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Summary
Background: Drugs which can inhibit nausea/vomiting and/or increase gastric emp-
tying are used to treat gastroparesis, mostly ‘off-label’. Within each category, they act 
at different targets and modulate different physiological mechanisms.
Aims: Address the questions: In gastroparesis, why should blocking one pathway 
causing vomiting, be more appropriate than another? Why might increasing gastric 
emptying via one mechanism be more appropriate than another?
Methods: Drugs used clinically were identified via consensus opinions and reviews, 
excluding the poorly characterised. Their pharmacology was defined, mapped to 
mechanisms influencing vomiting and gastric emptying, and rationale developed for 
therapeutic use.
Results: Vomiting: Rationale for 5-HT3, D2, H1 or muscarinic antagonists, and mir-
tazapine, amitriptyline, nortriptyline, are poor. Arguments for inhibiting central con-
sequences of vagal afferent transmission by NK1 antagonism are complicated by 
doubts over effects on nausea. Gastric emptying: Confusion emerges because of 
side-effects of drugs increasing gastric emptying: Metoclopramide (5-HT4 agonist, D2 
and 5-HT3 antagonist; also blocks some emetic stimuli and causes tardive dyskine-
sia) and Erythromycin (high-efficacy motilin agonist, requiring low doses to minimise 
side-effects). Limited trials with selective 5-HT4 agonists indicate variable efficacy.
Conclusions: Several drug classes inhibiting vomiting have no scientific rationale. NK1 
antagonism has rationale but complicated by limited efficacy against nausea. Studies 
must resolve variable efficacy of selective 5-HT4 agonists and apparent superiority 
over motilin agonists. Overall, lack of robust activity indicates a need for novel ap-
proaches targeting nausea (e.g., modulating gastric pacemaker or vagal activity, use 
of receptor agonists or new targets such as GDF15) and objective assessments of 
nausea.
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1  | INTRODUC TION

Gastroparesis is characterised by nausea and vomiting with de-
layed gastric emptying in the absence of mechanical gastric outlet 
obstruction, often coexisting with ‘postprandial distress syndrome’ 
symptoms of dyspepsia.1,2 As discussed below (Background and 
Scope of Review), multiple causes are proposed (e.g., diabetes, viral 
infection) but the ultimate consequences appear to be damage to 
the enteric nerves and/or the Interstitial Cells of Cajal and/or mus-
cle fibrosis within the stomach. Symptoms may depend on whether 
the ingested meal is preferentially distributed to the proximal or 
distal stomach,3 potentially reflecting their different structures and 
functions, and how vagal signalling from these regions is interpreted 
within the brain.4 The delayed gastric emptying can make it diffi-
cult to manage patients, especially those with diabetic gastroparesis, 
affecting the availability of ingested carbohydrate and delivery of 
drugs needed to optimise glycaemic control.5 When gastric emp-
tying of meals is within normal range, without identified cause, pa-
tients are diagnosed with chronic unexplained nausea and vomiting 
(CUNV), or ‘gastroparesis-like’.6 Gastroparesis and functional dys-
pepsia (FD) may be interchangeable.7 FD is characterised by early 
satiation, postprandial fullness, epigastric pain and burning, with 
accessory symptoms (upper abdominal bloating, nausea, belching).8 
To date, only metoclopramide has been approved for treatment of 
gastroparesis by the Food and Drug Administration (but for a limited 
duration and not in the elderly), and other drugs are prescribed ‘off 
label’ following registration for different indications.9 Thus, there is 
an unmet need for efficacious therapies.9

A recent network meta-analysis of 29 randomised controlled 
drug trials (3772 patients), including experimental compounds and 
drugs registered for different disorders, found that when assessing 
global gastroparesis symptoms, ‘dopamine receptor antagonists’ 
(particularly clebopride and domperidone) and tachykinin NK1 re-
ceptor antagonists were the only drugs more efficacious than pla-
cebo. Nevertheless, overall confidence in the evidence was ‘low to 
moderate’.9 Clinical consensus opinions also agree that certain drugs 
can be used to treat gastroparesis.1,2 They include drugs (5-HT3 and 
NK1 receptor antagonists) inhibiting nausea and/or vomiting evoked 
by specific stimuli (e.g., anti-cancer chemotherapy), drugs stimulat-
ing gastric emptying (5-HT4 and possibly, motilin receptor agonists) 
and drugs which may combine both types of activities (e.g., meto-
clopramide). Notably, consensus was not built on positive phase III 
clinical trials or positive systematic reviews of individual drugs and 
indeed, one systematic review concluded that the evidence in fa-
vour of using domperidone is poor.10 Thus, the evidence in favour of 
any drug to treat gastroparesis is generally considered to be of low 
quality.9,11

Among patients, a questionnaire found poor satisfaction with 
treatments that included diet modification, drugs inhibiting nausea 
and/or vomiting or stimulating gastric emptying, analgesic drugs, 
gastric pace-making and ‘alternatives’.12 Drugs which can inhibit 
vomiting to varying degrees, depending upon the stimulus (aprep-
itant, dimenhydrinate, diphenhydramine, dronabinol, granisetron, 

ondansetron, prochlorperazine, promethazine, scopolamine, thieth-
ylperazine, trimethobenzamide), had satisfaction scores of 31.9%–
63.4%. Drugs thought to stimulate gastric emptying (bethanechol, 
cisapride, metoclopramide, erythromycin, domperidone) scored 
22.5%–66.7%. More recently, patients with nausea, of assumed 
gastrointestinal (GI) origin (mostly gastroparesis; also functional, 
oesophageal and other diagnoses) were found to prefer marijuana, 
ondansetron and promethazine. Least effective were ‘neuromodula-
tors’ (amitriptyline, gabapentin, pregabalin, buspirone), complemen-
tary/alternatives, diphenhydramine, and erythromycin.13

Particularly striking is the absence of clear, mechanism-based 
evidence to support prescribing any particular ‘anti-emetic’ drug for 
patients with gastroparesis. This suggests they are given because 
they are effective against nausea and vomiting in other groups of 
patients or human volunteers. However, translation to gastropare-
sis patients is not guaranteed since different classes of drugs block 
vomiting at different parts of emetic pathways that are activated by 
specific and sometimes disease-specific stimuli (Figure 1). Further, 
different classes of drugs increase gastric emptying in different ways 
(Figure  1), providing advantages and disadvantages, depending on 
the reason for use. Confusingly, some have mixed activities, capa-
ble of directly stimulating gastric emptying and inhibiting vomiting. 
These include metoclopramide and clebopride, sometimes (mis)clas-
sified solely as ‘dopamine receptor antagonists’9 yet also activating 
5-HT4 receptors and antagonising at other receptors. Conversely, 
the term ‘gastric prokinetic’ has often been collectively applied to 
drugs with mixed abilities to increase gastric emptying by various 
mechanisms and/or inhibit certain emetic stimuli (e.g., botulinum 
toxin, domperidone, cisapride, levosulpiride and erythromycin to-
gether with metoclopramide14; see also a subsequent correspon-
dence15) (Tables 1 and 2).

So, for gastroparesis, is there a mechanism-based rationale for 
using any of these drugs? To answer this fundamental question, we 
address the questions that lie within:

•	 Why use a drug to block one pathway leading to vomiting, but not 
another?

•	 Why should one class of drug stimulating gastric emptying be fa-
voured over another?

•	 What do the conclusions tell us about mechanisms involved in 
generating the symptoms of gastroparesis and how can this in-
form future drug developments, particularly for nausea?

2  | BACKGROUND AND SCOPE OF 
RE VIE W

Except where pertinent to drug activity, it is not our intention to ex-
amine the causes and pathophysiology of gastroparesis in detail, being 
well covered in other reviews (e.g., Ref. [16]). In summary, the main 
causes are idiopathic or associated with diabetes, surgery, Parkinson's 
disease, and viral infections. Damage to the stomach, differing be-
tween idiopathic and diabetic gastroparesis, has been typified by 
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     |  3SANGER and ANDREWS

macrophage-driven immune dysregulation (inflammatory cells around 
myenteric neurons with neuronal loss), oxidative stress, loss or injury 
to pacemaker cells (interstitial cells of Cajal; ICC) and muscle fibrosis.16 
Dysrhythmic gastric electrical activity, measured indirectly (electro-
gastrography), has been linked to the nausea of many conditions (e.g., 
gastroparesis, CUNV, FD).17 Direct gastric electrical recording, using 
dense arrays of extracellular electrodes, identified conduction blocks, 
retrograde propagation and other anomalies in patients with gastropa-
resis, linked with damaged ICCs.18 Indeed, the existence of retrograde 
electrical activity (and contraction) is emerging as an important charac-
teristic of patients with gastroparesis and possibly FD.19

For the present mechanistic analysis, drugs used to inhibit vom-
iting and/or increase gastric emptying were identified from reviews 
on treatments for gastroparesis.1,2,9–13,20–24 For some, there are 
few or no controlled studies and/or poor pharmacological charac-
terisation, severely hampering interpretation of data.20,23,25 They 

include histamine H1 receptor antagonists (promethazine, diphen-
hydramine), tetrahydrocannabinol derivatives (dronabinol, nabilone), 
marijuana, the alpha2-adrenoceptor agonist clonidine, D2 receptor 
antagonists (haloperidol, trimethobenzamide, thiethylperazine, le-
vosulpiride), and anti-psychotic drugs (prochlorperazine, chlorprom-
azine, fluphenazine, levomepromazine) (see Table  S1). Accordingly, 
we examined only those drugs which have been reasonably well 
studied in patients with gastroparesis (but often without phase III 
investigations) and possess a known pharmacology. The potential 
for bias was mitigated by the choice of drugs finding some consis-
tency with those discussed within recent systematic reviews, con-
sensus clinical opinions and guidelines on treatment of patients with 
gastroparesis.1,2,9,10

For the selected drugs, we (1) examine their pharmacological 
actions, mapping these to physiological mechanisms, (2) look for 
evidence that these mechanisms might be relevant to the genesis 

F I G U R E  1   Summary of the sites of action of the drugs included in this review and which have been used to treat vomiting and delayed 
gastric emptying in patients with gastroparesis. It should be noted that the sites of action are based on mechanistic studies in multiple 
clinical contexts and not gastroparesis, as such information is not available. Motility stimulant mechanisms are based largely on in vitro 
pharmacological studies in humans. See text for details and references. The box on the lower left illustrates sites on the gastric smooth 
muscle, ICCs and enteric nervous system implicated in the gastric motility stimulant action of motilin (e.g., erythromycin) and 5-HT4 receptor 
agonists (e.g., metoclopramide). Changes in gastric motor function associated with gastroparesis (electrical/ mechanical) can be signalled to 
the brainstem by abdominal vagal afferents – primarily receptors in the muscle but potentially epithelial receptors (EEC cell-vagal afferent) 
could also be involved. The vagal afferent terminals can also be activated/sensitised by locally released 5-HT/SP (from EEC) providing a 
potential target for 5-HT3 and NK1 receptor antagonism, respectively. Finally, agents capable of inducing nausea and vomiting could be 
released from the EEC cell to act on the AP as is proposed for the delayed phase of chemotherapy-induced nausea and vomiting; such 
an action could be implicated in duodenal inflammatory responses associated with gastroparesis. ACh, acetylcholine; AP, area postrema; 
CPG, central pattern generator for retching and vomiting; D2, dopamine2 receptor; DMVN, dorsal motor nucleus of the vagus; EEC, 
enteroendocrine cell; 5-HT, 5-hydroxytryptamine; 5-HT3, 5-hydroxytryptamine3 receptor; 5-HT4, 5-hydroxytryptamine4 receptor; H1, 
histamine1 receptor; ICC, interstitial cell of Cajal; M3/5, muscarinic3/5 receptor; NK1, neurokinin1 receptor; NTS, nucleus tractus solitarius; SP, 
substance P; VRG, ventral respiratory group.

Nausea

Smooth Muscle: Motilin receptor 
activation causes contraction

ICCs: Unclear if 
they express 5-HT4 
or motilin receptors

Enteric Neurones: 
5-HT4 and motilin
receptor activation 

facilitates ACh release 
but efficacy of motilin 

potentially much greater

Very limited evidence for 
drugs acting to reduce 

nausea at cerebral sites

D2 antagonism M3/5 antagonismH1 antagonism

NK1 antagonism

NK1 antagonism
NK1 antagonism

NK1 antagonism

5-HT3 antagonism

D2 antagonism ?

All drugs acting centrally to 
block vomiting act in the 

brainstem

Ghrelin receptor agonist
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4  |     SANGER and ANDREWS

and/or treatment of symptoms of gastroparesis, (3) summarise their 
clinical activity and (4) draw conclusions about the relevance of the 
targeted mechanism in treatment of these patients. Finally, we look 
to the future, suggesting new areas of research to explore.

