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Altered migrating myoelectrical complex in an
animal model of cholesterol gallstone disease: the

effect of erythromycin

Q-W Xu, R B Scott, D T M Tan, E A Shaffer

Abstract

Background—The ground squirrel on a
high cholesterol diet exhibits prolonged
intestinal transit, a pathogenetic factor in
cholesterol gallstone formation.
Aims—To examine the effect of a high
cholesterol diet on the characteristics of
the migrating myoelectrical complex
(MMC) and the potential benefit of eryth-
romycin.

Methods—Twenty four animals received
either a trace (controls) or a 1% (high)
cholesterol diet. After four weeks, five
bipolar jejunal and terminal ileal elec-
trodes were implanted. Seven days later,
myoelectric activity was measured in con-
scious, fasted animals before and after
treatment with erythromycin. Biliary
lipid composition was assessed.
Results—Compared with controls, ani-
mals fed the high cholesterol diet exhib-
ited a prolonged MMC cycle period (70 (6)
versus 83 (3) minutes; p<0.05), whereas
MMUC migration velocity and the propor-
tions of the MMC represented by phases I,
II, and III were unchanged. Oral erythro-
mycin significantly shortened the MMC
cycle period in animals on the control and
high cholesterol diet by 59% and 54%
respectively, and increased the proportion
of the cycle period occupied by phase III of
the MMC in both dietary groups. Gall
bladder bile became saturated with chol-
esterol and crystals developed in nine of 12
animals on the high cholesterol diet; con-
trols had none.

Conclusion—Animals fed a high choles-
terol diet had a prolonged MMC cycle
period. This, along with diminished gall
bladder motility, impairs the enterohe-
patic cycling of bile salts and reduces their
hepatic secretion, contributing to the for-
mation of abnormal bile. Erythromycin
initiated more frequent cycling of the
MMC. Its therapeutic value in cholesterol
gallstone formation warrants further
evaluation.

(Gut 1998;43:817-822)
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Cholesterol gallstone formation involves multi-
ple hepatobiliary defects,'® and probably intes-
tinal disorders as well.”** Although the secre-
tory defect in cholesterol gallstone disease

initially represents a liver disorder,'” the gall
bladder and intestine are not innocent
bystanders.” "> By virtue of their active role in
the enterohepatic circulation of bile salts,
impaired gall bladder emptying and prolonged
intestinal transit not only contribute to the
“lithogenic” state, but also perpetuate it.>* *®
In ground squirrels fed a high cholesterol diet,
a model of cholesterol gallstone disease,"” ** we
have recently shown that prolonged intestinal
transit, along with gall bladder stasis, is associ-
ated with a sluggish enterohepatic circulation
of bile salts, an expanded deoxycholate pool,
increased cholesterol saturation of bile, and the
eventual formation of cholesterol crystals.'
These findings are consistent with reports in
patients with cholesterol gallstones.” "

Although the pathogenetic significance of
prolonged intestinal transit in gallstone forma-
tion is gaining recognition both in gallstone
patients” "° and in experimental animals," little
is known about the mechanisms that underlie
this motility defect.* '* '* As the migrating myo-
electrical complex (MMC) governs fasting
intestinal transit” ' and thus the enteric limb
of bile salt cycling during fasting,' ™ a time
when supersaturated bile most frequently
forms,** ' * we studied the characteristics of
the MMC in ground squirrels on a trace (con-
trol) and a 1% (high) cholesterol diet. In addi-
tion, if a defective MMC pattern was observed
on feeding a high cholesterol diet, we sought to
test whether erythromycin, a prokinetic
agent,” ™ could stimulate increased frequency
of the MMC and reverse the motility disorder
in this model.

