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1.   ABSTRACT

The common movement of the small intestine
(SI) is peristalsis and of the large intestine (LI) are giant
migrating contractions. The mechanism underlying the
difference in the type of motility between the SI and LI is
yet to be elucidated; the current communication
investigated this point. 7 pigs (4 male) were anesthetized,
abdomen opened and a balloon-ended catheter was
introduced into the right colon through ileotomy. Balloon
was filled in increments of 10 ml of saline and the EMG
activity of the colonic longitudinal and circular muscle
layers was recorded before and after myotomy performed
between 2 of the 3 electrodes fixed to the colon.  The
balloon was then withdrawn, located in the terminal ileum
and distended in increments of 2 ml; the ileal EMG activity
was registered before and after myotomy done between 2
of the 3 electrodes applied to the ileum. The LI showed
slow waves or pacesetter potentials (PPs) and action
potentials (APs) which had the same frequency, amplitude
and conduction velocity from the 3 electrodes of the same
animal. The waves were recorded from the longitudinal and
not the circular muscle coat.  Upon LI distension, the
electric activity increased and was recorded also from the
circular muscle. At  40-50 ml distension, the balloon was
dispelled to the transverse colon.  Electric activity from SI
was similar to that of the LI, but was not the same from the
3 electrodes; it diminished aborally. It increased with
increasing balloon distension until, at 8-10 ml distension,
the balloon moved slowly aborally.  Electric waves were
recorded proximally but not distally to colonic myotomy,
and the balloon moved up to the cut.  In the SI, waves were
recorded both proximally and distally to the ileal myotomy,
and the balloon moved across the cut. The fact that the
colonic electric waves displayed the same variables from
the 3 electrodes and that they were not recorded distally to
the colonic myotomy, would suggest the presence of a
“single” colonic pacemaker, probably situated in the

cecum. This is in contrast to the hypothesis of the
“multiplicity” of the small intestinal pacemakers, which is
based on the fact that the electric activity diminished as the
waves propagated aborally and on the existence of slow
waves distal to the ileal myotomy.  The concept of “single”
and “multiple” pacemakers explaining the difference in the
motility of small from that of large gut needs further
studies.

2.   INTRODUCTION

The mechanism of gut motility is not yet fully
understood. The main gut movements are effected by
peristalsis and giant migrating contractions (1).  The latter
occur only in the large intestine (LI), not in the small one
(SI), while peristalsis is the common movement in the
small bowel (1-3). The difference in the type of motility
between the small and large intestine seems to be related to
functional purposes.

The gut possesses electric activity which is
considered to play a significant role in gut motility (4-10).
Gut motility disorders are always associated with disturbed
electric activity (11-14). Recent studies have demonstrated
resting electric activity in the longitudinal muscle coat of
the gut which was absent in the circular coat (15).
Furthermore, it has been suggested that these electric waves
are transmitted from the longitudinal to the circular muscle
upon colonic distension (15).

The question that needs to be addressed is how
the SI moves its contents in peristaltic while the LI in mass
migrating contractions.  In the peristaltic activity, the food
bolus moves step-wise. This is in contrast to the giant
migrating contractions by which the luminal contents are
transmitted from approximately one half of the colon to the
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Figure 1.  Diagram illustrating the steps of the experiment.

Figure 2.  Site of myotomy.

other in one mass contraction. The aim of the current study
was to investigate the mechanism underlying the difference
in the type of motility between the SI and LI.

3.   MATERIAL AND METHODS

3.1.  Material
The study comprised 7 pigs (4 male, 3 female)

with a mean weight of 53.3±10.4 SD kg (range 45-60). Our
Faculty Review Board and Ethics Committee approved the
study.

Before induction of anesthesia, all animals were
sedated with an intramuscular injection of atropine (0.01
mg/kg), acepromazine (1 mg/kg) and ketamine (5mg/kg).
After endotracheal intubation, the animals were allowed to
breathe spontaneously, and anesthesia was maintained with
5% halothane -95% oxygen by inhalation.

