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AbstractAbstractAbstractAbstractAbstract

AIM: To study the effects of indomethacin on the isolated

transverse and longitudinal rat gastric fundus strips.

METHODS: The strips were suspended in an organ

bath containing oxygenated Krebs solution, and

contractile responses to electrical field stimulation

were recorded on a physiograph in an isotonic manner

after administration of cumulative concentrations of

indomethacin. The effects of indomethacin on the strips

pretreated with KATP channel modulators, diazoxide and

glybenclamide were studied.

RESULTS: Treatment of the transverse strips with

indomethacin resulted in a concentration-dependent

inhibitory response. In longitudinal strips, biphasic

responses were seen, which included a stimulatory

response at low concentrations of indomethacin, followed

by an inhibitory response at higher concentrations.

Diazoxide pre-treatment inhibited the stimulatory response

of longitudinal strips. Glybenclamide pre-treatment not

only blocked inhibitory effect of the low concentrations of

indomethacin on transverse strips, but also increased the

amplitude of contractions. Moreover, the drug decreased

the amplitude of contractions in longitudinal strips.

CONCLUSION: Responses of the isolated longitudinal

and transverse rat gastric fundus strips to indomethacin

are not similar, and are influenced by KATP channel

modulators.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION

Hypermotility of  the stomach is proposed to be one of  the
mechanisms of the ulcerogenic action of indomethacin in
rats[1-3]. It has been suggested that the stomach hypermotility
plays a key role in the onset of the lesions, and the other
factors are involved in the later extension of damage
induced by indomethacin[2,4-6]. Ueki et al.[3], demonstrated
that administration of atropine and 16,16-dimethyl PGE2

suppressed gastric hypermotility and reduced gastric
ulcerations. On the other hand, the KATP channels have
also been shown to play a part in the pathogenesis of
indomethacin-induced gastric ulceration[7-10].

In the present work, since our preliminary studies
showed that indomethacin has relaxatory effects on the
strips, we have studied the effects of different concentrations
of indomethacin on contractile response of the isolated
longitudinal and transverse rat gastric fundus strips
stimulated by the electrical field stimulation (EFS). The
effects of diazoxide as KATP channel opener and glybenclamide
as the channel antagonist on the contractile pattern of the
stomach were studied as well.

MAMAMAMAMATERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODS

Male Sprague-Dawley rats (160-200 g) were used. They
were fasted overnight and killed by a blow on the head,
followed by removal of the stomach through abdominal
incision. Longitudinal and transverse strips of the gastric
fundus were prepared as previously described by Milenov
and Kalfin[11]. The strips were 4-5 mm wide and 15-20 mm
long. Not more than four strips were prepared from each
stomach. The strips were suspended under 1 g preload in a
20 mL organ bath containing oxygenated Krebs solution
(113 mmol/L NaCl, 2.5 mmol/L CaCl2, 4.7 mmol/L KCl,
25 mmol/L NaHCO3, 1.1 mmol/L MgSO4, 1.1 mmol/L
KH2PO4, and 11 mmol/L glucose at the pH of 7.2).
Pre-warmed water (37 ) was circulated through the outer



jacket of the tissue bath via constant-temperature circulator
pump. The temperature of the Krebs solution in the organ
bath was maintained within 37±0.5 . The strips were
allowed to equilibrate for approximately 45 min by the
change of bath solution every 15 min. After stabilization
of the tissue, EFS was applied via two platinum electrodes
through which the preparation was surrounded by. Electrical
impulses (rectangular waves, 50 V, 20 Hz, 1 ms for 8 s
train duration with 100-s intervals between the trains) were
provided by a modified stimulator (Harvard 6002, USA).
The stimulus resulted in uniform strip contractions which
were recorded via isotonic transducer and Universal
Oscillograph (Harvard Apparatus, USA).

Cumulative concentrations of indomethacin (3×10-7

-2×10-4 mol/L) were added to the organ bath for evaluation
of effects of indomethacin. In a series of experiments, the
strips were pretreated with diazoxide (10-4 mol/L) or
glybenclamide (4×10-6 mol/L) followed, 15 min later, by
the administration of cumulative concentrations of
indomethacin.

Drugs
All drugs were purchased as pure powder except diazoxide
(aqueous solution). Tween 20 was used for the preparation
of drug suspensions (indomethacin and glybenclamide).
Drug concentrations were adjusted so that the volume of the
added drug to the organ bath exceeds not more than 0.2 mL.

