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Effects of Aspirin and Prostaglandin E2 on 
Interdigestive Motility Complex and 

Duodenogastric Reflux in Man 
CORNELIUS P. DOOLEY, MB, BCh, BAO, W. DAVID MELLO, MD, and JORGE E. 

VALENZUELA, MD 

Both increased duodenogastric reflux and chronic aspirin ingestion are associated with 
the development of gastric ulcers in man. Animal studies suggest aspirin increases 
duodenogastric reflux. Prostaglandin E2 protects gastric mucosa from the effects of many 
injurious agents and inhibits gastric motility, but its effect on duodenogastric reflux is 
unknown. We have studied the effects of aspirin and a synthetic derivative of 
prostaglandin E2 on duodenogastric reflux during fasting in six normal subjects, while 
concomitantly monitoring gastrointestinal motility by means of a perfused catheter 
system. We found that duodenogastric reflux (as measured by bile salt output in gastric 
aspirates) increased significantly (P < O.05) following both the prostaglandin E2 derivative 
and aspirin. This increase occurred in phases H and III of  the interdigestive motility 
complex. Both drugs were associated with a significant reduction (P < 0.05) in frequency 
and amplitude of antral contraction during phase H. Both drugs also induced a significant 
disruption (P < 0.01) of phase III, increasing the number of complexes without an antral 
and duodenal component. These effects of aspirin may be one of the factors predisposing 
to the gastric mucosal damage associated with aspirin. The prostaglandin E2 derivative 
protects gastric mucosa by mechanisms other than reducing duodenogastric reflux and 
ameliorating the motility disturbances caused by aspirin. 

Patients with gastric ulcer (GU) show increased 
levels of duodenogastric reflux (DGR) when com- 
pared to the normal population (1-4). The actual 
mechanisms responsible for the increased DGR are 
unknown, although the available data point to a 
dysmotility of the gastroduodenal region: abnormal- 
ities of both the gastric antrum (5-7) and the pyloric 
sphincter (8, 9) are described, both of which pre- 
dispose to increased DGR. 
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The association between chronic aspirin (ASA) 
ingestion and the development of GU is well de- 
scribed (10-14), and indeed ASA users may account 
for up to 50% of a given series. Whether the ASA 
users as a group also have increased DGR is not 
clear from previous studies, as GU patients are 
studied as a single group (I-4). However, a canine 
study suggests that ASA does indeed increase DGR 
(15), an effect also associated with pyloric dysfunc- 
tion. It is not known whether this effect is observed 
in man nor whether the antral motility abnormalities 
described in GU patients are also seen in those 
patients with ASA associated GU. 

Preliminary studies (16) suggest that synthetic 
prostaglandin E2 (PGE2) derivatives are efficacious 
in the treatment of GU. The healing effects of these 
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PGEE-related compounds  most  likely relate to their 
ant isecretory (17-19) and cytoprotect ive  effects 
(20-22). Although PGEz is known to reduce antral 
motility (18, 23), its effects on DGR are unknown. 
PGEE may become a t reatment  modality for  GU,  
and thus it is of  importance to know its effects on 
antroduodenal  motility and DGR. 

It is the purpose of  this study to document  the 
effects of  acute ingestion of  ASA and a synthetic 
PGE2 derivative on DGR in man and to observe for 
any associated abnormalities of  gastroduodenal  mo- 
tility. 

MATERIALS AND METHODS 

Subjects. Six healthy male subjects (36 -+ 8 years) who 
were not regular users of nonsteroidal antiinflammatory 
drugs (NSAID) were included in the study having given 
full informed consent. The study was approved by the 
Human Research Committee of the LAC-USC Medical 
Center. 

