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SUMMARY
Background—Asimadoline, a kappa-opioid agonist, reduces visceral sensitivity in experimental
animal models and may decrease satiation and postprandial fullness in healthy individuals.
However, its effect on satiation in functional dyspepsia is unclear, and any symptom benefit has
not been explored.

Aim—To evaluate the effects of asimadoline on satiation volume and postchallenge symptoms in
functional dyspepsia.

Methods—A randomized, double-blind trial evaluated gastric satiation and symptoms before and
after 8 weeks of asimadoline 0.5 mg (n = 13) or 1.0 mg (n = 13) or placebo (n = 14) b.d. in
patients with functional dyspepsia (Rome II). Gastrointestinal Symptom Rating Scale and Nepean
Dyspepsia Index were used to assess symptoms during the 8-week treatment.

Results—Over 8 weeks of treatment, asimadoline had no significant effect on maximum-
tolerated volume or aggregate symptom score with nutrient drink challenge, and on the mean of
the total daily symptom severity score compared to placebo. In a post hoc analysis, asimadoline
0.5 mg significantly increased the maximum-tolerated volume (1217 mL ± 90.2) compared to
placebo (807 mL ± 111.8) in patients with higher postprandial fullness scores (P = 0.01).

Conclusion—Asimadoline overall did not significantly alter maximum-tolerated volume,
symptoms postnutrient challenge or symptoms over 8 weeks in functional dyspepsia.

INTRODUCTION
Functional dyspepsia is a highly prevalent but heterogenous disorder in which multiple
pathogenic mechanisms may be involved, although the underlying causal pathways remain
obscure.1–7 One of the most important pathophysiologic mechanisms in functional
dyspepsia is considered to be visceral hypersensitivity in response to mechanical or other
stimuli.8–12 One pathway modulating pain sensation in the gastrointestinal tract is opioid
driven.13 Peripherally acting kappa-opioid agonists have been developed which appear to
have antinociceptive effects in the gastrointestinal tract without the side effects typical of
other opioids including addiction, respiratory depression, sedation, dysphoria and
hallucinations.13–16 Studies with the kappa receptor agonist fedotozine in patients with

© 2008 The Authors Journal compilation © 2008 Blackwell Publishing Ltd

Correspondence to: Prof. N. J. Talley, Mayo Clinic College of Medicine and Department of Internal Medicine, Mayo Clinic
Jacksonville, 4500 San Pablo Road, Jacksonville, FL 32224, USA. talley.nicholas@mayo.edu.

NIH Public Access
Author Manuscript
Aliment Pharmacol Ther. Author manuscript; available in PMC 2014 February 26.

Published in final edited form as:
Aliment Pharmacol Ther. 2008 June 1; 27(11): 1122–1131. doi:10.1111/j.1365-2036.2008.03676.x.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



functional gastrointestinal symptoms appeared promising;17–19 however, the clinical
development of fedotozine was suspended because of an inconsistent clinical response.20

Asimadoline is a selective agonist of the kappa-opioid receptor with a restricted ability to
cross the blood–brain barrier.21–23 Asimadoline has been shown to attenuate responses to
noxious gastric and colorectal distention especially after inflammation in animal
models.24–26 In humans, asimadoline decreased perception of pain in response to colonic
distention.27 Delvaux et al.27 reported that asimadoline decreased the overall perception of
pain over a wide range of pressure distensions of the colon in patients with the irritable
bowel syndrome, without altering colonic compliance. Delgado-Aros et al.28 also reported
that single oral administration of asimadoline decreased satiation and postprandial fullness
in healthy volunteers independent of its effects on gastric volumes. In addition, they showed
that asimadoline has a good safety profile without adverse effects on gastrointestinal
motility. However, the effects of asimadoline on satiation in functional dyspepsia remain
unknown, and any symptom benefit has not been explored.

