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Parkinson’s Disease (PD), is a neurodegenerative disease marked by motor and
non-motor symptoms, with high evidence highlighting the critical role of the gut-brain axis
in the disease development. Helicobacter pylori (H. pylori), a typical gastric pathogen, has
been identified as a contributor to Parkinson’s Disease. Changes in H. pylori infection to gut
microbiota may cause systemic inflammation and nutrient malabsorption in addition to levodopa
absorption impairment which may exacerbate PD pathogenesis and worsen symptoms. This
narrative review explores the correlation between H. pylori infection and PD, to bring new
insight into both diseases’ pathophysiology and focus on novel therapeutic options that can
inhibit H. pylori growth, enhance intestinal integrity, and influence neurodegeneration in PD.
However, it is constrained by rigorous quality assessment and may be subjected to selection
bias. A comprehensive research investigating the link between H. pylori and PD was the focus
of an extensive literature search that spanned the years 2005-2024 and was carried out using
PubMed, Scopus, Web of Science, and Google Scholar. We combed through new information
on treatments based on microbiota with relevant clinical trials, meta-analyses, and models of
experimentation. H. pylori infection is common in PD patients and may play a role in systemic
inflammation, small intestinal bacterial overgrowth (SIBO), reduced levodopa bioavailability,
and elevated a-synuclein expression. The eradication of H. pylori has shown beneficial
impacts on motor symptoms and enhanced the efficacy of levodopa. Herbal compounds
including epigallocatechin gallate, baicalein, curcumin, and garlic derivatives exhibit notable
antimicrobial and neuroprotective properties. Synbiotic interventions and personalized nutrient
supplementation enhance gastrointestinal and neurological health. H. pylori infection in PD is a
unique therapeutic target for gastrointestinal and neurological therapy. Antimicrobial therapy,
dietary management, and phytomedicine may reduce inflammation, restore gut-brain balance,
and enhance PD treatment outcomes. To improve patient-specific therapies, longitudinal studies
and bioinformatics-guided microbiome analyses should be considered.
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Parkinson’s disease is a chronic,
progressive neurological disorder characterized
by motor deficits including tremor, bradykinesia,
muscle rigidity, and postural instability. ' These
clinical manifestations result from the degradation
of dopaminergic neurons in the substantia

nigra pars compacta, resulting in dopamine
insufficiency in the striatum. ? In addition to its
well-known motor symptoms, Parkinson’s disease
includes a wide range of non-motor signs such as
cognitive decline, mood changes, sleep difficulties,
autonomic dysfunction, and gastrointestinal (GI)
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abnormalities, all of which can considerably impact
patients’ quality of life. *

Although the exact cause of Parkinson’s
disease remains a mystery, it is thought to be a
complicated interaction of genetic vulnerability and
environmental variables. * In recent years, there has
been an increased focus on the involvement of the
gastrointestinal system, particularly the gut-brain
axis—a bidirectional communication network that
connects the central nervous system (CNS) to the
enteric nervous system and the gut microbiome.
5 Gut dysbiosis and inflammation are linked to
neuroinflammation, a-synuclein aggregation, and
dopaminergic neurodegeneration. ¢

Helicobacter pylori(H. pylori) infection has
emerged as a potentially significant environmental
component in the pathophysiology of Parkinson’s
disease. 7 Helicobacter pylori is a gram-negative,
helical bacterium that inhabits the stomach mucosa
and is recognized for its association with peptic
ulcers and gastric carcinoma. ® Numerous clinical
and epidemiological investigations have indicated a
greater frequency of H. pylori infection in patients
with Parkinson’s disease compared to the general
population. ° Proposed pathways connecting H.
pylori to PD encompass systemic inflammation, '
compromised levodopa absorption, ' modification
of gut microbiota composition, 7 and modified gut
barrier integrity. '?

This review examines the relationship
between Parkinson’s disease and H. pylori
infection through an analysis of epidemiological
data, common pathophysiological methods,
and therapeutic implications. The influence of
gut microbiota, herbal and pharmacological
interventions, and emerging strategies concentrating
on the gut-brain axis is emphasized as a novel
approach in the management of Parkinson’s
disease.

METHODOLOGY

This narrative review aims to investigate
the potential correlation between Helicobacter
pylori infection and Parkinson’s disease, focusing
on the gut-brain axis, inflammatory mechanisms,
treatment obstacles, and herbal therapies. A
thorough literature search was conducted across
many databases, including PubMed, Scopus,

Web of Science, and Google Scholar, covering
publications from 2005 to 2024.

