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Abstract: Objective: To systemically explore effects of large dose of lubiprostone on gastrointestinal (Gl) transit
and contractions and its safety in dogs. Methods: 12 healthy dogs were studied. 6 dogs were operated to receive
duodenal cannula and colon cannula and the other 6 dogs received gastric cannula. Lubiprostone was orally admin-
istrated at a dose of 24 ug or 48 ug 1 hr prior to the experiments. Gastric emptying (GE) of solids and small bowel
transit were evaluated by collecting the effluents from the duodenal cannula and from the colon cannula. Gastric
accommodation was measured by barostat. Gastric and intestinal contractions were by manometry. Colon transit
was by X-ray pictures. Results: 1) Lubiprostone 48 ug not 24 ug accelerated GE. Atropine could block the effect; 2)
Average motility index (MI) of gastric antrum in lubiprostone 48 pg session was significantly higher in both fasting
state (P = 0.01) and fed state (P = 0.03). Gastric accommodation was not significantly different; 3) Lubiprostone 48
ug accelerated small bowel and colon transit. Atropine could block the effect on small bowel transit; 4) Lubiprostone
48 ug increased postprandial small bowel Ml (P = 0.0008) and colon MI (P = 0.002). 5) No other adverse effects
except for diarrhea were observed. Conclusion: Acute administration of lubiprostone at a dose of 48 ug accelerates
Gl motility and enhances Gl contractions in the postprandial state. The findings suggest that lubiprostone may have
an indirect prokinetic effects on the Gl tract and vagal activity may be involved. Lubiprostone may be safely used.
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Introduction

Chronic constipation is a common clinical prob-
lem. 12-19% of the overall population experi-
ences chronic constipation [1, 2]. In 2006 and
2008, lubiprostone, a bicyclic fatty acid was
approved by the US Food and Drug Admi-
nistration to treat idiopathic chronic constipa-
tion and irritable bowel syndrome with predomi-
nant constipation (IBS-C). Lubiprostone bec-
ame one of the few prescription drugs approved
for IBS-C in the U.S.A. Lubiprostone is a selec-
tive type-2 chloride channel (CIC-2) activator. It
can increase chloride ion transport and fluid
secretion into the intestinal lumen to treat con-
stipation [3, 4]. However, few studies have
reported its effects on gastrointestinal transit
and contractions. No study on effect of lubipro-
stone on gastric accommodation, gastric an-
trum contractions and small bowel contrac-
tions was reported. An in-vitro study showed

that lubiprostone could cause concentration-
dependent contractions of gastric longitudinal
muscle and circular muscle preparations via
the EP, receptor in rats and humans [5].
Cuppoletti et al showed that lubiprostone in-
duced uterine smooth muscle membrane hy-
perpolarization mediated through lubipros-
tone’s highly selective activity on CIC-2 chan-
nels located on smooth muscle cells [6]. These
studies suggest that lubiprostone maybe also
have a prokinetic effect on gastrointestinal
motility.

This study aimed to systematically investigate
possible effects of lubiprostone on contrac-
tions and transit of the entire gastrointestinal
tract using a well-established canine model [7,
8]. We chose the doses of 24 ug or 48 ug of
lubiprostone that is the standard dose in human
and the larger dose in dogs to explore its proki-
netic effects and its safety.
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Table 1. Gastric solid emptying (%) in different sessions (mean +

SD) (ANOVA P = 0.03)

pine, atropine plus lubipros-
tone 48 pg. 6 dogs with duode-

Lub 48 pg

nal and colon cannula were

Control  Lub 24 ug Lub 48 pg plus atropine Atropine used. Lubiprostone or placebo
15min  1.3+0.6 13+04 22405 03+01° 02+01  Was orally administrated 1 hr
30min  69+22 75+38 13.0+37° 16+08 08+02  Prior to the experiment. The
45min 155443 176456 23.8+49 34:15 22407  40sage and timing of dosing
60min 256+65 28475 376+70° 6828 37407 ;’éirinzafﬁ: Tol n2 r(’f;’gj_fgztﬁ
90min 426474 45:106 586+84° 138+51° 9823 ST (2.38 1) of lubipros.
120min 53.1+5.8 59.9+9.4 722+7.7° 247+77° 241%60°  y500 (I3, 14]. Atropine of 0.2
150min 64056 69.4+75 79.6+6.8  391+87 429%86°  mg/kg was intravenously ad-
180 min 68.9+6.6 749+6.6 83.3+6.6° 53.4+95 54.9+9.6°

