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G252, 1990.—We investigated the effects of numerous doses of
morphine on colonic myoelectric and motor activity in mon-
keys. In each of four monkeys (Macaca arctoides), combined
strain gauge transducers and bipolar electrodes were chroni-
cally implanted at four defined sites in the colon and recordings
were made for 3 h in fasted, unanesthetized animals before and
after intravenous administration of morphine sulfate (10-1,000
ug/kg). The basal fasting pattern of colonic motility was char-
acterized by random contractions, nonmigrating clusters of
contractions, and migrating individual contractions. Morphine
at very low doses (10-25 ug/kg) had no effect on colonic motility
at any site. At doses of 50-200 ug/kg, clusters and migrating
contractions were eliminated, but there was an overall increase
in the frequency of random contractions without an alteration
in contraction amplitude or duration. At morphine doses of 500
and 1,000 pg/kg, contraction clusters and migrating contrac-
tions also were not seen, but there was a decrease in the colonic
motility index caused entirely by a decreased frequency of
random contractions. Both stimulation and inhibition were
most marked in the sigmoid colon. Morphine has a dose-
dependent biphasic effect on colonic myoelectric and contract-
ile activity and alters colonic motility patterns by inhibiting
migrating contractions and clusters of contractions.

motility; colon; monkey; migrating contractions

OPIOID PEPTIDES and opioid receptors are present
throughout the gastrointestinal tract (21, 24, 29, 30).
Their role in the control of gastrointestinal motility,
however, is poorly understood. The effects of morphine
on the myoelectric and motor activity of the small intes-
tine have been studied extensively (6, 14, 22, 22, 31, 32).
In contrast, investigations of the effect of morphine on
colonic motility are few and the results conflicting (15,
18, 23, 25, 33).

A previous study (15) from our laboratory demon-
strated little effect of morphine on the motility of either
the right or left colon in monkeys. In contrast, morphine
appears to have a potent stimulating effect on the colon
in dogs (25), and in patients with either ulcerative colitis
(18) or diverticulosis (23). Moreover, both in vivo (25)
and in vitro (33) studies have suggested that there may
be regional differences in the colonic response to mor-
phine. Morphine appears to have a greater stimulating

effect on the left colon in vivo, whereas in vitro it appears
to have a more marked effect on the right colon.

These conflicting observations can be attributed to a
number of factors: 1) most previous studies of the effects
of morphine on colonic motility were based on mano-
metric methods recording from the distal part of the
colon, 2) animal species-specific differences also could be
partially responsible for the conflicting observations, 3)
all previous studies were confined to the assessment of
the number of contractions occurring in response to
morphine without assessing changes in the overall pat-
terns of colonic myoelectric and contractile activity, and
4) most studies employed only one or two doses of
morphine rather than numerous doses with a dose-re-
sponse approach.

The goals of the present study were to investigate the
effects of morphine given in a range of doses on colonic
myoelectric and contractile responses and patterns and
to determine if regional differences in response to mor-
phine existed within the colon. The ability to perform
simultaneous recordings of myoelectric and contractile
activity at multiple sites in the colon allows a better

-wunderstanding of the effect of morphine on slow waves

(electrical control activity), spike bursts (electrical re-
sponse activity), and contractions.

METHODS

Experiments were conducted in four conditioned mon-
keys (Macaca arctoides) of either sex, 8-12 yr old, and
weighing 6-8 kg. The protocol for this study was ap-
proved by the Animal Welfare Committee of the Medical
College of Wisconsin, Milwaukee. Macaca arctoides is a
particularly suitable species for studying gastrointestinal .
motility because their bowel, and especially the colon, is
similar to that of humans both in anatomic structure
and physiological responses. Macaca arctoides reproduc-
ibly develop postoperative ileus similar to that seen in
humans (19); they also mimic humans in expressing a
gastrocolic response to ingested food (10). A large body
of data regarding motility responses in this species has
been accumulated over the past 15 yr in our laboratory.

