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The main interest in these findings is the discovery
that two unrelated drugs each elicit an excessive
motor response in those segments of the sigmoid
that bear diverticula.
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Part IV The effect of pethidine and probanthine

THE EFFECT OF PETHIDINE

Once it was realized that morphine caused the
sigmoid colon to generate high pressures that might
be dangerous if the drugs were used as an analgesic
in acute diverticulitis (Painter and Truelove, 1964b),
it was decided to study the effect of pethidine
(Demerol) on the intrasigmoid pressures. The drug
is said to relax smooth muscle and it seemed likely
that it might not increase these pressures.

METHOD OF STUDY

Pethidine (100 mg.) was given intramuscularly to a small
series of patients (Table I), who were studied in the same
manner as those who received morphine. The 'post-
pethidine' pattern of pressures was analysed as described
in the first part of this study.
The resting patterns of pressures of the subjects who

received pethidine were essentially similar to those
already described (Painter and Truelove, 1964a) and will
not be referred to again.

TABLE I
NO. OF SUBJECTS STUDIED AND LEADS FROM WHICH

PRESSURE TRACINGS WERE OBTAINED IN THE STUDY OF
PETHIDINE

Number of Leads in Sigmoid
Subjects (Each
Studied Once)

Normal subjects 6 15

Subjects with
diverticulosis 5 7 (related to diverticula)

3 (not related to diverticula)

RESULTS

EFFECT OF PETHIDINE ON THE PRESSURE PATTERNS IN
HEALTH AND IN DIVERTICULOSIS Pethidine modified
the resting pressure patterns so that waves of all
sizes were diminished in frequency, both in health
and in diverticulosis. The effect of the drug was seen
on average within 12 minutes of its intramuscular
injection. No dramatic change in the configuration of
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FIG. 1. Effect ofpethidine on pressure patterns in sigmoid colon. All three leads were in a normal sigmoid colon; the
only changes ofpressure recorded in six minutes were due to respiration. After pethidine, the pressure tracing frequently
remained flat for several minutes.
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the pressure waves occurred and the most noticeable
characteristic of the 'post-pethidine' pattern was a
prolongation of the intervals between the production
of pressure waves. The recording pens often remained
stationary for several minutes on end, the tracing
remaining at the basal level except for the small
variations in pressure occasioned by respiration
(Fig. 1).

QUANTITATIVE ASPECTS OF THE PRESSURE WAVES IN
THE SIGMOID COLON IN HEALTH AND DIVERTICULOSIS
AFTER THE ADMINISTRATION OF PETHIDINE The
number of waves of almost all amplitudes was
diminished in frequency after pethidine (Table 11).
This diminution was most marked in the higher
waves and was apparent both in health and diverti-
culosis, regardless of whether the tips of the recording
leads were situated in the vicinity of diverticula or
not. This is shown graphically in Figure 2. No waves
of over 50 mm. Hg were registered in this study, but
we have once recorded a wave of 60 mm. Hg after
pethidine. Such high waves appear to be generated
very rarely after this drug has been given.
The general reduction in the number of pressure

waves after pethidine affected waves of all durations.
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FIG. 2. Average number ofwaves exceeding 20 mm. Hg in
height (per leadper hour) in sigmoid colon before and after
pethidine.

No remarkable effect of the drug on the duration of
the waves was observed (Table II).

EFFECT OF PETHIDINE ON THE COLONIC MOTILITY INDEX
The values of these indices, both before and after
pethidine, were calculated as previously described
(Painter and Truelove, 1964a), and are plotted in

BLE II
NO. OF WAVES BY AMPLITUDE OF WAVE IN SIGMOID COLON BEFORE AND AFTER

THE ADMINISTRATION OF PETHIDINE'
Amplitude of Wave (mm. Hg) Resting Values Post-pethidine Values

Normal Diverticulosis

Not Related Related

1-9 26-0 31-00
10-19 1-73 6-00
20-29 0-80 1.33
30-39 0.33 0-33
40-49 0-33 0 00
50-59 0-06 000
60+ 0 00 0 00
Total 29-25 38-66