Statistical analysis
Each tissue was used for one dose-response curve. This
was repeated with eight different tissues. The contractile
response of each intact tissue to the EFS was considered as
control (100%), and amplitude of the responses to different
concentrations of drugs were compared with it. The means
and SE for response to each concentration were calculated.
Student’s t-test and two-way analysis of variance with
Newman-Keuls post hoc were used to test the statistical
significance between different groups. Data were expressed
as mean±SE. P<0.05 was considered statistically significant.

RESULRESULRESULRESULRESULTSTSTSTSTS

EFS produced uniform contractile responses in both
longitudinal and transverse strips, which lasted for more
than 100 min and were abolished following atropine
treatment. Vehicle had no effect on contractions.

Strips response to cumulative concentrations of indomethacin
In the transverse strips, administration of cumulative
concentrations of indomethacin (3×10-7-2×10-4 mol/L)
produced concentration-dependent decrease in amplitude
of contractile response. The inhibitory effect of indomethacin
started from the concentration of 3×10-7 mol/L and its
maximum effect was obtained at the concentration of
2×10-4 mol/L. In the longitudinal strips, indomethacin, at
low concentrations (3×10-7-6×10-6 mol/L), increased the
amplitude of contractile responses. The peak of increase
was 14.1±3.14%. With higher concentrations (10-5-2×10-4

mol/L), a decrease in contractile response was observed
(Figure 1).

Figure 1  Cumulative concentration-response curves for the effect of indomethacin
on EFS-induced contractions of transverse ( ) and longitudinal ( ) rat gastric
fundus strips. Each point represents the mean±SE of responses observed in eight
strips. Relaxations are expressed as percentages of the amplitude of contractions
induced in the same strip by EFS before drug treatment. The responses of
transverse and longitudinal strips of rat gastric fundus for each concentration of
indomethacin were compared. aP<0.05 vs EFS-induced contractions of transverse.

Effects of KATP channel modulators on responses to indomethacin
Pretreatment with diazoxide (10-4 mol/L), a KATP channel
opener, 15 min before indomethacin administration showed
no change in the response to indomethacin of transverse
strip (Figure 2A). However, in longitudinal strips, “primary
contractile response” was abolished and a continuous
relaxation was seen following the administration of
indomethacin. The concentration-response curve was shifted
to the left and down and became similar to the transverse
strip responses to indomethacin alone (Figure 2B).

Figure 2  Effect of diazoxide (10-4 mol/L) on cumulative concentration-response
curves for relaxant effect of indomethacin on EFS-induced contractions of
transverse (A) and longitudinal (B) strips of rat gastric fundus. Each point
represents the mean±SE of responses observed in eight strips. Relaxations or
early contractions are expressed as percentages of the amplitude of contractions
induced in the same strip by EFS before drug treatment. A: Responses of
transverse strips of rat gastric fundus pretreated with diazoxide ( ) after
administration of each concentration of indomethacin compared to saline-treated
( ) strips; B: responses of longitudinal strips of rat gastric fundus pretreated
with diazoxide ( ) after administration of each concentration of indomethacin
compared to saline-treated ( ) strips. aP<0.05 vs saline-treated strips.
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present results, the responses of transverse and longitudinal
strips to indomethacin were not identical. In the transverse
strips, the effect of indomethacin was inhibitory while in
the longitudinal strips, the response to indomethacin was
dependent on the concentrations of  the drug. We observed
an increase in the amplitude at the low concentrations, while
a decrease in the amplitude at higher concentrations.
Takeuchi et al.[1,2], and Ueki et al.[3], in in vivo studies,
demonstrated that indomethacin administration resulted in
a significant gastric hypermotility. In our experiments,
contrary to the hypermotility reported by the aforementioned
investigators, we observed relaxation of  the strips after
indomethacin administration. The reason for this discrepancy
may be due to the fact that in the previous published reports,
the effects of indomethacin have been studied in the intact
animals (in vivo) while the present work is an in vitro study,
independent of humoral and/or neural influences. It is
possible that the reported results are the net effect of several
different factors; some of them are not limited to the
stomach and are systemic effects. Gastric motility is under
the control of neural, humoral, and mechanical factors with
stimulatory or inhibitory effects on the stomach contractility.
The net results of  these effects will determine the
contractility of the stomach. The strip relaxation may be
due to the inhibition of stimulatory prostaglandins (PGs)[12,13],
L-type calcium channels[14] or phosphodiesterase 4[15].

