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3Luminal Chemoreceptors 
and Intrinsic Nerves: Key 
Modulators of Digestive Motor 
Function

John Dent and Phil G. Dinning

Abstract

This chapter reviews data on the pathways by 
which luminal, mainly duodenal, chemore-
ceptors modulate gastro-pyloro-duodenal 
motor function to control emptying of nutri-
ents into the small intestine. The vagus medi-
ates proximal gastric relaxation caused by 
nutrient stimulation of duodenal/jejunal 
mucosal chemoreceptors. Modulation of the 
spatial patterning and inhibition of antral con-
tractions during duodenal chemoreceptor acti-
vation are somewhat conflicting: both vagal 
control and ascending intramural nerves 
appear to play a role. Intraduodenal nutrients 
stimulate the localized pyloric contractions 
that prevent transpyloric flow via ascending 
duodenal intramural nerve pathways. Though 
not yet formally investigated, patterns of acti-

vation of the duodenal brake motor mecha-
nism suggest that duodenal loop mucosal 
chemoreceptors signal to a brake mechanism 
at the most aborad region of the duodenum via 
descending intramural duodenal nerves.

Intrinsic intramural pathways are important 
in the control of the first stages of digestion.
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3.1	� Introduction

Understanding of the mechanisms of mucosal 
chemoreception [1] and how chemosensory 
receptors activate primary afferent nerves [2] 
have advanced substantially in recent years. By 
contrast, there is only limited information about 
the pathways via which mucosal chemorecep-
tors, mainly duodenal, signal to upper gastroin-
testinal motor components to vary the rate of 
movement of nutrients from the stomach and 
duodenum into the jejunum.

Demonstrations of gut-brain-gut vagal con-
nections [3, 4] have led to the widely held view 
that the vagus is the primary modulator of normal 
gastric emptying. This chapter proposes that 
intrinsic duodenal intramural nerves are the dom-
inant signaling pathways from duodenal chemo-
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receptors that cause variations of pyloric, 
duodenal, and upper jejunal motor function. 
These variations match the rate of gastric empty-
ing to duodenal digestive function, an essential 
aspect of normal upper gastrointestinal nutrient 
digestion.

3.2	� Spectrum of Duodenal 
Chemosensing

The duodenal mucosa is a very complex sensory 
organ [1, 2]. Chemoreceptor modulations of 
upper gastrointestinal motor function have been 
studied mainly by activating this system with 
“provocative” intraduodenal infusions of compo-
nents of the postprandial duodenal luminal con-
tent. Components that have been studied include 
fatty emulsions and solutions of acid, isotonic 
and hypertonic dextrose, bile acids, and hyper-
tonic saline.

3.3	� Effects of Truncal Vagotomy 
on Duodenal Chemoreceptor 
Control of Gastric Emptying

In chronic studies in five awake, trained dogs, 
emptying of 600 ml of water from the stomach 
was measured repeatedly during intraduodenal 
delivery of either water or three different provoc-
ative infusates (250 mM HCl, 10% dextrose and 
5% “fat”) through an indwelling duodenal can-
nula (rate of delivery not stated), before and after 
bilateral transthoracic truncal vagotomy (75 and 
95 experiments, respectively) [5]. Figure  3.1 
shows that the hierarchy of increasing slowing of 
gastric emptying by the different intraduodenal 
infusions persisted after vagotomy, indicating 
that a major component of the signals from the 
duodenal chemoreceptors that caused the grada-
tion of slowing of emptying with the provocative 
infusates, was not vagally transmitted. Compared 
to the control studies, vagotomy was however 
associated with slower gastric emptying for all of 
the 4 duodenal infusates (Fig. 3.1) (see below in 
Sect. 3.6, third paragraph). This study did not 
seek to assess gastric motor patterns.

