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Prokinetic agents are currently being investigated as po- 
tential therapies for motility disorders of the lower gas- 
trointestinal tract. Cholinergic agonists such as bethane- 
chol are known to improve postoperative ileus but are 
limited because of side effects. Dopamine antagonists 
such as domperidone appear to have maximal prokinetic 
effect in the proximal gastrointestinal tract and are effec- 
tive for such conditions as gastroparesis and gastroesoph- 
ageal reflux, but they appear to have little physiologic 
effect in the colon or in colonic motility disorders. Nal- 
oxone, an opioid antagonist, appears to hold promise in 
patients with irritable bowel syndrome, small intestinal 
pseudo-obstruction, and constipation. Erythromycin ex- 
erts its prokinetic effect by acting as a motilin agonist; it 
has been used in the treatment of diabetic gastroparesis 
and appears to improve symptoms of colonic pseudo- 
obstruction and postoperative ileus. Metoclopramide, a 
combined cholinergic agonist and dopamine antagonist, 
is currently used exclusively for proximal motility dys- 
function. Cisapride appears to hold the most promise for 
patients with colonic motility disorders. In patients with 
postoperative ileus, cisapride is associated with an in- 
creased return of bowel function compared with placebo. 
In patients with chronic constipation, cisapride increases 
stool frequency and decreases laxative abuse in both 
adults and children. Hopefully, as an understanding of 
gastrointestinal motility increases, effective prokinetic 
agents will be developed that will improve symptoms of 
patients with large bowel motility disorders and may also 
help to predict those patients who benefit from surgical 
management for constipation. [Key words: Prokinetic 
agents; Constipation; Ileus; Pseudo-obstruction] 
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p harmaceutical agents that promote transit 
throughout the gastrointestinal tract are re- 

ferred to as prokinetic agents (Table 1). These 
agents act through various mechanisms to enhance 
motility of the gut. Prokinetic agents are currently 
being employed for a variety of disorders including 
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those that affect the proximal gastrointestinal tract, 
such as gastroesophageal reflux, diabetic gastro- 
paresis, irritable bowel syndrome, and bile reflux 
gastritis. 1-4 The mechanisms of action of these 
agents are incompletely understood. However, it 
is speculated that these agents enhance intestinal 
function by either promoting the effect of a motility 
agonist or antagonizing the effect of an inhibitory 
transmitter.5, 6 

The spectrum of clinical disorders of the colon 
and rectum that prokinetic agents may be useful in 
treating has been incompletely examined. Large 
bowel motility disorders that may respond to pro- 
kinetic agents include postoperative ileus, non- 
mechanical pseudo-obstruction of the colon, and 
chronic lower gastrointestinal motility disorders 
associated with systemic disease and constipation 
(i.e., diabetes mellitus, systemic sclerosis, etc.) 
(Table 2). The fol lowing text provides a current 

review of the most  c o m m o n l y  used prokinetic 

agents in gastrointestinal disease and discusses 

their use in motility disorders of both  the small 

and large intestine. 

R E G U L A T I O N  O F  C O L O N I C  M O T I L I T Y  

Colonic motility is modulated by the extrinsic 
and intrinsic nervous system and by the endocrine 
system. The extrinsic nervous system is composed 
of the autonomic nervous system and is subdivided 
into the sympathetic and parasympathetic divi- 
sions. The sympathetic supply to the right colon 
originates from the lower six thoracic segments, 
while the sympathetic supply to the left colon and 
upper rectum originates from the first three lumbar 
segments. 7 Sympathetic stimulation is mediated by 
adrenergic fibers and inhibits muscular contraction 
of the gut wall. Parasympathetic innervation of the 
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Table 1. 
Prokinetic Agents 

Agent Mechanism of Action 

Cholinergic agonists 
Bethanecol 

Benzamides 
Metoclopramide 

Cisapride 

Renzapride 

Zacopride 

Dopamine antagonists 
Domperidone 

Macrolide antibiotics 
Erythromycin 

Opiate antagonists 
Naloxone 
Nalmetere 

Somastostatin analogs 
Octreotide 

Acetylcholine modulation 

Dopamine antagonist/cholin- 
ergic agonist 

Cholinergic agonist/dopamine 
antagonist 

Cholinergic agonist/serotonin 
modulation 

Cholinergic agonist/serotonin 
modulation 

Dopamine antagonist 

Motilin agonist 

Mu-receptor antagonist 

Inhibition of gut hormone re- 
lease 

Table 2. 
Motility Disorders of the Large Intestine in Which 

Prokinetic Agents May Have a Role 

Irritable bowel syndrome 
Acute colonic pseudo-obstruction (Ogilvie's syndrome) 
Chronic intestinal pseudo-obstruction 
Idiopathic constipation 
Chronic constipation associated with: 

