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Exendin‑4 for Parkinson’s disease
Felipe de Jesús Esparza‑Salazar, Alma Rosa Lezama‑Toledo, 
Germán Rivera‑Monroy, Cesario V. Borlongan

Abstract:
This review article discusses the preclinical evidence and clinical trials testing the use of a peptide 
agonist of the glucagon‑like peptide (GLP) receptor that promotes insulin secretion in the animal 
models of and patient with Parkinson’s disease (PD). In particular, we focus on the therapeutic effects 
of the GLP receptor agonist exendin‑4, also called exenatide, in PD. The ultimate goal of this article 
is to provide a critical assessment of the laboratory and clinical data toward guiding the translation 
of exendin‑4 as a clinically relevant therapeutic for PD.
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Introduction

Pa r k i n s o n ’ s  d i s e a s e   ( P D )  i s  a 
n e u r o d e g e n e r a t i v e  p a t h o l o g y 

characterized by the affection and loss 
of dopaminergic neurons located at the 
substantia nigra. Dopamine  (DA) is a 
neurotransmitter whose key function is to 
modulate normal movement.

DA is an important neurotransmitter as it 
modulates normal movement. DA is released 
from the A9 neurons of the substantia nigra 
pars compacta  (SNc). DA‑ergic neurons 
correlate with medium spiny neurons (MSNs) 
inside the dorsal striatum, which is composed 
of the caudate and putamen. There are two 
classic striatopallidal pathways [Figure 1]. DA 
inhibits the indirect GPe (external segment of 
the globe pallidus) through receptors (D2R) 
expressed by MSN; therefore, the indirect 
GPi (internal segment of the globe in primates 
or entopeduncular nucleus in rodents) is 
activated by means of D1R that it expresses 
MSN.[1,2] These converging pathways cause 
the activation of GPe and the suppression 
of all neural activity in the subthalamic 
nucleus (STN) and GPi, which will regulate 

and potentiate the neurolatalamic activity 
and help movement.[3] In neurodegenerative 
pathologies, such as PD, the decrease in 
dopaminergic innervation to the putamen 
and the caudate lead to hyperactivity in 
the GABA‑ergic inputs to the GPe, and 
subsequently suppress the inhibitory outputs 
of the Gpe to the STN,[4] activates STN and 
GPi neurons, and reduces neural activation 
in the thalamus. DA denervation favors 
the activation of GPi neurons through the 
direct striatopallidal pathway. Injuring the 
STN oGPi favors a functional improvement 
in rats injured with 6‑OHDA,[5] monkeys 
that were treated with 1‑methyl‑4‑phenyl‑ 
1,2,3,6‑tetrahydropyridine (MPTP)[6] and 
PD patients.[7] However, L‑DOPA or DA 
agonists have the ability to overstimulate 
DA receptors, both in the indirect and direct 
pathways in the injured brain, causing 
the neural firing in the STN and GPi to be 
reduced and it is at this time that they activate 
the thalamus and hence an increase in 
involuntary movements in monkeys treated 
with MPTP[8] and patients with PD.[9]

Exendin‑4 in Parkinson ’s Disease 
Animal Models

Accumulating evidence indicates that some 
molecules such as endogenous incretin 
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glucagon‑like peptide‑1 (GLP‑1) as well as exendin‑4, 
a long‑acting GLP‑1 receptor (GLP‑1R) agonist which 
has been approved for the treatment of type 2 diabetes 
mellitus,[10,11] have a protective effect against tyrosine 
hydroxylase immunoreactivity (THir) in primary 
pontomesencephalic neurons from 6‑OHDA lesioning. 
Similarly, administration of exendin 4 into the lateral 
ventricle has also been reported to be effective in 
mitigating the loss of THir neurons, preserve DA levels in 
the SNc, and improving the behavioral function of mice 
receiving MPTP.[12] This GLP‑1R‑mediated protection 
effect has been widely found across animal models of 
PD.[13‑15] It is important to highlight that clinical studies 
have demonstrated that patients that took exendin‑4 for 
1 year had better motor skills rather than those taking 
placebo.[16] These observations denote that activation 
of the GLP‑1R can reduce the progression of DA 
degeneration.

