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Impaired Colonic Motor Response to 
Cholinergic Stimulation in Patients with 
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Chronic idiopathic constipation, especially the slow transit type, is a troubling problem 
often afflicting young women. The pathophysiological basis for this entity is unknown, 
although a defective cholinergic innervation has been postulated. We tested the hypoth- 
esis that cholinergic colonic innervation is deranged in this condition by studying colonic 
motor activity after strong cholinergic stimulation with edrophonium chloride in 14 
women complaining of  slow transit constipation. Unlike healthy subjects, constipated 
patients showed minimal or no response to edrophonium injection. It is concluded that in 
slow transit constipation there is an important alteration o f  colonic cholinergic activity 
and that edrophonium chloride may represent a useful test drug for colonic pathophysi- 
otogical invesn'gations. 
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Severe idiopathic chronic constipation is a troubling 
problem often afflicting young women (1, 2). The 
most disruptive symptoms are chronic tenesmus, 
straining with defecation, bloating, and occasion- 
ally pain. The severity of symptoms and the lack of 
efficacy of medical therapeutic measures may even- 
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tually lead to colonic resection in these subjects 
(3-10). The major motor abnormalities described in 
this condition consist of significantly reduced num- 
bers of forceful propulsive contractions (mass 
movements) (11, 12) and defective motor activity of 
the rectum (13, 14). The enteric neural alterations 
producing these abnormalities are unknown, al- 
though histologic and immunohistochemical studies 
have shown morphological changes of the myen- 
teric plexus and abnormalities in the distribution of 
some neurotransmitters (vasoactive intestinal pep- 
tide, serotonin, 5-hydroxyindolacetic acid) in re- 
sected colonic specimens of patients with chronic 
constipation (15-20). 

Cholinergic innervation normally plays a pivotal 
role in regulating colonic motility (21-24), and some 
in vitro data in patients with severe chronic consti- 
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pation have  shown a reduced activity of  cholinergic 
nerves  (25). A recent  s tudy described the possible 
usefulness of  strong cholinergic stimulation of distal 
colonic motil i ty b y  edrophonium chloride in pa- 
tients with chronic const ipat ion (26), and another  
s tudy showed that this compound  Vigorously stim- 
ulates the whole colon of heal thy subjects  (27). 

In the present  s tudy we tested the hypothesis  that  
patients  with slow transit const ipat ion present  a 
severe  derangement  of colonic cholinergic innerva- 
tion b y  assessing the effect of  a powerful  stimulating 
cholinergic compound ,  edrophonium chloride. 

MATERIALS AND METHODS 

Patients. Fourteen women (ages 21-48 years) complain- 
ing of severe chronic idiopathic (slow transit type) con- 
stipation entered the study. Inclusion criteria were: (1) 
long-standing (more than nine months) history of consti- 
pation; (2) one or fewer evacuations per week; (3) no 
secondary causes of constipation, as determined by drug 
history, physical examination, and laboratory screening 
(blood chemistry, thyroid hormones and, where neces- 
sary, oral glucose tolerance test, sex hormone profile, 
antinuclear antibodies); (4) no previous abdominal sur- 
gery except appendectomy or cholecystectomy; and (5) 
failure to respond to medical treatment and high-fiber 
diet. To exclude organic disease or mechanical causes of 
constipation, each patient underwent double-contrast 
barium enema (showing no evidence of megacolon or 
megarectum), colonoscopy, and abdominal ultrasound 
scans. Upper gastrointestinal radiological series and up- 
per panendoscopy were carried out if upper gastrointes- 
tinal symptoms were reported. Absence of Hirschs- 
prung's disease was demonstrated by normal relaxation 
of the internal anal sphincter at anorectal manometry (see 
28 for method). All patients also had a normal manomet- 
ric response to straining and were able to expel a 50-ml 
air-filled balloon per anus, thereby excluding pelvic floor 
dyssynergia (29, 30). 

S10w transit constipation was documented by a simpli- 
fied intestinal transit time technique (11). All patients 
retained >80% of 40 ingested radiopaque markers within 
the colon after 96 hr, that is the mean + 2 SD for normal 
controls studied in our laboratory. 

Ethical Considerations. After careful explanations 
about the aims of the investigation, each patient gave 
informed consent, and the studies were carried out in 
accordance with the principles of the Declaration of Hel- 
sinki. 

Methods. After an overnight fast, an eight-lumen man- 
ometric probe with side holes spaced 12 cm apart (Arn- 
doffer Medical Specialties, outer diameter 4.5 mm, inner 
diameter 0.8 mm for each lumen) was introduced within 
the colon by the aid of a colonoscope, according to a 
p rev ious lydescr ibed  technique (11, 31-33). Bowel 
cleansing was obtained through a semiliquid diet for two 
days and magnesium sulfate (30 g p e r  os  36 hr before 
colonoscopy) and tap water enemas (12 hr before the 

