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Brain Activation Covariated With Changes in Heart Rate, Heart Rate
Variability, and Plasma Catecholamines During Rectal Distention

Hmeaxi Suzuxi, MD, Satosui Wartanase, PuD, Tovoumo HamacucHl, PuD, Hirotaka Mine, MS, Takanmo Terui, MD,
Motovori Kanazawa, MD, PuD, Noriko Ootisa, BSN, Mrrsuya Maruyama, ME, Tomoyuxi Yamse, MD, PuD,
MasatosHl Iros, PuD, ano Sun Fukupo, MD, PuD

Objective: To test the hypothesis that gut stimulation provokes autonomic arousal via activation of regional cerebral cortices. How
the human brain processes interoceptive signals and forms initial autonomic arousal is one of the key questions to be answered in
research on emotion. Methods: Twelve healthy males participated in this study. A barostat bag was inserted in the rectum and
intermittently inflated with 0, 20, or 40 mm Hg at random for 80 seconds. H, '*O positron emission tomography (PET) of the brain,
electrocardiography, and blood sampling for catecholamines were performed. Changes in regional cerebral blood flow were
interpreted using statistical parametric mapping. Results: Rectal distention with 40 mm Hg induced a significant increase in heart
rate, low-frequency (LF)/high-frequency (HF) ratio of heart rate variability, and plasma adrenaline. Activated brain areas that were
covariated with increased hean rate during rectal distention were the right insula, right operculum, right dorsolateral prefrontal
cortex, putamen, thalamus, periaqueductal gray, and cerebellum (p < .001, uncorrected), whereas those that were covariated with
increased LF/HF ratio were the bil | insula, p hal midbrain, pons, and cerebellum (p < .001, uncorrected).
Activated brain areas that were covariated with increased plasma adrenaline were the nght insula, right orbitofrontal cortex, nght
parahippocampal gyrus, putamen, thalamus, periaqueductal gray, pons, and cerebellum (p < .001, uncorrected). Conclusion: Our
results suggest that the right insula and the related body mapping regions may form the functional module of sympathetic arousal
in response to gut mmulnnou Key words: positron emission tomography, heart rate, heart rate variability, catecholamine, visceral

AQR2

P P ion, rectal d on
PET = positron emission tomography, rCBF = regional cerebral These cortical brain structures are thought to play a salient
blood flow; BA = Brodmann's area; ECG = electrocardiogram;  role in the processing of the autonomic response as well as the

HRYV = heart rate variability; HF = high-frequency component of
HRV; LF = low-frequency component of HRV; LF/HF = ratio of
LF to HF; ANOVA = analysis of vanance.

INTRODUCTION

motion was proposed to have two components, one as the

bodily state and the other as the feeling (1). The bodily
state, which is mediated by a family of peripheral, autonomic,
endocrine, and skeletomotor responses, has been believed to
involve subcortical structures: the amygdala, the hypothala-
mus, and the brainstem whereas the feeling involves cerebral
cortex.

However, neuroscience and patient studies indicated that
autonomic response, the bodily state, is associated with cor-
tical brain regions which are important in the feeling (2-5).
Electrical stimulation of brain regions like insula, anterior
cingulate cortex, or prefrontal cortex induced changes in blood
pressure and heart rate occasionally accompanied by subjec-
tive mood changes (2,3). Patients with dysfunction of prefron-
tal cortex or anterior cingulate cortex did not show autonomic
changes in mental tasks, which elicit autonomic arousal in
normal healthy subjects (4,5). Besides, the patient with dam-
aged prefrontal cortex could not have emotional feelings (4).

From the Department of Behaviom! Medicine (H.S., S.W., TH, HM,,
T.T., MK, 5.F.); Institute of Development, Aging and Cancer (MM, T.Y.);
Tohoku University, Sendai, Japan; and Post-Graduate Education Center

feelings (4,6).

Studies using functional neuroimaging technique have ex-
amined noninvasively the relationship between autonomic
arousal and brain activity. Hand gripping, mental arithmetics,
mental tasks, or Valsalva maneuver provoked activation of
anterior cingulate cortex, insula, prefrontal cortex, amygdala,
hippocampus, cerebellum, and brainstem that were associated
with autonomic activity (7-10). Stimulation of the gastroin-
testinal tract also provokes autonomic changes (11-13) as well
as visceral sensation. Functional imaging studies have identi-
fied brain areas activated during stimulation of the esophagus
(14), stomach (15), descending colon (16), or rectum (17,18).
These brain areas include the anterior cingulate cortex, insula,
prefrontal cortex, cerebellum, and brainstem (14-18). How-
ever, no study has ever examined the association between
activation of brain regions and autonomic activity during
gastrointestinal stimulation.

Recently, the processing of emotion has been conceptu-
alized as hierarchical structures, visceral sensation, action
tendencies, unidimentional and multidimentional process-
ing, and integration of multidimentional processing (6).
Emotion and identified brain regions that were covariated
with autonomic changes in earlier studies are multidimen-
sional because complex cognitive tasks were used (7-10).
Therefore, identified brain regions that were covariated
with autonomic changes in earlier studies should be reex-
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have already been used as indices of autonomic activity in the
previous human study of rectal distention (13). Changes in
heart rate during rectal distention and the association between
brain activity and serum catecholamine levels have not been
studied yet in humans.
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In this study, we tested the following hypotheses:

1. Rectal distention provokes changes in heart rate, HRV,
and serum catecholamine levels in healthy young men.

2. Activated brain regions that were covariated with
changes in heart rate, HRV, and serum catecholamine
levels during rectal distention are the anterior cingulated
cortex, insula, prefrontal cortex, amygdala, hippocam-
pus, cerebellum, and brainstem.

MATERIALS AND METHODS

Subjects

Twelve healthy male volunteers (age = 22 + | (standard error of the
mean) years) were recruited to participate in this study through local adver-
tiscment between July 2004 and June 2005, Each volunteer underwent a basic
medical history, medical interview, and physical examination to exclude
mjmmmmmallmmmngmhmddmﬁw from
signs or symp of gastroi lar, or psychotic disorders.
T}zywmﬁuofmedtmnmuﬂmwbjmhadb:mtﬂunsﬂeplm
smoking, drinking alcohol heavily, or taking excessive caffeine. All subjects
gave their informed consent before starting the study. This study, which is a
part of the Brain Imaging Project for Imritable Bowel Syndrume in Tohoku

University (Principal [ g S.F.), was ap d by the Ethics Com-
mittee of Tohoku University School of Mcd-:u-a

Experimental Design

On the day before the i the subjects ook a low residue dict.

At night (9 PM), they ingested 17 (13, d'mgofmagnnlum citrate, 75 mg of
sodium picosulfate, and 24 mg of ide A & B tocl the colon. The

mh)mwmmmﬁsmdmmgmﬂmupemumbepnﬂrncudlyll lﬂ
AM. First, the subjects lay quictly on a bed for p graphy

H. SUZUKI et al.

kyo), which provided values for 64 seconds. Heart rate and HRV were then
obtained at cach four stimulation. Overall spectral analysis was applicd to

the major frog P of HRV signal, the low-frequency
fL.F)btud(ﬂiM OISHz).dnhmh-ﬁtquﬂx'yﬂ'F}band(DIS—04thmd
LF/HF ratio. The LF is under the sympathetic and par thetic control,
whereas the HF is under the pmsympnheuc oonlml {19 21). Increased
LF/HF ratio reflects an increase in cardisc sympathetic tone (21,22),

Plasma Catecholamines

Blood (16 ml) was withdrawn from the left culm.n! vein immediately after
cach di ion, mixed with disodi thylenedi ic acid, and
centrifuged at 3000 rpm at 4°C. Separsted plasma was then frozen and stored
at —40°C. On the day of assay, the frozen plasma was defrosted, and plasma
catecholamines were determined using high performance liquid chromatog-
raphy with clectrochemical detection after batch alumina extraction. Detec-
tion limits of adrenaline and drenaline were 2.56 pg/ml and 1.35 pg/ml,
respectively, Intra-assay variances of adrenaline and frenaline were
0.50% and 0.55%, respectively. Interassay variances of adrenaline and nor-
adrenaline were 1.77% and 2.27%, respectively.

