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Abstract
Objectives—Adrenergic and serotonergic (ADR-SER) mechanisms alter gut (GI) sensorimotor
functions. We aimed to determine whether candidate ADR-SER genes affect GI responses to low
dose clonidine (CLO) in humans.

Methods—Forty healthy and 120 irritable bowel syndrome (IBS) participants received CLO, 0.1mg
or 0.15mg b.i.d., for 6 days. At baseline and post-clonidine, we measured: gastric volume (GV);
satiation volume; rectal compliance, sensation thresholds and ratings with distensions. Genetic
variations tested were: α2A (C-1291G), α2C (Del 332-325), GNβ3 (C825T) and SLC6A4 (5-HTT-
LPR).

Results—CLO reduced volume to satiation (p=0.002), postprandial GV (p<0.001), sensation
threshold for pain (<0.001); CLO increased rectal compliance (p=0.024). There were significant
associations between post-CLO responses and gene variations for Δ GV (α2A and SLC6A4), rectal
sensation of gas (α2A, GNβ3), urgency (α2A); and pain (GNβ3 and SLC6A4); and rectal compliance
(SLC6A4).

Conclusion—α2A, GNβ3 and SLC6A4 genotypes significantly modify responses to clonidine on
sensory and motor GI functions in health and IBS.
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INTRODUCTION
Adrenergic and serotonergic mechanisms alter gastrointestinal functions, including
gastrointestinal propulsion, contractility and tone, fluid absorption and secretion, and sensation
(1,2). The adrenergic system interacts with other effector mechanisms such as the serotonergic
system (3). Serotonergic and noradrenergic systems interact to modulate pain perception in the
spinal cord, brain, and peripherally in the gut (4); interaction of these systems activate the
hypothalamo-pituitary-adrenal axis (5). The pathophysiology of irritable bowel syndrome
(IBS) includes abnormalities of motility, sensation, psychosocial and mucosal defense (6).
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At relatively high doses (e.g. 0.3mg b.i.d), the α2 receptor agonist, clonidine, reduces intestinal
fluid and electrolyte secretion (2), and inhibits gastric and colonic tone, phasic contractility
and sensation in the rectum and colon in response to balloon distension in healthy humans
(7-9). Studies of colonic distension in healthy volunteers showed that 0.3 mg clonidine resulted
in median scores of pain of zero on a 100 mm visual analog scale, and halved the scores of gas
to distension at 8 and 16 mmHg above baseline operating pressure (7). Doses of 0.2 mg (9)
and 0.3 mg (7) clonidine caused somnolence and hypotension.

In healthy volunteers, clonidine did not significantly alter gastrointestinal or colonic transit,
but it significantly increased colonic compliance and reduced sensation to distensions (9);
effects on pain during distensions were due to effects of the 0.3 mg dose (9). However, in a
randomized, placebo-controlled trial, clonidine, 0.1 mg b.i.d., increased satisfactory relief in
IBS and improved stool scores with minimal somnolence and hypotension (10). If clonidine
is to be considered as a treatment for IBS, it would be of interest to identify subgroups that
may demonstrate superior responses.

Genetics influence response to therapy in IBS, e.g., 5HTTLPR (genetic variation in promoter
of SLC6A4 or SERT) influences the response to alosetron in IBS-D (11) and tegaserod in IBS-
C (12). Given interaction of adrenergic and serotonergic control mechanisms and the fact that
most ligand-receptor interactions result in cellular G protein translation, we assessed the effect
of these three systems on the responses to low doses of clonidine (10). We have previously
demonstrated significant interactions between α2A C1291T and GNβ3 genotype and gastric
emptying (13) and between 5HTTLPR genotype and increased pain sensation during rectal
distension in humans (14) in the absence of treatment.

Our hypotheses are: low dose clonidine affects sensory and motor functions; and genetic
variation in control of α2 mechanisms impacts the pharmacological actions of clonidine in
health and IBS. This could potentially lead to selection of individuals with conditions like IBS
for treatment with clonidine, based on candidate genetic variation.

Our aims were to test the dose-response effects of low dose clonidine on motor and sensory
functions of the stomach and rectum in IBS and to test whether pharmacodynamic effects of
clonidine are modulated by genetic variations in α2AR, 5HTTLPR, and GNβ3. These variations
alter the function of the α2A-adrenoceptor, the reuptake of serotonin, and the G protein
translation.