As this is a narrative review; formal
systemic review protocol or quality appraisal
tool was not utilized. This limitation may lead to
selection bias potentially affecting the interpretation
and robustness of the conclusions. However,
future systematic reviews may asses the causal
relationship and therapeutic implications more
rigorously.

The subsequent keywords and
combinations utilized include: “Parkinson’s
disease”, “Helicobacter pylori”, “gut-brain axis”,
“levodopa absorption”, “neuroinflammation”,
“herbal medicine”, “synbiotics”, and “dopaminergic
neurodegeneration”. The use of Boolean operators,
including AND, OR, and NOT, was implemented
to enhance the precision of search results.

Articles that have undergone peer review
are published in English, clinical trials, meta-
analyses, observational studies, and in vivo or in
vitro experimental studies, beside research studies
examining the mechanistic connections between
H. pylori infection and Parkinson’s disease or its
treatment were included in this review.
Exclusion criteria included

Publications in languages other than
English, studies lacking accessibility for full text
and papers that do not demonstrate relevance to
either Parkinson’s Disease or Helicobacter pylori.

Multiple authors (W.A., AM.M., A.A.)
independently evaluated articles for relevance by
reviewing titles and abstracts. The full texts of
possibly eligible studies were examined, and data
were extracted concerning study type, population
characteristics, key findings, and conclusions. Any
disagreements were addressed through discussions
with the principal investigator (D.A.).

The quality appraisal was not properly
performed owing to the review’s narrative
character. Preference was accorded to studies
exhibiting robust methodological design,
substantial sample numbers, and recent publication
dates. Reference management software, such as
EndNote, was utilized to organize and reference
sources throughout the manuscript.

Overview and Epidemiology of Parkinson’s
Disease in Relation to Helicobacter pylori

Parkinson’s disease is a progressive

condition that impacts the neurological system as
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well as the bodily components that receive nerve
impulse. This disease is brought on by degeneration
or loss of nerve cells in the basal ganglia; a
movement regulation region of the brain. Normally,
these neurons—nerve cells—produce dopamine, an
essential neurotransmitter in the brain, * leading
to tremors, stiffness, and slowed mobility. Rigid
muscles, impaired posture and loss of automatic
movements, along with speech changes, and
difficulties writing are additional symptoms can
cause pain and make daily tasks more challenging.
14

PD is a relatively common disease;
in 2019 approximately 8.5 million cases were
reported worldwide. * This disease affects 1-2 per
1000 individuals at any time. The prevalence of
the disease is increasing with age affecting 1% of
the population above 60 years. ' This neurological
illness - which is the second most prevalent disease
— is predicted to double over the next 30 years. '¢

In 2019, the MENA region reported
around 309.9 thousand cases of Parkinson’s

disease, with an age-standardized prevalence rate
of 82.6 per 100,000 people. 7 Since 1990, the
prevalence rate in the MENA region has risen by
15.4%, highlighting a growing health concern in
this area. '8

There are many etiological elements that
contributes to Parkinson’s Disease as inherited
and environmental factors. Smoking tendency,
pesticides use as well as physical exercise are risk
factors and preventive factors associated with PD.
However, it is challenging to identify the culprit
due to the prodromal phase’s duration.

A mix of unknowns, genetic and
environmental variables are associated to the
disease. Autosomal or recessive dominants may
account for 10-20 % of cases from genetic origin.
? The inheritance pattern of Parkinson’s disease
may vary depending on the mutated gene, however
the majority of diagnosed people have no family
history. The development of PD is altered by
genetics, but the inheritance pattern is typically
unclear. 2!
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Fig. 1. A schematic summery outlining the main causes of Parkinson’s disease
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Environmental factors such as exposure to
pesticides, heavy metals, detergents, and solvents,
have been studied heavily to demonstrate the
unambiguous link to PD even if idiopathic factors
as age and gender predominate and among the main
risk factors. On the other hand, head trauma, which
involves repeated blows to the head, may not be
a direct cause for Parkinson’s Disease, but it may
raise the risk of developing the disease. Overall
deeper understanding to the disease to discover the
related factors is now more feasible because of the
continuous genomic findings.

Some of the most important genetic
and environmental pathways that are involved in
the pathophysiology of Parkinson’s disease are
summarized in Figure 1.

