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Abstract

Background: Oxytocin and its receptor have been found throughout the gastrointestinal (GlI)
tract, where it affects gut function. Clinically, we have noticed an improvement of bowel
habits during lactation in constipated women. The aim of this study was to examine whether
oxytocin has an effect on bowel symptoms and psychological well-being in women with
refractory constipation.

Methods: Fifty-nine women with refractory constipation were included in a double-blind,
multicentre study. After a 2 week run-in period, they were randomly allocated to nasal
inhalation of either placebo or oxytocin treatment twice daily for 13 weeks, followed by a 2-
week, post-treatment period. The patients completed a questionnaire every day concerning
bowel habits, abdominal pain and discomfort, and Gastrointestinal Symptoms Rating Scale
(GSRS) and Psychological General Well-being (PGWB) twice during the study; namely,
during the baseline period and at the end of the treatment period.

Results: Both oxytocin and placebo led to improvement of the constipation according to the
GSRS and led to improvement in the sensation of incomplete evacuation and anorectal
obstruction, without significant differences between the groups. Abdominal pain and
discomfort responded weakly to oxytocin, with no effect of the placebo. In a subgroup of
patients with IBS and concomitant depression, a weak improvement in depressed mood was
observed after oxytocin administartion.

Conclusion: Nasal administration of oxytocin had no significant advantage over placebo
concerning an effect on constipation. However, it seems to have a positive effect on
abdominal pain and discomfort and depressed mood. These findings should be further

explored.
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Introduction

Oxytocin has important effects on the myoepithelial cells and uterine smooth
muscles in the responses associated with the milk ejection reflex and parturition, respectively.
Nasal inhalation of oxytocin is an established pharmacological treatment in the obstetrics (1,
2). Recently, it has been hypothesized that oxytocin also contributes to the control of
gastrointestinal (GI) motility. Oxytocin is secreted into the blood in response to stimulation of
endogenous cholecystokinin (CCK), released after a fatty meal, and exogenous CCK in
women (3). Intravenous infusion of oxytocin stimulated colonic peristalsis and accelerated
gastric emptying in healthy women (4, 5). In contrast, gastric motility was inhibited in
animals (6-8). Oxytocin relaxed the ileum and the caecum, while it had a contracting effect on
the colon, both in vitro (9, 10) and in vivo (6, 7, 11). These effects may be explained by the
fact that oxytocin and its receptor have been found throughout the Gl tract, predominately on
the myenteric plexus and interstitial cells of Cajal (ICCs) (12, Ohlsson et al., unpublished
observation). Furthermore, oxytocin has been shown to elevate the threshold for peripheral
pain in rats (13, 14) and visceral pain in patients suffering from irritable bowel syndrome
(IBS) (15).

Chronic constipation and abdominal pain are problems that are often difficult to
handle in clinical praxis and lead to an impaired quality of life (QoL) (16). We have noticed
clinically that women with constipation have been improved during lactation, a state in which
the levels of oxytocin in plasma are high (17). In an open-based pilot trial, we found that nasal
inhalation of oxytocin increased stool frequency in constipated women (18). The primary aim
of the present pilote study was to examine whether oxytocin affects bowel habits as compared
to placebo in patients suffering from severe constipation refractory to other medical
treatments. The secondary aims were to evaluate the effect on other GI symptoms related to

constipation, and psychological well-being.
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Methods

This study was performed as a randomised, double-blind, placebo-controlled, multi-
centre study. It was approved by the Ethics Committees of Lund and Gothenburg University
and the Swedish Medical Agency. The study was performed in accordance to the declaration
of Helsinki, and all subjects gave their written, informed consent before being included in the
study.
Inclusion- and exclusion criteria