We, therefore, aimed to compare the effects of two doses of asimadoline (0.5 and 1.0 mg
p.o. b.d.) and placebo on satiation volume, postprandial symptoms and symptoms of
dyspepsia in patients with documented functional dyspepsia. We postulated that asimadoline
would increase the maximum-tolerated volume (MTV) ingested during a nutrient drink test
(NDT) challenge and reduce symptoms induced by the meal.

METHODS
Design

A randomized, parallel group, double-blind study was undertaken to evaluate the effects of
0.5 or 1.0 mg of asimadoline or matching identical placebo twice daily in patients with
functional dyspepsia.

Study subjects
A total of 54 patients with functional dyspepsia were initially selected from the Mayo clinic
practice through public advertisement. After screening visits, 13 patients were not eligible
for our study by inclusion and exclusion criteria and one patient withdrew. Thus, 40 patients
with functional dyspepsia were enrolled (Figure 1). These were either males (n = 13) or
nonpregnant, nonbreastfeeding female volunteers (n = 27) with functional dyspepsia. The
main inclusion criterion was based on Rome II criteria for functional dyspepsia; patients
were required to have recurrent episodes of epigastric pain or discomfort including early
satiety, fullness, bloating or nausea for at least 3 months in the previous year.

To exclude underlying organic disease, upper gastrointestinal endoscopy should have been
performed in the previous 3 years, with no evidence of erosions, peptic ulcer (defined as a
breach in mucosal continuity of >2 mm diameter and >1 mm depth), pyloric obstruction,
oesophagitis or malignancy. They had to have no alarm indicators on clinical assessment
(weight loss of more than 7 kg, gastrointestinal bleeding, recent recurrent vomiting,
progressive dysphagia), and no history suggestive of small bowel obstruction. Other major
structural or metabolic diseases that affect the gastrointestinal system were also excluded.
Patients with irritable bowel syndrome or heartburn by the Talley Bowel Disease
Questionnaire were excluded as well.29 Patients with a history of abdominal surgery, other
than appendectomy, cholecystectomy, caesarean section or tubal ligation, were not eligible.

Subjects were not permitted to be on any other medications except for hormone replacement
therapy, low-dose aspirin for cardioprotection, stable thyroid replacement, and birth control
pills or depot injections. Medications that may alter gastrointestinal motility including
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laxatives, magnesium- or aluminium-containing antacids, prokinetics, erythromycin,
narcotics, anticholinergics, tricyclic antidepressants, selective serotonin reuptake inhibitors
and newer antidepressants, analgesic drugs including opiates, nonsteroidal anti-
inflammatory drugs (including COX 2 inhibitors), systemic antifungal drugs, drugs inducing
CYP 3A4 and 2D6 including carbamazepine, glucocorticoids, phenobarbital, phenytoin,
rifampin, grapefruit juice, and benzodiazepines were all prohibited. Also excluded were
subjects with a previous history of exposure to asimadoline, or a known history of
hypersensitivity to asimadoline or other opioids.

The Hospital Anxiety and Depression Scale (HADS)30 was used to determine anxiety and
depression scores at the start of the study. A score of 11 or higher on either the anxiety or
depression scale suggests clinically relevant anxiety or depression. The study was approved
by the Mayo Foundation’s Institutional Review Board. Eligible subjects freely gave their
written consent before starting the study.

Randomization and concealed allocation
Each subject was assigned a unique patient number to ensure concealed allocation.
Randomization was performed by the study statistician and communicated to the pharmacy
in the Mayo General Clinical Research Center (GCRC). Treatment allocation was 1:1:1.
Subjects entering the study were assigned the medication specified on the prestudy
generated randomization schedule. All other investigators were blinded to treatment
assignment.

Study medications
Following screening, subjects were randomized to receive 0.5 or 1.0 mg twice daily of
asimadoline or identical placebo. Asimadoline was rapidly absorbed after oral
administration with peak plasma concentrations being reached about 0.5–2 h after dosing.31

These two doses were chosen based on data from Delgado-Aros et al.28, 32 in healthy
volunteers.