MATERIALS AND METHODS
Study Strategy

The strategy followed was: first, to randomize two groups to treatment with either 0.1mg or
0.15mg clonidine, b.i.d., and to confirm that, as would be expected due to the randomization,
there were no statistically significant or important clinical differences in characteristics at
baseline; second, to appraise the overall effect of clonidine on gastrointestinal functions of
interest; third, to compare effects of 0.1mg and 0.15mg clonidine doses; fourth, to study
whether the variations in the candidate genes were associated with differences in
gastrointestinal functions in response to clonidine (“pharmacogenetics”).

Study Design
All participants underwent studies at baseline, prior to treatment. The data at baseline are
published elsewhere (15). They were then randomized to 6 days of double-blind treatment with
clonidine, 0.1mg or 0.15mg, b.i.d., using concealed allocation. Satiation, gastric volumes and
rectal compliance and sensation were reassessed following treatment.
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Participants and Questionnaires
This study randomized 120 IBS patients (Rome II positive, 3 male) and 40 healthy controls;
all except 4 participants (2 IBS and 2 healthy controls) provided DNA for genotyping. The
study was approved by Mayo Clinic Institutional Review Board. All participants signed
informed consent. The validated Bowel Symptom Questionnaire [including somatic symptoms
(16)], review of the electronic medical record (SM), or direct physician interview and
examination (MC) were used to characterize the subtype of IBS.

Participants were allowed to continue stable doses of thyroid replacement, estrogen
replacement, low dose aspirin (81 mg/day), and birth control pills or depot estrogen injections.
Medications for IBS or constipation were stopped 7 days prior to baseline and throughout the
study.

All completed Hospital Anxiety and Depression Inventory (17) and a Symptom Check List
instrument [SCL-90 (18)]. On the day of testing rectal sensation, we assessed state of anxiety,
relaxation and fear of pain using the 30-item Fear of Pain Questionnaire (19) and a revised
version of the 36-item Anxiety Sensitivity Index (20).

Baseline observations, as well as full gastrointestinal transit prior to clonidine have been
reported elsewhere (20). In this paper, baseline results were only used as covariates in the
pharmacogenetics studies.

Satiation by the Nutrient Drink Test
A standardized Ensure® (1 Kcal/mL, 11% fat, 73% carbohydrate and 16% protein), drink test
(21) was used to measure satiation and fullness, nausea, bloating, and pain 30 minutes after
the meal.

Gastric Volume by 99mTc-SPECT
We used this validated measurement (22) of gastric volume during fasting and post-300ml
liquid nutrient (300 kcal).

Rectal Compliance and Sensation by Barostat
Rectal Barostat Equipment and Procedure—The method and performance
characteristics have been extensively described elsewhere (7,23). Ascending method of limits
was used to measure rectal compliance and sensory thresholds. Random order phasic
distensions above baseline operating pressure were used to assess sensory ratings, as in prior
studies (8,9). The methods and experimental protocol, including setting the baseline operating
pressure (BOP), are detailed in Figure A in Appendix (7,23).

Methods for Measuring Rectal Compliance and Sensation Thresholds and
Ratings—Bowel preparation (Fleet® phosphate enema) was self-administered at least 1 hour
before reporting to the center after an overnight fast. An initial “conditioning” distension of
the rectum to 20 mmHg was applied, as this renders subsequent assessments of compliance
and perception more reproducible (24).

Thresholds were indicated by pressing a button at the distension pressure at which first
sensation, urgency, discomfort, and pain were perceived. In order not to bias responses, patients
were instructed to press the buttons in whatever order the sensations were perceived as the
pressure in the balloon was increased stepwise. We did not assess the threshold for gas
sensation.

The bag was then deflated to BOP and subjects were allowed to rest for 10 minutes.
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Next, phasic distensions of 12, 24, 30 and 36 mmHg above BOP were each applied once in
random order; each distension was maintained for 60 seconds with an inter-stimulus interval
of 2 minutes, during which the balloon was deflated to BOP. Thirty seconds after onset of the
distension, subjects marked four separate 100 mm visual analog scales (VAS, anchored at each
end by the descriptions ‘unnoticeable’ and ‘unbearable’) for the sensations of gas, urgency,
discomfort and pain.