When discussing mechanisms, the emphasis is on the pathways 
of vomiting and on human studies. Thus, the mechanisms of action 

of ‘anti-emetic’ drugs are understood for vomiting but not for nau-
sea, the mechanisms of which remain uncertain and have no uni-
versally agreed biomarkers.27 In addition, rodents cannot vomit and 
compared with humans and other species capable of vomiting, rats 
and mice show gross differences in gastric anatomy/physiology, and 
brainstem pathways related to the ability/inability to vomit.28,29 

TA B L E  1   Drugs which block nausea and/ or vomiting.

Drug Primary activity Additional actions

Muscarinic ACh receptor antagonism

Scopolamine •	 Inhibits motion sickness by antagonising at mACh 
M5 and perhaps M3 and M4 receptors within 
vestibular nuclei.117

•	 Antagonist at human mACh M1–M5 receptors.30,117

Dopamine D2 receptor antagonism

Domperidone •	 Acts at the AP to prevent vomiting induced by D2 
receptor activation.30,118

•	 The ability of domperidone and other D2/
D3 receptor antagonists to increase gastric 
emptying of solid meals has not been consistently 
demonstrated in humans (Table S2).

•	 Dopamine D3 receptor antagonist.119

•	 D2 and D3 receptors expressed within the AP, 
NTS and dorsal motor vagal nucleus.120 In least 
shrews, antagonism at both might be superior to 
antagonism at D2 alone.121

•	 Substrate for human p-glycoprotein.122

•	 Normally unable to penetrate the blood–brain 
barrier.118

•	 hERG (human ether-ago-go-related gene)/Kv11.1 
channel blocker.28

•	 α1A-Adrenoceptor antagonist (lower affinity than 
for D2/D3 receptors)30

Metopimazine and 
NG101 (a proprietary 
mesylate salt form of 
metopimazine)123–125

•	 Dopamine D2 receptor antagonist (IC50 in CHO 
cells: 2.2 × 10−9 M)

•	 High binding affinity for D2 (Ki 0.07 nM) and D3 
(Ki 0.61 nM) receptors, and α1-adrenoceptors (Ki 
1.9 nM), with lower affinity for histamine H1 (Ki 
8.4 nM) and 5-HT2 (Ki 15 nM) and no meaningful 
affinity for 5-HT3 or 5-HT4 receptors (likely to be 
human receptors but not stated).

•	 Low concentrations do not appreciably inhibit 
hERG channels.

•	 Did not penetrate rat brain at therapeutically 
relevant concentrations

Metoclopramide, clebopride, 
levosulpiride

•	 Also 5-HT4 receptor agonists: See Table 2

5-HT3 receptor antagonism

Granisetron ondansetron •	 Inhibits vomiting by antagonising at 5-HT3 
receptors expressed on vagal abdominal 
(peripheral) nerve terminals30

•	 Generally regarded as selective 5-HT3RAs 
although ondansetron may act as 5-HT2B receptor 
agonist30

NK1 receptor antagonism

Aprepitant •	 Selective antagonist at the human NK1 receptor30

•	 Inhibits vomiting by antagonising at NK1 receptors 
expressed on vagal abdominal (peripheral) nerve 
terminals30 and within the NTS and Central 
Pattern Generator126,127

•	 Can activate a mechanosensitive two-pore domain 
potassium channel, TRAAK (encoded by the 
KCNK4 gene)128

Atypical antidepressant

Mirtazapine Centrally penetrant antagonist at H1 > 5-HT2A, 5-HT3, α2 adrenoceptor and 5-HT2C receptors, the order 
representing declining affinity for the receptors.30

Tricyclic antidepressants

Amitriptyline nortriptyline 
(metabolite of 
amitriptyline)

•	 5-HT and noradrenaline uptake inhibitors with affinity for H1 receptor, muscarinic receptors, α1-
adrenoceptor and 5-HT2A receptor (at concentrations similar to those binding 5-HT and noradrenaline 
transporter sites).30
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     |  5SANGER and ANDREWS

Finally, we cannot know with certainty if even animals capable of 
vomiting experience nausea, a self-reported experience in humans.27

3  | DRUGS INHIBITING VOMITING

The basic mechanisms of nausea and vomiting have been described, but 
the way(s) in which these pathways are activated in patients with gastro-
paresis is not known.30 In brief, the nucleus tractus solitarius (NTS) in the 
dorsal brainstem receives inputs from the viscera (primarily vagus), ves-
tibular system and the area postrema (AP). The AP, a circumventricular 

organ outside the blood–brain barrier, is densely vascularized and ex-
posed to molecules released into the blood during disease, including 
those implicated in induction of nausea and/or vomiting (e.g., adrenaline, 
vasopressin, GLP-1, PYY, GDF1531,32). When appropriately activated the 
NTS can initiate retching and vomiting via additional neuronal circuitry 
within the ventral brainstem, whereas induction of nausea requires the 
NTS to influence pathways in the cerebral hemispheres.33–35

Different classes of drug block vomiting caused by certain stimuli, 
acting at different receptors on different parts of the pathways which 
cause vomiting (Figure 1).30 These drugs were not developed to target 
the mechanisms necessarily involved in the aetiology of gastroparesis.

TA B L E  2   Characteristics of major drugs which increase gastric emptying/motility.

Drug Primary activity in stomach Additional actions

Muscarinic ACh receptor activation

Bethanechol •	 M3 receptor activation causes muscle contraction129

•	 M2 receptor activation may stimulate ICCs and regulate 
slow wave electrical activity131

•	 Causes non-propulsive contractions without increasing 
gastric emptying132

Full agonist at mACh M1–M4 receptors130

5-HT4 receptor agonists

Metoclopramide96 •	 When gastric emptying is delayed, 5-HT4 receptor 
agonists increase emptying in a coordinated manner.

•	 In humans and animals these drugs cause prolonged 
facilitation of ACh release from active enteric cholinergic 
motor neurons, without directly affecting resting muscle 
tone.96

•	 It is not known if 5-HT4 receptors are expressed by 
ICCs in human stomach, stimulation of which would 
increase enteric motor nerve activity. 5-HT4 receptor 
immunofluorescence has been reported in ICCs of rodent 
intestine (e.g. Ref. [133]).

•	 In rodents, gastric motility may also be increased via 
activation of 5-HT4 receptors within the brainstem134,135; 
it is not known if a similar mechanism exists in humans.

•	 5-HT4 receptors also found in the intestine, (underpinning 
the use of selective 5-HT4 receptor agonists for treatment 
of constipation) and in some non-GI tissues, including 
cardiac atria and ventricles. 5-HT4 receptor agonists are 
partial agonists, with good efficacy in gastrointestinal 
myenteric plexus (well coupled to intracellular effector 
pathways), but little-or-no efficacy in cardiac muscle 
(poorly coupled receptors)96

•	 Antagonist at D2 and at higher concentrations, at 
5-HT3 receptors, these additional actions inhibiting 
different parts of pathways leading to vomiting.96

•	 Brain penetrant96

Clebopride •	 5-HT4 receptor agonist and a less potent D2 and D4 
receptor antagonist.136–138

•	 Brain penetrant.139

Cisapride96 •	 High-intrinsic activity at native 5-HT4 receptor, at 
least in the guinea-pig140,141

•	 Antagonist at 5-HT2A, 5-HT2B receptors and 
alpha1-adrenoceptors96,140

•	 Activity at hERG channel, with cardiac 
side-effects96

Levosulpiride142 •	 Antagonist at D2 and D3 receptors and with lower 
potency, D4

143

Tegaserod96 •	 Low-intrinsic activity at native 5-HT4 receptors96,140

•	 Antagonist at 5-HT2B receptors96

Mosapride144 •	 Low-intrinsic activity at native 5-HT4 
receptors140,141

•	 Some ability to antagonise at 5-HT3 receptors145

•	 Can block Kv4.3 potassium channels146

Prucalopride •	 Selective 5-HT4 receptor agonist144

•	 High intrinsic activity at native 5-HT4 receptor, at 
least in the guinea-pig141,147

•	 Brain penetrant.148

Inhibitors of acetylcholinesterase

Itopride •	 Inhibits aetylcholinesterase activity and stimulates GI 
motility149

D2 receptor antagonist with minimal ability to cross 
the blood–brain barrier150

Motilin receptor agonists

Erythromycin •	 Full agonists at motilin receptors.105 Relatively low 
concentrations facilitate cholinergic activity whereas 
higher contractions directly contract the smooth muscle

•	 It is not known if ICCs within human stomach express 
motilin receptors, but functional studies suggest this 
possibility.151

•	 Antibiotic drugs
•	 At micro-molar concentrations, may inhibit hERG/

Kv11.1 channel activity152
Azithromycin
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6  |     SANGER and ANDREWS

3.1 | Muscarinic acetylcholine (mACh) 
receptor antagonism

The mACh receptor antagonist scopolamine has poor selectivity 
for any of the five mACh receptor subtypes, but motion sickness 
is proposed to be prevented by antagonism at M5 and perhaps M3 
and M4 receptors within the vestibular nuclei (Table 1). Early rec-
ommendations for scopolamine patches to treat gastroparesis36 
were not accompanied by a mechanism-based rationale. Indeed, 
there is no known link between the vestibular nuclei and aetiol-
ogy of gastroparesis. Further, chronic use of scopolamine and 
other drugs antagonising at mACh receptors (e.g., promethazine), 
particularly M3, are likely to delay gastric emptying,37,38 add-
ing to the disrupted parasympathetic activity in severe diabetic 
gastroparesis.39

3.1.1 | Conclusions

There is no clear rationale for prescribing mACh receptor antago-
nists for treatment of gastroparesis, or for developing new drugs 
with selectivity for a particular mACh receptor subtype, acting pe-
ripherally or centrally.

3.2 | Dopamine D2 receptor antagonism

The role of dopamine in the mechanisms of vomiting has been widely 
studied yet it remains one of the least understood areas of research. 
For example, although it is well known that exogenous dopamine 
receptor agonists cause vomiting (Table S2), it is difficult to find good 
evidence in disorders associated with vomiting, including gastropa-
resis, for an increase in availability of endogenous dopamine. Any 
role of dopamine in the aetiology of nausea, a key symptom of gas-
troparesis, is also unclear (Table  S2). Further, there are no, widely 
available, selective D2 receptor antagonists to inhibit vomiting in 
clinical conditions. Perhaps the best available is domperidone, also a 
D3 receptor antagonist. Although restricted in its use (because of cy-
tochrome P450 and hERG interaction liabilities; Table 1), an advan-
tage of domperidone is that it is not readily able to cross the blood 
brain barrier as it is returned to the blood by the P-glycoprotein 
transporter. This means that domperidone does not usually evoke 
the extrapyramidal side effects associated with D2 receptor an-
tagonists which do penetrate into the brain (e.g., metoclopramide, 
prochlorperazine; Table 1; Table S2). Other D2 receptor antagonists 
are non-selective even for dopamine receptor(s) so it is sometimes 
difficult to draw sound conclusions from their use (Table 1). They in-
clude metoclopramide (also a 5-HT4 receptor agonist directly stimu-
lating gastric motility, and at higher concentrations a 5-HT3 receptor 
antagonist inhibiting vomiting via a different pathway), clebopride 
(also a 5-HT4 receptor agonist and D4 receptor antagonist), and the 
phenothiazine drugs (e.g., prochlorpromazine, also antagonising at 
5-HT2A and H1 receptors30).

Literature on the use of domperidone to treat gastroparesis 
is inconsistent. Domperidone and other D2 receptor antagonists 
(metoclopramide, prochlorperazine) were among medications pa-
tients said were “unsatisfactory” treatments of gastroparesis,10 yet 
they are commonly used (the same conundrum between poor ef-
ficacy but recommended use of D2 receptor antagonists to control 
vomiting has been noted in palliative care40). A recent systematic 
review found that domperidone, and clebopride, can reduce symp-
toms of gastroparesis more effectively than placebo. In a subset of 
studies, analysis of individual symptoms ranked metoclopramide 
highly for efficacy against vomiting, nausea, fullness and bloating.9 
Confusingly, however, a network analysis of the three drugs using 
overall symptom scores concluded that ‘dopamine receptor antag-
onists’ are an effective means of treating symptoms of gastropare-
sis.9 An earlier systematic review10 concluded that the evidence for 
or against the use with domperidone in diabetic gastroparesis was 
poor, pointing out that many positive studies lacked a control arm. 
The recent network analysis concluded that in 13 trials of diabetic 
gastroparesis none of the drugs (including domperidone and meto-
clopramide) was superior to placebo.9 Finally, a small study, with-
out placebo control, found putative associations between improved 
symptoms in patients treated with domperidone and polymorphisms 
in the drug transporter gene ABCB1 (generating P-glycoprotein), the 
KCNH2 gene (encoding a subunit of voltage-gated inwardly rectify-
ing potassium channel), and the α1D-adrenoceptor ADRA1D gene.41 
This is a difficult study to interpret.

3.2.1 | Conclusions

It has been said that D2 receptor antagonists (implying domperidone 
and metoclopramide) are the most robustly effective agents for 
gastroparesis, because of “central anti-nausea effects”, facilitated 
by peripheral activity to increase gastric emptying.42 This is a claim 
which raises several difficult issues, discussed above and in detail 
within Table S2. In brief:

1.	 Almost nothing is known about any ability of D2 receptor 
antagonists to reduce nausea.

2.	 Conclusions about mechanisms drawn from using D2 receptor an-
tagonists with additional actions should be treated with caution.