3.4	� Chemosensor Control 
of Proximal Gastric Motor 
Function

Tonic contraction of the proximal half of the 
stomach maintains a variable, nonpulsatile com-
pression of the gastric content, which aids non-
nutrient and nutrient emptying [4]. In six awake, 
trained dogs, a proximal jejunal infusion of a liq-
uid nutrient supplement (osmolite) was shown to 
cause proximal gastric relaxation, which was pre-
vented by reversible cervical or subdiaphrag-
matic vagal blockade by cooling [6]. This 
indicates that the vagus is the key control pathway 
for proximal jejunal chemoreceptor–induced 
upper gastric relaxation.

3.5	� Duodenal Chemoreceptor 
Control of Antro-Pyloric 
Motor Function

The literature needs to be interpreted in the light 
of the significant methodological challenges 
associated with measurements of antral and 
pyloric motor functions.

3.5.1	� Measurement of Antral 
and Pyloric Motor Functions

A manometric system that is suitably dampened 
to exclude rapidly changing contact pressures 
with the antral wall only detects an antral con-
traction when this causes active lumen-occlusion, 
which may only be in the very distal antrum [7]. 
Thus, though manometry underestimates the 
extent and number of antral contractions, it 
detects the lumen-occlusive antral contractions 
that usually lead to aborad pulsatile transpyloric 
flows, the major component of gastric emptying 
[8]. Therefore, manometry is informative about 
modulations of antral motor function relevant to 
changes of gastric emptying, especially when 
pyloric motor function is also reliably recorded. 
Fluoroscopy, especially when combined with 
manometry, is a sensitive method for evaluation 
of antro-pyloric motility but is subject to several 
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Fig. 3.1  Gastric 
emptying in five trained 
dogs before and after 
bilateral thoracic 
vagotomy during four 
types of intraduodenal 
infusion. The increasing 
level of stimulation of 
duodenal 
chemoreceptors by the 
250 mM hydrochloric 
acid, 10% dextrose, and 
5% fat infusates still 
slowed emptying 
progressively after 
vagotomy. The global 
slowing of emptying 
after vagotomy is 
discussed in Sect. 3.6, 
second paragraph. 
(Reproduced and 
redrawn with permission 
from Ref. [5])

major practical constraints, especially radiation 
exposure in humans [9].

The challenge of manometric recording of 
pyloric motor function was demonstrated in 
humans [10] during intraduodenal infusion of a 
high-calorie triglyceride emulsion; this stimu-
lated highly localized or “isolated” phasic and 
tonic contractions of the pyloric ring (Fig. 3.2). 

These localized pressures were detected reliably 
by the sleeve sensor, as its 3.6  cm pressure-
sensing length remained in contact with the less 
than 9-mm-wide region of isolated pyloric tonic 
and phasic contractions [10], despite unavoidable 
movements of the pylorus relative to the mano-
metric assembly. Such movements confound 
recordings with single point pressure sensors, 
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including high-resolution manometric catheters 
with their sensor spacings of no less than 10 mm 
(Fig. 3.2).

The sleeve, coupled with transmucosal poten-
tial difference monitoring to validate its position 
astride the pylorus [10], remains the only valid 

Fig. 3.2  Manometric tracings in a healthy volunteer from 
the sleeve, positioned astride the pylorus (uppermost 
trace), and an array of side-holes 6 mm apart (SH 10–2) 
along a 24 mm segment of the sleeve. The left-hand panel 
shows a fasting phase II antro-pyloro-duodenal pressure 
event sweeping across the pylorus. The right-hand panel 
recording was made during inhibition of antral pressure 

events and stimulation of localized contractions of the 
pyloric ring with intraduodenal fat infusion. The isolated 
pyloric tonic and phasic contractions are only present over 
side-hole 8, documenting the very narrow zone of pyloric 
activity. The sleeve tracing also records the phasic and 
tonic pyloric motor activities captured by side-hole 8. 
(Reproduced with permission from Ref. [10])
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method for monitoring of pyloric motor function. 
This technique was used in all of the studies of 
pyloric motility cited below.

3.5.2	� Chemoreceptor Control 
of Antral and Pyloric Motor 
Functions in Humans

In humans, emptying of a small radiolabeled 
nutrient meal into the duodenum or direct intra-
duodenal infusion of substances that stimulate 
duodenal chemoreceptors causes inhibition of 
antral motility and stimulation of localized tonic 
and phasic pyloric contractions [10–13]. This 
pattern of response is maintained for at least 
90 minutes by continuous provocative intraduo-
denal infusions [10, 14–17] and is blocked by 
atropine [15, 17].