ministrated at the beginning of

Footnotes: Lub = lubiprostone; “P < 0.05 vs. Control; P > 0.05: atropine session vs.
atropine plus lubiprostone 48 pg at any time points; P < 0.05 Control, lubiprostone
24 g, atropine, lubiprostone 48 pg plus atropine vs. lubiprostone 48 g at any time

points.

Methods
Animal preparation

Twelve healthy female hound dogs (2-3 years
old, 19-26 kg) were studied. The dogs were
operated under general anesthesia (with initial
intravenous infusion of 5 mg/kg thiopental
sodium and maintained on 1.5% isoflurane
inhalation in 1:1 oxygen-nitrous oxide carrier
gases) using a previously established method
[9-11]. Laparotomy was performed. Two cannu-
las were placed in each of six dogs, one in the
duodenum 10 cm distal to the gastric pylorus
and the other in the ascending colon 5 cm dis-
tal to the cecum. A gastric cannula was placed
in gastric anterior wall 10 cm above the pylorus
in each of the other six dogs [12]. All dogs were
given two weeks to recover from the surgery
and all experiments were performed in the con-
scious state with the animal placed on an
experimental table and slightly restrained. All
dogs were free from any drugs within one week
and were fasted overnight prior to the experi-
ment. The protocol has been approved by the
Animal Use and Care Committee of the
University of Texas Medical Branch at Galv-
eston.

Effects and mechanisms of lubiprostone on
gastric solid emptying and small intestinal
transit

The experiment was performed in five random-
ized sessions: control, lubiprostone (Amitiza,
24 pg/capsule, Sucampo Pharmaceuticals,
Chicago, IL) 24 ug, lubiprostone 48 ug, atro-
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the experiment in atropine or
atropine plus lubiprostone
session and the dose was in
the previous studies [15, 16].
Gastric emptying (GE) was
assessed by collecting gastric effluent from the
duodenum cannula following ingestion of one
can of dog food (Pedigree, Chopped Chicken).
The collection was done at 15, 30, 45, 60, 90,
120, 150, 180 minutes after feeding for the
lubiprostone sessions. For the control session,
the collection lasted until no chyme containing
any solid was seen. For every collection, the
effluent was homogenized and the volume was
recorded, 10 ml of sample was kept and the
left effluent was immediately injected back into
small bowel from the duodenal cannula. The
samples were centrifuged, the liquid superna-
tant was discarded, and the remaining samples
were removed from tube, spread on paper
plates to air dry until the weight remained
unchanged and then weighed in grams. The
dried weight of every collection was calculated.
The percentage of GE was defined as the ratio
between the dried weight of the collection and
the total dried weight of all samples in the con-
trol session. The percentage of GE at each time
point is the accumulative percentage of GE up
to that time point [11, 16, 17]. In control ses-
sion, placebo capsule (vitamin E) was given
orally.

Small bowel transit was measured at the same
time when GE was monitored as follows:
Immediately after feeding, 15 mg of phenol red
mixed with 30 ml of saline was injected into the
small intestine from the duodenum cannula.
The colon cannula was opened and the effluent
was collected every 5 minutes. The time when
the phenol red began to appear from the colon
cannula was confirmed by spectrophotometer
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Figure 1. Effect of lubiprostone on gastric emptying of solids.
Lubiprostone at 48 pg but not 24 pg significantly enhanced
gastric solid emptying at any time points. Atropine blocked the
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~lubiprostone 24 ug

