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Abstract

Glucagon-like peptide-1 (GLP-1) is involved in postprandial glucose homeostasis. Secretion of which involves a cholinergic
pathway. Anticholinergic agent like atropine could act as a competitive antagonist of acetylcholine at muscarinic receptors. This
review explores studies that assess the role of atropine in GLP-1 secretion. We selected published original articles from PubMed,
Science Direct, The Cochrane Library, Trip, Google and the reference lists of the selected articles. Reporting was done according
to the PRISMA statement. Relevant standard and previously published tools were used to assess the risk of bias of the selected
articles. Twelve articles out of 185 search results fulfilled the review criteria. Eight were in vivo studies (six animal and two
human studies), three were ex vivo studies and one was an in vitro study. Animal studies had rats, mice, pigs and monkeys as the
subjects. Human studies involved healthy men and women. Majority of the studies reported an atropine-mediated attenuation of
GLP-1 secretion and postprandial secretion of GLP-1 was mainly affected. However, atropine failed to significantly affect GLP-1
secretion when dipeptidyl peptidase-4 (DPP-4) enzyme was inhibited.
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Background

An oral glucose load achieves a 40 to 60% increase in insulin
secretion in comparison with iso-glycemic glucose infusion
(Elrick et al. 1964; Perley and Kipnis 1967). The above is
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known as the incretin effect. Glucagon-like peptide-1 (GLP-
1) is one of the two main incretin hormones (Prins 2008; Seino
et al. 2010) which regulates glucose homeostasis mainly by
increasing insulin release from pancreatic beta cells
(UpToDate 2018a). Attenuation of GLP-1 secretion can result
in hyperglycaemia. Thus, type 2 diabetes mellitus patients
show a low GLP-1 response (3.113 pmol min L") in compar-
ison with controls (3.599 pmol min L) (Vilsbell et al. 2001).
Therefore, dipeptidyl peptidase-4 enzyme (DPP-4) inhibitors
are used in type 2 diabetes mellitus to enhance the incretin
effect by inhibiting the DPP-4-mediated rapid inactivation of
incretin hormones (Kuhre et al. 2015).

Secretion of GLP-1 at the distal ileum and colon occur in
two phases (Prins 2008; Seino et al. 2010). Nutrients directly
stimulate the late secretory phase (Anini et al. 2002).
However, in the early secretory phase, glucose-dependent
insulinotropic peptide (GIP) indirectly stimulates the secretion
of GLP-1 via the vagus nerve. Acetylcholine action at musca-
rinic receptors is involved in the abovementioned indirect se-
cretion (Herrmann-Rinke et al. 1996; Balks et al. 1997; Ahrén
and Holst 2001; Anini et al. 2002). A recent hypothesis on a
possible mechanism for organophosphate-related disruption
of glucose homeostasis (Montgomery et al. 2008; Hectors
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et al. 2011; Karami-Mohajeri and Abdollahi 2011; Joshi and
Rajini 2012; Thayer et al. 2012; Lasram et al. 2014) proposed
an attenuation of GLP-1 secretion by atropine (Rathish et al.
2016). A subsequent study alluded towards an attenuated
GLP-1 response among patients treated for organophosphate
or carbamate poisoning (Rathish et al. 2019).

Atropine is an anticholinergic agent which reverses the mus-
carinic effects by acting as a competitive antagonist of acetyl-
choline at muscarinic receptors (UpToDate 2018b). Atropine is
the therapeutic agent in many clinical indications. Bradycardia
(symptomatic sinus bradycardia, bradycardia during surgery,
bradycardia due to myocardial infarction and beta blockers in-
duced bradycardia) and atrioventricular nodal block need atro-
pine (Towers 2015; UpToDate 2018b). Pre-anaesthetic inhibi-
tion of salivation and secretions, pre-medication in rapid se-
quence intubation and post-operative reversal of neuromuscular
blockade (adjuvant use with neostigmine) also need atropine
(Towers 2015; UpToDate 2018b). Moreover, atropine is used
in symptomatic relief of gastrointestinal disorders characterised
by smooth muscle spasm, stress echocardiography (as an ad-
junct chronotropic agent), healthy eye penalisation (in ambly-
opia) and achievement of mydriasis and cycloplegia (Towers
2015; UpToDate 2018b). Atropine is the antidote for organo-
phosphate, carbamate and muscarine-containing mushroom
poisoning (Towers 2015; UpToDate 2018b).