3.	 D2 receptor antagonists can inhibit vomiting by blocking actions of 
exogenously administered dopamine receptor agonists (e.g., apo-
morphine) within the AP, but an increase in endogenous dopamine 
within the blood of patients with gastroparesis, especially during 
episodes of vomiting or nausea, has not been demonstrated.

4.	 As discussed below (Section 4.3), the ability of domperidone and 
other D2/D3 receptor antagonists to increase gastric emptying of 
solid meals has not been consistently demonstrated and a poten-
tial source of dopamine for such an activity remains unclear.

Although the concept that D2/D3 receptor antagonists can effec-
tively treat gastroparesis is currently uncertain, drug developments 
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     |  7SANGER and ANDREWS

in this area have continued. As there is no sound rationale for a 
drug which crosses the blood brain barrier (to potentially induce 
extrapyramidal side effects) these are all ‘peripherally restricted’. 
Clinical trials with trazpiroben (TAK-906), a D2/D3 receptor antag-
onist with pharmacology similar to domperidone but an improved 
safety profile,43 were discontinued during 2022 for an undis-
closed reason (https://adisi​nsight.sprin​ger.com/drugs/​80004​9598). 
Deudomperidone (CIN-102 or deuterated domperidone, again 
similar to domperidone but with improved pharmacokinetics, effi-
cacy and tolerability), is undergoing Phase II trials in patients with 
gastroparesis (https://cindo​me.com/cin-102).44 The phenothiazine 
NG101 (a proprietary salt form of metopimozide), a D2 receptor an-
tagonist also binding to D3, α1-adrenoceptors and with lower affin-
ity to H1 receptors, and unable to cross the blood–brain barrier or 
inhibit hERG at therapeutically-relevant concentrations (Table 1), is 
undergoing Phase II trials (https://neuro​gastrx.com/pipel​ine/#secti​
on-ng101).44 The idea that therapeutic efficacy might be achieved 
by combining D2 receptor antagonism with 5-HT4 receptor activa-
tion (as for metoclopramide and clebopride but without brain pene-
tration) is discussed later (Section 5).

3.3 | Selective 5-HT3 receptor antagonists

Based on our understanding of the well-established mechanism by 
which 5-HT3 receptor antagonists inhibit vomiting during chemo-
therapy and in certain other disorders,30 there is currently no good 
rationale for their use in gastroparesis. To be effective these drugs 
must antagonise activity resulting from 5-HT released during the 
disorder, such as driving/sensitising peripheral vagal afferent ter-
minals (e.g., during anti-cancer chemotherapy45) as there is little 
evidence for a central action against vomiting. However, to date, 
there is no evidence to suggest such a possibility for gastroparesis. 
In one study on patients with idiopathic gastroparesis, there were no 
changes in numbers of 5-HT-containing cells in mucosal biopsies (du-
odenum, antrum, fundus) or expression of tryptophan hydroxylase-1 
(the rate limiting enzyme in 5-HT synthesis), 5-HT transport protein 
(SERT; involved in 5-HT reuptake), 5-HT3 receptor subunits or the 
5-HT4 receptor.46 The authors acknowledged that such data does 
not rule out the possibility of an abnormal release of 5-HT from the 
enteroendocrine cells but argued that the lack of change in SERT ex-
pression reflected unchanged 5-HT signalling (5-HT activity and/or 
release). In another small study, ondansetron did not increase gastric 
emptying in a small number of patients with gastric stasis, including 
some with gastroparesis,47 suggesting no 5-HT release/5-HT3 re-
ceptor activation in these patients and consistent with an inability of 
5-HT3 receptor antagonists to increase gastric emptying in healthy 
volunteers.48–50 Finally, small studies with healthy volunteers have 
shown an ability of 5-HT3 receptor antagonists to reduce nausea 
caused by gastric distension (alosetron)51 or by proximal gastric dis-
tension during duodenal lipid infusion (ondansetron),52 but there is 
currently no evidence that such mechanisms operate in patients with 
gastroparesis.

Finally, there are no large, controlled studies which have as-
sessed the ability of 5-HT3 receptor antagonists to alleviate gast-
roparesis, despite early recommendations.23 In a single patient with 
diabetic gastroparesis on peritoneal dialysis, administration of on-
dansetron controlled intractable nausea and vomiting.53 Three small 
open studies in patient's refractory to other drugs which increase 
gastric emptying and/or inhibit vomiting (including ondansetron), 
reported some reduction in nausea and vomiting when granisetron 
was given for 2 weeks as transdermal patches,54–56 but there were 
no placebo controls.57

3.3.1 | Conclusions

There is no sound rationale for using selective 5-HT3 receptor an-
tagonists to treat either gastroparesis or its symptoms and as such, 
it is difficult to identify how changes may be made within this class 
of compound (e.g., in pharmacokinetic properties) to change this 
conclusion.

3.4 | NK1 receptor antagonists

If gastroparesis is associated with damage to stomach functions, 
causing dysrhythmic gastric electrical activity and changes in muscle 
movements (Section 2), then a drug which inhibits the ability of vagal 
afferents to detect and signal these changes to the NTS might re-
duce symptoms. Further work is needed to characterise the contrac-
tile activity resulting from gastric electrical dysrhythmia and record 
from gastric afferents with receptive fields in dysrhythmic regions. 
However, if proven, NK1 receptor antagonists would be expected 
to inhibit the vagal activity encoding induction of vomiting. This 
would be achieved by blocking any ability of substance P to activate/
sensitise abdominal afferents (e.g., released from enteroendocrine 
cells),58 but perhaps more importantly, by modulating brainstem in-
tegrative pathways (NTS, central pattern generator) involved in vom-
iting59 (Table 1). Notably, however, some doubt has arisen over the 
consistency with which NK1 receptor antagonists can inhibit nausea 
in comparison to vomiting.27,30 If confirmed, this would suggest an 
ability of the above brainstem integrative pathways to activate the 
cortical areas involved in recognition of nausea35 separately from 
the NK1 receptor-dependent pathways leading to vomiting.

It should also be noted that in the gut, tachykinins are found in 
enteric neurons, with smaller amounts in immune and enteroendo-
crine cells, and the NK1 receptor is expressed by enteric neurons, 
ICCs, epithelial cells, and the lymphocytes and macrophages of the 
lamina propria.60 Accordingly it is possible that NK1 receptor antago-
nists could also directly modulate any gastric immune dysregulation 
during gastroparesis,16 but evidence is currently lacking.

Aprepitant is a brain penetrant NK1 receptor antagonist, regis-
tered for prevention of vomiting in cancer patients receiving highly 
emetogenic therapy, when given with a 5-HT3 receptor antagonist 
and dexamethasone.30 In small studies with healthy volunteers, 
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gastric emptying of solid meals was not increased by aprepitant61,62 
or the development candidate tradipitant,63 suggesting little-or-no 
role for tachykinins in physiological control of gastric motility. Gastric 
accommodation was unaffected in two studies63,64 but increased 
in another, during which symptoms associated with ingestion of a 
maximum tolerated volume (pain, nausea) were increased by aprep-
itant.62 The ability of aprepitant to activate a mechanosensitive 
two-pore domain potassium channel, TRAAK (encoded by KCNK4) 
(Table 1), may explain these anomalous data. A detailed pharmacol-
ogy profile for tradipitant (VLY-686/LY686017) is not published.

In case reports, aprepitant reduced severe vomiting or nausea 
in patients with gastroparesis.65–67 However, it did not reduce the 
severity of nausea in a randomised double-blind Phase II trial in pa-
tients with gastroparesis or CUNV (using a visual analogue scale); 
the authors argued that studies should explore different outcome 
measures, partly because of the lack of effective treatments for 
gastroparesis and partly because signs of efficacy were detected 
over the 4 weeks period in secondary outcomes measured using the 
GCSI (including nausea and vomiting).68 More recently in a Phase 
II double-blind, placebo-controlled trial on 152 patients with idio-
pathic and diabetic gastroparesis and moderate-to-severe nausea, 
the experimental compound tradipitant improved nausea scores, 
nausea-free days and other secondary end points but this was sta-
tistically significant only after 4 weeks of treatment.69 However, 
the subsequent phase III trial in gastroparesis showed no ability of 
tradipitant to reduce the severity of nausea from baseline at week 12 
of treatment, compared with the patients receiving placebo, thereby 
failing to meet the primary endpoint of the study (cited by Ref. [9]).70

3.4.1 | Conclusions

It remains premature to draw firm conclusions about the role of NK1 
receptor antagonists for gastroparesis. A rationale exists although 
the data for tradipitant are disappointing. In terms of the future, drug 
selectivity, an understanding of the involvement of NK1 receptors 
in the mechanisms of nausea and improved methods of quantifying 
nausea may be critical.

3.5 | Mirtazapine

Mirtazapine is a centrally-penetrant antagonist at multiple re-
ceptors (Table  1). Antagonism at H1,30 5-HT3 (see above) and α2-
adrenoceptors71 can block vomiting, although their involvement in 
mechanisms of gastroparesis is unclear. Case reports (e.g., Ref. [72]) 
and a small study without placebo, describe reduced symptoms with 
mirtazapine in patients unresponsive to conventional treatments.73 
In healthy volunteers, mirtazapine did not affect gastric compliance 
or sensitivity to distension although gastric accommodation may be 
reduced.74

Side-effects include sedation,75 likely explained by H1 receptor 
antagonism in the cerebral cortex, hyperphagia and weight gain 

(likely caused by H1 and 5-HT2C receptor antagonism76,77). It is inter-
esting to speculate that if appetite and nausea are interrelated,78,79 
mirtazapine could reduce nausea (a common side-effect of the 5-
HT2C receptor agonist lorcaserin, used to treat obesity80).

3.5.1 | Conclusions

Little evidence is available. There is no clear rationale to explore the 
use of mirtazapine for gastroparesis. Somnolence/weight gain may 
accompany treatment.

3.6 | Tricyclic antidepressants

Amitriptyline and nortriptyline (N-desmethyl metabolite of amitrip-
tyline) are 5-HT and noradrenaline uptake inhibitors, with affinity 
for the H1 receptor, mACh receptors, the α1-adrenoceptor and 5-
HT2A receptor (Table 1). Both have been recommended for patients 
with significant dyspeptic symptoms,23 at doses lower than used for 
depression to minimise impairment of GI motility by mACh receptor 
antagonism.

In small open-label retrospective studies in patients with 
chronic nausea and vomiting and in diabetic patients with unex-
plained vomiting resistant to treatment (including some with cy-
clic vomiting syndrome), there were moderate improvements of 
symptoms after long-term treatment with amitriptyline 50 (range 
10–200) and nortriptyline 25–50 (10–75) mg/day; unfortunately, 
nausea and vomiting were grouped together.81,82 In a placebo-
controlled trial in patients with idiopathic gastroparesis (who could 
take ‘prokinetics’ or ‘antiemetics’ during the study), 15 weeks' with 
nortriptyline did not improve symptoms (GCSI score) or the nau-
sea, fullness/satiety or bloating sub-scores (but decreased loss of 
appetite).83

3.6.1 | Conclusions

There is no rationale for using these drugs for treatment of gastropa-
resis, apart perhaps from an ability to ameliorate pain.

3.7 | Ghrelin receptor agonists

Animal studies have shown an ability to inhibit vomiting induced by 
cisplatin or abnormal motion, but not by nicotine or copper sulphate; 
the site of action is unclear but required brain penetration.84 Animal 
studies have also shown that ghrelin can reduce the sensitivity of gas-
tric muscle and mucosal vagal afferents to mechanical stimulation.85 In 
contrast to rodent studies and unlike 5-HT4 and motilin receptor ago-
nists, ghrelin has no ability to facilitate cholinergic function in human 
isolated stomach.86,87 This suggests that ghrelin increases gastric 
emptying in humans via the vagus nerve and/or the area postrema.88
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     |  9SANGER and ANDREWS

To date, the development of ghrelin receptor agonists for 
treatment of gastroparesis has been unsuccessful. Discontinued 
compounds include TZP101 (intravenous infusion reduced vom-
iting and increased appetite in patients with diabetic gastropa-
resis without improving gastric emptying, and greatly reduced 
frequency and severity of nausea and vomiting in patients with 
gastroparesis and severe symptoms89,90), TZP-102 (oral doses did 
not increase gastric emptying or reduce symptoms in a Phase IIb 
trial; Daily Diary of Gastroparesis Symptoms Questionnaire91) and 
relamorelin1 (peptide analogue of ghrelin given subcutaneously, 
accelerated gastric emptying and reduced vomiting severity in 
Phase II trials in diabetic gastroparesis).92 Nevertheless, a recent 
network meta-analysis7 showed that the ability of TZP-102 to re-
duce individual symptoms of nausea and fullness was superior to 
placebo, perhaps due to peripheral modulation of afferent activity 
and/or appetite (see above).