Helicobacter pylori a frequent bacterium
that infects the stomach, and the primary etiology
of peptic ulcer disease which may affect more than
half of the world’s population. ** The prevalence
of H. pylori infection among the MENA region
countries vary from 7-50% in young children and
up to 36.8-94% in adults. '° Although the crude
global prevalence of H. pylori infection among
adults fell from 52.6% to 43.9% in 2022, it was still
high in children and adolescents at 35.1% (95% CI,
30.5%-40.1%). *

In contrast to healthy control groups and
according to several case-control studies, patients
with Parkinson’s Disease had three times the
frequency of positive results on an H. pylori test,
and over the age of 80, the prevalence of H. pylori
antibody was five-fold higher. »

After referring to pertinent papers
published between January 1983 and January
2017, a comprehensive search of the PubMed, Web
of Science, and EMBASE databases was carried
out. The fixed or random effects model was used
to pool the odds ratio from each independent study
with a 95% confidence interval, and the funnel plot
and Egger’s test were used to calculate publication
bias. % A total of 33,125 participants from eight
different trials were included. According to the
results; individuals with H. pylori infection were
more prone to develop Parkinson’s disease than
individuals without the infection. Overall, those
carrying the bacterium are 1.6 times more likely
to acquire Parkinson’s disease. Additionally, the
risk in Europe was 1.5 times higher than in Asia.
Regardless of whether or not additional influencing

variables were considered during the studies has
no bearing on the elevated risk. %

This may be explained by the secretion of
pro-inflammatory cytokines, which are facilitated
by H. pylori autotoxin, and lead to the development
of central inflammation and consequent neuronal
damage. '° By generating small intestinal bacterial
overgrowth (SIBO) or an overabundance of bacteria
in the small intestine, H. pylori disturbs the balance
of the gut microbiota. This dysbiosis of the gut flora
affects the CNS through the microbiome-gut-brain
axis. ¥’ Moreover, SIBO impairs the effectiveness
of levodopa as a treatment of Parkinson’s disease
as illustrated in Figure 2. Additionally, H. pylori
stimulates the synthesis of defensins to control the
blood-brain barrier’s (BBB) permeability, which
makes it easier for pathogens to enter the central
nervous system. %

H. pylori infected patients who have
gastroparesis may experience diminished efficacy
oflevodopa due to the longer transit time needed for
levodopa to enter the small intestine. Conversely,
levodopa may either promote the proliferation and
cell growth, or damage gastrointestinal mucosa
leading to gastrointestinal ulcers. '

Patients with Parkinson’s disease having
H. pylori infection have lower motor functions than
those who do not. With H. pylori eradication motor
skills and levodopa absorption could be improved
in Parkinson’s Disease patients. %

S1 Table presents a summary of
significant preclinical, clinical studies and reviews
investigating the correlation between H. pylori
infection and Parkinson’s disease, encompassing
processes, outcomes, and therapies included in
supplementary file.

Current Medicinal Treatments for Parkinson’s
Disease and Helicobacter pylori infection

Dopamine is the corner stone of
Parkinson’s disease patients’ treatment. Beside
dopamine other medications may be included
within the regimen:

(1) Levodopa: Restores levels of dopamine. It
crosses the BBB and converted to dopamine by
the presence of aromatic amino acid decarboxylase
enzyme. Dopamine transporters absorb dopamine
from drugs and store the exogenous dopamine from
taken medications to maintain constant levels of
dopamine in synaptic vesicle. *°

(2) Catechol-O-methyltransferase (COMT)
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Inhibitors: Responsible for the inhibition of
COMT enzyme. By preventing the methylation
of catechol group containing substrates they
lower levodopa levels that enters the brain by
transforming it into 3-O-methyldopa. With the aid
of COMT inhibitor; levodopa’s O-methylation
is inhibited and converted into dopamine in the
central nervous system. However, the half-life of
the most frequently employed COMT inhibitors
are only two to three hours. '

(3) Monoamine Oxidase-B (MAO-B) Inhibitors:
Increase the quantity of dopamine in the synapses,
thus, boosting dopamine signaling capacity
blocking the MAO-B activity. When MAO-B
receptor metabolizes dopamine; two harmful
compounds are produced: Dihydroxyacetone and
hydrogen peroxide. By preventing this; MAO-B
inhibitor medicines stop this synthesis preserving
dopaminergic neurons in the substantia nigra and
delaying the onset of PD. 3!

