
cholesterol–phospholipids ratio, lower membrane flu-
idity, and diminished activities of some gastric mu-
cosa membrane-associated enzymes), might be at-

tributed to an enhanced rate of LP (Hernández-Muñoz
and Montiel-Ruı́z, 1996).

In the present model of ethanol-induced mucosal
injury, a gradual restoration of the surface epithe-
lium of gastric mucosa occurred after ethanol with-
drawal and was readily accelerated by the treatment
with antagonists of the histamine H2-receptor
(H2RA). We suggested previously that the beneficial
effect of the H2RA on ethanol-induced mucosal
injury might be related to increased proliferative
events promoted by H2RA during the reversal of
gastric mucosal damage (Hernández-Muñoz and
Montiel-Ruı́z, 1996). This putative action of H2RA
could be through modulation of histamine H2-
receptors (H2R), because the number and affinity of
these receptors change during proliferation and
differentiation of normal epithelial and gastric carci-
noma cells (Arima et al, 1991).

Therefore, the present study was aimed at evaluat-
ing the involvement of oxidative stress and LP during
the onset of ethanol-induced gastric mucosal injury
and its subsequent reversal. Data strongly suggest
that LP participates in the pathogenesis of ethanol-
induced subchronic gastritis. However, a further en-
hancement of plasma membrane LP occurred associ-
ated with increased cell proliferation in the damaged
gastric mucosa and quite similar to that found in
another model of cellular proliferation, namely that
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which occurs during liver regeneration (Aguilar-Delfı́n
et al, 1996).

Results

Oxidative Reactions Associated with the Onset of and
Recovery from Subchronic Gastritis

The levels of thiobarbituric acid-reactive substances
(TBARS), conjugated dienes, and luminol-dependent
chemiluminescence, as parameters used to ensure an
estimation of peroxidative events, were measured in
subcellular fractions isolated from gastric mucosa.
Determinations were performed with animals sub-
jected to chronic mucosal injury and those receiving
the H2RA.

The control plasma membrane level of TBARS
(1.6 6 0.2 nmol/mg of protein) was significantly
changed by ethanol administered by gavage 6 hours
earlier (2.5 6 0.2 nmol/mg; p , 0.05). At the onset of
gastric mucosal damage (h 5 0) (Fig. 1A), TBARS
content increased more than 3-fold compared with
control mucosa. After ethanol withdrawal, the level of
TBARS rapidly declined, normalizing at 48 hours, and
then suddenly increased in this subcellular fraction (72
hours). This second peak of plasma membrane
TBARS in the gastric mucosa was even higher than
that found at onset (8- to 9-fold over controls) (Fig.
1A). Thereafter, the amount of TBARS was promptly
normalized, and 7 days after ethanol withdrawal, it
returned to basal values (1.8 6 0.3 nmol/mg of pro-
tein). The administration of famotidine to rats sub-
jected to gastric mucosal injury significantly changed
the profile of plasma membrane TBARS levels. The
H2RA induced an earlier peak of TBARS in the plasma

membranes of animals with gastric mucosal injury.
TBARS peaked at 48 hours after treatment (6- to
8-fold over controls) and returned to normal levels at
72 hours (Fig. 1A).

The amount of TBARS in the cytosolic fraction
(control value: 0.6 6 0.2 nmol/mg of protein) was
slightly modified at the onset of chronic mucosal
damage (not shown). However, cytosolic TBARS were
significantly enhanced at 24 hours (1.1 6 0.2 nmol/
mg; p , 0.05), normalized at 48 hours, and again
elevated at 72 hours after ethanol withdrawal (1.2 6
0.2 nmol/mg), which closely resembles the pattern
that occurs in plasma membranes. Administration of
famotidine only elicited minor changes in the dam-
aged gastric mucosa-induced pattern of LP (TBARS
content) in this subcellular fraction (data not shown).
Microsomal production of TBARS (0.7 6 0.1 nmol/mg
of protein, in controls) was not modified by chronic
mucosal injury (data not shown).

Control animals, which were not treated with etha-
nol but received the same schedule of famotidine
administration as did the test animals, did not signifi-
cantly show altered LP profiles, as assessed by
TBARS quantification, in the three subcellular frac-
tions tested (data not shown).