Concurrent fluoroscopy and manometry in 11 
healthy men has directly confirmed that a pro-
vocative duodenal infusion causes active closure 
of the pylorus during localized pyloric tonic and 
phasic contractions [9] (Fig.  3.3). This finding 
emphasizes the capability of the pylorus to seal 
off the exit from the stomach, while inhibition of 
the proximal and distal stomach contractions can 
only suspend gastric pumping and grinding. The 
“plug in the bottle” function of the pylorus might 
be a mechanism that becomes progressively more 
important, as the larger the size of the meal, the 
greater is the passive force that favors emptying 
across a relaxed pylorus. However, there is a 
dearth of data on gastro-pyloro-duodenal motor 
function after consumption of a normal-sized 
“main” meal.

3.5.3	� Studies in Pigs and Dogs 
of Pathways via Which 
Duodenal Chemoreceptors 
Alter Antral and Pyloric Motor 
Function

In chronic studies in awake pigs with intact vagi, 
pyloric excision abolished the inhibition of antral 
pressure events normally induced by duodenal 

infusion of an isotonic dextrose/saline solution 
[18]. This suggests that the antral inhibition is 
signaled by intramural nerves (divided by the 
pyloric excision) that travel orad from the duode-
num to the antrum, a conclusion that is at odds 
with studies of duodenal transection discussed in 
the next paragraph.

Duodenal transection with immediate reanas-
tomosis (and no resection) restores normal gross 
anatomy but results in persisting interruption of 
intramural nervous pathways. This intervention 
has only been used in pigs to investigate path-
ways activated by duodenal distension that slow 
gastric emptying. In six unsedated, trained pigs, 
midduodenal balloon distension caused a dose-
related stimulation of localized pyloric contrac-
tions, inhibition of antral pressure events, and 
retardation of gastric emptying [19]. In another 
six pigs whose duodenum had been transected 
just aborad of the pylorus, duodenal balloon dis-
tension failed to stimulate pyloric motor func-
tion, consistent with this being caused by 
ascending intramural nerves. Confusingly 
though, given the findings discussed in the para-
graph immediately above [18], the duodenal bal-
loon distension-induced antral motor inhibition 
persisted [19], suggesting these effects were 
vagally induced.

In a study of antral transection in five awake 
pigs, control measurements before transection 
confirmed that intraduodenal infusion of 25% 
dextrose stimulated localized pyloric contrac-
tions and inhibited antral pressure events [20]. 
The antrum was then transected 2 cm orad of the 
pylorus: as expected, the 25% dextrose-induced 
stimulation of localized pyloric contractions per-
sisted, but the inhibition of antral motility was 
unaffected by the antral transection, consistent 
with it being mediated via the vagus.

An approach developed by E.E Daniel has 
been used to investigate pathways of duodenal 
control of pyloric motor function in acute studies 
on laparotomized, anesthetized dogs [21, 22] 
(Fig.  3.4). Bilateral cervical vagotomy had no 
consistent effect on sleeve-recorded localized 
basal pyloric motility. Electrical field stimulation 
of the proximal duodenum stimulated localized 
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Fig. 3.3  Fluoroscopic appearances of the antrum (right 
side) pylorus (center) and proximal duodenum (left side) 
in a healthy human volunteer during stimulation of local-
ized pyloric contractions by an intraduodenal fat infusion. 
The concurrent pyloric sleeve pressure recording dis-
played in the lower frame synchronized fluoroscopy with 

manometry. The narrow pyloric ring is closed over the 
sleeve assembly (the radio-opacity across the pyloric ring 
is due to a spring-wire sleeve stiffener), and during this 
motor pattern, no barium traversed the pylorus. 
(Reproduced with permission from Ref. [9])

pyloric contractions, an effect blocked by the tar-
geted intra-arterial delivery of atropine, hexame-
thonium, and tetrodotoxin to the proximal 
duodenal/pyloric region. Duodenal transection 
orad of the duodenal field stimulation electrodes 
also abolished their effect on pyloric motility, 
indicating that the pylorus was stimulated by an 
ascending intramural pathway from the duode-
num to the pyloric ring [21].