Symptom and quality of life measures
Daily severity of individual dyspeptic symptoms—Patients rated their individual
dyspeptic symptoms intensity (abdominal pain, nausea, bloating and fullness) as recorded on
a diary card according to the following intensity scale: 0, none; 1, mild; 2, moderate; 3,
severe; 4, very severe.

Gastrointestinal Symptom Rating Scale—The Gastrointestinal Symptom Rating
Scale (GSRS) was used to assess gastrointestinal symptoms in the preceding week at
baseline and after 2, 4, 6 and 8 weeks of treatment and 4 weeks posttreatment.33 The
questionnaire includes 15 symptoms and uses a seven-point Likert scale defined by verbal
denominators. The highest score 6 denotes the most pronounced symptoms, and 0 denotes
no symptoms.

Disease-specific quality of life—To assess the effects of treatment on disease-specific
quality of life, we used the validated long version of the Nepean Dyspepsia Index (NDI)34

and calculated four subscales (interference, knowledge/control, eating/drinking and sleep
disturbance) and the overall average quality-of-life score. The NDI quality-of-life scores
range from 0 to 100, with higher scores indicating better quality of life.

Compliance and safety—At the 8-week visit, patients returned their medication
containers, and pills were counted. At baseline and after 2 and 8 weeks, a physical
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examination and laboratory tests were performed, including liver- and renal-function tests,
haematological tests and measurement of blood glucose. Twelve-lead resting
electrocardiograms (ECGs) were obtained at the screening visit and after 2 and 8 weeks of
treatment.

Nutrient drink test (NDT)
Subjects ingested 30 mL of a nutrient (Ensure®, Abbott Laboratories, USA; ∼1 kcal/mL;
11% fat, 73% carbohydrate and 16% protein) per minute.35 Thus, the participants were
asked to drink 120 mL of Ensure every 4 min until maximal fullness was reached. They
scored satiety at 5-min intervals using a rating scale that combined verbal descriptors on a
scale of 0–5 (0 = no symptoms, 5 = maximum or unbearable fullness). Participants stopped
the meal when a score of 5 was reached. At 30 min after reaching maximum satiation, the
study subjects scored their symptoms of bloating, fullness, nausea and pain using a 100-mm
visual analogue scale (VAS) anchored with the words unnoticeable and unbearable at the
left and right ends. The aggregate symptom score was defined as the sum of VAS scores for
each symptom (i.e. maximum of 400). The method has been thoroughly characterized and
used extensively in our laboratory.36 We originally planned to enrol only patients with
abnormal baseline maximum tolerated volume (MTV) (MTV <1000 mL), but to enrol
successfully, we removed this restriction.

Study procedures
The study was performed over 12 weeks. A screening interview, assessment of a physical
examination, baseline ECG, standard clinical laboratory tests (chemistry, haematology, urine
analysis and urine drug screen), stool antigen test for Helicobacter pylori, HADS, Talley
Bowel Disease Questionnaire, GSRS, NDI and a daily symptom diary were given. Consent
was obtained within 1 week prior to the studies at the testing facility (GCRC, Mayo Clinic).

Day 1—The participant reported in a fasting condition to the study centre early in the
morning. All participants underwent an NDT to assess postprandial symptoms. The
participant took the study medication as prescribed two times a day for the next 8 weeks.

Day 7—All participants completed the GSRS, NDI and an NDT 30 min after receiving the
morning dose of the study medication under supervision.

Day 14—A physical examination, ECG, standard clinical laboratory tests (chemistry,
haematology, urine analysis and urine drug screen), GSRS, NDI and diaries were collected.

Day 28 and day 42—GSRS, NDI and diaries were collected.

Day 56—All participants underwent a physical examination, ECG, standard clinical
laboratory tests (chemistry, haematology, urine analysis and urine drug screen), GSRS, NDI
and diaries were collected. All participants underwent an NDT 30 min after the morning
dose of the study medication. The study medication was stopped.