Data Analysis—The following measurements were obtained: (i) the sensory thresholds for
first sensation, urgency, discomfort and pain during ascending method of limits, (ii) the three
individual sensation scores (gas, urgency, and pain) in response to the four random phasic
distensions, and (iii) rectal compliance.

Rectal compliance was analyzed using linear interpolation, as recently validated (25). For each
subject, we calculated the pressure observed at one-half of the maximum observed volume
(Pr1/2), where a smaller Pr1/2 corresponds to higher compliance.

Candidate Genes Tested via Single Nucleotide Polymorphisms (SNPs)
SNPs tested were: α2A (C-1291G), α2C (Del 322-325), 5HTTLPR, and GNβ3 (C825T). The
methods have been published in prior reports from this laboratory (11,26). Since α2C (Del
322-325) was rarely encountered, no further analyses were performed with this genotype.

Data and Statistical Analyses
The primary endpoints were: fasting and postprandial gastric volume (GV), maximum tolerated
nutrient drink volume (MTV) and symptoms, colonic compliance (Pr1/2), sensory thresholds
and ratings for gas, pain and urgency in response to distensions. These endpoints were assessed
for overall clonidine effects (i.e., irrespective of the assigned dose) by comparing baseline
values with the values measured on day 7 after starting treatment (20).

Overall Effect of Clonidine—Paired t-test (or Wilcoxon signed rank test, as warranted)
was used to compare MTV, gastric volumes, and rectal compliance. A multivariate version of
this test was used for the multiple sensory ratings over the set of phasic distensions. The sensory
thresholds were assessed (separately, first sensation, gas, urgency and pain) using a
proportional hazards regression model with “drug” (baseline, post-treatment day) as the
predictor variable and a robust variance estimate to account for the paired nature of the data
(27). Separate assessments also examined the potential association of subject status (healthy
control vs. IBS subtype) with the overall clonidine effects relative to baseline.

Dose Effect of Clonidine—Effects on the primary endpoints were assessed using analysis
of covariance (ANCOVA) models with subject group (health vs. IBS), anxiety and depression
scores (HAD), somatic symptom score, BMI, and corresponding pretreatment response as
covariates. For the multiple sensation rating scores (at each distending pressure), a repeated
measures ANCOVA was used (compound symmetry covariance structure) to assess dose
effects (separately for gas, urgency, and pain using the same covariates [including the
corresponding per subject mean (over distending pressures) baseline rating score], as well as
specific interactions between subject group and clonidine dose, and distending pressure and
clonidine dose.

The effects of dose on sensation threshold responses were assessed using proportional hazards
regression models, including covariates: dose level, baseline sensation threshold response, the
“tired”, “worried”, “peace”, and “active” scores, somatic symptom score, BMI, and subject
group.
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Effect of Candidate Genes on Response to Clonidine—The genotypes were included
as additional predictor variables in the ANCOVA (or proportional hazards) models along with
genotype by clonidine dose interaction terms.

RESULTS
Comparison of Groups of Participants Randomized to 0.1 and 0.15 mg Clonidine

Table A in Appendix shows demographic and key clinical features (from ref. 14) and Table B
in Appendix shows the key gastrointestinal physiological data at baseline in the 160 subjects
[40 controls and 120 patients with IBS; 48 C-IBS, 43 D-IBS, and 29 M-IBS, characterized in
detail elsewhere (14)] who were included in the study, according to the medication
randomization (clonidine, 0.1 mg and 0.15 mg). Table C in Appendix shows a comparison of
the covariates used in the assessment of the effects of the two doses of clonidine. As would be
expected from the randomization, there were no statistically significant or clinically important
differences in a wide range of psychological, physiological and genotype characteristics.

Overall Effects of Clonidine on Selected Gastric and Rectal Functions
The effects of clonidine (both doses combined) were assessed on the combined group of healthy
subjects and patients with IBS. The associations of responses with subject subgroup (health
vs. IBS overall and IBS subtypes) were also examined.

i. Satiation and gastric volumes—There were significant overall effects of clonidine (the
two doses combined) on maximum satiation volume and postprandial gastric volumes (baseline
values vs. post treatment, p=0.002 and p<0.001 respectively). Figure 1 shows changes in
satiation test and gastric volume measurements after treatment with clonidine (0.1 or 0.15 mg
doses). For all participants, maximum satiation and postprandial and accommodation (delta)
gastric volumes were significantly lower after clonidine treatment compared to baseline, with
significant changes specifically in healthy volunteers, C-IBS and M-IBS.