A further study in anesthetized dogs [22] doc-
umented stimulation of phasic and tonic local-
ized pyloric and proximal duodenal pressure 
events within several seconds of the start of an 
intraduodenal infusion (0.92  ml/minute for 
2 minute) of 0.1 normal hydrochloric acid. This 
response was mimicked by intraduodenal infu-
sion of the sensory nerve-end stimulant, phenyl-
biguanide. In contrast, these acid-induced pyloric 
phasic and tonic pressure events were blocked by 
an intraduodenal infusion of 2% xylocaine and 
intravenous or close intra-arterial injection of 
atropine or hexamethonium. Bilateral cervical 
vagotomy had no effect on these pyloric 
responses.

3.6	� Synthesis: Paths of Duodenal 
Chemoreceptor Control 
of Antral and Pyloric Motor 
Function During Normal 
Nutrient Processing

Though the data summarized above on the path-
ways of duodenal chemoreceptor control of 
antral motor function are conflicting, the weight 
of the evidence suggests that the vagi are the 
main signaling pathway through which duodenal 
chemoreceptors modulate antral motility via a 
vago-vagal pathway.

Data on the pylorus point overwhelmingly to 
duodenal chemoreceptors stimulating the pylorus 
via ascending duodenal intramural nerves. 
Pharmacological data, mainly from anesthetized 
dogs, are consistent with this pathway being a 
chain of orally projecting cholinergic nerves.

The existence of a rich extrinsic innervation in 
the stomach and pylorus [4] is a reminder that the 
vagus can influence gastric motor function as 
well as secretion. The retardation of emptying by 
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Fig. 3.4  Schematic of the technique developed by EE 
Daniel, which was used by Allescher et al. [22] to investi-
gate pyloric motor function in the anesthetized dog. A 
multilumen sleeve/side-hole catheter was passed via a 
gastrotomy so that the 3  cm sleeve (S) was astride the 
pylorus and side-holes (SH) were in the antrum and duo-
denum at each end of the sleeve. Strain gauges (SG) were 
sutured to the antrum and proximal duodenum. Silver 

wire electrical field stimulation electrodes (E) were 
embedded in the proximal duodenum. Two cannulae 
enabled close intra-arterial injections of drugs to the pylo-
rus and antrum. The perfusion territory covered by these 
cannulae was confirmed initially by observing blanching 
following an injection of a bolus of Krebs solution and at 
the end of each study by injection of black ink. 
(Reproduced with permission from Ref. [21])

truncal vagotomy [5] mentioned in Sect. 3.3 
(Fig.  3.1) was probably due to interruption of 
descending vagal nerves that modulate the spatial 
patterning of gastric motor function. These 
extrinsic nerves enter the wall of the stomach and 
then project intramurally along the antrum. 
Studies in pigs have shown that division of these 
nerves by antral transection with reanastomosis 
retards gastric emptying by causing earlier-than-
normal closure of the pyloric ring during antro-
pyloric contractions, with reduction of the 
volume of flow pulses delivered into the duode-
num [20].

The modulation of motor mechanisms by duo-
denal chemoreceptors that occurs within seconds, 
and the data from physical and pharmacological 
interventions on duodenal intramural nervous 

pathways indicate that neural pathways are of 
paramount importance for driving duodenal che-
moreceptor–induced modulations of antro-
pyloric motor function. This does not exclude the 
possibility that hormone release can, in certain 
circumstances, also play a modulatory role.

3.7	� Duodenal Chemoreceptors 
and the Duodenal Brake 
Mechanism

The term “duodenal brake” appears to have first 
been used by Shadidullah et al. in 1975 [5], but 
this term was then used to refer to the ability of 
duodenal luminal receptors to slow gastric emp-
tying, through undefined motor mechanisms. Rao 
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et al. have revived and extended the concept of a 
“duodenal brake” with limited fluoroscopic data 
that indicate that there is a motor mechanism, 
which can prevent outflow of duodenal content 
into the proximal jejunum [23].