3.7.1 | Conclusions

There is some rationale for this approach. Thus, these are recep-
tor agonists so are not dependent on the release of a ligand during 
gastroparesis. However, for future compounds, questions remain. 
Firstly, for optimal design, the nature of the native human ghrelin 
receptor(s) relevant to treatment of gastroparesis (e.g., in control 
of appetite and/or nausea) needs to be better understood. Thus, 
in different tissues the ghrelin receptor, a seven transmembrane G 
protein-coupled receptor (GPCR), can exist as a heterodimer with 
other GPCRs, can function via different intracellular coupling path-
ways (raising the possibility of functional or biased agonists at the 
receptor) and can show constitutive activity.93 Secondly, as with all 
receptor agonists there is a risk that the response might fade with 
repeated exposure to the agonist. In designing future compounds 
this risk can be examined by, for example, repeat dosing in rodent 
models measuring changes in appetite together with a pharmacoki-
netic analysis. Thirdly, in humans, do these compounds cause a sus-
tained increase in gastric emptying and reduce nausea in addition to 
vomiting?88 To date, the evidence for an increase in gastric emptying 
is inconsistent (see above; in addition, trials with the ghrelin receptor 
agonist ulimorelin in patients with postoperative ileus were unsuc-
cessful94). Finally, what are the long-term consequences of repeat 
administration (ghrelin has activity in brain, pancreatic islets, heart 
and other tissues, with potential to cause weight gain and change 
insulin sensitivity42,88)?

3.8 | Drugs inhibiting vomiting: Overall conclusions

•	 To date, the pathophysiology of gastroparesis suggests that symp-
toms are related to changes in gastric functions, although convinc-
ing mechanistic evidence is still required and there remains a need 
to explore potential causal relationships between delayed gastric 
emptying and induction of nausea/vomiting. The consequences 

might be expected to be signalled to the brainstem largely by ab-
dominal vagal afferents, although direct experimental evidence is 
still required. Nevertheless, theoretically, treatments which mod-
ulate vagal afferent signalling and/or the consequences on brain-
stem or cortical functions might be beneficial.

•	 NK1 receptor antagonists can block vagal afferent nerve activity if 
activated by endogenous Substance P from enteroendocrine cells 
but perhaps more importantly, also block the consequences of 
vagal afferent activation in selected brainstem nuclei implicated 
in vomiting. However, the clinical trials in gastroparesis have been 
disappointing and more detailed investigation of relative efficacy 
against nausea is required.

•	 There is little rationale for use of 5-HT3 receptor antagonists.
•	 There is little rationale for use of D2 receptor antagonists.
•	 There is no sound rationale for treatment by antagonists at H1 or 

muscarinic receptors.
•	 The rationale for using mirtazapine, amitriptyline, or nortriptyline 

is unclear.
•	 A future for ghrelin receptor agonists is uncertain.

4  | DRUGS INCRE A SING GA STRIC 
EMPT YING

The relationships between symptom control and drug-induced 
acceleration of gastric emptying are currently uncertain. A sys-
tematic review found positive correlations between drug-induced 
increases in gastric emptying (using validated methods, sitting 
positions, and drugs stated by the authors to be likely to have 
sustained activity: cisapride, domperidone, ghrelin receptor ago-
nists) and reduced symptoms, in at least 75% of studies.26 This had 
some consistency with an earlier systematic review (concluding 
that outcomes were more favourable during open-label studies, 
most often with erythromycin rather than domperidone, meto-
clopramide or cisapride22), but contrasted with lack of correlation 
between increased gastric emptying and improved symptoms in 
a meta-regression analysis considering different methodologies, 
meals and drugs (cisapride, erythromycin, domperidone, meto-
clopramide, levosulpiride, botulinum toxin).14 For both studies the 
drugs grouped under the single description of ‘gastroprokinetic 
therapy’ hide a range of different peripheral and central activities 
on different molecular targets within different cell-types, some-
times with additional potential to directly influence pathways in-
volved in mechanisms of vomiting (see commentary on the latter 
study15). Finally, a recent analysis of both studies stressed the im-
portance of placebo-controlled trials and concluded that optimal 
methods for measuring gastric emptying could demonstrate symp-
tom improvement following prokinetic therapy, in part mediated 
by acceleration of gastric emptying.95

The drugs investigated above were 5-HT4 and motilin recep-
tor agonists, D2 receptor antagonists, and experimental ghrelin 
receptor agonists. Table 2 lists drugs, by class, which are marketed 
to increase gastric emptying. The older drugs are non-selective, 
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influencing more than one mechanism, including sometimes, a 
pathway leading to vomiting.30,96 Included is the mACh receptor 
agonist bethanechol, sometimes given to patient's refractory to 
other treatments.12,13 However, bethanechol does not induce a 
coordinated increase in gastric emptying, so is not discussed fur-
ther. Likewise, the D2 receptor antagonist and acetylcholinester-
ase inhibitor itopride is included but not discussed, since although 
sometimes given to patients with FD, studies in gastroparesis are 
limited.1

Do these drugs increase gastric emptying in a similar manner or 
are there differences favouring one class over another?

4.1 | 5-HT4 receptor agonists

When gastric emptying is delayed 5-HT4 receptor agonists can in-
crease gastric emptying. This occurs mostly by prolonged facilitation 
of acetylcholine (ACh) release from active enteric cholinergic motor 
neurons of the stomach, without directly affecting resting muscle 
tone (see Table 2 for references to this and other potential peripheral 
and central pathways).

The early drugs, subsequently found to be 5-HT4 receptor 
agonists, were developed before this receptor was identified (in 
198830) and consequently, were poorly characterised, possess-
ing additional but then unknown actions and/or low-intrinsic ac-
tivity at the receptor. They include metoclopramide, clebopride, 
cisapride, levosulpiride, mosapride and tegaserod (Table  2). For 
example, metoclopramide is also a D2 and 5-HT3 receptor antag-
onist, inhibiting different parts of pathways leading to vomiting. 
The drug is registered by the FDA for short-term treatment of 
gastroparesis, but with a black box warning of a risk of tardive 
dyskinesia (because metoclopramide is brain-penetrant and can 
antagonise at D2 receptors within the basal ganglia).97 Clebopride 
is a 5-HT4 receptor agonist derived from metoclopramide and also 
a D2 and D4 receptor antagonist. These drugs are not discussed 
further.

Two selective 5-HT4 receptor agonists with high-intrinsic ac-
tivity at the receptor have provided limited encouragement that in 
some patients with gastroparesis, symptoms may be improved by 
increasing gastric emptying; these are prucalopride (Table 2) and 
the now discontinued development compound velusetrag.42,98–100 
The phase 2B study with velusetrag (abstract only98) found im-
proved GCSI scores and gastric emptying (scintigraphy) over a 
4–12 weeks period, in diabetic and especially, idiopathic gast-
roparesis. In a small group of patients with mostly idiopathic gast-
roparesis, 4 weeks of prucalopride (2 mg daily) improved the GCSI 
and Patient Assessment of GI Symptoms (PAGI-SYM) subscales of 
fullness/satiety, bloating/distension, nausea/vomiting, reflux, im-
proved quality of life, and enhanced gastric emptying of a solid 
meal.99 However, in a smaller study in diabetic or connective tis-
sue disease-related gastroparesis, prucalopride (4  mg daily for 
4 weeks) accelerated gastric emptying (solid meal) without affect-
ing the GCSI or PAGI-SYM subscales; the authors recommended 

further study and possible off-label use of prucalopride (the drug 
is marketed for chronic idiopathic constipation) in idiopathic rather 
than diabetic gastroparesis.100 Other compounds in development 
include felcisetrag, which in a small trial increased gastric emp-
tying when given intravenously daily for 3 days to patients with 
gastroparesis.101 By contrast, a small placebo-controlled trial with 
the now-discontinued selective 5-HT4 receptor agonist, revex-
pride (given orally three times daily over 4 weeks), in patients with 
symptoms suggestive of gastroparesis, did not improve gastric 
emptying or suggest an improvement in symptoms.102

4.1.1 | Conclusions

Although there is limited data to support a beneficial action of selec-
tive 5-HT4 receptor agonists not all trials with different compounds 
show the same outcome. The reasons for the differences are unclear. 
As with all 5-HT4 (and motilin; see below) receptor agonists which act 
directly on the stomach to increase gastric emptying, the question 
of a fading response to repeat administration must be considered 
(caused by receptor tachyphylaxis and/or by stomach muscle fatigue). 
In addition, the reasons for the different clinical outcomes for the 
above-mentioned compounds need to be explored. These include an 
examination of differences in intrinsic activities and/or off rates from 
the human 5-HT4 receptor, the need for brain penetration (prucalo-
pride can cross the blood–brain barrier; Table 2) and the overall phar-
macokinetics of unbound compound and/or dosing schedules.

4.2 | Motilin receptor agonists

Erythromycin, azithromycin and perhaps some other macrolides are 
antibiotics and motilin receptor agonists (Table  2); they are used 
‘off-label’ to increase gastric emptying.103 Motilin receptor agonists 
act in a similar manner to 5-HT4 receptor agonists, facilitating ACh 
release from active enteric cholinergic motor neurons. In addition, 
motilin receptor agonists directly contract the stomach muscle, 
most obvious at higher concentrations. It is not known if ICCs within 
human stomach express motilin receptors, but this has been sug-
gested (Table 2). There is no evidence for a central mechanism by 
which motilin can affect gastric emptying.103

The ability of motilin receptor agonists to increase enteric cho-
linergic activity in vitro and increase gastric emptying is consider-
ably greater than for 5-HT4 receptor agonists.103 This means that 
relatively high doses (e.g., motilides when used as antibiotic drugs) 
can cause rapid, powerful gastric emptying, dumping and slowing 
of small intestinal transit when high-nutrient contents enter the 
lumen.88,103,104 Such stimulation may fade105 and tolerance to repeat 
dosing has been observed.106 In addition contraction of the stomach 
muscle by the higher concentrations is thought to contribute to early 
satiety, nausea and stomach cramps.103

The ability of erythromycin to reduce symptoms of gast-
roparesis remains equivocal and is based on small, sub-optimal 
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     |  11SANGER and ANDREWS

studies without selection of an optimal dose.24,42,103,106 The latter 
is important because relatively low doses (compared to antibiotic 
doses) are needed to cause a sustained increase in gastric empty-
ing over repeat dosing without adverse events or fade of the re-
sponse.103 It is possible that the motilin receptor agonist ABT229 
failed in clinical trials for dyspepsia or gastroesophageal reflux dis-
ease because the dose selected was too high for a compound with 
a 20 h half-life dosed b.i.d.103 Nevertheless although low doses of 
the small molecule, selective motilin receptor agonist camicinal, 
showed increased gastric emptying in healthy volunteers after re-
peat dosing107 and some improvements in symptoms of diabetic 
gastroparesis, the lack of clear dose-dependency prevented fur-
ther development.108 The macrolide mitemcinal also increased 
gastric emptying and showed some ability to improve symptoms 
of gastroparesis but curiously, only in a sub-group of patients with 
BMI < 35 kg/m2 and haemoglobin A1c < 10%.109 Further progres-
sion of both compounds has stopped.

4.3 | D2/D3 receptor antagonists

There is no convincing evidence that domperidone or other D2/D3 
receptor antagonists can increase gastric emptying in healthy vol-
unteers (Table S2). Some evidence exists for an ability to increase 
gastric emptying in patients with gastroparesis, but positive studies 
are inconsistent. If gastric emptying is increased, the mechanism is 
unclear (e.g., no direct activity of domperidone on gastric functions; 
no evidence for increased dopamine availability affecting the stom-
ach; Table  S2). It may be possible that domperidone can increase 
gastric movements indirectly, by reducing nausea, early satiety and 
abdominal bloating.27,31 Accordingly, the pharmacology of D2 recep-
tor antagonists has been discussed in more detail above (Section 3).

4.4 | Ghrelin receptor agonists

An ability of ghrelin receptor agonists to cause a sustained increase 
in gastric emptying in humans remains uncertain although they can 
inhibit vomiting84 and nausea.9 Accordingly, their effects in patients 
with gastroparesis are discussed above (Section  3). Development 
of these compounds for treatment of gastroparesis have been 
discontinued.1

4.5 | Drugs increasing gastric emptying: Overall 
conclusions

In idiopathic gastroparesis, some encouraging data has been reported 
with selective, high-efficacy 5-HT4 receptor agonists, including pru-
calopride. This suggests that some improvement of symptoms can 
be achieved by increasing gastric emptying in a coordinated manner.

The use of metoclopramide, clebopride and erythromycin also 
have some, albeit inconsistent, clinical support. These drugs also 

increase gastric emptying (via 5-HT4 or motilin receptor activation). 
However, compared with prucalopride there are important differ-
ences. For erythromycin the increase in gastric motility is potentially 
much greater and muscle tone can be directly increased, perhaps 
explaining both a preference and a dislike of this drug, depending on 
the dose. For metoclopramide and clebopride, an additional ability 
to inhibit certain stimuli causing nausea and/or vomiting (via 5-HT3 
and/or D2 receptor antagonism) also adds a risk of extrapyramidal 
side-effects (central D2 receptor antagonism).

