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ABSTRACT
This review focuses on mechanosensitive enteric neurons (MEN) in the guinea pig stomach and their roles in gastric motor reflex 
pathways. The guinea pig model is advantageous for studying gastric physiology, as its stomach structure and function closely 
resemble those of humans. Gastric motility involves distinct functional regions: the fundus and proximal corpus act as reser-
voirs, while the distal corpus and antrum handle food mixing and propulsion. Mechanosensitivity in both gastric cholinergic 
and nitrergic enteric neurons plays a critical role in adapting muscle activity in response to gastric content volume. These neu-
rons enable reflex circuits involved in the accommodation reflex, with cholinergic excitatory and nitrergic inhibitory pathways 
promoting relaxation. This review summarizes the anatomical, functional, and neurochemical characteristics of MEN across 
gastric regions, their direct and indirect interactions with smooth muscle, and the role of distinct neurotransmitters in modulat-
ing gastric motility. The need for future studies on mechanosensitive pathways and involved neuronal receptors is highlighted to 
enhance our understanding, finally aiding therapeutic development.

1   |   The Guinea Pig as a Model to Study the Human 
Stomach

In monogastric species, the stomach is a part of the digestive tract 
specialized in the storage and the mechanical and chemical di-
gestion of food, particularly of proteins and fat. Functionally, the 
monogastric stomach is divided into the fundus and the proxi-
mal third of the corpus, serving as a reservoir for the incoming 
food [1–4] and the distal corpus and the antrum, mainly respon-
sible for grinding, mixing, and transporting the content further 
into the duodenum [5]. In order to fulfill these functions, differ-
ent motility patterns are present in the described distinct gas-
tric regions. However, the underlying regulatory (fine- tuning) 
mechanisms are only incompletely understood. This is a critical 
point, as the number of human patients suffering from gastric 
dysfunctions and related motility disorders, such as functional 

dyspepsia (FD) and gastroparesis, has increased worldwide over 
the last few decades [6].

Recently, functional imaging techniques have been adopted to 
better investigate and understand gastric motility reflex circuits 
in human subjects in vivo [7, 8]. However, in vitro examination 
of fresh and hence vital gastric tissue preparations is indispens-
able to investigate underlying mechanisms on a cellular level. 
Since access to such fresh gastric tissue samples from human 
patients is limited due to ethical reasons, animal models are 
an important and useful tool. Rodents are commonly used ani-
mal models in gastrointestinal research, each offering different 
advantages. Mice, for instance, can be quite easily genetically 
modified, with many transgenic models available to study spe-
cific aspects of gastric function or disease. However, the gas-
tric anatomy and physiological processes in mice differ more 
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significantly from humans, making them less ideal for studying 
human- specific stomach conditions. For instance, the presence 
of a nonglandular forestomach in mice without secretory activ-
ity, which is absent in humans [9], or large differences in gastric 
emptying rates and pH [10]. The guinea pig's gastrointestinal 
tract represents a good model for humans for several reasons: 
the anatomical and functional divisions of its stomach are quite 
similar to those of humans. Guinea pigs have only glandular 
stomachs with a cylindrical epithelium. The gastric pH and 
its regional difference, with higher values in the fundus than 
in the antrum, are similar to the situation in humans [11–13]. 
Additionally, exhibiting a crepuscular activity pattern, rather 
than a nocturnal one like mice and rats, with peaks during the 
beginning and end of the light period and a significantly greater 
amount of feed intake during the light than during the dark pe-
riod [14]; even though this differs from the (planned) meals with 
intermittent periods common for humans, it is clearly advanta-
geous compared to strictly nocturnal species like mice and rats. 
In both species, humans and guinea pigs, the interstitial cells 
of Cajal (ICCs) act as intrinsic pacemakers for regular gastric 
contractions [15, 16]. Furthermore, the gastric enteric nervous 
system (ENS) shows a comparable structure in guinea pigs and 
humans, with submucosal neurons only sporadically present, 
except for the human antrum, where a slightly more developed 
submucosal network can be found. In both species, acetylcho-
line (ACh) represents the main excitatory neurotransmitter and 
nitric oxide (NO) the main inhibitory one (mostly in combina-
tion with the accessory transmitter vasoactive intestinal peptide 
(VIP)). The neuronal populations expressing these neurotrans-
mitters are present in comparable proportions in guinea pigs 
and humans [17–21].

2   |   Stomach Regions and Motility

The retention period of the ingesta in the stomach varies de-
pending on many factors, including the biochemical properties 
and the physical structure, as well as the quantity of food pres-
ent in the stomach and in the duodenum (gastrointestinal feed-
back). Due to the mentioned functional compartmentalization, 
the motility of the stomach is complex and quite different from 
the other regions of the gastrointestinal tract. Briefly, tonic and 

phasic contractions can be distinguished, either lasting for sev-
eral seconds to minutes with a slow increase in pressure [22] 
or lasting for only a few seconds, resulting in a rapid increase 
in intragastric pressure. The fundus, to fulfill the task of a res-
ervoir, needs to be able to relax and accommodate and hence 
shows mainly tonic muscle activity. The proximal part of the 
corpus, similar to the fundus, plays a role in the accommoda-
tion reflex, whereas the more distal part of the corpus is import-
ant for propulsion and retropulsion and for mixing the stomach 
contents, and it exhibits both tonic and phasic muscle activity. 
The antrum strongly mixes and crushes its contents and empties 
food particles into the duodenum: here, phasic muscle activity 
clearly dominates. Stomach motility, as well as gastrogastral and 
gastrointestinal reflexes, are complex and controlled by an in-
terplay between the intrinsic input by the ENS and innervation 
by extrinsic, mainly vagal afferent and efferent fibers. The main 
players are, in this context, sensory, inter-  and motoneurons, 
ICCs, and smooth muscle cells. Gastric smooth muscle activity 
is controlled by both neurogenic and myogenic mechanisms 
[23]. Myogenic activity, defined as the inherent ability of mus-
cle contraction without external neuronal input, is driven by the 
intrinsic pacemaker cells, the ICCs. They form an electrically 
coupled network in the myenteric plexus (ICC- MY) and intra-
muscularly (ICC- IM). ICCs are electrically coupled with smooth 
muscle cells and generate inward calcium currents, resulting 
in propagating, slow changes in membrane potentials, defined 
as slow waves [24–27]. At the maximal amplitude of such slow 
waves, an additional excitatory input (such as neuronal input) 
is able to depolarize the smooth muscle cell, finally resulting in 
muscle contraction. In the stomach, successive descending gas-
tric contractions are triggered by slow waves, which originate in 
the corpus. These waves occur regularly (3 or 5 per minute in the 
guinea pig and in the human stomach, respectively) and in the 
antrum slowly conduct in the anal direction but more rapidly in 
the circumferential direction [28]. Neurogenic control of muscle 
activity is mediated by enteric neurons: Excitatory enteric moto-
neurons depolarize smooth muscle cells either directly via ACh 
acting on muscarinic receptors, together with tachykinins as ac-
cessory transmitters, or indirectly via ICCs. Enteric inhibitory 
motoneurons mediate muscle relaxation directly by releasing 
NO, adenosine triphosphate (ATP), VIP, or indirectly via ICCs. 
Most data indicate that an intact myenteric plexus is required for 
the coordination of gastric motility and emptying [29–31].