The animals were housed at a fully equipped animal
facility at the Zablocki Veterans Administration Medical
Center. They had not been used in previous experiments
of any kind. After procurement, animals were quaran-
tined for 45 days, admitted to our closed colony, and
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trained to sit in a restraining chair. A fixed routine was
followed daily to maintain conditioning and to reduce
the effects of environmental factors on the motility re-
sponses recorded. For example, animals were placed in
restraint chairs at the same time each day for a fixed
period of time whether or not recordings were to be
made.

At laparotomy, four extraluminal combination strain
gauge transducer-bipolar electrode units were sutured to
the seromuscular layer of the colon, at the cecum (RC)
opposite the ileocecal valve, at the hepatic flexure (HF),
at the splenic flexure (SF), and at the midsigmoid colon
(SC). All operations were conducted after an overnight
fast and by using aseptic surgical technique, and under
general anesthesia induced with pentobarbital sodium
(25 mg/kg). For placement of the recording devices on
the colon, a midline laparotomy incision was made and
the desired bowel segments were identified. The elec-
trode-strain gauge units were sewn to the bowel with 4-
0 monofilament suture, pushing the electrode tips into
the muscle and orienting the unit so the strain gauge
responded maximally to contractions of the circular mus-
cle. The location and the distance between the units were
precisely recorded.

The electrode-strain gauge units were fabricated from
a miniature strain gauge (EA-06-031DE-120, Measure-
ments Group, Raleigh, NC) bonded to a copper-beryllium
shim, together with two flexible stainless steel Teflon-
coated wires, all potted together in silicon rubber to form
a unit 0.75 X 2 X 0.3 ¢m in size (13). The tips of the
electrodes protruded 3 mm and were 3 mm apart. The
combination electrode-strain gauge unit recorded electri-
cal and contractile events from the same bowel segment.

Lead wires from the strain gauge-electrode units were
tunneled subcutaneously to the subscapular area and
soldered to a plug connector. The fascia was closed with
2-0 monofilament suture and the hide was closed with
subcuticular suture. A silicone rubber catheter, inserted
into the external jugular vein, served for the subsequent
administration of morphine. Recovery from anesthesia
and early postoperative care was provided in a designated
area under close supervision of a specially trained animal
handler. After recovery from operation, the animals were
placed in a restraining chair and the wires and plug were
protected by a jacket.

Experiments began 15 days postoperatively. The mon-
keys were fasted for 14-16 h before each experiment. On
each study day, recordings were made for 3 h, the last
hour serving as the base line or control for the test
period. Morphine sulfate was then administered through
the jugular catheter in bolus doses of 10, 25, 50, 100, 200,
500, or 1,000 pg/kg. Each dose was studied in triplicate
in separate experiments ~1 wk apart, and the order of
doses was randomized for each replicate. Sufficient time
was allowed to elapse between individual studies (1 dose/
day) for the effects of the previous dose to completely
clear. After morphine administration, recordings were
continued for a further 3 h; the responses in the first
hour after administration of morphine constituted the
test period.

Myoelectrical and contractile activity were recorded
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on an eight-channel Beckman polygraph (R611) and
simultaneously on magnetic tape (Hewlett-Packard
3968A) for later computer analysis (5). For myoelectrical
recordings, the lower and upper cutoff frequencies were
set at 0.16 and 30 Hz, respectively. For the analysis of
morphine effect on colonic motility, the contraction fre-
quency, amplitude, and duration during the hour imme-
diately preceding morphine administration (control)
were compared with the respective values during the
hour immediately after the injection. Colonic slow-wave
frequency during the same time periods was determined
by using a fast-Fourier transform method (5) on a Nova
4X computer (Data General). The presence, direction,
and propagation velocity of migrating contractions also
was determined. Migration was defined as the appear-
ance of a single contraction or cluster of contractions at
a minimum of three successive recording sites and at a
constant velocity.

