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Abstract

In the present study, we have evaluated the visceral analgesic property of buspirone, a SHT; receptor partial agonist, on colorectal
distension-induced mean arterial pressure and behavioral changes in anesthetized and awake Wistar rats, respectively. The selection of the rat
strain was based on the observation that anesthetized Wistar rats exhibited a more prominent mean arterial pressure change in response to
colorectal distention when compared to other strains (Sprague—Dawley, Wistar—Kyoto and Spontaneously Hypertensive). Buspirone dose-
dependently (0.1-1 mg/kg, i.v.) antagonized mean arterial pressure change over a range of distensions (10—90 mmHg). In parallel studies
conducted in awake animals, buspirone (1-5 mg/kg, s.c.) attenuated the abdominal withdrawal response, a nociceptive behavior, in response
to colorectal distension. This effect was antagonized by co-administration of the 5-HT; 5 receptor antagonist N-[2-[4-(2-Methoxyphenyl)-1-
piperazinyl]ethyl]-N-2- pyridinylcyclohexanecarboxamide (WAY-100635) (5 mg/kg, s.c.). We conclude that buspirone exhibits significant
visceral analgesic property in two models of abdominal nociception.
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1. Introduction

Chronic visceral pain in the absence of organic abnor-
mality is a hallmark of irritable bowel syndrome and other
functional bowel disorders (Mertz, 2003a). While the etiol-
ogy of abdominal pain is not well understood, it is believed
that an enhanced sensitivity to distension may be an
important factor (Ritchie, 1973). It is not clear whether this
enhancement is mediated peripherally during afferent trans-
mission or in the central processing of that signal (Mertz,
2003b). There is evidence for modulation of both peripheral
and central neuronal targets to increase visceral sensitivity.
For example, an acute inflammatory insult to the colon
exaggerates pelvic afferent firing to distension (Coelho et
al., 2000; Su et al., 1997). Moreover, repeated application of
a physical insult causes a long lasting sensitization in the
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second-order neurons within the spinal cord, an effect that
persists long after the injury is resolved (Al-Chaer et al.,
2000). In addition to physical stress, postnatal maternal
separation trauma instigates a long lasting visceral hyper-
sensitivity (Coutinho et al., 2002).

Serotonin is an important neurotransmitter within the
enteric nervous system, modulating the motility and secre-
tion functions of the gastrointestinal tract through a diversity
of serotonin receptor subtypes (for a review, see Gershon,
1999). Alosetron, a selective 5-HT3 receptor antagonist,
blocks serotonin-induced depolarization of extrinsic enteric
afferents (Gershon, 1999) and was effective in attenuating
colonic distension-induced autonomic and neuronal
responses in the anesthetized rat (Kozlowski et al., 2000).
In the clinic, alosetron has been shown to help a subset of
patients suffering from irritable bowel syndrome (Camilleri
et al., 2001).

The SHT;o subtype is present on the cell bodies of
afterhyperpolarization-type sensory afferents in the gut,
where it mediates hyperpolarization of the cell membrane
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through an increase in K* conductance (Galligan et al.,
1988). In other myenteric neurons, through a presynaptic
locus, SHT 4 receptors inhibit the release of neurotransmit-
ters mediating both fast and slow excitatory postsynaptic
potentials (Galligan, 1996), possibly leading to an inhibition
in the local gut reflexes.

Within the central nervous system, SHT 5 receptors have
been demonstrated in the superficial laminae of the spinal
dorsal horn, the dorsal and medial raphe nuclei, limbic areas
of the hippocampus and lateral septum, and in cingulate and
entorhinal cortex (for a review, see Barnes and Sharp, 1999).
When injected into the dorsal horn, 5-HT; receptor ago-
nists depress activity of neurons involved in the transmis-
sion of nociceptive signals (Gjerstad et al., 1996). The
endogenous input to the dorsal horn neurons arises in part
from descending fibers of the nucleus raphe magnus (Zem-
lan et al., 1994).

In healthy volunteers that ingested a maximum tolerated
volume of fluid, the 5-HT; 5 receptor partial agonist buspir-
one decreased postprandial symptoms and nausea (Chial et
al., 2003). In a preliminary clinical study (Tack et al., 1999),
buspirone was useful in treating the symptoms of non-ulcer
dyspepsia. Moreover, a full agonist at 5-HT 5 receptors, 8-
OH DPAT, reduced gastric distension-induced nociception
(Rouzade et al., 1998). While the mechanism of action is
unknown, it is possible that the 5-HT; receptor-mediated
relaxation of the fundic tone and an inhibition in sensory
transmission may be involved. Thus, activation of 5-HT; 5
receptors both peripherally and centrally appears to modu-
late visceral sensitivity.