The objective of this review was to summarise the evidence
related to the role of atropine administration in GLP-1 secre-
tion. Findings of the review would lead to future clinical stud-
ies and preventive measures.

Main text
Methods

The review is reported based on the Preferred Reporting Items
for Systematic Review and Meta-Analysis (PRISMA) state-
ment (Moher et al. 2009).

Eligibility criteria

All published original research (in vivo, ex vivo and in vitro)
related to the role of atropine administration on GLP-1 secre-
tion was included. We disregarded the year of publication or
the type of subjects in inclusion. We excluded articles pub-
lished in languages other than English.

Information sources and search strategy
We searched electronic databases and grey literature in April
2018 using strings of keywords (Fig. 1). PubMed (advanced

search) (PubMed 2018), Science Direct (advanced search)
(Science Direct 2018), The Cochrane Library (advanced
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search) (Cochrane Library 2018), Trip (search) (Trip
Database 2018) and Google (search) (Google 2018) were used
for the search. We checked the reference lists of the selected
studies for relevant articles. Medical Subject Headings
(MeSH) and other relevant terms related to each search engine
were used to produce a maximum yield (Fig. 1).

Study selection

The first author (DR) screened the titles and abstracts of all
identified studies for eligibility. Authors examined full-text
article when abstracts were unclear. Both SA and CJ indepen-
dently reviewed the selected studies to confirm the eligibility.

Data collection process, data items and data analysis

We extracted year of publication, country of origin, primary
objective, study type, subjects, methods and results related to
the review objective from the selected studies. The population
was human, animal and cell lines; intervention—atropine ther-
apy; comparison—controls with alternatives or devoid of at-
ropine therapy; outcome—GLP-1 secretion and study
design—in vivo, ex vivo and in vitro controlled interventional
studies. The first author (DR) extracted the relevant data, and
SA and CJ independently reviewed the extracted data to con-
firm consistency. Data were analysed using Microsoft Excel.
Descriptive statistics were used to describe data.

Risk of bias assessment

Risk of bias in selected studies was assessed using standard
tools. Quality assessment tool for controlled intervention stud-
ies of the National Institutes of Health was used to assess the
risk of bias in selected human studies (Quality assessment tool
for controlled Intervention studies 2018). Quality assessment
of the selected in vivo animal studies was done using the
Systematic Review Centre for Laboratory Animal
Experimentation (SYRCLE’s) risk of bias tool for animal
studies (Hooijmans et al. 2014). Due to the unavailability of
standard tools, alternatives from previously published articles
were used to assess the risk of bias in selected ex vivo (Smit
et al. 2018) and in vitro studies (Khan et al. 2014). The first
author (DR) performed the risk of bias assessment for each
selected study, and SA and CJ independently reviewed the
assessment to confirm consistency.

Results

Selected studies

The databases revealed a total of 184 results (Fig. 1). Further,
the reference lists of the selected articles revealed another
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Fig 1 Keywords for databases
and the number of search results

Total - 184

Trip (Search) - 12
(atropine)(glucagon like peptide OR GLP OR incretin)

PubMed (Advanced search) - 39

(((atropine[Title/Abstract]) OR "Atropine"[Mesh])) AND ((((GLP 1[Title/Abstract]) OR
GLP[Title/Abstract]) OR "glucagon like peptides"[Title/Abstract]) OR (("glucagon like
peptides"[MeSH Terms]) OR "glucagon like peptide 1"[MeSH Terms]))

Science Direct (Advanced search) - 16
Title, abstract, keywords: "atropine" AND ("glucagon like peptide" OR "GLP" OR "incretin")

The Cochrane Library (Advanced search - Search manager - Trials) - 03
"atropine" AND ("glucagon like peptide" OR "GLP" OR "incretin")

Google (Search) - 114
allintext: ("atropine") AND ("GLP" OR "incretin" OR "glucagon like peptide")

article. After removal of duplicates, 143 articles underwent
title and abstract screening. Exclusion of 78 articles occurred
due to irrelevance to the study objective, 32 articles due to
non-research articles and another article due to non-English
language. Exclusion of 20 out of the 32 full texts occurred as
they had no data on the role of atropine administration on
GLP-1 secretion. Following the above screening steps, the
review had 12 articles (Abello et al. 1994; Herrmann-Rinke
et al. 1995, 1996; Balks et al. 1997; Ahrén and Holst 2001;
D’Alessio et al. 2001; Anini et al. 2002; Hansen et al. 2004;
Sandoval et al. 2013; Lee et al. 2015; Ahlkvist et al. 2016;
Lebrun et al. 2017) (Fig. 2).