The insaturation rearrangement forming conjugated
dienes (CD) indicates the magnitude of the propaga-
tive phase of the free radicals-induced LP (Hernández-
Muñoz et al, 1997). Figure 1 also suggests the effects
of gastric mucosal injury and treatment with famoti-
dine on this parameter. The amount of CD found in this
subcellular fraction closely resembled that found in the
rate of TBARS production, but to a lesser magnitude.
At the onset of chronic mucosal damage, there were

Figure 1.
Rate of lipid peroxidation (LP) in plasma membranes from rats subjected to ethanol-induced gastric mucosal injury and treated with famotidine. The rate of LP was
estimated by the level of thiobarbituric acid-reactive substances (TBARS) production (A) and the amount of conjugated dienes (CD) (B) in plasma membranes isolated
from gastric mucosa. TBARS are expressed as nmoles and CD as absorbance at 233 nm per milligram of protein. Symbols for each group are represented at the
top of the figure (animals with mucosal damage are called “gastritis”). Results are the mean 6 SE of at least seven animals per group. Statistical significance: *p ,
0.01 vs controls; **p , 0.01 vs gastritis subjects.
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higher levels of CD compared to the control group, but
they were rapidly normalized (24 hours), decreased
after 48 hours, and reached a maximal peak at 72
hours after ethanol withdrawal (Fig. 1B). Treatment
with famotidine shifted the profile of CD in plasma
membranes from rats undergoing mucosal damage.
The H2RA inverted the CD pattern, inducing a drastic
reduction in this parameter within 72 hours after
ethanol withdrawal (Fig. 1B).

The luminol-dependent chemiluminescence (CL)
represents the occurrence of short-lived free radicals
and is, therefore, a sensitive assay for oxidative radical
reactions (Hernández-Muñoz et al, 1997). This indica-
tor of oxidative damage was also measured in the
membrane and cytosolic fractions obtained from gas-
tric mucosa. Plasma membrane CL was practically
unaffected in the damaged mucosa or by treatment
with famotidine, except for a significant decrease of
CL in subcellular fractions obtained from animals with
mucosal injury and receiving H2RA, 48 hours after
ethanol withdrawal (Table 1). The cytosolic rate of CL
in animals subjected to gastritis was lower than that
found in controls, but it returned to basal values
thereafter. While the cytosolic rate of CL remained
constant in animals subjected to ethanol-induced
chronic mucosal injury during the recovery period,
famotidine promoted a significant decrease of this
parameter at 48 hours after ethanol withdrawal (Table
1). We did not find any significant change in the
cytosolic rate when it was tested in the microsomal
fraction obtained from the experimental groups (not
shown). Moreover, administration of famotidine to
control animals had no effect in either CD levels or the
rate of CL in the three subcellular fractions tested (not
shown).

The increased LP found after ethanol withdrawal in
the group with damaged gastric mucosa was accom-
panied by a striking diminution of mucosal glutathione
content, which reached its lowest value at the onset of
the second peak of membrane TBARS level (Table 1).
In contrast, famotidine promoted a significant increase
of glutathione (at 48–72 hr), when the rate of LP was

normalized by the administration of H2RA to these
animals (Table 1).

Capacity of Gastric Mucosal Cells for DNA Synthesis and
Proliferation

The mitotic index, found in mucosal specimens from
the experimental groups, is depicted in Figure 2A.
After ethanol withdrawal, animals with injured gastric
mucosa showed a gradual increase in mitotic images,
reaching the maximum at 72 hours. Treatment with
famotidine readily elicited an earlier and higher cellular
proliferation when administered to animals undergo-
ing chronic mucosal injury (Fig. 2A). To roughly esti-
mate the gastric proliferative competence in the dam-
aged gastric mucosa, as well as its recovery and the
effect of the H2RA, thymidine kinase (TK) activity was
measured in the cytosolic fraction obtained from the
experimental groups. After ending ethanol treatment
(h 5 0), TK increased significantly (approximately
2.5-fold over control) (Fig. 2B). Within 24 hours after
ethanol discontinuation, TK activity increased in ani-
mals undergoing mucosal injury (Fig. 2B). This was
followed by an unexpected decrease by 48 hours and
a maximal peak of activity at 72 hours after ethanol
withdrawal (7-fold over control). The treatment with
famotidine effectively modified TK activity in these
animals after ethanol withdrawal. The H2RA promoted
an early and prolonged cell-proliferative response, as
reflected by the high rate of the cytosolic TK activity
found in gastric mucosa (9- to 12-fold over controls)
(Fig. 2B). Animals with injured gastric mucosa,
whether receiving or not receiving famotidine, showed
basal levels of TK activity 7 days after ethanol with-
drawal (data not shown). Moreover, the H2RA did not
have a significant effect on TK activity by itself, when
administered to control rats (data not shown). There-
fore, the changes observed in the cytosolic TK activity
closely correlated with the mitotic activity found in
gastric mucosa specimens obtained from the experi-
mental groups (Fig. 2).