3   |   The Gastric Myenteric Plexus

Within the guinea pig stomach, the myenteric plexus shows a 
different appearance and number of neurons per ganglion in 
the distinct gastric regions. In the fundus and near the cardiac 
orifice, the ganglia are small and elongated, typically contain-
ing an average of five to ten neurons per ganglion. Conversely, 
in the antrum, the ganglia are very large and densely packed 
[32]. The ganglia in the fundus are sparsely distributed and 
isolated with few, long interganglionic fibers, whereas in the 
antrum, they are connected with numerous short intergan-
glionic fibers (Figure 1). An average neuronal count of 3500 
neurons per cm2 is reported in the fundus, compared with 
more than 20,000 neurons per cm2 in the antrum of the guinea 
pig [32].

Summary

• The stomach of monogastric species is functionally di-
vided into the fundus and proximal corpus acting as 
reservoirs and the distal corpus and antrum handling 
food mixing and propulsion.

• Mechanosensitive enteric neurons (MEN) have been 
identified in all stomach regions and play a critical role 
especially in mediating the accommodation reflex.

• Gastric neurons, including MEN, use several neuro-
transmitters such as ACh, NO, and SP, for mediating 
the distinct motility patterns.

• At least some of the gastric MEN display a multifunc-
tional pattern, directly communicating with the gas-
tric smooth muscle cells.
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4   |   Neuronal Populations in the Stomach

The enzymes required for the synthesis of the main neurotrans-
mitters ACh and NO are choline acetyltransferase (ChAT) 
and neuronal nitric oxide synthase (nNOS), respectively. 
Immunohistochemical staining for these enzymes identifies 

enteric neurons immunoreactive (IR) for ChAT and nNOS and 
allows for a neuronal categorization, since a colocalization of 
both neurotransmitters does almost not occur in gastric my-
enteric neurons [33, 34]. Studies revealed that in the guinea pig 
stomach, 64% of ChAT- IR myenteric neurons were motoneurons, 
27% nonmotoneurons, and 9% multitarget neurons, whereas of 
the NOS- IR myenteric neurons, 57% were motoneurons, 39% 
nonmotoneurons, and 4% multitarget neurons [33]. A more pre-
cise categorization can be made based on the coexpression of 
further transmitters such as enkephalin, substance P (SP), neu-
ropeptide Y, VIP, serotonin (5- HT), calretinin, or calbindin [35]. 
Multiple studies in the guinea pig stomach reported specific 
neurochemical coding for myenteric neurons, depending on 
their respective targets such as mucosa, longitudinal, or circular 
muscle layer [35–40]. The myenteric neurons display a region- 
specific diversity in the expression of the abovementioned neu-
rotransmitters (Table 1). Contrary to mice and humans [41, 42], 
in myenteric neurons from the guinea pig, no single- cell RNA 
sequencing has been conducted so far. Therefore, a more de-
tailed molecular characterization is still pending.

The electrophysiological behavior of gastric myenteric neurons 
has been extensively investigated in the guinea pig with in-
tracellular recording methods [43–46]. These studies showed 
that gastric neurons differed significantly from their intestinal 
counterparts. With regard to their electrophysiological prop-
erties, three neuronal subpopulations have been identified in 
the corpus: Gastric I, II, and III neurons. Gastric I neurons are 
characterized by repetitive spike discharge during depolarizing 
current pulses and by higher input resistance than the other 
types. Gastric II neurons discharged one or two spikes only at 
the onset of long- lasting depolarizing current pulses. Gastric 
III neurons did not discharge spikes to depolarizing current 
pulses and had higher membrane potentials and lower input re-
sistances than the other types [43]. In the antrum also neurons 
with long- lasting hyperpolarizing after- potentials (AH/Type 2) 
were also identified [46]. Most gastric neurons receive fast ex-
citatory postsynaptic potentials (fEPSPs). Slow EPSPs have not 
been recorded in the corpus, while they were present in 14% of 
the antral neurons (mostly AH/Type 2) [45]. Inhibitory postsyn-
aptic potentials (IPSPs) have not been recorded [44] in the cor-
pus and rarely in the antrum [45]. Thus, the differences in the 
electrical and synaptic behavior are likely to reflect adaptations 
connected with the specialized digestive functions of the differ-
ent gastric regions.

5   |   Accommodation Reflexes

The (proximal) stomach is able to accommodate even before the 
ingesta enter. The involved reflexes seem to be highly conserved 
since they are present in all mammals with single- compartment 
stomachs, including humans, pigs, dogs, cats, rats, mice, and 
guinea pigs, with some differences in the volume change of the 
proximal stomach in species that ingest brief, large meals, such as 
cats and dogs [3]. Figure 2 depicts the involved reflex circuits in 
humans. Conditioned and unconditioned stimuli (e.g., smelling or 
seeing tasty food) initiate this reflex. Extrinsic vagal afferent and 
efferent fibers control the initial receptive relaxation of the fundus. 
Vagal afferent fibers conduct the information toward the central 

FIGURE 1    |    Regional differences in the appearance of the myenteric 
plexus ganglia of the guinea pig stomach. Staining of myenteric ganglia 
for nicotinamide adenine dinucleotide phosphate- diaphorase (NADPH) 
in the proximal and distal stomach: In the fundus (A) the myenteric 
ganglia are very small in size and sparsely distributed, creating a loosely 
organized network. In the antrum (B), the ganglia are huge in size and 
densely packed. Scale bar = 100 μm.
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nervous system, from where vagal efferent fibers connect via nico-
tinic synaptic transmission to myenteric inhibitory motoneurons, 
therefore using the ENS as a relay station. Such inhibitory moto-
neurons release neurotransmitters, mainly NO, mediating smooth 
muscle relaxation. This vagovagal reflex has been described in de-
tail in rodents and in humans [47, 48].

With ingesta entering the stomach, leading to an increase in the 
intragastric volume, a further accommodation reflex is initiated: 
the adaptive relaxation. Since it has been shown in various spe-
cies that this reflex is still present in isolated stomach prepara-
tions, it was concluded that it is mainly dependent on the ENS 
[4, 47, 49, 50]. It is triggered by mechanosensors located in the 
oral part of the stomach, which communicate with nitrergic mo-
toneurons mediating smooth muscle cell relaxation via mainly 
NO. Even though the adaptive relaxation is predominantly regu-
lated by the ENS, nevertheless, vagotomy leads to a substantially 
reduced relaxation, emphasizing that vagal nerve fibers at least 
play a modulatory role [51, 52].

6   |   Emptying Reflexes

Motility in the distal stomach is characterized by circumfer-
ential contractions starting from the pacemaker region in the 
proximal corpus and moving distally. As soon as the contrac-
tions reach the middle antrum, liquids and smaller particles 
are propelled through the pylorus into the duodenum. Larger 
particles are thrown back into the corpus due to the strong 
contraction diminishing the volume of the entire antrum.

While the proximal stomach contributes to gastric emptying 
by exerting tonic contractions and therefore creating a sta-
ble pressure on the content, the distal stomach exerts phasic 
contractions. These circular contractions occur at a mean fre-
quency of three contractions/min in the human corpus and 
antrum [8]. For the guinea pig stomach, such propagating 
peristaltic contractions have only been described in in  vitro 
studies. Here, the contractions were initiated by either rapid 
filling of the stomach or by electrical vagal stimulation [4, 53]. 