There were no significant effects detected on aggregate symptom scores (combined score of
nausea, fullness, bloating and pain) 30 minutes following the ingestion of the maximum
tolerated volume of Ensure® or on fasting gastric volumes.

ii. Rectal compliance, thresholds and sensation ratings—Overall effects of
clonidine (paired t-test) on rectal compliance (Pr1/2 and maximum rectal volume achieved
during the ascending method of limits) were noted (p=0.024, p=0.002, respectively). Thus,
doses of clonidine used in this study significantly increased rectal compliance compared to
baseline (pre-treatment), as demonstrated by the decrease in Pr1/2 with treatment (Table D in
Appendix).

Clonidine had a statistically significant though numerically small effect on sensation thresholds
for gas, urgency and pain (respectively p=0.006, 0.018, and <0.001), but not on first sensation
(p=0.651). The thresholds tended to be slightly lower with clonidine treatment, and no
associations with subgroup status (IBS vs. health) were detected. In Table D in Appendix, the
effect of clonidine on thresholds, illustrated by the mean values (pre- vs. post-treatment),
reflects the lower pressure to reach sensation threshold for clonidine relative to baseline,
detected in the proportional hazards regression models.

There were no overall effects of clonidine on gas ratings (p=0.167), urgency ratings (p=0.329)
or pain ratings (p=0.102) based on a multivariate analysis that simultaneously assessed all
distension levels (Table D in Appendix).
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However, there were associations (Table I) between sensation ratings for urgency and IBS
subtype (overall, p=0.006). Specifically, patients with C-IBS exhibited significant changes (pre
vs. post clonidine) at 36mmHg (p=0.030) and to some extent at 24mmHg (p=0.079), while the
other subtypes of IBS did not. An overall association between changes in pain ratings and IBS
subtype was also detected (p=0.024); the C-IBS subjects exhibited significant changes (p<0.05
at each level), while the other subtypes of IBS did not exhibit such changes.

Effects of Clonidine Dose on Selected Gastric and Rectal Functions
There were no significant dose effects of clonidine on fasting and postprandial gastric volumes
or on the postprandial change in gastric volume (Fig. C in Appendix). However, there was a
significant effect of clonidine dose on satiation (maximum tolerated) volume (p=0.014) and
aggregate symptom score (p=0.06), with the 0.15 mg dose reducing average satiation volumes
approximately 100 ml compared to the 0.1 mg dose and increasing symptom scores [by an
average 21 points (163±7 with 0.1 mg dose compared to 184±8 with 0.15 mg dose)]. The dose
effects were not significantly different among subject subgroups (health vs. IBS).

There were no significant effects of clonidine dose on rectal sensation ratings [least square
means ± SE (Table E in Appendix)]. Similarly, there were no significant dose effects of
clonidine on rectal sensation thresholds, and no association with subject subgroup (health vs.
3 subtypes of IBS) was detected (data not shown).

Pharmacogenetics: Gastrointestinal Functions in Response to Clonidine
We sought to identify the potential association of the candidate genotypes with clonidine’s
effects on gastric functions (Figs. 2 and 3), rectal sensation ratings (Fig. 4) and rectal
compliance (Fig. 5). Included in these models were 2 two-way interactions: gene by dose, in
which we assessed the potential differential effect of clonidine dose on gastric functions by
genotype; and gene by subgroup (IBS vs. health) interaction, in which we assessed the post—
treatment effects on gastrointestinal function response in subgroups based on genotype (i.e.
pooled over both doses of clonidine).

In general, no significant gene by clonidine dose interactions were detected. However, we
observed several interactions between overall effects of clonidine and genotype, typically
manifested as a differential effect in healthy controls compared to IBS patients. These are
summarized for the three genes of interest.

i. Interaction of α2A genotype and disease group in post-clonidine treatment
gastrointestinal functions—There was a significant interaction effect detected for
postprandial change (PP-fasting) in gastric volume between disease subgroup and genotype
(Fig. 2, p=0.016). Thus, α2A CG/GG increased gastric accommodation in IBS and decreased
it in health.