Subjects considered for participation in the study were women with severe
constipation over several years, refractory to medical treatments such as fibre supplement
and/or laxatives. The definition of constipation used was that according to the Rome 11-
criteria (19). At the same time, it was noted if the subject also fulfilled the Rome Il-criteria for
IBS (19).
The exclusion criteria were;
1) Age <20 and >70 years
2) Pregnancy
3) Lactation
4) Allergy to preservatives
5) Heart disease or prolonged p-q time
6) Mental illness
7) Other severe disorders such as malignancy, kidney-, liver- and pulmonary diseases
Subjects

The subjects were recruited from the Departments of Medicine and Surgery at Malmo
University Hospital and Trelleborg Hospital, and from the Departments of Medicine at Lund
University Hospital and Sahlgrenska University Hospital, Gothenburg. Before entry, all
women were investigated with colonoscopy or barium contrast of the colon and rigid

sigmoidoscopy. Colonic transit time was calculated according to Abrahamsson et al. (20). An
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oroanal transit time >5 days was defined as  slow transit constipation (STC). A physical

examination and routine laboratory tests were performed.
Drugs

Oxytocin was purchased from Novartis (Syntocinon®, Novartis, Taby, Sweden)
and Apoteksbolaget, Kungens Kurva, Sweden produced the corresponding placebo, a
randomization protocol and code envelopes. The active study drug constists of oxytocin,
sodium phosphate, citric acid, sodium chloride, sorbitol, glycerol and preservatives in a
concentration of 68 pg oxytocin/ml (40 IE/ml), which gives a dose of 4 IE oxytocin/dose. In
the placebo drug oxytocin was excluded. The drug was transferred to blinded 5 ml flasks and
was kept in the refrigerator until use. The patients were randomised at the Pharmacy of
Malmo University Hospital in a consecutive order.
Study design

After a baseline period of two weeks the patients were randomly assigned to 13
weeks of twice-daily treatment with 5 nasal inhalations in each nostril of either placebo or
oxytocin after meals. This gave a dose of 40 IE oxytocin twice daily. After the end of the
treatment period, the patients were followed for two more weeks. Altogether, the study lasted
for 4 months. The patients visited the enrolling physicians at the start, at week 61 week of
the treatment period, and at the end of the study. The patients completed a questionnaire
concerning bowel habits and abdominal complaints every day throughout the study.
Moreover, questionnaires assessing bowel symptoms and psychological well-being were
completed at the end of the baseline and the treatment period. In order to check compliance,
the patients returned the medication not used at the end of the treatment period. The primary
endpoint in this trial was to examine the effect of oxytocin on bowel habits. The secondary
endpoints were to study the effects of oxytocin on other constipation-related GI symptoms

and psychological well-being.
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Outcome Meausures

The Daily Questionnaire. This protocol consisted of questions about stool
frequency and consistency according to the Bristol stool form scale (21). Sensation of anal
obstruction, incomplete evacuation or need for manual maneuvers were answered with yes or
no, and the need to strain on a 3-point scale (1=none, 2=moderate, 3=severe). In the same
way, the subjects graded abdominal pain and discomfort, bloating and gas on a 5-point scale
(0=none, 1=mild, 2=moderate, 3=intense, 4=severe). They were allowed to continue to take
their usual laxatives during the study, and the consumption of laxatives and enemas was
registered. No new laxatives were allowed to be introduced during the study. During the first
2 weeks the consumption of coffee, tea, alcohol and cigarette smoking were reported, in order
to evaluate differences between the groups. The subjects also reported possible side effects
and disturbances of their menstrual cycle.

The Psychological questionnaire. Psychological General Well-Being (PGWB)
Index. This index has been developed for the purpose of providing a self-reporting instrument
that can be used to measure subjective well-being or distress (22). It can be viewed as a QoL
instrument with its focus on psychological, general well-being. The PGWB index includes 22
items that, in addition to combining into a global overall score, are divided into six
dimensions: Anxiety (5 items), Depressed mood (3 items), Positive well-being (4 items), Self-
control (3 items), General health (3 items), and Vitality (4 items). The subscales used to
measure these states use a 6-grade Likert scale which gives a maximum value of 132,
indicating optimal well-being, and a minimum value of 22, which corresponds to a very poor

level of psychological well-being.