TABLE 1    |    Neurotransmitters in the guinea pig stomach. Several studies investigated neurotransmitters in the myenteric plexus of the different 
regions in the guinea pig stomach [5, 6, 33, 34, 37–39]. Neurons projecting to the mucosa are referred to as mucosa neurons, and neurons projecting 
to the muscle layers are referred to as muscle motoneurons. Neurotransmitters, which were not investigated in the respective region, are marked as 
not investigated (n.i.). Depending on the study, the proportions were not always given for the total number of neurons in the myenteric plexus, but 
as subpopulations as noted [59].

Fundus Corpus Antrum Targets/Functions

ChAT 57% of all myenteric neurons 67% 56%

79% of mucosa neurons 71% of mucosa neurons Mucosa

69% of muscle motoneurons CML and LML

nNOS 45% of all myenteric neurons 29% 40.7%

21% of mucosa neurons 28% of mucosa neurons Mucosa

31% of muscle motoneurons CML and LML

SP 6.4% of ChAT- IR 
mucosa neurons

33% 37.4% Excitatory function on 
smooth muscle layer

24.8% of ChAT- IR muscle 
motoneurons [37]

VIP n.i. 38% 21.7% At least some function as 
inhibitory motoneurons

NPY 66.7% of nNOS- IR neurons 38% 28.6% Unclear

4% of ChAT- IR neurons

5- HT n.i. 2% 3.9% Unclear, might mediate sEPSPs

CALRET 9% of all ENK- IR neurons 6% 6.8% At least in parts functioning 
as motoneurons

CALB 12%/4% n.d./ 12%/4% 0.5%/25%/16% Unclear, if functioning 
as sensory neurons

ENK 44% 55% n.i. in fundus primarily projecting to 
smooth muscle layers, not mucosa

Abbreviations: 5- HT, 5- hydroxytryptamine; CALB, calbindin; CALRET, calretinin; ChAT, choline acetyltransferase; CML, circular muscle layer; ENK, enkephalin; 
LML, longitudinal muscle layer; MP, myenteric plexus; n.d., not detected; nNOS, neuronal nitric oxide synthase; NPY, neuropeptide Y; sEPSP, slow excitatory 
postsynaptic potential; SP, substance P; VIP, vasoactive intestinal peptide.
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Both described a similar frequency of 5–6 contractions/min. 
The basis of those gastric contractions is the already described 
slow waves, originating from the ICCs located in the pace-
maker region [54, 55].

7   |   Mechanosensitive Enteric Neurons in the 
Guinea Pig Stomach

Enteric neurons capable of perceiving mechanical stimuli and 
directly mediating to the muscles by releasing different neu-
rotransmitters are called mechanosensitive enteric neurons 
(MEN). MEN have been identified in all regions of the stomach 
and by blocking nicotinic synaptic transmission using hexame-
thonium, it was shown that they are indeed directly activated by 
the applied mechanical stimuli. MEN can display various neu-
rochemical phenotypes and are present in different proportions 
in the three gastric regions: 16%, 27%, and 6% of the neurons per 
ganglion have been identified as MEN in the fundus, corpus, 
and antrum, respectively [56, 57]. The chemical phenotypes of 
MEN do also differ depending on the gastric compartment. In 
the corpus, 55% of MEN are cholinergic and 45% are nitrergic; in 

the fundus, 83% of MEN are cholinergic, and 19% are nitrergic, 
whereas in the antrum, MEN are equally distributed among 
the cholinergic and nitrergic populations. Differently from in-
testinal MEN, the responsiveness of gastric MEN is affected by 
desensitization of transient receptor potential vanilloid channel 
1 (TPRV1) expressing visceral afferents by long- term perfusion 
with capsaicin [56–58]. This indicates that the mechanosen-
sitivity of gastric MEN is modulated by the crosstalk between 
intrinsic and extrinsic innervation. It could be speculated that 
this signaling is at least partially mediated through tachykinins, 
likely neurokinin 3 (NK3). However, the perfusion with the 
NK3 antagonist SR142801 was effective in reducing the firing of 
MEN only in the corpus and not in the antrum, hinting toward 
region- specific effects of NK3 [57].

The involvement of other putative neuronal receptors in the 
mechanotransduction of gastric myenteric neurons in the 
guinea pig, such as the Piezo1 proteins or the TRPV2, which are 
involved in gastric accommodation in the mouse stomach, has 
been excluded by respective experiments [59–62].

Gastric MEN, in particular in the fundus, appear to have dif-
ferent activation thresholds; in particular, at a higher level of 
ganglionic stretch, more NOS- IR MEN are activated [63]. This 
is consistent with their possible role in coordinating the progres-
sive relaxation in response to volume increase in this compart-
ment during the adaptive relaxation reflex.

8   |   Circuits Involving MEN

The question of whether MEN directly communicate with 
smooth muscle cells or indirectly through second- order neu-
rons has been deeply investigated by our group. We performed 
a large number of experiments aiming to record neuronal ac-
tivity synaptically transmitted from activated MEN in a certain 
ganglion to neurons located in neighboring ganglia, referred 
to as second- order neurons (Figure 3). In case of recordable re-
sponses in second- order neurons, we blocked cholinergic neu-
ronal communication by hexamethonium. However, in both 

FIGURE 2    |    Schematic depiction of the reflex circuits involved in 
gastric accommodation. The figure exemplarily shows the situation in 
humans, but accounts for all mammals with single compartment stom-
achs, including the guinea pig. Mechanical stimulation in the oral cavi-
ty, pharynx, and esophagus leads to receptive relaxation in the proximal 
stomach (A). This extrinsic reflex circuit includes vagal afferent fibers 
projecting to the medulla oblongata as well as efferent fibers connecting 
to myenteric inhibitory motoneurons. These, in turn, release inhibitory 
neurotransmitters, such as NO, ATP, and VIP, leading to a relaxation of 
the smooth muscle. With further food ingestion, the adaptive relaxation 
as the second part of the accommodation starts, leading to further dila-
tion of the proximal stomach (B). This intrinsic reflex circuit is triggered 
by the activation of mechanoreceptors and chemoreceptors within the 
stomach. The activation of the inhibitory reflex circuits within the en-
teric nervous system leads to the release of NO, ATP, and VIP, thus to 
further relaxation of the smooth muscle layers [59]. ATP, adenosine tri-
phosphate; NO, nitric oxide; VIP, vasoactive intestinal peptide.

FIGURE 3    |    Experimental settings for detecting responses of 
second- order neurons. Mechanosensitive enteric neurons (MEN; in red) 
directly activated by a mechanical stimulus are supposed to send signals 
activating second- order neurons (in yellow) located in the neighboring 
ganglia. The blue pipette depicts the direction of the incoming mechani-
cal stimulation from the primarily stimulated ganglion [59].