In the current study, using colorectal distension-induced
depressor response in mean arterial pressure as an index, we
first sought to identify a sensitive strain for visceral noci-
ception among the commonly used albino rat strains.
Second, we tested the hypothesis that the 5-HT, 5 receptor
partial agonist buspirone is effective in reducing colorectal
distension-induced autonomic (blood pressure) and behav-
ioral (abdominal withdrawal response) changes in anesthe-
tized and conscious rats, respectively.

2. Materials and methods
2.1. General

All animals were obtained from Harlan Bioproducts
(Indianapolis, IN). On the night before the experiment,
animals were denied food (for ~ 14 h) but not water. To
identify the most suitable strain, comparison of distension-
induced change in mean arterial pressure between outbred
Sprague—Dawley, Wistar, inbred Wistar—Kyoto and Spon-
taneously Hypertensive strains, was performed in female
rats of similar age (range 9—12 weeks); estrus cycle was not
monitored. All experimental procedures were approved by
the Bristol Myers Squibb Institutional Animal Care and Use
Committee.

2.2. Surgery

On the day of the experiment, the animal was anesthetized
with pentobarbital (40—60 mg/kg, i.p.) and equipped with
indwelling femoral arterial and venous catheters for cardio-
vascular (mean arterial pressure and heart rate) monitoring
and drug administration, respectively. Anesthesia was main-
tained by a constant pentobarbital infusion (5—8 mg/kg/h)
throughout the experiment. Even though the animals
breathed spontaneously, tracheotomy followed by cannula-
tion was performed for mechanical ventilation if needed.

2.3. Colorectal distension

The colorectal distension procedure outlined here is mod-
ified from a well characterized model of abdominal nocicep-
tion (for a review, see Gebhart and Sengupta, 1996). To
facilitate balloon insertion, an isotonic saline enema (5—7 ml/
rat) was given using flexible gavage tubing. A 6-cm-long
lubricated balloon catheter, fashioned out of the middle digit
of a medium-sized latex glove and PE250 tubing, was
introduced into the colon such that the base of the balloon
was 1-cm orad to the anus and fastened to the base of the tail.
Through a three-way cannula, the balloon catheter was
connected to a sphygmomanometer and a 10-ml syringe for
making pressure-controlled distensions.

2.4. Subject selection

Once a stable blood pressure was established, the rat was
subjected to a test distension of 90 mmHg that lasted for 20
s. The transient change in mean arterial pressure was noted
and this procedure was repeated three times with a 5-min
interval. The test distensions were used to verify consistency
in response. If two consecutive distensions resulted in
responses that differed from each other by greater than
20%, they were repeated until a consistent response was
obtained. Generally, this criterion was met easily within six
test distensions. A second criterion that was only applied to
the Wistar rat was that the minimum change in the mean
arterial pressure to a 90 mmHg test distension was required
to be 15 mm or greater. Animals that did not meet this
criterion were not included in the experiment. Typically, less
than 20% of animals were rejected based on the above
criteria.

2.5. Single distension protocol

This was done to rapidly evaluate efficacy. Once a stable
baseline response to 90 mmHg distension was established,
animals were subjected to regular distensions before and
after vehicle and drug injections. A 10-min distribution time
was allowed between intravenous injection and distension.
A 5-min period between distensions allowed ample time for
the distension-induced blood pressure change to return to
baseline.
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2.6. Graded distension protocol

In a separate group of animals, a more elaborate response
to graded distensions (10—90 mmHg) was recorded before
and after treatment. The post-treatment distribution time and
the interval between distensions were same as above.
Graded distensions were also used to identify the most
sensitive strain for distension-induced change in mean
arterial pressure.

2.7. Colorectal distension in conscious animals

Animals were anesthetized with an ultra-short acting
barbiturate (methohexital sodium, 50 mg/kg, i.p.) and pre-
pared for distension as outlined with the exception of
surgical procedure. After balloon catheterization, animals
were allowed to recover for a 60- to 90-min period as
required. Each animal was administered vehicle or drug
(s.c.) in a blinded design. After a 20-min period, the animal
was placed on a raised platform and subjected to colorectal
distensions at 10, 30, 60 and 90 mmHg. Each distension
lasted for 20 s with a 3-min interval between stimuli.
Abdominal withdrawal response was quantified as follows:
an abdominal indentation was scored 0.5, a slight lifting of
the abdomen off the platform was scored 1, a prominent lift
(1 cm or more off the platform) was scored 2 and if the latter
was accompanied by a convex hunching of the back, it was
scored 3. An average score from three consecutive trials was
recorded for each animal.

