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The potential difference across the stomach wall (PD) is determined by the gastric
mucosal barrier. The decrease in the PD evoked by “the barrier breakers”, e.g.
aspirin, ethanol or bile acids is believed as a sensitive index of the mucosal damage.
The effect of glyceryl trinitrate (GTN), isosorbide dinitrate (IDN) and molsidomine
{MOL) — all exogenous donors of nitric oxide (NO), as well as L-arginine (L-ARG),
which is a substrate for NO-synthase and Nw-nitro-L-arginine (L-NNA), a non-
-selective NO synthase inhibitor on the gastric electrolyte barrier were studied
against the gastric damage induced by ethanol. All NO donors given intragastrically
alone caused only moderate, not significant changes in the PD and failed to affect the
mucosal barrier, while L-NNA slightly decreased the PD. The NO donors and
L-arginine applied as pretreatment prior to ethanol resulted in diminishing of its
damaging action that was similar for all these drugs, while L-NNA intensified both
the injury and the drop in the PD values caused by ethanol. In summary, our results
showed the protective effect of endogenous nitric oxide from L-ARG and that
originating from GTN, MOL and IDN on the gastric electrolyte barrier, supporting
involvement of nitric oxide in the mechanism of gastric protection in the stomach.
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INTRODUCTION

The high concentration of hydrogen ions in the gastric juice is maintained
by the electrolyte gastric mucosal barrier (1). The agents disrupting this barrier,
such as ethanol, aspirin and bile acids cause the back-diffusion of hydrogen
ions from the gastric lumen into the mucosa with coexisting shifts of other
ions. Under normal physiological conditions ion concentration gradients
originate an electrical potential difference (PD) across the stomach wall equal
to 40—50 mV in humans with the lumen negatively charged. Both, the
experimental studies in animals and the clinical gastroscopic investigations,
have demonstrated that even a single ingestion of 100 ml of 40% ethyl alcohol
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produces a fast drop in the absolute PD value followed by a transient mucosal
damage, similar to that exhibited by the acute hemorrhagic gastritis (2, 3).
Therefore the assessment of the decrease of the PD by various noxious agents,
occurring very early upon damage, appears to be a sensitive index of the
mucosal damage. The administration of the mucosal barrier disrupting agent
for a long time may lead to the development of a chronic gastritis and even of
peptic ulcers.

Our previous studies documented that various sorts of alcoholic beverages
or intragastric application of ethanol that interacted with different chemical
factors influenced the electrolyte barrier of the gastric mucosa and is reflected
in the changes in the gastric potentials (4, 5). Release of free radicals was
proposed as one of the essential mechanisms contributing to the damaging
action of ethanol (6). Nitric oxide (NQO) has attracted the considerable interest
as a messenger molecule in many physiological reactions, including control of
gastric motility and secretion, gastric blood flow and gastric mucosal defense
mechanisms (7). Nitric oxide is expected to exert a protective mechanism in the
gastric mucosa against the attack of oxygen free radicals released by alcohol.
The aim of our study was to evaluate the action of NO released from
NO-donors on the gastric mucosal barrier and the potential difference and its
interaction with the barrier damaging effect of ethanol. We employed
exogenous NO donors that are widely used in treatment of coronary
insufficiency: glyceryl trinitrate (GTN), molsidomine (MOL) and isosorbide
dinitrate {(IDN). For comparison the effects of a substrate for NO-synthase
L-arginine (L-ARG), and No-nitro-L-arginine (L-NNA) that was shown to
suppress NO-synthase (8) were tested under the same experimental conditions.

MATERIALS AND METHODS

The experiments were carried out in Wistar rats of either sex weighing 250—300 g anaesthetized
with a-chloralose (0.06 g/kg) plus ethyl urethane (0.6 g/kg) applied im. Each of the twelve series
consisted of 8—12 rats, which results were included into consideration after elimination of the
animals with the PD value lower than 20 mV. The PD across the stomach wall was measured with
high resistance digital multimeter using method described previously (9) and modified by our group
(10). The electrical circuit consisted of two calomel electrodes and agar-agar bridges (polyethylenc
drainage tubes filled with 3% agar-agar gel in saturated KCl solution). The potentials of the mucosal
side of the stomach was measured by the KCl-agar-agar bridge introduced into the stomach through
esophagus and of serosal side by measuring equivalent potential of the blood (in these experiments
a cut tail dipped in saturated KCl solution), according to the method described elsewhere (4).