6 of 10 Neurogastroenterology & Motility, 2025

regions, fundus (Figure 4) and antrum, we only recorded a few 
reproducible responses in the adjacent ganglia, mostly located in 
the ascendant direction [59]. Thus, in general, we could not con-
firm the projection of MEN to second- order neurons. This might 
have different reasons: Firstly, we showed that in the guinea 
pig ileum, MEN can be multifunctional, meaning that they act 
as sensory and motoneurons, directly projecting to the muscle 
layers and not to second- order neurons [58]. Secondly, the adap-
tive relaxation, as an intrinsic reflex, is independent of nicotinic 
synaptic transmission [64]. Thirdly, studies on the different pro-
jections of cholinergic and nitrergic myenteric neurons in the 
guinea pig stomach revealed that out of the ChAT- IR neurons, 
64% were motoneurons, 27% nonmotoneurons, and 9% multitar-
get neurons, whereas in the NOS- IR population, 57% were mo-
toneurons, 39% nonmotoneurons, and 4% multitarget neurons 
[33]. Therefore, more than half of the myenteric neurons func-
tion as motoneurons in the guinea pig stomach. If the concept of 
the multifunctionality of MEN also applies to the stomach, it is 
likely that at least some of the gastric MEN belong to this large 
group of motoneurons, directly projecting to the muscle layers 
and not to second- order neurons. The question arose of whether 
MEN project to neurons situated in ganglia not directly adja-
cent to the stimulated ganglia, but even farther away. Previous 
studies showed that in the guinea pig stomach, the length of 
ChAT- IR nonmotoneurons varies between 0.1 and 2.8 mm 
with a median of 0.7 mm, and the length of NADPH- positive 
nonmotoneurons (which colocalize with NOS- IR neurons [65]) 
ranges between 0.3 and 3.5 mm, with a median of 0.6 mm [33]. 

In another study, 11% of the interneurons exhibited short projec-
tions within a 1 mm radial area, most of the interneurons (65%) 
projecting within a radial area of 1.0–4.5 mm, and one fourth 
of the interneurons in the guinea pig stomach exhibited long 
projections in a radial area over 4.5 mm [35]. Based on this, we 
can state that at least some of the neurons possibly project to 
neurons in the directly neighboring ganglia. This includes the 
small group of interneurons with short projections of less than 
1 mm, as well as an indefinable proportion of the largest group 
with projection lengths between 1 and 4 mm. However, a quarter 
of the interneurons described by Schemann et al. appeared to 
project to targets farther away than just the neighboring ganglia 
[35]. These observations lead us to hypothesize that the majority 
of MEN is likely to be multifunctional and to directly project to 
the muscle.

9   |   Extrinsic Innervation in the Stomach and Its 
Connection With the ENS

The gastric extrinsic innervation is mostly parasympathetic and 
dominated by the vagus nerve. The vagus nerve originates from 
the medulla oblongata, specifically from the dorsal motor nu-
cleus of the vagus and the nucleus ambiguous. It has two main 
branches relevant for gastric innervation: the anterior (left) 
trunk and posterior (right) vagal trunk, which arise from the 
esophageal plexus as they pass through the diaphragm. The an-
terior vagal trunk mainly supplies the lesser curvature of the 

FIGURE 4    |    Recording from neighboring ganglia in the fundus. As indicated with the light blue pipette, the ganglion in the middle (1) was stim-
ulated by a small- volume intraganglionic injection. Here, two exemplary mechanosensitive neurons directly responded to the mechanical stimulus 
(two traces at the bottom). In the ganglion situated in the ascending direction (2), two neurons discharged single action potentials. Neurons in the 
connected ganglion lying in the circular muscle direction toward the greater curvature (3) were highly spontaneously active since their action po-
tential discharge already started before the application of the mechanical stimulus in the first ganglion. In two other connected ganglia (4 and 5), 
no neuronal activity could be detected [59].



7 of 10

stomach, including the antrum and pyloric region. The posterior 
vagal trunk provides branches to the greater curvature and the 
fundus of the stomach. The vagal branches contain both afferent 
and efferent fibers, albeit the afferent fibers clearly outnumber 
the efferent ones (~75%). With retrograde tracing methods differ-
ent kinds of afferent terminals have been described: for example, 
the low threshold vagal mechanosensors called “intraganglionic 
laminar endings” [66]. Within the stomach wall, the efferent 
vagal fibers synapse with myenteric neurons. They release ACh, 
activating nicotinic receptors on the myenteric neurons. The 
majority of myenteric neurons receive fEPSPs after stimulation 
of the vagus nerve. These were abolished by perfusion with the 
nicotinergic receptor blocker hexamethonium [67].

Sympathetic fibers innervating the stomach originate from the 
thoracic segments (T5- T9) of the spinal cord. These pregangli-
onic fibers travel through the sympathetic chain without syn-
apsing and form the greater splanchnic nerves. The greater 
splanchnic nerves synapse in the celiac ganglion, a major pre-
vertebral ganglion located near the origin of the celiac artery. 
From the celiac ganglion, postganglionic sympathetic fibers 
travel along the blood vessels to reach the stomach. These sym-
pathetic fibers release noradrenaline, which can bind to alpha- 2 
(α2) presynaptic adrenergic receptors, inhibiting myenteric neu-
ronal activity.

10   |   Gastric Reflex Pathways: Differences to the 
Intestine

The existence of polarized innervation pathways for the circular 
and longitudinal muscle layers in the gastric wall [33, 35, 36, 68] 
seems to indicate the existence of hardware circuits, which 
(similar to the small intestine) initiate ascending cholinergic 
excitatory and descending nitrergic inhibitory reflexes. These 
reflexes include prominent interneuronal connections (most 
myenteric neurons receive cholinergic input mediated by nic-
otinic ACh receptors) and are abolished by hexamethonium 
[44, 69]. However, there are substantial differences between 
the polarized innervation of the stomach and the small intes-
tine. These are likely based on the different functions of the 
two organs: storage and mixing versus resorption and aboral 
propulsion. Gastric ascending neurons outnumber descending 
ones, which is not the case in the ileum, and the gastric longitu-
dinal muscle layer receives a prominent inhibitory innervation, 
which seems to be critical for the specific motor pattern of the 
stomach [35, 70]. In the stomach, longitudinal and circular mus-
cle layers are synchronously activated to regulate muscle tone 
for accommodation or propulsion reflexes, while in the small 
intestine when the circular muscle contracts, the longitudinal 
muscle only exhibits a passive elongation [71]. Interestingly, in 
the stomach, the two muscle layers show different contractility 
properties, which are likely reflected by the stomach motility 
not only after neurogenic but also after myogenic activation 
[72]. Even structurally, great differences exist between the stom-
ach and the intestine: In the stomach, the submucosal plexus 
is only rudimentarily present. Moreover, the myenteric gangli-
onic network does not follow the circular muscle direction as in 
the intestine, but has a honeycomb structure. It is likely that the 
gastric myenteric neurons fulfill functions which, in other gut 
regions, are specifically coordinated by submucosal neurons.

11   |   Concluding Remarks and Outlook

Much progress has been made in recent years to unravel the 
neuronal foundations of the stomach's distinctive accommoda-
tion, emptying, and motility patterns. Studies have advanced 
our understanding of the structural and functional roles of vari-
ous cell types, such as the characterization of MEN as new play-
ers involved in gastric neuronal mechanosensitivity. However, 
numerous areas still require deeper investigation. Key aspects 
like the specific receptors that mediate mechanosensitivity in 
gastric neurons, the detailed involvement of ICCs in coordinat-
ing physiological gastric motor functions, and the application of 
modern single- cell RNA sequencing should be parts of future 
studies. Further research in these areas will help refine our un-
derstanding of gastric motility and its underlying mechanisms, 
ultimately aiding in the treatment of gastric motility disorders.

Author Contributions

S.M. was responsible for the design and creation of all figures included 
in this review, ensuring clarity and visual representation of key con-
cepts. G.M.- W. and K.E. conceived the article and drafted the manu-
script. All authors approved the final draft of the manuscript.