The abdomen was opened through a midline
incision and the ileocecal junction was identified. At a
distance of 10 cm proximal to the junction, a 0.5 cm
opening in the ileum was performed through which a
balloon-ended 6 F catheter was inserted and manipulated to
enter into the cecum (Figure 1).  The balloon (London
Rubber Industries Ltd., London, UK) was 2 cm in diameter.
The ileotomy was sutured around the catheter using a
purse-string suture of 3/0 chromic catgut.  The catheter was
connected to a strain gauge pressure transducer (Statham
230 B, Oxnard, CA).  The balloon was filled with normal
saline in increments of 10 ml up to a volume that initiated
mass contraction of the right colon and balloon movement.

3.2. EMG recording
                 During balloon filling, the EMG activity of the
circular and longitudinal muscle fibers of the colon was
recorded by means of monopolar silver-silver chloride
electrodes (Smith Kline Beckman, Los Angles, CA).  Each
electrode had a diameter of 0.8 mm and was covered by an
insulating vinyl sheath, sparing its tip. The electrodes were

serially fixed by electrode gel to the serosa of the proximal
part of the ascending colon. Three electrodes were applied
over the tenia coli and another 3 over the circular muscle
coat between 2 tenia coli (Figure 1).  The distance between
one electrode and the next was  2-3 cm. The electrodes
were attached to a metal cannula containing a 6-pin socket.
The insulated wire leads were attached to the pins in the
cannula and connected to a Brush Mark 200 rectilinear pen
recorder.  The electric activity including frequency,
amplitude and velocity of conduction of the waves was
recorded from the 6 electrodes.

The electric activity of the LI upon incremental
balloon distension was recorded until a giant migrating
contraction would occur. The balloon was then emptied,
withdrawn from the LI and manipulated to be located in the
small intestinal segment proximal to the ileotomy by
approximately 20 cm. This was done without pulling the
balloon out of the ileotomy. The balloon was filled with
normal saline in increments of 2 ml up to the volume at
which the balloon started to move. The EMG activity of SI
at rest and on balloon filling was recorded by means of 3
silver-silver chloride electrodes applied to the gut wall with
2-3 cm distance between each 2 electrodes; the electrodes
were similar to those applied to the colon.

3.3. Colonic myotomy
To see the effect of colonic myotomy on electric

wave transmission and balloon movement, a myotomy was
performed between the first and second electrode applied to
the tenia coli (Figure 2).  The colonic wall was divided
down to, but not including, the mucosa. The electric
activity was recorded proximally and distally to the
myotomy before and after balloon distension in increments
of 10 ml.

The balloon catheter was then withdrawn from
the colon and located into the SI.  Myotomy was performed
between the first and second electrode fixed to the SI. The
electric activity was recorded proximally and distally to the
cut before and after balloon distension in increments of 2
ml.

To ensure reproducibility of the results, the
aforementioned recordings were repeated at least twice in
the individual animal and the mean values were calculated.
The results were analyzed statistically using the Student’s t
test and values were given as the mean±standard deviation
(SD). Differences assumed significance at p<0.05.

4.   RESULTS  and  DISCUSSION

No adverse effects were encountered during or
after performance of the tests, and all the animals were
evaluated.  The mean resting pressure of the SI was 7.8±1.1
cm H2O (range 6-9) and of the LI 7.2±1.1 cm H2O (range
5-8).

The LI showed slow waves or PPs recorded from
the electrodes overlying the tenia coli; no waves were
recorded from electrodes applied to the circular muscle
fibers.  The PPs had a triphasic configuration with a small
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Figure 3. Pacesetter and action potentials recorded from
the 3 electrodes applied  to the  colonic longitudinal muscle
layer.  No waves were recorded from the electrodes applied
to the circular muscle layer.  The waves had the same
frequency, amplitude and conduction velocity from the 3
electrodes.

