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Peritonitis is associated clinically with paralytic
ileus, but the physiologic mechanisms of the effects
of peritonitis on bowel myoelectric activity have not
been explored. Bipolar electrodes were inserted
into the rats, and myoelectric control recordings
were obtained for 4 h/d for 5 consecutive days.
Peritonitis was then induced, and myoelectric re-
cordings were again obtained. Each animal served
as its own control. Prior to induction of peritonitis
(control), phase 1, II, and III myoelectric activity
was present in all recordings. The cycle duration of
the migrating myoelectric complex was 17.17 +
0.39 minutes, and the migration velocity of phase
III was 0.61 £ 0.02 ecm/min. The most striking
feature during peritonitis was the complete inhibi-
tion of phase II activity. Phase Il activity, however,
was present with a cycle duration of 16.69 + 0.42
minutes. This study shows that some features of in-
testinal myoelectric activity (phase III) are pre-
served during episodes of peritonitis, and others are
changed (phase I) or lost (phase II). Disappear-
ance of phase II activity in this type of ileus empha-
sizes its importance in normal small bowel motility.
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B acterial peritonitis continues to be a major infectious
problem [!]. In the clinical setting, peritonitis is as-
sociated with ileus as evidenced by the inability to tolerate
oral intake, the presence of abdominal distension, and
altered bowel habits [2]. In fact, the presence of ileus, in
the proper clinical setting, is sometimes the first clue to
the existence of an intra-abdominal infectious process
[3]. Experimental and clinical studies of peritonitis have
focused attention primarily on the bacteriologic and sys-
temic septic manifestations of the disease process. No
studies to date have examined the small bowel myoelec-
tric patterns that occur during episodes of peritonitis.

Standard peritonitis models do not lend themselves
well to the study of motility patterns. Cecal ligation and
puncture is a reliable and popular peritonitis model [4].
Unfortunately, the laparotomy used to create the perito-
nitis has profound effects on small bowel myoelectric
activity apart from the peritonitis. Another reproducible
model of peritoneal infection and abscess formation uti-
lizes a precise quantitative challenge of bacteria incorpo-
rated into-autoclaved rat colonic contents (50% vol/vol)
and barium sulphate (10% wt/vol) inserted into a gelatin
capsule for intraperitoneal implantation [5]. Again, the
process of implanting the capsule affects myoelectric
bowel activity, making the model inappropriate for our
investigation.

To avoid laparotomy in producing peritonitis, some
investigators have inoculated pure or mixed cultures into
the peritoneal cavity. Intraperitoneal injection of feces is
a poor model since it may produce only a local inflamma-
tory process with no systemic manifestations of intra-
abdominal infection. In addition, this method lacks both
qualitative and quantitative characteristics that make it
reproducible. Injection of pure bacterial cultures has been
found by some investigators to produce a low mortality
rate [6].

For our purposes, we needed a peritonitis model with
unique features. The model had to be quantitatively and
qualitatively reproducible, laparotomy for creation of the
intra-abdominal infection had to be avoided, and the ad-
juvant substances used with the bacterial inoculum could
not induce motility changes in and of themselves. In addi-
tion, the model had to allow survival through the period of
recording. The aim of our investigation was to define the
myoelectric small bowel motility patterns observed dur-
ing diffuse bacterial peritonitis using such a model.

MATERIALS AND METHODS

Thirteen male Sprague-Dawley rats weighing 250 to
300 g were used. They were housed in metal cages, two
rats per cage, and provided food (Ralston Purina Rodent
Chow 5001) and water. They were kept in a room with a
22-hour dark photoperiod at 72°F and 45% humidity.
During postoperative recovery and after induction of
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Figure 1. Typical myoelectric record-
ing obtained during baseline period.
Normal migrating myoelectric com-
plex demonstrating phase |, Il, and Il

TABLE 1
Myoelectric Recording Resuits (mean + SEM)

MMC Cycle Duration  Phase Ill Migration

{min) Velocity (cm/min)
Group A (n = 10)
Baseline 17.17 = 0.39 0.61 = 0.02
Peritonitis 16.69 = 0.42 0.56 = 0.01
Group B (n = 3)
Baseline 14.83 = 0.74 0.74 = 0.05
Peritonitis vehicle 13.40 = 0.65 0.77 = 0.04

peritonitis, rats were housed singly in their cages. The
protocol for this study was approved by the Animal Wel-
fare Committee of the Medical College of Wisconsin.

