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ABSTRACT

Gastrointestinal (GI) involvement in the pathogenesis of Parkinson’s Disease (PD) has been widely recognized and
supported in recent literature. Prospective and retrospective studies found non-motor symptoms within the GI,
specifically constipation, precede cardinal signs and cognitive decline by almost 20 years. In 2002, Braak et al. were
the first to propose that PD is a six-stage propagating neuropathological process originating from the GI tract (GIT).
Aggregated a-synuclein (a-syn) protein from the GIT is pathognomonic for the development of PD. This article
reviews the current literature from the past 10 years as well as original research found in PubMed on the combined
effects of enteric glial cells and lectins on the development of Parkinson’s Disease. Studies have found that these
aggregated and phosphorylated proteins gain access to the brain via retrograde transport through fast and slow
fibers of intestinal neurons. Plant lectins, commonly found within plant-based diets, have been found to induce
Leaky Gut Syndrome and can activate enteric glial cells, causing the release of pro-inflammatory cytokines. Oxidative
stress on the enteric neurons, caused by a chronic neuro-inflammatory state, can cause a-syn aggregation and lead to
Lewy Body formation, a hallmark finding in PD. Although the current literature provides a connection between the
consumption of plant lectins and the pathophysiology of PD, further research is required to evaluate confounding
variables such as food antigen mimicry and other harmful substances found in our diets.
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’ 1. INTRODUCTION

1.1 Parkinson’s Disease
Parkinson’s Disease (PD) is the second most common

neurodegenerative disease only second to Alzheimer’s
Disease, affecting 1-2 per 1000 persons at any time, and 1%
of the population above the age of 60 [1]. It was first
described by James Parkinson in 1817 when he investigated
the cardinal motor signs used today to diagnose PD (i.e.,
bradykinesia, rigidity, and tremor) [1]. However, postural
instability, a fourth cardinal sign, can help clinicians better
recognize PD [2]. Indeed, PD is a clinical diagnosis relying
on signs and symptoms alone and cannot be confirmed until
an autopsy.
PD is characterized by its hallmark findings of dopami-

nergic neuron loss within the substantia nigra, the center for
motor coordination, and Lewy pathology (LP) [1,3,4]. Lewy
bodies (LB) and neurites (LN), or eosinophilic inclusions,
are accumulations of alpha-synuclein (a-syn), a presynaptic
neuronal protein that can be found in the olfactory bulb,

spinal cord, peripheral autonomic ganglia, submandibular
gland, cardiac nerves, red blood cells, cerebrospinal fluid,
plasma, and enteric nervous system (ENS) [3,5,6]. a-syn
accounts for nearly 1% of total protein in soluble cytosolic
brain fractions and plays a vital role in neuronal function by
modulating membrane stability and vesicular transport [6].
Its structural configuration can be segmented into three
domains: 1) the alpha-helical N-terminal that anchors a-syn
to membranes; 2) the central hydrophobic core with
aggregating potential when forming beta-sheets; and 3) the
negatively charged, proline-rich, C-terminal that is able to
counteract the aggregating potential induced by the central
core [6]. The physiological role of a-syn may be altered
following pathological phosphorylation and aggregation-
ultimately leading to disease [7]. Additionally, environmen-
tal exposures such as low pH and salts can induce structural
alterations of a-syn and promote the formation of LB and
LN [7].
Accumulation of these misfolded proteins outside the

central nervous system (CNS) can manifest additional
nonmotor symptoms such as constipation, dysphagia,
sialorrhea, nausea, vomiting, early satiety, gastroparesis,
and postprandial fullness [5]. Although constipation is a
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well-recognized symptom of PD, the intricate connection
between the CNS and GITwas not thoroughly explored until
the early 2000s [5]. Since then, Hawkes and Warnecke [3,5]
have found the onset of nonmotor symptoms to precede the
cardinal signs and cognitive decline by almost 20 years.
While there is no cure for PD, pharmacologic agents such

as Levodopa (L-dopa) are still the most effective therapeutic
options [4]. The effect of L-dopa is amplified when combined
with Carbidopa, which inhibits its peripheral degradation,
resulting in enhanced symptomatic relief [4]. However,
management becomes more challenging as the disease
progresses due to ‘‘wearing-off’’ a phenomenon in which
L-dopa’s therapeutic effect is reduced before the next dose
[4]. While L-dopa may provide relief for motor symptoms of
PD by enhancing neuronal activity and communication
within the striatum and striato-cortical motor pathway, it
may also exacerbate GI discomfort [3]. Patients may also
develop dysphagia (82% prevalence), leading to retention of
oral medications in the pharynx and unpredictable drug
absorption or clinical response [5]. Consequently, additional
therapies such as dopaminergic agonists, monoamine oxi-
dase B (MAO-B) inhibitors, and anticholinergics may also be
added to alleviate on-off symptoms [4].

