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Abstract: Recent discoveries have shown that enteric glial cells play an important role in different
neurodegenerative disorders such as Parkinson’s disease (PD), which is characterized by motor
dysfunctions caused by progressive loss of dopaminergic neurons in the substance nigra pars
compacta and non-motor symptoms including gastrointestinal dysfunction. In this study we
investigated the modulatory effects of the flavonoid rutin on behavior and myenteric plexuses in a
PD animal model, and the response of enteric glia. Adult male Wistar rats were submitted to
stereotaxic injection with 6-hydroxydopamine or saline, treated or not with rutin (10 mg/Kg) for 14
days. The ileum was collected to analyze tissue reactivity and immunohistochemistry for neurons
(HuC/HuD) and enteric glial cells (5100p) in the myenteric plexuses. Behavioral tests demonstrated
that treatment with rutin improved the motor capacity of parkinsonian animals, and also improved
intestinal transit without interfering with the cell population; rutin treatment modulated reactivity
of the ileal musculature by muscarinic activation, reducing relaxation through the signaling
pathway of nitric oxide donors, and increasing the longitudinal contractility of the colon
musculature in parkinsonian animals. Rutin demonstrated modulatory activities on the myenteric
plexus, bringing relevant answers about the effect of the flavonoid in this system and potential
application for PD adjuvant treatment.

Keywords: rutin; enteric nervous system; Parkinson’s disease

1. Introduction

The enteric nervous system (ENS) is a complex network of neurons and enteric glial cells
organized into thousands of small ganglia, most of which are found in two plexuses: the submucosal
plexus, found in the submucosa of the small and large intestine, and the myenteric plexus, located
between the longitudinal and circular muscle layers, forming a continuous network extending from
the upper part of the esophagus to the internal anal sphincter. The connections between ENS and the
central nervous system (CNS) are carried by the vagus and pelvic nerves and the sympathetic
pathways [1,2]. The ENS coordinates important sensory and motor functions of the gastrointestinal
tract (GIT) such as delivery of digestive enzymes, mixing and propagation of gastrointestinal
contents, absorption, fluid exchange, storage and excretion, secretion of enteric neuroendocrine and
epithelial cells, immune response, maintenance of intestinal epithelial barrier and blood flow [1-6]
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(Studies have shown bidirectional interactions between the ENS and the CNS. Current knowledge
about the gut-brain axis allows us to consider the relationship developed by these two systems in
Parkinson’s Disease (PD), a chronic, progressive, age-associated degenerative disease that results in
the loss of dopaminergic neurons in the substantia nigra and with motor symptoms. In addition,
gastrointestinal symptoms, such as constipation and abdominal pain are observed in PD patients [7-
11].

Although significant advances in the understanding of the etiopathology of PD have been made,
there are still few therapeutic approaches available. For this reason, it is necessary to develop new
adjuvant therapeutic strategies that prevent or delay the progression of the disease and that can act
in the ENS, improving the gastric intestinal disorders observed in this pathology. Agents that operate
as antioxidants and anti-inflammatories have shown promise in PD [12-14]. In this context,
flavonoids, compounds derived from the secondary metabolism of plants, have attracted attention of
the scientific community. These compounds may prosecute neuroprotective effects on multiple
pathological processes associated with neurodegenerative diseases [15]. Recent works have shown
that flavonoids present antioxidant actions, modulate the inflammatory response, and they are
neuroprotective in neurodegenerative disorders [16,17]. Rutin (3,3',4',5,7—pentahydroxyflavone-3—
rutinoside) is a glycosylated flavonoid present in many fruits and plants. Rutin is also obtained from
fruits of trees Dimorphandra mollis (Benth.), a medicinal Brazilian plant, an important source of this
flavonoid. Studies have shown associative anti-inflammatory and antioxidant properties resulting on
inhibition of nitric oxide (NO) production and reduction of pro-inflammatory cytokines, and
neuroprotective effects of purified flavonoid and plant extracts containing rutin [17-19]. Although
very promising, there are still few studies that use flavonoids, especially rutin, as an agent that
promotes the integrity and improvement of intestinal function in PD. In view of this, the present
work aimed to investigate the flavonoid rutin on behavior and myenteric plexus in an experimental
animal model of PD, and also the response of enteric glia to the flavonoid.

