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Abstract

Recent research has increasingly highlighted the pivotal role in the pathogenesis and progression of neurodegenerative
diseases (NDDs). Peptide deficiency has emerged as a significant factor influencing disease progression in NDDs, underscoring
the importance of understanding the interplay between peptides and diseases. In the realm of NDDs, where effective treatments
remain elusive, peptide therapies have garnered attention for their potential to modify disease progression. Recognized for their
disease-modifying properties, peptide therapies offer promising avenues for intervention in NDDs This paper aims to provide a
comprehensive overview of the pathogenesis of NDDs such as Parkinson’s disease and Alzheimer’s disease, as well as an analysis
of how altered levels of peptides, particularly vasoactive intestinal peptide, glucagon-like peptide, glutathione, cholecystokinin, and
neurotensin, contribute to the development of these diseases. Through elucidating the role of peptides in NDDs, this review paper
seeks to explore their potential as therapeutic targets for the treatment of these debilitating conditions.

Background

Peptides are signaling molecules composed of short amino acid
sequences that can bind to specific receptors, for example, to trig-
ger intracellular effects [1]. They are ubiquitous in all eukaryotic
organisms, including hormones, neurotransmitters, growth factors,
ion channel ligands, etc., and play an extremely important role in
biological activities [1,2]. Peptides have been used in the treatment
of disease for nearly a century, since the advent of insulin therapy
[3]. Due to their low toxicity, better tumor penetration, and good
biocompatibility, peptides have made tremendous progress in re-
cent decades and have shown excellent therapeutic efficacy [4].
Currently, numerous peptides are in clinical use, with hundreds
more undergoing preclinical studies [2], particularly in the fields
of cardiovascular and cerebrovascular diseases, diabetes, and can

cer [5-7]. Chan, et al. summarized the anti-aging effects of thymic
peptides [8], and Wellington, et al. found a therapeutic role for pep-
tide therapy in older canines [9]. The study by Roni, et al. suggests
that peptides therapy may have a therapeutic effect on autoimmune
diseases such as non-specific interstitial pneumonia [10]. All of the
above studies demonstrate the superior therapeutic effects of pep-
tides. Similarly, recent studies have shown that peptides may have
some therapeutic effects on neurodegenerative diseases (NDDs)
[11]. For example, Klokol et al. demonstrated the neuroprotective
effects of mitochondria-produced small humanin like peptides
(SHLP), which protects the brain from degenerative diseases [12].
In this paper, we have reviewed the peptides currently available for
the treatment of NNDs, aiming to provide assistance for the man-
agement of these disorders.
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Neurodegenerative Disorders
Parkinson’s Disease

Parkinson’s disease (PD) is one of the most prominent neuro-
degenerative disorders, with a progressive increase in risk as peo-
ple age [13]. The prevalence of PD has steadily increased over the
last few decades, affecting up to 6 million people globally [14], with
projections suggesting it may reach 10 million by 2030 [15]. The
onset of PD is associated with nigrostriatal degeneration and stria-
tal dopamine depletion [16,17]. However, the definitive cause and
pathogenesis of PD remain unclear [18]. It has been reported that
90% of patients have no identifiable genetic cause [19]. PD is cur-
rently defined as bradykinesia with resting tremor or rigidity [20].
Patients with PD may also present with a long prodromal period
characterized by deviations in recollection, with the main symp-
toms being decreased sense of smell and sleep disturbances [21].
Movement disorders lead to progressive disability, impaired daily
activities, and reduced quality of life.

To date, no drug has been demonstrated to definitively mitigate
the progression of PD [22]. Current treatments provide only tem-
porary symptomatic relief and neuronal loss is not restorable [23].
The most common option is pharmacologic, specifically oral levodo-
pa, to alleviate the patient’s symptoms [24]. Additional oral medica-
tions include dopa decarboxylase inhibitors, non-ergot dopamine
agonists, and monoamine oxidase inhibitors [25]. Other therapies
also exist, such as surgical interventions involving deep brain elec-
trical stimulation [26] and cellular therapies like fetal midbrain
dopamine neuron transplantation and stem cell transplantation
[26,27]. Despite the variety of therapies currently available, none of
them have proven capable of slowing down the progression of PD.
Consequently, there is an urgent need to explore novel therapeutic
modalities with the potential to decelerate or even cure PD.

Alzheimer’s Disease

Alzheimer’s disease (AD) is the most important cause of de-
mentia, which is characterized by progressive amnesia and is of-
ten accompanied by psychiatric disorders, which severely affect
personal activities and are an important cause of disability and
mortality [28,29]. The disease currently affects approximately 50
million individuals worldwide, with projections indicating that this
number will reach 100 million by 2050 [30]. AD is characterized
by the presence of amyloid plaques, which are often found on the
surface of the body. These plaques are associated with the forma-
tion of neurofibrillary tangles, which have been linked to a reduc-
tion in the synthesis and release of acetylcholine. This, in turn, has
been shown to lead to synaptic degeneration and neuronal atrophy
[28,31]. Similarly, there is no cure for Alzheimer’s disease, and only
symptoms are treated with acetylcholinesterase inhibitors (e.g.
galantamine) and N-methyl-D-aspartate (NMDA) receptor antago-
nists (such as memantine) [32,33]. These drugs may help reduce
or control some cognitive and behavioral symptoms. Additionally,
stem cell therapy has emerged as a possible treatment for AD, with
research suggesting that stem cells can improve cognitive function
and reduce the symptoms of the disease [34]. However, the benefits
of long-term treatment are limited or unclear. More therapeutic op-
tions are to be investigated.
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In summary, both PD and AD are charactetized by the degener-
ation of the specific neuronal cells producing some peptides such
as neuromediators dopamine (PD) or acetylcholine (AD). It allows
to classify the changes in PD and AD patients as neurodegenerative.

Other types of NDDs

Huntington’s Disease: Huntington’s disease (HD) is an inher-
ited NDD caused by a repetitive amplification of the Cytosine, Ade-
nine, Guanine (CAG) repeat of the Huntingtin gene located on the
short arm of chromosome 4. Mutations in the gene produce mutant
Huntington’s protein [35]. Nonetheless, the etiology of HD remains
uncertain, and HD is characterized by neuropsychiatric symptoms,
movement disorders, and dementia [36]. These symptoms are
mainly characterized by chorea and loss of coordination, but also by
psychiatric symptoms such as depression and obsessive-compul-
sive disorder (OCD) [37]. These symptoms greatly affect the lives
of the patients. Due to its chromosomal characteristics, HD is eas-
ier to be diagnosed than other disorders, but the treatment is still
scarce. Current treatments for the condition include symptomatic
medications such as antipsychotics and antidepressants to allevi-
ate psychiatric symptoms [38] and medications like tetrabenazine
to manage chorea [39]. Additionally, therapies such as antisense
nucleotide therapy and gene therapy are being explored [40]. De-
spite the increased awareness of HD in recent years, advances in
basic science understanding have not yet translated into effective
disease-mitigating therapies.

Amyotrophic lateral sclerosis: Amyotrophic lateral sclerosis
(ALS), also known as motor neuron disease, is a fatal neurodegen-
erative disease of the central nervous system. It is characterized by
degeneration of the upper and lower motor neurons, which leads to
muscle weakness and eventual paralysis. Initially, this is manifested
as predominantly limb symptoms [41]. As the disease progresses,
it can gradually affect swallowing, speaking and even breathing,
which can become life-threatening [42]. Cognitive and behavioral
changes are also noted in some patients during the early stages of
the disease [43]. The pathogenesis of ALS remains uncertain, while
skeletal muscle atrophy and motor neuron reduction have been ob-
served [41]. Currently, treatments for ALS consists of medications
like riluzole and edaravone, which are usually less effective, along
with symptomatic therapies.

Multiple Sclerosis: Multiple sclerosis (MS) is a chronic in-
flammatory disease of the central nervous system that can lead to
demyelination and neurodegeneration [44]. Similar to above-men-
tioned diseases, the mechanism of this disorder is also unclear. It
is now generally considered that MS is genetically determined and
influenced by environmental factors. Recurrent attacks may occur,
with complete or partial recovery between attacks, manifesting as
a relapsing-remitting phenotype [45]. The symptoms of MS vary
depending on the system involved and may include spasticity, dys-
kinesia, fatigue and ataxia [46]. The treatment of MS can be divid-
ed into three categories: acute relapsing-remitting treatments (e.g.
high-dose methylprednisolone), ameliorative treatments (e.g. im-
munosuppressive drugs), and symptomatic treatments. However,
overall, each of these categories struggles to halt the progression of
the disease [45,47].
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NDDs are typically associated with genetic factors, yet their un-
derlying mechanisms remain poorly understood, and conventional
treatments are often ineffective in curing or slowing disease pro-
gression. Therefore, the development of novel therapies for NDDs
is of particular importance.