5  | FUTURE

For many drugs discussed above, there is no mechanism-based 
rationale for their use in the treatment of gastroparesis and ac-
cordingly, no basis for improvement. Nevertheless, early trials 
with NK1 receptor antagonists and 5-HT4 receptor agonists have 
shown signs of efficacy. Thus, it remains possible that further trials 
with existing or new compounds could achieve significant benefit, 
although for the 5-HT4 receptor agonists, any enthusiasm may be 
hampered by the near-complete patent life of prucalopride and 
its potential for ‘off label’ use. Perhaps a 5-HT4 receptor agonist 
which also acts as a peripherally restricted D2 receptor antago-
nist (unlike metoclopramide and clebopride which are centrally 
penetrant) would be worth exploring, given the existence of some 
encouraging data for these drugs.9 In addition, the use of drugs 
in combination may improve treatment efficacy (note that some 
drugs already act on multiple receptors; Table 1). For example, a 
combination of a selective 5-HT4 receptor agonist such as prucalo-
pride and the NK1 receptor antagonist aprepitant would utilise the 
peripheral prokinetic actions of 5-HT4 activation and the periph-
eral and central antagonism of NK1 receptors for effects against 
vomiting.

Notwithstanding the need to further examine the efficacy of 
NK1 receptor antagonists, 5-HT4 receptor agonists and the drug 
combinations discussed above, it is also necessary to develop new 
approaches which target the gastroparesis patient rather than 
simply rely on drugs which inhibit vomiting (as proven in different 
conditions) or increase gastric emptying. A first step would be to 
develop more objective methods of measuring nausea. This is im-
portant to improve diagnosis, to distinguish between one symptom 
and another (e.g., nausea versus early satiety30) and because drugs 
which inhibit vomiting are generally less effective at inhibiting nau-
sea.27,30,110 Perhaps the recent findings with tradipitant in patients 
with gastroparesis (Section 3) now means that the NK1 receptor an-
tagonists should be added to this list of drugs. Thus, the mechanisms 
of vomiting and nausea need to be considered separately (vomiting 
is a motor reflex, but nausea is an experience, and each are governed 
by different brain regions27,35). However, measures of nausea are 
not standardised (limiting accuracy of data27) and have only recently 
been applied to gastroparesis. For example, in one study, a question-
naire characterised nausea in 3 dimensions: somatic, GI and emo-
tional distress,79 finding 96% of gastroparesis patients (idiopathic 
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and diabetic) experienced nausea, often related to meals, whereas 
65% experienced vomiting (more in diabetic gastroparesis).6 Thus, 
a quantitative method for measuring nausea independent of patient 
reports needs to be developed, to provide a more sensitive, real-time 
assessment of drug efficacy than provided by current methods.27 
Notably, a recent systematic review of brain imaging in subjects re-
porting nausea identified relatively few studies, with most involv-
ing visually induced motion sickness as compared to stimuli that are 
arguably more relevant to gastroparesis (acting via the vagal affer-
ents and/or area postrema).35 Pharmacological MRI studies are re-
quired to explore the pathways activated, for drug targets.

New approaches to novel drug design are also needed. Gastric 
electrical activity (regulated by ICCs) is dysrhythmic during nau-
sea (including patients with gastroparesis),18 providing incentive to 
find ways of restoring ICC function, perhaps by modulating key ion 
channels affecting slow wave electrical activity.111 It is worth not-
ing that gastric electrical pacing has some ability to regulate gastric 
dysrhythmia,18 potentially providing a model whereby novel drug 
targets can be identified to improve on the effects of electrical 
stimulation.

If the gastroparesis symptoms of vomiting, nausea, fullness and 
bloating originate from the stomach (Section 2), this is likely to be 
signalled via vagal afferents to the brainstem. Thus, strategies to 
modulate vagal afferent activation becomes an important target for 
future drug research.112 NK1 and 5-HT3 receptor antagonists are 
examples of drugs which inhibit vagal afferent activation driven by 
substance P and 5-HT. However, in the case of gastroparesis where 
the driving stimulus is currently unidentified and appears to ‘es-
cape’ from blockade of vagal activity by NK1 receptor antagonists 
(Section 3), different approaches are needed. One possibility is to 
identify receptor agonists that reduce vagal afferent activity with-
out regard to the initiating stimulus. Ghrelin receptor agonists have 
been explored (Section 3) but another example is GABAB receptor 
activation, exemplified by baclofen.113 A second possibility is to 
mine new targets from models such as the mouse nodose ganglion, 
recently the subject of molecular characterisation.114 Finally, novel 
targets to treat nausea and vomiting may be found by better un-
derstanding of the actions of existing drugs. For example, a recent 
analysis of thalidomide's effects against nausea and/or vomiting in 
pregnancy and anti-cancer chemotherapy identified modulation of 
KCa1.1 or GABAA/glutamate and reducing functions of GDF15 as 
potential mechanisms.32 GDF15 is a divergent member of the TGF-β 
superfamily acting on the glial-derived neurotrophic factor-family 
receptor α-like (GFRAL) receptor and linked to mechanisms of vom-
iting, anorexia and weight loss.115,116

As with all new mechanisms a test-model must be found that 
is relevant to gastroparesis and not, for example, chemotherapy-
induced vomiting or drug-induced delay in gastric emptying, so that 
efficacy can be assessed before the expense of speculative clinical 
trials. The development of a non-rodent model which examined the 
consequences of damaged ICC activity within the stomach in vivo 
might be a beginning, perhaps combined with/informed by in vitro 
studies of the pharmacology of human gastric motility.

Finally, and in conclusion, it is argued that future treatments 
of patients with gastroparesis must depend on a more rational 
mechanism-based approach, supplemented by improved symptom 
assessment methodology, rather than, for example, simply ‘trying’ 
the latest drug for treating vomiting and nausea in anti-cancer che-
motherapy, or a new way to stimulate gastric motility.

AUTHOR CONTRIBUTIONS
Gareth John Sanger: Conceptualization (equal); data curation 
(equal); formal analysis (equal); project administration (equal); valida-
tion (equal); writing – original draft (equal); writing – review and edit-
ing (equal). Paul Andrews: Conceptualization (equal); data curation 
(equal); formal analysis (equal); validation (equal); writing – review 
and editing (equal).

ACKNO​WLE​DG E​MENTS
Declaration of personal interests: There was no specific funding for 
this publication, but the authors thank all funders who to date, 
have enabled the authors to conduct research into the mechanisms 
discussed within this review, along with our many past and pre-
sent colleagues who have engaged in fruitful discussions on these 
mechanisms. Within the last three years GJS received research fund-
ing from Bowel Research UK and Takeda Pharmaceuticals North 
America.

CONFLIC T OF INTERE S T S TATEMENT
GJS advises BYOMass, Nurix, Fauna Bio and Viwit. PLRA has no con-
flict of interest.

ORCID
Gareth J. Sanger   https://orcid.org/0000-0002-4231-1945 
Paul L. R. Andrews   https://orcid.org/0000-0001-7099-6964 

R E FE R E N C E S
	 1.	 Schol J, Wauters L, Dickman R, Drug V, Mulak A, Serra J, et al. 

United European gastroenterology (UEG) and European Society 
for Neurogastroenterology and Motility (ESNM) consensus on 
gastroparesis United European Gastroenterol J 2021;9:287–306.

	 2.	 Camilleri M, Dilmaghani S, Vosoughi K, Zheng T. A north American 
perspective on the ESNM consensus statement on gastroparesis. 
Neurogastroenterol Motil. 2021;38:e14174.

	 3.	 Silver PJ, Dadparvar S, Maurer AH, Parkman HP. Proximal and 
distal intragastric meal distribution during gastric empty-
ing scintigraphy: relationships to symptoms of gastropare-
sis. Neurogastroenterol Motil. 2022;34:e14436. https://doi.
org/10.1111/nmo.14436

	 4.	 Lee K-J, Vos R, Janssens J, Tack J. Differences in the sensorimotor 
response to distension between the proximal and distal stomach in 
humans. Gut. 2004;53:938–43.

	 5.	 Jalleh RJ, Jones KL, Rayner CK, Marathe CS, Wu T, Horowitz M. 
Normal and disordered gastric emptying in diabetes: recent in-
sights into (patho)physiology, management and impact on glycae-
mic control. Diabetologia. 2022;65:1981–93.

	 6.	 Parkman HP, Hallinan EK, Hasler WL, Farrugia G, Koch KL, Calles J, 
et al. Nausea and vomiting in gastroparesis: similarities and differ-
ences in idiopathic and diabetic gastroparesis. Neurogastroenterol 
Motil. 2016;28:1902–14.

 13652036, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/apt.17466 by St G

eorge'S U
niversity O

f L
ondon, W

iley O
nline L

ibrary on [13/04/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-4231-1945
https://orcid.org/0000-0002-4231-1945
https://orcid.org/0000-0001-7099-6964
https://orcid.org/0000-0001-7099-6964
https://doi.org/10.1111/nmo.14436
https://doi.org/10.1111/nmo.14436


     |  13SANGER and ANDREWS

	 7.	 Pasricha PJ, Grover M, Yates KP, Abell TL, Bernard CE, Koch KL, 
et al. Functional dyspepsia and gastroparesis in tertiary care are 
interchangeable syndromes with common clinical and pathological 
features. Gastroenterology. 2021;160:2006–17.

	 8.	 Wauters L, Dickman R, Drug V, Mulak A, Serra J, Enck P, et al. 
United European gastroenterology (UEG) and European Society 
for Neurogastroenterology and Motility (ESNM) consensus on 
functional dyspepsia. Neurogastroenterol Motil. 2021;33:e14238.

	 9.	 Ingrosso MR, Camilleri M, Tack J, Ianiro G, Black CJ, Ford AC. 
Efficacy and safety of drugs for gastroparesis: systematic review 
and network meta-analysis. Gastroenterology. 2023; in press. 
https://doi.org/10.1053/j.gastro.2022.12.014

	 10.	 Sugumar A, Singh A, Pasricha PJ. A systematic review of the effi-
cacy of domperidone for the treatment of diabetic gastroparesis. 
Clin Gastroenterol Hepatol. 2008;6(7):726–33.

	 11.	 Camilleri M, Kuo B, Nguyen L, Vaughn VM, Petrey J, Greer K, 
et al. ACG clinical guideline: gastroparesis. Am J Gastroenterol. 
2022;117:1197–220. https://doi.org/10.14309/​ajg.00000​00000​
001874

	 12.	 Yu D, Ramsey FV, Norton WF, Norton N, Schneck S, Gaetano T, 
et al. The burdens, concerns, and quality of life of patients with 
gastroparesis. Dig Dis Sci. 2017;62:879–93.

	 13.	 Zikos TA, Nguyen L, Kamal A, Fernandez-Becker N, Regalia K, 
Nandwani M, et al. Marijuana, ondansetron, and promethazine are 
perceived as most effective treatments for gastrointestinal nau-
sea. Dig Dis Sci. 2020;65:3280–6.

	 14.	 Janssen P, Harris MS, Jones M, Masaoka T, Farré R, Törnblom H, 
et al. The relation between symptom improvement and gastric 
emptying in the treatment of diabetic and idiopathic gastroparesis. 
Am J Gastroenterol. 2013;108:1382–91.

	 15.	 Sanger GJ. The relationship between symptom improvement and 
gastric emptying in the treatment of gastroparesis: remember the 
pharmacology. Am J Gastroenterol. 2014;109:444–5. (Reply by 
Tack J. Am J Gastroenterol. 2014; 109:445-6).

	 16.	 Grover M, Farrugia G, Stanghellini V. Gastroparesis: a turning point 
in understanding and treatment. Gut. 2019;68:2238–50. https://
doi.org/10.1136/gutjn​l-2019-318712

	 17.	 Carson DA, Bhat S, Hayes TCL, Gharibans AA,·Andrews CN, 
O'Grady G, et al. Abnormalities on electrogastrography in nausea 
and vomiting syndromes: a systematic review, meta-analysis, and 
comparison to other gastric disorders. Dig Dis Sci 2022;67:773–
85. https://doi.org/10.1007/s1062​0-021-07026​-x

	 18.	 O'Grady G, Gharibans AA, Du P, Huizinga JD. The gastric con-
duction system in health and disease: a translational review. Am J 
Physiol. 2021;321:G527–42.

	 19.	 O'Grady G, Gharibans A, Calder S, Andrews C. Retrograde 
slow-wave activation: a missing link in gastric dysfunction? 
Neurogastroenterol Motil. 2021;33:e14112.

	 20.	 Abell TL, Bernstein RK, Cutts T, Farrugia G, Forster J, Hasler WL, 
et al. Treatment of gastroparesis: a multidisciplinary clinical re-
view. Neurogastroenterol Motil. 2006;18:263–83.

	 21.	 Abrahamsson H. Treatment options for patients with severe 
gastroparesis. Gut. 2007;56:877–83. https://doi.org/10.1136/
gut.2005.078121

	 22.	 Sturm A, Holtmann G, Goebell H, Gerken G. Prokinetics in pa-
tients with gastroparesis: a systematic analysis. Digestion. 
1999;60:422–7.