Day 84—The participant returned to the study centre early in the morning to undergo a
physical examination, and a posttreatment GSRS and NDI. Diaries were collected.

Statistical analysis
The primary endpoints for analysis were MTV of the nutrient drink (posttreatment satiety
testing) and aggregate symptom score 30 min after ingestion of the nutrient drink [the sum
of the individual symptom (bloating, fullness, nausea and pain) scores]. The secondary
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endpoints for analysis were individual postprandial symptom scores (posttreatment satiation
test), subscale scores for dyspepsia symptoms (GSRS) averaged over all follow-up, mean of
diary dyspepsia symptom severity scores and quality of life (NDI) scores averaged over all
follow-up. The effects of the three treatments on the primary and secondary response
measures were assessed using an analysis of covariance (ANCOVA). The covariates included in
the analyses were age, gender, body mass index (BMI) and the baseline measurement of the
corresponding endpoint (when measured). The assessment of treatment effects adjusted for
baseline measures as these parameters often account for a significant proportion of the
between-subjects variation. Additional post hoc ANCOVA incorporating the baseline NDI
epigastric pain score, postprandial discomfort score and nausea/vomiting score as covariates,
along with the corresponding treatment group by NDI score interaction terms, were
examined to assess the potential differential treatment effects depending on the degree or
type of dyspepsia symptoms.

Following the intent-to-treat (ITT) paradigm, the analysis used all randomized patients.
Subjects with missing posttreatment response values had their missing data imputed using
the overall corresponding mean response value from subjects with nonmissing data. The
overall mean value was computed from the 37 patients with complete data, rather than the
mean for the treatment group in which the participant was assigned. Moreover, a
concomitant adjustment in the error degrees of freedom (subtracting one for each missing
value imputed) of the respective ANCOVA model was made to reflect an appropriate residual
error variance for the comparisons of treatment effects. Although this is an unbiased
approach under the null hypothesis, it can be overly conservative if the number of subjects
with missing data is substantial (e.g. >15% of the ITT population).

Sample size assessment
The primary endpoints were the posttreatment maximum volume in the satiety test and the
aggregate symptom score, which had coefficients of variation (CV, %) of 62% and 13%,
respectively, based on previous studies in healthy volunteers.28, 32 The estimated effect sizes
detectable with 80% power based on a two sample t-test (at a two-sided a-level of 0.05)
were 71% and 15%, respectively.28, 32 The effect size is the difference in group means as a
percentage of the overall mean for each response, and assumes 13 subjects per group. The
ANCOVA would have provided 80% power to detect somewhat smaller (pairwise) differences
using a pooled estimate of variation across all three groups and by adjusting for important
covariates. The observed baseline CVs (%) for MTV and the aggregate symptom score were
43% and 27%, respectively. Thus, the power for detecting treatment effects for MTV was
somewhat better than anticipated.

RESULTS
Participant characteristics

A total of 40 subjects were enrolled into the study. Two subjects on placebo and one on
asimadoline 0.5 mg dropped out because of lack of efficacy from the study drug within 1
week (Figure 1). Thus, the ITT analyses imputed values for these three subjects and adjusted
the error degrees of freedom downward by three in the ANCOVAS.

The demographics of the subjects are shown in Table 1. There were no clinically important
baseline differences in terms of age, gender, BMI, HADS score and the scores for
predominant symptoms of dyspepsia (postprandial distress or epigastric pain computed from
the NDI) amongst the three groups. Also, the baseline postprandial symptom scores 30 min
postsatiety for nausea, fullness, bloating and the corresponding aggregate score were not
clinically different among the three groups.
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MTV and postprandial symptoms with the NDT
A strong linear correlation (r = 0.83) between the MTV in NDT on 1 week of treatment and
baseline over all subjects was observed (P < 0.001). After 8 weeks of therapy, the mean
(±S.E.) MTV from the nutrient drink challenge (adjusted for age, gender, BMI and baseline
MTV) on placebo was 1033 mL (±69) vs. 1073 mL (±76) on asimadoline 0.5 mg, and 999
mL (±74) on asimadoline 1.0 mg (overall P = 0.80) (Table 2).