procedure). Premedication for colonoscopy consisted of 
5-10 mg diazepam through a venous cannula inserted in 
the left antecubital vein. The cannula was left in place for 
subsequent pharmacologic stimulation. The probe was 
positioned by advancing it together with the endoscope, 
the tip of the probe being fixed to the tip of the colono- 
scope by a silk thread held by biopsy forceps inside the 
operative channel of the endoscope. Once the desired 
portion (at least the splenic flexure) was reached, the 
forceps were opened and the colonoscopc gently with- 
drawn while aspiring air as completely as possible. The 
probe was connected to external physiologic pressure 
transducers (Bell & Howell, 4-327-1) and to a low- 
compliance pneumohydraulic system (Arndorfer Medical 
Specialties) perfusing bubble-free distilled water at a con- 
stant rate of 0.2 ml/min. At this perfusion rate, the system 
yields a pressure rise to distal occlusion of more than 100 
mm Hg/sec. Intraluminal pressures were recorded by a 
Beckman R-611 Dynograph Recorder coupled to the 
transducers (paper speed: 0.5 mm/sec). 

Experimental Procedure. After colonoscope with- 
drawal, a fluoroscopic check with injection of 2 ml radio- 
paque contrast medium through the first channel of the 
probe was obtained to ascertain its position, The most 
proximal recording site was always located at least in the 
proximal descending colon (splenic flexure), and the 
other 12-cm-spaced ports spanned from the descending 
Colon to the rectum. The subjects then rested for an 
average of 3 hr to recover from the endoscopic proce- 
dure. Therefore, baseline activity was recorded for 30 
min, followed by intravenous injection of placebo (10 ml 
saline), and a further 30-min recording. Finally, edropho- 
nium chloride, 10 mg intravenously, was injected and 
recording continued for 30 min, after which the study 
session was stopped. Patients were blind to when the 
drug vs the placebo (which appeared identical to the drug) 
were given. Throughout the study, one of the investiga- 
tors closely monitored the subjects for the presence of 
side effects. 

Data Analysis. All tracings were analyzed manually. A 
moti l i ty  index (MI)/5 rain was calculated separately for 
the descending colon, the sigmoid colon, and the rectum 
during placebo injection and after edrophonium chloride 
administration, by measuring the amplitude and duration 
of each pressure wave and then multiplying half the mean 
amplitude of pressure waves by the sum of their duration 
(27) (this formula estimates the area under the curve by 
assuming that pressure waves are triangular in shape). In 
order to avoid erroneous conclusions due to respiratory 
artifacts, only pressure waves of amplitude > 10 mm Hg 
were taken into account for calculations. Due to their 
sPike-like appearance at all recording ports, movement 
artifacts were also easily recognized and discarded. 

Control Group. Data from descending and sigmoid co- 
lon were compared with those of a group of eight healthy 
volunteers (studied with the above described technique) 
who participated in a previous study on the effects of 
edrophonium chloride on colonic motility (27). 

Statistical Analysis. In order to satisfy the requirements 
for applying analysis of variance, for each colonic seg- 
ment MI were transformed [in (x + 1)] to obtain homo- 
scedasticity and normalize the data (34). Then, these 
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Fig 1. Effects of edrophonium chloride injection on the motility 
index (mean -+ SEM) in different colonic segments of  patients with 
slow transit constipation. 

values were summed to obtain a single MI for the placebo 
and edrophonium chloride 30-min periods. These sum- 
mary scores were calculated for each region of the colon 
studied. Placebo and edrophonium sums of MI of the 
constipated subjects were then compared with the analy- 
sis of variance for a randomized block design with two 
treatment factors (treatment and location within the vis- 
cus). Comparison of placebo and edrophonium sums of 
MI within each portion of the viscus were made with the 
Student's t test for paired data. Colonic motor response 
to the drug of patients and controls was analyzed with the 

analysis of variance for a randomized block design with 
three factors (disease, treatment, and location within the 
viscus). Significance of factors and their interactions (dis- 
ease x treatment and disease • treatment x portion of 
the viscus) were tested with a multivariate least-squares 
analysis procedure. Values of P < 0.05 (two-tailed tests) 
were chosen for rejection of the null hypothesis. Calcu- 
lations were done with the SYSTAT statistical package 
(35). Data are presented as means _+ SEM. 

RESULTS 

In constipated patients (Figure 1), edrophonium 
chloride did not stimulate increased motor  activity 
in the descending colon (MI 7.8 ___ 2.0 for placebo vs  
7.5 +-- 1.6 for edrophonium chloride, NS) or in the 
rectum (MI 9.0 +__ 2.2 for placebo vs  12.8 ___ 3.0 for 
edrophonium chloride, NS). In the sigmoid colon, 
however ,  motility increased significantly following 
edrophonium injection (MI 3.3 ___ 1.2 vs  i2.3 ___ 2.0, 
P = 0.002) (Figure 1). 

Analysis of variance comparing control subjects 
to patients showed that (Figures 2 and 3): overall,  
MI of the patients was significantly (P = 0.006) less 
with respect  to that of controls.  The MI of the 
controls after edrophonium was significantly (P < 
0.001) greater than that of constipated subjects. In 
the latter group, also, the effect of the drug was 
significantly different (P < 0.05) among the two 
colonic segments. 
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Fig 2. Effects of edrophonium chloride on individual motility indices of  descending colon in controls and patients 
with slow transit constipation. Mean values are also indicated. 
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Fig 3. Effects  of  ed rophon ium chloride on individual motility indices of  sigrnoid colon in controls  and pat ients  with 
slow transit  const ipat ion.  Mean  va lues  are also indicated. 