Acknowledgments

Open Access funding enabled and organized by Projekt DEAL.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data that support the findings of this study are available from the 
corresponding author upon reasonable request.

References

1. D. Bertoli, E. B. Mark, D. Liao, C. Brock, J. B. Frøkjaer, and A. M. 
Drewes, “A Novel MRI- Based Three- Dimensional Model of Stomach 
Volume, Surface Area, and Geometry in Response to Gastric Filling and 
Emptying,” Neurogastroenterology and Motility 35, no. 2 (2023): e14497, 
https:// doi. org/ 10. 1111/ nmo. 14497 .

2. D. Currò, V. Ipavec, and P. Preziosi, “Neurotransmitters of the Non- 
Adrenergic Non- Cholinergic Relaxation of Proximal Stomach,” Euro-
pean Review for Medical and Pharmacological Sciences 12, no. 1 (2008): 
53–62.

3. M. R. Di Natale, O. N. Athavale, X. Wang, et  al., “Functional and 
Anatomical Gastric Regions and Their Relations to Motility Control,” 
Neurogastroenterology and Motility 35, no. 9 (2023): e14560, https:// doi. 
org/ 10. 1111/ nmo. 14560 .

4. G. W. Hennig, S. J. Brookes, and M. Costa, “Excitatory and Inhibitory 
Motor Reflexes in the Isolated Guinea- Pig Stomach,” Journal of Physiol-
ogy 501, no. 1 (1997): 197–212.

5. S. R. Chaudhry, M. N. P. Liman, A. E. Omole, and D. C. Peterson, 
Anatomy, Abdomen and Pelvis: Stomach (StatPearls. StatPearls Publish-
ing, 2024), http:// www. ncbi. nlm. nih. gov/ books/  NBK48 2334/ .

6. I. Huang, J. Schol, R. Khatun, et  al., “Worldwide Prevalence and 
Burden of Gastroparesis- Like Symptoms as Defined by the United Eu-
ropean Gastroenterology (UEG) and European Society for Neurogastro-
enterology and Motility (ESNM) Consensus on Gastroparesis,” United 

https://doi.org/10.1111/nmo.14497
https://doi.org/10.1111/nmo.14560
https://doi.org/10.1111/nmo.14560
http://www.ncbi.nlm.nih.gov/books/NBK482334/


8 of 10 Neurogastroenterology & Motility, 2025

European Gastroenterology Journal 10, no. 8 (2022): 888–897, https:// 
doi. org/ 10. 1002/ ueg2. 12289 .

7. X. Wang, F. Alkaabi, M. Choi, et al., “Surface Mapping of Gastric Motor 
Functions Using MRI: A Comparative Study Between Humans and 
Rats,” American Journal of Physiology. Gastrointestinal and Liver Phys-
iology 327 (2024): G345–G359, https:// doi. org/ 10. 1152/ ajpgi. 00045. 2024.

8. K. H. Lu, Z. Liu, D. Jaffey, et al., “Automatic Assessment of Human 
Gastric Motility and Emptying From Dynamic 3D Magnetic Resonance 
Imaging,” Neurogastroenterology and Motility 34, no. 1 (2022): e14239, 
https:// doi. org/ 10. 1111/ nmo. 14239 .

9. N. G. Ghoshal and H. S. Bal, “Comparative Morphology of the Stom-
ach of Some Laboratory Mammals,” Laboratory Animals 23, no. 1 
(1989): 21–29, https:// doi. org/ 10. 1258/ 00236 77897 80886911.

10. R. Schwarz, A. Kaspar, J. Seelig, and B. Künnecke, “Gastrointestinal 
Transit Times in Mice and Humans Measured With 27Al and 19F Nu-
clear Magnetic Resonance,” Magnetic Resonance in Medicine 48, no. 2 
(2002): 255–261, https:// doi. org/ 10. 1002/ mrm. 10207 .

11. H. A. Merchant, E. L. McConnell, F. Liu, et al., “Assessment of Gas-
trointestinal pH, Fluid and Lymphoid Tissue in the Guinea Pig, Rabbit 
and Pig, and Implications for Their Use in Drug Development,” Euro-
pean Journal of Pharmaceutical Sciences 42, no. 1–2 (2011): 3–10, https:// 
doi. org/ 10. 1016/j. ejps. 2010. 09. 019.

12. G. McLauchlan, G. M. Fullarton, G. P. Crean, and K. E. McColl, 
“Comparison of Gastric Body and Antral pH: A 24 Hour Ambulatory 
Study in Healthy Volunteers,” Gut 30, no. 5 (1989): 573–578, https:// doi. 
org/ 10. 1136/ gut. 30.5. 573.

13. M. Yamamoto, H. Ishiwata, T. Yamada, K. Yoshihira, A. Tanimura, 
and I. Tomita, “Studies in the Guinea- Pig Stomach on the Formation 
of N- Nitrosomethylurea, From Methylurea and Sodium Nitrite, and Its 
Disappearance,” Food and Chemical Toxicology 25, no. 9 (1987): 663–
668, https:// doi. org/ 10. 1016/ 0278-  6915(87) 90099 -  8.

14. K. Elfers, Y. Armbrecht, and G. Mazzuoli- Weber, “Good to Know: 
Baseline Data on Feed Intake, Fecal Pellet Output and Intestinal Tran-
sit Time in Guinea Pig as a Frequently Used Model in Gastrointestinal 
Research,” Animals 11, no. 6 (2021): 1593, https:// doi. org/ 10. 3390/ ani11 
061593.

15. A. J. Burns, T. M. Herbert, S. M. Ward, and K. M. Sanders, “Intersti-
tial Cells of Cajal in the Guinea- Pig Gastrointestinal Tract as Revealed 
by c- Kit Immunohistochemistry,” Cell and Tissue Research 290, no. 1 
(1997): 11–20, https:// doi. org/ 10. 1007/ s0044 10050902.

16. L. Ibba Manneschi, S. Pacini, L. Corsani, P. Bechi, and M. S. 
Faussone- Pellegrini, “Interstitital Cells of Cajal in the Human Stomach: 
Distribution and Relationship With Enteric Innervation,” Histology and 
Histopathology 19, no. 4 (2004): 1153–1164, https:// doi. org/ 10. 14670/  
HH-  19. 1153.

17. K. M. Desai, T. D. Warner, A. E. Bishop, J. M. Polak, and J. R. Vane, 
“Nitric Oxide, and Not Vasoactive Intestinal Peptide, as the Main Neu-
rotransmitter of Vagally Induced Relaxation of the Guinea Pig Stom-
ach,” British Journal of Pharmacology 113, no. 4 (1994): 1197–1202, 
https:// doi. org/ 10. 1111/j. 1476-  5381. 1994. tb171 24. x.

18. J. M. Dick, L. A. Van Geldre, J. P. Timmermans, and R. A. Lefebvre, 
“Investigation of the Interaction Between Nitric Oxide and Vasoactive 
Intestinal Polypeptide in the Guinea- Pig Gastric Fundus,” British Jour-
nal of Pharmacology 129, no. 4 (2000): 751–763, https:// doi. org/ 10. 1038/ 
sj. bjp. 0703089.

19. J. R. Grider, M. B. Cable, S. I. Said, and G. M. Makhlouf, “Vasoactive 
Intestinal Peptide as a Neural Mediator of Gastric Relaxation,” Amer-
ican Journal of Physiology 248, no. 1 (1985): 73–78, https:// doi. org/ 10. 
1152/ ajpgi. 1985. 248.1. G73.