Over 8 weeks of treatment, asimadoline had no significant effect on the mean postchallenge
symptom score with NDT compared to placebo after adjusting for the individual subjects
baseline postprandial symptom score with NDT (Table 2).

Effect on MTV by dyspepsia symptom subgroup
Post hoc analysis of treatment effects incorporating baseline dyspeptic symptom scores from
the NDI as continuous covariates and corresponding interaction terms with treatment groups
suggested influences on the treatment response. The overall treatment by epigastric pain
symptom interaction was significant (P = 0.007). Specifically, in patients with lower
epigastric pain scores at baseline, the treatment group effect indicated increased MTV values
on asimadoline, while in subjects with higher epigastric pain scores at baseline, reduced
MTV values were observed with asimadoline treatment. An interaction with postprandial
discomfort scores was also detected (P = 0.005), with the opposite pattern observed among
treatment groups depending on the level of discomfort score.

In patients with higher epigastric pain scores, asimadoline 0.5 and 1.0 mg decreased the
MTV on postnutrient challenge compared to placebo, but this was not significant (P = 0.11
and P = 0.13, respectively). However, in patients with higher postprandial fullness scores,
asimadoline 0.5 mg significantly increased the MTV on postnutrient challenge compared to
placebo (P = 0.01), and asimadoline 1.0 mg also somewhat increased the MTV, but this was
not significant (P = 0.15). Qualitatively similar results were obtained when analysing the
subset of patients with abnormal baseline MTV (<1000 mL, n = 27, 68% of sample).
However, the interactions between treatment and NDI scores were not significant (data not
shown).

Mean of daily dyspeptic symptom severity scores during treatment and GSRS score
The mean (over 8 weeks) daily postprandial fullness symptom severity score was lower in
the asimadoline 1.0 mg group, vs. asimadoline 0.5 mg and placebo, and this overall
treatment effect was borderline significant (P = 0.09, Table 3). However, the pairwise
treatment group differences were not significant (P = 0.15 for 0.5 mg vs. placebo, and P =
0.42 for 1.0 mg vs. placebo). The mean daily nausea symptom severity score was lower in
the asimadoline 1.0 mg group vs. asimadoline 0.5 mg and placebo, but this was not
significant (P = 0.52, Table 3).

During the 8-week treatment period, asimadoline had no significant effect on the mean daily
symptom severity score (range 0–4) compared to placebo (Table 4). Also, for the complete
12-week period, asimadoline had no significant effect on the mean of daily symptom
severity score compared to placebo (data not shown).

During the 8-week treatment period, asimadoline had no significant effect on the mean
GSRS scores (range 0–6) compared to placebo (Table 4). The mean GSRS abdominal pain
or indigestion symptom score also was not significantly changed during the treatment
compared to placebo. Similarly, other gastrointestinal symptom dimensions, namely reflux,
diarrhoea and constipation, were not significantly changed during the treatment compared to
placebo.
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Quality of life and asimadoline
During the 8-week treatment period, the mean NDI overall symptom score was not
significantly different among the treatment groups and placebo. The overall group
comparison was borderline significant (P = 0.10) for the mean tension/sleep QOL score.
Pairwise differences showed a lower tension/sleep QOL on the asimadoline 0.5 mg
treatment vs. placebo (P = 0.03). The other posttreatment response NDI scores were not
significantly different among the treatment groups and placebo.