After the rats were fasted overnight, four bipolar elec-
trodes were implanted into the small bowel. All opera-
tions were performed using sterile technique and under
general thiopental anesthesia. A midline laparotomy inci-
sion was used, and electrodes were placed 3 ¢cm apart on
the small bowel starting 5 cm from the ligament of Treitz.
The electrodes were sewn to the bowel using 6-0 monofil-
ament polypropylene suture. The bipolar electrodes con-
sisted of two 0.2-mm diameter silver wires, spaced 2 mm
apart, connected separately to Teflon-insulated leads
through soldered joints sealed with epoxy and embedded
in a silicon rubber casing. The exposed tips of the silver
wires extended 0.5 mm from the silicone backing. The
assembly was sewn to the small bowel so that the exposed
silver tips were oriented along the longitudinal axis of the
gut. The electrode tips were pushed gently into the
smooth muscle. The location and distance between the
units were precisely recorded.

The leads from the electrodes were brought out
through the abdominal wall and guided subcutaneously
to the interscapular area where they exited from the hide.
They were protected in the pocket of a jacket. Laparot-
omy wounds were closed in one layer.

activity. E = electrode.

Animals were allowed to recover for 2 weeks after
instrumentation. Then, after an overnight fast, baseline
myoelectric recordings were made for 4 h/d for 5 days.
Myoelectric signals were recorded using a polygraph
(Grass model 7) equipped with model P122 amplifiers
(Grass Inst., Quincy, MA).

Group A (peritonitis group) : After instrumentation
and baseline recordings were completed, peritonitis was
induced in 10 rats. The challenge inoculum containing
defibrinated blood (2 mL) and barium sulfate (200 mg)
was adjusted to a concentration of approximately 8.8
log|o colony-forming units (CFU)/mL for Escherichia
coli and Bacteroides fragilis. By using a 30-gauge needle,
0.25 mL of this suspension was injected intraperitoneally
into each abdominal quadrant. Myoelectric recordings
were resumed 12 hours after induction of peritonitis and

. were performed for 4 h/d in the fasted state for 5 consec-

utive days.

Group B (peritonitis vehicle group): After instru-
mentation and baseline recordings were completed, three
rats underwent intraperitoneal injection of the peritonitis
suspension minus the bacterial inoculum (defibrinated
blood and barium sulphate only). Myoelectric recordings
were made as in group A.

Both group A and B animals were killed on the sixth
day after injection. The abdominal cavity was carefully
examined for evidence of peritonitis and abscess forma-
tion. Aerobic and anaerobic cultures of the peritoneal
cavity and any abscesses were obtained.

Myoelectric parameters evaluated for the control and
test periods were the migrating myoelectric complex
(MMC) cycle duration and the MMC phase I1I migra-
tion velocity (distance traveled by phase III divided by
time). The distance used was that between electrode 1
and electrode 4. The duration of the MMC cycle was
determined by calculating the time interval between the
appearance of two consecutive phase I1I activities at the
same electrode site. MMC morphology was also evaluat-
ed (presence or absence of phases of MMC cycle). Each
rat acted as its own control. Data from the baseline and
the test periods were compared using the paired #-test.
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Figure 2. Myoelectric recording from
group A rat made during peritonitis
period. Small bowel myoelectric ac-

l

tivity seems to be cycling normally
but, on close examination, phase Il
activity is not present (compare with
Figure 1). E = electrode.
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RESULTS

Group A (peritonitis group): Prior to induction of
peritonitis (baseline), all recordings obtained demon-
strated phase I, II, and III myoelectric activity (Figure 1).
The mean MMC cycle duration was 17.17 £ 0.39 min-
utes, and the mean migration velocity was 0.61 + 0.02
cm/min.