Dementia 
Disorders of basal ganglia 
Multiple sclerosis 
Autonomic neuropathy (Le., diabetes mellitus) 
Spinal cord injury 
Hirschsprung's disease 
Chagas' disease 
Myopathic pseudo-obstruction 

Idiopathic megarectum/megacolon 

right colon is carried by the vagus nerve, and 
parasympathetic innervation of the left colon and 
rectum arises from the sacral parasympathetic cen- 
ters $2 to $5. 8' 9 Parasympathetic stimulation, me- 
diated by acetylcholine, results in an increase in 
contractility and motility of the colon. ~~ The inter- 
action of the opposing nervous systems is complex, 
and cholinergic and adrenergic fibers may stimu- 
late and inhibit a response mediating opposing 
effects simultaneously on different segments of the 
colon. 

The intrinsic nervous system of the colon con- 
sists of an organized network of sensory and motor 

neurons connected by highly specialized interneu- 
rons. The cell bodies of these neurons are found 
in the submucosal ganglia (Meissner's plexus) and 
the myenteric ganglia (Auerbach's plexus), n The 
neurons of the submucosal ganglia act as sensory 
neurons that monitor changes in intraluminal con- 
tents as well as wall tension within the colon. The 
sensory neuron then excites a motor neuron, re- 
suiting in release of a neurotransmitter that partic- 
ipates in generating specific motility patterns. 12' 13 
These neurotransmitters have been traditionally 
classified as cholinergic agonists that contain ace- 
tylcholine but may also contain dopamine, sero- 
tonin, vasoactive intestinal polypeptide (VIP), or 
substance p.11, 14 

Circulating humoral agents may also participate 
in regulating the motility of the colon. Gastrointes- 
tinal hormones released after meals or from rectal 
stimulation may regulate colonic motility. 15 Cho- 
lecystokinin, gastrin, and motilin have been dem- 
onstrated to stimulate colonic contractions. 16-18 
Peptide tyrosine tyrosine (PYY) and secretin in- 
hibit colonic motility. 19' 20 Steroid hormones in vi- 

tro also participate in the regulation of colonic 
transit. 21 The release of these hormones may de- 
pend upon the specific type of fecal content within 
the colon. 

Prokinetic agents act by enhancing the release 
of an excitatory neurotransmitter, inhibiting the 
inhibitory effect of a biologically active substance, 
or stimulating the release of a gastrointestinal hor- 
mone. The mechanism of action and the clinical 
utility of different classes of prokinetic substances, 
with reference to their specific effect on the extrin- 
sic and intrinsic nervous system and gastrointes- 
tinal hormones, are unclear. 

CLASSIFICATION OF P R O K I N E T I C  

AGENTS 

C h o l i n e r g i c  Agon i s t s  

Acetylcholine acts upon muscarinic cholinergic 
receptors to increase tone, amplitude of contrac- 
tions, and peristaltic activity of the bowel. = Two 
different types of muscarinic receptors (M1 and 
M2) have been identified. M1 receptors are located 
in ganglia, while M2 receptors are found on effec- 
tor cells such as smooth muscle. Bethanechol is an 
M2 cholinergic agonist interacting with gastroin- 
testinal M 2  receptors of smooth muscle cells 
throughout the gastrointestinal tract. 23 
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The effect of cholinergic stimulation has been 
investigated in various species. Parasympathetic 
stimulation stimulates intestinal contractile activity 
in the cat. Destruction of the parasympathetic 
nerves decreases phasic and tonic contractile activ- 
ity throughout the colon. 24 Colonic motility has 
been examined in both the proximal and distal 
colon of rabbits. 25 Atropine inhibited spike and 
contractile activity on both sides of the colon. The 
alpha-adrenergic agonist phenylephrine and antag- 
onist phentolamine had no effect on colonic mo- 
tility. However, isoproterenol inhibited the colonic 
smooth muscle spike and contractile activity that 
was blocked by propranolol. The cholinergic agent 
trimethaphan increased the spike and contractile 
activity that was inhibited by atropine. This study 
suggests that tonic cholinergic stimulation exists 
in the proximal and distal colon and that circulating 
catecholamines have minimal effect on colonic 
motility. 25 The effect of bethanechol and atropine 
on colonic motility is currently being investigated 
in our laboratory in an isolated colon preparation. 