'Mean values per lead per 60 minutes' recording time

61-71
5-00
1-00
0-29
0-14
0-00
0-00

68-14

Normal

14-47
1-80
0-47
0-13
0-06
0-00
0-00
16-93

Diverticulosis

Not Related Related

7.67
1-33
0-00
0-00
0-00
0-00
0-00
9.00

22-29
0-86
0-29
0-14
0-00
0-00
0-00

23-58

TABLEIII
NO. OF WAVES BY DURATION OF WAVE IN SIGMOID COLON BEFORE AND AFTER

THE ADMNISTRATION OF PETHIDINE'
Duration of Wave (sec.) Resting Values Post-pethidine Values

Normal Diverticulosis

Not Related Related

1-9 11-07 8-33
10-19 13-87 23-00
20-29 2-87 5-33
30-39 0-93 1-00
40-49 0-27 0-66
50-59 0-13 0-33
60+ 0-13 0-00
Total 29-27 28-67

'Mean values per lead per 60 minutes' recording time

23-57
27-14
11-71
3-29
1-29
1-00
0-14

68-14

Normal

6-47
6-07
2-47
1-00
0-47
0-06
0-40
16-94

Diverticulosis

Not Related Related

5-67
2-00
0-67
0-33
0-00
0-00
0-33
9.00

7-14
10-29
4-71
1-00
043
0-00
0-00

23-57
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FIG. 3. Colonic motility index: resting and post-pethidine
values.

Figure 3, which speaks for itself. The colonic motility
indices were reduced after pethidine, indicating that
the sigmoid colon, whether healthy or beset with
diverticula, generated less pressure in the hour
following the drug's administration than it had done
under basal conditions.

THE EFFECT OF PROBANTHINE

Probanthine (propantheline bromide) has been used
as an aid to the diagnosis of colonic lesions observed
during barium enema examinations (Lumsden and
Truelove, 1959). The drug relaxes the bowel so that
it appears as an inert tube with a greatly increased
diameter whose haustral markings are less distinct.
Once it had been found that morphine increased the
intrasigmoid pressures, we decided to administer
probanthine in doses of 15 mg. or 30 mg. intraven-
ously to patients who had already received morphine
in the previous hour, to see what effect it might have
on the pressure waves that followed the use of
morphine.

METHOD OF STUDY

Probanthine was given to nine healthy subjects and to six
patients who had diverticulosis after they had received
morphine one hour previously. Two of the normal
patients were studied for an hour after the administration
of probanthine and the remainder for periods exceeding
30 minutes.

THE EFFECT OF PROBANTHINE
ON THE PRESSURE PATIERNS

The effect of an intravenous injection of probanthine was
dramatic. The drug stopped the production of pressure
waves usually within 30 seconds and always within one
minute of its injection. The recording pens were stilled
and the pressure tracing became flat and remained
within a few millimetres of mercury of atmospheric
pressure throughout the subsequent recording time
except in one subject, in whom waves of 4 mm. Hg in
height occurred after probanthine. In patients with
diverticulosis, even when they had only recently recovered
from diverticulitis, the drug abolished the occurrence of
the high pressure waves evoked by morphine (Fig. 4).

Probanthine was also given to one normal patient
whose colon was already responding to an injection of
prostigmine 1 mg., and again the production of pressure
waves ceased almost immediately. As other studies made
in the Nuffield Department of Medicine have shown that
intravenous probanthine always abolishes the effect of
prostigmine on the colon, we investigated it no further.

DISCUSSION

Pethidine and probanthine may have a place in the
treatment of acute diverticulitis, the former as a
substitute for, and the latter as an adjunct to,
morphine.