Significant associations were also observed between α2A genotype and IBS rectal sensory
ratings for gas (p=0.054) and urgency (p=0.026), but not for pain (p=0.134, Fig. 4, upper panel).
In general, scores were lower in GC/GG compared to CC genotype in healthy controls, but
higher in GC/GG vs. CC genotype in IBS.

ii. Interaction of GNβ3 genotype and disease group in post-clonidine treatment
rectal sensation ratings—Significant interactions were observed between GNβ3 genotype
and disease group for post-clonidine sensation ratings of gas (p=0.048) and pain (p=0.022)
and, to a lesser extent, urgency (p=0.066, Fig. 4, middle panel). In general, scores of gas and
urgency were higher in GNβ3 TC/TT compared to CC genotype in healthy controls, but lower
in TC/TT compared to CC genotype in IBS subjects. Pain scores were also higher with TC/TT
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compared to CC genotype in healthy controls, but they were similar in IBS patients with TC/
TT or CC genotype.

(iii) Interaction of 5HTTLPR genotype and disease group in post-treatment
gastrointestinal functions
a. Satiation and gastric volumes: For post-clonidine treatment, satiation volumes were
modestly influenced by the 5HTTLPR genotype in health vs. IBS (Fig. 3, left panel, p=0.063).
Thus, satiation volumes were similar in IBS between genotypes, but, in health, satiation
volumes were reduced in LS/SS genotype. A significant 5HTTLPR genotype by disease group
interaction was detected for the postprandial change in gastric volume (p=0.046), opposite
patterns by genotype observed in health versus IBS (Fig. 3, right panel).

b. Rectal compliance: There was a significant 5HTTLPR genotype by disease interaction for
rectal compliance (p=0.03, Fig. 5). Thus, rectal compliance was lower (Pr1/2 higher) in IBS
patients who had the LL 5HTTLPR genotype, in contrast to healthy controls (Fig. 5) in whom
Pr1/2 was slightly lower in those with LS/SS genotype.

c. Rectal sensation: There was an association of post-clonidine treatment pain sensation
ratings with disease group status (p=0.009), but not for gas and urgency scores. A borderline
significant interaction effect of 5HTTLPR genotype by disease group for pain sensation scores
was detected (p=0.095), reflecting higher sensation scores in LS/SS vs. LL genotype for healthy
controls, in contrast to similar scores for 5HTTLPR genotype in IBS subjects (Fig. 4, lower
panel).

DISCUSSION
Our study has provided observations on the overall and dose-effects of low dose clonidine, 0.1
mg and 0.15 mg, b.i.d., on physiological measurements, and the pharmacogenetics of clonidine
in health and IBS.

The first observation is that there were significant overall (2-dose) effects of clonidine on
satiation volume and postprandial change in gastric volume (accommodation), rectal
compliance, and sensation thresholds for gas, urgency and pain, but not first sensation or
sensation ratings. In general, the effects of clonidine on satiation volume and postprandial
gastric volumes are qualitatively similar in health and IBS (whole group and subtypes), as
shown in Figure 1, with reductions in postprandial gastric volume greatest in C-IBS and M-
IBS. Acute one-time administration of clonidine (0.1 mg) was previously shown to increase
gastric compliance, relax fasting gastric tone and to increase gastric accommodation measured
by barostat (8) in a study of nine healthy subjects (8). The current study, with repeated dosing
of 0.1 mg or 0.15 mg twice a day for 6 days, involved both IBS and healthy participants and
it showed reduced satiation volume and reduced gastric accommodation, as can be observed
in Figure 1.