2.8. Drug treatments

Morphine sulfate, R(+)-8-hydroxy-2-(di-n-propylamino)
tetralin (8-OH-DPAT) and N-[2-[4-(2-methoxyphenyl)-1-
piperazinyl]ethyl]-N-2-pyridinyl cyclohexane carboxamide
(WAY-100635) were purchased from Sigma-Aldrich (St.
Louis, MO) while buspirone was obtained from the in-
house compound repository. All drugs were dissolved in
normal saline. Slow intravenous dosing was performed over
a period of 2 min followed by a 10 min distribution time. In
the behavioral study, after the animal recovered completely
from anesthesia, it was treated subcutaneously with the test
agent(s) and tested for distension response 20 min after. For
convenience, the seven treatment groups were broken into
two separate blocks of experiments [block 1: vehicle,
buspirone (1 and 3 mg/kg) and morphine (5 mg/kg); block
2: WAY100635 (5 mg/kg, s.c.), buspirone (5 mg/kg, s.c.)
and WAY + buspirone (5 mg/kg each)]. All treatments were
coded by individuals unconnected to the study and the code
was revealed only after completion of the study.

2.9. Statistical analysis
Mean arterial pressure changes to distension following

treatment for each animal was noted and pooled to arrive at
group means. The means were compared to vehicle mean

using a one-way analysis of variance (ANOVA) with or
without repeated-measures as appropriate, followed by
Tukey’s (for multiple comparisons) or Dunnett’s (for com-
parison with vehicle group) posthoc tests using a commer-
cially available statistical software (Graphpad-Prism version
3.00, GraphPad, San Diego, CA). Statistical significance
was fixed at a P<0.05.

3. Results
3.1. Strain comparison

The objective of this study was to identify the most
responsive rat strain for distension-mediated change in mean
arterial pressure. As expected, distension produced a stim-
ulus-dependent decrease in all strains. While qualitatively
the response to distension in each strain was identical, they
differed in the response magnitude. The decrease in mean
arterial pressure to graded distensions, summarized in Fig.
1A, shows that Wistar rat was the most responsive and
WKY the least. For example, in response to a 90 mmHg
distension, Wistar rats showed a 36 4 mmHg mean
reduction while WKY rats showed a fall of 18 + 2 mmHg
(P<0.001; one-way ANOVA with Tukey’s post-test). How-
ever, when the reduction was expressed as percent of
maximum response, each strain showed an superimposable
stimulus—response relationship (not shown). Typical mean
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Fig. 1. (A) Colorectal distension-induced reduction in mean arterial
pressure in four strains of anesthetized female rats. (B) A sample trace
showing transient, distension-dependent depressor response in a female
Wistar rat. Arrow head marks a 20-s distension.



[y}
N

150

125 N

P<0.01 P<0.01 P<0.01

Mean arterial pressure
(mm Hg)
-
a N o
o [3,] o

N
o
L

o

Baseline  Veh. 0.1 0.3 1

r T

'S
')
]

Buspirone (mg/kg, i.v.)

w
o
1

P<0.01

P<0.01

-
o
1

P<0.01

I_'I'_I

Basleline Ve;licle 0?1 0.3 1

Distension-induced reduction in
mean arterial pressure (mm Hg)
N
o
1

o

Fig. 2. (Top panel) Mean arterial pressure before and after intravenous
vehicle and drug administration. A comparison between mean arterial
pressure after vehicle (1 mlkg, i.v.) and buspirone (0.1-1 mg/kg)
treatments was made using a one-way ANOVA with repeated measures
followed by Dunnett’s post-hoc analysis. Note the “first-dose” hypotension
with buspirone. (Bottom panel) Buspirone showed a dose-dependent
attenuation of the depressor response elicited by a 90 mm Hg distension.
Statistical analysis was the same as above.

arterial pressure changes accompanying graded colorectal
distension in a Wistar rat are depicted in Fig. 1B. The
resting blood pressure (mmHg) of Wistar (122 £ 4), Wis-
tar—Kyoto (122 £ 6) and Sprague—Dawley (135 %5)
strains were similar and significantly lower than that of
the spontaneously hypertensive strain (173 £ 3) (P<0.001;
one-way ANOVA with Tukey’s post-test). On the other
hand, mean heart rate for all the strains ranged from
305 £ 15 (Wistar—Kyoto) to 319 £ 11 (Wistar) beats/min
(P>0.05; one-way ANOVA with Tukey’s post-test). Female
Wistar rats were employed in the following studies.