Peptides in NDDs

As previously stated, peptide imbalance in the body is involved
in the initiation and advancement of NDDs. The ensuing section will
delineate several peptides that hold notable significance within this
framework.

Vasoactive Intestinal Peptide

Vasoactive intestinal peptide (VIP) is a type of neurotransmit-
ter comprising 28 amino acids. It is primarily released by intestinal
neurons [48], and widely distributed throughout the central and
peripheral nervous systems, as well as multiple organs. VIP is both
a gastrointestinal hormone and a neuropeptide. There is now grow-
ing evidence showing that altered VIP expression and signaling is
found in multiple NDDs [49]. Consequently, VIP may represent a
promising therapeutic target for the treatment of various NDDs.

VIP and PD: The neuroprotective effects of VIP have been
demonstrated in vitro and in vivo, preventing neuronal cell death
[50]. Consequently, it is postulated that VIP may have a role in the
treatment of PD. In an experiment in which VIP was administered
systemically to a rat model of PD, researchers found that VIP sig-
nificantly improved motor deficits but not dopamine levels in rats
[51]. In another study, Delgado, et al. demonstrated that VIP treat-
ment reduced dopaminergic neuron and nigrostriatal nerve fiber
deficits in mice [52]. However, it has been shown that VIP neurons
in PD patients have no effect on the dopaminergic neurons [53].
This finding suggests that while VIP has potential, it may not serve
as a standalone therapeutic option for dyskinesia in PD patients.
Further studies are necessary to explore the potential utility of VIP
in PD treatment.

VIP and AD: VIP is able to limit the release of neurotoxins pro-
duced by -amyloid-induced activation of microglia, thereby reduc-
ing neuronal death [54]. An experiment based on a mouse AD mod-
el demonstrated that chronic intraperitoneal administration of VIP
significantly reduced Af accumulation and atrophy in brain regions
involved in cognition, such as the hippocampus and cortex [55].
In another in vivo experiment, Song, et al. found that VIP overex-
pression attenuated amyloidosis in transgenic APP/PS1 mice [56].
Therefore, it may be hypothesized that VIP represents a potential
therapeutic agent for cognitive dysfunction in AD. Clinical data are
needed to validate this potential.

VIPs and other NDDs: The relationship between VIP and HD
remains inconclusive. Some researchers observed reduced VIP re-
ceptor expression in the hippocampus of HD mouse models [57].
Additionally, studies of human autopsies showed decreased VIP in
the amygdala immunoreactive central nucleus [58]. However, the
level of VIP protein in the prefrontal cortex and basal ganglia did
not change [59]. Recently, it has been reported that VIP does not
stimulate the expression of c-fos, egrl, CBP, and the neurotrophic
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factor BDNF in STHdh cells, which may be ineffective in the treat-
ment of HD [60]. In patients with ALS, Werdelin et al. observed a
reduction in VIP levels in cerebrospinal fluid [61]. In ALS rats, Gour-
saud et al. found that modified VIP mimics exert anti-inflammato-
ry effects, improving motor function and prolonging lifespan [62].
These results indicate a potential therapeutic benefit of VIP in ALS.

Glucagon-like peptide (GLP)

Glucagon-like peptide (GLP-1) is a hormone produced primari-
ly by intestinal L cells. GLP-1 stimulates enhanced insulin secretion
and inhibits glucagon secretion, and has therefore been recognized
as a novel hypoglycemic agent in recent years [63,64]. Due to its
ability to cross the blood-brain barrier, GLP-1 and its receptor are
widely expressed in the central nervous system [65]. The hypogly-
cemic mechanism of GLP-1 stems from its capacity to resensitize
cellular signaling to insulin [64]. Previous studies have demonstrat-
ed the presence of insulin desensitization in the brains of patients
diagnosed with PD and AD [66,67]. Moreover, insulin resistance
has been linked to the neuropathological features of PD, including
a-synuclein aggregation, dopaminergic neuron loss, neuroinflam-
mation, mitochondrial dysfunction, and autophagy [68]. These
factors have also been identified as potential contributors to the
pathogenesis of AD. Therefore, GLP-1 may be a promising therapeu-
tic target for PD and AD.

GLP in NDDs

Some researchers have found that GLP-1 analogs can protect
nigrostriatal dopamine neurons from death and dopamine deple-
tion [69]. GLP-1 receptor (GLP-1R) activation protects nigrostriatal
neurons and replenishes dopamine production in PD patients [70].
In a rat PD model, Zhang, et al. demonstrated that the use of GLP-1
reduces the level of apoptotic effector cysteine asparaginase 3 in
the substantia nigra striata brain region [71]. This neuroprotective
efficacy suggests that GLP-1 may be a potential molecule for PD
treatment.

GLP-1 also has great potential in the treatment of AD. In vitro
experiments showed that GLP-1 analogs can rescue the downreg-
ulation of synaptic proteins and synaptic densities driven by AfS
oligomers in a GLP-1R- and cAMP/PKA-dependent manner [72].
Additionally, GLP-1 has been shown to promote neurite growth
[73] and prevent the accumulation of f-amyloid in the body [74].

In the context of ALS, GLP-1 holds promise to serve as a ther-
apeutic agent. Previous studies have shown that dysregulation of
the insulin-like growth factor-1 (IGF-1) and GLP-1 pathways can
result in the destruction of oligodendrocytes, the overactivation
of microglia, an imbalance in the immune system, inflammation of
neurons, and an increase in neural excitability, which collectively
contribute to the demyelination observed in ALS [75]. In a mouse
study, Sarah and colleagues demonstrated that injecting GLP-1-de-
rived mesenchymal stem cells (MSCs) into the lateral ventricle im-
proved motor performance and survival [76]. Conversely, Keerie et
al. present an opposing argument, suggesting that GLP-1 does not
slow disease progression in a transgenic mouse model of ALS [77].

Recent studies demonstrated that GLP-1R agonists exert neu-
roprotective effects through anti-inflammatory, anti-inflammatory
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vesicle activation, and anti-apoptotic mechanisms [78]. Song, et al.
observed in experimental autoimmune encephalitis (EAE) mice
that GLP-1R improved the mice’s condition and reduced the central
nervous system (CNS) inflammation and demyelination [79]. Fur-
thermore, Hardonova et al. demonstrated that GLP-1 agonist ad-
ministration attenuated very-low-density lipoprotein (VLDL) levels
and enhanced vascular endothelial function in MS patients [80], in-
dicating that GLP-1 agonist exerts an attenuating effect on vascular
risk in MS patients. These studies suggest that GLP-1 analogs may
be a promising treatment option for multiple sclerosis.

Glutathione (GSH)

Glutathione (GSH) is a tripeptide that was first identified over
a century ago [81]. It exerts antioxidant effects and protects the
body from oxidative stress-induced damage by reducing reactive
oxygen species [82]. GSH plays a crucial role in maintaining normal
immune system function, making it pivotal in the neuronal antiox-
idant defense system and the maintenance of redox homeostasis
[83]. A deficiency of GSH has been found in several NDDs such as
AD, PD and ALS. Consequently, it is regarded as a potential thera-
peutic target for these disorders.

Despite its considerable potential, GSH as a drug still has certain
drawbacks, including a relatively short half-life and an insufficient
ability to penetrate cell membranes. These limitations may restrict
its clinical application [84]. However, the application of N-acetyl-
cysteine (NAC; the precursor of glutathione) may compensate for
this shortcoming.

GSH in NDDs

In a study by Charisis and colleagues, it was found that elevat-
ed plasma GSH levels were associated with a lower incidence of
prodromal PD [85]. In a separate study by Chinta et al.,, reduced
GSH under in vitro conditions resulted in neuronal cell loss and ni-
grostriatal degeneration [86]. Jurma, et al. demonstrated that the
depletion of GSH in PC12 cells reduced dopamine uptake, suggest-
ing its potential involvement in the progression of PD [87]. Aoyama,
et al. reported that GSH deficiency led to oxidative stress in the mid-
brain using a mouse model of PD [88]. Furthermore, the use of NAC
has been found to not only easily cross the blood-brain barrier [89]
but also to increase GSH content, thereby reducing neurotoxicity
[90], reducing synaptic connections in the brain [91], and attenu-
ating apoptosis in melanocytes of PD patients [92]. This indicates
that the damage to brain tissue resulting from GSH deficiency is po-
tentially reversible.

Chiang, et al. demonstrated a negative correlation between
GSH levels and amyloid S levels in the temporal and parietal lobes
of healthy older adults [93]. In contrast, hippocampal glutathione
levels were significantly lower in AD patients compared to healthy
elderly controls, and the decline in GSH was associated with cogni-
tive impairment [94]. Furthermore, NAC has been shown to inhibit
B-amyloid-induced apoptosis in cortical neurons [95], thereby pro-
viding addition evidence of GSH’s role in AD pathogenesis.