The study was designed to utilize each monkey as its
own control. The base-line period was compared with
the experimental period for each dose level at each lo-
cation. Values are expressed as means = SE for each of
the subgroups. The data representing change from the
control period to the postmorphine injection period were
analyzed by two-way analysis of variance (ANOVA) to
determine whether the change was different from loca-
tion to location (RC, HF, SF, and SC). ANOVA of the
data at each individual dose administered “early” vs.
“late” in the experimental design was also carried out.
To determine the effect of each dose level, the before and
after measurements were analyzed by using the paired ¢
test with three degrees of freedom. A two-tail probability
of 0.05 or smaller was accepted as indicating a significant
change.

RESULTS

- The basal fasting pattern of colonic motility was char-
acterized by random contractions with interposed clus-
ters of contractions. The clusters each consisted of
groups of 5-10 contractions and were observed at all
sites. These clusters occurred randomly at each recording
side and did not appear to migrate either orally or abor-
ally. Individual contractions, however, originating in the
right colon at a frequency of 3-4/h were observed to
migrate to the sigmoid colon at a velocity of ~1 + 0.3
cm/s (Fig. 1). Basal contraction frequency in the sigmoid
colon (46.3 + 3.2/h) was significantly greater than that
in the right colon (15.4 £ 1.6/h). Contraction frequencies
in the hepatic and splenic flexures were similar (30.2 +
2.8/h and 32.2 = 3.8/h) and intermediate between those
of the right and left colon. Contractions were found to
correlate with spike bursts on a 1:1 basis (Fig. 1).
Morphine at low doses (10 and 25 ug/kg) had no effect
on colonic motility at any site, but with higher doses
(50-1,000 ug/kg) excitatory and inhibitory effects were
observed within 5 min after administration. Doses of 50,
100, and 200 pg/kg morphine increased colonic motility
(Fig. 2). This change resulted entirely from an increase
in contraction frequency (Fig. 3); there was no alteration
in contraction amplitude or duration (Table 1). At doses
of 500 and 1,000 ug/kg, morphine administration was
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FIG. 1. Migrating contractions and associated spike bursts are indicated by arrows. These contractions start in the
right colon and migrate relatively rapidly (~1 c¢cm/s) to the sigmoid colon. Bipolar electrodes (E) and strain gauge

transducers (SG) sutured to colon at 4 defined sites.
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MORPHINE 200 ug/kg

FIG. 2. Morphine (200 ug/kg iv) stimulates colon myoelectric and motor activity at all recording sides.

associated with a significant decrease in colonic motility
(Fig. 4). The inhibitory effect of high doses of morphine
was the result of a decrease in contraction frequency
(Fig. 5). The excitatory and inhibitory effects of mor-
phine were seen at all sites but were most marked in the
sigmoid colon (Fig. 6). Morphine at and above doses of
50 ug/kg eliminated migrating individual contractions in
the colon. Additionally, contractions no longer appeared
in clusters but occurred only randomly. Analysis of var-
lance of the data at each individual dose showed no

difference between doses administered early or late in
the experimental design (Table 2).

The dominant slow-wave frequency was 3-4 cycles/
min. There were no significant differences in the slow-
wave frequency between individual segments. Morphine
did not cause any significant alteration in slow-wave
frequency at any site (Table 1). None of the doses of
morphine induced vomiting or produced any visible al-
teration in animal behavior.
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DISCUSSION

Fasting colonic motor activity in the monkey is char-
acterized by three patterns: randomly occurring contrac-
tions, nonmigrating clusters of contractions, and migrat-
ing individual contractions. The frequency of spike
bursts and associated contractions was always higher in
the sigmoid than in the right colon.

Morphine at doses of 50, 100, and 200 ug/kg increased
random colon contraction frequency, but doses of 500
and 1,000 ug/kg decreased contraction frequency. These
observations suggest that morphine exerts a dose-de-
pendent biphasic effect on colonic motility and are in
agreement with a recent study (28) demonstrating that
low doses of morphine induce migrating myoelectric com-
plexes in the small intestine of dogs, whereas high doses
inhibit migrating myoelectric complex cycling. The
mechanism of the biphasic effect of morphine on bowel
motility is obscured. One may speculate that at lower
doses morphine stimulates only excitatory receptors and
at higher doses inhibitory, or both excitatory and inhib-
itory receptors with an overall inhibitory effect. Our
experimental protocols do not allow any inferences to be
made on such mechanisms, since no specific blockers to
u-, k-, or §-receptors were used.