Signs of peritonitis appeared within 48 hours in all
animals injected with the challenge inoculum. After in-
duction of peritonitis, the mean MMC cycle duration was
16.69 + 0.42 minutes, and the mean migration velocity
was 0.56 + 0.01 cm/min (Table I). Neither the cycling
periodicity nor the migration velocity changed signifi-
cantly. Examination of the MMC morphology revealed
changes. Whereas phase I1I cycled normally during peri-
tonitis, phase I (quiescent period) became prolonged, and
phase II disappeared. Loss of phase II of the MMC was
the most striking feature observed during episodes of
peritonitis (Figure 2).

Six days after the induction of peritonitis, rats were
killed, and the abdomen re-entered under sterile condi-
tions through the previous midline incision. Diffuse intra-
abdominal infection was present in all rats. Along with
numerous intra-abdominal adhesions, hyperemic perito-
neal surfaces and multiple small abscesses were found in
each rat. Aerobic and anaerobic culture results for the
peritoneal cavity and dominant abscesses are shown in
Table I, E. coli and B. fragilis were recovered from all
abscesses. Cultures of the peritoneal cavity apart from
the abscesses were negative at the time of sacrifice in all
but one rat.

Group B (peritonitis vehicle group): Baseline
myoelectric recordings obtained from group B rats dem-
onstrated normal phase I, I, and III activity. MMC cycle
duration was 14.83 %+ 0.74 minutes, and the migration
velocity was 0.74 + 0.05 cm/min.

These rats did not appear toxic after injection of the
peritonitis vehicle. They ate and defecated normally. No
signs of peritonitis developed. MMC cycle duration and
migration velocity did not change significantly during the
test period (Table I). Examination of the MMC morphol-
ogy also revealed no changes.

Six days after injection with the peritonitis vehicle,
these rats were killed, and the abdomen was re-entered
through the previous midline incision. Examination of the
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TABLE 11
Bacteriologic Data

No. of Abscess Cultures Peritoneal
Abscesses E. coli B. fragilis Cultures
Group A
Rat 1 2 + + -
2 6 + + -
3 2 + + -
4 4 + + -
5 5 + + -
6 6 + + -
7 5 + + -
8 2 + + -
9 3 + + -
10 2 + + +*
Group B
Rat 1 0 - - -
2 0 - - -
3 0 - - -

*E. coli, B. fragilis, Proteus species, S. aureus.

abdomen revealed small sterile granulomas, most promi-
nent at the injection sites, numerous intra-abdominal ad-
hesions, and only mildly hyperemic peritoneal surfaces.
No abscesses were found. The granulomas and the perito-
neal surfaces were sterile in all three rats (Table II).

COMMENTS

Peritonitis is clinically associated with paralytic ileus.
It has been assumed that the clinical symptoms of intra-
abdominal sepsis, namely, inability to eat, abdominal dis-
tention, and altered bowel habits, reflect myoelectric qui-
escence of the gastrointestinal tract. In 1899, Bayliss and
Starling [7] showed that excitation of peritoneal recep-
tors can reflexly inhibit intestinal smooth muscle.
Scratching the parietal peritoneum or instillation of peri-
toneal irritants resulted in reflex inhibition of jejunal
movement. Inhibition was unaffected by bilateral vagot-
omy but was eliminated by complete splanchnic section
[8]. Ochsner et al [9] reported that spinal and splanchnic
anesthesia eliminated the ileus seen with peritoneal irrita-
tion.
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Landman and Longmire [I0], using intraluminal
pressure transducers, studied the effects of acute perito-
neal irritation on extrinsically denervated jejunal loops in
dogs. They proposed that a hormonal factor may be in-
volved in paralytic ileus secondary to peritonitis. Mishra
and coworkers [/1] also studied the effects of various
intraperitoneal injuries on the motility of canine small
intestine. Using an intraluminal catheter to monitor both
electrical and mechanical activity, they concluded that
the small intestine of the dog is extremely resistant to
paralytic ileus even when subjected to severe intra-ab-
dominal irritation. No study, to date, has examined in
detail the myoelectric activity of the small bowel during
peritonitis.