Gastrointestinal Motility. Measurement of gastrointes- 
tinal motility was achieved by means of a multilumen tube 
assembled from six polyvinyl catheters (total OD = 6 
ram). A 1-mm side opening was fashioned in five of these 
catheters. These side openings were arranged in such a 
sequence that, in vivo, two would lie in the gastric antrum 
(2 cm apart), two in the duodenum (12 cm apart), and one 
in the jejunum. Eight centimeters separated the distal 
antral and proximal duodenum ports and the jejunal port 
was 32 cm distal to the second duodenal port. These 
catheters were continuously perfused with gas-free water 
by an Arndorfer pneumohydraulic capillary infusion 
pump at a rate of 1 ml/min. Resistance to infusion within 
the system was detected by a series of external transduc- 
ers (Statham P 23 DB) positioned at the intersection of the 
costal margin and mid-axillary line of the subject. Occlu- 
sion of any measuring port produced a pressure rise of 
greater than 200 mm Hg/sec. Pressure profiles were 
continuously recorded with a multichannel polygraph 
recorder (Beckman R611). 

Duodenogastric Reflux. Gastric secretions were col- 
lected continously throughout all studies by means of a 
polyvinyl tube (ID 2.5 mm) glued to the multilumen tube 
assembly, its tip lying 2 cm proximal to the first antral 
port. 

Gastric aspirates were pooled in 10-min samples, and 
the volume of each sample was measured to the nearest 
0.1 ml. Bile salt concentration in the aspirates was 
determined by the steroid dehydrogenase method (24). 
The bile salt output per sample served as an index of 
DGR. H + concentration was measured in each sample by 
back-titration to pH 7 with 0.1 M NaOH. 

Study Design. Three studies were performed at random 
on each subject on three separate days. An interval of at 
least 72 hr was allowed between study days. On day one, 
following an overnight fast, each subject swallowed the 
multilumen tube which was then positioned under fluoro- 
scopic guidance. Residual gastric secretions were aspi- 

rated for a period of 30 min, and thereafter gastrointesti- 
nal motility was monitored and gastric secretions col- 
lected continuously for 300 min. On day two, following 
oral ingestion of 650 mg ASA at both 7 and 1 hr before- 
hand, the study was repeated. On day 3, I00 txg of 
15(R), 15 methyl prostaglandin E2 (Arbacet, Upjohn Phar- 
maceutical, Kalamazoo, Michigan) were ingested by 
mouth 1 hr prior to the study. 

Analysis of Motility Data. Assessment of the motility 
tracings was carried out by hand. Each phase of the 
interdigestive motility complex (IDMC) was identified 
and assessed separately. The quiescent phase I was 
assessed for its duration. Phase II, characterized by 
persistent irregular contractions, was assessed for its 
duration, frequency, and amplitude of contraction and a 
motility index (frequency x amplitude). An average am- 
plitude was calculated for each measuring port for each 
phase II. For both the antrum and duodenum, the ampli- 
tudes from each measuring port were averaged to give a 
single value. In assessing frequency of contraction, each 
phase II was divided into 5-min intervals and an average 
5-min frequency was calculated for each recording site. 
As before, an average value was derived for both antrum 
and duodenum. 

Phase III of the IDMC was identified as a coordinated 
burst of activity propagated progressively in an aborad 
direction. Each phase III was assessed for its frequency, 
duration at each site, velocity of propagation between 
sites, and frequency and amplitude of contraction. Also 
taken into account were the occurrence of "incomplete" 
phase IIIs which were defined as phase IIIs occurring 
without antral and/or duodenal components. 

The motility data for each phase of the IDMC from all 
subjects were pooled and compared for each of the study 
days. Statistical analysis was carried out by • test or 
analysis of variance with P < 0.05 being considered 
significant. 

Analysis of Duodenogastric Reflux Data. Total bile salt 
and gastric acid outputs in the gastric aspirates for each 
study day were averaged and the statistical difference 
between means determined by the paired t test. Bile salt 
outputs for each study day were further analyzed accord- 
ing to the phase of IDMC in the duodenum with which 
they were associated. The means for each phase on each 
study day were again compared by means of the paired t 
test, with P < 0.05 being considered significant. 

