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Abstract

A loperamide simethicone combination formulation has recently been demonstrated to have significant clinical advantages compared to
loperamide alone in the relief of diarrhoea and related symptoms. The product visualisation technique of gamma scintigraphy has been
used to investigate the interaction of the formulation with the heterogenous environment of the human gut in a group of 12 healthy
volunteers. The results suggest that changes in the intestinal kinetics of loperamide from the combination product, e.g. jejunal coating,
could be contributing to the improved efficacy.  2001 Elsevier Science B.V. All rights reserved.
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1. Introduction absorbed or broken down in the body. Clinically,
simethicone has mainly been used as an antiflatulent in gas

Loperamide is an anti-diarrhoeal agent used widely on and bloating conditions (Reynolds, 1993).
prescription and over-the-counter in Europe. The mecha- Recently loperamide has been formulated with
nism of action has been extensively studied; various simethicone as a combination tablet in order to provide
closely linked mechanisms are involved (Awouters et al., additional relief for the gas related discomfort that can
1993). Loperamide binds to peripheral opiate receptors of frequently accompany an acute bout of diarrhoea. This
the gastrointestinal smooth muscle cells, intra-mural neuro- product is marketed as Imodium Plus and is approved as
nes and enterocytes, reducing fast-moving peristaltic con- an over-the-counter (OTC) formulation for the treatment of
tractions and normalizing gastrointestinal transit. The drug acute diarrhoea and associated gas-related abdominal
also has direct antisecretory effect on myenteric-opiate discomfort.
receptors in the gut (Awouters et al., 1993). Loperamide A recent controlled clinical study of this formulation has
has minimal systemic availability (0.3%), with most of the demonstrated improved relief of gas-related symptoms but
drug being removed by first-pass metabolism (Killinger et also enhanced control of diarrhoea (Kaplan et al., 1999).
al., 1979), which further supports a local action in the gut. Faster and more complete relief of diarrhoea, and higher

Simethicone is a silicone polymer — polydimethylsilox- patient satisfaction ratings for diarrhoea control were
ane — with 5% silicon dioxide (silica), also known as obtained with the combination than with loperamide used
activated dimethicone. Simethicone has a very low surface alone. The reason for this enhanced efficacy of loperamide
tension and therefore forms a thin film that prevents is uncertain, but it has been postulated that on release from
materials adhering together. This ‘surfactant’ property the tablet, interaction of simethicone with loperamide may
gives it a defoaming activity, demonstrated in vitro and in lead to altered distribution of loperamide, with delayed
vivo. It is a chemically inert compound, which is not absorption and a prolonged local action at the GI mucosa.

Gamma scintigraphy is an elegant imaging technique
which allows the intestinal performance of pharmaceutical*Corresponding author. Tel.: 144-115-974-9000; fax: 144-115-974-
formulations to be visualized (Nick, 1996). Over the last8000.
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for probing the complex interaction of drug preparations / 2.3. Study day logistics
formulations with the heterogeneous environment of the
human gut (Wilding and Newman, 1998; Digenis et al., The volunteers arrived at the study site having fasted
1990). In this study, we report of the use of product from midnight. Anterior and posterior anatomical markers

99mvisualization technology to investigate the gut distribution containing 0.1 MBq Tc were taped to the skin where
of loperamide-simethicone tablets and loperamide capsules the mid-clavicular line meets the right costal margin so
in a group of healthy volunteers. that they lay in approximately the same transverse plane as

the pylorus. Each subject received a single preparation
153radiolabelled with 1 MBq Sm on each of two occasions.