	 23.	 Parkman H, Fass R, Foxx-Orenstein A. Treatment of patients with 
diabetic gastroparesis. Gastroenterol Hepatol (N Y). 2010;6:1–16.

	 24.	 Camilleri M, Parkman HP, Shafi MA, Abell TL, Gerson L, American 
College of Gastroenterology. Clinical guideline: management of 
gastroparesis. Am J Gastroenterol. 2013;108:18–37.

	 25.	 Youssef AS, Parkman HP, Nagar S. Drug-drug interactions in phar-
macologic management of gastroparesis. Neurogastroenterol 
Motil. 2015;27:1528–41.

	 26.	 Vijayvargiya P, Camilleri M, Chedid V, Mandawat A, Erwin PJ, Murad 
MH. Effects of promotility agents on gastric emptying and symp-
toms: a systematic review and meta-analysis. Gastroenterology. 
2019;156:1650–60.

	 27.	 Andrews PLR, Sanger GJ. Nausea and the quest for the perfect 
anti-emetic. Eur J Pharmacol. 2014;722:108–21.

	 28.	 Sanger GJ, Holbrook JD, Andrews PLR. The translational value 
of rodent gastrointestinal functions: a cautionary tale. Trends 
Pharmacol Sci. 2011;32:402–9.

	 29.	 Horn CC, Kimball BA, Wang H, Kaus J, Dienel S, Nagy A, et al. 
Why can't rodents vomit? A comparative behavioral, anatomical, 
and physiological study. PLoS One. 2013;8:e60537. https://doi.
org/10.1371/journ​al.pone.0060537

	 30.	 Sanger GJ, Andrews PLR. A history of drug discovery for treatment 
of nausea and vomiting and the implications for future research. 
Front Pharmacol. 2018;9:913.

	 31.	 Makwana R, Crawley E, Straface M, Palmer A, Gharibans A, 
Dealvlia K, et al. Synergistic augmentation of rhythmic myogenic 
contractions of human stomach by arginine vasopressin and 
adrenaline: implications for induction of nausea. Br J Pharmacol. 
2022;179:5305–22. https://doi.org/10.1111/bph.15943

	 32.	 Andrews PLR, Williams RSB, Sanger GJ. Anti-emetic effects of 
thalidomide: what is the evidence, what is the mechanism of ac-
tion, and are there lessons for development of novel agents? Curr 
Res Pharmacol Drug Discovery. 2023;3:100138.

	 33.	 Stern RM, Koch KL, Andrews PLR. Nausea: mechanisms and man-
agement. NY, USA: Oxford University Press; 2011.

	 34.	 Snodgrass P, Sandoval H, Calhoun VD, Ramos-Duran L, Song G, 
Sun Y, et al. Central nervous system mechanisms of nausea in 
gastroparesis: an fMRI-based case–control study. Dig Dis Sci. 
2020;65:551–6. https://doi.org/10.1007/s1062​0-019-05766​-5

	 35.	 Varangot-Reille C, Sanger GJ, Andrews PLR, Herranz-Gomez A, 
Cuenca-Martinez F, Suso-Marti L, et al. Neural network involved 
in the perception of nausea in adult humans: a systematic review 
of fMRI and functional connectivity studies. Auton Neurosci. 
2023;245:103059.

	 36.	 McCallum RW, George SJ. Gastric dysmotility and gastroparesis. 
Curr Treat Options Gastroenterol. 2001;4:179–91.

	 37.	 Stewart JJ, Wood MJ, Wood CD, Mims ME. Effects of motion 
sickness and antimotion sickness drugs on gastric function. J Clin 
Pharmacol. 1994;34:635–43.

	 38.	 Bharucha AE, Ravi K, Zinsmeister AR. Comparison of selective M3 
and nonselective muscarinic receptor antagonists on gastrointes-
tinal transit and bowel habits in humans. Am J Physiol Gastrointest 
Liver Physiol. 2010;299:G215–9.

	 39.	 Nguyen L, Wilson LA, Miriel L, Pasricha PJ, Kuo B, Hasler WL, et al. 
Autonomic function in gastroparesis and chronic unexplained nau-
sea and vomiting: relationship with etiology, gastric emptying, and 
symptom severity. Neurogastroenterol Motil. 2020;32:e13810.

	 40.	 Smith HS, Cox LR, Smith BR. Dopamine receptor antagonists. Ann 
Palliat Med. 2012;1(2):137–42.

	 41.	 Parkman HP, Jacobs MR, Mishra A, Hurdle JA, Sachdeva P, 
Gaughan JP, et al. Domperidone treatment for gastroparesis: de-
mographic and pharmacogenetic characterization of clinical effi-
cacy and side-effects. Dig Dis Sci. 2011;56:115–24.

	 42.	 Pasricha PJ, Snape W. Toward a better drug for gastropare-
sis: the problem with a moving target. Gastroenterology. 
2016;151:20–2.

	 43.	 Whiting RL, Choppin A, Luehr G, Jasper JR. Preclinical evaluation 
of the effects of trazpiroben (TAK-906), a novel, potent dopamine 
D2/D3 receptor antagonist for the management of gastroparesis. J 
Pharmacol Exp Ther. 2021;379:85–95.

	 44.	 Heckroth M, Luckett RT, Moser C, Parajuli D, Abell TL. Nausea and 
vomiting in 2021. A comprehensive update. J Clin Gastroenterol. 
2021;55:279–99.

 13652036, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/apt.17466 by St G

eorge'S U
niversity O

f L
ondon, W

iley O
nline L

ibrary on [13/04/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1053/j.gastro.2022.12.014
https://doi.org/10.14309/ajg.0000000000001874
https://doi.org/10.14309/ajg.0000000000001874
https://doi.org/10.1136/gutjnl-2019-318712
https://doi.org/10.1136/gutjnl-2019-318712
https://doi.org/10.1007/s10620-021-07026-x
https://doi.org/10.1136/gut.2005.078121
https://doi.org/10.1136/gut.2005.078121
https://doi.org/10.1371/journal.pone.0060537
https://doi.org/10.1371/journal.pone.0060537
https://doi.org/10.1111/bph.15943
https://doi.org/10.1007/s10620-019-05766-5


14  |     SANGER and ANDREWS

	 45.	 Cubeddu LX, Alfieri AB, Hoffman IS. Clinical evidence for the 
involvement of serotonin in acute cytotoxic-induced emesis. 
In: Reynolds DJM, Andrews PLR, Davis CJ, editors. Serotonin 
and the scientific basis of anti-emetic therapy. Oxford, London, 
Philadelphia, Sydney, Melbourne: Oxford Clinical Communications; 
1995. p. 142–9.

	 46.	 van Lelyveld N, Ter Linde J, Schipper M, Samsom M. Serotonergic 
signalling in the stomach and duodenum of patients with gastropa-
resis. Neurogastroenterol Motil. 2008;20:448–55.

	 47.	 Nielsen OH, Hvid-Jacobsen K, Lund P, Langholz E. Gastric emp-
tying and subjective symptoms of nausea: lack of effects of 
a 5-hydroxytryptamine-3 antagonist ondansetron on gastric 
emptying in patients with gastric stasis syndrome. Digestion. 
1990;46:89–96.

	 48.	 Stacher G, Bergmann H, Schneider C, Steiner-Mittlebach G, 
Gaupmann G, Steinringer H, et al. Effects of the 5-HT3 receptor 
antagonist ICS 205-930 on fat-delayed gastric emptying and antral 
motor activity. Br J Clin Pharmacol. 1990;30:41–8.

	 49.	 Netzer P, Gaia C, Lourens ST, Reber P, Wildi S, Noelpp U, et al. 
Does intravenous ondansetron affect gastric emptying of a solid 
meal, gastric electrical activity or blood hormone levels in healthy 
volunteers? Aliment Pharmacol Ther. 2002;16:119–27.

	 50.	 Kusakabe A, Nonaka T, Sekino Y, Iida H, Endo H, Koide T, et al. 
Effects of ramosetron oral disintegrating tablets on gastric emp-
tying: crossover study using the 13C-acetic acid breath test. 
Hepatogastroenterology. 2014;61:1279–82.

	 51.	 Kuo B, Camilleri M, Burton D, Viramontes B, McJinzie S, 
Thomforde G, et al. Effects of 5-HT3 antagonism on postprandial 
gastric volume and symptoms in humans. Aliment Pharmacol Ther. 
2002;16:225–33.

	 52.	 Feinle C, Read NW. Ondansetron reduces nausea induced by gas-
troduodenal stimulation without changing gastric motility. Am J 
Physiol. 1996;271:G591–7.

	 53.	 Amin K, Bastani B. Intraperitoneal ondansetron hydrochloride for 
intractable nausea and vomiting due to diabetic gastroparesis in a 
patient on peritoneal dialysis. Perit Dial Int. 2002;22:539–40.

	 54.	 Simmons K, Parkman HP. Granisetron transdermal system im-
proves refractory nausea and vomiting in gastroparesis. Dig Dis 
Sci. 2014;59:1231–4.

	 55.	 Midani D, Parkman HP. Granisetron transdermal system for treat-
ment of symptoms of gastroparesis: a prescription registry study. J 
Neurogastroenterol Motil. 2016;22:650–5.

	 56.	 Heckert J, Schey R, Parkman HP. Granisetron transdermal system 
for gastroparesis: a prospective study using the GCSI-daily diary. J 
Pharm Sci Therap. 2018;4:147–53.

	 57.	 Jung HK. Symptomatic improvement of gastroparesis with 
granisetron transdermal system. J Neurogastroenterol Motil. 
2016;22:543–4.

	 58.	 Minami M, Endo T, Yokota H, Ogawa T, Nemoto M, Hamaue N, 
et al. Effects of CP-99, 994, a tachykinin NK1 receptor antag-
onist, on abdominal afferent vagal activity in ferrets: evidence 
for involvement of NK1 and 5-HT3 receptors. Eur J Pharmacol. 
2001;428:215–20.

	 59.	 Fukuda H, Koga T, Furukawa N, Nakamura E, Hatano M, Yanagihara 
M. The site of the antiemetic action of NK1 receptor antagonists. 
In: Donner J, editor. Antiemetic therapy. Basel: Karger; 2003. p. 
33–77.

	 60.	 Steinhoff MS, von Mentzer B, Geppetti P, Pothoulakis C, Bunnett 
NW. Tachykinins and their receptors: contributions to physi-
ological control and the mechanisms of disease. Physiol Rev. 
2014;94:265–301. https://doi.org/10.1152/physr​ev.00031.2013

	 61.	 Madsen JL, Fuglsang S. A randomized, placebo-controlled, cross-
over, double-blind trial of the NK1 receptor antagonist aprepitant 
on gastrointestinal motor function in healthy humans. Aliment 
Pharmacol Ther. 2008;27:609–15.

	 62.	 Jacob D, Busciglio I, Burton D, Halawi H, Oduyebo I, Rhoten D, 
et al. Effects of NK1 receptors on gastric motor functions and sa-
tiation in healthy humans: results from a controlled trial with the 
NK1 antagonist aprepitant. Am J Physiol. 2017;313:G505–10.

	 63.	 Khanna L, Zheng T, Atieh J, Torres M, Busciglio I, Carlin JL, et al. 
Clinical trial: a single-centre, randomised, controlled trial of tradip-
itant on satiation, gastric functions, and serum drug levels in 
healthy volunteers. Aliment Pharmacol Ther. 2022;56:224–30.

	 64.	 Ang D, Pauwels A, Akyuz F, Vos R, Tack J. Influence of a neuro-
kinin-1 receptor antagonist (aprepitant) on gastric sensorimo-
tor function in healthy volunteers. Neurogastroenterol Motil. 
2013;25:e830–8.

	 65.	 Chong K, Dhatariya K. A case of severe, refractory diabetic gas-
troparesis managed by prolonged use of aprepitant. Nat Rev 
Endocrinol. 2009;5:285–8.

	 66.	 Fahler J, Wall G, Leman B. Gastroparesis-associated refractory 
nausea treated with aprepitant. Ann Pharmacother. 2012;46:e38.

	 67.	 Fountoulakis N, Dunn J, Thomas S, Karalliedde J. Successful 
management of refractory diabetic gastroparesis with long-term 
aprepitant treatment. ARPN J Eng Appl Sci. 2017;12:3218–21. 
https://doi.org/10.1111/ijlh.12426

	 68.	 Pasricha PJ, Yates KP, Sarosiek I, McCallum RW, Abell TL, Koch 
KL, et al. Aprepitant has mixed effects on nausea and reduces 
other symptoms in patients with gastroparesis and related dis-
orders. Gastroenterology. 2018;154:65–76.e11. https://doi.
org/10.1053/j.gastro.2017.08.033

	 69.	 Carlin JL, Lieberman VR, Dahal A, Keefe MS, Xiao C, Birznieks G, 
et al. Efficacy and safety of tradipitant in patients with diabetic 
and idiopathic gastroparesis in a randomized, placebo-controlled 
trial. Gastroenterology. 2021;160:76–87.