Table 1. Effects of the Onset of Chronic Gastric Mucosal Injury and Treatment with Famotidine on the Levels of Total
Glutathione and Chemiluminescence in Subcellular Fractions from Gastric Mucosa

Treatment

Chemiluminescence

Total glutathionePlasma membranes Cytosol

Control 0.78 6 0.13 2.93 6 0.35 2.9 6 0.2
Gastritis and saline

Time zero 1.05 6 0.17 1.88 6 0.25* 2.2 6 0.2*
24 hours 0.67 6 0.11 2.38 6 0.41 2.3 6 0.3*
48 hours 0.95 6 0.15 3.45 6 0.63 2.5 6 0.2
72 hours 1.01 6 0.14 2.80 6 0.38 1.9 6 0.3*

Gastritis and famotidine
24 hours 0.95 6 0.11 2.94 6 0.17 2.7 6 0.2
48 hours 0.54 6 0.08** 1.73 6 0.23*,** 4.3 6 0.3*,**
72 hours 0.81 6 0.14 2.28 6 0.17 4.1 6 0.5*,**

Results are the mean 6 SE for at least seven animals per group. The rate of chemiluminescence (CL) is expressed as cmp 3 106/mg of protein, while glutathione
values are expressed as mmol/g of gastric mucosa. Treatments were applied after ethanol withdrawal (group with mucosal damage is called “gastritis”).

Statistical significance: * p , 0.01 vs control group; ** p , 0.01 vs gastritis group.
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Modifications of Histamine H2-Receptors in Isolated
Plasma Membranes from Gastric Mucosa

Saturation isotherms of [3H] cimetidine binding were
performed in highly purified plasma membranes to
determine the presence of H2R in control gastric
mucosa and the possible effect of LP on their density.
The cimetidine binding was saturable and time-

dependent, reaching equilibrium after 60 minutes (at
37° C). Figure 3 shows the specific binding of [3H]
cimetidine when the plasma membranes from normal
gastric mucosa were incubated with the ligand in a
range of 0 to 1 mM. The presence of two components
was clear in the curve: the first corresponded to the
cimetidine binding to plasma membranes at ligand

Figure 2.
Mitotic index and cytosolic thymidine kinase activity in gastric mucosa during mucosal injury induction, recovery period, and famotidine treatment. The mitotic index
(mean 6 SE) was microscopically assessed taking into account the number of mitotic cells in ten microscopic fields, with a 340 objective (A). Thymidine kinase
activity was measured in cytosol with at least six independent observations per experimental group, during the gastritis after ethanol withdrawal (B). Results are
expressed as mean 6 SE of thymidine kinase activity (0.21 nmol/min/mg of formed 3H-TMP, in controls). Statistical significance is same as in Figure 1.

Figure 3.
Cimetidine receptor binding (H2-histaminergic) in isolated plasma membranes of gastric mucosa obtained from control rats. The isotherm of [3H] cimetidine binding
was obtained using 13 different concentrations for the ligand (0–1 mM), and it is the average of five independent assays carried out three times each. Inset: Saturation
isotherm in the lower range of cimetidine concentration (2–50 nM).
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concentrations below 40 to 50 nM, and the second (not
saturable at the concentrations tested) was performed
at very high [3H] cimetidine concentrations. By Scat-
chard plot analysis, we found a high-affinity site for
specific binding of cimetidine (Kd: 28 nM for the ligand,
and Bmax of 270 fmol/mg of protein), whereas we
failed to match the second site by Scatchard plot
analysis (data not shown).