Materials and methods

EXPERIMENTAL ANIMALS

The University of Calgary Animal Care Com-
mittee approved this research protocol, which
conforms to the guidelines of the Canadian
Council on Animal Care. Richardson ground
squirrels (Spermophilus richardsoni), with an
average body weight of 300 g, were trapped
wild near Calgary. They were caged individu-
ally in thermoregulated rooms on a 12 hour/12
hour day/night light cycle and allowed free
access to a standard chow diet and water for a
minimum of four weeks. Twenty four animals
were randomly divided into two groups (12 in
each) and maintained throughout the duration
(five weeks) of the experiment on either a con-
trol (chow) diet with trace cholesterol content
(0.027%, United States Biochemical, Cleve-
land, Ohio) or a high cholesterol diet (United
States Biochemical) comprising an identical
chow, enriched with 1% cholesterol by weight.
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SURGICAL PREPARATION
After four weeks on their respective diets and
following an 18 hour fast, animals were
surgically prepared under general anaesthesia
with halothane (Ayerst Laboratories, Mon-
treal, Canada). Under sterile conditions, a
plastic cannula bearing the electrode assembly
(five pairs of Teflon coated, multistranded,
stainless steel electrodes) was tunnelled subcu-
taneously from an interscapular exit site to the
anterior abdominal wall and brought into the
peritoneal cavity through a stab incision.” The
first three pairs of bipolar electrodes were fixed
in the muscular layer (serosal side) of the jeju-
num at 10 cm intervals, with the first being 2.5
cm distal to the ligament of Treitz. The last two
pairs were attached at —10 cm and —20 cm
proximal to the ileocaecal valve. Finally, a
reference electrode was secured in the muscle
of the anterior abdominal wall.”” Animals were
given oral fluids 12 hours after surgery and
after 24 hours were returned to their respective
diets ad libitum until recordings of fasting
intestinal myoelectrical activity were obtained.

EXPERIMENTAL PROTOCOL

The first objective was to determine whether
chronic feeding of the 1% high cholesterol diet
was associated with changes in the characteris-
tics of the MMC in this animal model. The
recordings of fasting intestinal myoelectrical
activity were obtained at the beginning of the
sixth week of a trace (n=12) or a high
cholesterol diet (n=12) in conscious animals
after an 18 hour fast. During the recording
period, animals were contained in a small cage
(15 x 15 x 20 cm) with no medication or other
restraint. Fasting electrical activity was re-
corded continuously for six to eight hours to
document at least three full MMC cycles in all
animals. Following this, a subgroup of animals
on both diets proceeded to the next stage of the
study in which the acute effect of erythromycin
on the MMCs was assessed. Six animals in
each dietary group were randomly selected to
receive liquid erythromycin stearate (Abbott
Laboratories, Montreal, Canada) 2 mg/kg
orally’"* in the 10 minute interval immediately
after the completion of phase III of an MMC.
Two additional full cycles of the MMC were
then recorded and the cycle period of the post-
erythromycin MMCs was compared with that
of those prior to erythromycin administration.
In separate experiments, two animals in each
dietary group were randomly selected to
receive an equal volume of liquid placebo, the
vehicle without erythromycin, to detect any
potential influence of handling related to feed-
ing of either erythromycin or the vehicle.

DETERMINATION OF CHOLESTEROL SATURATION
INDEX AND CRYSTAL INCIDENCE

At the end of the myoelectric recording, all
animals were killed by cervical dislocation. The
abdomen was opened, and bile was aspirated
from the gall bladder using a sterile needle and
syringe. One drop was immediately examined
by polarised light microscopy for cholesterol
crystals, identified as birefringent, notched
rhomboidal plates'*; the remainder was stored
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at —70°C for later analysis. Gall bladder bile
samples were analysed for total bile salts using
the 3-o-hydroxysteroid dehydrogenase assay
(Worthington Biochemical Company, Free-
hold, New Jersey), for phospholipid by an
enzymatic assay for choline (Boehringer Mann-
heim, Mannheim, Germany) and for choles-
terol by an enzymatic diagnostic kit (Ames
Division, Miles Laboratories, Slough, UK)."
Serum cholesterol concentrations were simi-
larly determined by this Ames cholesterol Kkit.
The cholesterol saturation index (CSI) was
determined using Carey’s critical tables for
cholesterol solubility limits, based on total lipid
concentrations and calculated using a compu-
ter program.'* >

RECORDING AND ANALYSIS OF INTERDIGESTIVE
INTESTINAL MYOELECTRICAL ACTIVITY

The bipolar electrodes were connected to the
bioelectrical amplifier (model 8811A; Hewlett-
Packard, Palo Alto, California) with lower and
upper cut off frequencies of 0.05 and 300 Hz,
respectively).” The output signals were re-
corded simultaneously on an eight channel
chart recorder (model 7858A; Hewlett-
Packard) and an eight channel FM tape
recorder (model 3968A; Hewlett-Packard) for
later replay and analysis. An oscilloscope was
employed to set the spike processor window
such that only electrical spiking activity with
amplitude above the variation in slow wave
potential was recorded.”