2. Materials and method The preparations were administered at approximately
08.00 h. The loperamide–simethicone tablet was chewed

2.1. Study design thoroughly and swallowed with 200 ml water. Subjects
were instructed to rinse the mouth and teeth with water

This was a two-way randomized crossover study in before swallowing, to ensure complete and rapid ingestion
twelve healthy male or non-pregnant female volunteers. of the chewed tablet. The loperamide alone capsule was
All subjects received the loperamide alone or loperamide– administered orally with 200 ml water, and swallowed
simethicone preparations in randomized order after an whole. Subjects remained fasted until 4 h post-dose at
overnight fast. The Clinical Protocol for the study was which time a standard lunch was provided. An evening
approved by the Quorn Research Review Committee and meal was also provided at 9 h post-dose. Each subject
all volunteers provided written Informed Consent to par- drank 200 ml of water at 2 h post-dose and caffeine-free
ticipate in the study. fluids were allowed ad libitum after lunch.

Anterior and posterior scintigraphic images were re-
2.2. Clinical trial manufacture corded at frequent intervals for 16 h post-dose, using a

gamma camera (General Electric Maxicamera) with a 40
2.2.1. Loperamide–simethicone tablets cm field of view and fitted with a low energy parallel hole

Neutron activation methods can be used to radiolabel collimator. Images were recorded at approximately 10-min
dosage forms for scintigraphic studies. These techniques intervals until 8 h post-dose, at approximately 20-min
require the addition of a stable non-radioactive isotope intervals until 12 h post-dose, and at approximately 30-min
within a formulation; subsequent irradiation in a neutron intervals until the end of the study day (16 h post-dose).
source converts the isotope into a gamma emitting radionu- Return visits were made to the clinical unit at 24 h
clide (Kenyon et al., 1995; Digenis and Sandefer, 1991). In post-dose to allow the acquisition of a further scintigraphic
order to validate this technique, the irradiation process image. Acquired images were initially of 50 s duration.
must be shown to have no significant effect on the Scintigraphic images were viewed in real time and the
formulation, i.e. the preparation must behave in a similar acquisition time was extended as required during the study
manner both prior to and following the irradiation pro- period. The volunteers remained moderately active
cedure. Loperamide–simethicone tablets were irradiated throughout the study period and all images were acquired

12 22 21for 9 min in a neutron flux of 10 n cm s . The with the subjects standing in front of the gamma camera.
following in vitro tests were performed to validate the
irradiation procedure; content uniformity of simethicone / 2.4. Scintigraphic data analysis
loperamide, composite assay of simethicone–loperamide,
loperamide N oxide assay, dissolution tests, defoaming Regions of interest (ROIs) were drawn around the
time. The results of these experiments confirmed that the position of the stomach, which was identified by reference
neutron activation process did not adversely affect the to both the external marker and the preceding images. To
performance of the dosage form. Loperamide–simethicone assess the background counts, a second ROI was drawn on
tablets were therefore manufactured containing 10 mg each image away from the main area of activity. At later
samarium oxide for the study and product was irradiated time points, a third ROI was drawn to identify arrival of
for 9 min, 48 h prior to dosing. the activity at the colon. The data were corrected for

background activity, radioactive decay and image duration.
2.2.2. Loperamide capsules The error due to variations in depth within the body was

Commercially available loperamide capsules were emp- minimised by calculation of the geometric mean of the
tied of their contents. A small quantity (less than 5% w/w) corresponding anterior and posterior views.
of the capsule fill weight was removed and replaced with Transit of the formulation was characterised by calcula-

153previously irradiated samarium oxide ( Sm). The re- tion of the time for 50 and 90% of the radioactivity to
sulting blend was then filled back into the original capsule empty from the stomach and the time for 50 and 90% of

153such that the preparation contained 1 MBq of Sm at the the radioactivity to arrive at the colon. Profiles depicting
time of dosing. transit of the formulations through the small intestine were
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Table 1 plete and rapid ingestion of the chewed tablet. The subjects
Gastric emptying (T and T ) of loperamide formulations (time in50% 90% were provided with a total volume of 200 ml water.
hours post-dose)

Following dosing a lateral image of the buccal cavity and
Subject T T50% 90% an anterior image of the upper oesophagus were acquired