Both stimulation and inhibition responses were least
marked in the right colon; frequency responses to admin-
istration of morphine progressively increased in magni-
tude from proximal to distal colon recording sites. The
most pronounced effects were seen in the left colon.
These results agree with the findings of Rinaldo et al.
(25), who noted that morphine induced increased activity
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of the colonic circular muscle in dogs. The effect was
more pronounced in the distal than in the proximal colon.
Wienbeck et al. (33), however, showed in isolated cat
colon that morphine (3 uM) increased spike activity
predominantly in the proximal colon. They also noted a
decrease in spike activity at morphine concentrations of -
100 uM. These differences in responses might be because
of species variation or differences in methodological ap-
proach (in vivo vs. in vitro).

The administration of morphine to humans causes an
immediate increase in colonic basal intraluminal pres-
sure (4). Adler et al. (1), studying patients with a colos-
tomy, showed that morphine (5-6 mg) increased the tone
of the descending colon and caused a marked decrease in
propulsive movements. These investigators described the
same phenomena in dog colon (2); propulsive activity
was abolished while nonpropulsive activity was increased
for several hours after administration of morphine.

The results of the present studies are in some disa-
greement with those previously reported by our group.
Our previous report (15) showed an insignificant increase
in contractions in the right colon in response to morphine
and no discernible response in the sigmoid colon; the
other narcotics studied (meperidine and codeine) did
cause inhibition of colon contractions. In the present
experiments, both increases and decreases in colon con-
tractions were observed, depending on the morphine dose
studied. This difference in results is probably a reflection
of the methods employed in the two studies. Specifically,
in the 1980 paper (15) “contractions associated with
spike bursts were counted manually” and we presume
some data was lost because of background noise. In the
present report, data was generated from four different
colon sites (in contrast to two sites only in the previous
study) and more powerful computer-based analyses of
the data were employed, Moreover, in contrast to the
multiple doses of morphine employed in the present
study, only two doses were administered in the previous
experiments (15).

In human and guinea pig gastrointestinal tracts, opioid
peptides and opioid receptors have been identified; the
highest concentrations are in the antrum and duodenum
(7, 20, 29). In rats, however, maximal opioid peptide
immunoreactivity has been demonstrated in the myen-
teric nerve fibers of the colon (16). The effects of mor-
phine observed in different species correspond well with
those areas in which enkephalinergic innervation has
been demonstrated and where, presumably, opioid recep-
tors are present (12). The distribution of opioid receptors
in monkey gastrointestinal tract has not yet been de-

TABLE 1. Effect of morphine sulfate administration on contraction amplitude and duration

and on slow-wave frequency

Contraction Amplitude, cm

Contraction Duration, s Slow-Wave Frequency, cycles/min

Premorphine Postmorphine Premorphine Postmorphine Premorphine Postmorphine
Right colon 0.92+0.15 1.11+0.30 12.40£1.74 13.03+2.57 3.63+0.25 3.63+0.18
Hepatic flexure 1.31+0.20 1.33+0.16 13.34+2.09 13.06+2.47 3.24+0.32 2.98+0.3
Splenic flexure 0.84+0.11 0.87+0.14 10.95+1.17 12.01+1.80 4.19+0.32 4.13+£0.2
Sigmoid colon 2.21+0.12 2.20+0.43 15.12+1.62 15.46+1.25 3.22+0.25 3.01+0.1

Values are means = SE for 12 individual experiments. Dose of morphine sulfate given was 200 pg/kg body wt.
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FIG. 6. Changes in mean response (contraction/h) at each of 4 colon
recording sites induced by administration of morphine. Lower doses
(50, 100, and 200 pg/kg) show an excitatory effect, whereas high doses
(500 and 1,000 ug/kg) show an inhibitory effect. In all cases mean
changes are different from zero and level of significance ranges from
0.002 to 0.02.

fined. Such studies might explain the hypersensitivity of
the sigmoid colon to morphine compared with that of the
right colon.