RESULTS 

Duodenogastric Reflux. A significant increase in 
DGR as assessed by bile salt output  was associated 
with the ingestion of  both ASA and the PGE2 analog 
(Figure 1). As expected,  most  DGR occurred in 
phase II in the basal state. Nei ther  of  the drugs 
affected DGR in phase I, although both induced 
increases in DGR in phases II and III (Figure 1); the 
increase in phase III was statistically significant (P 
< 0.05). 
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Fig 1. Mean bile salt output in the gastric aspirates of the six subjects shown as total output per study 
and total output per phase of the IDMC. (PgE2 refers to 15(R), 15-methyl-PGE2) 

Gastric Acid Output. Mean (--SEM) 5-hr acid 
output following ASA ingestion (23.3 - 3.2 meq) 
did not differ significantly from that of the basal 
study (26.5 --- 3.7 meq). 15(R),15 methyl PGE2 

caused a significant reduction in acid output (9.8 - 
1.6 meq) when compared to that of the other 
studies. Mean (-----SEM) hourly gastric volumes were 
not significantly different for the control (76 +-- 8 ml) 
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Fig 2. Contraction amplitude during phase II (mean -+ SEM) for the six subjects. (PgE2 refers 
to 15(R), 15-methyl-PGE2) 
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Fig 3. Contraction frequency during phase II (mean + SEM) for the six subjects. (PgE2 refers 
to 15(R),15-methyl-PGE2) 

and ASA (83 - 7 ml) studies. The PGE2 analog did 
cause a significant reduction in volume of gastric 
aspirates (53 -+ 6 ml). 

Phase II Motility. The duration of phase II in the 
basal state (43 - 4.4 min) was not significantly 
different from that following ASA (34 --+ 3.7 min) 
and PGE2 analog (38 -+ 6.3 min). Both ASA and 
PGE2 analog were associated with a significant 
reduction in the frequency and amplitude of con- 
traction in the antrum (Figures 2 and 3). Neither 
drug had a significant effect on duodenal contrac- 
tion frequency, although the PGE2 analog did cause 
a reduction in contraction amplitude (Figures 2 and 
3). Both drugs induced a significant increase in the 
frequency of jejunal contractions (Figure 2) without 
an effect on contraction amplitude. The motility 
indices followed a similar pattern to the changes in 
contraction frequency (data not shown). 

Phase III Motility. Neither drug affected the fre- 
quency of occurrence of phase III of IDMC (Table 
1). However, both ASA and PGE2 analog were 
associated with a significant increase in the number 
of " incomplete"  phase IIIs (Table 1), particularly 
those lacking an antral component. Illustrative eX- 
amples from one subject are shown in Figure 4. 
There was a reduction in the duration of duodenal 
phase III with both drugs (Table 2). The other phase 
III parameters that were assessed were unchanged. 
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DISCUSSION 

There is a well-documented association between 
chronic ASA ingestion and development of GU 
(10-14). There are many possible explanations for 
this phenomenon: (1) destruction of the gastric 
mucosal barrier (25), (2) decreased mucus produc- 
tion (26), (3) loss of the cytoprotective effects of 
prostaglandins (20, 21, 27), (4) changes in ion fluxes 
and a reduction in mucosal blood supply (28, 29), or 
other as yet unknown mechanisms. Whatever the 
mechanism, it appears that gastric acid is required 
so that the ASA damage might occur (30, 31). 

There is a significant association between DGR 
and GU (1--4). This has been correlated with a 
reduction in antral motility (5-7) and pyloric sphinc- 

TABLE 1. ANALYSIS OF PHASE II1 

Basal P ASA P PGE2 

Frequency (min) 90 87 96 
Total no. ,of phase III 20 21 19 
Abnormal phase III 

Absent antral 3 17" 12" 
component 

Absent antral and 1 8* 6* 
proximal duo- 
denal component 

*P < 0.05 when  compared to basal. 
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Fig 4. (A) Representative tracing from one subject on basal day depicting a normal phase III of the IDMC propagated distaily 
from the antrum. (B) A tracing from the same subject during the ASA study. Antral activity is much reduced, and the phase 
III begins in the distal duodenum. (C) The same subject during the 15(R), 15-methyl-PGE2 study. Again, antral activity is 
much reduced, and phase III is initiated in the distal duodenum. 
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Fig 4. Continued. 