Cholinergic agonists have been proposed as pro- 
kinetic agents in an effort to promote cholinergic 
tone in humans. Bethanechol is known to increase 
both lower esophageal sphincter pressure and the 
amplitude of esophageal contractions. 26 Clinical 
trials involving bethanechol in the treatment of 
gastroesophageal reflux disease have demonstrated 
both symptomatic and endoscopic improvement in 
esophagitis. 27'28 Bethanechol has little effect on 
improving the symptoms of delayed gastric emp- 
tying or accelerating small bowel transit. 29 In hu- 
mans, however, bethanechol has been reported to 
improve postoperative ileus but is limited by its 
other cholinergic side effects9 Carbachol, a cho- 
linergic agonist, improves gut transit in a rat model 
of postoperative ileus. 31 No study to date has dem- 
onstrated that the administration of exogenous cho- 
linergic agents has a role in the treatment of intes- 
tinal pseudo-obstruction or chronic constipation. 

Benzamides  

Substituted benzamides are derivatives ofp-ami- 
nobenzoic acid. These agents resemble procaina- 
mide in structure but lack both its antiarrhythmic 
and local anesthetic properties. The two prototypic 
benzamides most commonly used today are meto- 
clopramide (Reglan| A. H. Robins Co., Richmond, 
VA) and cisapride. Zacopride and renzapride are 
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newer substituted benzamide prokinetic agents 
currently undergoing clinical trials. 

Metoclopramide. Metoclopramide was intro- 
duced in Europe over 25 years ago for the treatment 
of nausea and vomiting during pregnancy. 32 Be- 
sides its potent antiemetic activity, metoclopram- 
ide also has a rapid stimulatory effect on the motil- 
ity of the gastrointestinal tract. The effect of meto- 
clopramide on gastrointestinal smooth muscle 
remains poorly understood. It is felt that metoclo- 
pramide has both a central and peripheral antido- 
pamine effect as well as a direct and indirect stim- 
ulatory effect on cholinergic receptors. 33 Metoclo- 
pramide inhibits the inhibitory effect of the 
neurotransmitter dopamine.34 Dopaminergic 
receptors have been identified throughout the gas- 
trointestinal tract, particularly in the stomach, pan- 
creas, renal and mesenteric vasculature, and distal 
gut. It has been suggested that the prokinetic effect 
of metoclopramide may be due to the blockade of 
dopamine receptors which inhibit the release of 
acetylcholine. This inhibition of dopamine and 
augmentation of acetylcholine release are thought 
to sensitize the muscarinic receptors of the gas- 
trointestinal smooth muscle, allowing for coordi- 
nated intestinal motor function. 35' 36 

Numerous studies have established that metoclo- 
pramide rapidly influences the motility of the gas- 
trointestinal tract. Metoclopramide increases lower 
esophageal sphincter pressure and increases the 
amplitude of esophageal muscle contractions. 37 
Metoclopramide also increases the amplitude and 
frequency of gastric contractions, resulting in ac- 
celerated gastric emptying. 38 The effects of meto- 
clopramide on the small intestine are similar to 
those on the esophagus and stomach in that it 
stimulates contraction of the small bowel and de- 
creases transit time. 39 Metoclopramide has been 
demonstrated to produce a dose-related stimula- 
tory effect on colonic myoelectric activity in pa- 
tients with diabetes and in healthy controls. 4~ On 
the other hand, in vitro metoclopramide induces 
contraction of circular, but not longitudinal, strips 
of human colonic smooth muscle. 41 

The antiemetic effect of metoclopramide is most 
commonly used during pregnancy and in the treat- 
ment of nausea and vomiting secondary to antineo- 
plastic drugs. This antiemetic effect is due to 
depression of the chemoreceptor trigger zone in 
the brainstem. 4 Metoclopramide is an effective 
agent in the treatment of gastroesophageal reflux; 
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it has been shown to be more effective than pla- 
cebo in several controlled prospective trials. 42' 43 In 
patients with gastroparesis due to autonomic neu- 
ropathies such as diabetes, metoclopramide has 
been shown to be effective in accelerating the rate 
of gastric emptying and eliminating the symptoms 
of gastroparesis. 44 Previous uncontrolled studies 
indicated that metoclopramide is effective in the 
treatment of postoperative ileus.39 Subsequent con- 
trolled studies demonstrated that, in patients 
undergoing laparotomy with or without intestinal 
resection, metoclopramide-treated patients had 
less nausea and vomiting, but no statistical im- 
provement was noted in either passage of flatus or 
tolerance of liquids .45, 46 