PET Scan

The method for brain imaging was ially the same as that described
in our previous studies (16,23). A plaster head support was set for cach subject
to minimize head movements during PET imaging. H,'*0 (Tohoku Univer-
sity Cyclotron Radioisotope Center, Sendai, Japan) was injected into the right
arm vein at the beginning of rectal distention. Ten scconds later, both
dioactivity and peak | nf!hcbag hed a pl Mrhe di
tivity detected in the brain is proportional to the vol of bral
blood flow (rCBF) (24), mmtmmaCBFumnumtndexormuml
nctivity evoked by stimulation (25,26), Using a **Ge/**Ga radiation source,
transmission scan for y-ray absorption was corrected before PET scanning,
PETsmmugmwMemdmddtmbjm while awake, were

(PET) scan ut the Cyclotron Radioisotope Center, Toholu Uni Two
polyethylene cath were i into the bilateral cubital vein. A saline
dnpmfusmwumdulmuoﬂmb‘mm Aphmcu'dntu-w:ﬁnm
polycthylene bag (S ics Medical, Stockholm, Sweden) was d into
the rectum of cach subject. After a radicactive tracer (H,"O) was injected
through the right cubital vein, a PET scan of the brain was performed four
times with or without rectal distention. Scummewusﬂm?l.lleconds
Approximately a 10-minute interval was given b
to ensure that radioactivity levels d 1o before g a new
scan. Holter electrocardiogram (ECG) was recorded throughout the expen-
ment. Heart rate and HRV during rectal distention were analyzed later.
Immediately aﬁtrmhdm&nﬂmofdnmmbloodwum!hd‘nmwathe
left cubital vein for later analysis of pl

Rectal Distention

Rectal di were i d with a ized
Synectics, Shoreview, Minnesota), which lnﬂaﬂnd the thin polyethylene bag at
rate of 38 ml s~ ', The maximal volume of the barostat bag was 500 ml and
the maximal diameter of the bl,gnt full inflation wu 10 em. The first stimulus

4 (Med

was always without rectal di ( ly Hoy i et -
ceived rectal di with an i , ol'(J (ahum stmwlahm}. 20, or 40
mm Hg. The intensitics of three rectal d ions were ordered randomly to

avoid order effect. Average intensities of second, third, and fourth stimula-
tions are not significantly different among each other in one-way analysis of
variance (ANOVA). There was a lag time of 6 seconds before reaching peak
pressure after initiation of the stimuli. The stimuli continued for 80 seconds,
a period which matched the duration of the PET scan

Heart Rate and HRV
Data were analyzed from the Jed Holter ECG, and stimulation was

| to keep their eyes closed for the whole period of the scan (70
seconds). The rCBF in each subject was measured during four scans (70
scconds cach), using a PET scanner in three-dimension sampling mode
(HEADTOME V SET-2400W, Shimizu, Kyoto, Japan). The scanner pro-
duced 63 horizontal slices with a separation of 3.125 mm, an axial field of
view of 200 mm, an in-plate resolution of 590 mm, a full width at half
maximum (FWHM), and an axial resolution of 3.9 mm FWHM (27).

PET data were transferred to a super computer (NEC, SX-4/128H4,
Tohoku University Computer Center, Sendai, Japan) and PET images were

d, using three-di I filtered back projection algorithm
(28-30). PET images were analyzed according to the method of Friston et al,
(31-36), using a statistical i ,,' software (SPM2, Wellcome

D:pmmcni of Cognitive leogy London, UK). PET images were re-

iall lized, and fi d into approxi in Ta-

hunu:h ‘l‘mrmuu stercotactic space (37), Finally, the images were smoothed

by a 3D Gaussian filter (FWHM = 13 mm) and proportionally scaled to
for global confound:

Analysis

Walues of changes in heart rate, LF, HF, LF/HF ratio, and plasma levels
of catecholamines were analyzed by one-way ANOVA. In cases where
significant interactions were found in the ANOVAs, post hoc analysis using
Ryan's method (p < .05) were conducted to ine which b of
rectal distention intensities differed significantly. To estimate rCBF differ-
ences between bascline and each rectal distention, an mln;:wpoompmmn
was made using “population mam effect: two conditi one
(paired ¢ test)” SPM model. To eval the iation b heart rate,
LF/HF ratio, or catecholamine levels and rCBF during two conditions (basc-
line and i ity of rectal di ion), regression with all ratings was per-

marked with a specific key input. Premature ventricular or supraventricular
contractions were reduced by a signal analyzer (SCM 6000, Fukuda Denshi,
Tokyo). R-R intervals during stimulation were calculated by a comp

fi d g the values of heart rate, LF/HF ratio, and catecholamine
levels as covariates of interest in “multi subjects, covariate only” SPM model
(38). Fl.l!l, a level of significance was set at <0.1% (uncorrected for multiple
¢ as the region of significant comrection. Second. much more

software (R-R Interval Analyzing Program, HPS-RRA, Fukuda Denshi, To-

2

80

significant analysis were performed with a level of significance of =5% with

Psychosomatic Medicine 71:777-777 (2009)
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rCBF COVARIATED WITH AUTONOMIC AROUSAL

TABLE 1. Changes in Heart Rate, Heart Rate Variability, and Plasma Catecholamines Induced by Rectal Distention
Parameters/Bag Pressure Baseline (0 mm Hg) Sham (0 mm Hg) Mild (20 mm Hg) Intense (40 mm Hg)
Heart rate (bpm) 585138 603 =39 622 +35 72.0 = 4.8
LF (bpm?) 1723 = 801 2429 * 889 3043 = 1825 1293 + 40
HF (bpm?) 2705 + 1259 2070 + B46 2129 + 816 489 * 134
LF/HF 0.98 = 0.30 1.68 = 0.40 1.42 £ 0.35 2.85 = 0.54*
adrenaline (pg/mi) 29+5 27+5 307 44+ 9°
noradrenaline (pg/ml) 196 = 24 185 = 21 N2+25 216 = 21

Values are mean * standard error of the mean (n = 12).
HR = heart rate; LF = low-frequency power exp d as an i
ratio; bpm = beats/minute,

grated arca, HF = high-frequency power expressed as an integrated area; LF/HF = area power

Values significantly different from the bascline arc shown as follows: *p < .001.