20. S. D. Kuiken, M. Vergeer, S. H. Heisterkamp, G. N. J. Tytgat, and G. 
E. E. Boeckxstaens, “Role of Nitric Oxide in Gastric Motor and Sensory 
Functions in Healthy Subjects,” Gut 51, no. 2 (2002): 212–218, https:// 
doi. org/ 10. 1136/ gut. 51.2. 212.

21. M. Tonini, R. De Giorgio, F. De Ponti, et al., “Role of Nitric Oxide-  
and Vasoactive Intestinal Polypeptide- Containing Neurones in Human 
Gastric Fundus Strip Relaxations,” British Journal of Pharmacology 129, 
no. 1 (2000): 12–20, https:// doi. org/ 10. 1038/ sj. bjp. 0702977.

22. T. Scratcherd and D. Grundy, “The Physiology of Intestinal Motil-
ity and Secretion,” British Journal of Anaesthesia 56, no. 1 (1984): 3–18, 
https:// doi. org/ 10. 1093/ bja/ 56.1. 3.

23. H. Gregersen and J. Christensen, “Gastrointestinal Tone,” Neurogas-
troenterology and Motility 12, no. 6 (2000): 501–508, https:// doi. org/ 10. 
1046/j. 1365-  2982. 2000. 00233. x.

24. L. Thuneberg, “Interstitial Cells of Cajal: Intestinal Pacemaker 
Cells?,” Advances in Anatomy, Embryology, and Cell Biology 71 (1982): 
1–130.

25. K. M. Sanders, “Ionic Mechanisms of Electrical Rhythmicity in Gas-
trointestinal Smooth Muscles,” Annual Review of Physiology 54 (1992): 
439–453, https:// doi. org/ 10. 1146/ annur ev. ph. 54. 030192. 002255.

26. E. J. Dickens, G. D. Hirst, and T. Tomita, “Identification of Rhyth-
mically Active Cells in Guinea- Pig Stomach,” Journal of Physiology 514, 
no. 2 (1999): 515–531, https:// doi. org/ 10. 1111/j. 1469-  7793. 1999. 515ae. x.

27. K. M. Sanders, S. D. Koh, and S. M. Ward, “Interstitial Cells of Cajal 
as Pacemakers in the Gastrointestinal Tract,” Annual Review of Physiol-
ogy 68, no. 1 (2006): 307–343, https:// doi. org/ 10. 1146/ annur ev. physi ol. 
68. 040504. 094718.

28. G. D. S. Hirst and F. R. Edwards, “Electrical Events Underlying Or-
ganized Myogenic Contractions of the Guinea Pig Stomach,” Journal of 
Physiology 576, no. 3 (2006): 659–665, https:// doi. org/ 10. 1113/ jphys iol. 
2006. 116491.

29. F. Poos, “Zur Differenzierung der Magenfunktion Hinsichtlich Reiz-
bildung, Erregungsleitung und Tonus,” Pflügers Archiv 201, no. 1 (1923): 
83–100, https:// doi. org/ 10. 1007/ BF017 22290 .

30. S. B. Chaplin and G. E. Duke, “Effect of Denervation of the My-
enteric Plexus on Gastroduodenal Motility in Turkeys,” American Jour-
nal of Physiology 259, no. 1 (1990): 481–489, https:// doi. org/ 10. 1152/ 
ajpgi. 1990. 259.3. G481.

31. G. E. Holle, E. Steinbach, and W. Forth, “Intrinsic Corporoantropy-
loric Coordination of Motility and Gastric Emptying,” American Jour-
nal of Physiology 266, no. 1 (1994): 255–262, https:// doi. org/ 10. 1152/ 
ajpgi. 1994. 266.2. G255.

32. D. A. Irwin, “The Anatomy of Auerbach's Plexus,” American Jour-
nal of Anatomy 49, no. 1 (1931): 141–166, https:// doi. org/ 10. 1002/ aja. 
10004 90106 .

33. M. Schemann, C. Schaaf, and M. Mäder, “Neurochemical Coding 
of Enteric Neurons in the Guinea Pig Stomach,” Journal of Compara-
tive Neurology 353, no. 2 (1995): 161–178, https:// doi. org/ 10. 1002/ cne. 
90353 0202.

34. P. Vanden Berghe, B. Coulie, J. Tack, G. M. Mawe, M. Schemann, 
and J. Janssens, “Neurochemical Coding of Myenteric Neurons in the 
Guinea- Pig Antrum,” Cell and Tissue Research 297, no. 1 (1999): 81–90, 
https:// doi. org/ 10. 1007/ s0044 10051335.

35. M. Schemann, D. Reiche, and K. Michel, “Enteric Pathways in the 
Stomach,” Anatomical Record 262, no. 1 (2001): 47–57.

36. K. Michel, D. Reiche, and M. Schemann, “Projections and Neuro-
chemical Coding of Motor Neurones to the Circular and Longitudinal 
Muscle of the Guinea Pig Gastric Corpus,” Pflügers Archiv 440, no. 3 
(2000): 393–408.

37. H. Pfannkuche, D. Reiche, H. Sann, and M. Schemann, “Different 
Subpopulations of Cholinergic and Nitrergic Myenteric Neurones Proj-
ect to Mucosa and Circular Muscle of the Guinea- Pig Gastric Fundus,” 
Cell and Tissue Research 292, no. 3 (1998): 463–475.

38. H. Pfannkuche, D. Reiche, U. Firzlaff, H. Sann, and M. Schemann, 
“Enkephalin- Immunoreactive Subpopulations in the Myenteric Plexus 

https://doi.org/10.1002/ueg2.12289
https://doi.org/10.1002/ueg2.12289
https://doi.org/10.1152/ajpgi.00045.2024
https://doi.org/10.1111/nmo.14239
https://doi.org/10.1258/002367789780886911
https://doi.org/10.1002/mrm.10207
https://doi.org/10.1016/j.ejps.2010.09.019
https://doi.org/10.1016/j.ejps.2010.09.019
https://doi.org/10.1136/gut.30.5.573
https://doi.org/10.1136/gut.30.5.573
https://doi.org/10.1016/0278-6915(87)90099-8
https://doi.org/10.3390/ani11061593
https://doi.org/10.3390/ani11061593
https://doi.org/10.1007/s004410050902
https://doi.org/10.14670/HH-19.1153
https://doi.org/10.14670/HH-19.1153
https://doi.org/10.1111/j.1476-5381.1994.tb17124.x
https://doi.org/10.1038/sj.bjp.0703089
https://doi.org/10.1038/sj.bjp.0703089
https://doi.org/10.1152/ajpgi.1985.248.1.G73
https://doi.org/10.1152/ajpgi.1985.248.1.G73
https://doi.org/10.1136/gut.51.2.212
https://doi.org/10.1136/gut.51.2.212
https://doi.org/10.1038/sj.bjp.0702977
https://doi.org/10.1093/bja/56.1.3
https://doi.org/10.1046/j.1365-2982.2000.00233.x
https://doi.org/10.1046/j.1365-2982.2000.00233.x
https://doi.org/10.1146/annurev.ph.54.030192.002255
https://doi.org/10.1111/j.1469-7793.1999.515ae.x
https://doi.org/10.1146/annurev.physiol.68.040504.094718
https://doi.org/10.1146/annurev.physiol.68.040504.094718
https://doi.org/10.1113/jphysiol.2006.116491
https://doi.org/10.1113/jphysiol.2006.116491
https://doi.org/10.1007/BF01722290
https://doi.org/10.1152/ajpgi.1990.259.3.G481
https://doi.org/10.1152/ajpgi.1990.259.3.G481
https://doi.org/10.1152/ajpgi.1994.266.2.G255
https://doi.org/10.1152/ajpgi.1994.266.2.G255
https://doi.org/10.1002/aja.1000490106
https://doi.org/10.1002/aja.1000490106
https://doi.org/10.1002/cne.903530202
https://doi.org/10.1002/cne.903530202
https://doi.org/10.1007/s004410051335


9 of 10

of the Guinea- Pig Fundus Project Primarily to the Muscle and Not to the 
Mucosa,” Cell and Tissue Research 294, no. 1 (1998): 45–55.