(4) Dopamine Agonists: The first-choice for PD
patients under the age of 60 that postpone the
onset of motor dysfunctions. Dopamine agonists
are suggested by many authors to be used as a first
line treatment. Nevertheless, dopamine agonist
medications are unhelpful for patients who do not
respond to levodopa. **

On the other hand, patients infected with
H. pylori may benefit from a regimen comprising
at least three antibiotics; containing proton
pump inhibitor (PPI), amoxicillin (AMX), and
clarithromycin (CLR) or metronidazole (MTZ),
and to achieve the best H. pylori eradication
results, this regimen should last 10 to 14 days. *
If the triple therapy proves ineffective Bismuth-
Based Quadruple Therapy (BQT) consisting of
a PPI, bismuth subcitrate, metronidazole, and
tetracycline, serves as a treatment option for
clarithromycin-resistant H. pylori infection. BQT
is recommended as the first-line treatment option
with high local clarithromycin and metronidazole
resistance. ¥

MTZ is a critical element of the triple
therapy; but unfortunately has been linked to a
high incidence of resistance. Bacteria’s virulence
is correlated to metronidazole resistance, with
strains deficient to the cagA gene exhibiting
higher resistance. ** Clarithromycin resistance,
which is increasing over time is a primary cause
of H. pylori treatment failure. The dual-priming
oligonucleotide-based multiplex polymerase
chain reaction (DPO-PCR) method detected the
23S RNA gene of H. pylori as point mutation
responsible for resistance to certain antibiotics,

* Agng

H. Pylori Infection

* Parkinson’s disease gene mutation
as (PRKN, PINK1, DJ1)

* Environmental factors: Pesticide
exposure, Heavy metal exposure,

wom @ Organic exposure Herbal + Probiotics
. ases cytokines (Cagd, 5 “
Vacd) ‘y Therapy
*+ Increases pro-inflammatory Systemic Inflammation *+  Microbiota modulation
cytokines Release of TNF-a, IL-6 * Improved levodopa absorption
* Reduce oxidative stress
Neuroprotective effect
* Reduce dopaminergic loss
Gut Microbiota
Dysbiosis a-Synuclein Neuroinflammation and
Aggregation PD Pathogenesis
* Increased intestinal
permeability =P |+ Triggered by H. pylori infection ™=» + Microglial activation
+ SIBO * Local + systemic inflammation * Nigrostriatal dopamine neuron loss
* Impaired levodopa absorption

Fig. 2. Mechanistic correlation between Helicobacter pylori and Parkinson’s disease
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including clarithromycin. Several mutations have
been identified (A2142C, A2142G, A2143G,
A2144T, T2717C, and C2694A), and clinical
studies reported high H. pylori eradication rates
subsequent to the identification of clarithromycin
resistance using the DPO-PCR method. *
Herbal Medicine and Parkinson’s disease

Carbidopa/levodopa, dopamine agonists,
MAO-B inhibitors, and anticholinergics are
among the prescribed medications for PD. These
medications are utilized to alleviate symptoms. *’
Currently there is no licensed therapy capable of
halting or slowing the progression of Parkinson’s
disease despite countless trials and studies, **
therefore assessing the neuroprotective qualities
of novel drugs is essential for future effective
treatments.

For the management of neurodegenerative
diseases daily diet may be advantageous.
The correlation between gut microbiota and
neurodegenerative diseases underscores the
importance of creating meals enriched with
prebiotics and probiotics is increasing. ** Probiotics
are live microorganisms, of beneficial bacteria and
yeast that confers health benefits when consumed in
adequate amounts. These microbes maintain balance
for the gut microbiome, supporting digestive health
by fostering the growth of beneficial bacteria and
inhibiting harmful pathogens. Thus, alleviate
symptoms associated with digestive disorders such
as irritable bowel syndrome (IBS) and diarrhea.
40 Prebiotics, on the other hand, are indigestible
fibers that serve as food for the beneficial bacteria
in the gut, encouraging their growth and activity.
By supporting the balance of the gut microbiome,
prebiotics contribute to better digestion, immune
function, and nutrient absorption. *' Common
sources of probiotics include fermented foods
like yogurt and kefir, while prebiotics are found in
fiber-rich foods such as garlic, onion, and whole
grains. Together, synbiotics work synergistically
to promote overall gut health and well-being.

Furthermore, fecal DNA sequencing
can help to evaluate the ratio of beneficial to
detrimental bacteria and guide us to personalized
medical approaches.