ter dysfunction (8). The antral dysmotility seen in 
GU patients is also associated with specific ab- 
normalities of phases II and III of the IDMC (7). 
The effects of ASA on DGR in man have not been 
studied, although a study in dogs (15) has shown 
that ASA increases DGR. Our results confirm those 
of the canine study by demonstrating increased 
DGR in man following ASA. Thus, increased DGR 
is another factor which may predispose to the GU 
formation associated with ASA ingestion. 

The timing of this increased DGR is also of 
interest. Some degree of DGR is a normal occur- 

TABLE 2. DURATION OF PHASE III  (MIN) 

Basal P ASA P PGEz 

Antrum 5.6 -- 
0.3 

Proximal duodenum 8.2 -+ 
0.9 

Distal duodenum 8.9 -+ 
0.8 

Jejunum 7.6 --- 
0.68 

4.7 -4- 5.3 --- 
0.6 1.7 

5.0 -+ 4.5 __- 
0.9* 0.6* 

5.9 --+ 7.36 _ 
0.7* 7.9 

8.2 -+ 7.9 _ 
0.7 0.6 

*P < 0.05 when compared to basal. 
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rence, and most DGR during fasting occurs during 
phase II of the IDMC (32), with minimal amounts 
during phases I and III. In GU patients we have 
noted a reduction in antral motility in phases II and 
III (7) associated with increased DGR in phase II. 
In this study we report similar findings: we note 
increased DGR following ingestion of ASA associ- 
ated with abnormalities of antroduodenal motility in 
phases II and ili. Thus, normal antral motor func- 
tion appears to have a role in the prevention of 
excessive DGR. Although these studies were only 
performed during the fasting state, it seems reason- 
able to presume that such changes would persist 
postprandially. The increased DGR in GU patients 
is also seen to occur following ingestion of solid or 
liquid meals (2, 4, 6) as is the antral dysmotility (6). 

Previous studies on the effects of NSAIDs on 
gastric motility have yielded conflicting results. 
Sanders and Szurszewski (33) and Beck et al (34) 
have shown indomethacin to have a stimulatory 
effect on antral motility in dogs, suggesting an 
inhibitory role for prostaglandins in the regulation 
of gastric motility. The study in rats by Frank- 
huijzen and Bonta (35), on the other hand, suggests 
that prostaglandins may have a role in maintaining 
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normal gastric tone. The previously quoted study 
by Pantoja et al (15) in dogs implies a role for 
prostaglandins in maintaining pyloric sphincter 
pressure. Another study in dogs by Fioramonti and 
Bueno (36) suggested that indomethacin causes a 
reduction in myoelectric activity and a disruption of 
the IDMC, changes which are similar to the ones 
reported here. Thus, it would appear that although 
results in animals are conflicting, in man NSAIDs 
have an inhibitory effect on gastric motor activity. 

There is an apparent contradiction in this study in 
that both PGE2 and ASA, the latter being a potent 
inhibitor of prostaglandin synthesis, have similar 
actions on gastroduodenal motility. However, there 
are a multiplicity of prostaglandins produced in the 
stomach, each with widely differing and often an- 
tagonistic effects on antral motility (18). PGF2~ has 
been shown (18) to have a stimulatory effect on 
gastric motility, and inhibition of its synthesis may 
explain the inhibitory effects of ASA, as observed 
in this study. In addition, it must be noted that the 
dose of ASA used in this study is not maximal, and 
it is therefore possible that inhibition of prostaglan- 
din synthesis was not complete. This, however, 
does not invalidate the study as the dose used is 
equivalent to doses associated with GU develop- 
ment (10-13). Thus, the effects of ASA may be the 
result of actions other than inhibition of prostaglan- 
din synthesis. It has been shown that NSAIDs 
affect membrane ion fluxes and enzyme systems 
(29), effects which may have an inhibitory action on 
muscle activity. In addition, NSAIDs may perhaps 
have direct effects on muscle fibers which are not 
yet apparent (29). 