Unfortunately, there are some limitations of GLP‑1R 
agonists like GLP‑1 for clinical use, specifically their 
relatively short half‑life and as peptide‑based drugs, its 
limited brain uptake.[17] A N‑terminal of GLP‑1 amino 
acid change prevents its breakdown by dipeptidyl 
peptidase‑4 (DPP4) extending its half‑life from 1.5 min 
to 2.4 h.[10] This duplicates the daily clinical formulation 
Byetta, which is considered the short‑acting drug version. 
In contrast, it has been shown that sustained release 
technology to exendin‑4 allows a continuous release 
of the same peptide present in Byetta over weeks to 
months after a single acute subcutaneous administration, 
resulting in the long‑acting formulations of PT320 (1 or 
2  weeks) and Bydureon  (1‑week administration). This 
technology gives the opportunity to maintain brain 
target concentration by maintaining steady‑state plasma 
levels of the peptide, optimizing by consequence of the 
beneficial potential of the drug treatment.[18] Despite 
the limitations of exendin‑4, its solid safety and efficacy 
profiles in PD animal models lay the foundation of its 
clinical application for PD patients.

Exendin‑4 in Parkinson ’s Disease Patients

Two randomized controlled trials in PD patients 
tested the therapeutic effects of exendin‑4, which 
was more routinely called exenatide in the clinic. The 
first clinical trial entailed a double‑blind randomized 
study of self‑administered exenatide or placebo in 62 
participants over 48 weeks of treatment then followed 
by a 12‑week washout interval.[16] The second clinical 
trial involved a single‑blinded randomized study over 
a 12‑month period of self‑administered exenatide versus 
no treatment in 45 participants, who were subsequently 
monitored for 14 months and 24 months after 2 months 
and 12 months of exenatide cessation.[19] Performance 
bias was detected in one trial.[19]

When comparing the primary outcomes between 
exenatide versus placebo, an analysis of the first 
clinical trial[20] revealed low‑certainty evidence to 
support that exenatide improves motor deficit based 
on the Movement Disorder Society‑Unified PD Rating 
Scale (MDS‑UPDRS) Part III during the off‑stage. Further 
examination indicated low‑certainty evidence to indicate 
that exenatide minimal effects on health‑related quality 
of life (HRQoL) based on the PD Questionnaire (PDQ)‑39 
Summary Index, the EuroQol scale measuring health 
status in five dimensions, or the EQ5D Visual Analog 
Scale. Although serious adverse events  (SAEs) were 
detected, they were independent of exenatide treatment. 
Furthermore, there is low‑certainty evidence suggesting 
that exenatide affords minimal weight loss.

The analysis of exenatide versus no treatment based on 
primary outcomes at 14 and 24 months[20] revealed very 
low‑certainty to good evidence to support that exenatide 
ameliorates motor dysfunction based on MDS‑UPDRS 
Part III off medication. Similarly, the data were inconclusive 
in demonstrating that exenatide improves HRQoL based 
on the PDQ‑39 SI. In addition, there is minimal evidence 
to suggest that exenatide results in SAEs or weight loss.

Based on the results of the two clinical trials, there are 
modest motor improvements in exenatide‑treated PD 
patients. Interestingly, even with exenatide withdrawal, 
the motor improvement persisted suggesting that 
exenatide may modify the disease progression. 
Although SAEs were observed, they were likely 
independent of exenatide. Unfortunately, the results 
are not conclusive for attenuation of HRQoL, nonmotor 
symptoms, activities of daily living, and psychological 
manifestations in exenatide‑treated PD patients.

Conclusion

In conclusion, solid preclinical data reveal that GLP‑1R 
agonists, like exendin‑4, are effective in animal models 

Figure 1: There are two striatopallidal pathways of the internal segment of 
the globe (GPi) and that of the external segment of the pale globe (GPe) 

and these regulate neural activity in STN and the thalamus, in the same way 
movement. MSN: Medium spiny neurons, STN: Subthalamic nucleus
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of PD, with encouraging data in PD patients. That 
exendin‑4’s serum levels are maintained in the brain, 
coupled with DA modulation, provide insights on the 
mechanistic action towards neuroprotection against the 
neurodegeneration associated with PD. These laboratory 
observations stand as the basis for advancing the use of 
exendin‑4 in PD patients.
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