TABLE 2. Activated Brain Areas That Were Significantly and Positively Covariated With Increased Heart Rate During Rectal Distention With

40 mm Hg
Region (Brodmann Area) Side Coordinates (x, y, z) T Score Voxels in Cluster
Cerebellum™** (vermis) — 0, —54, =22 19.50 2162
Cerebellum® R 28, —44, -50 6.45 126
Cerebellum* R B, —54, -50 5.18 36
Middle insula** R 36,0, -2 7.95 612
Periaqueductal grey* — -2,-30,0 7.87 229
Primary motor cortex** (*) L -12, =30, 70 7.78 49
Operculum® (*?) R 38, —14, 20 7.06 168
Dorsolateral prefrontal cortex* ('94%) R 46, 58, 6 5.65 50
Putamen™ L -20, 6,18 5.57 79
Supplementary mator cortex® (%) L -58,12, 38 5.08 21
Thalamus® L ~16, =32, 16 5.24 157
Thalamus® L =10, -6, 6 4.57 28
Coordi refer to | 100 in vic space. The table shows maxima of search values. Height threshold: T = 4.02, p < 001. Extent threshold k = 20

voxels, p < .234 (uncormected), Corrected p < .05*, 0.01**, and 0.001*** for multiple comparisons.

correction for multiple comparisons. Significantly activated regi

identified on the basis of Talairach coordinates (7).

were

RESULTS

Changes in Heart Rate, HRV, and Plasma

Catecholamines Levels Induced by Rectal Distention

Rectal di ion with an i ity of 40 mm Hg produced
significant increases in heart rate (p < .001), LF/HF ratio (p <
.001), and plasma adrenaline (p < .001), compared with
baseline (Table 1). Changes in LF, HF, and plasma noradren-
aline were not significant. The sham (0 mm Hg) or 20 mm Hg
stimulation did not evoke any significant autonomic response.

Functional Module of the Brain in Proportion to

Increase in Heart Rate

Intense rectal distention (40 mm Hg) significantly in-
creased rCBF in the previously reported visceral pain circuit,
i.e., left thalamus, middle portion of the right insula, right
operculum, bilateral putamen, periaqueductal gray, cerebellar
vermis, and bilateral cerebellum (p < .001, uncorrected, data
not shown).

Brain regions that showed significant positive covariation
between the increase in rCBF and that in heart rate during 40
mm Hg rectal distention are shown in Table 2. Activity in the
middle portion of the right insula, right operculum, and right

Psychosomatic Medicine 71:777-177 (2009)

dorsolateral prefrontal cortex showed significant positive co-
variation with heart rate (p < .001, uncorrected) (Figure 1). In #1
addition to these regions, rCBF in the left thalamus, periag-
ueductal gray, left primary motor cortex, left supplementary
motor cortex, left putamen, cerebellar vermis, and right cere-
bellum were significantly covariated with heart rate.

Functional Module of the Brain in Proportion to

Increase in LF/HF

Regions of the brain where the increase in rCBF signifi-
cantly and positively were covariated with that in LF/HF
ratio during rectal distention with 40 mm Hg are shown in
Table 3. Activity in the posterior portion of the bilateral T
insula, right anterior insula, and bilateral putamen showed
significant positive covariation with LF/HF ratio (p < .001,
uncorrected) (Figure 2). Besides, significantly positive co- F2
variation between the increase in rCBF and that in LF/HF
ratio was found in the right superior frontal gyrus, left
thalamus, midbrain, pons, bilateral cerebellar hemisphere,
and cerebellar vermis.

Functional Module of the Brain in Proportion to
Increase in Plasma Adrenaline

Significant positive covariation between the increase in
rCBF and that in plasma adrenaline during 40 mm Hg rectal

3
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Figure | Activity in the middle portion of the right insula (Ins) (36, 0, —2), the right operculum (Op) (38, — 14, 20), and the right domsolateral prefrontal cortex
(RPC) (46, 58, 6) positively covariated with increased heart rate during roctal distention with an intensity of 40 mm Hg. Results of covariation analysis were
displayed on selected slices of the magneti imaging templ ilable in SPM2 system. Coordinates are relative to anterior commeasure in the

1 (x), 10 ior (y), and superior-inferior (z) directions. Color calibration bars that apply to cach image represent critical T-score magnitude of
the covariated arcas with a threshold voxel a level of p < 001 (uncorrected).

TABLE 3. Activated Brain Aress That Were Siguificantly and Positively Covariated With Increased LF/HF Ratio During Rectal Distention With

40 mm Hg
Region (Brodmann Area) Side Coordinates (x, y, z) T Score Voxels in Cluster
Cerebellum®* L -18, =62, -26 9.04 180
Cerebellum* R 32, -74, -50 8.83 434
Cerebellum (vermis) —_ 10, —-64, -28 5.50 346
Cerebellum L —14, —53, —-44 5.08 53
Cerebellum L ~38, —40, 46 4.63 27
Cerebellum L -46, ~76, -34 4.52 42
Superior frontal gyrus* (%) R 6, -18, 84 B.A7 30
Pons* - —4,-32,-30 7.35 592
Putamen* L -20,14,8 7.23 310
Putamen* R 14,10, -8 6.42 36
Anterior insula* R 36, -12,4 7.07 251
Paosterior insula® L -30, =16, 4 5.98 179
Posterior insula R 30,10,12 5.03 B8
Thalamus L ~14, -32, 6 5.00 34
Midbrain region — 16, -22, -6 4.87 52

Coordinates refer to location in stereotaxic space. The table shows maxima of scarch values. Height threshold: T = 4.02, p < .001. Extent threshold k = 20
voxels, p < 264 (uncorrected). Corrected p < .05* for multiple comparisons

distention are shown in Table 4. A significant positive co- increase in rCBF in the right superior frontal gyrus, bilat-
variation between the increase in rCBF and that in plasma  eral putamen, bilateral thalamus, periagueductal gray, pons,
adrenaline was detected in the anterior portion of the right  and bilateral cerebellar hemisphere were significantly and

insula, right orbitofrontal cortex, and right parahippocam-  positively covariation with the increase in plasma adrena-
pal gyrus (p < .001, uncorrected) (Figure 3). Moreover, the line.
4 Psychosomatic Medicine 71:717-777 (2009)
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Figure 2. Activity in the right posterior insula (RPT) (36, 0, —2), the left posterior insula (LPT) (—30, —16, 4), the right anterior insula (RAI) (30, 10, 12), the
left putamen (LP) { —20, 14, 8), and the right putamen (RP) (14, 10, - 8)pomuwfymvmahdw1dummd LLF/HF ratio during rectal distention with an intensity
nl'-t()mmHg_TheRPumtlnandnlwhmwh:muﬂ:LPlsmmﬂul Resul ul'.... Jysi wmdlq:hvcdonstlcm:dshncsnflhtmngﬂ:ﬂc

ilable in SPM2 system. Coordi lati i in the I (x), P ior (y), and
superior- infl:nur{zl dnm:tmm Color calibration bars that apply to cach i an-g: r:prﬁcmmnc:] T-score magnitude of the covariated arcas with a threshold voxel
a level of p < 001 (uncorrected).