On the other hand, herbal therapies
represent promising treatment pathway for
Parkinson’s disease, potentially offering efficient
results than synthetic drugs due to their interference

with the underlying disease mechanisms. Generally,
polyphenols contribute to neuronal survival
and serve a protective role in pro-survival cell
signaling, thereby protecting mitochondria from
pathological events. *

Epigallocatechin-3-gallate (EGCG), a
polyphenolic compound abundant in green tea
extract, protects against neuronal death in the
substantia nigra pars compacta (SNpc), by reducing
6-hydroxydopamine (6-OHDA) induced apoptosis
in PC12 cells. ¥ EGCG also lowers the levels of
anti-apoptotic proteins Bcl-w, Bel-2, and Bel-x(L),
and inhibits the mRNA synthesis of pro-apoptotic
factors Bad, Bax, and Mdm2. By increasing
phosphorylated protein kinase C (PKC); EGCG
rescues SH-SYSY cells from 6-OHDA toxicity.
These findings suggest that EGCG may prevent
oxidative stress-induced cell death by activating
PKC and modulating apoptosis. ¢

While EGCG is a promising compound
we still have limited clinical observations and
bioavailability studies. Thus; variability in dosing
and extract filtration and standardization may limit
reproducibility.

Scutellaria baicalensis, an herb containing
baicalein which is a flavonoid extracted from the
plants’ roots and inhibits the levels of NO and
COX-2, as well as ROS accumulation, ATP
depletion, and leads to apoptosis. *’

Some researchers proposed that
polyphenols as curcumin, icariin, baicalein,
and cannabidiol, which are naturally occurring
bioactive phytochemicals have neuroprotective
effects in Parkinson’s disease via regulating
the PI3K/AKT pathway. “* However, because
of their limited biological activity their use is
limited. Nevertheless, there are different opinions
to improve their effectiveness by changing the
structure or using the nano-loading method taking
the dosage, time and mode of administration in
consideration as important factors for Parkinson’s
disease treatment. *

Curcumin easily permeates blood-
brain barrier and neuronal membranes due to its
anti-amyloid and anti-inflammatory properties,
rendering it a viable option for the management
of Parkinson’s disease or other neurodegenerative
diseases. *' Previous studies has shown that
phytochemicals achieved from saffron specifically
- crocus sativa, crocin, crocetin, and safranal - can
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slow down the neurodegenerative progress in
Parkinson’s disease by reducing dopaminergic
neuronal loss particularly in the substantia
nigra as well as preventing the accumulation of
alpha-syncline. > On the other side, Chamomile,
through its active constituent apigenin, can
protect the neurons from oxidative stress and
inflammation, resulting in improvement in patients
with Parkinson’s Disease. 3%

Many studies linked the neuroprotective
effect of Siberian ginseng Roots and Stems in
Parkinson’s disease to the reduction in inflammation
and activation of microglial in brain ischemia. *
However, there is also evidence pointing out to the
fact that Siberian ginseng may cause neurotoxicity
in the central nervous system necessitating further
studies to determine the risk versus benefit ratio
and the potential therapeutic applications. 3

Parkinson’s disease sleep disorder
(PDSD), is linked to fluctuations of serum levels
of melatonin, cystatin C, vitamin D, homocysteine,
and dopamine. Specific herbs used in Traditional
Chinese Medicine (TCM), including Semen ziziphi
spinosae, Rhizoma anemarrhenae, Poria cocos,
and Rhizoma chuanxiong, are believed to nourish
the liver, calm the mind, and alleviate vexation.
% Chinese herbal medicine (CHM) prescriptions
unlike ordinary antidepressant drugs, may have
more favorable impact on depression in PD
specifically on the motor symptoms. *’

UGS plant study (Uncariae Ramulus et
Cortex, Gastrodiae Rhizoma, and Schisandrae
Fructus) demonstrated that this treatment enhances
the quality of life for Parkinson’s patients
particularly those with severe anxiety. *® The brief
duration of treatment and the lack of blinding for
the participants in the control group; might inflate
the results. However, the authors identified several
limitations to their study, including a propensity
to underestimate the effects of UGS for PD by
restricting its use to patients who poorly respond
to medication; nonetheless, the study advocated
for further studies to elucidate benefits of UGS
in Parkinson’s disease treatment, and its impact
on anxiety symptoms in patients with Parkinson’s
disease. ¥

Various publications investigated the
vast components of CHM herbs, demonstrating
numerous approaches for treating Parkinson’s
disease symptoms as modulating the hypothalamic-

pituitary-adrenal (HPA) axis, suppressing CNS
inflammation, and increasing effect of Brain
derived-neurotrophic factor (BDNF) release which
are critical for symptoms relieve. ©° Components
may also act on a-synuclein, identified as a primary
factor in PD, providing benefits for non-motor and
motor signs. It is important to know that CHM is
not fully understood and has not been clinically
trailed, though it demonstrate favorable results in
vivo.