A dose-dependent stimulatory effect has been 
demonstrated for metoclopramide on rectosig- 
moid colonic myoelectric activity; however, the 
utility of metoclopramide in colonic motility dis- 
orders is limited. A single case report on the use 
of metoclopramide in chronic idiopathic pseudo- 
obstruction in a double-blinded fashion was pub- 
lished. 47 Over a four-month period, the patient 
received either metoclopramide or placebo. No 
appreciable symptomatic improvement was seen 
with metoclopramide or placebo. It has been spec- 
ulated that patients with pseudo-obstruction suffer 
from an intrinsic myopathy and not neuropathy, 
and thus any direct effect of metoclopramide on 
muscle function is negated. No studies examining 
the role of metoclopramide in the treatment of 
chronic constipation currently exist. 

Side effects of metoclopramide have been re- 
ported in up to 20 percent of patients but are 
usually mild, transient, and reversible. These in- 
clude drowsiness, lassitude, and at times anxiety. 
Extrapyramidal side effects are rare. Long-term ad- 
ministration may lead to breast enlargement, nip- 
ple tenderness, galactorrhea, and menstrual disor- 
ders. Metoclopramide should not be given to pa- 
tients receiving monoamine oxidase inhibitors, 
tricyclic antidepressants, sympathomimetics, or 
phenothiazines or to patients with epilepsy or 
extrapyramidal syndromes. 

Cisapride.  Cisapride is a prokinetic agent that 
appears to function as an indirect cholinergic stim- 
ulant, acting through increased release of acetyl- 
choline in the intramural plexuses. 4u This release 
of acetylcholine may also be mediated by serotonin 
(5-hydroxytryptamine; 5-HT). Cisapride is an an- 
tagonist of 5-HT3 and is an agonist of 5-HT4 recep- 

tors, and both mechanisms could potentially con- 
tribute to its gastrointestinal prokinetic effect ,  49 

Unlike metoclopramide, cisapride does not have 
dopamine-blocking activity, and thus the antido- 
paminergic effects on the central nervous system 
are not present. Cisapride also increases levels of 
endorphins, motilin, and pancreatic polypeptide 
and decreases the concentration of substance P and 
cholecystokinin.S~ 

Cisapride increases lower esophageal sphincter 
pressure in normal volunteers and in patients with 
gas t ro in tes t ina l  ref lux.  51-54 In the stomach, it accel- 
erates gastric emptying of both liquids and solids. 55 
The effects of cisapride on human small bowel 
motility patterns were studied by Stacher et  al. 56 A 

higher number of Phase II contractions (of which 
a significant number were propagated aborally) 
were identified after the administration of various 
doses of cisapride compared with placebo. Simi- 
larly, Coremans and colleagues 57 demonstrated 
that intravenous cisapride increased small bowel 
motor activity. In the colon, cisapride stimulates 
colonic smooth muscle and accelerates colonic 
transit. In the pig, cisapride stimulated colonic 
smooth muscle, which appeared to be cholinergi- 
cally mediated, 58 while, in humans, it is not asso- 
ciated with increased acetylcholine release. 59 Nu- 
merous studies have demonstrated that cisapride 
accelerates the transit of fecal material from the 
terminal ileum to the anus. 6~ Furthermore, other 
studies have shown that cisapride increases the 
frequency of bowel movements in healthy volun- 
teers.64.65 In one study, cisapride had a more pro- 
nounced effect on colonic transit on the right side 
of the colon than on the left. 6~ To investigate the 
effects of cisapride on anorectal sphincter function, 
anorectal manometry was performed in 10 healthy 
male volunteers after five days on a 20-mg dose of 
cisapride. Cisapride significantly increased stool 
frequency and reduced anal resting pressure by 16 
percent in 7 of the 10 patients, while all other 
measurements were not altered. 66 Cisapride also 
increased rectal sensation and the threshold of the 
rectoanal inhibitory reflex. 67 

