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Background: Irritable bowel syndrome (IBS) is a disorder with unknown pathophysiology,
although it would appear that stress of different types plays an important role in the onset
and development of the disorder. It affects 10-15% of the general population. Currently,
anticholinergics and prokinetics are the main therapies. Objective: The objective of this
study was to examine the effects of sildenafil in an animal model of IBS. Methods: IBS was

Irritable bowel syndrome (IBS) is a disorder
with unknown pathophysiology, although it
seems that stress of different types plays an
important role in onset and development of
the disorder [1]. The prevalence of IBS in West-
ern countries is approximately 10-15% [23],
which creates a great economic burden on
society [45]. IBS comprises 25-50% of all
referrals to gastroenterologists [6]. IBS is not
curable and only symptomatic therapy is avail-
able to relieve the patients’ manifestations,
which are mainly pain and change in bowel
habit [7.8]. The most commonly used medica-
tions are anticholinergics which act through
inhibition of gastrointestinal tract (GIT)
motility. Antidepressants and antidiarrheal
drugs are also widely used for the treatment of
IBS. Reports considering the efficacy of these
drugs are extremely inconsistent and in a
recent systematic review, none of the men-
tioned medications have been shown to be
more effective than placebo [9]. However, with
limited evidence, it is considered that slowing
and relaxing of the bowel smooth muscles is
beneficial [10].
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induced in rats using the wrap-restraint method and sildenafil was administered
intragastrically by gavage at doses of 0.5, 1 and 5 mg/kg. Gastric emptying, small bowel
transit and fecal excretion (index of large intestine motility) as well as concentrations of
cyclic nucleotides (cGMP and cAMP) and total antioxidant capacity in the large intestine
were determined. Results: Sildenafil at all doses used (0.5, 1 and 5 mg/kg) significantly
reduced gastric emptying up to 120 min postdrug administration. All doses (0.5, 1 and

5 mg/kg) of sildenafil dose-dependently reduced small bowel transit up to 60 and 90 min
after sildenafil administration. Treatment of rats using sildenafil (0.5, 1 and 5 mg/kg)
increased the concentration of cAMP 40 min post administration. At 90 min postdrug
administration, only sildenafil (5 mg/kg) increased cAMP concentration. At 40 min
postdrug administration, sildenafil (1 and 5 mg/kg) and at 90 min, all doses of sildenafil
increased the concentration of cGMP. Sildenafil (5 mg/kg) increased total antioxidant
capacity and reduced fecal excrements in IBS rats. Conclusion: Sildenafil administration
appears to have beneficial effects in the treatment of IBS in rats, which is in relation with
the drugs potential to increase bowel total antioxidant capacity and cyclic nucleotides.

Sildenafil, the drug of choice in erectile dys-
function (11,121, is a ¢<cGMP phosphodiesterase
(PDE) inhibitor which inhibits catabolism of
c¢GMP and increases its availability leading to
smooth muscle relaxation in the corpus caverno-
sum and GIT [13-15. This effect is achieved by
stimulation of the nitric oxide (NO)/cGMP
pathway [16]. This study investigates the influ-
ence of sildenafil on GIT motility, and large
intestine cGMP and cAMP concentrations and
total antioxidant capacity (TAC) in an estab-
lished animal model of IBS to examine whether
the drug has any advantage.

Methods

Animals

Male Wistar rats weighing 200-250 g were used.
The animals were kept in four groups consisting of
six rats on a 12 h light—dark cycle (8 AM to 8 PM)
and were given food at specific hours during the
day with open access to water. Animals were main-
tained in this condition for 1 week prior to experi-
mentation. The experiments were carried out on
fasted animals (24 h) in the afternoon; except for
the fecal excretion test, for which animals were fed.
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Table 1. Effects of sildenafil on small bowel transit in the animal model of IBS

Dose of sildenafil

(mg/kg in rat) 60

0 188+ 1.3
0.5 27.2 £2

1 289+ 198
5 399+ 18

Time (min) expressed as a percent (%)

90 120
224+09 284 +2
27.6 £0.3% 26.2 £ 1.65
28.2 +0.28 215+£15
30.1 £ 18 25+3

Sildenafil was administered at doses of 0.5, 1 and 5 mg/kg by gavage. Small bowel transit was calculated at 60, 90
and 120 min after phenol red administration in rats. Data are mean + SEM of six animals in each group. Difference
between the concentration of phenol red recovered in the first and third intestinal segment was chosen as small
bowel transit and expressed as the percent of the total amount recovered.