Herbal Medicine and Helicobacter pylori

Previous studies have established
that plants containing flavonoids may have
interesting effects on eradicating H. pylori
infection. For example, the extracts of Glycirrhiza
glabra including glabridin and glabrol have
been demonstrated to inhibit the syntheses of
dihydrofolate reductase in cells, which is crucial
for H. pylori’s DNA synthesis. ¢' Another examples
include, quercetin, catechin, epicatechin, and rutin,
which possess anti-inflammatory and antioxidant
functions. %

Garlic, a common plant in Jordanian
ethnopharmacology, possesses anti-oxidative
and anti-inflammatory activities and exhibits
tremendous antimicrobial properties due to the
presence of allicin. It suppresses bacterial growth
and biofilm formation regardless bacterial strain.
63

A previous study that was conducted on
rat model revealed that ethanolic pomegranate
peel extract inhibited urease enzyme activity in
H. pylori, hence preventing its gastrointestinal
colonization by 39%; the combination of the extract
with metronidazole had synergistic effect, as it
serves adjunct therapy due to its anti-inflammatory
effects and prevention of H. pylori colonization. *

The hydroalcoholic extract of sumac
(Rhus coriaria L.) revealed antibacterial and anti-
inflammatory effects, which retain its efficacy when
subjected in vitro to gastric digesting conditions.
% By blocking I1-6 and I1-8, it can directly inhibit
the growth of H. pylori, and it is noteworthy that
bioactivity can be attained by oral administration
of sumac or its extracts.

Nevertheless, other lesser known
plant species as Salvia species (S. eiggii, S.
hierosolymitana, and S. viridis) demonstrated
significant antioxidant activity. Among them S.
hierosolymitana has the most potent antioxidant
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activity, attributed to its high total phenolic content
(TPC) and total flavonoid content (TFC) along with
rosmarinic acid. Also, the methanolic extract of S.
hierosolymitana showed significant DPPH radical
scavenging activity and high ferrous ions chelating
effect due to its abundant rosmarinic acid, caffeic
acid, and other bioactive components. ¢

A review addressing the role of herbal
remedies on the eradication of H. pylori mentioned
the active ingredients in cinnamon, specifically
eugenol and cinnamaldehyde, exhibited inhibitory
effects on H. pylori proliferation in vitro. It also
included mixed results from clinical trials; in a
study 98 patients administered cinnamon extract
alongside antibiotics experienced lower H. pylori
densities compared with the antibiotic-only group.
68

Ginger (Zingiber officinale) owing to the
presence of two active compounds gingerol and
zingerone, provides antioxidant properties and
inhibits the growth of H. pylori. ©

Dioscin, a saponin glycoside present in
various plants, may serve as an effective therapy
against H. pylori when used in conjunction with
clarithromycin, metronidazole, and levofloxacin
as it enhances their antibacterial activity and
disturbs H. pylori biofilm formation through direct
antimicrobial action.

In a model of non-tumoral gastric
epithelium, hydroalcoholic extract of Castaneda
sativa Mill leaves, which contain ellagitannin
isomers as castalagin and vescalagin, were
evaluated for their anti-inflammatory, anti-
adhesive, and antibacterial effects in relation to
H. pylori infection indicated that ellagitannins
inhibited the release of IL-8 and had an effect
against TNF-4, while castalagin and vescalagin
potentially inhibited H. pylori proliferation. ™!

The integration of phenolic phytochemical-
rich plants and lactic acid bacteria with probiotic
capabilities can suppress H. pylori growth and
address H. pylori associated peptic ulcers and
active chronic gastritis. ’* Lactic acid bacteria
strains combined to methanolic extracts of garlic
(Allium sativum L.), ™ red onion (4llium cepa
L.), ™ cumin (Cuminum cyminum L.), ™ and
fenugreek (7. foenum-graecum L.), " was explored
against H. pylori colonization to confirm the
improved efficacy. The combination of extracts
with probiotics suppressed H. pylori, with varied

outcomes. H. pylori growth suppressed in a
concentration dependent manner by phenolic
substances found in plants such as gallic acid,
caffeic acid, quercetin, and vanillic acid, as well
as probiotics through lactic acid and bacteriocins.
Additionally, combining B. breve (a beneficial
bacteria resides in the intestines) with fenugreek
extract effectively suppressed H. pylori by
decreasing gastritis in H. pylori infected rats. ™