The substances tested were given by the polyethylene tube introduced into the gastric lumen.
Immediately after the initial PD measurement a1 the moment t = Q, denoted as PDy, 1 ml of water
or 1 ml of 40% ethanol (ETH) were given intragastrically. All NO donors and NO synthase
inhibitor were administered intragastrically in agueous solutions (0.5 ml) as pretreatment,
15 minutes before t=0, in the following doses: GTN — 0.04 mg/kg; MOL — 0.16 mg/kg, IDN
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— 0.57 mg/kg;, L-ARG — 20 mg/kg; L-NNA — 10 mg/kg. The applied doses corresponded with
ca. daily humnan doses recalculated for rat body weight. The changes in the PD after administration
of the solution tested were compared with initial values (PD,) and expressed in percentages. The
statistical significance of the obtained results was assessed with the Student’s “t” test for comparing
results in the group and x’-test for comparison between groups.

RESULTS

Table I shows the effect of administration of different drugs modifying the
level of NO in the gastric mucosa prior to the 1 ml of water introduction as
compared to animals without drug pretreatment (control).

Table 1. The effect of the drugs modifying level of NO given alone on the intact gastric mucosa

compared to the control experiment. The drugs were applied intragastrically as pretreatment 15

min prior to 1 ml of water introducticn. There are compared the absolute PD values + standard

errors of the mean (S.E.M.) measured at the following moments: 1/ initial, immediately before water

introduction (PD,), 2/ when the PD was maximally changed (PD_) and 3/ the final, 60 min after

water introduction (PD,). Asterisks indicate the statistical significance as compared to the
respective PD values [(x) — p<0.05].

Pretreatment: E:HE‘),.O] E:n[-)ﬁ E;?\?ﬂ
og?;rgolp;ittrl;:;;e:f:)' 299+14 312+1.8 298+1.8
g]ym?al;:;itrate 347+1.3 369422 359+18
m‘;‘ﬂ‘g’f’]i“"' 34.6:+2.0 137418 351417
isosorb[i;i[n; I:I]initrate 360+1.9 348+1.8 337+18
E"_‘f;g]e 332414 34116 337418
N“*"E‘Ej'ﬂ';ff“i“" 308+1.1 27"2}} - 297408

The major aim of these investigations was to determine the role of nitric
oxide in intact stomach. Results are presented as the absolute values of the
electrical potential difference of the stomach mucosa (PD) and were expressed
in millivolts. Three measurements were compared: 1/ initial (PD,) immediately
before water introduction, 2/ when the PD was maximally changed (PD,,) and
3/ at 60 min after water introduction (PDg,). The statistical significance of the
PD in comparison to the respective initial PD, values are marked if occurred
with asterisks: (¥) — p<0.05.
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In Table 2 the effect of pretreatment with the equipotent doses of drugs
modifying the level of NO in the gastric mucosa prior to 1 ml ethanol 40%
introduction was compared against the effect of 40% ethanol given alone.

Tubie 2. The effect of the drugs that modify level of NO given intragastrically in combination with
ethanol compared to ethanol alone. The drugs were applied as pretreatment 15 min prior to 1ml of
40 % ethano! intreduction. There are compared the absolute PD values + standard errors of the
mean (S.E.M.) measured at the following moments: 1/ initial, immediately before ethanol
introduction (PD,); 2/ when the PD was maximally decreased (PD_) and 3/ the final, measured 60
min after ethanol introduction (PD, ). Asterisks indicate statistical significance as compared to the
respective PD,, values [(#++) — p<0.001; (%) p<0.01; (»} — p<005].

Pretreatment: ;_R?} [l;)vnj En?\l;ﬂ :
°T$'L°'p$i$§?$$’ 299414 'Siji]‘ = 298+18
(ETH]
g]yccll-:gg.lt-rNh;ilraie 332+18 36‘9[32'2 1116
rncEI;il%)Einc 352520 26-%1‘ 326419
isosorb[i;ﬂl; 1::Ii]imitratla 340417 24&1*7-5]2‘7 34.14+2.1
Ef:’gg]“ 302412 & '(3;:’)"5 30.1£18
Nm-nét[:fglga:]ginine 3204 1.5 ”{“:’ ‘i-]” 2902+1.2

Similarly as in previous Table I, the results are presented as the absolute
values of the PD expressed in millivolts and measured in three moments:
1/ initial (PD,) immediately before ethanol introduction, 2/ when the PD was
maximally decreased (PD,,) and finally 3/ at 60 min after ethanol introduction
(PDg,). The statistical significances of the PD in comparison to the respective
initial PD,, values are marked if occurred with asterisks: (xx*) — p<0.001;
(x+) — p<0.01; (¥) — p<0.05.

For better recognizing the effect of investigated drugs the time course of the
PD relative values were evaluated. The relative values expressed in percentages
of the respective initial PD,, values were proposed instead of the absolute ones
for better compatibility of results, because the average initial absolute PDy
values were different in the each experimental set of animals.