The [3H] cimetidine binding was also tested in
plasma membranes obtained from the experimental
groups, using 20 nM of cimetidine (below the Kd found
for the high-affinity site for the H2R). Figure 4 depicts
the modifications of this binding induced by the onset
of subchronic gastritis and its later recovery, as well as
the effect of in vivo administration of famotidine. At the
onset of chronic mucosal injury, the binding of cime-
tidine by isolated plasma membranes was drastically
decreased. After ethanol withdrawal (24 and 48 hr), the
binding of the antagonist was promptly restored, but it
showed a second abrupt drop at 72 hours into the
recovery period (Fig. 4). The treatment with famotidine
of animals undergoing gastric mucosal lesion induced
a different profile of cimetidine binding in mucosal
plasma membranes. A single dose of famotidine (at 24
hr) did not affect the ligand binding in these animals;
however, at 48 hours into the recovery period, a
drastic inhibition of this parameter was noted. This
was very transient, because, at 72 hours after ethanol
withdrawal, [3H] cimetidine binding was practically the
same as that in control animals (Fig. 4). Thereafter, the
binding of cimetidine by plasma membranes was
normalized in the experimental groups (4–7 days after
ethanol withdrawal; not shown).

From these data, it seemed that high levels of LP
coincided with increased cell proliferation, whereas LP
appeared as a mirror image of the [3H] cimetidine
binding. When we looked for a possible relationship
among these parameters, we found a significant cor-
relation between the levels of plasma membrane
TBARS and the rate of cell proliferation, as assessed
by measurement of TK activity (r 5 0.87; p , 0.001)
(Fig. 5A). In addition, Figure 5B shows a very signifi-
cant inverse correlation (r 5 20.95; p , 0.001) be-
tween LP and the function of the H2R, as estimated by
[3H] cimetidine binding in purified plasma membranes
from gastric mucosa. Therefore, the highly significant
correlations found among these parameters suggest
an association between LP and the proliferative re-
sponse, which was evident after cessation of ethanol
treatment (Fig. 5).

Discussion

The present study was designed to assess the possi-
ble LP involvement in alterations at the plasma mem-
brane level of the gastric mucosa during the progress
of an experimental chronic gastric mucosal injury
induced by ethanol administration (Hernández-Muñoz
and Montiel-Ruı́z, 1996). In the present study, acute
ethanol administration significantly modified en-
hanced TBARS production by gastric mucosa. These
effects were also noticed during chronic mucosal
damage, where parameters indicative of oxidant
stress (TBARS and CD) were evidently increased and
accompanied by an important decrease of mucosal
glutathione. These findings strongly suggest that oxi-

Figure 4.
[3H] Cimetidine binding in isolated plasma membranes from rats subjected to ethanol-induced mucosal damage and treated with famotidine. Results are the mean 6
SE of six independent observations by experimental group. The H2RA treatment was done after ethanol withdrawal (subchronic gastritis, h 5 0). Symbols per group
and statistical analysis are as indicated in Figure 1.
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dative stress took place during the generation of the
gastric mucosa damage (as indicated by increased
iluminol-dependent CL evoked by oxygen free radicals).

It has been recently suggested that LP plays a
significant role in the generation of gastric mucosal
lesions induced by several stresses (Yoshikawa et al,
1987). Indeed, oxygen radicals are capable of causing
substantial gastric mucosal injury by a direct toxic
effect, independent of luminal acid or mucosal blood
supply (Esplugues and Whittle, 1989; Stein et al,
1989). The lipid hydroperoxides produced as a con-
sequence would damage the biological membranes.
Hence, mucosal damage can be easily produced by
the generation of exogenous and endogenous active
oxygen and free radicals (Yoshikawa et al, 1989).

Ethanol is involved in the formation of oxygen free
radicals generated extra- and/or intracellularly. Be-
cause intragastric administration of superoxide dis-
mutase was able to protect the gastric mucosa
against the damaging effect of ethanol, this would
suggest the involvement of superoxide free radicals in
the pathogenesis of ethanol-induced gastric mucosal
damage (Terano et al, 1989).