The motor response elicited by edrophonium 
chloride always consis ted of bursts of low- 
amplitude pressure waves. No grossly propagating 
motor phenomena, ie, the high-amplitude propa- 
gated contractions, the manometric equivalent of 
mass movements (11, 31, 33), were documented in 
any of the recording sessions. 

Within 10 rain from injection of the drug, four 
subjects complained of mild abdominal cramping 
sensation. No other side effects were reported. 

DISCUSSION 

The present study showed that, unlike healthy 
subjects (27), patients with slow transit constipation 
display an impaired colonic motor response to 
strong cholinergic stimulation in the descending co- 
lon, thereby confirming data obtained in  v i t r o  (25). 
Reynolds et al (26) also administered edrophonium 
chloride during a myoelectrical rectosigmoid study 
to 25 chronically constipated patients and reported 
absence of response in three (12%). In our series, a 
complete absence of motor response was observed 
in four constipated subjects (28%), and the motor 
responses that were observed in constipated pa- 
tients were significantly attenuated relative to con- 
trois. Differences in outcome are probably ex- 
plained by the inclusion of patients with diverse 
etiologies for their constipation in the Reynolds 

study, whereas we excluded patients with causes of 
constipation other than the slow transit type. 

The rectosigmoid region appeared to respond dif- 
ferently from the descending colon; edrophonium 
stimulated increased motility in both constipated 
patients and controls. The explanation for these 
apparent regional differences is unknown. How- 
ever, other investigators have also found this region 
of the distal colon to be hyperreactive to stimulation 
(36). These findings are also supported by histolog- 
ical evidence using silver staining techniques, 
which showed abnormalities of the myenteric 
plexus in all segments of colons resected for severe 
chronic constipation (16). 

Abnormal cholinergic innervation in severely 
constipated subjects was anticipated because the 
role of acetylcholine as a neurotransmitter at neu- 
roneuronal and neuroeffector synaptic junctions 
within the enteric nervous system is well estab- 
lished (25, 37-39). The release of acetylcholine from 
the enteric postsynaptic cholinergic neurons, in 
fact, is the primary stimulant for spontaneous con- 
tractile activity of colonic smooth muscle (40). 

Colonic myoelectrical and motor activity is 
strongly stimulated by anticholinesterase agents, 
particularly neostigmine (41-43). However, neo- 
stigmine has a relatively long half-life for research 
purposes after intravenous administration (52 min) 
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(44), and such  invest igat ions have  usual ly  been  car-  
ried out  in the v e r y  distal segments  o f  the v iscus .  
The  need  for  a short- l ived,  po ten t  c o m p o u n d  wi th  
s t rong efficacy on  the m o t o r  act ivi ty  o f  the entire 
colon p r o m p t e d  us to emp loy  e d r o p h o n i u m  chlor ide 
(27) to test  chol inergic  s t imulat ion of  the v i scus  in 
pat ients  wi th  s low transit  const ipat ion.  

E d r o p h o n i u m  has several  advan tages  as a test  
subs tance :  (1) its effect,  after in t ravenous  adminis-  
trat ion,  begins within 3 0 - 6 0  sec  and lasts 5 -10  min 
(43); (2) it is an effect ive s t imulant  for  h u m a n  
s m o o t h  musc le  contract i l i ty  (27, 45-47) ;  (3) experi-  
ence  in a large n u m b e r  o f  subjects  has  shown  the 
safe ty  o f  this c o m p o u n d  as a rout ine  pha rmaco log -  
ical agent  (37, 48-50);  (4) side effects,  wh ich  consis t  
chief ly  o f  light h e a d e d n e s s ,  nausea ,  abdomina l  
c ramps ,  and t ransient  b radycard ia ,  are infrequent  
and are less severe  than  wi th  neost igmine,  because  
o f  the shor t  dura t ion o f  act ion o f  the drug (43); and 
(5) ser ious side effects are near ly  a lways  assoc ia ted  
with existing card iac  dys func t ion  (47, 51). 

The  pa thophys io logica l  m e c h a n i s m s  leading to 
chronic  cons t ipa t ion  are largely u n k n o w n  (1, 26, 
52-56), and the findings o f  the present  s tudy  m a y  
p rove  useful ,  especial ly  cons ider ing  that  w e  inves-  
t igated a h o m o g e n e o u s  g roup  of  pat ients ,  ie, sub- 
jec ts  wi th  s low transit  const ipat ion.  

The  demons t ra t ion  o f  a defect ive  r e sponse  to 
e d r o p h o n i u m  chlor ide in these subjects  might  find 
clinical appl icat ion as a pract ical ,  re la t ively safe test  
to  identify those  pat ients  unl ikely to r e spond  to 
medical  t rea tment  and to p ropose  them for  a surgi- 
cal opt ion wi th  a reasonable  expec ta t ion  of  success  
(10, 57). 
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