TABLE 4. Activated Brain Areas That Were Significantly and Positively Covariated With Increased Plasma Adrenaline During Rectal Distention
With 40 mm Hg

Region (Brodmann Area) Side Coordinates (x, y, 2) T Score Voxels in Cluster
Cerebellum™ R 14, -50, —34 B.14 1442
Cerebellum® L —-26, —68, -50 6.13 324
Putamen* L -20, -2, 18 8.10 674
Putamen R 18, -2, 10 1.36 47
Anterior insula® R 26,16, 18 7.24 324
Periaqueductal grey* — -8, =20, -10 6.30 109
Orbitofrontal cortex* ('") R 28,44, 18 6.00 25
Superior frontal gyrus* () R 14, -12, 80 5.78 22
Thalamus* R 16, =16, 24 5.50 332
Thalamus® L -18, -36, 8 4.70 52
Pons*® L -14, =32, -28 543 23
Parahippocampal gyrus (**) R 20, ~26, -8 4.51 26

Coordinates refer to location in stereotaxic space. The table shows maxima of search values. Height threshold T = 4.02, p < .001. Extent threshold k = 20
voxels, p < 265 (uncomrected). Corrected p < .05* for multiple comparisons

DISCUSSION changes in these three autonomic systems were the right
This study is the first to demonstrate that cortical and  insula, thalamus, putamen, periaqueductal gray. pons, and
subcortical brain activation was covariation with increase in  cercbellum. Regions of the brain that were covariated with
three different autonomic indices, heart rate, LF/HF ratio, and  heart rate only were the right operculum and the right dorso-
plasma adrenaline during rectal distention. Regions of the  lateral prefrontal cortex, whereas those that were covariated
brain that were significantly and positively covariated with  with plasma adrenaline only were the right orbitofrontal cor-

Psychosomatic Medicine 71:777-777 (2009) 5
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Figure 3,
gyrus (PhG) (20,

Activity in the anterior portion of the right insula (Ins) (26, 16, 18), the night orbitofrontal cortex (Orf) (28, 44,

H. SUZUKI et al.

, —18), and the right parshippocampal
—26, —8) positively covanated with mcruwd plasma adrmaluu during rectal distention with an mmlry of 40 mm Hg. Results of covariation

analysis were displayed on selected slices of the magn
in the i 1 (x), anterior (y), and supen

tex and the right parahippocampal gyrus. The only region that
was covariated with LF/HF ratio was the left insula. These
findings show that activation of specific brain regions is
associated with changes in a specific autonomic system.
Activation of the insula was covariated with increases in
heart rate, LF/HF ratio, and plasma adrenaline. The insula has
been reported to be involved in the processing of emotion via
mapping and/or regulation of internal body states (39). In
addition, the anterior portion of the insula has been shown to
be involved in interoception, a sensation of body physiological
conditions (40). Evidence has shown that the insula is acti-

6

available in SPM2 system. Coordinates are relative to anterior commeasure
nferior (z) directions. Color calibration bars that apply to cach image represent critical T-score magnitude
of the covariated areas with a threshold voxel o level ul'p < 001 {uncorrected).

vated during stimulation of the rectum (18) and the descend-
ing colon (16). Changes in the activity of the insula have been
reported to correlate with changes in heart period during
mental tasks (10). Besides, subjects’ accuracy in heart beat
detection task can be predicted by neural activity in the right
insular/opercular cortex (41). In our previous study, activation
of the insula was associated with discrimination between mild
(20 mm Hg) and intense (40 mm Hg) colonic distention (16).
Therefore, the insula may be activated by unusual intemal
signals that stimulate the sympathetic nervous system for
homeostatic regulation.
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Activated brain regions that were covariated with an in-
crease in heart rate only were the right operculum and the right
dorsolateral prefrontal cortex. The frontoparietal operculum is
activated by esophageal stimulation and is suggested to be
involved in the control of facial, masticatory, lingual, and
pharyngeal musculature (13). Besides, the right opercular re-
gion is associated with interoception of heartbeats (41). The
dorsolateral prefrontal cortex, on the other hand, has recipro-
cal connections with other brain regions including the higher-
order sensory cortices (42). In our previous study, activation
of the Brodmann's area (BA)10 was covariated with feelings
in the gut (16). From these findings, it is suggested that the
right dorsolateral prefrontal cortex and the right operculum,
working in collaboration with the insula, participate in intero-
ception-induced acceleration of heart rate, The only brain
region with increased rCBF that was covariated with increased
LF/HF ratio was the left insula, Increased LF/HF ratio reflects
sympathetic arousal (21,22). It has been reported that sympa-
thetic arousal is predominantly controlled by the right hemi-
sphere (4,43). However, there are reports that indicate activity
in the bilateral insula covaries with sympathetic nervous ac-
tivity (9,10). LF/HF ratio is commonly believed to be associ-
ated with decrease in parasympathetic activity as well as
sympathetic arousal (21). Stimulation of left insula decreased
in heart rate, indicating an association with left insula and
parasympathetic activity (2). Therefore, the covariation be-
tween activity in left insula and increase in LF/HF ratio in this
experiment might reflect both or either decrease in parasym-
pathetic activity of HF components or even increase in para-
sympathetic activity of LF components.

The only brain regions that showed increased rCBF covari-
ated with increased plasma adrenaline were the right orbito-
frontal cortex and the right parahippocampal gyrus. The
orbitofrontal cortex has direct reciprocal connections with
brain structures, such as the insula/operculum, the dorsolateral
prefrontal cortex, the amygdala, and the hippocampus, and
participates in multiple functions including the processing of
emotion and sensory integration (44). The parahippocampal
gyrus, on the other hand, conducts memory encoding and
retrieval in cooperation with other medial temporal regions
like the hippocampus and the amygdala (45), Memory encoding
is strengthened by emotion, and adrenaline promotes emo-
tional memory formation (46). Therefore, the right orbitofron-
tal cortex and the right parahippocampal gyrus may work
together to induce arousal of emotion (gut feeling) and mem-
ory formation (unpleasant memory) accompanied by increase
in plasma adrenaline during rectal distention.

In our experiments, there were activated brain regions that
were covariated with increases in heart rate, LF/HF ratio, and
plasma adrenaline. Among them, the thalamus, which is the
gate of sensory information to the brain, is well known to be
activated by visceral stimulation (16), In addition to the nu-
cleus of solitary tract, the parabrachial nucleus in pons and the
periaqueductal gray in midbrain are well-established compo-
nents of the brainstemn autonomic center (40,47). The periag-
ueductal gray regulates coordinated behavioral and autonomic

Psychosomatic Medicine 71:777-777 (2009)

responses (48), which can explain activation of motor-related
brain areas accompanied by sympathetic arousal in this study.
The cerebellum is also important in autonomic regulation (7).
In a recent human study, patients with medial cerebellar
lesions have been shown to lose fear-conditioned changes in
heart rate (49). Co-occurrence of emotional flattening and
autonomic reactions was also seen in a patient after left
cerebellar infarction (50). Brain regions with increased rCBF
that were covariated with autonomic arousal were the bilateral
putamen but the right one was located more caudally than the
left one. The caudal ventromedial striatum receives inputs
from several limbic brain areas like the amygdala and the
anterior insula, whereas the rostral striatum primarily regu-
lates motor function (51). However, the majority of patients
with pure autonomic failure and multiple system atrophy have
an intact striatum (52), and electrical stimulation of the puta-
men does not induce remarkable changes in blood pressure or
heart rate (53). Therefore, activation of the right putamen in
our experiments does not directly control sympathetic regula-
tion but may be responsible for other actions accompanied by
sympathetic activity. The superior frontal gyrus (BAG6) re-
ceives inputs from the insula (54), explaining the covariation
of BA6 with LF/HF ratio and plasma adrenaline. Therefore,
the activated brain regions except for the putamen were in
plausible association with autonomic regulation and emotion
during the interoception.