2. Results

2.1. Rutin treatment reduced the number of contralateral rotations induced by 6-OHDA.

Apomorphine-induced rotation test was performed to investigate the hypersensitivity of the
lesioned striatum after on the 14th day the stereotactic brain surgery. The evaluation of spontaneous
rotation showed that the injured 6-OHDA animals increased spontaneously rotated contralaterally
(230 + 32.6) when compared with the control group. However, animals treated with rutin reduced
spontaneous rotation significantly in 8% (211.4 + 30.3) in comparison with the 6-OHDA injured group
(Figure 1). Animals treated only with rutin (49.7 + 5.0), presented no difference in this parameter in
relation to the Sham group.

300+ frk

*kk

N
(=
<

100+

rotations per 60 min

Total no. of contralateral

Control  6-OHDA RUT  6-OHDA+RUT

Figure 1. Analysis of the contralateral rotations induced by apomorphine in Wistar rats treated with
6-OHDA and/or rutin or in control conditions (not treated). The test was performed 14 days after
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intra-striatal injection with 6-OHDA The values show mean + S.E.M. ** indicates p<0.001 in relation

to the control group.

2.2. Rutin treatment improves the motor capacity of animals.

The open field test (Figure 2) was performed 14 days after the striatal injections. In animals
subjected to 6-OHDA damage (parkinsonian animals), it was observed changes in the parameters of
peripheral crossings (53 + 8.3), number of center crossing (5.6 = 1.5) and number of rearing (12.2 +2.5)
in the open-field test, when compared with control animals (47.1 + 3.7; 12.6 + 2.3; and 27.1 + 2.9,
respectively). Animals treated with rutin presented a significant reduction in the parameter of
peripheral crossings (45 + 3.3), and an increase in central crossings (12.2 + 1.9) and rearing (20.7 + 4.2).
The animals that received only rutin, presented similar results in relation to the control animals.
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Figure 2. Behavioral damage in Wistar rats treated with 6-OHDA and/or rutin or in control conditions
(not treated). Open-field test (a—d). Peripheral crossings (a). Center crossings (b). Vertical counts
(rearing) (c). Grooming (d). The values show mean + S.EM. *, ** and indicate p < 0.05; p < 0.01,
respectively, in relation to the control group. # indicates p < 0.05 in relation to the 6-OHDA group.

2.3. Rutin reduces 6-OHD A-induced contralateral deviation.

The 6-OHDA-treated animals showed a marked deficit in use of the contralateral paw compared
with the ipsilateral paw (touches with the contralateral paw 32.7 + 4.3% of total touches). Animals co-
treated with rutin showed an increase in the use of the contralateral paw to the ipsilateral paw (20.5
+2.7% of total touches). However, animals treated only with rutin presented an increase in the use of
the contralateral paw (44.2 + 2.5) compared to 6-OHDA lesioned animals. As expected, control
animals did not present signs of behavioral impairment in the cylinder test (43.3 + 1.7) (Figure 3).
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Figure 3. Rutin decreases the asymmetry of the forelimb limbs of parkinsonian animals, assessed in
the cylinder test. The test was performed in Wistar rats treated with 6-OHDA lesioned/or rutin or in
control conditions (not treated) 14 days after intra-striatal injection with 6-OHDA. The percentages
were calculated as the number of contralateral touches on the total touches performed during the test.
The values show mean + S.E.M. ** indicates p < 0.01 in relation to the control group.

2.4. Rutin improves gastrointestinal transit and increases fecal production in parkinsonian animals.

Parkinsonian animals showed impaired gastrointestinal transit revealed by an increase in gastric
emptying time when compared with control animals (200 min p < 0.05), and it was not observed in
animals that received treatment with rutin (10 mg/Kg) (Figure 4a). In addition, a lower free water
content was observed in the feces of animals in the 6-OHDA group, when compared with control
animals (20%, p < 0.05) (Figure 4b). On the other hand, no significant differences were observed in
the amount of fecal pellets produced in the groups of experimental animals studied (Figure 4c).
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Figure 4. Intestinal transit is altered in parkinsonian rats. Whole gut transit test (a); free water content
in the expelled fecal pelotons (b); Number of fecal pellets by each group (c). The time taken for
excretion of the head of an orally administered marker (whole gut transit time) was measured. The 6-
OHDA group demonstrated a longer gastrointestinal transit time and a lower moisture content in the
formed feces. There was no difference in the amount of fecal pellets formed between the groups. (P >
0.05, ANOVA unidirectional).