The results of the current study are contrary to what was expected, based on previous work
(8). There are significant differences in the sample size (160 vs. 9), participants (IBS and health
vs. 9 healthy volunteers), dose (0.1mg or 0.15mg vs. 0.1mg), design (multiple b.i.d. dosing for
6 days vs. one oral dose) and methods used to measure gastric volumes [SPECT in the current
study and barostat in the earlier study (8)]. The barostat measures proximal stomach muscle
compliance and tone, whereas SPECT measures whole gastric volumes. These differences may
also reflect predominantly central (prejunctional) versus peripheral (postjunctional) effects of
clonidine, depending on dose. Thus, a recent study from our group also demonstrated that the
α2 antagonist, yohimbine (which increased colonic tone measured by barostat), was associated
with augmentation of gastric volume response (increase) with GLP-1 (28).
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In this study, clonidine was associated with the expected (9) increase in rectal compliance
(lower Pr1/2 in Fig. B and Table C in Appendix), as measured by the barostat-controlled rectal
balloon. While low dose clonidine induced the expected increase in rectal compliance, there
was an unexpected reduction in sensation threshold for pain, but no change in threshold for
first sensation or any sensation ratings (Table C in Appendix). The reason for and significance
of the apparent reduction in pain threshold after the clonidine (0.1 mg and 0.15 mg) treatment
are unclear. In fact, the literature shows that analgesic or antihyperalgesic effects of clonidine
on colon pain in humans require doses of 0.3 mg (29) and administration i.t. rather than i.v.
(30); these are doses and routes of administration that differ from our study. It is also worth
noting that IBS subtype was significantly associated with increased rectal sensation ratings of
pain and urgency. The data suggest that rectal compliance is only one determinant of sensation.
Overall, the data are consistent with the hypothesis that increased compliance may actually
increase circumferential tension and increase sensation, if this is mediated by tension receptors
(31).

At first glance, this may seem paradoxical, since prior studies from our lab showed 0.3 mg
clonidine reduced pain sensation (7). On the other hand, the absence of a reduction of pain with
low dose clonidine during rectal distension is consistent with the prior dose-response studies
conducted by our lab (9), in which a significant linear, dose-related sensory effect of clonidine
was observed at 8mmHg and 24mmHg distensions, but the effect on pain (including dose-
response relationship) was attributable to the effect of the single dose of 0.3 mg for distensions
at 24mmHg (9). We had chosen to study lower doses of clonidine rather than the 0.3 mg dose
because the latter dose is associated with significant hypotension and somnolence, which would
reduce compliance in a multiple dosing study of 160 participants. We also postulated that lower
doses would facilitate determination of effects of candidate gene variations on response to
clonidine, rather than the 0.3 mg dose which has an overwhelming effect on colonic sensation
(7).

The effects of clonidine on gastric volumes were similar in C-IBS and M-IBS, but they were
less prominent in D-IBS (see Figure 1). This may suggest that endogenous α2-adrenergic tone
is higher in D-IBS (perhaps as a homeostatic response to counteract diarrhea) and, therefore,
less responsive to low dose clonidine.

A second series of observations in our study can be briefly summarized: there were no
significant differences in effects of the two clonidine doses used (0.1 mg and 0.15 mg) except
on satiation volume. The latter was reduced by the higher dose, 0.15 mg, and is consistent with
the increased rectal sensation observed with clonidine.

The pharmacogenetic component of our study revealed significant associations between α2A
and 5HTTLPR genotypes in the two disease groups (health and IBS), and effects of clonidine
on postprandial change in gastric volume and between all three genetic variations and sensation
in the two disease groups. On the other hand, there were no significant treatment by gene
interactions with the dose of clonidine. It is important to stress that the differences in responses
between the different markers in each gene are relatively small.

How might alterations in GNβ3genotype result in altered pharmacological responses to
clonidine? The TC or TT genotype is associated with alternative splicing of the gene in exon
9 and the formation of a truncated splice variant Gβ3s, a protein product with 41 amino acids
less than in the Gβ3 wild-type protein (32,33). This corresponds to the lack of the equivalent
of one entire tryptophan—aspartate repeat domain (34). The Gβ3s protein variant is associated
with enhanced G-protein activation (35) and the 825T allele corresponding to the formation of
Gβ3s has been associated with cardiovascular, affective, and metabolic disorders (34,36-38).
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It is possible that the GNβ3genotype alters the response to clonidine, but it is unclear why there
would be an increase in pain sensation rating.

Alterations in serotonin reuptake may influence the effect of norepinephrine. This is
demonstrated by the effects of SNRI in depression, as well as the effects of a prototype,
venlafaxine, on gastric and colonic functions (39). We have previously shown that there are
significant genotype-function associations between 5HTTLPR genetic variation and rectal
compliance and sensation (14).