3.2. Effect of cumulative doses of buspirone on resting and
distension-induced change in blood pressure

The resting blood pressure in anesthetized rats and the
effects of vehicle and cumulative doses of buspirone are
summarized in Fig. 2(top panel). Vehicle alone (I ml/kg)
had no effect on the resting pressure (before, 133 £4
mmHg; after, 134 £ 3 mmHg; P>0.05, N=7). In contrast,
buspirone injection produced a “first dose” hypotensive
effect; that is, the mean arterial pressure decreased from
134 £ 3 to 114 + 3 mmHg (P<0.01, N=7) in response to
the initial dose (0.1 mg/kg, i.v.). This decrease was sustained
throughout the experiment. Subsequent doses of buspirone
(up to 1 mg/kg) had no further effect on the resting blood
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pressure (1 mg/kg, 112 £ 2 mmHg). Whereas, the disten-
sion-mediated depressor response was dose-dependently
attenuated by cumulative doses of buspirone (Fig. 2, bottom
panel). Thus, buspirone at 0.1 mg/kg dose produced a 33%
(% vehicle; P<0.01) attenuation and at 1 mg/kg, an 86%
(P<0.01, N=7) attenuation in the depressor response.

Pretreatment with a low dose (0.1 mg/kg, i.v.) of the 5-
HT, s receptor antagonist WAY-100635 partially blocked
buspirone’s (0.1 mg/kg, i.v.) effect on distension-induced
response (% control, buspirone: 67 + 10; WAY-100635 +
buspirone: 85 & 7; N=7-8; P>0.05). A higher dose of the
antagonist was not tested because WAY-100635 alone at 1
mg/kg i.v., caused a marked and long-lasting (>30 min)
reduction in blood pressure (data not shown).

3.3. Effect of buspirone on mean arterial pressure response
to graded distensions

To further examine the buspirone effect, graded disten-
sions (10—-90 mmHg) were performed (Fig. 3). The disten-
sion response was progressively and robustly attenuated by
increasing doses of buspirone. At a dose of 1 mg/kg,
buspirone completely abolished colorectal distension-in-
duced depressor response at all intensities (Fig. 3).

3.4. Effect of buspirone on behavioral response to
colorectal distension in awake rats

Colorectal distension produced clear behavioral res-
ponses in conscious rats. The typical response included
ceasing to move in response to the initiation of distension
and thereafter showing an abdominal response of tightening
and withdrawal that progressed with increased intensity of
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Fig. 4. Buspirone dose-dependently attenuated abdominal withdrawal
response to distension in awake rats. Co-administration of WAY-100635, a
selective 5-HT; 5 antagonist, reduced buspirone’s effectiveness. Vehicle (1
ml/kg, s.c.) or drug(s) was administered at time zero and animals were
subjected to graded distensions 20 min after. Morphine was used as a
positive control. Analysis was similar to Fig. 3 without repeated measures.

distension. Buspirone dose-dependently (1, 3, 5 mg/kg)
decreased the abdominal withdrawal response to distension
with the highest dose showing a significant reduction at 60
and 90 mmHg distensions (Fig. 4). Lower lip retraction was
occasionally noted in the buspirone-treated animals. No
other gross motor effects were observed.

The selective 5-HT; 5 receptor antagonist, WAY-100635
(5 mg/kg) alone did not affect the distension-induced
abdominal withdrawal response. In contrast, when co-ad-
ministered with a high dose of buspirone (5 mg/kg), WAY-
100635 (5 mg/kg) attenuated buspirone’s effect by shifting
the curve upwards (Fig. 4). However, a significant reduction
in abdominal withdrawal response, albeit reduced in mag-
nitude, was still observed at 90 mmHg distension. As
expected, morphine (5 mg/kg), administered as a positive
control, showed a marked attenuation of abdominal with-
drawal response to 30 mmHg distension (P <0.05) and
above (P<0.01).

4. Discussion

We identified the outbred Wistar female rat to be the
most sensitive to colorectal distension-induced depressor
response among the four strains of rats tested. Using this
strain, we found that the 5-HT;, receptor partial agonist,
buspirone, dose-dependently inhibited responses to disten-
sion in two experimental models of visceral nociception.

Of the strains tested, anesthetized Wistar rats consistently
showed the most robust mean arterial pressure response to
distension. Conversely, anesthetized Wistar—Kyoto rats
showed the least response. Interestingly, in a study that
compared abdominal contraction in response to sustained

colorectal distension in awake rats (Gunter et al., 2000),
Wistar—Kyoto strain was the most responsive. Since this
strain is known to be highly susceptible to anxiety, the
heightened response to distension in awake animals may be
a result of stress. Stress has been previously shown to
exacerbate visceral pain response (Gue et al., 1997). Despite
the difference between the response magnitude, the stimu-
lus—response relationship was identical between strains.
That is, the intensity coding of the stimulus was identical
in all strains.