1.2 Gastrointestinal Tract
The GIT is a complex series of organs spanning from the

mouth to the anus, which is necessary for its numerous
functions, including digestion, absorption, and protection
against foreign invasion. Most of these activities occur in the
stomach, small intestine, and large intestine [8].
The mesentery joins the serosa to form an outer layer that

lubricates and supports contractions. Contractions are
carried out by two layers of smooth muscle, an inner circular
layer, and an outer longitudinal layer. The lamina propria,
a highly vascularized structure deep to the muscular layers
that is rich in connective tissue, enables the transport of
foreign antigens and rapid immune response [8]. Structures
within the lamina propria, such as Peyer’s patches and gut-
associated lymphoid tissue (GALT), contain both adaptive
and innate immune cells [8]. The selective permeability of the
GIT can be credited to an epithelium composed of distinct
cells bound together by tight junctions (TJ) [9]. TJs form
barriers between cells that regulate the paracellular transport
of ions and water [10]. Together the lamina propria and
epithelium, collectively known as the mucosa, regulate
absorption, but are moderated by extrinsic factors such as
nerves, hormones, and cytokines [9].
Ganglia networks between these muscular layers are the

Myenteric (Auerbach) and Submucosal (Meissner) plexuses,
together known as the intrinsic ENS [11]. The ganglia are
primarily composed of enteric glial cells (EGCs). Like
astrocytes in the CNS, which maintain the blood-brain
barrier, EGCs receive and propagate neuronal signals and
help maintain the epithelial barrier in the GIT [12]. Both are
pertinent to ensuring the GIT functions properly. For
example, in the Myenteric plexus, which lies between the
two muscular layers, neuronal signaling by EGCs generate
‘slow waves’ in surrounding smooth muscle cells [8].
Regular, continuous changes in the membrane potential
increase the likelihood of smooth muscle contractions, which
propel food through the GIT. Likewise, EGCs in the
submucosal plexus, found between the muscular layers
and lamina propria, promote epithelial barrier function [13].

This role is in addition to the submucosal plexus’ responsi-
bility to maintain mucus production, uphold the pH of the
lumen, and regulate blood flow [14]. The intrinsic ENS is not
only pertinent to GIT functions but also so extensive that it is
often referred to as the ‘‘second brain’’ [15]. EGCs continue to
generate slow waves in smooth muscle cells even after the
Vagus nerve is severed, indicating that this ‘‘second brain’’ is
capable of functioning independently [16]. However, in
addition to the VN, GI activity is significantly moderated
by other extrinsic nerves and hormones [8].

Likewise, hormones including neuropeptide Y (NPY),
Acetylcholine (ACh), and vasoactive intestinal peptide
(VIP), regulate absorption at the epithelium [17]. VIP can
also slow the rate of paracellular transport by downregulat-
ing the transcription of zona occludens, a protein that makes
up tight junctions [18]. In contrast, ACh stimulates entero-
chromaffin-like cells and NPY upregulates a distinct TJ
protein, claudin-2; which both cause an increased epithelial
permeability [19]. TJ expression is also affected by diet. For
example, high protein diets promote zona occludens, and
occludin synthesis resulting in higher TJ expression [20]. In
contrast, TJ expression is lessened in high-carb and high-fat
diet [20]. However, the mucosal barrier remains imperme-
able to larger molecules such as sugars, amino acids, and
vitamins, which must be absorbed transcellularly [21].
Transcellular transport is primarily dependent on specific
protein channels, but some absorption may also be done by
endocytosis [21].

Though there are many safeguards to ensure the integrity
of the epithelium, the GALT is packed with primed immune
cells in the lamina propria [22]. A compromise in the
epithelium will result in a vigorous immune response. When
activated, EGCs in both the Myenteric and Submucosal
plexuses can release an array of pro-inflammatory cytokines,
such as interleukin (IL)-1b, IL-6, and tumor necrosis factor-a,
growth factors as glial cell-derived neurotrophic factor and
nerve growth factor, and other immunomodulatory signal
molecules like nitric oxide [23].