The myoelectrical activities of the jejunum
and terminal ileum were analysed by visual
inspection of the original records. Fasting
gastrointestinal electrical activity in the ground
squirrel was characterised by the presence of
slow waves with a superimposed pattern of
recurrent spike burst activity which was
cyclical in character with well defined phase I,
II, and III activity typical of the migrating
myoelectrical complex (MMC)." '* ** Phase III
of the MMC was clearly identified as an
aborally propagating band of intense electrical
spike activity on every slow wave. It was
preceded by a period of irregular electrical
spike activity (phase II), and followed by a
period of absent electrical spike activity (phase
I). As phase III (the period of intensive
myoelectrical spike activity) is the most distinc-
tive and recognisable of the three phases, the
cycle period was defined as the time interval
between the end of two successive bursts of
phase III activity. The propagation direction
and velocity of the MMCs were determined by
assessing the time and direction of passage of
the phases of the MMC past bipolar electrodes
1-3 (the proximal jejunum) and 4-5 (the distal
ileum).”

STATISTICS
Data are expressed as mean (SE). Compari-
sons between two groups were made using the
paired and unpaired Student’s  test. Analysis
of variance was utilised to assess the contribu-
tion of diet, erythromycin, and group to the
duration of the MMC cycle. All calculations
were performed using the computer program
sYSTAT (SYSTAT Inc., Evanston, Illinois). Sta-
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Figure 1  Effect of erythromycin on the MMC cycle
period. EMS, erythromycin. *p<0.05 versus controls;
**5<0.05 versus trace diet without erythromycin.

tistical values reaching probabilities of p<0.05
were considered significant.

Results

EFFECT OF THE HIGH CHOLESTEROL DIET ON THE
CHARACTERISTICS OF THE ANIMAL

All animals tolerated the 1% high cholesterol
diet and the surgical procedure well. They were
healthy as assessed by their normal weight gain,
shining coat, and normal activity. There were
no significant differences in body weights
(trace cholesterol, 457 (22) g versus high chol-
esterol, 498 (32) g; NS) between the two
animal groups. Animals consuming the high
cholesterol diet had a significant increase in
their serum cholesterol concentrations (trace
cholesterol, 5.2 (1.1) mmol/l versus high chol-
esterol, 14.8 (3.2) mmol/l; p<0.05). Compared
with those on the trace cholesterol diet, animals
on the high cholesterol diet exhibited no
distinguishable histological alterations of the
liver or small intestinal mucosa as assessed by
conventional light microscopic examination of
tissue sections.

EFFECT OF THE HIGH CHOLESTEROL DIET ON
INTERDIGESTIVE INTESTINAL MYOELECTRICAL
ACTIVITY

Fasting ground squirrels on both the trace and
high cholesterol diets exhibited a characteristic
cyclic pattern of intestinal myoelectrical activ-
ity typical of the MMC. This comprised three
phases: quiescence (phase I), irregular (phase
II), and intense, continuous, burst of myoelec-
trical spike activity (phase III). The MMCs
migrated through the proximal jejunum to the
terminal ileum. Compared with controls (trace
cholesterol diet), the ground squirrels on the
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high cholesterol diet had a significantly pro-
longed MMC cycle period (trace cholesterol
diet, 70 (6) minutes versus high cholesterol
diet, 83 (3) minutes (p<0.05), showing a
diminished frequency of the interdigestive
MMC. The propagation velocity of the MMC
did not change significantly (trace cholesterol
diet, 3.5 (0.6) cm/min versus high cholesterol
diet, 2.8 (0.6) cm/min; NS). The proportion of
the MMUC cycle period representing each phase
remained unchanged on the high versus trace
cholesterol diet (phase I—trace cholesterol
diet, 12.5 (4.0)% versus high cholesterol diet,
14.1 (1.4)%; phase II—trace cholesterol diet,
80.6 (8.8)% versus high cholesterol diet, 78.7
(1.3)%; phase III—trace cholesterol diet, 7.0
(0.9)% versus high cholesterol diet, 7.1
(0.5)%; all NS).