The Gastrointestinal questionnaire. Gastrointestinal Symptoms Rating Scale
(GSRS). The GSRS was originally constructed as an interview-based rating scale designed to

evaluate a wide range of GI symptoms (23) and was later modified to become a self-
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administered questionnaire (24). The questionnaire includes 15 items and uses a 7-grade
Likert scale. The higher the scores, the more pronounced are the symptoms. The items are
divided into five dimensions: Abdominal pain syndrome (3 items), Reflux syndrome (2
items), Indigestion syndrome (4 items), Diarrhoea syndrome (3 items) and Constipation

syndrome (3 items). The GSRS data are presented in syndrome scores and a total score.

Physician’s assessment. The enrolling physicians completed a separate case
record form (CRF) assessing effects of the study drug, dose adjustments, disturbances in the
menstrual cycle and need for other laxatives. An open question about side effects was also
included. The patients had to grade their bowel habits and abdominal symptoms during the
last weeks on a 5-point scale (O=none, 1=mild, 2=moderate, 3=intense, 4=severe) at the time
of the consultations.

Statistical analysis

Mean values were calculated weekly for each parameter for each patient.
Thereafter, the difference between the mean for the current treatment week and the baseline
was calculated. In questions answered by yes or no, the number of affirmative answers per
week was used in the calculations. Values are expressed as median and interquartile ranges
(IQR) or mean zstandard deviation (SD). The area under the curve (AUC) was calculated for
the treatment period for each parameter and patient. The Mann-Whitney U test was used to
calculate differences between placebo and oxytocin according to the AUC, and the difference
in the scores of the GSRS and PGWB between baseline and after 3 months of treatment. Due
to multiple comparisons within each hypothesis, a cut off value for significance was set at p <
0.01 to avoid mass significance. Wilcoxon signed rank test was used to examine the effects

before and after treatment in subgroup analyses.
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Results

Patients. Fifty-nine women still fulfilling the criteria for constipation when
pharmacologically treated, 29 randomized to oxytocin and 30 to placebo, were included in the
study. Of these, 46 (78 %) completed the study. Ten patients dropped out during the first 3
weeks and these data were not included in the analyses. Of the drop-outs, two patients in the
oxytocin group and one in the placebo group suffered from severe vertigo already during the
first day. The other seven early drop-outs (4 oxytocin and 3 placebo) withdrew from the study
without any special reason and no adverse events were reported. One in the oxytocin group
withdrew from the study after 7 weeks because of pregnancy, one in the oxytocin group after
9 weeks due to relapse of a previously known depressive disorder, and one in the placebo
group after 8 weeks because of no effect of the drug. These three subjects were included in
the analyses. Thus, totally 49 patients were enrolled in the statistical calculations, 23 from the
oxytocin group and 26 from the placebo group. For patient characteristics, see Table 1. There
were no differences between the groups regarding the consumption of coffee, tea, alcohol and
smoking (data not shown).

Treatment effects. None of the treatments had any effect on stool frequency and
consistency, straining, gas or bloating according to the daily questionnaire (data not shown).
The average stool frequency during the run-in period was 0.9+0.6/day and 0.9+0.5/day in the
placebo and oxytocin group, respectively. Both treatment groups responded by a reduction in
the sensation of incomplete evacuation, with no significant difference between the groups (Fig
1). There was a reduction of the sensation of anorectal obstruction in both the oxytocin and
the placebo group, and comparisons between the groups showed no significant difference
(p=0.06). The placebo group showed a reduction in the need for manual manipulation to
evacuate stools during the first week of treatment, with a tendency towards a difference

between the groups (p=0.03).
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Oxytocin showed a tendency to  decrease pain as compared to placebo.