In a recent manometric study summarized 
below, we have described a specialized zone of 
motor function, which extends from the very dis-
tal duodenum into the proximal jejunum; we 
have proposed that this is the brake mechanism. 
Furthermore, we suggest that this mechanism 
plays a significant role in the control of normal 
nutrient emptying.

3.7.1	� Fluoroscopic Demonstration 
of the Duodenal Brake

Fluoroscopic observations in healthy subjects by 
Rao et al. (1996) have revealed a motor mecha-
nism at the very distal duodenum of healthy sub-
jects, which causes closure of the extreme distal 
duodenal lumen [23]. This occlusion was trig-
gered by an intraduodenal infusion of the lipid-
rich sodium oleate solution made radio-opaque 
with a barium suspension. The duodenal closure 
developed within about 15 seconds of starting the 
1  minute 0.33  ml/second infusion (Fig.  3.5). 
Control normal saline/barium duodenal infusions 
passed freely into the jejunum.

The above duodenal infusates were probably 
supraphysiological and so, activation of the duo-
denal brake could have been either due to a 
mechanism normally active during gastric emp-
tying of nutrient or to a duodenal “alarm” 
response to a pathologically intense stimulus.

3.7.2	� Manometric Definition 
of the Duodenal Brake

The study of Rao et  al. [23] included measure-
ments from several duodenal manometric sen-
sors, but all of these were positioned well orad of 
the duodenal brake zone defined on fluoroscopy. 
In a study of healthy subjects, we have used a 
high-resolution, fiber-optic manometric catheter 
incorporating 72 sensors, each spaced at 1  cm 

intervals [24]. This had been modified especially 
for upper gastrointestinal intubation [25] and 
enabled sensors to be placed into the region of the 
duodenal brake, allowing for the first detailed 
manometric recordings of fed-state pressure pat-
terns within the region. After a period of fasting 
recordings, fed-state pressure patterns were 
recorded for at least an hour after ingestion of a 
200 ml, 480 kcal nutrient drink.

Fed-state recordings  In all 15 subjects, the most 
aborad pressure sensor was beyond the duodeno-
jejunal flexure, and in 12, it was at least 15 cm 
beyond this landmark. Thus, the zone of the duo-
denal brake identified by Rao et al. [24] was well 
encompassed. After ingestion of the nutrient 
drink, each subject showed development of a 
sharp transition of pressure patterns at a mean of 
18.8 ± 3.7 cm (range 13–28 cm) aborad from the 
pylorus [25] (Fig.  3.6). Beyond this transition 
point, the dominant motor pattern was regular, 
nonpropagating pressure events at 
11.5 ± 0.5 cycles per minute, which extended to 
the end of the recording sensors in all subjects, in 
some cases for more than 20 cm aborad from the 
transition point. We named this motor pattern the 
duodeno-jejunal complex (DJC).

Orad of the transition point, in the duodenal 
loop, pressure events were less frequent and 
dominated by aborad-propagated events at a rate 
of 4–6/minute, more than half of which travelled 
more than 10 cm along the duodenal loop region 
(Figs. 3.6 and 3.7). These data show that the duo-
denum and upper jejunum have two major zones 
from the perspective of fed-state motor function: 
the zone between the pylorus and transition point 
has been named the duodenal loop (DL) region 
and that aborad from the transition the duodeno-
jejunal (DJ) region [25].

Typically, vigorous DJC activity started within 
90 seconds after complete ingestion of the nutri-
ent drink. In some subjects, DJC activity occurred 
in clusters, the onsets of which were usually 
associated with pressure events that propagated 
from the antrum across the pylorus deep into the 
DL region (Fig. 3.7), a pattern previously shown 
to propel a pulse of gastric content into the duo-
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Fig. 3.5  This shows simultaneous fluoroscopic imaging 
and manometry of the duodenum. The brake was stimu-
lated with sodium oleate mixed with a 20% barium sus-
pension. Fluoroscopy showed occlusion of the most distal 
part of the duodenum for the entire 52 seconds of fluoro-
scopic observation: the infusate remained within the duo-

denal loop. The right-hand panel displays concurrently 
recorded duodenal loop pressures, but the most aborad 
sensor was not within the occluded distal duodenum/prox-
imal jejunum. (Reproduced with permission from Ref. 
[23])

denum [8]. In all subjects, DJC activity remained 
prominent for the hour of fed-state recordings.