5Represents that difference between treated and control (dose 0 mglkg) is significant at p < 0.05.

Study protocol

As a model for IBS, the mild-restraint (wrap-
restraint) method, which has been shown to be
that which most resembles humans in compari-
son to other models of IBS, was used [17,18]. Ani-
mals were lightly anesthetized with ether and
wrapped in masking tape to restrict their move-
ment and then animals were transported into
their cages. A total of 18 rats were classified into
three groups of six rats each, to examine different
doses of sildenafil and six rats received physio-
logic saline as controls. After 90 min, sildenafil
was dissolved in water and administered at doses
of 0.5, 1 and 5 mg/kg intragastrically by gavage.
After 45 min, phenol red was administered and
the animals were sacrificed and the concentra-
tion of phenol red in the stomach and three
equal segments of small bowel were measured.
To indicate gastric emptying, the percent of phe-
nol red recovered was calculated. To assess small
bowel transit, differences between the amount of
phenol red in the first and third intestinal seg-
ment expressed as a percent of the total amount
recovered was calculated.

In the second part of the experiment, fed
animals in the above-mentioned groups were used
to evaluate the effect of sildenafil on fecal excretion.
Fecal pellet output in fed animals was counted for
4 h after sildenafil administration. For measuring
concentrations of cAMP, cGMP and TAP of the
large intestine, after sacrificing, the rats’ large intes-
tine was carefully removed, placed in physiologic
saline (50 ml) and homogenated (5 sec). After
incubation for 1 h, 10 ml of the upper solution
was centrifuged (15 min, rpm =3000g) and
supernatant was used for analysis.

Determination of cCAMP & cGMP

Levels of cAMP and cGMP were determined
by enzyme-linked immunosorbent assay
(ELISA) technique kits. In this technique, a

peroxidase-labeled cAMP conjugate, a specific
antiserum (immobilized on to precoated micro-
titer plates), and a single substrate solution were
used. The assay is based on the competition
between unlabelled cAMP or cGMP and a fixed
quantity of peroxidase-labeled cAMP or cGMD,
for a limited number of binding sites on a
cAMP- or cGMP-specific antibody.

Determination of total antioxidant capacity
The total antioxidant capacity of intestine
homogenate was determined by measuring the
ability of the sample to reduce Fe3* to Fe?* estab-
lished as the Fluorescence Recovery After Photo
bleaching (FRAP) test [19]. Briefly, in this test,
the medium is exposed to Fe3* and the anti-
oxidants present in medium start to produce
Fe?* as an antioxidant activity. The reagent
included 300 mmol/l acetate buffer, pH 3.6 and
16 ml acetaldehyde/l of buffer solution,
10 mmol/l 2,4,6-tripyridyl-S-triazine (TPTZ) in
40 mmol/l HCI, and 20 mmol/l FeCl;.6H,0.
Working FRAP reagent was prepared as required
by mixing 25 ml acetate buffer, 2.5 ml TPTZ
solution and 2.5 ml FeCl;.6H,O solution. 10 pl
of H,0O-diluted sample was then added to 300 pl
freshly prepared reagent warmed at 37°C. The
complex between Fe?* and TPTZ gives a blue
colour with absorbance at 593 nm.

Measurement of gastric emptying &

small bowel transit

The phenol red method was used [20,21].
Briefly, animals received 1 ml of a 1.5%
methylcellulose solution containing 0.5 mg of
phenol red intragastrically (by gavage). The
stomach and small intestines were then
removed carefully, rinsed in 0.9% saline and
the small intestine divided into three equal seg-
ments. The stomach and three intestinal
segments were placed in 100 ml of 0.1 N
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Figure 1. Effects of different doses of sildenafil on

gastric emptying.
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Sildenafil was administered at doses of 0.5, 1 and 5 mg/kg by gavage. Gastric
emptying was calculated at 60, 90 and 120 min after phenol red administration in
rats. Data are mean + SEM of six animals in each group.
SDifference between treated and control (dose 0 mg/kg) groups is significant at
p < 0.01. Bars respectively represent control and sildenafil (0.5, 1 and 5 mg/kg).