Extrapolation of standard deviations indicates that a participation of 60-120 patients per group
is recommended in order to get a difference between placebo and oxytocin during most of the
treatment period, at a p value of <0.05 with 80% power. Abdominal discomfort decreased in
the oxytocin group, but not in the placebo group, with no statistical significant difference of
the AUC (Fig 2). Subgroup analyses including only patients with IBS did not give any further
information (data not shown).

Four of the patients in the oxytocin group and one in the placebo group did not
complete the GSRS and PGWB questionnaires after the treatment. Therefore only 19 and 25
subjects, respectively, were included in the analyses. These questionnaires indicated no
differences between the groups at baseline (data not shown). When comparing the change in
each group before and after treatment according to PGWB, there was no statistical difference
between the two groups (Table 2). Subgroup analyses revealed that when only patients with
depression were included (8 in the oxytocin and 6 in the placebo group), scores for depressed
mood were increased in the oxytocin group (p=0.03) but not in the placebo group (p=0.92)
(Wilcoxon signed rank test). There was no statistical significant difference in the change in
scores between the groups (p=0.34).

Both groups showed an improvement in GSRS of constipation, with no
difference between groups (Table 3). However, subgroup analyses including only patients
with IBS revealed a tendency to reduced abdominal pain in the oxytocin group (p=0.05), but
not in the placebo group (p=0.78) (Wilcoxon signed rank test). The difference between the
groups was not statistically significant (p=0.31)

At the consultations with the physicians, about half of the patients in every
group answered that they experienced an effect on their constipation by the drug, whereas
one-third experienced an effect on abdominal pain. The physician’s protocol was in

agreement with the patient’s protocol, and therefore only the patient’s protocol is shown. With
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a few exceptions, the same dose of the inhalations was used throughout the study.

The need for other laxatives and enemas was unchanged in the majority of patients, whereas it
was slightly reduced to the same extent in both groups over the whole study (data not shown).
Side effects. No effects on blood pressure or electrolyte concentrations were
seen in either group (data not shown). On the second consultation, two subjects in each group
reported disturbances in their menstrual cycle. At the third visit, one patient in the oxytocin
group and three in the control group reported menstrual disturbances. Eleven in the oxytocin
group (48%) and twelve in the control group (47%) reported side effects in the form of
headache (11), nausea (6), abdominal pain (6), weight gain (4) and local irritation in the nasal

mucosa (8). The distribution of side effects was equal in the two groups.
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Discussion

Although oxytocin has been shown to stimulate colonic motility in healthy
women (5), it failed to improve gut function in constipated subjects in the present study which
included subjects with a comparable, advanced constipation. One pathological mechanism in
constipation might be the lack of a proper reaction to physiological stimulus. There might be
disturbances at the receptor level or in intracellular signal cascade pathways. Even if a
substance has an effect on normal cells, it is not certain that it has any effect on pathological
cells with an abnormal function. In our previous study we saw an effect of oxytocin on bowel
habits (18). However, that study was not randomized, double-blind placebo-controlled. The
pathogenesis of constipation is unknown. In idiopathic, slow-transit constipation (STC) an
impaired gastrocolonic (enterocolonic) reflex (25) and abnormalities in the concentrations of
neuropeptides and peptide hormones have been described (26, 27). In normal-transit
constipation (NTC), the aetiology is even more uncertain.

Other studies showing an effect of oxytocin on intestinal motility have used
continuous or repeated intravenous infusions of the hormone (5-7, 11). The method of
administration may be important for the effect. This may be similar to the case of sumatriptan
(Imigran®), which induced a relaxation of the gastric fundus with reduced perception of
discomfort after subcutaneous injections in healthy subjects (28), but not when nasally
administered (29).