Fasting recordings  Review of the period of fast-
ing recording immediately before ingestion of 
the nutrient drink also revealed a less obvious 
transition point of motor function in the same 
position as in the fed state (Fig. 3.8). Aborad of 
the transition, there was short-extent, low-
amplitude DJC activity, which usually occurred 
in brief clusters, associated with just-prior groups 
of vigorous, propagated phase II antro-duodenal 
pressure events, most of which extended more 
than 10  cm into the duodenal loop region 
(Fig.  3.8). These events are known to empty 
pulses of acid into and along the duodenum [26], 
suggesting that fasting DJC activity is driven at 
least in part by episodic entry of presumably 
small volumes of acid into the duodenum during 
the highly expulsive Phase II interdigestive motor 

activity. The right-hand panel of Fig. 3.8 shows a 
period of fed-state recording in the same subject 
for comparison.

3.8	� Synthesis: Interpretation 
of Duodeno-Jejunal 
Complex Activity

3.8.1	� Spatial Correlation of DJC 
Activity

An abdominal X-ray at the end of recordings 
described above defined the positions of the 
radio-opaque fiber-optic sensors, so the position 
of the transition point of motor function at the 
orad margin of DJC activity could be accurately 
located in each subject. This position was consis-
tent with the localization of the duodenal brake 
by Rao et al. [23]
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Fig. 3.6  The upper panel (a) shows a 22-minute period of 
very intense fed-state duodeno-jejunal complex (DJC) 
activity, which emphasizes the existence of the transition 
point between the differing motor patterns in the duodenal 
loop and duodeno-jejunal regions. The lower panel (b) 

shows a very time-expanded small section of panel 
A. This shows the nonpropagated obstructive pattern of 
DJC activity, which extends well into the proximal jeju-
num. (Reproduced with permission from Ref. [25])

3.8.2	� The Mechanical Outcome 
of DJC Activity

The repetitive, nonperistaltic, and high-frequency 
pattern of DJC pressure events is consistent with 
it impeding luminal flow (Fig. 3.6). The pattern 
of DJC activity resembles phase III of the migrat-
ing motor complex, except it is somewhat 
“ragged,” originates close to the duodeno-jejunal 
flexure, and does not propagate aborad along the 
duodenum and jejunum in a stereotyped pattern. 
Correlation of fluoroscopy with manometry by 
Schemann and Ehrlein (1986) has shown that the 

segment of small intestine involved in phase III 
activity of the migrating motor complex is 
occluded [27].

3.8.3	� Entry of Chyme into 
the Duodenum Stimulates 
DJC Activity

The intensity, prevalence, and distal extent of 
DJC activity were strikingly greater in the fed 
state compared to fasting, consistent with  
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Fig. 3.7  The top panel (a) shows a 26-minute period of 
fed-state clustered DJC activity. The two panels below are 
time-expanded tracings (see time-base at the bottom of 
each panel). The left panel (b) mainly shows pressures 
aborad of the transition point. The right panel (c) is 

entirely from the duodenal loop region. Most of the very 
long segment, relatively slowly propagated antro-
duodenal pressure events travel to the transition point. 
(Reproduced with permission from Ref. [25])

Fig. 3.8  The two panels show fasting and fed-state 
recordings from the same subject. The left-hand panel 
shows three main clusters of fasting DJC activity, follow-
ing a series of phase II antro-duodenal pressure events. 

Following the nutrient drink (right-hand panel), DJC 
activity is much more sustained and vigorous. (Reproduced 
with permission from Ref. [25])

their stimulation by chyme. As described  
above, clusters of DJC activity were usually 
closely preceded by expulsive antro-duodenal 
pressure events both during fasting and after  
the nutrient drink was consumed (Figs.  3.7  
and 3.8).