Demographic data

Out of the selected articles, three articles were from Germany,
two each from France, Sweden, the USA and one each from
Canada, Denmark and Japan (Table 1). The first study related
to the influence of atropine on GLP-1 secretion was reported
in 1994 by Abello et al. from France (Abello et al. 1994). The
latest was reported in 2017 by Lebrun et al. from France
(Lebrun et al. 2017). There were eight in vivo studies out of
which six were animal studies, and two were human studies.
The six in vivo animal studies involved mice (3/6), rats (2/6)
and monkeys (1/6). Also, there were three ex vivo studies and
an in vitro study (Table 1). The three ex vivo studies used rat
(2/3) and pig (1/3) ileum. The in vitro study used endocrine
cell line STC-1 from mice (Table 1). Thirty-three percent
(4/12) of the selected article had main objectives directly re-
lated to the review objective. Both human studies obtained
ethical clearance and written consent from the participants.
And, all in vivo animal studies have obtained ethical clearance
for animal studies. Table 1 summarises the range of dose and
methods of atropine administration in the selected articles.
The control groups either received 0.9% sodium chloride or
were devoid of a substitute for atropine therapy (Table 1).

Risk of bias assessment

Online Resource 1 summarises the results of the risk of bias
assessment. Assessment of human studies revealed a lack of
reporting on randomisation, blinding (subject, investigator,
assessor) and power analysis. Assessment of animal studies
revealed a lack of reporting on randomisation and blinding
(investigator, assessor). Assessment of ex vivo studies re-
vealed a lack of reporting on blinding (investigator, assessor),
power analysis and conflict of interest. Assessment of in vitro
studies revealed a lack of reporting on controls and power
analysis.

Evidence for atropine-mediated attenuation
of glucagon-like peptide-1 secretion

Human studies

Two human studies reported atropine-mediated attenuation of
GLP-1 secretion. Ahrén and Holst (2001) explored the signif-
icance of pre-absorptive insulin response to meal ingestion
among healthy postmenopausal women. Baseline GLP-1
was not affected by atropine. However, atropine significantly
attenuated the post-absorptive GLP-1 response 15-25 min
after meal ingestion (Ahrén and Holst 2001). Balks et al.
(1997) investigated the GLP-1 secretion following glucose
ingestion among healthy young men. Atropine did not affect
basal GLP-1 levels. However, it significantly attenuated the
increase in GLP-1 levels during the post-absorptive period
(Balks et al. 1997).

In vivo animal studies
Four in vivo animal studies reported atropine-mediated atten-
uation of GLP-1 secretion. Anini et al. (2002) investigated the

role of muscarinic receptors in GLP-1 secretion among rat
models. Atropine completely inhibited postprandial GLP-1
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this review according to PRISMA c
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secretion (Anini et al. 2002). Sandoval et al. (2013) studied the
role of the autonomic nervous system in electrical stimulation-
induced GLP-1 secretion among rats. Atropine significantly
lowered postprandial GLP-1 levels regardless of time and
electrical stimulation (Sandoval et al. 2013). Lee et al.
(2015) compared two alpha-glucosidase inhibitors (miglitol
and acarbose), by examining their effects on GLP1 secretion
in mice. Atropine significantly attenuated GLP-1 secretion by
maltose with miglitol (Lee et al. 2015). Lebrun et al. (2017)
aimed at linking GLP-1 secretion in relation to gut inflamma-
tion among mice. There was substantial attenuation of basal
GLP-1 secretion by atropine. However, it failed to significant-
ly attenuate the stimulatory effect of lipopolysaccharide on
GLP-1 secretion (Lebrun et al. 2017).