2.5. Rutin improves reactivity to muscarinic receptors and hinders nitric oxide signaling in the ileal segments
from parkinsonian animals.

To determine the effects of rutin treatment on the intestinal smooth muscle contractility, we
performed experiments using ileal segments stimulated with different contraction or relaxation
factors. Figure 5a shows that the ileal contractions induced by the depolarizing solution (Tyrode’s
solution containing KCI 80 mM) were greater in the rutin-treated 6-OHDA group than in the other
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groups. No significant difference was observed between the other groups as shown in Figure 5
(Figure 5a).

In addition, carbachol-induced contraction was increased in ileal segments from parkinsonian
animals treated with rutin compared with the control group (3.25 + 0.46 vs. 1.65 + 0.24 g/g de tissue,
respectively; p < 0.05). Also, no significant difference was observed in the 6-OHDA and rutin groups
when compared with the control.

On the other hand, NPS (a nitric oxide donor, 10-'-104 M) induced a relaxation effect of the ileal
segments in a concentration-dependent manner. The NPS-induced relaxation was significantly
reduced [Effect (107 M) = 6.8 + 4.6%, p < 0.05] in rutin-treated parkinsonian animals compared with
the control group [Effect (107 M) =37.9 + 8.9% p < 0.05].
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Figure 5. Effect of treatment with 6-OHDA and/or rutin in ileum reactivity. KCl induced contraction
(80mM) (g) (a); contraction variation in grams with cumulative concentrations of CCH (10-1-10*) (b);
bar graph with AUC values (area under the concentration-response curve for CCH) (c); percent
relaxation in cumulative concentrations of NPS (10-1-10-#) (d). Control (n = 10), 6-OHDA (n = 8), rutin
group (n = 11) and 6-OHDA + rutin (n = 9) group. Values expressed as mean + S.EM. * p < 0.05 (6-
OHDA + rutin vs. control) and ##p < 0.01 (6-OHDA + Rutin vs. 6-OHDA). “One-way” ANOVA
followed by Bonferroni post-test.

2.6. Treatment with rutin increases the contractility of the colonic longitudinal muscle from

parkinsonian animals.

To assess whether treatment with rutin promoted changes in contraction or relaxation of the
colonic longitudinal muscle, concentration-response curves for KCI 80 mM, carbachol and NPS were
performed. Figure 6 demonstrate that the effects induced by KCI 80 mM and NPS were not changed
among the experimental groups. However, carbachol-induced contraction was significantly
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increased in colon segments from parkinsonian animals treated with rutin compared with control
group [ Effect (3 x 107 M) =0.23 + 0.13 vs. 1.23 + 0.34 g/g tissue, respectively; p <0.05].
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Figure 6. Effect of treatment with 6-OHDA and/or rutin in colon reactivity. Contraction induced by
80mM KClI (g) (a); contraction variation in grams with cumulative concentrations of CCH (10-10-10%)
(b); bar graph with AUC value (area under the concentration-response curve for CCH) (c); percent
relaxation in cumulative concentrations of NPS(10-°-10) (d). Control (n =9), 6-OHDA (n = 8), rutin
r (n=9) and 6-OHDA+rutin (n = 10). Values expressed as mean + S.E.M. #p < 0.05 (6-OHDA + Rutin
vs. 6-OHDA). “One-way” ANOVA followed by Bonferroni post-test.

2.7. Rutin does not interfere in the population of glial cells and enteric neurons of animals injured
with 6-OHDA.

Immunohistochemical staining for the neuron-specific HuC/HuD protein showed an increase of
around 35% (p < 0.05) of myenteric plexus neurons in the ileum of animals with parkinsonism that
suffered damage caused by the nigrostrial injection of the neurotoxin 6-OHDA (Figure 7A). This
increase was also observed in animals with parkinsonism treated with rutin. On the other hand, no
significant difference was observed in the number of myenteric plexus neurons in the ileum of
animals treated with rutin alone compared with control animals. This effect shows that rutin, in this
experimental model, does not interfere with the population of neurons in this region. Significant
increase of approximately 47% (p < 0.5) was observed in the proportion of enteric glial cells (51003
positive) in the myenteric plexus of the ileum in animals with parkinsonism treated or not with rutin
when compared to control animals. Treatment of animals with rutin alone also showed no significant
difference in the number of enteric glial cells compared with control animals (Figure 7B).
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Figure 7. Photomicrographs of the myenteric plexus in the ileum of Wistar rats. Control, 6-OHDA,
rutin and 6-OHDA + rutin. In (a) green HuC/HuD neurons. In (b) red 51003 glia; In (c) merge. It was
observed an increase in the number of neurons in the groups 6-OHDA and 6-OHDA+rutin (d). Scale
bar =100 um.