The spectrum of motility disorders of the lower 
gastrointestinal tract for which cisapride may be 
clinically useful includes the treatment of irritable 
bowel syndrome, constipation, postoperative ileus, 
and colonic pseudo-obstruction. In experimental 
animals, the effect of cisapride on the development 
of postoperative adhesions has been investi- 
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gated.68.69 The theoretic premise of using cisapride 
in this scenario is that increasing postoperative 
bowel motility will reduce intestinal adhesions. In 
two studies of a rat model of intestinal adhesions, 
cisapride resulted in a significant reduction in both 
the number and extent of adhesions compared with 
rats receiving saline. 68' 69 

The effects of treatment with cisapride in 69 
patients with irritable bowel syndrome were eval- 
uated in a randomized, double-blind, placebo-con- 
trolled study. After 12 weeks of 5 mg of cisapride 
t.i.d., the reduction in severity and frequency 
scores for abdominal pain, abdominal distention, 
and flatulence was greater for the cisapride-treated 
group than for controls. T~ In patients with postop- 
erative ileus, cisapride was examined in a prospec- 
tive controlled trial of 53 patients who underwent 
a variety of operative procedures, vl Cisapride, in a 
dose of 4 mg intravenously, was associated with an 
earlier return of bowel sounds and flatus than oc- 
curred with placebo. In another study of patients 
following cholecystectomy, intestinal transit was 
measured by radiopaque markers in patients who 
received either cisapride for three days or pla- 
cebo. 72 The first passage of feces occurred signifi- 
cantly earlier in cisapride-treated patients than in 
controls, but the first passage of flatus after surgery 
did not differ between the two groups. The results 
of treatment with cisapride in both pediatric and 
adult intestinal pseudo-obstruction have been 
favorable73-75; however, there are no reports eval- 
uating the use of cisapride in the treatment of 
colonic pseudo-obstruction (Ogilvie's syndrome). 

One of the most promising uses of cisapride may 
be in the treatment of constipation. In three pro- 
spective, double-blind, controlled studies, cisa- 
pride increased the number of bowel movements 
compared with controls, v6-v8 Muller-Lissner v6 dem- 
onstrated that cisapride increased stool frequency 
of both laxative users and nonusers with idiopathic 
constipation compared with placebo. However, 
only in laxative users was the increased frequency 
of defecation maintained during a four-week 
period when cisapride was discontinued and only 
placebo was given. Verheyen et al. TM reported on 
48 patients with chronic functional constipation 
and found that patients who were randomized to 5 
or 10 mg of cisapride had an increase in stool 
frequency, consistency, and ease of defecation and 
less laxative abuse compared with placebo. In 20 
institutionalized female patients with severe 
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chronic functional nonspecific constipation asso- 
ciated with laxative abuse, cisapride doubled stool 
frequency. 79 Cisapride has been shown to stimulate 
small intestinal motility and relieve constipation in 
myelopathy due to cervical spinal stenosis. 8~ In 
children, cisapride has been reported to increase 
stool frequency, decrease laxative use, and de- 
crease the rectoanal inhibitory reflex threshold and 
the conscious rectal sensitivity threshold. 81 In 
spinal cord patients, cisapride improved bowel 
function in three case reports. 8z' 83 Cisapride should 
continue to be evaluated in all patient populations 
suffering from chronic constipation. It may have a 
role in predicting which patients benefit from sur- 
gery for constipation. The potential side effects are 
either gastrointestinal (abdominal cramping, bor- 
borygmi, and diarrhea) or central nervous system 
related (headache and occasional somnolence). 
No cardiovascular, hematologic, or biochemical 
alterations have been identified. 84 We are prospec- 
tively evaluating the effect of cisapride on refrac- 
tory constipation in a large population of spinal 
cord-injured patients. 