	 70.	 Vanda: Phase III study of tradipitant in gastroparesis fails to meet 
prespecified primary endpoint. https://www.nasdaq.com/artic​
les/vanda​-%3A-phase​-iii-study​-of-tradi​pitan​t-ingas​tropa​resis​-fails​
-to-meet-presp​ecifi​ed-primary. 2022.

	 71.	 Hikasa Y, Ogasawara S, Takase K. Alpha adrenoceptor subtypes 
involved in the emetic action in dogs. J Pharmacol Exp Ther. 
1992;261:746–54.

	 72.	 Kundu S, Rogal S, Alam A, Levinthal DJ. Rapid improvement in 
postinfectious gastroparesis symptoms with mirtazapine. World J 
Gastroenterol. 2014;20:6671–4.

	 73.	 Malamood M, Roberts A, Kataria R, Parkman HP, Schey R. 
Mirtazapine for symptom control in refractory gastroparesis. Drug 
des Devel Ther. 2017;11:1035–41.

	 74.	 Carbone F, Vanuytsel T, Tack J. The effect of mirtazapine on 
gastric accommodation, gastric sensitivity to distention, and nu-
trient tolerance in healthy subjects. Neurogastroenterol Motil. 
2017;29:e13146.

	 75.	 Nicholson AN, Pascoe PA, Turner C, Ganellin CR, Greengrass PM, 
Casy AF, et al. Sedation and histamine H1-receptor antagonism: 
studies in man with the enantiomers of chlorpheniramine and di-
methindene. Br J Pharmacol. 1991;104:270–6.

	 76.	 Kroeze WK, Hufeisen SJ, Popadak BA, Renock SM, Steinberg SA, 
Ernsberger P, et al. H1-histamine receptor affinity predicts short-
term weight gain for typical and atypical antipsychotic drugs. 
Neuropsychopharmacology. 2003;28:519–26.

	 77.	 Wallace TJM, Zai CC, Brandl EJ, Müller DJ. Role of 5-HT2C re-
ceptor gene variants in antipsychotic-induced weight gain. 
Pharmacogenomics Pers Med. 2011;4:83–93.

	 78.	 Greenough A, Cole G, Lewis J, Lockton A, Blundell J. Untangling 
the effects of hunger, anxiety, and nausea on energy intake during 
intravenous cholecystokinin octapeptide (CCK-8) infusion. Physiol 
Behav. 1998;65:303–10.

	 79.	 Muth ER, Stern RM, Thayer JF, Koch KL. Assessment of the mul-
tiple dimensions of nausea: the nausea profile (NP). J Psychosom 
Res. 1996;40:511–20.

 13652036, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/apt.17466 by St G

eorge'S U
niversity O

f L
ondon, W

iley O
nline L

ibrary on [13/04/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1152/physrev.00031.2013
https://doi.org/10.1111/ijlh.12426
https://doi.org/10.1053/j.gastro.2017.08.033
https://doi.org/10.1053/j.gastro.2017.08.033
https://www.nasdaq.com/articles/vanda-%3A-phase-iii-study-of-tradipitant-ingastroparesis-fails-to-meet-prespecified-primary
https://www.nasdaq.com/articles/vanda-%3A-phase-iii-study-of-tradipitant-ingastroparesis-fails-to-meet-prespecified-primary
https://www.nasdaq.com/articles/vanda-%3A-phase-iii-study-of-tradipitant-ingastroparesis-fails-to-meet-prespecified-primary


     |  15SANGER and ANDREWS

	 80.	 Higgins GA, Silenieks LB, Patrick A, De Lannoy IAM, Fletcher PJ, 
Parker LA, et al. Studies to examine potential tolerability differ-
ences between the 5-HT2C receptor selective agonists lorcaserin 
and CP-809101. ACS Chem Neurosci. 2017;8:1074–84.

	 81.	 Prakash C, Lustman PJ, Freedland KE, Clouse RE. Tricyclic antide-
pressants for functional nausea and vomiting: clinical outcome in 
37 patients. Dig Dis Sci. 1998;43:1951–6.

	 82.	 Sawhney MS, Prakash C, Lustman PJ, Clouse RE. Tricyclic antide-
pressants for chronic vomiting in diabetic patients. Dig Dis Sci. 
2007;52:418–24.

	 83.	 Parkman HP, van Natta ML, Abell TL, McCallum RW, Sarosiek 
I, Nguyen L, et al. Effect of nortriptyline on symptoms of idio-
pathic gastroparesis. The NORIG randomized clinical trial. JAMA. 
2013;310:2640–9.

	 84.	 Rudd JA, Chan SW, Ngan MP, Tu L, Lu Z, Giuliano C, et al. Anti-
emetic action of the brain-penetrating new ghrelin agonist, HM01, 
alone and in combination with the 5-HT3 antagonist, palonosetron 
and with the NK1 antagonist, netupitant, against cisplatin- and 
motion-induced emesis in Suncus murinus (house musk shrew). Front 
Pharmacol. 2018;9:869. https://doi.org/10.3389/fphar.2018.00869

	 85.	 Page AJ, Slattery JA, Milte C, Laker R, O'Donnell T, Dorian C, et al. 
Ghrelin selectively reduces mechanosensitivity of upper gastroin-
testinal vagal afferents. Am J Physiol. 2007;292:G1376–84.

	 86.	 Bassil A, Murray C, Dass NM, Muir A, Sanger GJ. Prokineticin-2, 
motilin, ghrelin and metoclopramide: prokinetic utility in mouse 
stomach and colon. Eur J Pharmacol. 2005;524:138–44.

	 87.	 Broad J, Góralczyk A, Mannur K, Dukes GE, Sanger GJ. Drugs act-
ing at 5-HT4, D2, motilin and ghrelin receptors differ markedly in 
how they affect neuromuscular functions in human isolated stom-
ach. Neurogastroenterol Motil. 2014;26:851–61.

	 88.	 Sanger GJ, Furness JB. Ghrelin and motilin receptors as drug tar-
gets for gastrointestinal disorders. Nat Rev Gastroenterol Hepatol. 
2016;13:38–48.

	 89.	 Ejskjaer N, Dimcevski G, Wo J, Hellstrőm PM, Gormsen LC, 
Sarosiek I, et al. Safety and efficacy of ghrelin agonist TZP-101 
in relieving symptoms in patients with diabetic gastroparesis: a 
randomized, placebo-controlled study. Neurogastroenterol Motil. 
2010;22:1069–e1281.

	 90.	 Wo JM, Ejskjaer N, Hellstr€om PM, Malik RA, Pezzullo JC, 
Shaughnessy L, et al. Randomised clinical trial: ghrelin agonist 
TZP-101 relieves gastroparesis associated with severe nausea 
and vomiting-randomised clinical study subset data. Aliment 
Pharmacol Ther. 2011;33:679–88.

	 91.	 McCallum RW, Lembo A, Esfandyari T, Bhandari BR, Ejskjaer N, 
Cosentino C, et al. Phase 2b, randomized, double-blind 12-week 
studies of TZP-102, a ghrelin receptor agonist for diabetic gast-
roparesis. Neurogastroenterol Motil. 2013;25(11):e705–17.

	 92.	 Lembo A, Camilleri M, McCallum R, Sastre R, Breton C, Spence 
S, et al. Relamorelin reduces vomiting frequency and severity and 
accelerates gastric emptying in adults with diabetic gastroparesis. 
Gastroenterology. 2016;151:87–96.e6.

	 93.	 Sanger GJ, Broad J, Callaghan B, Furness JB. Ghrelin and motilin 
control systems in GI physiology and therapeutics. Handbk Exp 
Pharmacol. 2017;239:379–416.

	 94.	 Shaw M, Pediconi C, McVey D, Mondou E, Quinn J, Chamblin B, 
et al. Safety and efficacy of ulimorelin administered postoperatively 
to accelerate recovery of gastrointestinal motility following partial 
bowel resection: results of two randomized, placebo-controlled 
phase 3 trials. Dis Colon Rectum. 2013;56:888–97.

	 95.	 Goelen N, Jones M, Huang I-H, Carbone F, Janssen P, Tack J. Do 
prokinetic agents provide symptom relief through acceleration 
of gastric emptying? An update and revision of the existing evi-
dence. United European Gastroenterol J. 2023:1–17. https://doi.
org/10.1002/ueg2.12362

	 96.	 Sanger GJ. Translating 5-HT4 receptor pharmacology. 
Neurogastroenterol Motil. 2009;21:1235–8.

	 97.	 Al-Saffar A, Lennernäs H, Hellström PM. Gastroparesis, metoclo-
pramide, and tardive dyskinesia: risk revisited. Neurogastroenterol 
Motil. 2019;31:e13617.

	 98.	 Abell TL, Kuo B, Esfandyari T, Canafax D, Camerini R, Grimald 
M, et al. Velusetrag improves gastroparesis both in symptoms 
and gastric emptying in patients with diabetic or idiopathic gas-
troparesis in a 12-week global phase 2B study. Gastroenterology. 
2019;156(6):S-164.

	 99.	 Carbone F, Van den Houte K, Clevers E, Andrews CN, 
Papathanasopoulos A, Holvoet L, et al. Prucalopride in gastropa-
resis: a randomized placebo-controlled crossover study. Am J 
Gastroenterol. 2019;114:1265–74.

	100.	 Andrews CN, Woo M, Buresi M, Curley M, Gupta M, Tack J, et al. 
Prucalopride in diabetic and connective tissue disease-related 
gastroparesis: randomized placebo-controlled crossover pilot trial. 
Neurogastroenterol Motil. 2020;33:e13958.

	101.	 Chedid V, Brandler J, Arndt K, Vijayvargiya P, Wang XJ, Burton 
D, et al. Randomised study: effects of the 5-HT4 receptor agonist 
felcisetrag versus placebo on gut transit in patients with gastropa-
resis. Aliment Pharmacol Ther. 2021;53:1010–20.

	102.	 Tack J, Rotondo A, Meulemans A, Thielemans L, Cools M. 
Randomized clinical trial: a controlled pilot trial of the 5-HT4 re-
ceptor agonist revexepride in patients with symptoms suggestive 
of gastroparesis. Neurogastroenterol Motil. 2016;28:487–97.

	103.	 Sanger GJ, Wang Y-T, Hobson A, Broad J. Motilin: toward a new 
understanding of the gastrointestinal neuropharmacology and 
therapeutic use of motilin receptor agonists. Br J Pharmacol. 
2013;170:1323–32.

	104.	 Edelbroek MAL, Horowitz M, Wishart JM, Akkermans LMA. 
Effects of erythromycin on gastric emptying, alcohol absorp-
tion and small intestinal transit in normal subjects. Nucl Med. 
1993;34:582–8.

	105.	 Broad J, Sanger GJ. The antibiotic azithromycin is a motilin recep-
tor agonist in human stomach: comparison with erythromycin. Br J 
Pharmacol. 2013;168:1859–67.

	106.	 Maganti K, Onyemere K, Jones MP. Oral erythromycin and 
symptomatic relief of gastroparesis: a systematic review. Am J 
Gastroenterol. 2003;98:259–63.

	107.	 Dukes GE, Barton M, Dewit O, Stephens K, Vasist L, Young M, 
et al. Safety/tolerability, pharmacokinetics (PK), and effect on gas-
tric emptying (GE) with 14-days repeat oral dosing of the motilin 
receptor agonist, GSK962040, in healthy male and female volun-
teers. Neurogastroenterol Motil. 2010;22(S1):14–5.

	108.	 Kline GS. A randomized, double-blind, placebo-controlled multi-
center phase II study to evaluate the safety and efficacy and dose 
response of 28 days of once-daily dosing of the oral motilin recep-
tor agonist GSK962040, in type I and II diabetic male and female 
subjects with gastroparesis. https://www.clini​caltr​ialsr​egist​er.eu/
ctr-searc​h/trial/​2010-02318​6-21/results. Accessed 08 March 
2022.

	109.	 Takanashi H, Cynshi O. Motilides: a long and winding road. 
Lessons from mitemcinal (GM-611) on diabetic gastroparesis. Reg. 
Peptides. 2009;155:18–23.

	110.	 Sanger GJ, Andrews PLR. A proposal for rational drug class 
terminology: a gastrointestinal perspective. Br J Pharmacol. 
2022;179:5233–4. https://doi.org/10.1111/bph.15946

	111.	 Straface M, Koussai M-A, Makwana R, Crawley E, Palmer A, 
Cai W, et al. A multi-parameter approach to measurement of 
spontaneous myogenic contractions in human stomach: utiliza-
tion to assess potential modulators of myogenic contractions. 
Pharmacol Res. 2022;180:106247. https://doi.org/10.1016/j.
phrs.2022.106247

 13652036, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/apt.17466 by St G

eorge'S U
niversity O

f L
ondon, W

iley O
nline L

ibrary on [13/04/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.3389/fphar.2018.00869
https://doi.org/10.1002/ueg2.12362
https://doi.org/10.1002/ueg2.12362
https://www.clinicaltrialsregister.eu/ctr-search/trial/2010-023186-21/results
https://www.clinicaltrialsregister.eu/ctr-search/trial/2010-023186-21/results
https://doi.org/10.1111/bph.15946
https://doi.org/10.1016/j.phrs.2022.106247
https://doi.org/10.1016/j.phrs.2022.106247


16  |     SANGER and ANDREWS

	112.	 Andrews PLR, Sanger GJ. Abdominal vagal afferent neurones: an 
important target for the treatment of gastrointestinal dysfunction. 
Curr Opin Pharmacol. 2002;2:650–6.