~lubiprostone 48 ug

+atropine +Lub

~atropine

puterized electrical barostat device (Dist-
ender Series IIR; G & J Electronics Inc.,
Willowdale, Ontario, Canada) by a double-
lumen catheter [18, 19]. The balloon was
deflated completely. The minimal distending
pressure was determined by inflating the
balloon in 1 mmHg increments until a pres-
sure at which evident respiratory excursions
were recorded. Gastric tone was recorded
at an operating pressure of 2 mmHg higher
than the minimal distending pressure [19].
Gastric tone was assessed from the balloon
volume. After 30 min baseline recording of
gastric tone, one can of food was provided
to the dog and gastric tone was recorded for

effects. P < 0.05 Control, lubiprostone 24 pg, atropine, lubipro- 30 minutes. Gastric accommodation was

stone 48 pg plus atropine vs. lubiprostone 48 pg at any time

points. *P < 0.05.
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Figure 2. Effects of lubiprostone on gastric antral ma-
nometry. Lubiprostone 48 ug significantly increased
gastric antral contractions in fasting state (P = 0.01)
and in fed state (P = 0.03).

method, and the time length between the injec-
tion of phenol red and the first appearance of
phenol red collected from the distal cannula
was defined as the small bowel transit time
(SBTT).

Effects of lubiprostone on gastric tone and ac-
commodation

Six dogs with gastric cannula were used in this
experiment with control and lubiprostone ses-
sion. Lubiprostone 48 ug/Placebo was given
orally to each dog 1 hr prior to experiment. A
barostat balloon (500 mL maximal volume,
CT-BP800; H & A Mui Enterprise Inc., Miss-
issauga, Ontario, Canada) was put into the
proximal stomach from the gastric cannula. The
insertion depth was examined during the sur-
gery. The balloon was connected with a com-
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defined as the difference in average volume
between the postprandial period and the
fasting period.

Effects of lubiprostone on gastric antrum mo-
tility

Six dogs with gastric cannula were involved in
the experiment with control and lubiprostone
sessions. Lubiprostone 48 pg or placebo was
given orally to each dog 1 hr before the experi-
ment. Antral contractions was measured using
one manometric catheter with four pressure
sensors attached to a PC polygraph HR system
and a microcapillary infusion system (model 8;
Medtronic Synectics, Stockholm, Sweden). The
catheter was put into the distal stomach to
measure the antral motility. After 30 min base-
line recording in the fasting state, one can of
dog food was provided to each dog and post-
prandial motility was recorded for 60 minutes.
The contractile activity was evaluated by using
the mean area under curve (AUC) per second
expressed as motility index (MIl) computed by
Polygram Function Testing Software (Medtronic,
Shoreview, MN) [15, 20].

Effects of lubiprostone on small bowel contrac-
tions

Six dogs with duodenal cannula were used in
the experiment with control and lubiprostone
48 ug sessions. Lubiprostone or the placebo
was orally administrated 1 hour prior to the
experiment. After the dog was fed with the
same food, the manometric recording was
made for 60 min using an intra-lumen catheter
inserted into the intestine through the duode-
num cannula. The catheter contained five ma-
nometric sensors at an interval of 5 cm with the
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cannula and the same manometric
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During the period of experiments, ani-

Figure 3. Effects and mechanisms of lubiprostone on small bowel ~Mal behaviors, vomiting, diarrhea were
transit. *P < 0.05 vs. Control. Effects of lubiprostone on small bowel  carefully observed and noted.
transit time (SBTT) (min). Both lubiprostone 24 ug and lubiprostone

48 g significantly reduced small bowel transit time (P < 0.05). At-

Statistical analysis

ropine and atropine plus lubiprostone 48 pg significantly increased

SBTT (P < 0.05).

most proximal sensor 10 cm distal to the can-
nula. The manometric method was the same as
Experiment 3. The small bowel contractile
activity was evaluated by using the mean MI.

Effects of lubiprostone on colon transit

Six dogs with colon cannula were involved in
the experiment with control and lubiprostone
48 pg sessions. The dog received the placebo/
drug orally. Thirty minutes later, one capsule
containing 24 radiopaque markers (1.5-5 mm,
Sitzmarks-Konsyl Pharmaceuticals, Easton,
MD, USA) were placed into the proximal colon
via the colon cannula and one can of the same
food was fed. The x-rays were taken at 2, 4, and
6 hours post feeding.