Oxytocin, a polypeptide not possible to administer orally, has a very short half-
time in plasma after nasal inhalation and infusion, 3-17 min (30). The oxytocin concentration
in the blood was not measured in this study, but 40 IE has in an earlier study been shown to
elevate plasma levels from 10 pg/ml to 36-85 pg/ml (31). Nasal inhalation of oxytocin is a
well-established treatment in obstetrics, where a dose of 4-5 IE increases uterine activity and

make the establishment of breast-feeding easier (1, 2). Repeated administration of up to 15 IE



Ohlsson et al 13 Oxytocin and constipation
maintains the response for 30 min (1). This  along with the recommendations from drug

companies of a maximal nasal dose of 40 IE oxytocin, suggest that our dose of 40 IE twice
daily after a meal was high enough to exert a systemic effect. Further, this nasal dose
corresponds to the intravenous dose earlier shown to stimulate colonic peristalsis in human (1,
5). However, the short half-time of oxytocin, in combination with only two administrations
daily, might explain the absence of effects on constipation in our study. Oxytocin is released
in response to a meal (3), and therefore there are probably many spikes of release during a
day. Furthermore, the endogenous oxytocin release measured after CCK-stimulation,
persisted for the entire study duration of 2 hours (3). Thus, although no effect was found in
the present study, with two administrations per day, oxytocin may play a role under
physiological conditions for GI motility. Particularly as the recently identified oxytocin
receptors in the Gl tract are localized on the enteric nerve tissue and ICCs (Ohlsson et al.,
unpublished observation).

Oxytocin had a tendency for a positive effect on abdominal pain and discomfort.
This is in accordance with previous studies performed in IBS patients by Louvel et al. (15). In
rats, oxytocin has been shown in several studies to increase the threshold for peripheral pain
(13, 14). Children suffering from recurrent abdominal pain exhibited lower plasma levels of
oxytocin than healthy controls (32). Oxytocin receptors have been found on dorsal roots
ganglia, an important area for joint pain processing (33), and on enteric nerve plexa and nerve
fibres in the bowel wall (Ohlsson et al, unpublished observations). Oxytocin may thus act on
peripheral afferent neurons. Furthermore, 1-2 %o of circulating oxytocin crosses the blood-
brain barrier (34). Inhaled oxytocin may therefore exert its effects also directly on central
neurons. Under physiological conditions, oxytocin is released into the circulation in response
to physical contact and massage (35) and a fatty meal (3). Oxytocin is at the same time

released centrally via neuronal projections emanating from the paraventricular nuclei of the
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hypothalamus (36). The oxytocin and serotonin and dopaminergic systems are

interconnected by these pathways (37, 38).

Of our 23 patients in the oxytocin group, 9 had a history of depression. Oxytocin
has antidepressive effects on rats (38), and the administration of selective serotonin re-uptake
inhibitors (SSRISs) to rats was associated with an elevation of the plasma concentration of
oxytocin (39). In rats, the administration of oxytocin produces antistress and anti-nociceptive
effects that persist for several weeks after the administration. This suggests that secondary,
centrally mechanisms have been activated, especially as oxytocin receptor antagonists are
unable to reverse the effects, while the opioid receptor antagonist naloxone does, and that they
are exerted by i.c.v. injection, and by peripheral administration in 1 000-fold doses (14, 40).
The weak effect of a reduction in depressed mood, observed in our study with a low number

of patients, may also be a central effect in the same way, activating secondary mechanisms.

Lower values of plasma oxytocin have been reported in patients suffering from
dyspepsia and IBS (41). However, this has not been confirmed when focusing on patients
with constipation (3). Patients suffering from fibromyalgia and depression have also been
reported to have lower oxytocin levels (37, 42). There are clear overlaps between fibromyalgi,
IBS and depression (43, 44). These conditions are characterized by hyperalgesia, fatigue and
depressed mood, symptoms that might be reversed by oxytocin. The role of oxytocin in these
disease entities therefore needs further evaluation. Notwithstanding the moderate effects on
pain and mood in the present study, we must keep in mind that the goal of this study was
another symptom, namely, constipation, and the calculations are performed with a low

amount of patients.