3.8.4	� Physiological Significance 
of DJC Activity

The considerable DJC activity that occurred dur-
ing emptying of a very modest volume of highly 
nutrient liquid indicates that DJC activity is a 
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physiological mechanism, active during normal 
gastric emptying. An obvious next step in 
researching DJC activity would be to determine 
directly whether and when this motor activity 
prevents duodenal outflow and whether this is 
stimulated in a dose-related fashion by graded 
rates of delivery of provocative solutions into the 
duodenum. Such studies could be done in 
animals.

We have proposed [25] that the retention of 
content within the duodenum, along with the 
mixing duodenal loop contractions [23], ensures 
that the normal gastric, duodenal mucosal, 
hepatic, and pancreatic secretions that all come 
together in the duodenal loop (the most complex 
digestive region of the gut) are well mixed with 
chyme. We further propose that once the duode-
nal chemoreceptors detect adequate chemical 
processing of the duodenal content, the stimulus 
for DJC activity subsides, allowing emptying 
into the jejunum.

3.8.5	� Pathways of Stimulation 
of DJC Activity

Assuming that DJC activity is a basic physiologi-
cal mechanism present in animals other than 
humans, the pathways that control it could be 
studied directly in acute experiments with tech-
niques similar to those used by Allescher et al. in 
dogs [21] (Fig. 3.4). The clustered patterning of 
DJC activity in close temporal association with 
propagated expulsive antro-duodenal pressure 
events is consistent with aborad signaling from 
duodenal chemoreceptors to the duodenal brake 
region on a second-by-second basis. Neural sig-
naling is the only feasible mechanism.

Given the data that support signaling from 
duodenal chemoreceptors via ascending intra-
mural nerve pathways to the pylorus discussed 
in Sect. 3.6, by far the most likely neural signal-
ing pathway would seem to be descending intra-
mural nerves to the region of the duodenal 
brake.

3.9	� Potential Clinical 
Significance of the Duodenal 
Brake

This can only be a “blue sky” commentary, given 
the limited data available. An abnormally overac-
tive duodenal brake has the potential to hold the 
normal upstream motor mechanisms that control 
gastric emptying to ransom. Duodenal dilatation 
activates localized pyloric contractions and inhi-
bition of antral contractions, with attendant 
restriction of gastric outflow [19]. Abnormal 
retention of content in the duodenum could also 
cause persistent stimulation of duodenal chemo-
receptors. The other side of the coin, a “lazy” 
duodenal brake mechanism, could allow prema-
ture release of the duodenal content into the jeju-
num, with attendant symptoms due to jejunal 
maldigestion.

By determining the rate of emptying of carbo-
hydrates into the duodenum, duodenal and prob-
ably jejunal chemoreceptors also influence 
glucose tolerance. A high sugar and fat diet 
causes hypertrophy of the duodenal mucosa in 
rats with an unusually high density of entero-
chromaffin cells, in association with develop-
ment/worsening of diabetes [28]. Similar 
duodenal mucosal and small intestinal mucosal 
hypertrophy has also been reported in diabetic 
patients compared to healthy controls [28]. 
Furthermore, when the duodenum (and its che-
mosensors) is bypassed surgically in patients 
with type 2 diabetes and nonalcoholic liver dis-
ease, blood glucose control and measures of liver 
disease activity have improved [28].

Van Baar et al. (2020) [29] report that endo-
scopic hydrothermal ablation of all of the duode-
nal mucosa aborad of the sphincter of Oddi in 37 
poorly-controlled type 2 diabetic patients was 
associated with clinically valuable improvements 
of measures of blood glucose control and blood 
levels of markers of nonalcoholic fatty liver dis-
ease (p  <  0.001). These effects persisted at 
12  months. Unfortunately, this study did not 
include any measurements of motor function or 
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detailed reporting of duodenal mucosal histology. 
These remarkable results emphasize the impor-
tance of working toward better understanding of 
duodenal chemoreceptor signaling pathways.
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