39. D. Reiche, H. Pfannkuche, K. Michel, S. Hoppe, and M. Schemann, 
“Immunohistochemical Evidence for the Presence of Calbindin Con-
taining Neurones in the Myenteric Plexus of the Guinea- Pig Stomach,” 
Neuroscience Letters 270, no. 2 (1999): 71–74.

40. D. Reiche, H. Pfannkuche, K. Michel, and M. Schemann, “Struc-
tural and Functional Organization of the Enteric Nervous System in the 
Stomach,” DTW Dtsch Tierarztl Wochenschr 105, no. 12 (1998): 461–465.

41. K. Morarach, A. Mikhailova, V. Knoflach, et al., “Diversification of 
Molecularly Defined Myenteric Neuron Classes Revealed by Single Cell 
RNA- Sequencing,” Nature Neuroscience 24, no. 1 (2020): 34, https:// doi. 
org/ 10. 1038/ s4159 3-  020-  00736 -  x.

42. A. A. May- Zhang, E. Tycksen, A. N. Southard- Smith, et al., “Combi-
natorial Transcriptional Profiling of Mouse and Human Enteric Neurons 
Identifies Shared and Disparate Subtypes In Situ,” Gastroenterology 160, 
no. 3 (2021): 755–770, https:// doi. org/ 10. 1053/j. gastro. 2020. 09. 032.

43. M. Schemann and J. D. Wood, “Electrical Behaviour of Myenteric 
Neurones in the Gastric Corpus of the Guinea- Pig,” Journal of Physiol-
ogy 417 (1989): 501–518.

44. M. Schemann and J. D. Wood, “Synaptic Behaviour of Myenteric 
Neurones in the Gastric Corpus of the Guinea- Pig,” Journal of Physiol-
ogy 417 (1989): 519–535.

45. J. F. Tack and J. D. Wood, “Synaptic Behaviour in the Myenteric 
Plexus of the Guinea- Pig Gastric Antrum,” Journal of Physiology 445 
(1992): 389–406, https:// doi. org/ 10. 1113/ jphys iol. 1992. sp018930.

46. J. F. Tack and J. D. Wood, “Electrical Behaviour of Myenteric Neu-
rones in the Gastric Antrum of the Guinea- Pig,” Journal of Physiology 
447 (1992): 49–66, https:// doi. org/ 10. 1113/ jphys iol. 1992. sp018990.

47. K. M. Desai, A. Zembowicz, W. C. Sessa, and J. R. Vane, “Nitroxergic 
Nerves Mediate Vagally Induced Relaxation in the Isolated Stomach of 
the Guinea Pig,” Proceedings of the National Academy of Sciences 88, no. 
24 (1991): 11490–11494.

48. L. E. Troncon, D. G. Thompson, N. K. Ahluwalia, J. Barlow, and L. 
Heggie, “Relations Between Upper Abdominal Symptoms and Gastric 
Distension Abnormalities in Dysmotility Like Functional Dyspepsia 
and After Vagotomy,” Gut 37, no. 1 (1995): 17–22, https:// doi. org/ 10. 
1136/ gut. 37.1. 17.

49. W. D. Paton and J. R. Vane, “Analysis of the Responses of the Iso-
lated Stomach to Electrical Stimulation and to Drugs,” Journal of Phys-
iology 165 (1963): 10–46.

50. K. Schulze-  Delrieu, “Volume Accommodation by Distension of 
Gastric Fundus (Rabbit) and Gastric Corpus (Cat),” Digestive Diseases 
and Sciences 28, no. 7 (1983): 625–632.

51. H. Abrahamsson and G. Jansson, “Vago- Vagal Gastro- Gastric Re-
laxation in the Cat,” Acta Physiologica Scandinavica 88, no. 3 (1973): 
289–295, https:// doi. org/ 10. 1111/j. 1748-  1716. 1973. tb054 57. x.

52. B. G. Wilbur and K. A. Kelly, “Effect of Proximal Gastric, Complete 
Gastric, and Truncal Vagotomy on Canine Gastric Electric Activity, 
Motility, and Emptying,” Annals of Surgery 178, no. 3 (1973): 295–303, 
https:// doi. org/ 10. 1097/ 00000 658-  19730 9000-  00009 .

53. H. R. Berthoud, G. Hennig, M. Campbell, J. Volaufova, and M. 
Costa, “Video- Based Spatio- Temporal Maps for Analysis of Gastric Mo-
tility In Vitro: Effects of Vagal Stimulation in Guinea- Pigs,” Neurogas-
troenterology and Motility 14, no. 6 (2002): 677–688, https:// doi. org/ 10. 
1046/j. 1365-  2982. 2002. 00369. x.

54. G. O'Grady, P. Du, L. K. Cheng, et  al., “Origin and Propagation of 
Human Gastric Slow- Wave Activity Defined by High- Resolution Map-
ping,” American Journal of Physiology. Gastrointestinal and Liver Physi-
ology 299, no. 3 (2010): 585–592, https:// doi. org/ 10. 1152/ ajpgi. 00125. 2010.

55. G. W. Hennig, G. D. S. Hirst, K. J. Park, et al., “Propagation of Pace-
maker Activity in the Guinea- Pig Antrum,” Journal of Physiology 556, 
no. 2 (2004): 585–599, https:// doi. org/ 10. 1113/ jphys iol. 2003. 059055.

56. S. Mayr, R. Schliep, K. Elfers, and G. Mazzuoli- Weber, “Mechano-
sensitive Enteric Neurons in the Guinea Pig Gastric Fundus and An-
trum,” Neurogastroenterology and Motility 35, no. 11 (2023): e14674, 
https:// doi. org/ 10. 1111/ nmo. 14674 .

57. S. M. Mazzuoli- Weber, “Mechanosensitive Enteric Neurons in the 
Guinea Pig Gastric Corpus,” Frontiers in Cellular Neuroscience 9 (2015): 
430.

58. G. Mazzuoli and M. Schemann, “Multifunctional Rapidly Adapting 
Mechanosensitive Enteric Neurons (RAMEN) in the Myenteric Plexus 
of the Guinea Pig Ileum,” Journal of Physiology 587, no. 19 (2009): 4681–
4693, https:// doi. org/ 10. 1113/ jphys iol. 2009. 177105.

59. S. Mayr, “Intrinsic Sensory- Motor Circuits Regulating Gastric Mo-
tility,” https:// elib. tiho-  hanno ver. de/ servl ets/ MCRFi leNod eServ let/ 
tiho_ deriv ate_ 00002 805/ PhD-  These_ Mayr_ 2024. pdf.