In addition, the depletion of glutathione enhances
the LP initiated by superoxide radicals in both gastric
mucosal homogenates and the gastric mucosa, as
detected histochemically (Yoshikawa et al, 1997). In
the present model of ethanol-induced chronic muco-
sal injury, decreased levels of mucosal glutathione
persisted even during the recovery period (after dis-
continuation of ethanol). When measured at later pe-
riods after ethanol withdrawal (4–7 days), plasma
membrane levels of TBARS and CD were found to be
normalized, as were glutathione levels. However, the

occurrence of an unexpected higher peak of LP was
noted after 3 days of recovery (Fig. 1; Table 1).

The cause of this second major peak of LP-related
products, occurring as it does after the recovery
period in subcellular fractions of animals with gastritis,
is more difficult to explain. Because this peak could be
not related to oxidative stress, based upon the effect
of famotidine, we were led to propose that LP-
mediated events might be associated with the resto-
ration of the gastric mucosa after withdrawal from
contact with the noxious agent.

An enhanced rate of plasma membrane LP, which
was observed during the recovery period, could be
attributed to a post-injury proliferative response of the
gastric mucosa, in the same context that we have
reported for the regenerating liver (Aguilar-Delfı́n et al,
1996). Indeed, LP promoted by partial hepatectomy is
qualitatively distinct among subcellular fractions: it is
transient and triggered only by an important loss of
hepatic mass (above 40%) and not accompanied by
diminished levels of antioxidant metabolites, such as
glutathione. Therefore, this event could be a normal
cell event of physiological importance in the regener-
ating liver.

The enhanced rate of LP found in mucosal plasma
membranes clearly coincided with the maximal activ-
ity of gastric mucosal thymidine kinase, a rate-
determining enzyme of DNA synthesis and considered
to be a reliable marker of cell proliferation (Tsukamoto
et al, 1996), and with the mitotic response against the
injury. Animals treated with famotidine exhibited a high
rate of peroxidative events (Fig. 1; Table 1) and of TK
activity (Fig. 2). We selected the treatment with famo-
tidine, among other H2RA, based on its stronger

Figure 5.
Correlation between LP and thymidine kinase (TK) activity and between LP and bound cimetidine in isolated plasma membranes from rats subjected to ethanol-induced
gastric mucosal injury and treated with famotidine. Each point represents the average of six individual pairs of data. In A, data were taken from Figures 1 and 2; plot
parameters: r 5 0.87, (p , 0.001), slope 5 0.20, and y-intercept 5 1.3 nmoles of formed [3H] TMP/min/mg of protein. Data for LP and [3H] cimetidine binding
were taken from Figures 1 and 4B. Plot parameters: r 5 20.95, (p , 0.001), slope 5 20.014, and y-intercept 5 0.16 pmoles of bound cimetidine per milligram
of protein. Symbols for each experimental group are as indicated in Figure 1.
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beneficial effect on the ethanol-induced subchronic
gastritis (Hernández-Muñoz and Montiel-Ruı́z, 1996).
Hence, these findings strongly suggest that increased
LP found in the recovery period is closely linked to the
proliferation of mucosal cells, a conclusion supported
by the significant direct correlation between LP and
TK activity (Fig. 5).

Regeneration of gastric surface cells occurs as a
result of migration of epithelial cells from the gastric
pits, suggesting that undamaged basal lamina is re-
quired for successful mucosal recovery (Black et al,
1985; Silen and Ito, 1985). This would suggest that
beneficial agents not only provide protection to the
gastric mucosa but may also allow mucosal reconsti-
tution. Some antioxidants and scavenging agents for
free radicals have been shown to prevent experimen-
tal short-term gastric mucosal damage (Yoshikawa et
al, 1992). However, famotidine was able to accelerate
reconstitution of gastric mucosa without exerting an
antioxidant capacity in animals subjected to ethanol-
induced subchronic gastritis. The effect of famotidine
in stimulating the property of gastric mucosa cells to
proliferate raised the question of whether there exists
a possible involvement of H2R antagonism on muco-
sal cell regeneration.