Buspirone (0.1 mg/kg) produced a robust drop of ap-
proximately 20 mmHg in resting blood pressure in anesthe-
tized animals. This drop was sustained throughout the
experiment. Subsequent cumulative doses of buspirone
had no further effect on the resting pressure while progres-
sively and steeply attenuating the distension-induced de-
pressor response. Thus, the buspirone-induced attenuation
of the nociceptive response was measured against a stable
mean arterial pressure background. In a separate set of
experiments, buspirone produced a dose-dependent inhibi-
tion of responses to the entire range of distensions, not only
confirming the finding from the single distension study but
also extending this to a range of stimuli.

Buspirone-induced hypotension is likely mediated
through 5-HT, 5 receptors located on the cell bodies of the
sympathoexcitatory neurons in the rostroventrolateral me-
dulla (Kubo et al., 1995). The neurons of this region project
excitatory input to the sympathetic motor neurons in the
intermediolateral cell column of the thoracolumbar spinal
cord (Brown and Guyenet, 1984), which in turn provide the
excitatory drive to the myocardium and the resistance arterio-
les. Agonism at 5-HT,;, receptor-bearing neurons of the
rostroventrolateral medulla, causes a reduction in the sym-
pathetic outflow leading to systemic hypotension (Bago and
Dean, 2001).

The pharmacological basis for buspirone’s attenuation of
the distension-induced responses in anesthetized rats could
not be further characterized as the 5-HT} 5 antagonist WAY-
100635 itself at a dose of 1 mg/kg showed prominent
inhibition of the resting blood pressure. Unlike buspirone,
the hypotensive effect of the antagonist is unlikely to be
related to the alteration of sympathetic tone (Bago and
Dean, 2001). Instead, at this dose, it is likely to be due to
blockade of peripheral a;-adrenoceptors (Villalobos-Molina
et al., 2002). This illustrates a drawback of using change in
mean arterial pressure as a sole index of nociception.

Lastly, we tested buspirone in awake animals using the
previously characterized abdominal withdrawal response to
distension as an index (Al-Chaer et al., 2000; Gebhart and
Sengupta, 1996). Buspirone, at doses that showed no gross
behavioral or locomotor effects, produced a dose-dependent
reduction in distension-mediated response over a range of
stimuli. At the highest dose tested, buspirone markedly
attenuated the abdominal withdrawal response. Buspirone’s
efficacy was partially antagonized by pretreatment with the
5-HT, 5 antagonist WAY-100635. WAY-100635 alone did
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not interfere with the distension-mediated response. Indeed,
animals treated with WAY-100635 alone responded no
differently from vehicle-treated animals. If these animals
were hypotensive as a result of a;-adrenoceptor antagonism,
it did not appear to affect the gross behavior of the animals
or the assay.

Even though buspirone is generally regarded as a partial
agonist at 5-HT;, receptors, its efficacy spans a wide
spectrum depending on such factors as the assay measure,
receptor reserve and receptor—effector coupling. Buspirone
has been shown to act as a full agonist at the somatoden-
dritic autoreceptors in the midbrain raphe (Meller et al.,
1990) while being less efficacious on hippocampal postsyn-
aptic receptors (De Vivo and Maayani, 1986). Correspond-
ingly, in appropriate behavioral tests, it is not unusual that
buspirone shows full agonist-like efficacy. For example, in
the lower lip retraction assay (Koek et al., 2000), as well as
in a model of thermal nociception (Robles et al., 1996),
buspirone showed an effect comparable to that of a full
agonist, although with a lower potency.

That buspirone produced a first-dose hypotension that
did not increase with increased doses of the drug while
causing an apparent dose-dependent inhibition of the dis-
tension-related measures suggest that the hypotensive and
antinociceptive effects may be mediated through separate
loci; buspirone acts as a partial agonist at the hypotensive
locus and as a full agonist at the antinociceptive site. In
whole animal studies such as these, it is not possible to say
with a measure of certainty, where exactly the locus of
action is but only that buspirone was clearly efficacious in
two complementary indices of visceral pain.

In summary, of the four strains of anesthetized rats tested
for colorectal distension-induced pseudoaffective response,
Wistar was the most responsive. In the Wistar rat, buspirone
produced a dose-dependent attenuation in colorectal disten-
sion-induced changes in mean arterial pressure and abdom-
inal withdrawal in anesthetized and conscious rats,
respectively. Buspirone’s effects appear to be mediated
through 5-HT 5 receptors.
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