Certain doses of morphine (0.5-1.0 mg/kg) used in this
study would have exerted a toxic effect if administered
to humans, potentially causing respiratory arrest and
death. Even lower doses are known to cause nausea and/
or vomiting in dogs and humans. It appears that monkeys
tolerate high doses of morphine without any signs of
respiratory depression, nausea, drowsiness, euphoria,
sleep, or vomiting. This effect was not due to develop-

MORPHINE 500 ug/kg

. 4. Morphine (500 ug/kg iv) inhibits colon contractions at all sites.

TABLE 2. Effects of morphine on colonic contraction
frequency, administered at different times
in the experimental design

. Right Hepatic Splenic Sigmoid

Morphine Co%on F‘le}:mre Fﬁ!xure Cgolon
50 pg/kg

Early 33.5£1.89 63.75+£1.98 54.5+4.42 78.25+3.97

Middle 32.75+3.01 54.5£2.28 48.25+2.33 78.25%+2.90

Late 31.5+1.35 54.0x2.15 58.75+4.31 82.5+1.25
100 pg/kg

Early 29.75+2.07 53.25+3.93 63.0+1.62 82.75+2.75

Middle 27.0+£2.47 59.5+£2.70 62.256£1.43  79.5+2.02

Late 20.25£1.98 51.5+4.82 62.0£1.27 84.25+2.13
200 pg/kg

Early 29.25+1.82 60.75x1.98 57.25+3.03 82.24+0.89

Middle 31.75+1.56 61.0£0.35 57.75£1.67 83.5%+3.09

Late 26.75+1.67 58.256+2.67 55.75+3.21 83.25+1.67
500 ug/kg

Early 10.0+0.61 18.756x1.19 17.0£0.94 18.75+2.43

Middle 9.5+0.83 19.756+1.34 19.75£1.67 16.75+1.19

Late 10.5+1.60 22.0+1.27 16.75x1.52 14.25+1.29
1 mg/kg

Early 12.75£1.67 20.25+0.41 20.0x0.71 16.25x1.95

Middle 11.0+1.27 22.0+1.06 19.75+1.14 17.56+1.75

Late 10.0+1.27 22.0£2.03 16.75+1.52 19.0+1.12

Values are means + SE.

ment of tolerance to morphine, since doses were admin-
istered at random and the effect on colon motor activity
of a given dose was not different when it was adminis-
tered early vs. late in the experimental design. Moreover,
the doses employed in the present study were far below
those used in studies by Burks et al. (8, 9) in dogs to
induce morphine tolerance with respect to effects on
intestinal motility.

Based on the half-life of morphine, it is estimated that
even the highest dose (1 mg/kg) employed in our study
would have been cleared within the 24-h interval allowed
between study points. Therefore, the time points of the
study were such that additive effects would be unlikely.

Migrating individual contractions with a propagation
velocity of 1.0 cm/s were described by Alvarez (3) in the
rabbit six decades ago. This type of colonic activity is
considered to be propulsive and is characterized by strong
contractions that progress caudad over a long length of
bowel (26, 27). We have recently described aborad-mi-
grating long spike bursts occurring in the human colon
during recovery from postoperative ileus (11, 17). This
electrical activity of the colon was associated with pas-
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sage of flatus or defecation, and its appearance signaled
recovery from functional postoperative ileus.

The inhibitory effect of morphine on migrating con-
tractions observed in the present study may be one of
the factors involved in morphine-induced constipation.
The colonic hypermotility induced by the lower doses of
morphine represents uncoordinated nonpropulsive cir-
cular muscle contractions; this type of activity did not
appear to migrate from one recording site to another.
The same type of stationary nonmigrating contractions
in response to morphine have been described in the cat
colon by Wienbeck et al. (34).

Studies, however, combining simultaneous monitoring
of myoelectric and contractile colonic activities with
transit time determinations of the movement of intralu-
minal colonic contents are indicated to fully explore the
effects of morphine on colonic motility and propulsion.