Safety and tolerability
No serious adverse events were reported. There were no reports of central effects, such as
dizziness, headache or polyuria in those taking asimadoline or placebo. In the placebo
group, four patients experienced nausea/vomiting, gas, heartburn or epigastric pain during
the 8 weeks, but this did not lead to discontinuation. One patient experienced diarrhoea,
which developed after an upper respiratory tract infection. In the 0.5-mg asimadoline group,
five patients experienced nausea/vomiting, heartburn, bloating or epigastric pain during 8
weeks treatment; this did not lead to discontinuation. In the 1.0-mg asimadoline group, four
patients experienced nausea/vomiting, heartburn or abdominal pain; this did not lead to
discontinuation. The overall gastrointestinal-related adverse event rates were similar in the
placebo and active treatment groups (P = 0.92, Fisher’s exact test).

DISCUSSION
We have shown that asimadoline is well tolerated, but after 8 weeks of treatment, this trial
failed to demonstrate that asimadoline could significantly improve maximal-tolerated
volume or postprandial symptoms induced by a nutrient challenge to the point of full
satiation. We also did not observe an improvement of dyspepsia symptom scores over the 8-
week treatment. However, in a post hoc (hypothesis generating) analysis where we
attempted to divide subjects into the subgroups proposed by the new Rome III criteria,37

asimadoline appeared to increase MTV postnutrient challenge in the subgroup of patients
with higher postprandial fullness.

Asimadoline is a kappa-opioid agonist and has antinociceptive effects in the gastrointestinal
tract, at least after acute administration. Delgado-Aros et al.28 reported that asimadoline
(0.15, 0.5, 1.5 mg) taken orally twice daily for 9 days increased MTV after a nutrient drink
without altering postprandial symptoms; the drug also decreased fasting colonic tone in the
gastrointestinal tract of healthy individuals. These effects were not accompanied by changes
in gastric emptying, intestinal or colonic transit or postprandial contractions. Another
healthy volunteer study by Delgado-Aros et al.32 also demonstrated that compared to
placebo, a single dose of asimadoline 1.5 mg increased the maximum volume capable of
being ingested during the NDT, and tended to decrease postprandial fullness. In addition,
asimadoline 0.5 mg significantly increased fasting and postprandial gastric volumes in
healthy females. A key difference between our study and studies of Delgado-Aros et al.28, 32

was treatment duration. It is well established that asimadoline or other peripheral kappa-
opioid drugs have effects on antinociception of the gastrointestinal tract. However, it is not
well established whether or not continued kappa-opioid drug use induces tachyphylaxis in
humans. It is possible that chronic administration of a selective kappa-opioid agonist could
lead to tolerance to subsequent drug administration.38, 39 Bhargava et al.38 reported that
repeated administration of U50,488H (a selective kappa-opioid agonist) in rats caused
profound tolerance to its analgesic effects. However, a study by Chen et al.40 examined the
effect of asimadoline administration on the kappa-opioid receptor and found that receptors
were neither down-regulated nor upregulated in the presence of asimadoline, suggesting that
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tachyphylaxis would be unlikely. If tachyphylaxis is an issue with chronic administration,
other therapeutic approaches such as on-demand treatment may be worth testing.

The choice of the correct dose needs consideration. We chose 0.5 and 1 mg of asimadoline
based on the data from a previous healthy volunteer study in our laboratory,28 but it is
conceivable that higher doses may be more efficacious. In the studies by Delgado-Aros,32

asimadoline either increased MTV or decreased the sensation of fullness after the NDT at
doses ranging from 0.5 to 1.5 mg twice a day. It was also observed that asimadoline 0.5 mg
twice a day decreased visceral perception in human in a colonic distension model, while
higher doses of asimadoline (1.5 mg twice a day) paradoxically increased visceral
perception in this model.32

We did not show a major benefit of asimadoline on individual dyspeptic symptoms over 8
weeks of therapy, although the study was not powered for this endpoint. This observation is
generally consistent with the 100 patients study from our group that used on-demand
asimadoline for the on-demand treatment of abdominal pain in patients with irritable bowel
syndrome.41

Conversely, Fraitag et al.18 reported that 6 weeks of fedotozine, another peripheral kappa-
opioid receptor agonist, was significantly superior to placebo in relieving postprandial
fullness, bloating, abdominal pain and nausea. Also Read et al.19 reported that fedotozine
improved overall intensity of dyspeptic symptoms, epigastric pain and nausea in a
multicentre trial. However, they also showed that overall physician assessment was not
significant for fedotozine, and the symptom gains were very small. The development of
fedotozine was ceased because efficacy was perceived to be too small.