Fontaine, et al. illustrated that NAC alleviated the increased ox-
idative stress observed in rat striatum and cortical synaptosomes
induced by nitropropionic acid [96]. Similarly, Stanislaus et al. re-
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vealed that NAC reversed 3-nitropropionic acid (3-NP) -induced
mitochondrial dysfunction and neurobehavioral deficits, suggest-
ing its therapeutic role in HD [97].

CCKin NDDs

Cholecystokinin (CCK) is a polypeptide hormone with a func-
tion to stimulate the secretion of gastric juice and bile from the
gastrointestinal tract [98]. It has been decades since CCK was dis-
covered as a neuromodulator [99]. In brain neurons, CCK is pre-
dominantly sulfated, resulting in the formation of CCK-8, or CCK-8S
[100]. CCK-8S is highly expressed in the hippocampus [101], and its
receptor is also highly expressed in this region [102]. This suggests
that CCK-8S may be involved in memory formation as well as AD
[103]. Brain CCK levels have been shown to decrease in AD patients,
with a demonstrated inverse relationship to the degree of cognitive
impairment [104,105]. In addition, CCK may inhibit AD progression
by stimulating hippocampal neurogenesis [106], inhibiting chron-
ic inflammation [107], and restoring insulin resistance [104]. CCK
also holds therapeutic promise for PD. Its anti-inflammatory and
anti-apoptotic effects contribute to mitigating synaptic degenera-
tion and the loss of dopamine neurons in the substantia nigra, lead-
ing to improved motor function. Additionally, CCK-8 can stimulate
striatal dopamine release [108]. However, studies have indicated
that CCK-8 administration fails to improve motor function in PD pa-
tients [109]. Further research is warranted in the future.

Neurotensin in NDDs

Neurotensin (NTS) is a neuropeptide known for its notable an-
tihypertensive effects and is present in neural tissues. NTS has an
excitatory effect on many neurons, including those in the substantia
nigra, medial prefrontal lobe, hypothalamus and central gray matter.
NTS levels in the hippocampus of patients with PD are found to be
significantly lower than those of healthy subjects [110]. Lazarova,
et al’s research in animal models revealed that NT2 and NT4, ana-
logues of NTS, can easily cross the blood-brain barrier and increase
dopamine levels in the brains of PD rats following intraperitoneal
drug injection [111]. A study by Antonelli, et al. demonstrated that
NTS enhances glutamate outflow in the striatum, substantia nigra,
and cortex, suggesting a potential therapeutic effect on PD through
the enhancement of NMDA receptor function [112]. Gahete, et al.
found significant reductions in NTS receptors in the temporal lobe
of AD patients [113]. Xiao, et al. observed that administering NTS
receptor agonists significantly improved memory in APP/PS1 mice
[114]. These studies indicate a potential involvement of NTS in the
pathogenesis of AD.

Conclusion

Peptides are intricately linked to NDDs. Over the past decades,
researchers have tirelessly pursued understanding the pathogen-
esis of NDDs through extensive basic studies and clinical trials
targeting peptides for treatment. This endeavor has led to the de-
velopment of several marketed peptide-based drugs. However, the
complexity of NDD mechanisms remains beyond our current under-
standing. Further investigation is needed to elucidate their mecha-
nisms of action, and scientists must explore novel formulations and
delivery methods to optimize the functionality of peptides.

American Journal of Biomedical Science & Research 851



Am ] Biomed Sci & Res

References

1. Fosgerau K and Hoffmann T (2015) Peptide therapeutics: current status
and future directions. Drug Discov Today 20(1): 122-128.

2. Thakur R, Suri CR, Kaur IP and Rishi P (2022) Peptides as Diagnostic,
Therapeutic, and Theranostic Tools: Progress and Future Challenges.
Crit Rev Ther Drug Carrier Syst 40(1): 49-100.

3. Lau JL and Dunn MK (2018) Therapeutic peptides: Historical perspec-
tives, current development trends, and future directions. Bioorg Med
Chem 26(10): 2700-2707.

4. Thundimadathil ] (2012) Cancer treatment using peptides: current ther-
apies and future prospects. ] Amino Acids 2012: 967347.

5. Szczepanska Sadowska E (2022) The Heart as a Target of Vasopressin
and Other Cardiovascular Peptides in Health and Cardiovascular Diseas-
es. Int] Mol Sci 23(22): 14414.

6. DengZ, Yang Z and Peng ] (2023) Role of bioactive peptides derived from
food proteins in programmed cell death to treat inflammatory diseases
and cancer. Crit Rev Food Sci Nutr 63(19): 3664-3682.

7. Acquah C, Dzuvor CKO, Tosh S and Agyei D (2022) Anti-diabetic effects
of bioactive peptides: recent advances and clinical implications. Crit Rev
Food Sci Nutr 62(8): 2158-2171.

8. Klokol D (2023) European Wellness Biomedical G: Clinical Experience of
Thymic Regeneration with Thymus Extracts, Thymi c Peptides and Stem
Cells in General Medicine, Oncology and Anti-Aging Medicine: A Review.
SRDT 9(1): 1-10.

9. Augusta W JR, Alana W, Mike MKC, Michelle BFW, et al (2022) Peptide
Therapy Improves Mobility in Older and Large Breed Canines: A Case
Study. Journal of Biomedical Science 4(4): 1986-1989.

10. Moya RL, Chan MKS, Wong MBF and Klokol D (2020) Integration of ac-
tive specific immunotherapy and cell therapy into the protocols of bio-
medical management of interstitial pneumonia with autoimmune fea-
tures - A case study. Clinical and Medical Reports.

11.Korkmaz OT and Tuncel N (2018) Advantages of Vasoactive Intestinal
Peptide for the Future Treatment of Parkinson’s Disease. Curr Pharm
Des 24(39): 4693-4701.

12. Klokol D, Nallenthiran L, Chan M, Wong M, Chernykh V, et al (2019) CELL
THERAPY AS THE MAIN STRATAGEM OF ANTI-AGING AND REGENER-
ATIVE MEDICINE.

13. Ben Shlomo Y, Darweesh S, Llibre Guerra J, Marras C, San Luciano M, et
al (2024) The epidemiology of Parkinson’s disease. Lancet 403(10423):
283-292.

14. Tolosa E, Garrido A, Scholz SW and Poewe W (2021) Challenges in the
diagnosis of Parkinson’s disease. Lancet Neurol 20(5): 385-397.

15.(2016) Collaborators GBDPsD: Global, regional, and national burden
of Parkinson’s disease, 1990-2016: a systematic analysis for the Global
Burden of Disease Study 2016. Lancet Neurol 17(11): 939-953.

16. Schapira AHV, Chaudhuri KR and Jenner P (2017) Non-motor features of
Parkinson disease. Nat Rev Neurosci 18(7): 435-450.

17.Jankovic ] (2008) Parkinson’s disease: clinical features and diagnosis. ]
Neurol Neurosurg Psychiatry 79(4): 368-376.

18. Marogianni C, Sokratous M, Dardiotis E, Hadjigeorgiou GM, Bogdanos D,
etal (2020) Neurodegeneration and Inflammation-An Interesting Inter-
play in Parkinson’s Disease. Int ] Mol Sci 21(22): 8421.

19. Ascherio A and Schwarzschild MA (2016) The epidemiology of Parkin-
son’s disease: risk factors and prevention. Lancet Neurol 15(12): 1257-
1272.

20.Bloem BR, Okun MS and Klein C (2021) Parkinson’s disease. Lancet
397(10291): 2284-2303.

21. Savica R, Rocca WA and Ahlskog JE (2010) When does Parkinson disease
start? Arch Neurol 67(7): 798-801.

Copyright®© Jonathan R T Lakey

22.Vijiaratnam N, Simuni T, Bandmann O, Morris HR and Foltynie T (2021)
Progress towards therapies for disease modification in Parkinson’s dis-
ease. Lancet Neurol 20(7): 559-572.

23.Wang Q, Liu Y and Zhou ] (2015) Neuroinflammation in Parkinson’s dis-
ease and its potential as therapeutic target. Transl Neurodegener 4: 19.

24.van Vliet EF, Knol M], Schiffelers RM, Caiazzo M and Fens M (2023)
Levodopa-loaded nanoparticles for the treatment of Parkinson’s dis-
ease. ] Control Release 360: 212-224.

25. Wolff A, Schumacher NU, Purner D, Machetanz G, Demleitner AF, et al
(2023) Parkinson’s disease therapy: what lies ahead? ] Neural Transm
(Vienna) 130(6): 793-820.