Colon transit was determined based on the
localization and the number of markers in each
x-ray picture using geometric center (GC) value.
The GC is the weighted average of counts in the
different colonic regions [21]: ascending (AC),
hepatic flexure (HC), transverse (TC), splenic
flexure (SC), descending (DC), rectosigmoid
(RS), and stool. GC = (number in AC x 1 + num-
ber in HC x 2 + number in TC x 3 + number in
SC x 4 + number in DC x 5 + number in RS x 6
+ evacuated number x 7)/24. A high GC value
implies faster colonic transit.

Effects of lubiprostone on colon manometry

Six dogs with colon cannula were used in the
experiment with control and lubiprostone 48 ug
sessions. The 3 hr postprandial manometric
recording was made using an intraluminal cath-
eter inserted into the colon through the colon
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Data are reported as mean * standard

error. One-way ANOVA was applied to
assess the difference among three sessions or
phrases in the studies of GE, small bowel tran-
sit and colon transit. If the ANOVA shows p <
0.05, following Turkey’s test was applied to
assess the difference between every two ses-
sions. Student’s t-test was used to analyze the
difference between two sessions in gastric vol-
ume, gastric manometry, the small bowel and
colon manometry. A p-value of < 0.05 was used
as a cutoff for statistical significance.

Results

Effects and mechanisms of lubiprostone on
gastric solid emptying

Lubiprostone 48 ug significantly accelerated
GE at all-time points with the largest increase
noted at 120 min from 53% in the control ses-
sion to 72% with the medication. Lubiprostone
24 ug didn’t significantly accelerated GE at all-
time points (p > 0.05 vs. control). Lubiprostone
48 pgalso had accelerated GE at all-time points
compared with lubiprostone at 24 pg (p < 0.05).
Atropine blocked the accelerative effect of lubi-
prostone 48 ug on GE. No difference was found
in GE between the atropine session and lubi-
prostone 48 ug plus atropine session (p > 0.05)
(see Table 1 and Figure 1). The finding suggest-
ed that vagal mechanism might be involved.

Effects of lubiprostone on gastric tone and ac-
commodation

Lubiprostone 48 pg did not significantly alter
gastric accommodation. In the fasting state,
the average intragastric balloon volume was
116 + 14 mL in the control session and 149 +
18.4 mL with lubiprostone 48 pg (P > 0.05). In
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Figure 4. Effect of lubiprostone 48 ug on tracing in small bowel manometry (30 minutes). Lubiprostone 48 ug sig-
nificantly increased small bowel motility index (P < 0.001 vs. control). The average motility index increased 50% in
the lubiprostone 48 ug session. This figure shows representative tracing in one dog.
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Figure 5. Effect of lubiprostone 48 ug on the geometric center values
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0.01) and fed state (14.8 + 1.3 vs. 12
+ 0.8, P =0.03) (Figure 2).

= control Effects and mechanisms of lubipros-
Olubiproostone

tone on small bowel transit

Lubiprostone at both 24 pg and 48 ug
accelerated small bowel transit (P <
0.05). The small bowel transit time
(SBTT) was 137.8 + 19.3 min in the

in colon transit. Lubiprostone 48 ug significantly promoted colon tran-  control session, 71.0 + 28.9 min in
sit at 2, 4, 6 hours after the insertion of the markers and food feeding ~ the lubiprostone 24 ug session (P =

(*P < 0.05).

the fed state, the intragastric balloon volume
was 437 £ 11.7 mL in the control session and
397.1 + 47.9 mL in the lubiprostone session (P
> 0.05). The gastric accommodation (the differ-
ence in gastric volume between postprandial
and fasting states) was 321 + 18 mL in the con-
trol session and 248 + 30 mL with lubiprostone
(P=0.2).

Effects of lubiprostone on gastric antral con-
tractions

Postprandial antral contractile activity was sig-
nificantly increased with lubiprostone 48 ug.
Compared with control session, the Ml in the
lubiprostone session was significantly higher in
both fasting state (10.4 £+ 0.7 vs. 6.9+ 0.9, P =
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0.04 vs. control) and 82.5 + 31.3 min

in the lubiprostone 48 ug session (p =
0.04 vs. control). No difference was noted in
the transit time between the two doses of lubi-
prostone (P > 0.05). Atropine could block the
effects of lubiprostone 48 ug on small bowel
transit. The SBTT was 208.8 £ 21.8 min in atro-
pine session (P = 0.007 vs. control) and 205.6
+ 15.9 min in lubiprostone 48 pg plus atropine
session (P = 0.006 vs. control; P = 0.002 vs.
lubiprostone 48 pg). No difference was found
between the two groups (P > 0.05) (Figure 3).