Several studies27, 28, 32 have shown that asimadoline decreases visceral hypersensitivity in
patients with functional gastrointestinal diseases. Our study also showed that asimadoline
increased maximum-tolerated gastric volume but only in a post hoc analysis of patients with
meal-related symptoms. The post hoc analyses must all be seen as hypothesis generating.
However, low-dose asimadoline (0.5 mg) significantly increased the maximal-tolerated
volume postnutrient challenge in the subjects with lower epigastric pain scores or higher
postprandial fullness scores. Functional dyspepsia, however, is likely to be a heterogenous
disorder with multiple aetiologies. In a study of 720 patients with functional dyspepsia
where multiple putative pathophysiological disturbances were carefully assessed,
predominant symptom patterns were not reliably linked to objective abnormalities, although
satiety was most closely linked to impaired gastric accommodation.42 Targeting one
pathophysiological disturbance alone may not be sufficient to improve dyspeptic symptoms,
although a subset of patients with functional dyspepsia who have visceral hypersensitivity
might respond to a visceral analgesic like asimadoline. Hence, theoretically the drug may
provide maximal efficacy in those with postprandial distress syndrome as defined by Rome
III.37 This hypothesis needs testing in a larger study designed to assess this specific patient
population.

Notably, our data did not show any central or renal side effects, such as headache, dizziness
and polyuria at the doses of asimadoline tested. Data from 24 healthy volunteers treated with
high-dose asimadoline have shown that adverse events possibly of central origin occur at 5-
mg doses, but no adverse events were seen at 1 mg.43

This study had some limitations. Notably, the study was not powered to detect an
improvement of quality of life, and quality of life may even have deteriorated on drug. Also,
our study could not detect if there was any gender difference in antinociception produced by
kappa-opioid receptor agonists because of the sample size. There are other data which
suggest that peripherally or centrally acting kappa receptor agonists produced greater
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antinociception in females compared to males, and an effect or interaction with female sex
hormones has been postulated,44, 45 but others have not observed any significant gender
effects with either peripheral or central kappa-opioid agonists.46

In conclusion, this pharmacodynamic randomized controlled trial failed to show that
asimadoline at a dose of 0.5 or 1.0 mg two times daily for 8 weeks significantly improved
satiation postnutrient challenge in patients with functional dyspepsia.
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Figure 1.
Flow chart of the patients from initial screening to completion of the trial. The intention-to-
treat (ITT) analysis included all patients randomized.
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Table 1

Patient characteristics and baseline satiety test results (symptom scores at 30- min postmaximum-tolerated
volume)

Asimadoline
0.5 mg (n = 13)

Asimadoline
1.0 mg (n = 13)

Placebo
(n = 14)

Age 50 (±4.8) 44 (±4.4) 41 (±3.5)

Female gender, n (%) 9 (69) 9 (69) 9(64)

BMI (kg/m2) 26.4 (±1.3) 27.7 (± 1.8) 27.1 (±1.4)

HADS score 7.1 (±1.8) 8.3 (±1.0) 8.0 (±0.9)

  HADS depression 2.7 (±0.9) 2.6 (±0.5) 2.8 (±0.5)

  HADS anxiety 4.4 (±0.9) 5.7 (±0.7) 5.1 (±0.6)

NDI epigastric pain 6.8 (±0.9) 4.9 (±1.1) 7.2 (±0.9)