26.0ndo W, Jankovic ], Schwartz K, Almaguer M and Simpson RK (1998)
Unilateral thalamic deep brain stimulation for refractory essential trem-
or and Parkinson’s disease tremor. Neurology 51(4): 1063-1069.

27. Lindvall O, Brundin P, Widner H, Rehncrona S, Gustavii B, et al (1990)
Grafts of fetal dopamine neurons survive and improve motor function in
Parkinson’s disease. Science 247(4942): 574-577.

28. Lane CA, Hardy ] and Schott JM (2018) Alzheimer’s disease. Eur ] Neurol
25(1): 59-70.

29.0rgeta V, Qazi A, Spector A, Orrell M, Spector AE, et al Psychological
treatments for depression and anxiety in dementia and mild cogni-
tive impairment: systematic review and meta-analysis. Br ] Psychiatry
207(4): 293-298.

30. Thakral S, Yadav A, Singh V, Kumar M, Kumar P, et al (2023) Alzheimer’s
disease: Molecular aspects and treatment opportunities using herbal
drugs. Ageing Res Rev 88: 101960.

31. Gao L, Zhang Y, Sterling K and Song W (2022) Brain-derived neurotroph-
ic factor in Alzheimer’s disease and its pharmaceutical potential. Transl
Neurodegener 11(1): 4.

32.Birks ] (2006) Cholinesterase inhibitors for Alzheimer’s disease. Co-
chrane Database Syst Rev 2006(1): CD005593.

33. McShane R, Areosa Sastre A and Minakaran N (2006) Memantine for de-
mentia. Cochrane Database Syst Rev 19(2): CD003154.

34.Lim H, Lee D, Choi WK, Choi SJ, Oh W, et al (2020) Galectin-3 Secreted by
Human Umbilical Cord Blood-Derived Mesenchymal Stem Cells Reduc-
es Aberrant Tau Phosphorylation in an Alzheimer Disease Model. Stem
Cells Int 2020: 8878412.

35. Tabrizi SJ, Ghosh R and Leavitt BR (2019) Huntingtin Lowering Strate-
gies for Disease Modification in Huntington’s Disease. Neuron 101(5):
801-819.

36. Stoker TB, Mason SL, Greenland JC, Holden ST, Santini H, et al (2022)
Huntington’s disease: diagnosis and management. Pract Neurol 22(1):
32-41.

37.Rosenblatt A (2007) Neuropsychiatry of Huntington'’s disease. Dialogues
Clin Neurosci 9(2): 191-197.

38. Vishwas S, Gulati M, Kapoor B, Gupta S, Singh SK, et al (2021) Expanding
the Arsenal Against Huntington’s Disease-Herbal Drugs and Their Nano-
formulations. Curr Neuropharmacol 19(7): 957-989.

39. Poon LH, Kang GA and Lee AJ (2010) Role of tetrabenazine for Hunting-
ton’s disease-associated chorea. Ann Pharmacother 44(6): 1080-1089.

40. Tabrizi S], Estevez Fraga C, van Roon Mom WMC, Flower MD, Scahill
RI, et al (2022) Potential disease-modifying therapies for Huntington’s
disease: lessons learned and future opportunities. Lancet Neurol 21(7):
645-658.

41.Hardiman O, Al Chalabi A, Chio A, Corr EM, Logroscino G, et al (2017)
Amyotrophic lateral sclerosis. Nat Rev Dis Primers 3: 17071.

42.Feldman EL, Goutman SA, Petri S, Mazzini L, Savelieff MG, et al (2022)
Amyotrophic lateral sclerosis. Lancet 400(10360): 1363-1380.

43. Crockford C, Newton ], Lonergan K, Chiwera T, Booth T, et al (2018)

American Journal of Biomedical Science & Research 852


https://pubmed.ncbi.nlm.nih.gov/25450771/
https://pubmed.ncbi.nlm.nih.gov/25450771/
https://pubmed.ncbi.nlm.nih.gov/36374841/
https://pubmed.ncbi.nlm.nih.gov/36374841/
https://pubmed.ncbi.nlm.nih.gov/36374841/
https://pubmed.ncbi.nlm.nih.gov/28720325/
https://pubmed.ncbi.nlm.nih.gov/28720325/
https://pubmed.ncbi.nlm.nih.gov/28720325/
https://pubmed.ncbi.nlm.nih.gov/23316341/
https://pubmed.ncbi.nlm.nih.gov/23316341/
https://pubmed.ncbi.nlm.nih.gov/36430892/
https://pubmed.ncbi.nlm.nih.gov/36430892/
https://pubmed.ncbi.nlm.nih.gov/36430892/
https://pubmed.ncbi.nlm.nih.gov/34694177/
https://pubmed.ncbi.nlm.nih.gov/34694177/
https://pubmed.ncbi.nlm.nih.gov/34694177/
https://pubmed.ncbi.nlm.nih.gov/33317324/
https://pubmed.ncbi.nlm.nih.gov/33317324/
https://pubmed.ncbi.nlm.nih.gov/33317324/
https://pubmed.ncbi.nlm.nih.gov/30636594/
https://pubmed.ncbi.nlm.nih.gov/30636594/
https://pubmed.ncbi.nlm.nih.gov/30636594/
https://pubmed.ncbi.nlm.nih.gov/28150045/
https://pubmed.ncbi.nlm.nih.gov/28150045/
https://pubmed.ncbi.nlm.nih.gov/28150045/
https://pubmed.ncbi.nlm.nih.gov/33894193/
https://pubmed.ncbi.nlm.nih.gov/33894193/
https://pubmed.ncbi.nlm.nih.gov/30287051/
https://pubmed.ncbi.nlm.nih.gov/30287051/
https://pubmed.ncbi.nlm.nih.gov/30287051/
https://pubmed.ncbi.nlm.nih.gov/28592904/
https://pubmed.ncbi.nlm.nih.gov/28592904/
https://pubmed.ncbi.nlm.nih.gov/18344392/
https://pubmed.ncbi.nlm.nih.gov/18344392/
https://pubmed.ncbi.nlm.nih.gov/33182554/
https://pubmed.ncbi.nlm.nih.gov/33182554/
https://pubmed.ncbi.nlm.nih.gov/33182554/
https://pubmed.ncbi.nlm.nih.gov/27751556/
https://pubmed.ncbi.nlm.nih.gov/27751556/
https://pubmed.ncbi.nlm.nih.gov/27751556/
https://pubmed.ncbi.nlm.nih.gov/33848468/
https://pubmed.ncbi.nlm.nih.gov/33848468/
https://pubmed.ncbi.nlm.nih.gov/20625084/
https://pubmed.ncbi.nlm.nih.gov/20625084/
https://pubmed.ncbi.nlm.nih.gov/34146514/
https://pubmed.ncbi.nlm.nih.gov/34146514/
https://pubmed.ncbi.nlm.nih.gov/34146514/
https://pubmed.ncbi.nlm.nih.gov/26464797/
https://pubmed.ncbi.nlm.nih.gov/26464797/
https://pubmed.ncbi.nlm.nih.gov/37343725/
https://pubmed.ncbi.nlm.nih.gov/37343725/
https://pubmed.ncbi.nlm.nih.gov/37343725/
https://pubmed.ncbi.nlm.nih.gov/37147404/
https://pubmed.ncbi.nlm.nih.gov/37147404/
https://pubmed.ncbi.nlm.nih.gov/37147404/
https://pubmed.ncbi.nlm.nih.gov/9781530/
https://pubmed.ncbi.nlm.nih.gov/9781530/
https://pubmed.ncbi.nlm.nih.gov/9781530/
https://pubmed.ncbi.nlm.nih.gov/2105529/
https://pubmed.ncbi.nlm.nih.gov/2105529/
https://pubmed.ncbi.nlm.nih.gov/2105529/
https://pubmed.ncbi.nlm.nih.gov/35466396/
https://pubmed.ncbi.nlm.nih.gov/35466396/
https://pubmed.ncbi.nlm.nih.gov/35466396/
https://pubmed.ncbi.nlm.nih.gov/35466396/
https://pubmed.ncbi.nlm.nih.gov/37224884/
https://pubmed.ncbi.nlm.nih.gov/37224884/
https://pubmed.ncbi.nlm.nih.gov/37224884/
https://pubmed.ncbi.nlm.nih.gov/35090576/
https://pubmed.ncbi.nlm.nih.gov/35090576/
https://pubmed.ncbi.nlm.nih.gov/35090576/
https://pubmed.ncbi.nlm.nih.gov/16437532/
https://pubmed.ncbi.nlm.nih.gov/16437532/
https://pubmed.ncbi.nlm.nih.gov/16625572/
https://pubmed.ncbi.nlm.nih.gov/16625572/
https://pubmed.ncbi.nlm.nih.gov/32733573/
https://pubmed.ncbi.nlm.nih.gov/32733573/
https://pubmed.ncbi.nlm.nih.gov/32733573/
https://pubmed.ncbi.nlm.nih.gov/32733573/
https://pubmed.ncbi.nlm.nih.gov/30844400/
https://pubmed.ncbi.nlm.nih.gov/30844400/
https://pubmed.ncbi.nlm.nih.gov/30844400/
https://pubmed.ncbi.nlm.nih.gov/34413240/
https://pubmed.ncbi.nlm.nih.gov/34413240/
https://pubmed.ncbi.nlm.nih.gov/34413240/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3181855/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3181855/
https://pubmed.ncbi.nlm.nih.gov/33167841/
https://pubmed.ncbi.nlm.nih.gov/33167841/
https://pubmed.ncbi.nlm.nih.gov/33167841/
https://pubmed.ncbi.nlm.nih.gov/20442355/
https://pubmed.ncbi.nlm.nih.gov/20442355/
https://pubmed.ncbi.nlm.nih.gov/35716694/
https://pubmed.ncbi.nlm.nih.gov/35716694/
https://pubmed.ncbi.nlm.nih.gov/35716694/
https://pubmed.ncbi.nlm.nih.gov/35716694/
https://pubmed.ncbi.nlm.nih.gov/28980624/
https://pubmed.ncbi.nlm.nih.gov/28980624/
https://pubmed.ncbi.nlm.nih.gov/36116464/
https://pubmed.ncbi.nlm.nih.gov/36116464/
https://pubmed.ncbi.nlm.nih.gov/30209236/