1.3 Gut-Brain Axis of Parkinson’s Disease
An unknown pathogen in the gut may be responsible for

the subclinical onset of PD, according to Braak et al. [24]. This
hypothesis states that after traversing the mucosal barriers
and brush borders of the GIT, a neurotropic pathogen could
infiltrate VIP neurons in Auerbach’s plexus and pass to fibers
of the dorsal motor nucleus of the vagus nerve (dmX)
(Fig. 1). From the dmX, Braak [24] suggests that the
pathogen travels to the ‘‘gain setting system’’ consisting of
the medullary raphe nuclei, the gigantocellular nucleus, and
the locus coeruleus, which are connected directly to the
amygdala via descending projections from the amygdala’s
central subnucleus. The central subnucleus’ projections also
provide the upward pathway for the pathogen, and ensuing
LBs, to reach the cholinergic nuclei of the basal forebrain and
the substantia nigra pars compacta, where it would begin to
cause the motor symptoms characteristic of PD.

Transmission of the unknown pathogen could occur via
retrograde axonal transport. The pathogen may enter
neurons via receptor-mediated endocytosis at the presynap-
tic bouton and travel to the soma via retrograde transport
[24]. Transfer to the next neuron could occur via specific
receptor-mediated endocytosis at the presynaptic membrane
or direct transfer via species-specific types of synapses [25-28].

DOI: 10.22551/2022.37.0904.10228 Arch Clin Cases 2022; 9(4):177-183
178

www.clinicalcases.eu Archive of Clinical Cases

https://doi.org/10.22551/2022.37.0904.10228


Holmqvist et al. [29] injected human PD lysate containing
fibrillar, monomeric, and oligomeric forms of a-syn, as well as
recombinant a-syn into the duodenum and stomach of rats
and were able to trace the passage of the a-syn to the VN and
the dmX, providing evidence of the viability of this pathway.
Subsequent research supports a ‘‘dual-hit’’ hypothesis for

the development of PD. The first part of the ‘‘dual-hit’’ is the
inhalation of the pathogen into the nasal cavity from where it
could enter the olfactory nerve and travel in an anterograde
fashion to the temporal lobe [30]. The second ‘‘hit’’ would
occur once the nasal secretions where they would cross the
gastric lining into the axons of Meissner’s plexus before
traveling to the vagal nucleus [30].
Evidence of LP has been observed in nuclei of the VN and

the dmX before it spreads to other parts of the CNS
commonly affected in PD, such as the locus coeruleus,
mesocortex, neocortex, or prefrontal cortex [24,31-34]. This
suspected viral pathogen could consist of misfolded a-syn
and possess prion-like abilities to induce conformational
change and aggregation of nearby normal a-syn molecules,
leaving behind LB/LNs as it traveled [30,34]. Svensson
et al.’s [35] recent study showed that a truncal vagotomy
might help reduce the long-term risk of developing PD, as
this would obstruct the pathway from the ENS to the CNS.
Additional evidence for the potential utility of truncal
vagotomy comes from animal models. Pan-Motojo et al.
[36] induced a PD-like state in experimental rats with an
intragastric dose of rotenone, a pesticide known to induce
LBs. Truncal vagotomy successfully prevented the effects of
rotenone on the CNS.
Exposure to herbicides and pesticides has also been linked

to the development of PD. Rotenone, a mitochondrial
inhibitor, has been shown in rats to promote both the release
of a-syn from myenteric neurons, its uptake by vagal fibers,

and its transport to the brainstem, decreasing preganglionic
parasympathetic dmX neurons [36]. The a-syn accumulates
in the neuron’s soma where it coalesces into LBs [36]. The
herbicide paraquat induces parkinsonism in experimental
rats by attenuating gastric motility response to stimulation
from the nigro-vagal pathway and increasing the concentra-
tion of misfolded a-syn in myenteric and dmX neurons
[37,38]. The development of a-synucleopathy and parkinson-
ism after oral or intraperitoneal exposure to pesticides and
herbicides supports Braak’s hypothesis that PD can be
established by a pathogen traveling from the ENS and vagal
pathway to the CNS [24,39].