Loperamide– Loperamide Loperamide– Loperamide to ensure that no residual radioactivity was present in these
simethicone alone simethicone alone regions. A single subject (02) had residual radioactivity in

the buccal cavity. He was provided with approximately01 0.6 0.4 1.0 0.8
02 0.1 0.6 0.1 1.3 100 ml water and instructed to rinse his mouth and teeth.
03 1.6 1.0 2.7 1.4 Subsequent images confirmed that all remaining material
04 0.8 0.8 1.2 1.6 had been ingested.
05 2.0 0.6 2.7 1.9

Gastric emptying (T , T ), and colon arrival (T ,50% 90% 50%06 0.9 0.3 1.6 0.8
T ) of the loperamide–simethicone tablet and07 0.5 0.3 1.2 0.7 90%

08 0.3 0.2 0.5 0.3 loperamide alone capsule dosed under fasted conditions are
09 0.5 1.2 0.8 2.0 shown in Tables 1 and 2. Gastric emptying (T ) occurred50%
10 0.5 0.4 1.4 0.7 on average at 0.860.6 (range 0.3–2.0, n512) and 0.660.3
11 1.3 0.4 2.5 0.8

(range 0.2–1.2, n512) h post-dose, for the loperamide–12 0.5 0.8 0.9 1.1
simethicone tablet and loperamide alone capsule, respec-

Mean 0.8 0.6 1.5 1.1 tively. Gastric emptying (T ) was also rapid in both90%
S.D. 0.6 0.3 0.8 0.5 cases, occurring on average at 1.560.8 (range 0.5–2.7,
Median 0.5 0.5 1.2 1.0 n512) and 1.160.5 (range 0.3–2.0, n512) h post-dose,
n 12 12 12 12

for tablet and capsule, respectively.P-values 0.2393 0.1579
Colon arrival (T ) occurred on average at 9.765.650%

(range 4.3–19.9, n512) and 7.461.4 (range 4.9–9.1, n5

produced and the area under the curve (AUC ) was 11) h post-dose, for the loperamide–simethicone tablet and02t

calculated to provide a measure of the duration of resi- loperamide alone capsule, respectively. Colon arrival
dence of the formulations within the small intestine. (T ) was statistically significantly different (P,0.05;90%

Wilcoxon signed rank test), occurring on average at
13.366.9 (range 6.0–23.3, n512) and 9.663.7 (range

3. Results 6.0–19.9, n511) h post-dose, for the loperamide products
with and without simethicone, respectively.

In accordance with study day procedures subjects dosed A summary of the AUC data for small bowel02t

with the chewable tablet were instructed to rinse the mouth residence time is provided in Table 3. Mean AUC02t

and teeth with water before swallowing, to ensure com- values of 9496559 (range 348–1918, n512) and

Table 2
Colon arrival (T and T ) of loperamide formulations (time in hours post-dose)50% 90%

Subject T T50% 90%

Loperamide- Loperamide Loperamide– Loperamide
simethicone alone simethicone alone

01 8.6 8.4 9.1 9.2
02 6.6 7.2 7.9 9.5
03 4.4 7.3 8.7 8.5

a a04 19.9 23.3
05 6.2 6.4 7.4 7.2
06 19.9 8.2 23.1 10.0
07 4.3 9.0 9.4 9.3
08 9.2 6.9 11.5 8.9
09 4.5 5.5 6.0 6.0
10 7.6 4.9 10.0 6.9
11 10.8 9.0 21.4 9.8
12 14.4 9.1 22.1 19.9

Mean 9.7 7.4 13.3 9.6
S.D. 5.6 1.4 6.9 3.7
Median 8.1 7.3 9.7 9.2
n 12 11 12 11
P-values 0.4769 0.0329

a Colon arrival was not complete during the imaging time.
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Table 3 a consequence it is not surprising that in a number of
Small intestinal transit data (AUC ) for the two loperamide formula-02t individuals, small intestinal transit is slower in the current21tions %/h

study than traditionally observed in transit studies on
Subject Loperamide– Loperamide non-opiate formulations (Davis et al., 1986).

simethicone alone In a number of individuals colon arrival occurred around
01 791 802 the time of either lunch or dinner, given at 4 and 9 h
02 626 712 post-dose, respectively. The ingestion of a meal is known
03 348 642

to stimulate colonic activity and this is termed the gas-04 1918 1640
trocolonic response (GCR). The GCR has been shown to05 417 509