Sixteen medicinal herbs growing in
Jordan were tested against clinical isolates of
H. pylori, including Aloysia triphylla (L’Her.)
Britton, Anethum graveolens L., Artemisia
inculata Delile, Capparis spinosa L., Crataegus
aronia (L.) Bosc ex. DC., Inula viscosa (L.) Ait,
Lavandula officinalis Chaix., Lepidium sativum L.,
Origanum syriaca L., Paronychia argentea Lam.,
Passiflora incarnata L., Psidium guajava L.,
Sarcopoterium spinosum (L.) Spach., Sesamwn
indicum L., Urtica urens L., and Varthemia
iphionoides Boiss. The results demonstrated that
ethanolic extracts of A. triphylla and I. viscosa
exhibited the highest lethal effect against H. pylori
isolates by inhibiting bacterial protein synthesis. ™
Parkinson’s disease and gut microbiota

Recent studies regarding Parkinson’s
disease focused on the gut-brain axis, with drawing
attention to the common gastrointestinal infection
Helicobacter pylori. In Parkinson’s Disease,
numerous pathophysiological changes take place
even in early stages, including increased local
inflammation, oxidative stress, neurodegeneration
in the enteric nervous system and intestinal
permeability. 7”7 These changes may support
the hypothesis of associating PD etiology to
gastrointestinal dysfunctions. 7*7

The gut-brain axis is a gaining a major
interest in Parkinson’s Disease studies, and as the
incidence of H. pylori is elevated in PD patients,
it could have possible involvement in the disease
and influence Parkinson’s Disease through several
mechanisms:
(1) H. pylori infection causes chronic infection
which in turn may boost systemic inflammation,
facilitating the systemic entry of inflammatory
mediators via the secretion of pro-inflammatory
cytokines including IL-6 and TNF-a. These
mediators have the potential to penetrate blood
brain barrier contributing the neuroinflammatory
process that are implicated in dopaminergic
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neurodegeneration worsening neuroinflammation
in PD patients and exacerbating dopaminergic
death in the substantia nigra. ** Boziki et al, (2018),
conducted a study demonstrated that H. pylori-
related galectin-3 may exacerbate central nervous
system inflammation consequently aggravating
neuronal loss in PD. %

(2) Dysbiosis of gut microbiota may influence gut-
brain interaction which is observed in roughly 25%
of patients with PD. Parkinson’s Disease clinical
hallmarks may start in the gastrointestinal tract
and disseminate to the brain through vagus nerve
following 4-synuclein aggregation. The fact that H.
pylori infection has been associated with elevated
expression of a-synuclein in gastric mucosa may
link H. pylori infection to the progression of PD.
8081 However the small sample size may limit the
generalizability. A previous study by Braak and
colleges hypothesized that PD could be initiated by
unknown pathogen colonizes through the gastric
mucosal lining and can trigger the formation of
a-synuclein. ®

(3) Gastrointestinal infections may interfere with
the absorption of nutrients essential for neuronal
health and function as vitamin B12 and iron. *
(4) H. pylori infection may hinder levodopa
absorption by delaying gastric emptying,
diminishing mucosal integrity and altering gastric
pH. Thus, H. pylori can affect the advancement
and treatment strategies of PD by making levodopa
more bioavailable which improves control of motor
symptoms.

While these data collectively may
indicate a complex link between H. pylori
infection and the pathophysiology of Parkinson’s
disease, encompassing microbial dysbiosis,
systemic inflammation, compromised medication
absorption, and neuroimmune communication, it
is important to consider the alternating hypothesis
of reverse causality.

PD may induce progressive autonomic
dysfunction by altering gastric mucosa, thus,
fostering an environment that facilitates H.
pylori colonization, SIBO and overall dysbiosis.
8 Impaired peristalsis and altered gastric acidity
that may take place in PD may imbalance gut
microbial and enhance H. pylori existence as well
as eradication resistance. * This bidirectional
interaction still unclear and may indicate the
complex interaction between PD and H. pylori.