Am ] Biomed Sci & Res

ALS-specific cognitive and behavior changes associated with advancing
disease stage in ALS. Neurology 91(15): e1370-e1380.

44. Trapp BD, Peterson ], Ransohoff RM, Rudick R, Mork S, et al (1998) Axo-
nal transection in the lesions of multiple sclerosis. N Engl ] Med 338(5):
278-285.

45. Correale ], Gaitan MI, Ysrraelit MC and Fiol MP: Progressive multiple
sclerosis: from pathogenic mechanisms to treatment. Brain 140(3):
527-546.

46.Schiess N and Calabresi PA (2016) Multiple Sclerosis. Semin Neurol
36(4): 350-356.

47.Doshi A and Chataway ] (2016) Multiple sclerosis, a treatable disease.
Clin Med (Lond) 16(Suppl 6): s53-s59.

48.Said SI and Rosenberg RN (1976) Vasoactive intestinal polypeptide:
abundant immunoreactivity in neural cell lines and normal nervous tis-
sue. Science 192(4242): 907-908.

49. Zudenigo D and Lackovic Z (1989) [Vasoactive intestinal polypeptide: a
potential neurotransmitter]. Lijec Vjesn 111(9-10): 354-359.

50. Gozes I, Divinsky [, Pilzer I, Fridkin M, Brenneman DE, et al (2003) From
vasoactive intestinal peptide (VIP) through activity-dependent neuro-
protective protein (ADNP) to NAP: a view of neuroprotection and cell
division. ] Mol Neurosci 20(3): 315-322.

51. Korkmaz OT, Tuncel N, Tuncel M, Oncu EM, Sahinturk V, et al (2010)
Vasoactive intestinal peptide (VIP) treatment of Parkinsonian rats in-
creases thalamic gamma-aminobutyric acid (GABA) levels and alters the
release of nerve growth factor (NGF) by mast cells. ] Mol Neurosci 41(2):
278-287.

52.Delgado M and Ganea D (2003) Neuroprotective effect of vasoactive in-
testinal peptide (VIP) in a mouse model of Parkinson’s disease by block-
ing microglial activation. FASEB ] 17(8): 944-946.

53.Jegou S, Javoy Agid F, Delbende C, Tranchand Bunel D, Coy DH, et al
(1988) Regional distribution of vasoactive intestinal peptide in brains
from normal and parkinsonian subjects. Peptides 9(4): 787-793.

54.Delgado M, Varela N and Gonzalez Rey E (2008) Vasoactive intestinal
peptide protects against beta-amyloid-induced neurodegeneration by
inhibiting microglia activation at multiple levels. Glia 56(10): 1091-
1103.

55. Korkmaz OT, Ay H, Aytan N, Carreras I, Kowall NW, et al (2019) Vasoac-
tive Intestinal Peptide Decreases beta-Amyloid Accumulation and Pre-
vents Brain Atrophy in the 5XFAD Mouse Model of Alzheimer’s Disease. ]
Mol Neurosci 68(3): 389-396.

56.Song M, Xiong JX, Wang YY, Tang ], Zhang B, et al (2012) VIP enhances
phagocytosis of fibrillar beta-amyloid by microglia and attenuates am-
yloid deposition in the brain of APP/PS1 mice. PLoS One 7(2): €29790.

57.Cabezas Llobet N, Vidal Sancho L, Masana M, Fournier A, Alberch ], et
al (2018) Pituitary Adenylate Cyclase-Activating Polypeptide (PACAP)
Enhances Hippocampal Synaptic Plasticity and Improves Memory Per-
formance in Huntington’s Disease. Mol Neurobiol 55(11): 8263-8277.

58.Zech M, Roberts GW, Bogerts B, Crow T] and Polak JM (1986) Neuropep-
tides in the amygdala of controls, schizophrenics and patients suffering
from Huntington’s chorea: an immunohistochemical study. Acta Neuro-
pathol 71(3-4): 259-266.

59.Emson PC, Fahrenkrug ] and Spokes EG (1979) Vasoactive intestinal
polypeptide (VIP): distribution in normal human brain and in Hunting-
ton’s disease. Brain Res 173(1): 174-178.

60. Soles Tarres I, Cabezas Llobet N, Lefranc B, Leprince ], Alberch J, et al
(2021) Pituitary Adenylate Cyclase-Activating Polypeptide (PACAP) Pro-
tects Striatal Cells and Improves Motor Function in Huntington’s Disease
Models: Role of PAC1 Receptor. Front Pharmacol 12: 797541.

61. Werdelin L, Gjerris A, Boysen G, Fahrenkrug J, Jorgensen OS, et al (1989)
Neuropeptides and neural cell adhesion molecule (NCAM) in CSF from
patients with ALS. Acta Neurol Scand 79(3): 177-181.

Copyright© Jonathan R T Lakey

62. Goursaud S, Schafer S, Dumont AO, Vergouts M, Gallo A, et al (2015) The
anti-inflammatory peptide stearyl-norleucine-VIP delays disease onset
and extends survival in a rat model of inherited amyotrophic lateral scle-
rosis. Exp Neurol 263:91-101.

63.Baggio LL and Drucker DJ (2021) Glucagon-like peptide-1 receptor
co-agonists for treating metabolic disease. Mol Metab 46: 101090.

64. Drucker D] (2018) Mechanisms of Action and Therapeutic Application of
Glucagon-like Peptide-1. Cell Metab 27(4): 740-756.

65. Kastin A, Akerstrom V and Pan W (2002) Interactions of glucagon-like
peptide-1 (GLP-1) with the blood-brain barrier. ] Mol Neurosci 18(1-2):
7-14.

66. Talbot K, Wang HY, Kazi H, Han LY, Bakshi KP, et al (2012) Demonstrat-
ed brain insulin resistance in Alzheimer’s disease patients is associated
with IGF-1 resistance, IRS-1 dysregulation, and cognitive decline. ] Clin
Invest 122(4): 1316-1338.

67. Athauda D and Foltynie T (2016) Insulin resistance and Parkinson’s dis-
ease: A new target for disease modification? Prog Neurobiol 145-146:
98-120.

68. Ruiz Pozo VA, Tamayo Trujillo R, Cadena Ullauri S, Frias Toral E, Guevara
Ramirez P, et al (2023) The Molecular Mechanisms of the Relationship
between Insulin Resistance and Parkinson’s Disease Pathogenesis. Nu-
trients 15(16).

69.Reich N and Holscher C (2022) The neuroprotective effects of gluca-
gon-like peptide 1 in Alzheimer’s and Parkinson’s disease: An in-depth
review. Front Neurosci 16: 970925.

70.Liu W, Jalewa ], Sharma M, Li G, Li L, et al (2015) Neuroprotective effects
of lixisenatide and liraglutide in the 1-methyl-4-phenyl-1,2,3,6-tetra-
hydropyridine mouse model of Parkinson’s disease. Neuroscience 303:
42-50.

7

—_

.Zhang LY, Jin QQ, Holscher C and Li L (2021) Glucagon-like peptide-1/
glucose-dependent insulinotropic polypeptide dual receptor agonist
DA-CHS is superior to exendin-4 in protecting neurons in the 6-hydroxy-
dopamine rat Parkinson model. Neural Regen Res 16(8): 1660-1670.