EFFECT OF ERYTHROMYCIN ON THE
INTERDIGESTIVE INTESTINAL MYOELECTRICAL
ACTIVITY
Oral administration of erythromycin stearate
(2 mg/kg orally) significantly shortened the
cycle period of the next two complete cycles of
the MMC by 59% and 54% in the trace and
high cholesterol dietary groups, respectively
(fig 15 p<0.05), whereas the administration of
an equal volume of liquid placebo (the vehicle
for the erythromycin stearate) had no effect on
the MMC cycle period in either group (data
not shown). The addition of erythromycin had
no significant effect on propagation velocity in
either dietary group (table 1). Erythromycin
significantly increased the proportion of the
MMUC cycle period represented by phase III
activity whereas it decreased the proportion of
the MMC cycle period represented by phase II
activity in both dietary groups (a fourfold and
twofold increase in trace and high cholesterol
diet groups, respectively; table 1; p<0.05).
Analysis of variance was utilised to assess the
contribution of diet, diet plus erythromycin,
and diet plus erythromycin plus group to the
duration of the MMC cycle. Prior to treatment
with erythromycin, there was a significant
(p<0.05) effect of diet on MMC cycle period
(it was prolonged on the high cholesterol diet).
However, when the effect on MMC cycle
period of diet plus treatment with erythromy-
cin was evaluated, the only significant effect
(p<0.01) was from treatment with erythromy-
cin. This can be explained by the fact that
before treatment with erythromycin, MMC
cycle period was significantly prolonged on the
high versus trace cholesterol diet (83 (3) versus
70 (6) minutes; p<0.05), However, treatment
with erythromycin greatly reduced MMC cycle
duration in both treatment groups to compara-

Table 1  Effect of erythromycin on interdigestive intestinal myoelectrical activity

Trace cholesterol diet

High cholesterol diet

Before erythromycin After erythromycin Before erythromycin  After erythromycin

Phase I (% MMC cycle period) 12.5 (4.0) 35.9 (11.6) 14.1 (1.4) 24.2 (7.8)
Phase II (% MMC cycle period) 80.6 (4.4) 43.7 (12.3)* 78.7 (1.3) 58.3 (8.1)*
Phase III (% MMC cycle period) 7.0 (0.9) 21.1 (4.2)* 7.1 (0.5) 15.2 (1.7)*
Velocity 3.5 (0.6) 2.9 (0.7) 2.8 (0.6) 3.9 (0.5)

Results are expressed as mean (SE).
*p<0.05 v respective controls.
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ble values that were not affected by dietary
treatment (52 (7) minutes in the trace
cholesterol versus 47 (6) minutes in the high
cholesterol group treated with erythromycin;
p<0.01).

EFFECT OF THE HIGH CHOLESTEROL DIET ON
CHOLESTEROL SATURATION INDEX AND
CHOLESTEROL CRYSTAL INCIDENCE
The 1% high cholesterol diet notably increased
the cholesterol saturation in gall bladder bile
(trace cholesterol diet, 0.58 (0.06) versus high
cholesterol diet, 1.2 (0.08); p<0.05). This was
largely due to a higher molar percentage of
cholesterol (trace cholesterol diet, 3.0 (0.4)%
versus high cholesterol diet, 7.1 (0.5)%;
p<0.05) and a lower molar percentage of bile
salts (trace cholesterol diet, 86.2 (1.1)% versus
high cholesterol diet, 78.1 (0.6)%; p<0.05).
Macroscopically, fresh gall bladder bile sam-
ples from animals on the trace cholesterol diet
were clear without visible precipitates. In
animals on the 1% high cholesterol diet, all bile
samples were turbid, filled with sand like
precipitates. Under polarising microscopic
examination (n=12 in each group), no choles-
terol crystals were found in the initial (native)
gall bladder bile of any animal on the trace
cholesterol (control) diet. In contrast, nine of
12 cholesterol fed animals had solid cholesterol
crystals and three had macroscopic cholesterol
stones.

Discussion

The present study shows that when ground
squirrels consume a 1% high cholesterol diet, a
model of cholesterol gallstone formation," ' *
their MMC cycle periods become significantly
prolonged. This reduction in MMC cycle
frequency in animals on the high cholesterol
diet correlates with a previously shown delay in
small intestinal transit in this model,'* an effect
that contributes to the formation of bile
saturated with cholesterol and development of
cholesterol crystals.” ' Furthermore, the find-
ings show that erythromycin significantly
shortens the MMC cycle period and notably
increases the proportion of the cycle period
occupied by propulsive phase III activity of the
MMUC in both dietary groups—an observation
with therapeutic potential.**