Ex vivo and in vitro studies

Three ex vivo animal studies and an in vitro cell line study
reported atropine-mediated attenuation of GLP-1 secretion.
Hansen et al. (2004) investigated the neural regulation of
GLP-1 secretion in the porcine ileum. Acetylcholine stimulat-
ed GLP-1 secretion which was abolished by atropine (Hansen
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et al. 2004). Herrmann-Rinke et al. focused on the role of
galanin in GLP-1 secretion in 1996 using rat ileum
(Herrmann-Rinke et al. 1996). The stable release of GLP-1
induced by methacholine, a non-selective muscarinic receptor
agonist, was abolished by atropine (Herrmann-Rinke et al.
1996). Similarly, in 1995, Herrmann-Rinke et al. administered
carbachol and methacholine via the arterial route to induce a
release of GLP-1 which was abolished by atropine
(Herrmann-Rinke et al. 1995). All ex vivo studies showed that
GLP-1 secretion was abolished by atropine. Abello et al. ex-
amined the effects of cholinergic stimulation on GLP-1 secre-
tion using endocrine cell line STC-1, originated from an in-
testinal tumour in transgenic mice carrying insulin-promoted
oncogenes (Abello et al. 1994). Atropine completely inhibited
GLP-1 release induced by carbachol but did not affect basal
GLP-1 secretion (Abello et al. 1994).

Evidence against atropine-mediated attenuation
of glucagon-like peptide-1 secretion

Two in vivo animal studies opposed atropine-mediated atten-
uation of GLP-1 secretion. D’Alessio et al. (2001) aimed at
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finding a direct role of the parasympathetic nervous system on
insulin secretion during the absorptive phase of the meal by
measuring the effects of cholinergic blockade among rhesus
monkeys. Atropine did not significantly affect the basal or
postprandial concentration of GLP-1 (D’Alessio et al. 2001).
Ahlkvist et al. (2016) examined the effects of muscarinic re-
ceptor blockade on the insulinotropic actions of DPP-4 inhi-
bition among mice. Atropine failed to significantly affect
GLP-1 levels during DPP-4 inhibition (Ahlkvist et al. 2016).

Discussion

All human studies (100%—2/2), majority of animal in vivo
studies (66.7%—4/6), all ex vivo studies (100%—3/3) and the
only in vitro study provided evidence for atropine-mediated
attenuation of GLP-1 secretion. Both human studies showed
atropine-mediated attenuation of post-absorptive GLP-1 se-
cretion. Out of the animal studies with evidence for the above
attenuation, 50% (2/4) had evidence for attenuation of the
post-absorptive GLP-1 secretion. Out of the two animal
in vivo studies without the above attenuation, one study re-
vealed DPP-4 inhibitor mediated prevention of the above
attenuation.

Atropine has a wide range of therapeutic indication includ-
ing organophosphate poisoning, bradycardia, ophthalmology
and pre- and post-anaesthetic management (Towers 2015;
UpToDate 2018b). Moreover, organophosphate poisoning
with severe symptoms requires a high dose of atropine as a
continuous intravenous infusion (UpToDate 2018b).
Therefore, this group of patients would have the highest risk
of atropine-mediated attenuation of GLP-1 secretion. A recent
hypothesis implicated atropine-mediated attenuation of GLP-
1 among organophosphate poisoning patients (Rathish et al.
2016). Thus, research among patients receiving atropine ther-
apy is essential to test the clinical implication of GLP-1 atten-
uation. The clinical study should find if the GLP-1 attenuation
is good enough to disrupt glucose homeostasis among these
patients. According to the findings of this review, the use of
DPP-4 inhibitors could play a defensive role in atropine-
mediated attenuation of GLP-1 secretion (Ahlkvist et al.
2016). Therefore, it is important to evaluate the place of
DPP-4 inhibitors in preventing the atropine-mediated GLP-1
attenuation.

The risk of bias assessment shows an acceptable level of
quality of the selected articles. However, there was a lack of
reporting on randomisation, blinding and power analysis.
Moreover, differences in reporting on atropine doses and de-
tails of controls were noted. These limited the review in pro-
ducing a comprehensive summary and led to a descriptive
nature of the review. Strict adherence to reporting guidelines
like the Animal Research: Reporting of In Vivo Experiments
(ARRIVE) (ARRIVE guidelines 2018) and the Consolidated
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Standards of Reporting Trials (CONSORT) 2010 for
randomised trials (CONSORT 2010) would have minimised
reporting errors. Also, negative studies are less likely to be
published leading to publication bias. Nevertheless, the re-
view has produced useful information on atropine-mediated
attenuation of GLP-1 secretion.

Conclusions

In vivo, ex vivo and in vitro studies establish an atropine-
mediated attenuation of post-absorptive GLP-1 secretion.
Studies among patients receiving atropine therapy are essen-
tial in finding the clinical importance of the above phenome-
non. Also, the role of DPP-4 inhibitors needs to be tested in
preventing atropine-mediated attenuation of GLP-1 secretion.
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