Renzapride and Zacopride. As greater attention 
is directed at the effect of serotonin receptor ago- 
nists and antagonists on intestinal motility, newer 
benzamide prokinetic agents will be developed. 
The function of serotonin receptors (5-HT3 and 5- 
HT4) suggests that they have a role in lower gas- 
trointestinal motility. Renzapride and zacopride are 
selective 5-HT3 antagonists that have 5-HT4 agonist 
activity. The effects of these new benzamides may 
prove to be therapeutic for a number of colonic 
motility disorders including irritable bowel syn- 
drome, pseudo-obstruction, and chronic constipa- 
tion. 85 

Dopamine Antagonists 
The functional significance of dopamine in gas- 

trointestinal motility is uncertain. There are two 
distinct types of peripheral dopamine receptors: 
D1 and D2. D1 receptor activation leads to an 
increase in intracellular levels of cyclic AMP, 
whereas D2 receptors decrease the formation of 
cyclic AMP. s6 The role of D1 and D2 receptors in 
colonic physiology is speculative. As an experi- 
mental compound, dopamine decreases the tone 
and motility of the esophagus, stomach, and small 
intestine and stimulates pancreatic secret ionF 

The effect of dopamine on colonic motility ap- 
pears to be species dependent. In sheep with 
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chronic cecal fistulas, intravenous dopamine inhib- 
its cecal motility. 88 This result was unaffected by 
propranolol but was abolished by domperidone, a 
dopamine antagonist. Two studies have demon- 
strated that dopamine generates dose-dependent 
increases in sigmoid contractile activity. 89'9~ This 
motor response of the large intestine to dopamine 
was significantly reduced by domperidone but not 
by alpha and beta antagonism. These two studies 
indicate that dopamine stimulates sigmoid colon 
activity in contrast to its known inhibitory effect on 
the upper gastrointestinal tract. The inhibition of 
dopamine-induced motility by dopamine antago- 
nists suggests the presence of specific dopami- 
nergic receptors in the colon. 

Domperidone is a D2 dopamine receptor 
antagonist 91, and a blocking action of alpha-1 
receptors has also been reported. It is a benzimi- 
dazole derivative that is structurally related to the 
butyrophenone tranquilizers such as haloperidol. 
It was developed as the result of a search for an 
antiemetic devoid of central nervous system ef- 
fects. It is readily absorbed from the gastrointes- 
tinal tract, with peak plasma concentrations at- 
tained at 10 to 30 minutes after oral or intramus- 
cular administration and at one to two hours after 
rectal administration. Its action is mainly periph- 
eral because it penetrates the blood-brain barrier 
poorly.92, 93 

In the proximal gastrointestinal tract, the effec- 
tiveness of domperidone in the treatment of gastro- 
esophageal reflux disease is less clear than its 
benefit in the treatment of gastroparesis. Domper- 
idone increases lower esophageal sphincter pres- 
sure in healthy human volunteers but not in pa- 
tients with active reflux disease. 94'95 In the stom- 
ach, domperidone increases the duration of antral 
and duodenal contractions, increases the gastric 
emptying of liquids and semisolids, and increases 
pyloric sphincter diameter. 96-98 Motor activity of 
the small intestine has been reported to increase 
with a single dose of domperidone. 99 At this time, 
no study has demonstrated that domperidone in- 
creases colonic motility in healthy patients. 

Clinically, domperidone appears to be most ben- 
eficial in improving the symptoms associated with 
gastroparesis and gastric stasis. ~~176 101 Two recent, 
controlled, clinical trials demonstrated no differ- 
ence in improvement of symptoms, change in in- 
testinal transit, or frequency of evacuation in pa- 
tients with irritable bowel disease. 1~ 103 In irritable 

bowel patients, domperidone did not induce any 
change in basal motility, but it did prevent the 
increase in motor activity produced by the infusion 
of dopamine. 1~ No studies to date have examined 
the effect of domperidone on patients with colonic 
pseudo-obstruction or chronic constipation. 

Domperidone has minimal effects on the central 
nervous system because of its poor penetration of 
the blood-brain barrier. It increases prolactin levels 
and is thus associated with symptoms similar to 
metoclopramide (galactorrhea, gynecomastia, and 
menstrual irregularities). TM Other side effects in- 
clude thirst, dry mouth, skin rash, headaches, and 
diarrhea. Domperidone may induce a hypertensive 
crisis in patients taking monoamine oxidase inhib- 
itors. 