The hepatic secretion of bile supersaturated
with cholesterol, the first stage of cholesterol
gallstone formation, is primarily a metabolic
disorder of the liver, being driven by a
combination of diet and genetic
predisposition.'™ This “abnormal” bile seems
to disrupt the normal motor function of organs
downstream (the gall bladder and the small
intestine)  through as yet unknown
mechanisms.* > ' *® The ensuing gall bladder
stasis and prolonged intestinal transit impede
the enterohepatic cycling of bile salts with a
resultant reduction in their hepatic
secretion® ® " '?° and a simultaneous increase
in deoxycholate pool size.”" '** These inter-
dependent events create a vicious circle that
promotes the secretion of bile saturated with
cholesterol* and the subsequent formation of
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gallstones, both in patients with cholesterol
gallstones,”" and in experimental animal
models."

Although the concept is not new,” the
pathogenic role of prolonged intestinal transit
in gallstone formation has been largely ignored
until recently.” There are several mechanisms
which could be invoked as a cause of prolonged
intestinal transit in these experiments. In the
human, the fibre content of the diet is known to
be an important determinant of intestinal tran-
sit time. In this study, the diets of the trace and
high cholesterol diet treatment groups were
identical, including the fibre content, and
differed only in the amount of cholesterol
ingested. Thus, a difference in fibre intake
would not explain the prolonged intestinal
transit time in the ground squirrel model of
cholesterol gallstone formation. Another po-
tential mechanism which might explain the
prolonged intestinal transit time in this model
relates to the fasting pattern of gastrointestinal
motility. Under fasting conditions, the upper
gastrointestinal tract exhibits a cyclic pattern of
motor activity, namely the MMC."” '* The
MMUC propagates aborally as far as the
ileocaecal junction.” '® Its cyclic appearance in
the duodenum 1is associated with partial
emptying of the gall bladder and the pulsatile
delivery of bile into the duodenum.'"" It is fol-
lowed by the aboral propulsion of bile salts to
their site of active reabsorption in the distal
ileum," *' resulting in augmented return of bile
salts to the liver for their resecretion.'” Thus,
the magnitude of hepatic bile salt secretion
during fasting is a function of enterohepatic
cycling, powered by intermittent emptying of
the gall bladder and the propulsive activity of
the small intestine,'” " all of which is deter-
mined mainly by the periodicity of the
MMC."” " The present study shows that, dur-
ing fasting, animals on a high cholesterol diet
exhibit a significant prolongation of their
MMUC cycle period, compared with controls.
The functional consequence of this abnormal-
ity is a reduction in the number of MMC
cycles, less frequent partial emptying of the gall
bladder, and less frequent propulsion of
luminal bile salts to their distal site of
absorption during a  prolonged fast
(overnight).””?° *' > These alterations in fasting
intestinal motility may, in part, explain the pre-
viously observed delay in small intestinal tran-
sit in animals on the high cholesterol diet.

Although there is no information about how
the pathophysiology of gallstone formation
alters the periodicity of the MMC, it is
conceivable that the changes in MMC cycle
frequency in the present study may have
resulted from the high cholesterol diet.’* *®*
Under normal conditions, about 50-60% of
total dietary cholesterol is absorbed in the
upper portion of the intestine’; some eventu-
ally reaches the terminal ileum. The 1% high
cholesterol diet represents a 40-fold increase in
cholesterol content, compared with the control
diet with only 0.027% cholesterol by weight.
We speculate that the entire small intestine is
exposed to unusually high concentrations of
cholesterol, as a consequence of an overload of

WBuAdoo Aq padaloid 1sanb Aq €20z ‘2z Arenuer uo /wod wgInGy/:dny woiy papeojumoq "866T Jaquiadad T Uo 218'9'Sy' INB/9STT 0T Se paysignd 1siy N9


http://gut.bmj.com/

Altered MMC in cholesterol gallstone formation

dietary and biliary cholesterol, which exceeds
the absorptive capacity of the proximal small
intestine.' *' ** Conceivably, the excess choles-
terol reaches and is incorporated into the neu-
ronal and/or smooth muscle membranes of the
small intestine.* ” ' * This modifies mem-
brane fluidity” and may thereby affect function
of the membrane regulatory proteins, such as
the receptors and ion channels** * > that
control electrical excitability and influence the
periodicity of events like the MMC."” ' Al-
though the present findings suggest a correla-
tion between increased luminal free cholesterol
and altered MMC in the ground squirrel, the
situation in humans may differ as patients with
cholesterol gallstones do not necessarily have
high concentrations of cholesterol either in the
intestinal lumen or in the blood.”* They do
however secrete excessive biliary cholesterol
into the small intestine.' * **