RCBF in the amygdala, an important component of auto-
nomic arousal accompanied by emotion, was not covariated
with changes in the three autonomic variables. There are two
possible explanations for this result. The first is that activation
of the amygdala might be transient in our experiments. In a
fear conditioning study, firing of the amygdala was limited in
the earlier phase of the experiment (55). Because PET brain
image needs 70 seconds, the methodology may limit the
detection. The second explanation is that the amygdala is not
necessary for autonomic and emotional arousal during intero-
ception. Although the amygdala is easily activated by fearful
visual stimuli (56), its vulnerability to interoception is un-
known. Most functional neuroimaging studies in gastrointes-
tinal stimulation showed no activation of the amygdala (14-18).
Therefore, the amygdala may not play as important a role in
sympathetic arousal by visceral sensation as the other acti-
vated brain regions.

The important point of our study is lack of covariation
between increased rCBF in the anterior cingulate cortex and
changes in the three autonomic variables. The anterior cingu-
late cortex is known to be a motor center of the limbic system
and is responsible for emotional and autonomic arousal (40).
The first explanation of no detectable covariation of activity in
the anterior cingulate cortex in this study is due to the fact that
only male subjects participated in this study. Males show less
activation of the anterior cingulate cortex in response to rectal
distention than females (57). The second explanation is based
on the intensity of stimulation. Vague stimulation can hardly
activate the anterior cingulate cortex whereas discrete stimu-
lation can easily fire the anterior cingulate cortex (15-17). It

7
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was reported that activity of anterior cingulate cortex was
covariated with intensity of urgency during rectal distention
with 40 mm Hg in healthy male subjects (16). Thus, anterior
cingulate cortex is activated to process a part of the feeling but
is not associated with autonomic arousal, the bodily state, in
healthy male subjects in visceral sensation, the lower hierar-

chy of emotional processing.

In conclusion, the results of this study support the two

hypotheses we set as aims of the study: a) rectal distention
provokes changes in heart rate, HRV, and serum catechol-
amine levels and b) brain regions that show activity, which is
covariated with autonomic changes during rectal distention,
are identifiable. These brain regions are: the right insula,
thalamus, putamen, periaqueductal gray, pons, and cerebellum
as well as the right operculum, the right dorsolateral prefrontal
cortex, left insula, right orbitofrontal cortex, and right para-
hippocampal gyrus.

This study was presented at the 64th Annual Meeting of the American
Psychasomatic Society in 2006 and was awarded the Scholar Award
of the American Psychosomatic Society.
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Introduction

Histamine neurons are located exclusively in the posterior
hypothalamus, from where they project diffusely to all re-
gions of brain, Neuronal histamine has been implicated in
a variety of brain functions including wakefulness, learning
and memory [1]. Although it is well known that sedative
antihistamines induce cognitive decline in humans through
blockage of H, receptor [2], both facilitatory and inhibitory
effects of neuronal histamine on learning and memory have
been described in animal behavioral studies [3, 4]. Hista-
minergic neurotransmission has been also implicated in
pathophysiology of stress-related psychiatric diseases [5].
Although several atypical antipsychotics are potent H, an-
tagonists [6], the chinical significance of interaction between
atypical antipsychotics and H, receptors is still unknown,
The aim of this study was to investigate the role of histamine
H, receptors on cognition in normal conditions using H, re-
ceptor gene knockout mice (H,KO). We also investigated the
effects of H, receptor blockade on social isolation-induced
behavioral and neurochemical changes in H,KO mice and
their wild-type (WT) mice.

Materials and methods

Experiment 1: Under socially-reared normal condinons, learning and
memory were evaluated in H,KO mice by object recognition, Bames
maze and fear conditioning tests. These behavioral tasks are dependent
on the function of prefrontal conex, hippocampus or amygdala. Funther-
more, we also examined long-tenm potentiation (LTP) in CAl area of
hippocampus in H, KO mice and their WT mice.

Experiment 2: H KO and WT mice were subjected 10 social isolation
immediately after weaning. After 4-week social isolation. lecomotion.
pre-pulse mhibition (PPl of stanle response and Morms water maze
were evaluated, After the experiments, contents of monoamines were
measured by HPLC.

All experimental protocols were approved by the Animal Care Commit-
tee of Tohoku University, and all experiments were performed in com-
pliance with relevant laws and institutional guidelines.

Results and discussions

Results are summarized in Table | and Figure 1. In normal
socially-reared conditions, object recognition and Barnes
maze performance were significantly impaired in H, KO mice
when compared to the wild-type (WT) mice. Conversely,
H,KO mice showed better auditory and contextual freezing
acquisition than their respective WT mice. LTP in CA | area
of hippocampus was significantly reduced in H,KO mice
when compared with their respective WT mice. Auditory
fear conditioning tests are appropriate behavioral tasks for
assessing emotional memory. Auditory fear conditioning de-
pends on activation of the amygdala. The prefrontal cortex,
where densities of H, receptors are high, has the potential to
regulate affective processes by inhibition of lateral nucleus
of amygdala. Therefore potentiation of conditioned freezing
behavior was described in rats subjected to lesions of me-
dial prefrontal cortex [7]. This work suggests that histamin-
ergic neuron system exerts a negative influence on freezing
behavior through H, receptors. Our results of Experiment |
demonstrate that H, receptors are involved in leaming and

Table 1. Effects of H, receptor deficiency on cognition in socially-reared normal conditions

Ohbject recognition index

Latency of Bamnes maze (4" Day)

Freezing time in fear conditioning LTP

H/ KO 122 % increase *

25 % decrease *

48 % increase * 30 % decrease *

Data of H, KO mice were expressed by the % change when compared 1o those in WT mice. * Significant changes

Correspondence 1o; K. Yanm
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Table 2. Effect of social isolation on cognition in H, KO and thewr WT mice

Locomaotion PPI (71 bB prepulse)

H, KO mice 9 % decrease 3 % decrease

WT miice 11 % decrease * 55 % decrease *

laflamim. res. Supplement 1 (2008)

Latency of Morris water maze (4™ Day)

Dopamine turmover rale

15 % increase

59 % increase * 4

21| % decrease

7 % increase *

Data were expressed by the % change by social isolation when compared 1o group housing, * Sigmficant changes

. Socially-reared states (normal)

i - sttt n It ]

| Fig, 1, Effects of histamine H,
receptor blockage on cogni
non are states-dependent: A
hypothesis

I + H, Receptor blockage Isolation-reared states
(under stressful conditions)
: A ————
U ; +H; Receptor blockage |
L]
i ] 1N
+ H, Receptor blockage
Impaired

memory processes for which the frontal cortex, amygdala
and hippocampus interact.

In Experiment 2, locomotor activity in home cages was
significantly lower in isolation-reared WT mice than in so-
cially reared WT mice. However, no significant change in
locomotor activity was observed between socially and isola-
tion-reared H, KO mice. Social isolation significantly impaired
PPI of startle response in WT mice but not in H,KO mice.
Additionally, social isolation significantly impaired spatial
learning and memory in WT mice but not in H;KO mice, A
neurochemical study revealed that isolation-reared WT mice
had significantly lower dopamine (DA) levels and slightly in-
creased DA turnover in cortex than socially reared WT mice
Conversely, isolation-reared H, KO mice showed significantly
higher DA contents as compared with socially reared H KO
mice. Experiment 2 results indicate that blockage of H, recep-
tor-mediated neurotransmission attenuates social isolation-in-
duced behavioral and neurochemical changes and that thera-
peutic effects of atypical antipsychotics are mediated, at least
in part. by interaction with H, receptors in the brain.