	113.	 Page AJ, Blackshaw LA. GABAB receptors inhibit mechanosensi-
tivity of primary afferent endings. J Neurosci. 1999;19:8597–602.

	114.	 Kupari J, Häring M, Agirre E, Castelo-Branco G, Ernfors P. An atlas 
of vagal sensory neurons and their molecular specialization. Cell 
Rep. 2019;27:2508–23.

	115.	 Breen DM, Kim H, Bennett D, Calle RA, Collins S, Esquejo RM, et al. 
GDF-15 neutralization alleviates platinum-based chemotherapy-
induced emesis, anorexia, and weight loss in mice and nonhuman 
primates. Cell Metab. 2020;32:938–50.

	116.	 Petry CJ, Ong KK, Burling KA, Barker P, Goodburn SF, Perry JRB, 
et al. Associations of vomiting and antiemetic use in pregnancy 
with levels of circulating GDF15 early in the second trimester: a 
nested case-control study. Wellcome Open Res. 2018;3:123.

	117.	 Golding JF, Wesnes KA, Leaker BR. The effects of the selective 
muscarinic M3 receptor antagonist darifenacin, and of hyoscine 
(scopolamine), on motion sickness, skin conductance & cognitive 
function. Br J Clin Pharmacol. 2018;84:1535–43.

	118.	 Barone JA. Domperidone: a peripherally acting dopamine2-
receptor antagonist. Ann Pharmacother. 1999;33:429–40.

	119.	 Freedman SB, Patel S, Marwood R, Emms F, Seabrook GA, 
Knowles MR, et al. Expression and pharmacological characteriza-
tion of the human D3 dopamine receptor. J Pharmacol Exp Ther. 
1994;268:417–26.

	120.	 Hyde TM, Knable MB, Murray AM. Distribution of dopamine D1-
D4 receptor subtypes in human dorsal vagal complex. Synapse. 
1996;24:224–32.

	121.	 Darmani NA, Zhao W, Ahmad B. The role of D2 and D3 dopamine 
receptors in the mediation of emesis in Cryptotis parva (the least 
shrew). J Neural Transm. 1999;106:1045–61.

	122.	 Schinkel AH, Wagenaar E, Mol CAA, Deemeter LV. P-glycoprotein 
in the blood-brain barrier of mice influences the brain penetra-
tion and pharmacological activity of many drugs. J Clin Invest. 
1996;97:2517–24.

	123.	 Herrstedt J, Hyttel J, Pedersen J. Interaction of the antiemetic 
metopimazine and anticancer agents with brain dopamine D2, 
5-hydroxytryptamine3, histamine H1, muscarine cholinergic and 
alpha 1-adrenergic receptors. Cancer Chemother Pharmacol. 
1993;33:53–6.

	124.	 De Colle C, van der Hart M, Chen J, Rassoulpour A, Pasricha PJ. 
NG101: a potent and selective dopamine D2 receptor antagonist as 
a potential alternative to metoclopramide and domperidone for the 
treatment of gastroparesis. Gastroenterology. 2016;150(4):S214.

	125.	 De Colle C, Pasricha P. Methods for treating GI tract disorders. 
Patent no. US-9132134-B2; 2015.

	126.	 Watson JW, Gonsalves SF, Fossa AA, McLean S, Seeger T, Obach 
S, et al. The anti-emetic effects of CP-99,994 in the ferret and the 
dog: role of the NK1 receptor. Br J Pharmacol. 1995;115:84–94.

	127.	 Andrews PLR, Rudd JA. The role of tachykinins and the tachykinin 
NK1 receptor in nausea and emesis. In: Holzer P, editor. Handbook 
of experimental pharmacology. Berlin: Springer-Verlag; 2004. p. 
359–440.

	128.	 McCoull D, Veale EL, Walsh Y, Byrom L, Avkiran T, Large JM, 
et al. Aprepitant is a novel, selective activator of the K2P channel 
TRAAK. Biochem Biophys Res Commun. 2022;588:41–6.

	129.	 Ehlert FJ, Pak KJ, Griffin MT. Muscarinic agonists and antago-
nists: effects on gastrointestinal function. Handb Exp Pharmacol. 
2012;208:343–74.

	130.	 Richards MH, van Giersbergen PL. Human muscarinic receptors 
expressed in A9L and CHO cells: activation by full and partial ago-
nists. Br J Pharmacol. 1995;114:1241–9.

	131.	 Tobin G, Giglio D, Lundgren O. Muscarinic receptor subtypes in 
the alimentary tract. J Physiol Pharmacol. 2009;60:3–21.

	132.	 Malagelada JR, Rees WD, Mazzotta LJ, Go VL. Gastric motor 
abnormalities in diabetic and postvagotomy gastroparesis: ef-
fect of metoclopramide and bethanechol. Gastroenterology. 
1980;78:286–93.

	133.	 Poole DP, Xu B, Koh SL, Hunne B, Coupar IM, Irving HR, et al. 
Identification of neurons that express 5-hydroxytryptamine4 re-
ceptors in intestine. Cell Tissue Res. 2006;325:413–22.

	134.	 Costall B, Gunning SJ, Naylor RJ. An analysis of the hypothalamic 
sites at which substituted benzamide drugs act to facilitate gastric 
emptying in the Guinea-pig. Neuropharmacology. 1985;24:869–75.

	135.	 Fukushi E, Saito M, Sato H, Endo T, Hamaue N, Hirafuji M, et al. 
Functional roles of 5-hydroxytryptamine 3/4 receptors in neu-
rons of rat dorsal motor nucleus of the vagus. Neuroscience. 
2006;141:675–85.

	136.	 Sanger GJ, King FD. From metoclopramide to selective gut mo-
tility stimulants and 5-HT3 receptor antagonists. Drug Des Deliv. 
1988;3:273–95.

	137.	 Langlois M, Yang D, Brémont B, Shen S. Synthesis and pharma-
cological activity of a macrocyclic benzamide. Bioorg Med Chem 
Lett. 1995;5:795–8.

	138.	 Einsiedel J, Weber K, Thomas C, Lehmann T, Hȕbner H, Gmeiner P. 
Stereocontrolled dopamine receptor binding and subtype selectiv-
ity of clebopride analogues synthesized from aspartic acid. Bioorg 
Med Chem Lett. 2003;13:3293–6.

	139.	 Seo YW, Ko SH, Jang TC, Kim GM. Acute dystonic reaction in-
duced by a single dose of clebopride a case report. Medicine. 
2019;98(22):e15826.

	140.	 Smith JA, Beattie DT, Marquess D, Shaw JP, Vickery RG, Humphrey 
PP. The in vitro pharmacological profile of TD-5108, a selec-
tive 5-HT4 receptor agonist with high intrinsic activity. Naunyn 
Schmiedebergs Arch Pharmacol. 2008;378:125–37.

	141.	 Beattie DT, Armstrong SR, Vickery RG, Tsuruda PR, Campbell CB, 
Richardson C, et al. The pharmacology of TD-8954, a potent and 
selective 5-HT4 receptor agonist with gastrointestinal prokinetic 
properties. Front Pharmacol. 2011;2:25.

	142.	 Gallego D, Ortega O, Arenas C, López I, Mans E, Clavé P. The 
effect of levosulpiride on in vitro motor patterns in the human 
gastric fundus, antrum, and jejunum. Neurogastroenterol Motil. 
2016;28:879–90. https://doi.org/10.1111/nmo.12788

	143.	 Tang L, Todd RD, Heller A, O'Malley KL. Pharmacological and 
functional characterization of D2, D3 and D4 dopamine receptors 
in fibroblast and dopaminergic cell lines. J Pharmacol Exp Ther. 
1994;268:495–502.

	144.	 Yoshikawa T, Yoshida N, Mine Y, Hosoki K. Affinity of mosap-
ride citrate, a new gastroprokinetic agent, for 5-HT4 receptors in 
Guinea-pig ileum. Jpn J Pharmacol. 1998;77:53–9.

	145.	 Park YS, Sung K-W. Gastroprokinetic agent, mosapride inhib-
its 5-HT3 receptor currents in NCB-20 cells. Korean J Physiol 
Pharmacol. 2019;23:419–26.

	146.	 Sung K-W, Hahn SJ. Effect of mosapride on Kv4.3 potassium 
channels expressed in CHO cells. Naunyn Schmiedebergs Arch 
Pharmacol. 2013;386:905–16.

	147.	 Briejer MR, Bosmans J-P, Van Daele P, Jurzak M, Heylen L, Leysen 
JE, et al. The in vitro pharmacological profile of prucalopride, a 
novel enterokinetic compound. Eur J Pharmacol. 2001;423:71–83.

	148.	 de Cates AN, Wright LC, Martens MAG, Gibson D, Türkmen 
C, Filippini N, et al. Déjà-vu? Neural and behavioural effects 
of the 5-HT4 receptor agonist, prucalopride, in a hippocampal-
dependent memory task. Transl Psychiatry. 2021;11:497. https://
doi.org/10.1038/s4139​8-021-01568​-4

	149.	 Iwanaga Y, Miyashita N, Saito T, Morikawa K, Itoh Z. Gastroprokinetic 
effect of a new benzamide derivative itopride and its action mecha-
nisms in conscious dogs. Jpn J Pharmacol. 1996;71:129–37.

	150.	 Iwanaga Y, Miyashita N, Morikawa K, Mizumoto A, Kondo Y, Itoh Z. A 
novel water-soluble dopamine-2 antagonist with anticholinesterase 

 13652036, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/apt.17466 by St G

eorge'S U
niversity O

f L
ondon, W

iley O
nline L

ibrary on [13/04/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1111/nmo.12788
https://doi.org/10.1038/s41398-021-01568-4
https://doi.org/10.1038/s41398-021-01568-4


     |  17SANGER and ANDREWS

activity in gastrointestinal motor activity. Comparison with dom-
peridone and neostigmine. Gastroenterology. 1990;99:​401–8.

	151.	 Broad J, Mukherjee S, Samadi M, Martin JE, Dukes GE, Sanger 
GJ. Regional- and agonist-dependent facilitation of human neu-
rogastrointestinal functions by motilin receptor agonists. Br J 
Pharmacol. 2012;167:763–74.

	152.	 Volberg WA, Koci BJ, Su W, Lin J, Zhou J. Blockade of human car-
diac potassium channel human ether-a-go-go-related gene (HERG) 
by macrolide antibiotics. J Pharmacol Exp Ther. 2002;302:320–7.

SUPPORTING INFORMATION
Additional supporting information will be found online in the 
Supporting Information section.

How to cite this article: Sanger GJ, Andrews PLR. Review 
article: An analysis of the pharmacological rationale for 
selecting drugs to inhibit vomiting or increase gastric 
emptying during treatment of gastroparesis. Aliment 
Pharmacol Ther. 2023;00:1–17. https://doi.org/10.1111/
apt.17466

 13652036, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/apt.17466 by St G

eorge'S U
niversity O

f L
ondon, W

iley O
nline L

ibrary on [13/04/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1111/apt.17466
https://doi.org/10.1111/apt.17466

	Review article: An analysis of the pharmacological rationale for selecting drugs to inhibit vomiting or increase gastric emptying during treatment of gastroparesis
	Summary
	1|INTRODUCTION
	2|BACKGROUND AND SCOPE OF REVIEW
	3|DRUGS INHIBITING VOMITING
	3.1|Muscarinic acetylcholine (mACh) receptor antagonism
	3.1.1|Conclusions

	3.2|Dopamine D2 receptor antagonism
	3.2.1|Conclusions

	3.3|Selective 5-­HT3 receptor antagonists
	3.3.1|Conclusions

	3.4|NK1 receptor antagonists
	3.4.1|Conclusions

	3.5|Mirtazapine
	3.5.1|Conclusions

	3.6|Tricyclic antidepressants
	3.6.1|Conclusions

	3.7|Ghrelin receptor agonists
	3.7.1|Conclusions

	3.8|Drugs inhibiting vomiting: Overall conclusions

	4|DRUGS INCREASING GASTRIC EMPTYING
	4.1|5-­HT4 receptor agonists
	4.1.1|Conclusions

	4.2|Motilin receptor agonists
	4.3|D2/D3 receptor antagonists
	4.4|Ghrelin receptor agonists
	4.5|Drugs increasing gastric emptying: Overall conclusions

	5|FUTURE
	AUTHOR CONTRIBUTIONS
	ACKNO​WLE​DGE​MENTS
	CONFLICT OF INTEREST STATEMENT
	REFERENCES