The authors thank Dr. Alfred A. Rimm for valuable advice concern-
ing statistical analysis of the data. The secretarial assistance of Jackie
Seyferth for the preparation of this paper and for the search of literature
is greatly appreciated.

This work was supported by Veterans Administration Grant 1543.

Address for reprint requests: C. T. Frantzides, Dept. of Surgery,
Medical College of Wisconsin, 8700 W. Wisconsin Ave., Milwaukee,
WI53228.

Received 25 July 1988; accepted in final form 27 September 1989.

REFERENCES

1. ADLER, F. H,, A. J. ATKINSON, AND A. C. Ivy. Effect of morphine
and dilaudid on the ileum and of morphine, dilaudid and atropine
on the colon of man. Arch. Intern. Med. 69: 974-985, 1942.

2. ADLER, F. H., AND R. D. TEMPLETON. The correlation of activity
and transportation in the colon of the dog. Am. J. Physiol. 128:
514-520, 1940.

3. ALVAREzZ, C. W, AND J. L. MAHONEY. Peristaltic rush in the
rabbit. Am. J. Physiol. 69: 211-225, 1924.

4. AMBINED, F. R., AND M. M. SCHUSTER. Endorphines: new gut
peptides with a familiar face. Gastroenterology 77: 1132-1140, 1979.

5. BARDAKJIAN, B. L., AND S. SARNA. Interactive processors for.
analysis and modelling of biological rhythms. Med. Biol. Eng.
Comput. 18: 194-200, 1980.

6. Bass, P., AND J. N. WILEY. Effects of ligation and morphine on
electric and motor activity of dog duodenum. Am. J. Physiol. 208:
908-913, 1965.

7. BURKS, T. F. Acute effects of morphine on rat intestinal motility.
Eur. J. Pharmacol. 40: 279-283, 1976.

8. Burks, T. F., G. A. COSTRO, AND N. W. WEISBROBT. Tolerance
to intestinal stimulatory actions of morphine. In: Opiates and
Endogenous Opioid Peptides, edited by H. W. Kosterlitz. Amster-
dam: Elsevier/North-Holland, 1976, p. 369-376.

9. Burks, T. F., D. L. JAQUETTE, AND M. N. GRUBB. Development
of tolerance to the stimulatory effect of morphine in dog intestine.
Eur. J. Pharmacol. 25: 302-307, 1974.

10. ConpON, R. E., V. E. CowLES, W. J. SCHULTE, C. T. FRANTZIDES,
AND T. MaTsuMoOTO. The effect of whole gut lavage on colonic
motility and gastrocolic response in a subhuman primate. Surgery
St. Louts 99: 531-536, 1986.

11. ConpoN, R. E., C. T. FRANTzIDES, V. COWLES, J. MAHONEY, W.
J. SCHULTE, AND S. K. SARNA. Resolutions of postoperative ileus
in humans. Ann. Surg. 203: 574-581, 1986.

12. CORDER, R., AND L. H. REES. Endorphine and enkephalins. In:
Gut Hormones, edited by R. S. Bloom and M. J. Polak. London:
Churchill Livingstone, 1981, p. 425-431.

COLON MOTILITY,

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

MORPHINE

CowLES, V. E., R. E. CoNDON, AND W. J. SCHULTE. A quarter
Wheatstone bridge strain gauge force transducer for recording gut
motility. Am. J. Dig. Dis. 23: 936-939, 1978.

DANIEL, E. E., W. H. SUTHERLAND, AND A. BogocH. Effects of
morphine and other drugs on motility of the terminal ileum.
Gastroenterology 36: 510-523, 1959.

EkBoM, G., W. J. SCHULTE, R. E. CoNDON, J. H. WoODS, AND V.
CowLEs. Effects of narcotic analgesics on bowel motility in sub-
human primates. J. Surg. Res. 28: 293-296, 1980.

ELDE, R., T. HOKFELT, AND O. JOHANSSON. Immunohistochemical
studies using antibodies to leucine-enkephalin: initial observations
on the nervous system of the rat. Neuroscience 1: 349-355, 1976.
FranTzIDES, C. T\, R. E. CONDON, AND V. COWLES. Early post-
operative colon electrical response activity. Surg. Forum 36: 163-
165, 1985.