NaOH and homogenized for 30 sec. The sus-
pension was stored at room temperature for
60 min and 5 ml of supernatant was added to
0.5 ml of 20% w/v trichloroacetic acid. After
centrifugation at 3000 rpm for 20 min, the
supernatant was added to 4ml of 0.5N
NaOH. Finally, the absorbance of the samples
was read by an ultraviolet (UV)-Visible
Spectrophotometer  (Shimadzu, UV-160A,
Japan) at 560 nm. A calibration curve was used
to measure the concentration of phenol red.
The percentage of gastric emptying was
calculated according to the following formula:

1 - phenol red recovered from test stomach y 100

average phenol red recovered from 1
standard stomachs

Statistics

Statistical analysis was performed by the use of the
SPSS statistical software package, version 10. The
ANalysis Of VAriance (ANOVA) followed by post
hoc test for multiple comparisons was used.
Results are expressed as mean + SEM. A value of
p < 0.05 was considered statistically significant.

Results

Changes in gastric emptying after administration
of sildenafil at 1, 1.5 and 2 h after phenol red
administration are indicated in Figure 1. Sildena-
fil at all doses used (0.5, 1 and 5 mg/kg) signif-
icantly reduced gastric emptying in comparison
with the control group. This inhibitory effect
was not abolished during the time and was
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observed even after 120 min in comparison
with the control group. Table 1 demonstrates the
effect of sildenafil on small bowel transic. All
doses (0.5, 1 and 5 mg/kg) of sildenafil dose-
dependently reduced small bowel transit com-
pared with the control group up to 60 and
90 min after sildenafil administration. This
effect subsided after 120 mins.

The concentrations of cAMP, ¢cGMP and
TAP are presented in Table 2. Treatment of rats
by sildenafil (0.5, 1 and 5 mg/kg) increased the
concentration of cAMP 40 min postadministra-
tion. At 90 min postdrug administration, only
sildenafil (5 mg/kg) increased the cAMP con-
centration. At 40 min postdrug administration,
sildenafil (1 and 5 mg/kg) and at 90 min post-
drug administration, all doses of sildenafil
increased the concentration of cGMP. The TAP
was increased by sildenafil (5 mg/kg) compared
with the control group. The effect of sildenafil
on fecal excrements is shown in Figure 2. Only
high doses of sildenafil (5 mg/kg) reduced fecal

excrements in IBS rats.

Expert opinion

Overall results of the present study demonstrate
that sildenafil reduces gastric emptying and small
bowel transit, two important parameters of IBS.
The effect observed by sildenafil was interest-
ingly dose-dependent for small bowel transit.
The most effective dose of sildenafil for inhibit-
ing large intestine motility was 5 mg/kg. At this
dose, added to inhibition of large bowel motility,
the TAP, as well as concentrations of cAMP and
cGMP, increased.

It is known that PDE-isozymes are highly
distributed in the human body and sildenafil has
shown a somehow relative affinity for other PDE
subtypes, as well as PDE-5 (221, which could
explain the increase in cAMP concentrations
shown in the present study. Interestingly, PDE-5 is
present in both large and small intestines and this
implies that the pharmacologic effects of sildenafil
predominantly on smooth muscle relaxation in
GIT, such as the corpus cavernosum smooth mus-
cle, are expectable. The relaxing effect of sildenafil
on smooth muscles is thought to occur via an
increase in intracellular cGMP, which then modu-
lates intracellular calcium content and subsequent
contractility of smooth muscle 23]. In addition,
sildenafil can interestingly reduce rectal hypersen-
sitivity, a common problem in patients with
IBS [16]. Supporting the present results, there is a
meta-analysis study indicating that myorelax-
ants such as cimetropium bromide (five trials),
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Table 2. Effects of sildenafil administration on large intestine concentrations of cyclic nucleotides and total

antioxidant capacity

Sildenafil
(mg/kg)

0
0.5
1
5

cAMP (pmol/ml); time (min)

cGMP (pmol/ml); time (min)

Total antioxidant capacity
(umol/1); time (min)