Effects of lubiprostone on small bowel manom-
etry

Lubiprostone 48 ug enhanced postprandial

small bowel motility. The mean MI was 8.8 %
0.6 in the control session and 13.2 + 1.5 (P =

Am J Transl Res 2015;7(3):513-521
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Figure 6. Effect of lubiprostone 48 pg on tracing in colon manometry (150 minutes). Lubiprostone 48 ug significantly
increased colon contractions in the fed state. The average motility index increased 25.9% in the lubiprostone 48 ug
session (P < 0.05 vs. control). This figure shows representative tracings in one dog.

0.0008) in the Ilubiprostone session, an
increase of about 50% in contractility (See
Figure 4).

Effects of lubiprostone on colon transit

Lubiprostone 48 ug accelerated colon transit.
The GC values in the control session and the
Lubiprostone session were 1.9 + 0.6 and 3.0 +
0.2(P=0.03)at2hrs,3.9+0.5and 5.1 £+ 0.3
(P=0.03)at4 hrsand 5.0 + 0.1 and 5.7 £ 0.2
(P = 0.01) at 6 hrs after the insertion of the
markers (ANOVA P < 0.001) (Figure 5).

Effects of lubiprostone on colon manometry
Lubiprostone 48 upg improved postprandial
colon contractions. The mean Ml was 5.2 + 0.3
in the control session and 6.5 + 0.4 in the lubi-
prostone session (P =0.002). The mean Ml was
increased by 26% with lubiprostone. Figure 6
presents typical colon contractile tracing in the
postprandial state in the control and lubipros-
tone sessions.

Side effects

During the experiments, all the dogs were orally
administrated with lubiprostone had diarrhea.
No vomiting and other abnormal behaviors and
adverse events were noted.

Discussion

This study demonstrates that lubiprostone 48
ug accelerated GE, small intestinal and colonic
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transit in healthy dogs. It enhanced gastric
antral, small intestinal and colonic contractions
in the postprandial state. It didn’t affect gastric
accommodation. Lubiprostone 24 pg did not
accelerate GE, but accelerated small intestinal
transit. Atropine could block the accelerative
effects of lubiprostone on GE and small bowel
transit. No other side effects except for diar-
rhea were observed, suggesting lubiprostone
might be used in safety.

A number of previous studies have confirmed
the safety and efficacy of lubiprostone in treat-
ing the patients with idiopathic chronic consti-
pation and irritable bowel syndrome with pre-
dominant constipation [9, 22-25]. Lubiprostone
is an oral bicyclic fatty acid CIC-2 channel acti-
vator that belongs to a new class of drugs
called prostones derived from a metabolite of
prostaglandin E,. CIC-2 channels are distribut-
ed throughout the body, including the Gl tract
(stomach, small intestine, colon), and have sev-
eral essential functions, including maintaining
the membrane potential of the cells, regulating
pH and cell volume, and participating in CI
transport and fluid secretion [26-31]. Lubipr-
ostone selectively activates type-2 chloride
channels located on intestinal epithelial cells
leading to an active efflux of CI ions into the
lumen of the Gl tract, followed by Na* ions and
then water efflux [3, 32]. Secretion of fluids pro-
motes intestinal transit through stimulation of
local receptors sensitive to stretch and disten-
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tion [33, 34]. Although the exact mechanism
explaining lubiprostone’s efficacy is not com-
pletely understood, its primary action is possi-
bly mediated via this mechanism [32]. However,
few studies have been performed examining
the effects of lubiprostone on gastrointestinal
transit and motor functions.