2.8. Treatment with rutin protects from damage caused by IL1-B in enteroglial cells (EGCs).

In order to analyze the effect of rutin directly on EGCs we performed the MTT test which
establishes cell viability by measuring the functionality of mitochondrial dehydrogenases (Figure 8).
After 24 h of exposure to IL1-3, a 15% reduction in the viability of these cells was observed (p < 0.01),
when compared to cultures under control conditions. However, cultures of EGCs subjected to
damage with IL1-3 and treated with rutin (1 pug for 24 h) maintained a viability parameter similar to
that of the control cultures. The same effect could be observed in the Propidium lodide test (PI)
(Figure 9). EGC cultures subjected to IL1-f damage showed an increase in the intensity of
fluorescence caused by IP (Figure 8a) (p < 0.001), which was not observed in cell cultures that were
stimulated with IL1-p and treated with rutin (Figure 9b) (p < 0.05).
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Figure 8. Analysis of cell viability by the MTT test on enteroglial cells. Enteroglial cells were exposed
to IL-1b (5ng mL-1) treated or not with rutin (1 mmol) for 24 h. Cells under control conditions were
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treated with serum-free DMEM medium or 0.5% DMSO, a vehicle for drug dilution. Results expressed
relative to control as 100% (** p <0.01).
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Figure 9. Propidium Iodide Test (IP). EGC were exposed to IL-1b (5ng mL™) treated or not with rutin
(1 mmol) for 24 h. In (a) Photomicrographs of cells stained with IP (control, DMSO, rutin, IL1-b and
IL-1b + rutin). (b) Fluorescence intensity. (*** p < 0.001).

3. Discussion

In this work we analyzed the ability of the flavonoid rutin to modulate ENS in a PD model
induced by 6-hydroxydopamine (6-OHDA). In rats, unilateral intracerebral injection of 6-OHDA
results in a selective degeneration of dopaminergic neurons and this is a widely used animal model
for the study of PD [20]. 6-OHDA induces a neurodegenerative process in the nigrostriatal system by
induction of oxidative stress, mitochondrial damage, inflammation, abnormal protein aggregation,
culminating in cell death. This model was well reproduced in the group of animals that received the
nigrostriatal injection of the neurotoxin 6-OHDA, as demonstrated by the rotational test with
apomorphine, where only injured rats were able to maintain a rotation above 100 turns in a period of
1 h. Behavioral tests corroborate this finding and allowed us to infer that animals injured with 6-
OHDA when treated with rutin improve behavioral parameters of exploration. Grooming involves
an innate set of movements used by many mammalian species to care for the body [21-23]. Rodent
studies have revealed that 6-hydroxydopamine lesions of dopaminergic neurons impair grooming,
since dopamine is a crucial neurotransmitter for the implementation of the sequential grooming
pattern [24]. Based on these, our results revealed a clear role in the reduced grooming observed in
OHDA-treated animals with dopaminergic neuron degeneration. On the other hand, dopamine
receptors are targets to modulate grooming actions in rats [25], and the stimulation of this dopamine
receptor mediates the neuroprotection in a G2019S Lrrk2 genetic model of Parkinson’s disease [26].
Considering the role of the D2-dopamine receptor in the analgesic response of quercetin, an aglycone
form of rutin [27], we can hypothesize a potential action of rutin in D2-dopamine receptor as a
mechanism underlying the reduced grooming in rutin- treated animals, which must be considered in
our future studies.
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The ENS has numerous similarities to the CNS and has been widely implicated in the
pathophysiology of PD. Pathological changes in the ENS are involved in the gastrointestinal
dysfunction often found in parkinsonian patients [28]. The flavonoid rutin has demonstrated
neuroprotective and anti-neuroinflammatory effects in several in vitro models of neurodegenerative
disorders [18,29]. Neuroinflammation is present in PD and has an important deleterious role in
disease progression [30], in view of this, it is possible to infer that the flavonoid rutin may also have
beneficial effects on the ENS. Some studies have already shown that flavonoids have a positive effect
on the functioning of the intestinal barrier and protect intestinal cells from gastrointestinal
inflammation [17,24]. In this work, the flavonoid rutin was used as an alternative treatment
suggestion for the damage caused by PD, observing its activity on the ENS. The results obtained
showed that animals with parkinsonism when treated with the flavonoid rutin showed a significant
improvement in intestinal motility. It is known that intestinal dysfunctions are frequent and probable
pre-motor manifestations of PD [31-33] therefore, substances capable of improving this condition
should be considered in the treatment of PD.