M a c r o l i d e  A n t i b i o t i c s  

Motilin is a gastrointestinal peptide hormone 
initially isolated from porcine duodenum. 1~ Mo- 
tilin immunoreactivity has been demonstrated 
throughout the gastrointestinal tract, from the 
esophagus to the colon. 1~ Motilin release is 
thought to be mediated by vagal tone and the 
passage of nutrients through the duodenum. 1~ 
Functionally, motilin, in physiologic doses, stimu- 
lates interdigestive but not postprandial activity in 
the stomach and the entire small intestine, l~ Mo- 
tilin also stimulates gallbladder contractions. 1~ 

Erythromycin is a potent stimulator of gastroin- 
testinal motor activity. 1~~ This prokinetic effect was 
initially believed to be due to its side effects of 
nausea, vomiting, and diarrhea. In a search for the 
mechanism of these side effects, two independent 
studies reported that intravenous infusion of eryth- 
romycin resulted in contractions originating in the 
stomach and propagating to the ileum, m' 112 The 
erythromycin-induced contractions were similar to 
that induced by the infusion of motilin. There was 
also a significant rise in plasma motilin during 
erythromycin infusion. Although the mechanism of 
this phenomenon is unclear, it is felt that erythro- 
mycin and other macrolide antibiotics inhibit the 
binding of motilin to its receptors on gastrointes- 
tinal smooth muscle membranes and therefore may 
act as motilin agonists, m' n4 

Erythromycin causes a dose-dependent contrac- 
tion of isolated rabbit duodenal muscle strips. 115 
Guinea pig smooth muscle strips, on the other 
hand, do not contract in the presence of erythro- 
mycin, n6 In the small intestine, erythromycin stim- 
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ulated rabbit ileal motility by activation of dihydro- 
pyridine-sensitive calcium channels. 117 In dogs, 
erythromycin induced contractions in the stomach 
and duodenum that migrated to the terminal ileum 
and that were inhibited by pentagastrin, ns Further- 
more, erythromycin caused contraction of isolated 
rabbit colon myocytes by displacing 1125 bound 
motilin from colon muscle motilin receptors. 119 In 
humans, the administration of erythromycin accel- 
erates colonic transit and increases stool frequency 
in healthy volunteers. 120 

Based on the fact that erythromycin and related 
compounds act as motilin agonists, it is believed 
that they may function as prokinetic agents in cer- 
tain clinical situations where smooth muscle func- 
tion is impaired. TM The effect of erythromycin on 
gastric emptying was reported in 10 patients with 
insulin diabetes and gastroparesis. 122 After the in- 
travenous administration of 200 mg of erythromy- 
cin, the prolonged gastric emptying for both liq- 
uids and solids was shortened to normal. 

In the colon, two reports have demonstrated the 
beneficial effects of both oral and intravenous 
erythromycin on gastrointestinal motility in co- 
lonic pseudo-obstruction. 123' 124 Plasma motilin lev- 
els were studied in seven patients with severe, 
long-standing constipation. When compared with 
10 apparently healthy persons with normal bowel 
function, constipated patients had reduced basal 
motilin levels and a reduced motilin release after 
a test meal. 125 A defective motilin release may play 
a role in the pathogenesis of idiopathic constipa- 
tion. Since erythromycin is a motilin agonist, it 
seems a reasonable supposition that chronically 
constipated patients may benefit from a trial of 
erythromycin. We are currently evaluating the ef- 
fect of erythromycin on improvement of bowel 
function in spinal cord-injured patients. 

The most frequent side effects of erythromycin 
preparations are gastrointestinally related and in- 
clude abdominal cramping, nausea, vomiting, and 
diarrhea. Prolonged therapy may cause overgrowth 
of nonsusceptible bacteria or fungi. Allergic reac- 
tions such as urticaria, skin eruptions, and anaphy- 
laxis may occur. Erythromycin may be associated 
with increased serum theophylline levels and po- 
tential theophylline toxicity. 

Opiate Antagonists 
Opiates have long been known for their effects 

on gastrointestinal motility. Morphine is known to 
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relax the smooth muscle of the esophagus and 
decrease gastric emptying and results in spasm of 
and increased pressure in the biliary tree. 126 In the 
lower gastrointestinal tract, opiates have powerful 
effects on the small and large intestine. 127 In the 
small bowel, there is an initial abrupt increase in 
contractile activity followed by distention. The 
overall effect is delayed intestinal transit and in- 
creased intestinal absorption. 128 

The effect of morphine and related drugs on the 
colon is an increase in luminal pressure, segmental 
contractions, and constipation. The role of opiate 
receptors in the regulation of colonic transit has 
been investigated. 129 In a crossover double-blind 
study of human volunteers, morphine (0.1 mg/kg 
given subcutaneously every six hours) delayed co- 
Ionic transit in the proximal colon and decreased 
the number of bowel movements per 48 hours. The 
opiate naloxone (0.8 mg given subcutaneously 
every six hours) accelerated transit in the trans- 
verse colon and rectosigmoid but had no effect on 
the number of bowel movements. The acceleration 
of transit by naloxone suggests that endogenous 
opiate peptides may play an inhibitory role in the 
regulation of human colonic transit. 