60. G. Mazzuoli- Weber, E. M. Kugler, C. I. Bühler, et al., “Piezo Proteins: 
Incidence and Abundance in the Enteric Nervous System. Is There a 
Link With Mechanosensitivity?,” Cell and Tissue Research 375, no. 3 
(2019): 605–618, https:// doi. org/ 10. 1007/ s0044 1-  018-  2926-  7.

61. H. Mihara, A. Boudaka, K. Shibasaki, A. Yamanaka, T. Sugiyama, 
and M. Tominaga, “Involvement of TRPV2 Activation in Intestinal 
Movement Through Nitric Oxide Production in Mice,” Journal of Neuro-
science 30, no. 49 (2010): 16536–16544, https:// doi. org/ 10. 1523/ JNEUR 
OSCI. 4426-  10. 2010.

62. H. Mihara, N. Suzuki, H. Yamawaki, M. Tominaga, and T. Sugi-
yama, “TRPV2 Ion Channels Expressed in Inhibitory Motor Neurons 
of Gastric Myenteric Plexus Contribute to Gastric Adaptive Relaxation 
and Gastric Emptying in Mice,” American Journal of Physiology. Gas-
trointestinal and Liver Physiology 304, no. 3 (2013): 235–240, https:// doi. 
org/ 10. 1152/ ajpgi. 00256. 2012.

63. S. Mayr, K. Elfers, and G. Mazzuoli- Weber, “The Recruitment of 
Mechanosensitive Enteric Neurons in the Guinea Pig Gastric Fundus 
Is Dependent on Ganglionic Stretch Level,” Neurogastroenterology and 
Motility 36, no. 9 (2024): e14858, https:// doi. org/ 10. 1111/ nmo. 14858 .

64. H. Uno, T. Arakawa, T. Fukuda, K. Higuchi, and K. Kobayashi, “In-
volvement of Capsaicin- Sensitive Sensory Nerves in Gastric Adaptive 
Relaxation in Isolated Guinea- Pig Stomachs,” Digestion 58, no. 3 (1997): 
232–239, https:// doi. org/ 10. 1159/ 00020 1449.

65. T. M. Dawson, D. S. Bredt, M. Fotuhi, P. M. Hwang, and S. H. Snyder, 
“Nitric Oxide Synthase and Neuronal NADPH Diaphorase Are Identical 
in Brain and Peripheral Tissues,” Proceedings of the National Academy 
of Sciences of the United States of America 88, no. 17 (1991): 7797–7801, 
https:// doi. org/ 10. 1073/ pnas. 88. 17. 7797.

66. V. P. Zagorodnyuk, B. N. Chen, and S. J. H. Brookes, “Intragan-
glionic Laminar Endings Are Mechano- Transduction Sites of Vagal 
Tension Receptors in the Guinea- Pig Stomach,” Journal of Physiology 
534, no. 1 (2001): 255–268, https:// doi. org/ 10. 1111/j. 1469-  7793. 2001. 
00255. x.

67. M. Schemann and D. Grundy, “Electrophysiological Identification of 
Vagally Innervated Enteric Neurons in Guinea Pig Stomach,” American 
Journal of Physiology 263, no. 5 (1992): 709–718.

68. D. Reiche, K. Michel, H. Pfannkuche, and M. Schemann, “Projec-
tions and Neurochemistry of Interneurones in the Myenteric Plexus of 
the Guinea- Pig Gastric Corpus,” Neuroscience Letters 295, no. 3 (2000): 
109–112.

69. A. K. Armitage and A. C. Dean, “The Effects of Pressure and Phar-
macologically Active Substances on Gastric Peristalsis in a Transmu-
rally Stimulated Rat Soomach- Duodenum Preparation,” Journal of 
Physiology 182, no. 1 (1966): 42–56.

https://doi.org/10.1038/s41593-020-00736-x
https://doi.org/10.1038/s41593-020-00736-x
https://doi.org/10.1053/j.gastro.2020.09.032
https://doi.org/10.1113/jphysiol.1992.sp018930
https://doi.org/10.1113/jphysiol.1992.sp018990
https://doi.org/10.1136/gut.37.1.17
https://doi.org/10.1136/gut.37.1.17
https://doi.org/10.1111/j.1748-1716.1973.tb05457.x
https://doi.org/10.1097/00000658-197309000-00009
https://doi.org/10.1046/j.1365-2982.2002.00369.x
https://doi.org/10.1046/j.1365-2982.2002.00369.x
https://doi.org/10.1152/ajpgi.00125.2010
https://doi.org/10.1113/jphysiol.2003.059055
https://doi.org/10.1111/nmo.14674
https://doi.org/10.1113/jphysiol.2009.177105
https://elib.tiho-hannover.de/servlets/MCRFileNodeServlet/tiho_derivate_00002805/PhD-These_Mayr_2024.pdf
https://elib.tiho-hannover.de/servlets/MCRFileNodeServlet/tiho_derivate_00002805/PhD-These_Mayr_2024.pdf
https://doi.org/10.1007/s00441-018-2926-7
https://doi.org/10.1523/JNEUROSCI.4426-10.2010
https://doi.org/10.1523/JNEUROSCI.4426-10.2010
https://doi.org/10.1152/ajpgi.00256.2012
https://doi.org/10.1152/ajpgi.00256.2012
https://doi.org/10.1111/nmo.14858
https://doi.org/10.1159/000201449
https://doi.org/10.1073/pnas.88.17.7797
https://doi.org/10.1111/j.1469-7793.2001.00255.x
https://doi.org/10.1111/j.1469-7793.2001.00255.x


10 of 10 Neurogastroenterology & Motility, 2025

70. M. Schemann, M. Rohn, and K. Michel, “Motor Control of the Stom-
ach,” European Review for Medical and Pharmacological Sciences 12, no. 
1 (2008): 41–51.

71. S. K. Sarna, “Gastrointestinal Longitudinal Muscle Contractions,” 
American Journal of Physiology 265, no. 1 (1993): 156–164.

72. H. Kuriyama, K. Mishima, and H. Suzuki, “Some Differences in 
Contractile Responses of Isolated Longitudinal and Circular Muscle 
From the Guinea- Pig Stomach,” Journal of Physiology 251, no. 2 (1975): 
317–331, https:// doi. org/ 10. 1113/ jphys iol. 1975. sp011095.

https://doi.org/10.1113/jphysiol.1975.sp011095

	Decoding Gastric Reflexes: The Role of Mechanosensitive Enteric Neurons in Stomach Motility
	ABSTRACT
	1   |   The Guinea Pig as a Model to Study the Human Stomach
	2   |   Stomach Regions and Motility
	3   |   The Gastric Myenteric Plexus
	4   |   Neuronal Populations in the Stomach
	5   |   Accommodation Reflexes
	6   |   Emptying Reflexes
	7   |   Mechanosensitive Enteric Neurons in the Guinea Pig Stomach
	8   |   Circuits Involving MEN
	9   |   Extrinsic Innervation in the Stomach and Its Connection With the ENS
	10   |   Gastric Reflex Pathways: Differences to the Intestine
	11   |   Concluding Remarks and Outlook
	Author Contributions
	Acknowledgments
	Conflicts of Interest
	Data Availability Statement
	References