06 1895 762 play an important role in determining colon arrival of
07 543 808 pharmaceutical preparations following an overnight fast or
08 955 727 a light meal (Price et al., 1993). In normal volunteers with
09 428 425

normal transit, single high dose or repeated doses of10 782 460
loperamide /opiates are known to significantly delay transit11 1176 859

12 1513 1015 in the caecum and ascending colon (Kaufman et al., 1988)
and therefore not surprisingly delay movement of material

Mean 949 780 in the distal small bowel /ascending colon environment.
S.D. 559 321

Calculation of the area under the % regional activity-Median 787 745
time curve (AUC ) provided a direct measure of formu-n 12 12 02t

P-values 0.2094 lation residence within the small intestine. Mean AUC02t

values of 9496559 and 7806321 were recorded for the
loperamide–simethicone and loperamide formulations, re-
spectively. These results indicate that there was a distinct

7806321 (range 425–1640, n512) were recorded for the trend to increased residence time of the formulation in the
loperamide–simethicone tablet and loperamide capsule, small intestine for the combination product. This was
respectively. however not statistically significant, which is not surpris-

ing given the wide range of variation observed in gastroin-
testinal transit (Coupe et al., 1991).

4. Discussion In the majority of subjects a general review of the
scintigraphic images showed that there were signs of

The major factor influencing the gastric emptying of oral significant coating of the stomach and small bowel with
drug delivery systems is whether they are administered the loperamide–simethicone formulation, with clear de-
with or without food (Holt et al., 1982; Smith and lineation of small bowel anatomy. This was typically
Feldman, 1986). In the fasted state, drug preparations are observed between 1 and 2 h post-dose when the formula-
typically retained in the stomach until they are removed by tion would be located in the jejunum–proximal ileum. It is
the phase III contractions of the migrating myoelectric interesting to hypothesize possible mechanisms for the
complex (MMC). The MMC cycle is usually divided into observed coating effect (Fig. 1).
four phases of activity (Weisbrodt, 1981) which recur Simethicone is a non-absorbed silicone polymer with a
approximately every 2 h, resulting in an overall cycle very low surface tension and therefore forms a thin film
length of 120–140 min. Phase III of the MMC is known as that prevents materials sticking together, and probably
the ‘housekeeper wave’ and acts to empty the stomach of lines the gut mucosa as described for other polymers. This
swallowed saliva, cellular debris and indigestible solids. may give rise to the coating effect seen in some of the
The gastric emptying data for the two loperamide formula- scintigraphic images. A mucosal protective action of
tions are well within the 120–140 min MMC cycle and simethicone has been reported in an experimental study
therefore in accord with previous studies (Adkin et al., (Birtley et al., 1973). Further, improvement in the his-
1993; Kenyon et al., 1995). tological findings of gastro-oesophageal reflux disease was

Gastric emptying for the loperamide–simethicone tablet found for a combination of simethicone with antacids, but
was, on average, slightly slower than for the standard not with an antacid–alginate combination (Smart and
loperamide capsule. This is not surprising given that a Atkinson, 1990). The role of the jejunem in diarrhoea
chewable tablet preparation will lead to some degree of states and the effect of loperamide on secretion and
coating of the stomach wall. The longer gastric emptying motility of the upper GI tract has been well investigated
time was due to slightly longer gastric residence in a few (Awouters et al., 1993). It seems possible that the observed
individuals, however, rather than an overall trend. coating of this region of the gut becomes more important

It is widely accepted that opiate-type drugs influence during the hypersecretory state, characteristic of diarrhoea,
small bowel transit times typically by altering intestinal and therefore may contribute to the efficacy of this
motility (Bueno and Fioramonti, 1988; Ruppin, 1987). As formulation.
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Fig. 1. Differences in jejenum coating observed for the loperamide and loperamide–simethicone formulations in subject 8 following fasted dosing.
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