NDI meal-related symptoms 5.2 (±0.7) 4.5 (±1.0) 4.5 (±0.9)

Maximum-tolerated volume
(minimum, maximum)

777 (±73.9)
(480, 1200)

1116 (±140.8)
(360, 2160)

926 (±94.8)
(530, 1710)

  n (%) <1000 mL 11 (85) 7 (54) 9 (64)

Nausea 28 (±7) 38 (±9) 30 (±7)

Fullness 82 (±3) 75 (±4) 78 (±4)

Bloating 71 (±5) 64 (±6) 63 (±6)

Abdominal pain 50 (±6) 42 (±7) 36 (±8)

Aggregate score 229 (±14) 220 (±17) 208 (±18)

Data are presented as mean (±S.E.M.) unless otherwise indicated. HADS score is used for evaluating the patients’ initial psychiatric features.

BMI, body mass index; HADS, Hospital Anxiety and Depression Scale; NDI, Nepean Dyspepsia Index.
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Table 2

Posttreatment satiety test results (symptom scores at 30-min postmaximum) at week 8 on asimadoline 0.5 or
1.0 mg or placebo

Asimadoline
0.5 mg (n = 13)

Asimadoline
1.0 mg (n = 13)

Placebo
(n = 14) P-value

Maximum-tolerated volume
(minimum, maximum)

1073 (±75.6)
(600, 2040)

999 (±74.1)
(480, 1926)

1033 (±69.5)
(490, 1680)

0.80

Nausea 33 (±8) 23 (±8) 36 (±7) 0.44

Fullness 80 (±4) 74 (±4) 79 (±4) 0.48

Bloating 58 (±7) 61 (±7) 58 (±7) 0.92

Abdominal pain 37 (±6) 24 (±6) 34 (±6) 0.32

Aggregate score 209 (±19) 183 (±19) 207 (±18) 0.55

Data are presented as mean (±S.E.M.), symptom scores on 100-mm visual analogue scale, adjusted for age, gender, body mass index and baseline
satiation test.
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Table 3

Mean (±S.E.M.) of daily diary symptom severity scores* (range, 0–4) on asimadoline 0.5 or 1.0 mg or placebo
during 8- week follow-up

Asimadoline
0.5 mg (n = 13)

Asimadoline
1.0 mg (n = 13)

Placebo
(n = 14) P-value

Abdominal pain 1.14 (±0.21) 0.94 (±0.21) 0.93 (±0.20) 0.74

Nausea 0.57 (±0.17) 0.54 (±0.16) 0.78 (±0.16) 0.52

Postprandial fullness 1.40 (±0.16) 0.89 (±0.15) 1.07 (±0.15) 0.09

Bloating 1.40 (±0.20) 1.22 (±0.19) 1.14 (±0.19) 0.65

Aggregate symptom score 1.12 (±0.14) 0.90 (±0.14) 0.98 (±0.14) 0.53

*
Adjusted for age, gender and body mass index.
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Table 4

Mean (±SEM) gastrointestinal symptom scores as evaluated with the Gastrointestinal Symptom Rating Scale
during 8 weeks of treatment

Mean scores*
Asimadoline

0.5 mg (n = 13)
Asimadoline

1.0 mg (n = 13)
Placebo
(n = 14) P-value

Abdominal pain 2.67 (±0.20) 2.54 (±0.19) 2.57 (±0.19) 0.88

Reflux 2.25 (±0.24) 2.41 (±0.23) 2.34 (±0.23) 0.89

Diarrhoea 1.88 (±0.19) 1.80 (±0.18) 2.01 (±0.18) 0.72

Indigestion 2.64 (±0.22) 2.84 (±0.21) 2.71 (±0.21) 0.79

Constipation 1.85 (±0.19) 2.00 (±0.18) 2.01 (±0.18) 0.81

*
Adjusted for age, gender, body mass index and corresponding baseline score.
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