When patients were asked to participate in this study, they were informed about
its primary aim, which was the only expected effect, to examine whether oxytocin had any
effect on constipation. The only dimension in the GSRS, PGWB and the patient’s protocol

that was improved by placebo was constipation. This suggests that the psychological
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expectation and attitude determines the effect of the placebo observed. We chose to

examine patients with refractory constipation. In this way, it was more difficult to achieve an
improvement of the drug. We chose this approach as ethical considerations can be raised
against treating mild constipation, responding to fibre and/or osmotic laxatives, with a
hormonal treatment. Nevertheless, they responded to placebo. A decrease of sensation of
incomplete evacuation was the parameter most affected by both placebo and oxytocin. This is
a subjective feeling. The more objective parameter such as stool frequency was not affected.
This suggests that objective parameters are not affected by placebo to the same extent as
subjective parameters, further underlining that psychological mechanisms are involved and

determine the outcome in this patient population, as well as in several other disorders.

In conclusion, nasal administration of oxytocin twice daily had no significant
advantage on constipation compared to placebo in a patient group with refractory
constipation. However, oxytocin seems to have a positive effect on depressed mood, and
abdominal pain and discomfort, and must be further evaluated as an antidepressant and

analgetic drug, especially in diseases associated with decreased levels of oxytocin.
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Table 1. Patient characteristics
Oxytocin Placebo
(n=23) (n=26)
Mean age (range) 47 (24-63) 49 (28-68)
Slow transit constipation (STC) 13 12
Normal transit constipation (NTC) 10 14
Irritable bowel syndrome (IBS) 16 19

Outlet obstruction

History of abdominal surgery
Anamnesis of depression
Examined after menopause

1 (16 not examined)
16
9
10

2 (15 not examined)
20

6

13

(n)=number of patients in each group.
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Table 2. The difference in Psychological General Well-Being (PGWB) Index before

compared to after 3 months of treatment with placebo respective oxytocin

The difference in
scores, placebo

The difference in
scores, oxytocin

PGWB group n=25 group n=19
median |interquartile| median |interquartile| P-value
range range

Anxiety (range 5-30) -0.5 4.25 -1 5 0.53
Depressed mood (range 3-18) | -1.5 4.25 -1 4 0.74
Positive well-being (range 4- -1 6.25 -2 3 0.74
24)

Self-control (range 3-18) -1 4 -1 2.5 0.87
General health (range 3-18) -1 4.25 -1 5 0.79
Vitality (range 4-24) 0 4.5 -1 5 0.74
TOTAL (range 22-132) -4.5 215 -10 18.5 0.39

No statistical significant differences were seen between the groups; Mann-Whitney U test.

An increas in PGWB index after 3 months means better quality of life.
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Table 3. The difference in Gastrointestinal Symptoms Rating Scale (GSRS) before

compared to after 3 months of treatment with placebo respective oxytocin

The difference in The difference in P-value

scores, placebo group |scores, oxytocin group
GSRS n=25 n=19

median |interquartile| median |interquartile

range range

Reflux (range 2-14) 0 1.5 0 0 0.42
Abdominal pain (range 3- 0 2 1 2 0.31
21)
Constipation (range 3-21) 2.5 7.25 2 5 0.49
Indigestion (range 4-28) 1 3 0 7 0.66
Diarrhoea (range 3-21) 0 2 0 3 0.82
TOTAL (range 15-105) 4 12 6 10.5 0.76

No statistical significant differences were seen between the groups; Mann-Whitney U test.

A decrease in GSRS index after 3 months means better quality of life.
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Legends to figures

1. The median value of the difference in the number of affirmative answers per week
between the run-in period (set to 1.0) and each week of treatment concerning the
sensation of incomplete evacuation. The last value is the follow-up period, week 14-
15. There was no statistical significant difference between the placebo and oxytocin
according to the AUC, Mann-Whitney U test.

2. The median value of the difference between the run-in period (set to 1.0) and each
week of treatment concerning abdominal discomfort. The last value is the follow-up
period, week 14-15. There was no statistiacl significant difference between placebo

and oxytocin according to the AUC, Mann-Whitney U test.