72.Batista AF, Forny Germano L, Clarke JR, Lyra ESNM, Brito Moreira J, et
al (2018) The diabetes drug liraglutide reverses cognitive impairment
in mice and attenuates insulin receptor and synaptic pathology in a
non-human primate model of Alzheimer’s disease. ] Pathol 245(1): 85-
100.

73. Luciani P, Deledda C, Benvenuti S, Cellai I, Squecco R, et al (2010) Differ-
entiating effects of the glucagon-like peptide-1 analogue exendin-4 in a
human neuronal cell model. Cell Mol Life Sci 67(21): 3711-3723.

74.LiY, Duffy KB, Ottinger MA, Ray B, Bailey JA, et al (2010) GLP-1 receptor
stimulation reduces amyloid-beta peptide accumulation and cytotoxici-
ty in cellular and animal models of Alzheimer’s disease. ] Alzheimers Dis
19(4): 1205-1219.

75. Shandilya A and Mehan S (2021) Dysregulation of IGF-1/GLP-1 signaling
in the progression of ALS: potential target activators and influences on
neurological dysfunctions. Neurol Sci 42(8): 3145-3166.

76.Knippenberg S, Thau N, Dengler R, Brinker T and Petri S (2012) Intra-
cerebroventricular injection of encapsulated human mesenchymal cells
producing glucagon-like peptide 1 prolongs survival in a mouse model
of ALS. PLoS One 7(6): e36857.

77.Keerie A, Brown Wright H, Kirkland I, Grierson A, Alix JJP, et al (2021)
The GLP-1 receptor agonist, liraglutide, fails to slow disease progression
in SOD1(G93A) and TDP-43(Q331K) transgenic mouse models of ALS.
SciRep 11(1): 17027.

78. Ammar RA, Mohamed AF, Kamal MM, Safar MM, Abdelkader NF (2022)
Neuroprotective effect of liraglutide in an experimental mouse model
of multiple sclerosis: role of AMPK/SIRT1 signaling and NLRP3 inflam-
masome. Inflammopharmacology 30(3): 919-934.

79.Song S, Guo R, Mehmood A, Zhang L, Yin B, et al (2022) Liraglutide at-

American Journal of Biomedical Science & Research 853


https://pubmed.ncbi.nlm.nih.gov/30209236/
https://pubmed.ncbi.nlm.nih.gov/30209236/
https://pubmed.ncbi.nlm.nih.gov/9445407/
https://pubmed.ncbi.nlm.nih.gov/9445407/
https://pubmed.ncbi.nlm.nih.gov/9445407/
https://pubmed.ncbi.nlm.nih.gov/27794524/
https://pubmed.ncbi.nlm.nih.gov/27794524/
https://pubmed.ncbi.nlm.nih.gov/27794524/
https://pubmed.ncbi.nlm.nih.gov/27643903/
https://pubmed.ncbi.nlm.nih.gov/27643903/
https://pubmed.ncbi.nlm.nih.gov/27956442/
https://pubmed.ncbi.nlm.nih.gov/27956442/
https://pubmed.ncbi.nlm.nih.gov/1273576/
https://pubmed.ncbi.nlm.nih.gov/1273576/
https://pubmed.ncbi.nlm.nih.gov/1273576/
https://pubmed.ncbi.nlm.nih.gov/2576679/
https://pubmed.ncbi.nlm.nih.gov/2576679/
https://pubmed.ncbi.nlm.nih.gov/14501014/
https://pubmed.ncbi.nlm.nih.gov/14501014/
https://pubmed.ncbi.nlm.nih.gov/14501014/
https://pubmed.ncbi.nlm.nih.gov/14501014/
https://pubmed.ncbi.nlm.nih.gov/19953344/
https://pubmed.ncbi.nlm.nih.gov/19953344/
https://pubmed.ncbi.nlm.nih.gov/19953344/
https://pubmed.ncbi.nlm.nih.gov/19953344/
https://pubmed.ncbi.nlm.nih.gov/19953344/
https://pubmed.ncbi.nlm.nih.gov/12626429/
https://pubmed.ncbi.nlm.nih.gov/12626429/
https://pubmed.ncbi.nlm.nih.gov/12626429/
https://pubmed.ncbi.nlm.nih.gov/3226955/
https://pubmed.ncbi.nlm.nih.gov/3226955/
https://pubmed.ncbi.nlm.nih.gov/3226955/
https://pubmed.ncbi.nlm.nih.gov/18442091/
https://pubmed.ncbi.nlm.nih.gov/18442091/
https://pubmed.ncbi.nlm.nih.gov/18442091/
https://pubmed.ncbi.nlm.nih.gov/18442091/
https://pubmed.ncbi.nlm.nih.gov/30498985/
https://pubmed.ncbi.nlm.nih.gov/30498985/
https://pubmed.ncbi.nlm.nih.gov/30498985/
https://pubmed.ncbi.nlm.nih.gov/30498985/
https://pubmed.ncbi.nlm.nih.gov/22328918/
https://pubmed.ncbi.nlm.nih.gov/22328918/
https://pubmed.ncbi.nlm.nih.gov/22328918/
https://pubmed.ncbi.nlm.nih.gov/29526016/
https://pubmed.ncbi.nlm.nih.gov/29526016/
https://pubmed.ncbi.nlm.nih.gov/29526016/
https://pubmed.ncbi.nlm.nih.gov/29526016/
https://pubmed.ncbi.nlm.nih.gov/2948368/
https://pubmed.ncbi.nlm.nih.gov/2948368/
https://pubmed.ncbi.nlm.nih.gov/2948368/
https://pubmed.ncbi.nlm.nih.gov/2948368/
https://pubmed.ncbi.nlm.nih.gov/158404/
https://pubmed.ncbi.nlm.nih.gov/158404/
https://pubmed.ncbi.nlm.nih.gov/158404/
https://pubmed.ncbi.nlm.nih.gov/35153755/
https://pubmed.ncbi.nlm.nih.gov/35153755/
https://pubmed.ncbi.nlm.nih.gov/35153755/
https://pubmed.ncbi.nlm.nih.gov/35153755/
https://pubmed.ncbi.nlm.nih.gov/2718735/
https://pubmed.ncbi.nlm.nih.gov/2718735/
https://pubmed.ncbi.nlm.nih.gov/2718735/
https://pubmed.ncbi.nlm.nih.gov/25311268/
https://pubmed.ncbi.nlm.nih.gov/25311268/
https://pubmed.ncbi.nlm.nih.gov/25311268/
https://pubmed.ncbi.nlm.nih.gov/25311268/
https://pubmed.ncbi.nlm.nih.gov/32987188/
https://pubmed.ncbi.nlm.nih.gov/32987188/
https://pubmed.ncbi.nlm.nih.gov/29617641/
https://pubmed.ncbi.nlm.nih.gov/29617641/
https://pubmed.ncbi.nlm.nih.gov/11931352/
https://pubmed.ncbi.nlm.nih.gov/11931352/
https://pubmed.ncbi.nlm.nih.gov/11931352/
https://pubmed.ncbi.nlm.nih.gov/22476197/
https://pubmed.ncbi.nlm.nih.gov/22476197/
https://pubmed.ncbi.nlm.nih.gov/22476197/
https://pubmed.ncbi.nlm.nih.gov/22476197/
https://pubmed.ncbi.nlm.nih.gov/27713036/
https://pubmed.ncbi.nlm.nih.gov/27713036/
https://pubmed.ncbi.nlm.nih.gov/27713036/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10458139/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10458139/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10458139/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10458139/
https://pubmed.ncbi.nlm.nih.gov/36117625/
https://pubmed.ncbi.nlm.nih.gov/36117625/
https://pubmed.ncbi.nlm.nih.gov/36117625/
https://pubmed.ncbi.nlm.nih.gov/26141845/
https://pubmed.ncbi.nlm.nih.gov/26141845/
https://pubmed.ncbi.nlm.nih.gov/26141845/
https://pubmed.ncbi.nlm.nih.gov/26141845/
https://pubmed.ncbi.nlm.nih.gov/33433498/
https://pubmed.ncbi.nlm.nih.gov/33433498/
https://pubmed.ncbi.nlm.nih.gov/33433498/
https://pubmed.ncbi.nlm.nih.gov/33433498/
https://pubmed.ncbi.nlm.nih.gov/29435980/
https://pubmed.ncbi.nlm.nih.gov/29435980/
https://pubmed.ncbi.nlm.nih.gov/29435980/
https://pubmed.ncbi.nlm.nih.gov/29435980/
https://pubmed.ncbi.nlm.nih.gov/29435980/
https://pubmed.ncbi.nlm.nih.gov/20496097/
https://pubmed.ncbi.nlm.nih.gov/20496097/
https://pubmed.ncbi.nlm.nih.gov/20496097/
https://pubmed.ncbi.nlm.nih.gov/20308787/
https://pubmed.ncbi.nlm.nih.gov/20308787/
https://pubmed.ncbi.nlm.nih.gov/20308787/
https://pubmed.ncbi.nlm.nih.gov/20308787/
https://pubmed.ncbi.nlm.nih.gov/34018075/
https://pubmed.ncbi.nlm.nih.gov/34018075/
https://pubmed.ncbi.nlm.nih.gov/34018075/
https://pubmed.ncbi.nlm.nih.gov/22745655/
https://pubmed.ncbi.nlm.nih.gov/22745655/
https://pubmed.ncbi.nlm.nih.gov/22745655/
https://pubmed.ncbi.nlm.nih.gov/22745655/
https://pubmed.ncbi.nlm.nih.gov/34426623/
https://pubmed.ncbi.nlm.nih.gov/34426623/
https://pubmed.ncbi.nlm.nih.gov/34426623/
https://pubmed.ncbi.nlm.nih.gov/34426623/
https://pubmed.ncbi.nlm.nih.gov/35364735/
https://pubmed.ncbi.nlm.nih.gov/35364735/
https://pubmed.ncbi.nlm.nih.gov/35364735/
https://pubmed.ncbi.nlm.nih.gov/35364735/
https://pubmed.ncbi.nlm.nih.gov/34985189/