The conceptual hypothesis from this study is that the ef-
fects of histamine H,, receptor blockage could be states-de-
pendent (Fig. 1). In socially-reared normal states, blocking
H, receptors impairs cognition. Sedative antihistamines in-
duce cognitive decline in humans, and H. receptor blocking
can stimulate activity of histamine neurons, and also improve
ion [8]. However, in isolation-reared states, this is un-
der stressful condition, blockage of H, receptors altenuates
impaired cognition induced by social isolation, This explains
why both facilitatory and inhibitory effects of neuronal hista-

mine on learning and memory have been described in animal
behavioral studies.
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A randomized, double-blind, placebo-controlled clinical trial
of the effectiveness of the novel serotonin type 3 receptor
antagonist ramosetron in both male and female Japanese
patients with diarrhea-predominant irritable bowel syndrome
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Abstract

Objective. Irritable bowel syndrome is characterized by abdominal discomfort and/or pain associated with altered bowel
habits. The neurotransmitter serotonin and serotonin type 3 receptors that are extensively distributed on enteric neurons in
the human gastrointestinal tract play a role in increasing the sensation of pain and affecting bowel habits in patients with
irritable bowel syndrome. The aim of this study was to evaluate the efficacy and safery of the serotonin type 3 receptor
antagonist ramosetron hydrochloride in Japanese patents with diarrhea-predominant irritable bowel syndrome. Material
and methods. In a double-blind, placebo-controlled, parallel group-comparative study with a 1-week run-in period, 539
patients with diarrhea-predominant irritable bowel syndrome meeting the Rome II diagnostic criteria received either 5 pg
ramosetron hydrochloride (n=270) or placebo (n=269) once daily for 12 weeks. Results. Forty-seven percent of
ramosetron hydrochloride-treated patients were monthly responders in the primary end-point, “Patient-reported global
assessment of relief of irritable bowel syndrome symptoms”, compared with 27% for placebos (p <0.001). The maost
frequently reported adverse event in the ramosetron hydrochloride-treated group compared with the placebo group was
hard stool, Conclusi R tron hydrochloride 5 pg once daily is effective and well tolerated in the treatment of
abdominal pain, discomfort and bowel habits in patients with diarrhea-predominant irritable bowel syndrome,

lomized controlled study

Key Words: 5-HT; receptor antagonist, irritable bowel s

Introduction

Irritable bowel syndrome (IBS) is a functional
disease with persisting gastrointestinal symptoms,
mainly abdominal discomfort and/or pain with
abnormal bowel habits, not accompanied by organic
diseases. IBS is an extremely common functional
bowel disorder with an estimated prevalence of
approximarely 10-15% in the general population,
and the annual incidence is probably 1-2% [1].
Kumano et al. reported that they found a 6.1%
prevalence of IBS in total, with 7.8% in females and
4.5% in males, in a representative Japanese sample;
these figures are similar to those reported in Western

s on, ¥

industrialized countries, when diagnosed using the
Rome 11 criteria [2].

Although IBS is not a fatal disease, patients with
IBS are forced to limit their behavior depending
upon the extent of the symptoms, their social activity
is restricted, and the health-related quality of life of
IBS patients has been reported to be impaired to a
level comparable with that of patients who have
dialysis-dependent end-stage renal disease [3].

The mechanisms underlying the pathophysiology
of IBS have not vet been fully elucidated [4]. Various
psychogenic stresses have been considered to be
associated with the occurrence of IBS and its symp-
toms. Such stress is considered to cause excitement of
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the descending nerve via a release of corticotropin-
releasing hormone (CRH) and to cause abnormality
of motility of the digestive tract and a lowering of
the threshold of perception of the digestive tract via
a transmitter such as serotonin (5-HT) [5,6]. In
recent years, there has been increasing interest in the
possible involvement of 5-HT in this syndrome,
Serotonin type 3 (5-HT;) receptors have been
identified on the sensory neurons of the gut, and
they mediate reflexes that control gastrointestinal
motility and secretion, bowel function and the
perception of pain [7]. In padents with IBS, 5-HT
receptor antagonists increase colonic compliance,
slow colonic transit, improve stool consistency and
are valuable therapeutic compounds for treatment
(8,9].

Clinical studies with the selective 5-HT4 receptor
antagonist alosetron hydrochloride (alosetron) have
shown that women with diarrhea-predominant IBS
(D-IBS) taking 1 mg alosetron twice daily had
significantly greater adequate relief of IBS pain and
discomfort and significant improvement in bowel
urgency, stool form and stool frequency compared
to subjects taking a placebo [10-12]. Alosetron
also provided moderate-to-substantial IBS global
symptom improvement in a significantly greater
proportion of women with D-IBS than the placcbo
[13]. A comparison study with the smooth muscle
relaxant mebeverine hydrochloride showed that
alosetron provided greater relief of pain and of
some IBS bowel abnormalites [14]. However,
alosetron is indicated only for women with severe,
chronic D-IBS in whom conventional therapy has
failed since serious gastrointestinal events, some
fatal, including ischemic colitis and bowel motor
dysfunction, have been reported with alosetron use.

Ramosetron hydrochloride (Ramosetron), a tetra-
hydrobenzimidazole derivative, is a potent and selec-
tive 5-HT5 receptor antagonist, and since 1996 has
already been on the market in Japan and some other
Asian countries as an antiemetic for cancer patients
in their chemotherapy [15,16]. In preclinical studies
with rats, ramosetron dose-dependently suppressed
defecation disturbance induced by the stress from
restraint [17]. Ramosetron also dose-dependently
suppressed accelerated defecation induced by CRH,
which is believed to be associated with stress-related
gastrointestinal dysfunction [18]. Moreover, ramose-
tron significantly increased the threshold of colonic
pain induced by colonic distension [19], Recently,
the efficacy and safety of ramosetron in the treatment
of patients with D-IBS meeting the Rome II diag-
nostic criteria has been evaluated in a multicenter,
double-blind, dose-ranging study in Japan compar-
ing three doses of ramosetron (1 pg, 5 pg and 10 pg
once daily, orally) with a placebo [20]. It has been
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shown that both 5 pg and 10 pg ramosetron were
effective doses for improving overall IBS symptoms,
abdominal pain, discomfort and abnormal bowel
habits. Neither ischemic colitis nor severe constipa-
tion, both of which were reported with alosetron use,
was observed in treatment with ramosetron.

The present, double-blind, placebo-controlled,
parallel group-comparative, phase [II study was
conducted to verify the superiority of ramosetron,
5 ug once daily, to a placebo and to evaluate its safety
in Japanese patients with D-IBS.

Material and methods
Patienrs

The study was conducted from August 2004 to
July 2005 at multiple centers in Japan. The study
protocol was designed in accordance with the
Declaration of Helsinki and approved by institu-
tional review boards at all sites. Written, informed
consent was obtained from all patients before they
entered the study.

Patients were eligible if aged 20-64 vears and
diagnosed with D-IBS (at least 3 months of D-IBS
symptoms as defined by the Rome II criteria).
Organic diseases were ruled out by a sigmoidoscopic
examination or barium enema in patients under
49 years of age and by colonoscopic examination
or barium enema in patients over 50 years of age,
performed after the onset of symptoms and within
the last 5 years.