The actions of opioids either are the result of 
neural interaction through the inhibition of acetyl- 
choline or VIP or are direct effects on smooth 
muscle. 13~ Furthermore, opiates exert their effect 
on different opiate receptors (mu, kappa, and 
delta). The effect of morphine is thought to involve 
the mu receptor predominantly. TM The effect of 
naloxone as a potential prokinetic agent is based 
on its ability as a potent mu-receptor antago- 
nist.130, 131 Currently, naloxone is being used to treat 
pseudo-obstruction, constipation, and irritable 
bowel syndrome. 

In two patients with small intestinal pseudo- 
obstruction after subtotal colectomy and ileostomy, 
naloxone decreased small intestinal transit time 
and decreased ileostomy outpu t .  132 Naloxone has 
been used in patients with colonic pseudo-obstruc- 
tion. Kling 133 reported a case of an otherwise 
healthy man who had a rapid and dramatic resolu- 
tion of loperamide-induced colonic pseudo-ob- 
struction. The effects of opioid antagonists on con- 
stipation have been mixed. Kreek e t  al. 134' 135 have 
reported that large doses of naloxone are an effec- 
tive treatment of idiopathic constipation and sug- 
gested that constipation may be due to excessive 
opioid activity. Fotherby and Hunter, 136 on the 
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other hand, reported that neither naloxone nor an 

oral preparation, nalmetere, improved the symp- 

toms of constipation or decreased whole gut transit 
time in nine constipated patients. Oral naloxone 
has been shown to increase stool weight and fre- 
quency in patients with constipation and to alter 
colonic motility in patients with irritable bowel, 137 

but it is expensive and still experimental. The 
observation that naloxone reverses constipation 
suggests that an excess release of opioid peptides 
inhibits motility. These drugs appear to be safe in 
that they do not cross the blood-brain barrier. 

O c t r e o t i d e  

tively treat such problems as constipation, ileus, 

irritable bowel syndrome, etc .  The success of pro- 

kinetic agents in managing some disorders of the 
upper gastrointestinal tract is encouraging, but 
there is much left to learn. Only by continued 
laboratory and clinical investigation will improved 
understanding of colonic physiology result in the 
development of agents that act selectively on the 
large bowel and anorectum to promote motility of 
the distal gut. At this time, second-generation and 
third-generation benzamides, motilin agonists, and 
opioid antagonists hold the most promise for effec- 
tive medical therapy of motility disorders of the 
lower gastrointestinal tract. 

Somatostatin is widely distributed within the 
nervous system of the gastrointestinal tract. It has 
diverse physiologic actions on various gastrointes- 
tinal functions, including endocrine and exocrine 
secretion, motility, and visceral blood flow. 13s The 
long-acting somatostatin analog octreotide acetate 
has been shown to increase both enteric action 
potentials and the frequency of migrating myoelec- 
tric complexes in healthy dogs and in hu- 
mans.139,140 Octreotide increases lower esophageal 

sphincter tone and increases esophageal body con- 
traction amplitude and velocity. 141 It has also been 
effective in patients with dumping syndrome. 14z In 

patients with scleroderma, octreotide stimulated 
intestinal motility and inhibited plasma motilin 
levels, suggesting that the intestinal activity evoked 
by octreotide is independent  of motilin. 143 Finally, 

in dogs with ileus, octreotide enhanced transit in 
both the small bowel and c o l o n .  144 This was felt to 

be due to the hypothesis that octreotide blocked 
the release of neurotransmitters in the gut wall that 
are responsible for inhibiting motility (VIP and 
substance P) in patients with postoperative ileus. 
These results were similar to the stimulatory effects 
on rectosigmoid motility seen with octreotide, re- 
suiting in enhancement  of colonic transit in hu- 
mans. 145 Future studies on octreotide in large 
bowel motility disorders are anticipated. 

C O N C L U S I O N  

Gastrointestinal motility is a complicated and, as 
yet, incompletely understood phenomenon  af- 
fected by a wide variety of nervous and humoral 
factors. As such, we remain novices in our ability 
to develop prokinetic agents by which to effec- 
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