It has been reported that cimetidine and ranitidine,
but not famotidine, significantly delay and inhibit he-
patic DNA synthesis and the percentage of mitosis in
rats subjected to 70% partial hepatectomy (Ka-
nashima et al, 1985; Kanashima and Kobayashi,
1989). Although the mechanism has not been clarified,
H2RA-induced changes in liver blood flow had no
influence on their deleterious action on regenerating
liver. Interestingly, both cimetidine and ranitidine had
no effect on DNA synthesis or rate of mitosis when
added to a hepatocyte culture at concentrations within
the effective pharmacological dosage, and even 30
times higher, but serum from hepatectomized animals
treated with these H2RA did inhibit in vitro proliferation
of hepatocytes (Francavilla et al, 1989). These findings
suggest that metabolite by-products of H2RA might
affect the concentration of hormonal and growth fac-
tors in animals with regenerating liver.

The H2RA effects in modifying cell proliferation have
also been found in gastric mucosal cells. Indeed,
retinoic acid, which induces differentiation of normal
epithelial and various carcinoma cells, increases his-
tamine H2R, without altering its affinity for tiotidine, in
a human gastric carcinoma cell line (Arima et al, 1991).
More recently, it has been shown that H2 blockers
induce a dose-dependent stimulation of in vitro prolif-
eration in the same adenocarcinoma cell line without
significantly modifying cell migration (Ciacci et al,
1996). These authors have proposed that this mito-
genic effect may contribute to the ulcer-healing effect
of these H2-blockers in vivo. Although the differential
effect of H2RA on the proliferative capacity in various
tissues is unknown, we suggest that histamine H2RA
could be deeply involved in the regulation of the cell
cycle in cellular populations constituting the gastric
mucosa.

The present kinetic analysis revealed the presence
of a high-affinity site for specific binding of cimetidine
(Kd: 28 nM for the ligand and Bmax of 270 fmol/mg) in
highly purified plasma membranes from gastric mu-
cosa. The assay showed a slightly higher affinity for
the cimetidine than that reported in the gastric carci-
noma cell line MKN-45 for [3H] tiotidine and a much
higher affinity compared with the reported Kd of 5 mM

for the histamine binding site in gastric mucosal cells
(Batzri et al, 1982).

Under our experimental conditions, we have dem-
onstrated that lower cimetidine binding to plasma
membranes is associated with increased rate of
TBARS production in isolated plasma membranes
from gastric mucosa. These findings suggest that
antagonism of H2R could be somehow involved in the
normal proliferative event which occurs after gastric
damage induced by chronic administration of ethanol.
The mechanism by which H2RA is capable of promot-
ing cell proliferation in adenocarcinoma cell lines is
unknown. However, it has been demonstrated that its
action is not mediated by enhancing the effects of
well-known proliferators of gastric mucosa, such as
transforming growth factor-alpha (TGF-a) or epider-
mal growth factor (EGF) (Ciacci et al, 1996). To our
knowledge, the present data seem to be the first
demonstration that treatment with H2RA can influence
in vivo regeneration of gastric mucosal cells when
given to animals subjected to ethanol-induced gastric
mucosal damage.

In conclusion, LP induced by reactive oxygen radi-
cals seemed to be involved in the generation of
ethanol-induced chronic mucosal injury. However, re-
generation of mucosal surface epithelium occurred
after ethanol withdrawal and was accompanied by an
important enhancement of LP in mucosal plasma
membranes. This further peak of LP accompanied an
increased DNA synthesis and a striking decrease in
the capacity of membrane histamine H2-receptors to
bind radioactive cimetidine. In addition, famotidine
treatment of animals subjected to chronic mucosal
damage accelerated cellular proliferation, leading to a
histological and functional improvement of the gastric
mucosa in rats (Hernández-Muñoz and Montiel-Ruı́z,
1996). These findings revealed a significant correlation
between LP and the magnitude of cell proliferation
and an inverse correlation between LP events and the
cimetidine binding by isolated plasma membranes
from gastric mucosa.