In clinic, the common dose of lubiprostone is
24 pg twice daily for chronic idiopathic consti-
pation. So we choose the doses of 24 ug and
48 ug to observe its effect on gastrointestinal
motility. We found that lubiprostone 48 ug but
not 24 ug accelerated GE. Camilleri et al found
that lubiprostone 24 ug induced retarded GE in
healthy human subjects but did decrease full-
ness 30 min after the fully satiating meal [35].
The differences of the effects on GE may be
explained by the dose. The dose of 48 ug is a
larger dose for one dog. We found lubiprostone
at 24 pg did not affect GE in the dogs. The
result was supported by our gastric antral
manometric finding. We found lubiprostone 48
ug could increase gastric antral contractions.
Interestingly, we found atropine could block the
accelerative effect of lubiprostone on GE. It
suggests lubiprostone possibly has an indirect
prokinetic effect on stomach involving vagal
activity. The specific mechanism isn’t clear. It’s
proposed the effect may be via volume reflex.
Recent study showed gastric distention-
induced efferent chronotropic responses
involve both increased parasympathetic and
reduced sympathetic activity. The vagal excit-
atory reflex involves the nucleus ambiguus (NA)
and atropine-methyl-bromide completely blo-
cked the reflex [36]. Although there are contra-
dictory studies in vitro regarding the direct acti-
vation of smooth muscle or activation of pros-
taglandin receptors by lubiprostone [5, 6], our
finding support an indirect prokinetic effect of
lubiprostone. On the other hand, our results
found lubiprostone 48 ug couldn’t improve gas-
tric accommodation. The mechanism is not
clear. To our knowledge, no previous studies
were performed on the effects of lubiprostone
on gastric accommodation. Our results in dogs
need to be confirmed in clinic, especially at a
higher dose.

We found that both lubiprostone 48 ug and 24
ug significantly accelerated small bowel transit.
The results are similar to one previous study.
Camilleri et al showed that lubiprostone accel-
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erated small bowel transit in healthy human
subjects [13]. In addition, we found atropine
could block the accelerative effect of lubipros-
tone on small bowel transit, suggesting that
lubiprostone may have indirect prokinetic ef-
fects by the peristaltic reflux mediated by mus-
cle stretches and mucosal distention caused
by fluid secretion. Vagal mechanisms may be
involved in the reflux [21]. We further confirmed
that lubiprostone enhanced small bowel con-
tractile activity. No previous studies, to our
knowledge, have addressed the effects of lubi-
prostone on small intestinal contractions.

We also found that lubiprostone significantly
accelerated colon transit at 2, 4, and 6 hours
post-feeding. Camilleri et al also found that
lubiprostone accelerated colon transit in
human subjects [13]. Our manometric study in
the right colon further showed that lubipros-
tone increased local contractile activity.
Sweetser et al found that lubiprostone could
not increase contractile activity in the human
left colon by placing a barostat-manometric
tube under flexible sigmoidoscope [37]. The
findings and the current findings suggest that
the prokinetic effect of lubiprostone on the
right colon possibly play an important role in its
acceleration of colon transit. One recent 24-
hour colonic manometry study in children
patients with constipation also found that oral
lubiprostone has a stimulant effects on colonic
contraction [38]. Bassil et al showed that lubi-
prostone caused muscle contractions in rat
colon longitudinal muscle and these excitatory
effects tended to be inhibited by pretreatment
with the EP, receptor antagonist [5]. Recently,
Jakab RL, et al found that lubiprostone induced
contraction of villi and proximal colonic plicae
and membrane trafficking of transporters, sup-
press fluid absorption, and enhance mucus-
mobilization and mucosal contractility [39].
Consequently, lubiprostone has the prokinetic
effects in colon. The mechanisms need further
studies.

In conclusion, lubiprostone 48 pg accelerates
GE of solids, small bowel transit and colon tran-
sit, and enhances gastric antral, small intesti-
nal and colonic contractions in the postprandial
state in dogs. Atropine could block the acceler-
ative effect of lubiprostone on GE and small
bowel transit, suggesting that lubiprostone may
have an indirect prokinetic effects in stomach
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and intestine and vagal mechanism possibly

was

involved. More studies are needed to

investigate the mechanisms involved in the pro-
Kinetic effects of lubiprostone.
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