Figure 4. Electric activity (PPs and APs, upper tracing) and
colonic pressure (lower tracing) showing pressure rise with
APs and not with PPs.

Figure 5. Electric activity upon colonic balloon distension
with 30 ml of saline showing increase in the frequency,
amplitude and conduction velocity of the electric waves
from the longitudinal muscle fibers as well as recording of
electric waves from the circular fibers.

Figure 6. Pacesetter and action potentials recorded from
the 3 electrodes applied to the wall of the terminal ileum.
The frequency, amplitude and conduction velocity
diminished as the waves propagated aborally.

Figure 7. Myotomy of the colonic wall. Electric waves
were recorded from the electrodes applied proximally but
not distally to the myotomy.

positive, a large negative and another small positive
deflection (Figure 3).  Bursts of fast activity spikes or
action potentials (APs) were superimposed or followed the
PPs randomly.  They were associated with a rise of the
intracolonic pressure to a mean of 17.6±3.8 cm H2O (range
15-21) (Figure 4). The PPs and APs registered the same
frequency, amplitude and conduction velocity from the 3

electrodes of the same animal, even after the distance
between each 2 electrodes was increased. The mean
frequency was 4.8±1.1 cycle / min (cpm, range 3.8-6.2),
amplitude 0.48±0.06 mV (range 0.42-0.70) and conduction
velocity 4.9±1.1cm/s (range 4.1-6.6). The PPs were not
associated with an increase in the colonic pressure.

Upon colonic distension, the electric waves
showed increase in frequency, amplitude and conduction
velocity and were recorded not only from the longitudinal
but also the circular layer (Figure 5).  At a distending
volume of 40-50 ml, the balloon was dispelled to the
proximal transverse colon.

The SI showed also resting electric activity in the
form of PPs and APs (Figure 6).  The PPs were triphasic
like those of the LI.  They had a mean frequency of 7.2±1.1
cpm (range 6-9), amplitude 0.42±0.05 mV (range 0.35-
0.54) and conduction velocity 4.2±1.1 cm/s (range 3.6-5.8).
The values of these variables were not the same from the 3
electrodes. They diminished as the waves propagated
aborally from one electrode to the other (Figure 6).

The electric activity increased upon balloon
filling with 2 ml of saline and continued to increase with
increasing balloon filling until, at 8 – 10 ml distension, the
balloon moved slowly aborally until it passed through the
ileo-cecal junction to the cecum where it ceased to move.
The balloon, lying in the cecum, was distended with saline
in increments of 10 ml.  At a mean of 40 – 50 ml, the right
colon contracted, pushing the balloon to the proximal part
of the transverse colon.

4.1.  Effect of myotomy on electric activity and balloon
expulsion

In the LI, the electric activity was recorded
proximally but not distally to the myotomy (Figure 7).
When the balloon was distended with the volume which
had produced balloon movement before myotomy, it
advanced up to, and stopped short of, the cut and did not
proceed beyond the myotomy.

In the SI, electric waves were recorded both
proximally and distally to the myotomy (Figure 8).  The
balloon, distended with the saline volume that initiated pre-
myotomy movement, traversed the myotomy in the same
manner as before myotomy.

The aforementioned results were reproducible
with no significant difference when the measurements and
recordings were repeated in the same animal.

The current study could shed some light on the
mechanism underlying the difference between the
contractile activity of the small and that of the large
intestine.  The increased electric activity upon gut (small or
large) distension assumingly denotes increasing motility of
the gut up to a certain distending volume which, when
reached, would move the balloon.  In the SI, the balloon
moved slowly and step-by-step, whereas in the colon
rapidly and in a one-step mass movement.
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Figure 8. Myotomy of the small intestine.  Electric waves
were recorded from the electrodes applied proximally and
distally to the myotomy.