Am ] Biomed Sci & Res

tenuate central nervous inflammation and demyelination through AMPK
and pyroptosis-related NLRP3 pathway. CNS Neurosci Ther 28(3): 422-
434.

80. Hardonova M, Siarnik P, Sivakova M, Sucha B, Penesova A, et al (2023)
Endothelial Function in Patients with Multiple Sclerosis: The Role of
GLP-1 Agonists, Lipoprotein Subfractions, and Redox Balance. Int ] Mol
Sci 24(13): 11162.

81. Meister A (1988) On the discovery of glutathione. Trends Biochem Sci
13(5): 185-188.

82.Sun Y, Qiao Y, Liu Y, Zhou ], Wang X, et al (2021) ent-Kaurane diter-
penoids induce apoptosis and ferroptosis through targeting redox reset-
ting to overcome cisplatin resistance. Redox Biol 43: 101977.

83. Aoyama K (2021) Glutathione in the Brain. Int ] Mol Sci 22(9): 5010.

84. Sechi G, Deledda MG, Bua G, Satta WM, Deiana GA, et al (1996) Reduced
intravenous glutathione in the treatment of early Parkinson’s disease.
Prog Neuropsychopharmacol Biol Psychiatry 20(7): 1159-1170.

85. Charisis S, Ntanasi E, Stamelou M, Xiromerisiou G, Maraki M, et al (2022)
Plasma Glutathione and Prodromal Parkinson’s Disease Probability. Mov
Disord 37(1): 200-205.

86. Chinta SJ, Kumar MJ, Hsu M, Rajagopalan S, Kaur D, etal (2007) Inducible
alterations of glutathione levels in adult dopaminergic midbrain neurons
result in nigrostriatal degeneration. ] Neurosci 27(51): 13997-14006.

87.Jurma OP, Hom DG and Andersen JK (1997) Decreased glutathione re-
sults in calcium-mediated cell death in PC12. Free Radic Biol Med 23(7):
1055-1066.

88. Aoyama K, Matsumura N, Watabe M and Nakaki T (2008) Oxidative
stress on EAAC1 is involved in MPTP-induced glutathione depletion and
motor dysfunction. Eur ] Neurosci 27(1): 20-30.

89. Lawless S and Bergold PJ (2022) Better together? Treating traumatic
brain injury with minocycline plus N-acetylcysteine. Neural Regen Res
17(12): 2589-2592.

90. Mischley LK, Conley KE, Shankland EG, Kavanagh T], Rosenfeld ME, et al
(2016) Central nervous system uptake of intranasal glutathione in Par-
kinson’s disease. NPJ Parkinsons Dis 2: 16002.

91. Martinez Banaclocha M (2000) N-acetylcysteine elicited increase in
complex I activity in synaptic mitochondria from aged mice: implica-
tions for treatment of Parkinson’s disease. Brain Res 859(1): 173-175.

92.0ffen D, Ziv I, Sternin H, Melamed E and Hochman A (1996) Prevention
of dopamine-induced cell death by thiol antioxidants: possible implica-
tions for treatment of Parkinson’s disease. Exp Neurol 141(1): 32-39.

93. Chiang GC, Mao X, Kang G, Chang E, Pandya S, et al (2017) Relationships
among Cortical Glutathione Levels, Brain Amyloidosis, and Memory in
Healthy Older Adults Investigated In Vivo with (1)H-MRS and Pittsburgh
Compound-B PET. AJNR Am ] Neuroradiol 38(6): 1130-1137.

94.Mandal PK, Saharan S, Tripathi M and Murari G (2015) Brain glutathi-
one levels--a novel biomarker for mild cognitive impairment and Alzhei-
mer’s disease. Biol Psychiatry 78(10): 702-710.

95.Fu AL, Dong ZH and Sun M] (2006) Protective effect of N-acetyl-L-cys-
teine on amyloid beta-peptide-induced learning and memory deficits in
mice. Brain Res 1109(1): 201-206.

96. Fontaine MA, Geddes JW, Banks A and Butterfield DA (2000) Effect of
exogenous and endogenous antioxidants on 3-nitropionic acid-induced
in vivo oxidative stress and striatal lesions: insights into Huntington’s
disease. ] Neurochem 75(4): 1709-1715.

97. Stanislaus R, Gilg AG, Singh AK and Singh I (2005) N-acetyl-L-cysteine
ameliorates the inflammatory disease process in experimental autoim-
mune encephalomyelitis in Lewis rats. ] Autoimmune Dis 2(1):4.

Copyright®© Jonathan R T Lakey

98. Liddle RA (1997) Cholecystokinin cells. Annu Rev Physiol 59: 221-242.

99. Albus M (1988) Cholecystokinin. Prog Neuropsychopharmacol Biol Psy-
chiatry 12 Suppl: S5-21.

100. Agersnap M, Zhang MD, Harkany T, Hokfelt T and Rehfeld JF (2016)
Nonsulfated cholecystokinins in cerebral neurons. Neuropeptides 60:
37-44.,

101. Meyer MA: Highly Expressed Genes within Hippocampal Sector CA1:
Implications for the Physiology of Memory. Neurol Int 2014, 6(2):5388.

102. Okonkwo O, Zezoff D and Adeyinka A (2024) Biochemistry, Chole-
cystokinin. In: StatPearls. Treasure Island (FL) ineligible companies.
Disclosure: David Zezoff declares no relevant financial relationships
with ineligible companies. Disclosure: Adebayo Adeyinka declares no
relevant financial relationships with ineligible companies.

103. Lemaire M, Barneoud P, Bohme GA, Piot O, Haun F, et al (1994) CCK-A
and CCK-B receptors enhance olfactory recognition via distinct neuro-
nal pathways. Learn Mem 1(3): 153-164.

104. Reich N and Holscher C (2024) Cholecystokinin (CCK): a neuromod-
ulator with therapeutic potential in Alzheimer’s and Parkinson’s dis-
ease. Front Neuroendocrinol 73: 101122.

105. Plagman A, Hoscheidt S, McLimans KE, Klinedinst B, Pappas C, et al
(2019) Cholecystokinin and Alzheimer’s disease: a biomarker of met-
abolic function, neural integrity, and cognitive performance. Neurobiol
Aging 76: 201-207.

106. Asrican B, Wooten ], Li YD, Quintanilla L, Zhang F, et al (2020) Neu-
ropeptides Modulate Local Astrocytes to Regulate Adult Hippocampal
Neural Stem Cells. Neuron 108(2): 349-366 e346.

107. Zhang Z, Li H, Su Y, Ma ], Yuan Y, et al (2022) Neuroprotective Effects
of a Cholecystokinin Analogue in the 1-Methyl-4-Phenyl-1,2,3,6-Tetra-
hydropyridine Parkinson’s Disease Mouse Model. Front Neurosci 16:
814430.

108. You ZB, Herrera Marschitz M, Pettersson E, Nylander I, Goiny M, et al
(1996) Modulation of neurotransmitter release by cholecystokinin in
the neostriatum and substantia nigra of the rat: regional and receptor
specificity. Neuroscience 74(3): 793-804.

109. Smolnik R, Fischer S, Hagenah ], Kis B, Born ], et al (2002) Brain poten-
tial signs of slowed stimulus processing following cholecystokinin in
Parkinson’s disease. Psychopharmacology (Berl) 161(1): 70-76.