Our peritonitis model reliably produced intra-abdom-
inal sepsis. As seen in Table II, all rats developed intra-
abdominal abscesses, and, at necropsy, the peritoneal
cavity was grossly inflamed. One rat in group A also grew
E. coli, B. fragilis, Proteus species, and Staphlococcus
aureus from peritoneal cultures. The significance of this
finding is unclear since infectious bacteria are usually
walled off into abscesses by this time in experimental
peritonitis [5]. The unexpected bacteria may have repre-
sented contaminants, the bowel may have been injured
during injection, or translocation through the serosal sur-
face of the bowel may have occurred. Neither of the
adjuvant agents alone, or in combination, induces abscess
formation [72,13]. In our study, injection of the adju-
vants alone (the peritonitis vehicle) produced no toxic
effects, and only a mild degree of intra-abdominal in-
flammation was noted at necropsy.

Disappearance of phase II activity during periods of
ileus has been observed previously. The significance of
this finding has received little attention. We have ob-
served that in dogs undergoing intra-abdominal opera-
tions, phase III of the MMC returns within 4 to 6 hours
after operation. However, during approximately the first
24 hours, the normally cycling MMCs lack phase II
activity (unpublished data). Waldhausen and Schirmer
[14] have also reported that phase II activity was often
absent from small bowel MMCs in humans during the
early postoperative period in humans. Recently, Ducerf
and colleagues [/5] also emphasized that the jejunal
MMC lacks phase II activity in the early postoperative
period.

The disappearance of phase II activity of the MMC
during episodes of peritonitis can be interpreted in a vari-
ety of ways. Our hypothesis is based on other experimen-
tal observations regarding the generation of phase I and
phase II of the MMC, which we have made in dogs [/6].
Examination of the relations between phase I duration,
phase II duration, phase I1I migration time, and phase I11
cycling period using simple linear-regression methods re-
vealed that only the phase I duration was highly correlat-
ed with the phase III migration time and that only the
phase II duration was highly correlated with the phase I11
cycling period. These findings led us to conclude that only
phase I1I of the MMC migrates and that phase I activity
may be controlled by phase III activity at distal sites. In

addition, rather than being an integral part of the MMC
cycle, phase II activity may simply represent background
activity whose limits are determined by the occurrence of
phase I1I.

If one accepts this hypothesis, then it is not difficult to
conceive that during times of sympathetic hyperactivity
(such as the postoperative period and episodes of peritoni-
tis), the background activity of the small bowel (phase II)
is suppressed. The fact that the peritonitis vehicle did not
disrupt phase IT activity is consistent with this hypothesis,
since the vehicle would induce a lesser degree of perito-
neal irritation, causing a lesser degree of sympathetic
discharge, resulting in less suppression of normal back-
ground small bowel activity.

The assumption that peritonitis induces a total para-
lytic ileus is not supported by our findings. Although we
did not study mechanical propulsion, we can say that,
myoelectrically, there is no paralysis. The fact that
MMCs cycle normally during a time when there is obvi-
ous gastrointestinal dysfunction emphasizes the impor-
tance not only of phase II for normal motility but the
importance of a coordinated complete (phase I, II, and
III) complex. ' :

The MMC has been referred to for years as the intes-
tinal “housekeeper” [17]. Scott and Cahall [/8] have
shown that in rats the interdigestive myoelectric complex
is an important regulator of bacterial growth in the small
intestine. Vantrappen and associates [/9] have shown
that MMC activity is absent in some patients with bacte-
rial overgrowth. Recently, we have proposed that small
bowel bacterial overgrowth seen in diabetic rat and dog
models may be, at least partially, due to disordered small
bowel motility patterns [20-22]. The concept of disor-
dered small bowel motility patterns leading to small bow-
el bacterial overgrowth is intriguing, especially as we
become more aware of the gut as a source of systemic

'disease and intestinal sepsis as a factor in the morbidity of

multiple system organ failure.

In summary, although bacterial peritonitis alters gas-
trointestinal motor activity, it does not inhibit MMC
cycling. Some features of small bowel myoelectric activi-
ty (phase III) are preserved during peritonitis, and others
are changed (phase I) or lost (phase II). Disappearance of
phase II activity in this type of ileus emphasizes the
importance of this activity for normal small bowel motil-

ity.
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