Both ASA and PGE2 analog had a disruptive 
effect on gastroduodenal IDMC activity without 
affecting the frequency of occurrence of IDMC in 
the jejunum. Konturek et al (37) have shown that 
indomethacin decreases and PGE2 increases the 
interval between intestinal IDMC phase III events 
in the dog. Neither study provides an explanation 
for these differences, and this may reflect species 
differences between dog and human. 

The spectrum of GU is varied (38), and it is not 
clear from previous studies (I0, 39, 40) whether 
ASA-associated GUs form a distinct group when 
compared to GU patients in general. In this study, 
cessation of ASA was associated with a return to 
normal gastric motor function. On the other hand, 
GUs associated motor disturbances appear to be 
permanent as DGR is unaffected by ulcer healing (4, 
7). It is not known whether chronic ASA users will 

revert to normal antral function upon discontinuing 
the drug. This may be a subset of patients who are 
more amenable to treatment. 

The pyloric sphincter also has an important role 
in the regulation of DGR. This is confirmed by 
studies (8, 9) demonstrating pyloric sphincter dys- 
function in GU patients. ASA has been shown to 
decrease pyloric sphincter pressure in dogs (15), 
and we cannot rule out the possibility that some 
degree of pyloric dysfunction influenced our re- 
sults. We have not studied the pylorus directly in 
this study. Another possible interpretation of the 
increased DGR following PGE2 is that inhibition of 
gastric acid secretion may weaken the barrier to 
DGR. H § in the duodenum is one of the mecha- 
nisms that increase pyloric pressure. This is an 
interesting possibility, and it merits further investi- 
gation whether antisecretory drugs, such as H2 
receptor antagonists increase DGR. However, the 
similarity of the effects of both ASA and PGE2 
analog suggests that the motility disturbance is the 
most important factor mediating the increased 
DGR, with inhibition of acid secretion playing a 
minor role. 

We have confirmed the suggestion from the data 
of Horton et al (41) that PGE compounds increase 
DGR in a group of normal subjects. The question 
arises, however, whether the observed increase in 
DGR is a real effect since PGs have been shown (42) 
to increase bile flow. Thus a measurement of total 
bile salts in the gastric aspirates may not reflect a 
simple increase in DGR, but rather an increase in 
duodenal bile salt concentration. However, while 
the data of Kaminski et al (42) has shown an 
increase in bile flow with PGE, this is not associated 
with an increase in bile salt concentration. The 
increased volume of bile may predispose to a 
greater volume of reflux, although the motility dis- 
turbance would appear to be the essential pre- 
disposing factor. The similarity of the PG effect to 
that of ASA adds significant support to this point. 
PGE2 is known to have an inhibitory effect on 
gastric motor activity (23), and the increased DGR 
observed here is associated with a specific dysfunc- 
tion of antral motility. PGE2 also has a disruptive 
effect on phase III of the IDMC, although the 
reason for this is not clear. Thus it appears that 
PGE2, although a potent healing agent (16), may 
exacerbate the motility dysfunction of GU. 

In summary, then, we have shown that acute 
ingestion of ASA and PGE2 in man causes increased 
DGR which is associated with specific abnormali- 

Digestive Diseases and Sciences, Vol. 30, No. 6 (June 1985) 519 



DOOLEY ET AL 

t ies  o f  g a s t r o d u o d e n a l  mot i l i t y .  The  c h a n g e s  de-  
s c r i b e d  m a y  p l a y  a ro le  in G U  i n d u c t i o n  in c h ron i c  
A S A  use r s .  PGE2  wil l  no t  a l l ev i a t e  the  u n d e r l y i n g  

mo t i l i t y  a b n o r m a l i t y  in G U  pa t i en t s .  
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