The presence of the KATP channels has been demonstrated
in the smooth muscles of the stomach[16]. The difference
between the results obtained in transverse and longitudinal
strips following indomethacin administration may be
dependent on the state of KATP channels of the tissues.
Opening of the channels by diazoxide, in the longitudinal
strips, resulted in responses similar to that of transverse
strips under indomethacin treatment. On the other hand,
the administration of glybenclamide, a KATP channel
antagonist, interestingly, changed the response of transverse
strip to a response similar to that of longitudinal strips under
indomethacin treatment. Altogether, these results are
suggestive of  the possible role played by KATP channels on
the effects of indomethacin on the motility of the isolated
rat gastric fundus strips.

The stomach is one of the sources of different types
of PGs with stimulatory or inhibitory effects on contractility
of the organ[17]. It has been known that indomethacin has
inhibitory effects on the generation of PGs. On the other
hand, the effects of PGs are known to be through their
receptors[18]. Some PG receptors are only present in the
longitudinal muscles[19]. This also may explain the difference
between the results obtained in longitudinal and transverse
strips as observed in our present study.

As shown in Figure 3, the stimulatory effect of
indomethacin on the EFS-induced contraction of the
longitudinal strip was abolished by both diazoxide and
glybenclamide. These drugs have an opposing effect on KATP

channels: diazoxide has an ability to open the channels while
glybenclamide has an ability to inhibit the channels. Because
KATP channel opener induces relaxation of smooth muscle
through hyperpolarization, it is easy to understand the effect
of diazoxide. However, glybenclamide causes depolarization
through inhibition of KATP channels and results in activation

Glybenclamide pre-treatment (4×10-6 mol/L) 15 min
before indomethacin administration, not only prevented
“acute inhibitory response” in transverse strips, but also
increased the amplitude of contractile responses to
indomethacin at concentrations of 3×10-7-10-6 mol/L. The
curve shifted to the right and up and became similar to
longitudinal strip response to indomethacin alone (Figure 3A).
Longitudinal strip responses to indomethacin decreased in
the presence of glybenclamide, resulting in a shift to the
left and down of  the response curve and making the curve
similar to the response curve of  transverse strip to
indomethacin alone (Figure 3B).

Figure 3  Effect of glybenclamide (4×10-6 mol/L) on cumulative concentration-
response curves for relaxant effect of indomethacin on EFS-induced contractions
of transverse (A) and longitudinal (B) strips of rat gastric fundus. Each point
represents the mean±SE of responses observed in eight strips. Relaxations or
early contractions are expressed as percentages of the amplitude of contractions
induced in the same strip by EFS before drug treatment. A: Responses of
transverse strips of rat gastric fundus pretreated with glybenclamide ( ) after
administration of each concentration of indomethacin compared to saline-treated
( ) strips; B: responses of longitudinal strips of rat gastric fundus pretreated
with glybenclamide ( ) after administration of each concentration of indomethacin
compared to saline-treated ( ) strips. aP<0.05 vs saline-treated strips.

DISCUSSIONDISCUSSIONDISCUSSIONDISCUSSIONDISCUSSION

Several mechanisms, including the hypermotility of  the
stomach, have been proposed to explain indomethacin-
induced gastric ulceration[1-4]. Hypermotility may be due to
the action of drugs on the CNS, or peripheral effects of
indomethacin on the stomach nerves or muscles. In the
present study, we have investigated the effects of
indomethacin on the contractile responses of the isolated
transverse and longitudinal strips of rat gastric fundus to
myenteric plexus activation via EFS.

The fact that atropine prevented the EFS-induced strip
contractions suggests that the contractions originate, at least
in part, from the cholinergic system. According to the
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of  the cell (contraction). Yet, this agent abolished the
stimulatory effect of indomethacin on the EFS-induced
contraction of the longitudinal smooth muscle. It seems
that glybenclamide acts more than a KATP channel blocker,
thus other possible mechanisms for this action of
glybenclamide must be evaluated.

In conclusion, the pattern of response of transverse
and longitudinal strips to indomethacin is not quite similar,
which may be due to the involvement of KATP channels.
However, the overall effect of indomethacin on EFS-induced
contractions of the isolated strips of rat gastric fundus is
an inhibitory action.
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