Figure I shows the time courses of the relative PD values in experiments with
1 ml of water introduction 15 minutes after the administration of each drug
applied alone on the intact mucosa. For comparison the plot of the PD in the
control experiment with water introduction without pretreatment is presented.
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Fig. 1. The time courses of the relative PD expressed in percentages of the respective initial PD,

values in all series of experiments with the intragastric administration of water after pretreatment

with NO exogenous donors (GTN, MOL, IDN), NO synthase substrate (L-ARG) and NO

synthase inhibitor (L-NNA) in comparison to the introduction of water alone in the control
cxperiments,

It is clearly visible that three slightly different types of the PD time
dependence occur. Introduction of water (control) and pretreatment with
MOL, IDN and L-ARG alone prior to water failed to influence the PD value.
GTN application increased very slightly the PD by about 8% in 15 min after
water introduction; this increase was however not significant. In contrast,
L-NNA produced a significant (p<0.05) decrease of the PD at 20" min by
10.7% as compared to the PDg value. This drop was also more persistent. No
significance however occurred between the different series compared with
x2-test. All of the drugs used alone failed to induce macroscopically visible
gastric lesions,

In Figure 2 the time courses of the relative PD show significant
differences between effect of pretreatment with the drugs modifying
a level of nitric oxide in the gastric mucosa on the action of 40%
ethanol in comparison to the effect of ethanol alone and to the control
experiments.

40



216

ETHo t
100 -
a0
—
i B0 +
o i = =Q= = water (control)
Q i +
a | —-M- GTN+ETH |
a 70T — <A~ = MOL + ETH |
o
== DN+ ETH
60 + 2 E ——L-ARG + ETH
[ ~ e LNNA + !
¥ - + L_N_T ETH I
50 .Q--... b ‘ —— I
-10 0 10 20 30 40 50 60 70
time [min]

Fig. 2. The time courses of the relative PD expressed in percentages of the respective initial PD,,

values in all series of experiments with the intragastric administration of ETH alone and ETH after

pretreatment with NO exogenous donors (GTN, MOL, IDN), NO synthase substrate (L-ARG)

and NO synthase inhibitor (L-NNA) in comparison to the introduction of water alonc (the control
experiments).

After the intragastric administration of GTN, MOL, IDN and L-ARG
prior to ETH, the reductions in the PD by 20.5% (p<0.05), 23.7% (p <0.05),
29.2% (p<0.001) and 29.5% (p <0.01), respectively, were observed, while ETH
alone decreased the PD in significant manner (p<0.001) by about 39%. All
these drops of PD were calculated in relation to the PD initial values (PDy) in
each particular experimental group. The PD value reached the highest decline
at 3% — 4" min after ETH administration for NO donors and at about 5" min
for L-ARG. Following time-course of the recovery of the PD was similar in all
groups tested, excluding MOL, and finally the PD values returned to the initial
ones within 60 min upon ethanol administration. Pretreatment with MOL
caused slower reincrease of the PD value to about 93% of its initial value
within 60 min.

The pretreatment with each of the NO donors before ETH, as well as with
L-ARG, a substrate for NO synthase applied 15 min prior to ETH evoked
a significantly smaller drop in the PD as compared to that produced by ETH
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alone. Calculated with the y2-test the respective significance were as followed:
p<0.01 for GTN+ETH and for IDN+ETH, p<0.05 for MOL+ETH and
for L-ARG + ETH. The attenuation of the drop in the PD was however similar
for each of the NO donor tested and the differences between experiments with
the different drugs given prior to ethanol were not significant for any
combination examined.

ETH given after pretreatment with L-NNA caused a reduction of the initial
PD, by 45.7% (p<0.001). The minimum in the PD value was reached later
than in the NO donors’ pretreatment, about 10 min after ETH administration.
Further time course of the PD recovery was similar to that measured after
ETH alone, however it reached within 60 min about 92% of the PD, value
only. The difference between ETH alone versus L-NNA combined with ETH
failed to show statistically significant difference. The differences between the all
NO donors tested or L-ARG combined with ETH versus L-NNA combined
with ETH were equally significant {p<0.01).

DISCUSSION

This study demonstrates that glyceryl trinitrate, molsidomine and isosorb-
ide dinitrate known as donors of NO and L-arginine, a substrate for NO
synthase administered intragastrically failed by themselves to alter significantly
the normal gastric mucosal barrier as reflected by minor influence of these
compounds on the PD value. Glyceryl trinitrate evoked slight increase in the
PD value, but molsidomine, isosorbide dinitrate, and L-arginine did not exert
any appreciable effects on the PD. These results confirmed our preliminary
observations (11) that NO derived from NO-donors may influence other
functions in the stomach but remained without effect on the PD.

It is known that ethanol produces a significant drop in the gastric PD and
that this effect depends upon the concentration of ethanol employed (5). The
40% ethanol solution applied in the present study is relevant to the
concentration of this agent in many alcoholic beverages (4). According to our
study, this concentration markedly decreased the PD, an index of the damage
of the gastric mucosal barrier.