There are a number of limitations in our study. First, the absence of a placebo arm makes it
difficult to exclude a time effect in the responses observed with clonidine; however, the
consistency of the data across the groups for most endpoints makes it unlikely that an effect
due simply to subsequent measurements would account for a significant component of the
observations. Second, the sample size is insufficient to separately appraise the contribution at
each distension level for each sensation in the 4 subgroups of patients or volunteers jointly for
the three genes of interest. Hence, we cannot exclude the possibility that there is a type II error
for the individual symptoms at a specific distension level. However, the sample size is sufficient
to address the overall effect of clonidine (across two doses) on the functions tested and to assess
whether there were differential dose effects.

In conclusion, clonidine alters gastric satiation and rectal sensations. α2A, GNβ3 and
5HTTLPR genotypes influence several gastrointestinal functions in responses to low dose
clonidine in IBS. Although the magnitude of the effect of the genetic variation is small on
average, these data suggest there are pharmacogenetic considerations (which are different in
health and IBS) that may enhance the therapeutic potential of low dose clonidine which is
generally well tolerated. For example, IBS patients with α2A CG/GG genotype have a greater
change in postprandial gastric volume and this may reduce postprandial fullness and bloating;
and GNβ3 TC/TT genotype may be associated with lower sensations of gas and urgency in
response to clonidine. Differences observed in health and IBS also suggest that factors other
than the genetic variations also influence the response to clonidine.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Changes in satiation test and gastric volume measurements before and after treatment with
clonidine (0.1 or 0.15 mg doses) in study participants.
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Figure 2.
Interaction of α2A with change (PP-fasting) in gastric volume (p=0.016) post-clonidine
treatment with opposite patterns by genotype observed in health versus IBS.
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Figure 3.
Interaction of SLC6A4 genotypes with satiation volumes (p=0.063) and change in gastric
volume (p=0.046) post-clonidine treatment with opposite patterns by genotype observed in
health versus IBS.
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Figure 4.
Interactions of genotype by disease group (IBS vs. health) for post-clonidine treatment rectal
sensation ratings
Upper panel - Interaction effect for α2A by disease group detected for gas (p=0.053) and
urgency (p=0.026), but not pain.
Middle panel - Interactions were observed between GNβ3 genotype and disease group for gas
(p=0.049) and pain (p=0.022) and, to a lesser extent, urgency (p=0.068).
Lower panel - Association of disease group (health vs. IBS) with pain sensation, p=0.009, but
not for gas and urgency scores.
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Figure 5.
Interaction of SLC6A4 genotype by disease group for post-treatment rectal compliance: a
significant SLC6A4 genotype by disease group interaction for rectal compliance (p=0.03) was
detected. Thus, rectal compliance was lower (Pr1/2 higher) in IBS patients who had the LL
SLC6A4 genotype, in contrast to effect of genotype in healthy controls.
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Table I
Sensation Ratings in Response to Clonidine Treatment (overall) by IBS Subtypes and Healthy Controls: Association
between subject status and treatment response

Overall Effect of Clonidine on
CHANGE (postRx-preRx) in

Controls IBS-C IBS-D IBS-M

Rectal compliance, Pr1/2, mmHg -0.67 ± 0.67 -0.60 ± 0.62 -1.46 ± 0.7 -0.12 ± 0.56

Rectal maximum volume, mL -7.1 ± 10.9 -11.9 ± 9.8 -40.3 ± 12.6 -10.3 ± 12.1

Sensation rating, gas 30 mmHg -1.97 ± 4.6 7.1 ± 4.1 8.2 ± 4.3 0.33 ± 3.5

Sensation rating, pain 30 mmHg -0.77 ± 0.8 8.3 ± 3.6 3.7 ± 4.0 6.7 ± 5.4

Sensation rating, urgency 30 mmHg -5.0 ± 4.5 4.6 ± 3.3 0.74 ± 3.3 -0.96 ± 3.5

Sensation rating, gas 36 mmHg -3.67 ± 3.1 6 ± 5.6 8.1 ± 3.6 -0.77 ± 3.0

Sensation rating, pain 36 mmHg -0.24 ± 4.4 15.9 ± 5.7 4.8 ± 4.4 3.4 ± 3.3

Sensation rating, urgency 36 mmHg -3.3 ± 3.1 8.5 ± 3.8 * 1.8 ± 3.0 -2.55 ± 2.6

*
p=0.006 vs. controls
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