Patients were excluded if they had a history of
surgical resection of the stomach, or intestine (ex-
cluding appendicitis or resection of benign polyps),
if they had a history of or complication from
inflammatory bowel disease, ischemic colitis or
malignant tumors, if they had complications from
infectious enteritis, hyperthyroidism or hypothyroid-
ism, if they used drugs that could potentially affect
the evaluaton of efficacy of the study drug (patdents
who could have a washout period of =3 days before
the start of the run-in period were acceprtable),
if they had a history of drug or alcohol abuse within
the past year or were currently abusing them, if
they were allergic to drugs, had severe depression or
an anxiety disorder, if they had complications from
a serious cardiovascular disease, respiratory disease,
renal disease, hepatic disease, gastrointestinal dis-
ease (excluding IBS), hematological disease or
neurological or psychiatric disease, or if investiga-
tional products had been administered within
6 months prior to the start of this study. Female
patients who were pregnant, or who were lactating
were also excluded.



1204 K. Matsueda et al.

Study design

During the 1-week run-in period, data on abnormal
bowel habits and abdominal discomfort and/or pain
were collected to ensure that patients had suitable
symptom levels at the start of the study. Severity of
abdominal discomfort and/or pain was assessed daily
on a 5-point scale (0: None, 1: Mild, 2: Moderate, 3:
Severe, 4: Intolerable). Average daily scores of
abdominal discomfort and/or pain during the run-
in period were required ro be >0.7 for patients to
enter the treatment phase. Stool form (appearance)
and stool frequency data were also monitored daily.
Stool form data were scored on a 7-point ordinal
scale according to the Bristol Stool Form Scale.
Absence of stool was assigned a value of 0. Patients
whose stool form was not type 1 or 2 and whose stool
frequency was >3 times/week during the run-in
period were enrolled, to exclude patents with
predominant constipation.

Following the l-week run-in period, eligible
patients were randomly assigned 12 weeks of oral
treatment with either placebo or ramosetron 5 pg
tablets once daily taken before breakfast. Outpatient
visits were scheduled at 2, 4, 8, and 12 weeks (or
final treatment) to assess drug compliance and
occurrence of adverse events.

Data collecrion

During the run-in period and treatment phase,
patients recorded daily their IBS symptoms (severity
of abdominal discomfort and/or pain, stool form,
stool frequency, bowel urgency and feeling of
incomplete bowel movement) on paper diary cards.
Once every 7 days during the treatment phase,
patients also provided weekly assessments of relief
of overall IBS symptoms, abdominal discomfort
and/or pain and abnormal bowel habits compared
to the way they felt during the run-in period. At the
same time, data input by telephone was employed to
remind patients to enter data on a daily basis, or to
ascertain whether the patient was experiencing a
problem.

The primary end-point in the study was the
monthly responder rate of “Patient-reported global
assessment of relief of IBS symptoms”. A monthly
responder was defined as a padent who had experi-
enced “Completely relieved™ or “Considerably re-
lieved” for at least 2 weeks of the 4-week treatment
(0: Completely relieved, 1: Considerably relieved, 2:
Somewhat relieved, 3: Unchanged, 4: Worsened).
The primary efficacy end-point was defined by the
responder rate of the last 4 weeks of the treatment
phase.

Secondary end-points included the “Patient-
reported assessment of relief of abdominal discom-

fort and/or pain”, the “Patient-reported assessment
of improvement of abnormal bowel habits”, and
assessment of IBS symptoms (severity of abdominal
discomfort and/or pain, stool form, stool frequency,
bowel urgency and feeling of incomplete bowel
movement).

A monthly responder for the “Patient-reported
assessment of relief of abdominal discomfort
and/or pain” was defined as above equally as
“Patient-reported global assessment of relief of IBS
symptoms”, For “Patent-reported assessment of
improvement of abnormal bowel habits”, a monthly
responder was defined as a patent who was “Nearly
normalized” or “Considerably relieved” for at least
2 weeks of the 4-week treatment (0: Nearly normal-
ized, 1: Considerably relieved, 2: Somewhat relieved,
3: Unchanged, 4: Worsened).

Statistical analysis

A sample size was calculated that would provide
90% power, with a two-sided level of significance
of 0.05, to detect a difference of 15% in the primary
end-point between the two groups of 27% for the
placebo group and 42% for the ramosetron group.
A total of 460 patents (230 patients per group) or
more was planned to be randomized in the study,
assuming a dropour rate of a few percent.

Efficacy analyses were conducted on the full
analysis set (FAS). The FAS would consist of all
randomized patents who received at least one dose
of study medication and had at least one post-
baseline efficacy measurement.

The primary end-point was the responder rate of
“Patient-reported global assessment of relief of IBS
symptoms”, which was compared between treatment
groups by means of the %2 test with a two-sided level
of significance of 0.05. For secondary analysis, the
primary end-point was analyzed, using the 1° test
with gender as the stratification factor.

The other monthly responder rate parameters
were analyzed similarly to the primary end-point.
The weekly responder variables and the continuous
variables (e.g. change in average daily scores from
the baseline) were summarized at each week of
treatment. The average daily scores were calculated
for each subsequent week of study medication. If
more than two daily scores were missing during any
week of study medication, the average score for that
week was also defined as missing.

Results
Study population and demographics

Five hundred thirty-nine of 676 subjects who
provided written, informed consent to participate




in the study were enrolled in the treatment phase.
A flowchart of patient progression through the study
is presented in Figure 1. Of those who dropped out
of the study before or during the run-in period,
48 did not meet the inclusion criteria, 3 withdrew
consent, 1 had adverse events and 85 were excluded
for other reasons.

A toral of 229 (85%) of 270 and 223 (83%) of 269
of 539 randomized patients in the ramosetron and
placebo groups, respectively, completed the smudy.
Forty-one patients prematurely discontinued treatment
in the ramosetron group and 46 in the placebo-
treated group. Reasons for premarture discontinua-
tion from the study are indicated in Figure 1.

The demographic and baseline characteristics data
for randomized patients were comparable for both
treatments (Table I). Patients were predominantly
male and in their 30-40s. Male parients seemed to
have had IBS for a longer time than female patients.

Efficacy

Primary efficacy evaluation: patient-reported global
assessment of relief of IBS symptoms. Forty-seven
percent of ramosetron-treated patients were monthly
responders at the final point (last 4 weeks) compared
with 27% for placebo (treatment difference of
20 percentage points; p<0,001; Figure 2). The
monthly responder rates at each month were also
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significantly higher in the ramosetron group than in
the placebo group.

We further assessed weekly response rates
to evaluate onset and sustainability of response
(Figure 3). Patents assessed IBS symproms every
7 days. According to their global assessment scores,
patients who had complete or considerable relief
were defined as weekly responders in that parucular
week. Ramosetron provided greater weekly response
rates than placebo. Improvement was achieved by
the first week of treatment and was sustained
throughout the 12 weeks of treatment.