40 90 40 90 40 90

19.2 £ 0.1 21.25+2.45 3022 +13.4 29317+ 12 201.1 £16.5 1995+ 13
238£025  242%12 31024+ 124 30923+ 12,35  2061+312  203.2+152
28.8 +0.258 258+238 3180 + 228 3132.5+6.188 208 £ 184 2045+ 225
35+ 188 37 £ 1.58 3453.8 + 33.85%8 3423.7 + 18.188 223.6 + 15.98 229.5 + 16.28

Sildenafil was administered at doses of 0.5, 1 and 5 mg/kg by gavage. Determination of cAMF, cGMP and total antioxidant capacity were
performed at 40 and 90 min post administration of sildenafil. Data are mean + SEM of six animals in each group.
& and §§ represent that the difference between treated and control (dose 0 mg/kg) is significant at p < 0.05 and p < 0.01, respectively.

hyoscine butyl bromide (three trials), mebeverine
(five trials), otilium bromide (four trials),
pinaverium bromide (two trials) and trimebutine
(four trials) are superior to placebo for the global
improvement of IBS and reducing pain [10).
Regarding the role of psychologic issues on IBS (11,
positive effects of NO on psychologic stress has
been proposed [24,25] and it is prudent to expect the
same effect for sildenafil, which acts through the
same pathway. NO is also involved in nociception
and the analgesic property of sildenafil, especially

on visceral smooth muscle has been reported [26-
28). Therefore, sildenafil might reduce visceral
pain, a main complaint in IBS patients. The

Figure 2. Effects of different doses of sildenafil on rat fecal
pellets excretion.
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Sildenafil was administered at doses of 0.5, 1 and 5 mg/kg by gavage. Fecal
pellets excretion was evaluated up to 4 h post administration of sildenafil. Data
are mean + SEM of six animals in each group.

SDifference between treated and control groups is significant at p < 0.01.
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present results indicate that the inhibitory effect of
sildenafil on small bowel transit, unlike gastric
emptying, is dose dependent. The duration of
action of sildenafil in the reduction of small bowel
transit continued up to 90 min post administra-
tion of drug. This finding supports previous
reports on the short duration of action of sildenafil
on small bowel smooth muscle [13,29]. The present
study demonstrated that reduction in fecal excre-
tion by sildenafil continued up to 4 h after sildena-
fil administration. This supports the potential of
sildenafil for reduction of large bowel motility.
Unlike the small bowel, which responded well to
all doses of sildenafil, only high doses of sildenafil
affected large bowel motility. This seems to be due
to the unselectivity of sildenafil for PDEs present
in the large bowel.

An imbalance between the activity of free
radicals and TAP in inflammatory bowel diseases
(IBDs) has been reported [301. Although IBS has a
different pathophysiology to IBD, the possibility
of lipid-peroxidation in IBS has been
suggested [31]. A parallel increase in TAP and cyclic
nucleotides with decreased large intestine motility
are in support of this suggestion. This means that
lipid peroxidation may have a role in IBS that
should be examined in further studies. Further, in
supporting the present results, recent studies have
confirmed that prevention of cyclic nucleotide
catabolism by the use of PDE inhibitors cope with
oxidative stress and decrease oxidative stress [32-34].
This is important and can be considered as a possi-
ble mechanism of action of sildenafils positive
effects in IBS observed in the present study.

Outlook

In conclusion, regardless of the mechanisms
involved, the present data confirm positive effects
of sildenafil in remission of rat IBS. Clinically,
this would be promising in symptomatic therapy

Therapy (2005) 2(2)
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Sildenafil reduced gastric emptying, small bowel transit and fecal
excrements while increasing intestinal levels of cyclic nucleotides (CAMP
and cGMP) and total antioxidant capacity in experimental IBS rats.

The beneficial effects of sildenafil on rat IBS may be due to its potential in
increasing bowel total antioxidant capacity and cyclic nucleotides levels.
Clinically, this would be promising in symptomatic therapy of IBS.
However, there are some limitations such as the short duration of action

on small bowel smooth muscle.

Discovery of new agents acting by the same mechanism as sildenafil but
with a high duration of action on small bowel smooth muscle and less
unwanted effects, mainly reduction in blood pressure and gastric
dyspepsia observed with sildenafil, would be a suitable option.
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