864

Eradication of H. pylori as an initial step for PD
improvement
(1) H. pylori treatment with antibacterial regimen
plus levodopa optimization: Eradication of H.
pylori depends on antibacterial treatment involving
triple or quadruple regimens including proton
pump inhibitor, antibiotics (clarithromycin,
amoxicillin, metronidazole or tetracycline) with or
without bismuth subsalicylate. 3¢ The corner stone
treatment of Parkinson’s Disease; levodopa may
be influenced by gastrointestinal issues because
of its narrow therapeutic index. 87 The absorption
of levodopa may be compromised by gastric acid
levels, as its bioavailability might be diminished
by PPIs or delayed gastric emptying caused by the
infection. 3 Although eradication of H. pylori may
enhance the efficiency of levodopa and improve
PD symptoms, metronidazole may interfere with
levodopa metabolism and block its conversion in
the gut. ¥
(2) H. pylori treatment with anti-inflammatory
agents: H. pylori infection may provoke systemic
inflammation via cytokine release, thereby
exacerbating neuroinflammation and leading to
PD. *° Anti-inflammatory drugs are utilized in
H. pylori eradication, giving a dual benefit of
lowering gastric inflammation and mitigating
systemic neuroinflammatory process related to
PD. °' Selective COX-2 inhibitors may mitigate
gastric inflammation and neuroinflammation,
studies indicate that such drugs may play a crucial
role in enhancing levodopa therapy while aiding
dopaminergic neurons preservation, hence slowing
Parkinson’s disease progression. %
(3) H. pylori treatment with tailored nutrient
supplement and herbal remedy use: Vitamin B12,
iron, magnesium and antioxidants are critical
nutrients for neural function and maintenance of
myelin integrity. ** H. pylori infection impairs
gastric acid secretion, resulting in diminished
nutrient absorption. Consequently, nutrients
and supplementation may facilitate H. pylori
eradication and influence the progression of PD. **
On the other hand, antioxidants as
vitamin C, vitamin E, selenium and coenzyme
Q10 are antioxidants available in herbal remedies
can mitigate oxidative stress and provide natural
anti-inflammatory and neuroprotective effects.
% Therefore, incorporating customized nutrient
supplementation and herbal remedies into H. pylori
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treatment protocols may offer a beneficial approach
that impacts both gastrointestinal and neurological
health, potentially enhancing neuroprotection. **7

S2 Table presents a summary of
phytochemicals and extracts assessed for their
significance in Parkinson’s disease and H. pylori
infection, detailing their mechanisms of action and
the characteristics of supporting studies included
in supplementary file.

(4) H. pylori treatment with synbiotic
treatment: Synbiotics, comprising prebiotics
(non-digestible fibers) and probiotics (living
microorganisms that interact with gut microflora)
may significantly contribute gastrointestinal health
by restoring gut microbiota balance and increasing
aspects related to the gut-brain axis factors.
Probiotics, may inhibit H. pylori colonization by
secreting lactic acid and blocking IL-8 secretion.
%8 This in turn improves H. pylori eradication and
promotes gut health, leading to enhanced outcomes
for

Parkinson’s disease by diminishing
systemic inflammation and neuroinflammation. *°

CONCLUSION

Elimination of Helicobacter pylori
presents promising potential for alleviating its
extensive systemic repercussions, particularly
regarding Parkinson’s disease. The interaction
between H. pylori-induced gut dysbiosis, chronic
inflammation, and neurodegeneration underscores
the pivotal role of the gut-brain axis in the
advancement of PD. By targeting H. pylori infection
with specific interventions including antibiotics,
synbiotics, nutrient supplementation, and herbal
treatments; it is feasible to modulate gastric and
systemic inflammation, restore gut microbiota
equilibrium, and enhance nutrient absorption, all
of which are vital for preserving neural health in
PD patients.

While some emerging data indicates
that H. pylori eradication may improve both
motor and non-motor symptoms of Parkinson’s
disease by enhancing levodopa absorption
and diminishing neuroinflammation; however,
additional longitudinal studies are required to
confirm this association. A multidisciplinary
approach that integrates conventional medicines
with personalized techniques has the potential to

improve treatment outcomes, enhance quality of
life, and maybe decelerate disease progression.
The correlation between H. pylori eradication and
PD care highlights the necessity of examining
neurodegenerative illnesses from a comprehensive
perspective that integrates gastrointestinal and
brain health.

The link between PD and H. pylori
is constrained with several limitations as most
available studies are observational studies thus; it
is difficult to make clear consequence of infection
- neurological sequences. On the other hand,
many studies inconsistently control disease
confounders, which reduces the comparability
and inflate possible associations. As a result; more
longitudinal multidisciplinary studies are needed
to explore the correlation between gastrointestinal
and neurological aspects and investigate the
importance of both diseases management. On
the other hand, using advanced technologies
including bioinformatics, metabolomics and
gut microbiome sequencing may advance our
understanding the complexity of relationship
between gut microbiome, neurodegeneration and
herbal remedies.
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