Figure 4 presents the monthly responder rates,
stratified by gender, of “Patient-reported global
assessment of relief of IBS symptoms”. In male
patients, monthly responder rates were significantly
higher in the ramosetron group than in the placebo
group at all time-points (p <0.001 for all points).
Although the proportion of monthly responder rates
in female patients was also higher in the ramosetron
group compared with the placebo group at each
time-point, a significant effect was only observed at
month 2 (p =0.031). The magnitude of efficacy was
comparable to or higher in female patients relative to
male patients,

Secondary efficacy evaluation: bowel-related functions.
A significantly greater proportion of patients treated

Subject who provided written
informed consemt form
676 subjects
Dropout before or during the
run-in period
137 subjects
Reasons for dropout
Adverse evenls 1 subgect
Violsind cricerts for transfir o Subject who received the
treatment period 48 subjects Stiady :
Subyect’s request/personal reason 3 subjects S bty
Orthers (including dropouts
before the nun-in period ) B5 subjects
Placebo group YMO60 5 pg group
269 subjects 270 subjects
Study ¢ D i Study ¢ b0 i
221 subjects 46 subjects 229 subjects 41 subjects
Reasons for discontinustion Reasons for discontinuation

Adverse events 10 subjects Adverse cvents 13 subjects

Protocol deviation B subjects Protocol deviation 11 subjects

Subject's requestipersonal reason 12 subjects Subject’s request/personal ressan 11 subjects

Aggravated underlying discase/ Aggravated underlying discase/

no treatment efficacy 13 subjects no treatment efficacy 1 subjects

Others 3 subjects Others 3 subjects

Figure 1. Flowchart of patient progression through the study. Reasons for dropouts and discontinuation from the study are indicated.
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Table I. Demographics and baseline charectenisuces of partcipants.

Patient background No. of subjects Mean D -test
Age (years) Toral Placcbo 268 41.8 11.70 t=1.089, df =535
5 ug 269 40.7 11.21 p=0.276
Male Placebo 226 41.9 11.38 1=0.045, df =439
5 g 215 41.8 10.84 p=0.964
Female Placebo 42 41.1 13.42 t=1.958, df =94
5ug 54 36.1 11.58 p=0.033
Duration of disease (months) Total Placebo 261 149.6 131.25 r=0.337, df =522
5 pg 263 145.8 130.70 p=0.736
Male Placebo 219 155.4 128.76 t=—0.207, df =427
5ug 210 158.0 134.67 p=0.836
Female Placebo 42 119.7 141.41 1=0.901, df =93
5 pg 53 973 100.88 p=0.370
Abdominal discomfort/pain Total Placebo 268 1.695 0.5991 1=0.706, df =535
5 ug 269 1.658 0.6212 p=0.480
Male Placebo 226 1.677 0.6047 t=0.893, df =439
5 ug 215 1.626 0.5991 p=0.372
Female Placebo 42 1.789 0.5660 1=0.044, df =94
5 g 54 1.783 0.6941 p=0.965
Stool form Toral Placebo 267 5.323 0.6548 1=0.094, df =529
5ug 264 5.318 0.6430 p=0.926
Male Placebo 225 5.368 0.6413 t=0,287, df =435
5 ug 212 5.351 0.6094 p=0.774
Female Placebo 42 5.084 0.6821 1= —0.669, df =92
5 pg 52 5.184 0.7572 p=0.505
Stwool frequency Total Placebo 268 2.752 1.3059 r=0.511, df =535
5pg 2609 2.695 1.2726 p=0.609
Male Placebo 226 2.800 1,3152 1=0,025, df =439
5 ug 215 2.797 1.3006 p=0.980
Female Placebo 42 2,493 1.2380 r=0.862, df =94
5ug 54 2.289 1.0721 p=0391

Abdominal discomfort/pain: 0: None, 1: Mild, 2: Moderate, 3: Severe, 4: Intolerable.

Bristol Stool Form Scale: 1: Separate hard lumps like nuts (difficult 1o pass); 2: Sausage shaped but lumpy; 3: Like a sausage but with
cracks on its surface; 4: Like a sausage or snake, smooth and soft; 5: Soft blots with clear-cut edges (passed easily); 6: Fluffy pieces with
ragged edges, a mushy stool; 7: Watery, no solid pieces, entirely liquid.

with ramosetron reported adequate relief of abdom-
inal discomfort and/or pain at the final point
(46% versus 33%, p=0.005; Figure 5a). Ramose-
tron also contributed to significantly greater im-
provement of abnormal bowel habits compared with
the placebo (44% versus 24%, p <0.001; Figure 5b).
For each assessment, the effects were observed by
month 1 and were sustained throughout the treat-
ment.

For each symptom, Figure 6 shows the effects of
ramosetron on stool form, stool frequency and bowel
urgency. Ramosetron hardened stool form (Figure
6a), decreased stool frequency (Figure 6b) and
increased the rate of days without bowel urgency
(Figure 6¢) compared with the placebo. Improve-
ment was observed within the first week and was
sustained throughout the treatment. The rate of
days without the sensation of incomplete bowel
movement was also decreased in the ramosetron
group compared with the placebo group (data not
shown).

=
o

Safety

All 539 patients who received the drug (269 who
received placebos and 270 who received ramosetron)
were evaluated for safery.

One hundred and sixty-three patients (60.37%) in
the ramosetron group and 141 pauents (52.42%) in
the placebo group reported adverse events. Table II
shows the adverse events occurring with a frequency
greater than 2% in the ramosetron group. Hard stool
was the most frequently reported adverse event in
the ramosetron-treated group compared with the
placebo group and occurred in 20 (7.41%) of 270
patients in the ramosetron group compared with
2 (0.74%) of 269 patients in the placebo group. No
adverse events were classified as severe, and most
events were classified as mild in the ramosetron-
treated group. Drug-related adverse events with a
frequency greater than 1% in the ramosetron group
compared with the placebo group were abdominal
discomfort, abdominal distension, constipation,
hard stool and an increase in blood bilirubin. Other
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Figure 2, Monthly responder rate of “Patient-reported global

assessment of relief of IBS symptoms”. P-values were calculated
using the )1: test.

adverse event profiles were similar in both groups.
The incidence of drug-related adverse events was
higher in females than in males. Drug-related
adverse events for which the incidence in ramose-
tron-treated females was higher by 3% or more than
that in males were abdominal distension, constipa-
tion, hard stool and a decrease in white blood cell
count.

Thirteen patients (4.81%) in the ramosetron
group and 10 patients (3.72%) in the placebo group
discontinued the treatment because of adverse
events, The adverse events associated with most of
these discontinuations in ramosetron-treated pa-
tients were constipation (3 (1.11%)) and hard stool
(3 (1.11%)).

Discussion

In this randomized, double-blind, placebo-con-
trolled trial, the monthly responder rate based on
“Patient-reported global assessment of relief of IBS
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Figure 3, Weekly responder rate of “Patent-reported global
assessment of relief of IBS symproms”. Weekly responders were
patients whose scores were “Completely relieved” or “Consider-
ably relieved”.
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Figure 4. (a) Monthly responder rate of “Patient-reported global
assessment of relief of IBS symptoms” in males. (b) Monthly
responder rate of “Patient-reported global assessment of relief of
IBS symptoms” in females. P-values were calculated using the 3°
st

symptoms” was higher in the ramosetron 5 ug group
than in the placebo group, which verified the super-
jority of ramosetron 5 pg to placebos, It has been
difficult 1o assess the effect of novel drugs for the
treatment of IBS or other functional gastrointestinal
disorders because of the multplicity of symproms
and a high level of placebo effect. The Rome II
working group guidelines recommended a patient-
report outcome of the assessment as a primary end-
point. Therefore, we used the “Patent-reported
global assessment of relief of IBS symptoms™ as a
primary end-point. The primary end-point used in
alosetron clinical trials was also the proportion of
patients with adequate relief of IBS pain and
discomfort for at least 2 weeks per month (defined
as a monthly responder) for all 3 months [10-12],
Furthermore, in a recent report Camilleri et al.
strongly insisted that global assessment should be a
primary end-point in trials in IBS patients [21].
This study demonstrated the effects of ramosetron
in both male and female Japanese patients with
D-IBS meeting the Rome II diagnostic criteria.
The statistically significant efficacy of ramosetron