In our study, we provided an assessment of myenteric plexus dysfunction against tissue
reactivity of ileal and colonic segments. Furnnes [1] states that the ENS of the small intestine and
colon have complete reflex pathways that control intestinal motility. The integrity of the myenteric
plexus is necessary for normal intestinal motility and PD produces intestinal damage that can
compromise its integrity. Devos and colleagues [34] reported an increase in proinflammatory
cytokines such as TNF-a, IL-1§3, IL-6 and IFN-y in intestinal tissues of PD patients, which may
contribute to the inflammatory process.

It is evidenced that the contractility of the smooth muscle segment of the colon (proximal and
distal), but not in the ileum, was significantly increased after 6-OHDA induced central dopamine
neurodegeneration four weeks after dopamine lesions [35,36]. In our data, we did not observe an
increase in the contractility of the colonic or ileal segments in the 6-OHDA group after cholinergic
receptor activation when compared to the control, which contrasts with previous data showing
significantly increased contractions, in particular in the preparations of colonic segments [29,30].
However, treatment with rutin increased the carbachol reactivity of the ileum, but not the colon.

The ENS contains two types of muscle motor neurons: (i) enteric excitatory neurons that release
acetylcholine (ACh) and tachykinins as transmitters; (ii) enteric inhibitory neurons have multiple
transmitters, including vasoactive intestinal peptide (VIP), pituitary adenylyl cyclase-activating
peptide (PACAP), and nitric oxide (NO) [1,2]. The primary transmitter of neurons appears to be NO
[2], and deficits in transmission are observed when the enzyme neural nitric oxide synthase (nNOS)
is knocked out [37]. Thus, NO is an important neurotransmitter for smooth muscle tissue relaxation
and is involved in the modulation of intestinal motility [38,39]. Relaxation induced by NPS (a nitric
oxide donor) was significantly reduced in Parkinsonian animals treated with rutin compared to the
control group, suggesting that NO pathway signaling seems to be impaired after rutin treatment
favoring the contractility the ileal segments. Also, we observed an increase in markers for glia and
enteric neurons, in the colon and ileum segments of animals with parkinsonism.

Patients with PD demonstrate an increase in enteric glial reactivity through increased GFAP
expression and reduced phosphorylation, which have been associated with degenerative CNS
diseases [40]. Treatment with rutin under the conditions adopted in the present study did not result
in modulation of the increase in these markers induced by treatment with 6-OHDA. However, added
to the other findings, it may have affected the functionality and response profile of enteric glia in an
inflammatory microenvironment in these intestinal regions, which may be characterized in future
studies. In a study conducted by Christimann et al. (2021) [41] in primary cell culture of enteric glia
of adult mice, it was also possible to observe that the flavonoid rutin, can act as an antioxidant besides
being able to neutralize the pathological impact caused by a-synuclein in cells of the SNE in vitro.
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4. Materials and Methods

Animals

Adult (3 months) male Wistar rats, weighing 250 + 20 g were obtained from the vivarium of the
Institute of Health Sciences at Federal University of Bahia and kept in an isolated room with access
to water and food ad libitum, under controlled conditions (20 + 2 °C), relative humidity (45-55%) and
12:12 hours light cycle. The experiment was carried out in blind, controlled and randomized testing
formats. The animals were submitted to oral treatment with the flavonoid rutin (10 mg/Kg) obtained
from Sigma-Aldrich in 98% purity or 0.5% carboxymethylcellulose (CMC) vehicle for 14 days. The
selected dose (10 mg/kg) and protocol of rutin administration were based on our previous studies
that revealed the neuroprotective effect of oral doses of rutin in animochrome-induced dopaminergic
degeneration in Wistar rat nigrostriatal system [42]. All animal testing methods and procedures were
approved by the Ethics Committee on Animal Use of the Institute of Health Sciences of the Federal
University of Bahia. (CEUA/UFBA) (Protocolo CEUA n° 011/2017).