Materials and Methods

Materials

[N-methyl-3H] cimetidine (specific activity 24 Ci/mmol)
and [Methyl-3H] thymidine (specific activity 2 Ci/mmol)
were purchased from Amersham (Buckinghamshire,
United Kingdom) and New England Nuclear Company
(Boston, Massachusetts), respectively. Famotidine,
Percoll, and other reagents were from SIGMA Chem-
ical Company (St. Louis, Missouri).
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Animal Treatments

The present model of chronic ethanol-induced muco-
sal injury in male Wistar rats (230–270 g of body
weight), has been recently reported in detail
(Hernández-Muñoz and Montiel-Ruı́z, 1996). Briefly,
the animals, deprived of food overnight, received 1 ml
of 50% ethanol by intragastric gavage, followed by
free access to food and 5% ethanol in water. The
treatment was continued for five days, and on the fifth
day ethanol was withdrawn (gastritis group, h 5 0).
The best reversion of ethanol-induced gastritis was
accomplished by intragastric administration of 5 mg/
kg/day of famotidine for 1 to 3 days after ethanol
withdrawal (Hernández-Muñoz and Montiel-Ruı́z,
1996). Appropriate controls for each experimental
condition were run simultaneously. All procedures
were conducted in accordance with the Institutional
Guide for Animal Experimentation (National University
of Mexico).

Subcellular Fractionation of Gastric Mucosa

Under general anesthesia with sodium pentobarbital,
stomachs were removed and rinsed in cold saline
solution. Histological assessment of strips of gastric
wall was performed as previously described
(Hernández-Muñoz and Montiel-Ruı́z, 1996). Rat gas-
tric mucosa was totally excised and subcellular frac-
tions were obtained as described in detail (Hernández-
Muñoz and Montiel-Ruı́z, 1996). Plasma membranes
with a high level of purity were obtained by the method
of Loten and Redshaw-Loten (1986). Cytosolic and
microsomal fractions were also obtained by differen-
tial centrifugation, and the purity of the fractions was
assessed with marker enzyme activities (Hernández-
Muñoz and Montiel-Ruı́z, 1996).

Assays for Lipid Peroxidation and Free Radicals

The amounts of some aldehydic products generated
by LP were determined by the thiobarbituric acid
reaction (Buege and Aust, 1978), modified as previ-
ously reported (Hernández-Muñoz et al, 1984), and the
results listed as TBARS. Estimation of membrane
LP-related CDs was performed as described by Reck-
nagel and Glende (1984) and of free radicals, accord-
ing to luminol CL (Cadenas and Sies, 1984). Gastric
mucosa levels of glutathione (as an index of in vivo
oxidative stress), were quantified in acid-extracts of
gastric mucosa by a spectrophotometric method (Ak-
erboom and Sies, 1981).

Estimation of DNA Synthesis and Compensatory Cell
Proliferation after Ethanol Withdrawal

The cytosolic activity of thymidine kinase (EC
2.7.1.21), a reliable parameter for cell proliferation,
was determined by the technique of Sauer and Wil-
manns (1985). The mitotic index was quantified in
histological samples stained with hematoxylin-eosin,
and its magnitude expressed as described by Niemela
et al (1995).

[3H] Cimetidine Binding in Isolated Plasma Membranes
of Gastric Mucosa

To assess the specific binding of cimetidine by gastric
mucosa, plasma membranes purified by Percoll gra-
dients were harvested and washed three times in a
buffer containing 250 mmol/L sucrose and 10 mmol/L
TRIS-HCl, pH 7.4. The final pellet (100 mg of protein/
assay) was incubated in 500 ml of the same buffer with
increasing concentrations of [N-methyl-3H] cimetidine
and the unlabeled ligand (0.002–1 mM), in duplicate at
37° C for 60 minutes. After incubation, membranes
were washed three times with sucrose-TRIS buffer
and retained in Whatman GF/F filters. Dried filters
were counted in 10 ml of tritosol (Dı́az-Muñoz et al,
1998). To determine the binding constants (Kd and
Bmax), equilibrium experiments were subjected to
Scatchard analysis. Nonspecific binding of [3H] cime-
tidine was defined by the addition of unlabeled 5
mmol/L cimetidine or 1 mmol/L famotidine for each
case. Hence, the specific binding was calculated by
subtracting the nonspecific binding.

Statistics

All results are expressed as mean 6 SE The signifi-
cance of the differences among groups was assessed
by two-way ANOVA.
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