1.4 Plant Lectins
Lectins are carbohydrate-binding proteins with agglutina-

tion properties that are found in both the animal and plant
kingdom [40]. The discovery of plant lectins started with the
study done by Hermann Stillmark in 1888, which indicated
that specific seed extracts from castor beans (Ricinus
communis L.) caused agglutination of erythrocytes [41]. They
chose to call this protein agglutinin, ‘ricin.’ Subsequently,
it was discovered that ricin poisoning from castor seed oil
can cause convulsions, muscle weakness, leukocytosis, and
hyperemia of several organs, including the spleen, bone
marrow, and liver [42]. Michaelis and Steindorff then found
that ricin also caused agglutination of the epithelial cells
of the mucosal barrier of the intestinal system, causing
gastrointestinal disruption after ingestion at a specific dose
[43]. The term ‘lectin’ was coined shortly after research by
Watkins and Morgan found that the agglutination of lectins
was dependent on the recognition and specificity of binding
to carbohydrate residues on the cell surface of erythrocytes
[43,44].

Fig. 1. This figure illustrates Braak’s hypothesis: a-synuclein forms aggregates called Lewy bodies, which then travel retrogradely from
the ENS to the dorsal motor nucleus (dmX) located in the medulla via the vagus nerve. From there, they continue cephalically to the
locus coeruleus located in the Pons, and finally reach the substantia nigra located in the midbrain. The dopaminergic neurons found in
the substantia nigra can be damaged by a Lewy body and lead to the classic neurologic manifestations of PD.
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As plant lectins were further studied, they began to be
classified via subcellular localization, molecular structure,
genomic sequence, and abundance [45]. Regarding abun-
dance, high amounts of lectins have been discovered in
legumes (i.e. beans, peas, lentils, peanuts), wheat germ,
tomatoes, mushrooms, cabbage, and many other common
plant-based foods [40]. These findings have raised concern
for several unbalanced diets such as vegetarianism or
veganism that may overutilize these specific plant-based
foods.
It is hypothesized that plant lectins have emerged and

become more widely distributed due to their ability to
defend against microorganisms (bacteria, viruses, and fungi),
insects, and plant-eating animals [46]. This hypothesis has
been linked to the carbohydrate-binding properties of lectins.
For example, it has been found that extracellular lectins
found in the roots of plants have a role in defense against
bacteria by immobilizing copious quantities via carbohy-
drate residue recognition and agglutination [47]. In addition
to their agglutinin properties, plant lectins are resistant to
proteolysis both in vitro and in vivo and have been stable
through a wide range of pH [40]. These characteristics help
explain the mechanism in which plant lectins survive the
gastric pH of plant-eating animals and cause deleterious
systemic and gastrointestinal effects [48].
One of the most prominent effects that plant lectins have

on the GIT is the induction of a phenomenon called leaky gut
syndrome (LGS). LGS is a condition in which TJs are
disrupted and gaps are formed in the intestinal wall, causing
paracellular hyperpermeability [49]. This enables various
hostile antigens or toxins to invade directly into the lamina
propria, bloodstream, and plexus [50]. An animal study
involving mammalian rats showed that when phytohemag-
glutinin (PHA), a plant lectin derived from kidney bean
(Phaseolus vulgaris) seeds, was ingested, there was increased
mucosal epithelial cell turnover and TJ disruption, leading to
increased intestinal permeability [51]. This observation is
explained by lectin’s ability to bind to glycosylated residues
on the gut epithelial cell surface [52]. Since carbohydrate
residues on epithelial surfaces are similar between mammals,

these findings suggest that lectins may also increase gut
permeability in humans [53].

1.5 Combined Effects of Immune cells and Lectins
on the development of PD

Tight junctions (TJ) in the GIT are imperative for a
physiologic divide between luminal contents and underlying
mucosa. Disruption of TJs allows foreign antigens found
within the lumen to enter the lamina propria, allowing
immune cells, like EGCs, to mount a response (Fig. 2) [54,55].
Disruption of TJs may occur secondary to environmental
exposures, including toxins, lectins, and macromolecules—
leading to LGS [51,56].

Wheat germ agglutinin (WGA), a plant lectin commonly
found in breakfast cereals, is known to activate EGCs and
trigger a subsequent immune response [57,58]. For example,
neutrophil NADP-oxidase activity and basophilic release of
IL-4 and IL-13 allow direct access to the surrounding
vasculature at the basolateral surface [59,60]. Plant lectins
were recently discovered to activate NLRP3 inflammasomes,
which are responsible for the maturation and release of
proinflammatory cytokines, such as IL-1b and IL-18 [61,62].
In conjunction with pro-inflammatory cytokine release,
inflammasome activation leads to pyroptosis, a necrosis-like
programmed cell death [63]. Thus, when indigestible plant
lectins pass through the leaky barrier, they can immunolo-
gically prime EGCs and inflammasomes to promote a cyclic
enteric neuroinflammatory response [23]. This multifaceted
immune response contributes to the breakdown of TJs, death
of enterocytes, and persistent oxidative injury to the ‘‘second
brain.’’