GARRET, J. M., W. G. SaAUER, aAND C. G. MoERTEL. Colonic
motility in ulcerative colitis after opiate administration. Gastro-
enterology 53: 93-100, 1967.

GRABER, J. N., W. J. SCHULTE, R. E. CONDON, AND V. COWLES.
Relationship of duration of postoperative ileus to extent and site
of operative dissection. Surgery St. Louis 92: 87-92, 1982.
HuGHEs, J., H. W. KOSTERLITZ, AND T. W. SMITH. The distri-
bution of methionine-eukephaline and leucine-enkephalin in the
brain and peripheral tissues. Br. J. Pharmacol. 61: 639-647, 1977.
JAFFE, J. H., AND W. R. MARTIN. Opioid analgesics and antago-
nists. In: The Pharmacological Basis of Therapeutics, edited by L.
Goodman and A. Gilman. New York: Macmillan, 1980, p. 494-534.
KONTUREK, S. J., P. THOR, R. KroL, A. DEMBINSKI, AND A. V.
ScHALLY. Influence of methionine-enkephalin and morphine on
myoelectric activity of small bowel. Am. J. Physiol. 238 (Gastroin-
test. Liver Physiol. 1): G384-G390, 1980.

PAINTER, N. S., AND S. C. L. TRUELOVE. The intraluminal pressure
patterns in diverticulosis of the colon: the effect of morphine. Gut
5: 207-213, 1964.

PoLaAk, J. M., S. R. BLooM, S. N. SULLIVAN, P. FACER, AND A.
C. E. PEARSE. Enkephalin-like immunoreactivity in the human
gastrointestinal tract. Lancet 1: 972-974, 1977.

RINALDO, J. A., E. A. DRINION, AND R. V. SIMPELO. Differential
response of longitudinal and circular muscles of intact canine colon
to morphine and bethanechol. Gastroenterology 60: 438-444, 1971.
RITCHIE, J. A. Mass peristalsis in the human colon after contact
with oxyphenisatin. Gut 13: 211-219, 1972.

RITCHIE, J. A., G. M. ARDAN, aND S. C. TRUELOVE. Motor activity
of the sigmoid colon in humans. A combined study by intraluminal
pressure recording and cineradiography. Gastroenterology 43: 642—
668, 1962.

SARNA, S. K., AND I. M. LANG. Dose- and time-dependent biphasic
response to morphine on intestinal migrating myoelectric complex.
J. Pharmacol. Exp. Ther. 234: 814-820, 1985.

Smite, T. W., J. HucHES, H. W. KOSTERLITZ, AND R. SOSA.
Enkephalins: isolation, distributions and function. In: Opiates and
Endogenous Opioid Peptides, edited by H. W. Kosterlitz. Amster-
dam: Elsevier/North-Holland, 1976, p. 57-62.

SNYDER, S. H., C. M. PERT, AND C. W. PASTERNAK. The opiate
receptors. Ann. Intern. Med. 81: 534-540, 1974.

TELFORD, G. L., AND J. H. SZURZEW SKL. Morphine initiates mi-
grating myoelectric complexes by acting on peripheral opioid recep-
tors. Am. J. Physiol. 249 (Gastrointest. Liver Physiol. 12): G557-
G562, 1985.

VAUGHN, E. M., AND D. H. P. STRETTEN. The action of morphine,
pethidine and amidone upon the intestinal motility of conscious
dogs. Br. J. Pharmacol. Chemother. 5: 584-603, 1950.

WIENBECK, M., AND J. CHRISTENSEN. Effects of some drugs on
electrical activity of the isolated colon of the cat. Gastroenterology
61: 470-478, 1971.

WIENBECK, M., J. CHRISTENSEN, AND N. W. WE1SBRODT. Differ-
ences entre les effects de la morphine et de substances choliner-
giques sur l'activite’ electrique du colon du chat conscient. Biol.
Gastro-enterol. Paris 6: 243-250, 1973.