110. Bissette G, Nemeroff CB, Decker MW, Kizer JS, Agid Y, et al (1985) Alter-
ations in regional brain concentrations of neurotensin and bombesin
in Parkinson’s disease. Ann Neurol 17(4): 324-328.

111. Lazarova M, Popatanasov A, Klissurov R, Stoeva S, Pajpanova T, et al
(2018) Preventive Effect of Two New Neurotensin Analogues on Par-
kinson’s Disease Rat Model. ] Mol Neurosci 66(4): 552-560.

112. Antonelli T, Fuxe K, Tomasini MC, Mazzoni E, Agnati LE et al (2007)
Neurotensin receptor mechanisms and its modulation of glutamate
transmission in the brain: relevance for neurodegenerative diseases
and their treatment. Prog Neurobiol 83(2): 92-109.

113. Gahete MD, Rubio A, Cordoba Chacon ], Gracia Navarro F, Kineman
RD, et al (2010) Expression of the ghrelin and neurotensin systems is
altered in the temporal lobe of Alzheimer’s disease patients. ] Alzhei-
mers Dis 22(3): 819-828.

114. Xiao Z, Cilz NI, Kurada L, Hu B, Yang C, et al (2014) Activation of neu-
rotensin receptor 1 facilitates neuronal excitability and spatial learn-
ing and memory in the entorhinal cortex: beneficial actions in an Alz-
heimer’s disease model. ] Neurosci 34(20): 7027-7042.

American Journal of Biomedical Science & Research 854


https://pubmed.ncbi.nlm.nih.gov/34985189/
https://pubmed.ncbi.nlm.nih.gov/34985189/
https://pubmed.ncbi.nlm.nih.gov/34985189/
https://pubmed.ncbi.nlm.nih.gov/37446338/
https://pubmed.ncbi.nlm.nih.gov/37446338/
https://pubmed.ncbi.nlm.nih.gov/37446338/
https://pubmed.ncbi.nlm.nih.gov/37446338/
https://pubmed.ncbi.nlm.nih.gov/3076280/
https://pubmed.ncbi.nlm.nih.gov/3076280/
https://pubmed.ncbi.nlm.nih.gov/33905957/
https://pubmed.ncbi.nlm.nih.gov/33905957/
https://pubmed.ncbi.nlm.nih.gov/33905957/
https://pubmed.ncbi.nlm.nih.gov/34065042/
https://pubmed.ncbi.nlm.nih.gov/8938817/
https://pubmed.ncbi.nlm.nih.gov/8938817/
https://pubmed.ncbi.nlm.nih.gov/8938817/
https://pubmed.ncbi.nlm.nih.gov/34695238/
https://pubmed.ncbi.nlm.nih.gov/34695238/
https://pubmed.ncbi.nlm.nih.gov/34695238/
https://pubmed.ncbi.nlm.nih.gov/18094238/
https://pubmed.ncbi.nlm.nih.gov/18094238/
https://pubmed.ncbi.nlm.nih.gov/18094238/
https://pubmed.ncbi.nlm.nih.gov/9358249/
https://pubmed.ncbi.nlm.nih.gov/9358249/
https://pubmed.ncbi.nlm.nih.gov/9358249/
https://pubmed.ncbi.nlm.nih.gov/18093171/
https://pubmed.ncbi.nlm.nih.gov/18093171/
https://pubmed.ncbi.nlm.nih.gov/18093171/
https://pubmed.ncbi.nlm.nih.gov/35662186/
https://pubmed.ncbi.nlm.nih.gov/35662186/
https://pubmed.ncbi.nlm.nih.gov/35662186/
https://pubmed.ncbi.nlm.nih.gov/28725693/
https://pubmed.ncbi.nlm.nih.gov/28725693/
https://pubmed.ncbi.nlm.nih.gov/28725693/
https://pubmed.ncbi.nlm.nih.gov/10720628/
https://pubmed.ncbi.nlm.nih.gov/10720628/
https://pubmed.ncbi.nlm.nih.gov/10720628/
https://pubmed.ncbi.nlm.nih.gov/8797665/
https://pubmed.ncbi.nlm.nih.gov/8797665/
https://pubmed.ncbi.nlm.nih.gov/8797665/
https://pubmed.ncbi.nlm.nih.gov/28341718/
https://pubmed.ncbi.nlm.nih.gov/28341718/
https://pubmed.ncbi.nlm.nih.gov/28341718/
https://pubmed.ncbi.nlm.nih.gov/28341718/
https://pubmed.ncbi.nlm.nih.gov/26003861/
https://pubmed.ncbi.nlm.nih.gov/26003861/
https://pubmed.ncbi.nlm.nih.gov/26003861/
https://pubmed.ncbi.nlm.nih.gov/16872586/
https://pubmed.ncbi.nlm.nih.gov/16872586/
https://pubmed.ncbi.nlm.nih.gov/16872586/
https://pubmed.ncbi.nlm.nih.gov/10987854/
https://pubmed.ncbi.nlm.nih.gov/10987854/
https://pubmed.ncbi.nlm.nih.gov/10987854/
https://pubmed.ncbi.nlm.nih.gov/10987854/
https://pubmed.ncbi.nlm.nih.gov/15869713/
https://pubmed.ncbi.nlm.nih.gov/15869713/
https://pubmed.ncbi.nlm.nih.gov/15869713/
https://pubmed.ncbi.nlm.nih.gov/9074762/
https://pubmed.ncbi.nlm.nih.gov/3074340/
https://pubmed.ncbi.nlm.nih.gov/3074340/
https://pubmed.ncbi.nlm.nih.gov/27535680/
https://pubmed.ncbi.nlm.nih.gov/27535680/
https://pubmed.ncbi.nlm.nih.gov/30480943/
https://pubmed.ncbi.nlm.nih.gov/30480943/
https://pubmed.ncbi.nlm.nih.gov/30480943/
https://pubmed.ncbi.nlm.nih.gov/30480943/
https://pubmed.ncbi.nlm.nih.gov/30480943/
https://pubmed.ncbi.nlm.nih.gov/10467593/
https://pubmed.ncbi.nlm.nih.gov/10467593/
https://pubmed.ncbi.nlm.nih.gov/10467593/
https://pubmed.ncbi.nlm.nih.gov/38346453/
https://pubmed.ncbi.nlm.nih.gov/38346453/
https://pubmed.ncbi.nlm.nih.gov/38346453/
https://pubmed.ncbi.nlm.nih.gov/30739077/
https://pubmed.ncbi.nlm.nih.gov/30739077/
https://pubmed.ncbi.nlm.nih.gov/30739077/
https://pubmed.ncbi.nlm.nih.gov/30739077/
https://pubmed.ncbi.nlm.nih.gov/32877641/
https://pubmed.ncbi.nlm.nih.gov/32877641/
https://pubmed.ncbi.nlm.nih.gov/32877641/
https://pubmed.ncbi.nlm.nih.gov/35368248/
https://pubmed.ncbi.nlm.nih.gov/35368248/
https://pubmed.ncbi.nlm.nih.gov/35368248/
https://pubmed.ncbi.nlm.nih.gov/35368248/
https://pubmed.ncbi.nlm.nih.gov/8884775/
https://pubmed.ncbi.nlm.nih.gov/8884775/
https://pubmed.ncbi.nlm.nih.gov/8884775/
https://pubmed.ncbi.nlm.nih.gov/8884775/
https://pubmed.ncbi.nlm.nih.gov/11967633/
https://pubmed.ncbi.nlm.nih.gov/11967633/
https://pubmed.ncbi.nlm.nih.gov/11967633/
https://pubmed.ncbi.nlm.nih.gov/4004152/
https://pubmed.ncbi.nlm.nih.gov/4004152/
https://pubmed.ncbi.nlm.nih.gov/4004152/
https://pubmed.ncbi.nlm.nih.gov/30374780/
https://pubmed.ncbi.nlm.nih.gov/30374780/
https://pubmed.ncbi.nlm.nih.gov/30374780/
https://pubmed.ncbi.nlm.nih.gov/17673354/
https://pubmed.ncbi.nlm.nih.gov/17673354/
https://pubmed.ncbi.nlm.nih.gov/17673354/
https://pubmed.ncbi.nlm.nih.gov/17673354/
https://pubmed.ncbi.nlm.nih.gov/20858966/
https://pubmed.ncbi.nlm.nih.gov/20858966/
https://pubmed.ncbi.nlm.nih.gov/20858966/
https://pubmed.ncbi.nlm.nih.gov/20858966/
https://pubmed.ncbi.nlm.nih.gov/24828655/
https://pubmed.ncbi.nlm.nih.gov/24828655/
https://pubmed.ncbi.nlm.nih.gov/24828655/
https://pubmed.ncbi.nlm.nih.gov/24828655/