Enteric neurons exposed to oxidative stress and neuro-
inflammation lead to phosphorylation and aggregation of
a-syn [64,65]. Since a-syn is found in the presynaptic
apparatus of enteric neurons, the ongoing oxidative stress
and neuroinflammation from EGC activation can lead to
the pathological formation of LBs [65,66]. The most likely
explanation is that oxidative stress creates free radicals
that disrupt mitochondrial function [65]. This may cause a

Fig. 2. Directly beneath the basement membrane lies the lamina propria and muscularis mucosae (1), followed by the submucosa (2),
which houses the submucosal plexus, and muscularis propria (3), which houses the Auerbach’s plexus. Plant lectins can downregulate
and interrupt TJ stability causing leaky gut syndrome. This can result in foreign particles and viruses traversing the epithelium and enter
the lamina propria and enteric plexus (ENS). Plant lectins can also activate the EGC, releasing pro-inflammatory cytokines from the
lymphocytes, macrophages, and mast cells, continuing a positive feedback loop of inflammation. This inflammatory response can lead
to oxidative stress, resulting in a-syn structural changes and accumulation within the ENS.
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reduction in degradation and an accumulation of intracel-
lular a-syn, predisposing LB formation [67]. It may also
alter folding and post-transcriptional modification of a-syn
causing aggregation [65]. Ultimately, lectin-induced activa-
tion of EGC and inflammasome formation results in a cyclic
oxidative injury to the enteric neurons leading to the
accumulation of intracellular a-syn and LB formation.
As mentioned, constipation is the earliest and most crucial

prodromal symptom of PD [68-70]. PD pathogenesis is
thought to be a result of EGC alteration and activation, as
this has been shown to cause changes in GIT motility both in
vivo and in vitro [71]. Plant lectins persist in the GIT since
they can withstand the harsh environment and avoid
expulsion due to constipation, which adds to the chronic
inflammatory state and a constant insult to the ENS.
Considering Braak’s hypothesis, it is evident the LBs formed
in the ENS due to indirect injury from plant lectins, have the
means to travel retrogradely towards the substantia nigra
and cause PD.

’ 2. FUTURE PERSPECTIVES

Aside from neuroinflammation and oxidative stress,
lectins have been recently linked to other mechanisms in
the etiology of PD. Vojdani et al. [72] recently discovered
high peptide sequence homology between a-syn and many
food antigens such as yeast, soybean agglutinin, WGA,
pea lectins, and lentil lectins through cross-reactivity
with recombinant monoclonal a-syn antibodies. With this
research, they inferred that once past the mucosal barrier,
these food antigens that resembled a-syn would aggregate
within the enteric cells and then migrate cephalically
towards the substantia nigra. There is limited literature
directly linking lectins to a-syn antibodies, and further
studies are needed to expand our understanding of this
pathophysiology.
Though current research is exploring the connection

between plant lectins and LGS and between LGS and PD,
future longitudinal studies should evaluate the direct
correlation between plant lectins and PD. Recently, a 4-year
longitudinal cohort study involving participants from the
Memory and Aging Project (MAP) assessed diet via
questionnaire [73]. The study showed that greater adherence
to a MIND (Mediterranean-DASH Diet Intervention for
Neurodegenerative Delay) diet, which emphasizes foods
such as legumes, nuts, whole grains, and poultry, was
associated with lower incidence and progression rates of
parkinsonian symptoms [73]. The argument for the utiliza-
tion of this diet comes from the research that shows that
plant-based foods reduce oxidative stress and inflammation,
thus reducing a-syn aggregation [74,75]. However, many of
the foods in the MIND diet such as legumes and whole
grains contain lectins [40], raising the need for investigation
into the direct relationship between lectins and PD.

’ CONCLUSIONS

Through EGC-induced cyclic neuroinflammation and
oxidative stress, plant lectins may lead to pathological Lewy
body formation in the GIT. The Lewy body can then travel
retrogradely via the VN to the substantia nigra and
contribute to the classic neurologic manifestations of PD.
Although the current literature provides a connection
between the consumption of plant lectins and the

pathophysiology of PD, further research is required to
evaluate confounding variables such as food antigen
mimicry and other harmful substances found in our diets.
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