One of the mechanisms responsible for the destructive action of ethanol on
the gastric mucosa could be the generation of oxygen free radicals (ROS) that
follows the oxidative stress. Antioxidants such as vitamins E and A decrease
post-alcohol peroxidation of lipids in liver and brain and attenuate the
suppression of glutathione activity induced by ethanol in liver (6). Alcohol is
metabolized with few enzymes; the most important are alcohol dehydrogenase
and, however quantitatively less important, enzymes in microsomal cytoch-
rome P-450, especially isoenzyme CYP2E1. Ethanol induces the biosynthesis of
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this latter isoenzyme (6). In our previous studies the damaging effect of strong
alcohol beverages was markedly diminished by the earlier ingestion of the low
concentration alcohol solution (5). At least a part of this protection exhibited
by, so called, “mild irritants” could be attributed to improved antioxidant
activity of certain enzymes, including alcohol dehydrogenase and CYP2EL.

Pretreatment with the nitric oxide donors was proposed to check whether
these compounds affect gastric electrolyte barrier. The NO molecule is
well-known antioxidant involved in many biochemical processes in living
organism. It was shown that NO enhanced blood flow in the gastric
microcirculation and had a potent influence on the gastric acid secretion with
overproduction of the gastrin (7, 12). Other authors revealed that moderate
amount of lipopolysaccharides originated from Helicobacter pylori protected
gastric mucosa against the damage provoked by ethanol with accompanying
increase of gastric blood flow and these effects were mediated by NO; it was
proposed that low concentrations of endotoxin could induce gastric adaptation
due to overexpression of iNOS mRNA and excessive NO production (13).

The importance of the NO in this protection was additionally supported by
the fact that suppression of NOS by Nw-nitro-L-arginine methyl ester
(L-NAME) abolished the protective effect of lipopolysaccharide (14). Other
mechanism of NO action includes effect of this molecule on the gastric mucus
secretion. It was shown that NO donors increase gastric mucus gel thickness in
rats and stimulate mucus secretion by gastric epithelial cells in vitro (15). In
other in vitro experiments the hydroperoxide-induced lipid peroxidation in
intestinal epithelial cells was attenuated by NO (16). The protective role of NO
derived from ¢NOS is well documented against damage induced by
indomethacin, but the activation of iNOS leading to excessive release of NO
was considered to act as proulcerogenic (17).

The pretreatment with exogenous NO donors GTN, MOL and IDN or the
NO- synthase substrate L-ARG led to the enhancement in NO concentration,
diminished significantly the injuring effect of ethanol on the mucosal barrier
and caused smaller fall in the PD value as compared to those treated with
ethanol alone. The acceleration of the recovery process after ethanol damage in
rats pretreated with NO donors or L-arginine was also significantly improved.
There was no difference in the protective activity on gastric mucosal barrier
between exogenous NO donors and L-arginine in the doses applied.

In order to examine the protective role of endegenous nitric oxide in the
mechanism of electrolyte barrier in the mucosa exposed to ethanol the
additional experiments with administration of the NO synthase inhibitor Ne
-nitro-L-arginine (L-NNA) were performed. L-NNA alone given intragastri-
cally evoked small injuring action on the mucosal barrier and slightly, but
significantly diminished the PD value. Significance was not confirmed however
in comparison to control experiments. This notion is supported by the
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observation that L-NNA intensified the PD decrease evoked by ethanol
potently below that recorded in mucosa exposed to ethanol without L-NNA
pretreatment. Both these effects may be due to the suppression of NO-synthase
activity and failure of scavenging action of this molecule on the generation of
free radicals.

It is likely that these effects occurred only in the limited time of vasodilation
caused by increasing amount of NO due to short half life of this molecule, thus
limiting the protective action of NO-donors on gastric mucosal barrier in these
experiments. In contrast to exogenous NO donors that donated NO, applica-
tion of L-arginine was expected to increase the biosynthesis of NO. The
intragastric application of L-arginine as pretreatment enhanced this mechan-
ism, however to the small extent. This minor effect can explain the lack of
statistically significant difference between the action of L-ARG on the PD in
comparison to the effect of the exogenous NO donors applied in experiments
as well with as without ethanol introduction.

In summary, our results show the protective effect of endogenous nitric
oxide from L-arginine and that originating from glyceryl trinitrate, mol-
sidomine and isosorbide dinitrate on the gastric electrolyte barrier, supporting
the notion that NO plays an important role in the mechanism of gastric
protection and in maintenance of mucosal integrity (7, 18). The time courses of
the electrical potential difference confirmed also that after intragastric applica-
tion the nitric oxide donors exerted the protective activity on gastric electrolyte
barrier by simple donating of NO molecules rather than due to more
complicated biochemical mechanisms.
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