The prolonged MMC cycle period and the
delayed intestinal transit in the ground squirrel
model of cholesterol cholelithiasis coincide
with both increased deoxycholate content and
hydrophobicity of the total bile salt pool.™
Hydrophobic bile salts such as deoxycholate
are more cytotoxic.** By forming water solu-
ble complexes with the phospholipid compo-
nents of the membrane, even at concentrations
well below their critical micellar con-
centrations,” these hydrophobic bile salts
might also be capable of altering the structure-
function of neuronal membranes,”** which
regulate cyclic activity within the enteric nerv-
ous system.” ' This might then lead to the
observed reduction in MMC cycle frequency
and the prolonged intestinal transit.” '* Addi-
tional experiments, however, are necessary to
clarify the true mechanism of delayed intestinal
transit in this model of cholesterol gallstone
formation.

Erythromycin, a 13 member macrolide com-
pound, has a powerful prokinetic effect on both
the biliary and gastrointestinal tracts,”'~* prob-
ably by binding to motilin receptors and acting
as its agonist.”” Like the regulatory peptide
motilin,"" > ' erythromycin induces phase III
activity that starts in the upper gastrointestinal
tract and migrates through the small
intestine.”'* In the present study, oral admin-
istration of erythromycin significantly short-
ened the MMC cycle period in ground
squirrels from both dietary regimes and
increased the proportion of the MMC cycle
occupied by phase III, the intense and propul-
sive activity front of the MMC." '* The physio-
logical consequence of these changes was an
accelerated intestinal transit and more rapid
enterohepatic cycling of bile salts.'”* Such
accelerated intestinal transit and more rapid
enterohepatic cycling of bile salts has the
potential to increase bile salt secretion, improve
cholesterol solubility, and reduce crystal devel-
opment. The mechanism of the accelerated
transit relates to an increased cycle frequency
of the MMUC. In the fasting state, partial gall
bladder emptying occurs cyclically in associ-
ation with the MMUC; peak duodenal bile
delivery occurs at 70% of the duodenal cycle
period." The transport of duodenal bile acids
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to their distal site of ileal absorption and thence
to the liver is pulsatile rather than continuous
and also determined by the MMC.* Maximum
uptake from the distal site of reabsorption
occurs when phase III of the MMC propels the
intraluminal bile acid pool to its site of absorp-
tion in the distal small bowel. Bile acids deliv-
ered into the duodenum just prior to duodenal
phase III are propelled aborally by the activity
front of phase III activity to their distal sites of
absorption. The “housekeeping” action of the
MMC is very efficient and 88% of bile acids
delivered into the duodenum are propelled
aborally by the activity front of the first passing
MMUC and reabsorbed. Animals with more fre-
quent MMCs will on average propel luminal
contents more distally than animals with less
frequent MMCs. This will occur even though
the velocity of propagation of the individual
MMCs is identical. Thus, an altered MMC
cycle frequency would, in part, explain the pre-
viously observed delay in small intestinal tran-
sit in animals on the high cholesterol diet."
What is actually accounting for the erythro-
mycin effect, though, is an increased cycling
frequency, not an increase in propagation
velocity of the individual MMCs.

Erythromycin induced improvement in in-
testinal and gall bladder motor function may
offer a potential therapeutic intervention that
might alleviate the clinical consequences of bile
saturated with cholesterol.”?***°° In fact,
recent preliminary findings of a trial of four
weeks treatment with erythromycin in the same
animal model support this hypothesis.”*

In conclusion, we have shown that ground
squirrels fed a high cholesterol diet exhibit a
significant prolongation of their MMC cycle
period. This may, in part, provide an explana-
tion for the previously shown delay in aboral
intestinal transit during fasting in this model,"*
which along with diminished gall bladder
motility impairs the enterohepatic cycling of
bile salts and reduces their hepatic
secretion.? ® 1 1720 3% The resulting sluggish
cycling of bile salts may serve to expand the
deoxycholate pool* "' '* and contribute to the
formation of bile saturated with cholesterol.”
Lastly, the demonstration that erythromycin
significantly increased MMC cycle frequency
in the cholelithiasis group suggests that treat-
ment with erythromycin may be of potential
therapeutic value in prevention of cholesterol
gallstone formation,™ **° a therapy warranting
further evaluation.
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