4.2.  The 'single' and 'multiple' pacemaker theory
Large gut myotomy showed that the electric

waves were recorded proximally but not distally to the cut
and the distended balloon did not move beyond the cut.
This presumably indicates that the electric waves proceed
aborally.  We suggest the existence of a pacemaker
proximally to the cut, which is responsible for initiation of
electric activity spreading aborally along the colon.
Myotomy interrupted the electric waves that presumably
arose from a proximal pacemaker.  It appears that no
pacemakers able to initiate electric activity and balloon
movement exist distally to the cut.  In contrast to the results
of the large gut, SI myotomy did not affect the existence of
electric activity distally to the cut.  The electric waves were
recorded both proximally and distally to the cut and the
balloon moved across and distal to the myotomy.  Since the
electric waves are thought to be initiated by a pacemaker, it
is suggested that a pacemaker exists also distally to the cut.
Accordingly, we postulate that the SI possesses a
"multiplicity" of pacemakers, and that each peristaltic wave
is initiated by a pacemaker so that gut interruption does not
affect wave initiation or balloon transmission.  This is in
contrast to the LI in which the electric waves and the
balloon movement were interrupted by myotomy,
suggesting the absence, distal to the cut, of pacemakers
which are believed to initiate the electric activity and pace
the motility.  We suggest the presence of a “single”
pacemaker in the proximal ascending colon, which appears
to initiate the electric activity in the right half of the colon.

The hypothesis of the “multiple activity” of the
small intestinal pacemakers is based on the fact that the
electric activity of the SI diminished in a segmental manner
as the waves propagated aborally from one electrode to the
other, especially when the electrodes were widely spaced
along a big segment of the SI.  The electric waves were
faster from the proximal than the distal electrode.  This
sequential drop in the slow wave variables as well as the
presence of slow waves distal to the myotomy postulate the
possible existence of a series of pacemakers of descending
discharge rates located in successive bowel segments
proximodistally.  Accordingly, it appears from the current
study that SI motility is not regulated by a single
pacemaker, which occurs in the gastric antrum(16-18), the
rectosigmoid junction (19, 20) or possibly the colon.

The pacemaker activity of the gut is believed to
be generated by specialized cells called the interstitial cells
of Cajal (21).  They lie in the gut wall between the
submucosa and the circular muscle layer and appear to pace
the motile activity of the gut in rate and direction.

The “single” pacemaker theory of the right colon
is evidenced in the current study by the fact that the colonic
slow waves had the same frequency, amplitude and
conduction velocity from the 3 electrodes applied to the
colon; they did not show diminution as they propagated
aborally, even when the electrodes were widely spaced.
This is in addition to the absence of electric waves distally
to the colonic myotomy as well as failure of balloon
transmission across the cut.  It seems that this single
colonic pacemaker is located in the proximal part of the
right colon, possibly in the cecum, as can be derived from
the aboral progress of the waves and their interruption upon
myotomy. We believe that this single pacemaker supplies
electric waves to the proximal part of the colon (ascending
and up to proximal transverse colon) as is evident from the
balloon distension test.  When the balloon was distended
with 40-50 ml of saline, it was dispelled to the right side of
the transverse colon.

In conclusion, we suggest that the difference in
the mechanism of small or large gut motility depends on
the distribution of the pacemakers in the gut wall. While
these pacemakers seem to be “multiple” in the SI thus
initiating its peristaltic activity, they appear to be “single”
in the colon evoking the giant migrating waves.  The
concept of the single and multiple pacemakers in gut
motility needs further studies.

5.  ACKNOWLEDGMENT

Margot Yehia and Waltraut Reichelt assisted in
preparing the manuscript.