Pethidine does not evoke the waves of high
intrasigmoid pressure that follow the use of
morphine, and it lessens the number of waves of all
dimensions that are produced by the resting colon.
There is, therefore, a prima facie case for regarding
pethidine as more suitable than morphine for the
relief of pain in acute diverticulitis.
The ability of probanthine to counteract the

generation of pressures that morphine initiates is of
both theoretical and practical importance. In the
dosage used, the drug blocks the transmission of
impulses by autonomic pathways. Its effect therefore
suggests that morphine may act through the auto-
nomic nervous system to initiate the pressure changes
that follow its administration. This supports the
suggestion of Vaughan Williams and Streeten (1950)
that a central mechanism is involved when morphine
acts in vivo. When studying fluid propulsion in the
dog's small intestine, these investigators found that
larger doses of the drug were required in vitro to
produce the effects observed in vivo.

It is possible that probanthine may prove to be of
practical importance in the treatment of diverti-

T .i

371

1

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.5.4.369 on 1 A

ugust 1964. D
ow

nloaded from
 

http://gut.bmj.com/


Neil Stamford Painter and S. C. Truelove

FIG. 4. Effect ofpropantheline bromide (probanthine) on the pressures that follow the use of morphine. Intravenous
probanthine almost immediately stopped the generation ofpressure waves that hadfollowed the administration ofmorphine
to a healthy subject. The vertical line in the upper tracing indicates the completion of the injection. The pressure tracing
remainedflat for the remainder of the experiment which lasted a further thirty minutes. Probanthine has the same effect
in diverticulosis, and completely suppressed the production of high pressures that morphine had revoked in a patient
recovering from diverticulosis (lower tracing). The effect of morphine on the intra-sigmoid pressures in the patient can
can be seen in the middle tracing of Figure 4 ofPart II of this study.

culosis. Many clinicians already prescribe it in
smaller doses by mouth for diverticulosis, but there
have been no controlled therapeutic trials to
demonstrate whether or not this is of value. Pressure
studies of the effects of therapeutic doses by mouth
would be of great interest.

Probanthine given in larger doses intravenously
or intramuscularly seems to deserve a clinical trial in
the conservative treatment of acute diverticulitis.
The drug might be given alone or to counteract the
effect of morphine on the intrasigmoid pressures.
Cineradiographic studies show that it stops move-
ments of the colon as well as abolishing intracolonic
pressures (Painter, Truelove, Ardran, and Tuckey,
1964), and thus it appears to be a suitable drug for
resting the injured part, namely the colon. Side
effects, chiefly dryness of the mouth and loss of
visual accommodation, usually followed the in-
jection of these high doses. Such effects would be of
little importance to patients with acute abdominal
disorders who were confined to their beds. Pro-
banthine can initiate or prolong paralytic ileus if
given repeatedly in high dosage and this possible
danger should be borne in mind.

Until it has been shown that probanthine or other
drugs can be safely used to counteract the undesir-

able pressure effects of morphine on the colon, it
would seem wise to avoid the use of morphine in
acute diverticulitis. At the present time pethidine
appears to be the analgesic of choice.

SUMMARY

It has already been shown that therapeutic doses of
morphine are potentially dangerous in acute
diverticulitis because of the high intracolonic
pressures that are evoked.
These high pressures can be abolished by the

intravenous adniinistration of probanthine (propan-
theline bromide) and it is possible that this agent
has a part to play in the treatment of acute diverticu-
litis, either alone or used to counteract the unwanted
effects of morphine.

In therapeutic doses, pethidine (Demerol) does
not cause the sigmoid colon to generate high
pressures. At the present time it appears to be the
analgesic of choice in acute diverticulitis.

One of us (N.S.P.) was supported by the Nuffield
Committee while engaged in this study. The running
expenses of the study were met from a grant to one of us
(S.C.T.) from the U.S. Public Health Services (Institute
of Arthritis and Metabolic Diseases, grant no. A5-123);
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A condensed version of the findings was included in a
Hunterian lecture given by one of us (N.S.P.) and we are
grateful to the Honorary Editors of the Annals of the
Royal College of Surgeons of England for permission to
make use of a few of the same figures.
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