6.   REFERENCES

1. Bueno, L. J. Fioramonti & Y. Ruckebush: Evaluation of
the colonic myoelectric activity in health and functional
diarrhea. Gut 27, 381-389 (1980)

2. Holdstock, D.J., J. Misiewicz, T. Smith & E.N.
Rowlands: Propulsion (mass movements) in the human
colon and its relationship to meals and somatic activity.
Gut 11, 91-99 (1970)

3. Christensen J.: Motility of the intestine. In:
Gastrointestinal disease. Eds: Sleisenger M.H., Fordtran
J.S., Vol 1, 5th edn. Philadelphia: WB Saunders Co. 822-
837 (1993)

4. Schang J.C. & G. Devroede: Fasting and postprandial
myoelectric spiking activity in the human sigmoid colon.
Gastroenterology 85, 1048-1053 (1983)

5. Dapoigny M., J.F. Trolese, G. Bommelaer & R. Tournut:
Myoelectric spiking activity of right colon, left colon and
rectosigmoid of healthy humans. Dig Dis Sci 33, 1007-
1012 (1988)

6. Frexinos J., L. Bueno & J. Fioramonti: Diurnal changes
in myoelectric spiking activity of the human colon.
Gastroenterology 88, 1104-1110 (1985)



Single and multiple pacemaker theory

5

7. Shafik A.: Study of the electrical and mechanical activity
of the rectum. Experimental study. Eur Surg Res 26, 87-93
(1994)

8. Shafik A., A. Nour & A. Abdel-Fattah: Transcutaneous
electrorectography. Human electrorectogram from surface
electrodes. Digestion 56, 479-482 (1995)

9. Shafik A.: A study of the origin of the electric activity of
the rectum. Is it neurogenic or myogenic?   Spinal Cord 36,
548-553 (1998)

10. Shafik A.: On the origin of the rectal electric waves.
Further study. Dis  Colon Rectum 42, 1626-1631 (1999)

11. Geldof H., E.J. van der Schee, M. van Blankenstein &
J.L. Grashuis: Electrogastrographic study of gastric
myoelectrical activity in patients with unexplained nausea
and vomiting. Gut  27, 799-808 (1986)

12. Abell T.L. & J.R. Malagelada: Glucagon-evoked gastric
dysrhythmias in humans shown by an improved
electrogastrographic technique. Gastroenterology 88, 1932-
1940 (1985)

13. Shafik A.: Electrorectogram in chronic constipation.
World J Surg 19, 772-775 (1995)

14. Shafik A.: Electrorectogram in chronic proctitis. World
J Surg 17, 672-679 (1993)         

15. Shafik A.& A.A. Shafik: Electric activity spreads in the
colonic longitudinal but not in the circular musculature.
Role in colonic motility.  Front Biosci 5, b5-8 (2000)

16. Kauer W.K., H.J. Stein, A. Balint & J.R. Siewert:
Transcutaneous electrogastrography: a non-invasive
method to evaluate post-operative gastric disorders.
Hepatogastroenterology 46, 1244 -1248 (1999)

17. Levanon D. & J.Z. Chen: Electrogastrography: its role
in managing gastric disorders.  J Pediatr Gastroenterol
Nutr 27, 431-443 (1998)

18. Chong S.K.: Electrogastrography in cyclic vomiting
syndrome. Dig Dis Sci 44 (8 Suppl), 645-735 (1999)

19. Shafik A. & O. El-Sibai: Rectal pacing: pacing
parameters required for rectal evacuation of normal and
constipated subjects. J Surg Res 88, 181-185 (2000)

20. Shafik A., O. El-Sibai & Ali A. Shafik: Rectal pacing in
patients with constipation due to rectal inertia: Technique
and results. Int J Colorectal Dis 15, 100-104 (2000)

21. Ward S.M. & Sanders K.M.. Interstitial cells of Cajal:
Primary targets of enteric motor innervation. Anat Rec 262,
125-135 (2001)

Key Words: Peristalsis; Giant migrating contractions;
Mass movement; Slow waves; Action potentials

Send correspondence to: Ahmed Shafik, MD, PhD,
2 Talaat Harb Street, Cairo, Egypt, Tel/Fax:+20-2-749
8851, E-mail: ashafik@ahmedshafik.org