Parkinson’s Disease Model

For the induction of PD 21 pg of 6-hydroxydopamine (6-OHDA) (Sigma-Aldrich) diluted in 6
uL of 0.9% saline with 0.2% ascorbic acid in was injected three different points into the right striatum
(2 pg/uL of 6-OHDA in each point). Rats were anesthetized with ketamine and xylazine (80 mg/Kg;
10 mg/Kg, i.p.) under stereotaxic conditions. The injection was performed at the following
coordinates: 2.5 mm mediolateral (ML) and 5 mm dorsoventral (DV) (first point), and 3 mm ML, 0.5
mm anteroposterior (AP) and 6 mm DV (second point) and 3.7 mm mediolateral (ML) and 0.9 mm
anteroposterior (AP) and 6.5 mm dorsoventral (DV) (third point) [43]. In the control and rutin group
was injected 2 pL of saline (0.9%) in three different points into the right striatum. At the end of
injection, the needle was held in place for an additional 5 min to avoid backflow of the solution. Then,
the wound was closed, and the animals were observed until fully recovered from anesthesia.

Open field test

Locomotor activity and exploratory behavior were measured in an open field apparatus. After
1 hour of orally treatment with Rutin (10 mg/Kg) or vehicle, the animals were submitted to the test.
Each animal was individually placed in the center of the apparatus and assessed for 6 min. The
following measures were taken locomotion (center and periphery), vertical counts (the number of
times the animal stood on its hind legs) and grooming [44]. The arena was cleaned with alcohol (10%)
after each session to avoid possible biasing effects from olfactory cues. All animals were subjected to
the same experimental conditions [45].

Cylinder test

The cylinder test assesses the spontaneous forelimb lateralization, taking advantage of the
natural exploratory instinct of rodents to a new environment [46]. Rats were placed individually
inside a glass cylinder with mirrors located behind to allow a 360 vision, for 5 minutes. No
habituation of the rats to the cylinder was allowed before the test. Data were expressed as a
percentage of contralateral touches, calculated as: Contralateral% = [Contralpsi + Contra x 100].

Apomorphine-induced rotation behavioral

Rotational asymmetric behavior was assessed by blind observers. Apomorphine (3 mg/Kg, i.p.,
Sigma Aldrich) was subcutaneous injected in the animals, then, they were evaluated over 60 min as
previously described [47]. The criterion for rotation was a 360° turn to the side contralateral to the
injured hemisphere. To reduce stress, the rats were habituated for 1 h before the rotational test.
Animals injured with 6-OHDA that did not present asymmetric rotational behavior were excluded.
Apomorphine-induced rotational behavior was assessed 14 days after the striatal injection. Sham rats
were also evaluated in this same time.


https://doi.org/10.20944/preprints202311.1071.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 November 2023 doi:10.20944/preprints202311.1071.v1

11

Whole gut transit test and fecal output

Carmine employed as a marker was orally administered to each rat at 0.5 mL (3 g of carmine in
50 ml of 0.5% carboxymethylcellulose). Rats were then returned to the individual boxes with white
background, which was placed so as to distinguish stools colored by the marker from normal stools.
The time taken for excretion of the head of the orally administered marker was measured. The
endpoint was taken as the first appearance of one colored (red) pellet, and the appearance of the
marker was based on visual observation. The observation was performed for 12 h after the
administration of the marker. Fecal pellet wet and dry weight over the same time was also measured.
Dry weight was determined after the pellets had been dried for 8 h in a laboratory oven at 80 °C [48].

Study of intestinal contractility

The abdomen was opened, longitudinal strips of ileum and colon (1 cm) was quickly removed
and transferred to Krebs solution (pH =7.4), composition (mmol/L): 128 NaCl, 4.5 KCl, 2.5 CaClz, 1.18
MgSOs, 1.18 KH2POs, 125 NaHCO:s e 5.55 glucose bubbled with 95% O2/5% CO:z. The strips were
mounted in an organ bath with a volume of 10 mL, containing Krebs solution, at 37 °C, pH =74,
oxygenated with a mixture of 5% CO: and 95% O.. Intestinal contractility was recorded using a
calibrated isometric force transducer (Insight, Ribeirao Preto, Sao Paulo, Brazil). Tension of 1 g was
applied for an equilibrium period of 60 minutes with 4 washes every 15 minutes to remove
metabolites. To assess tissue responsiveness, Carbachol (acetylcholine receptor agonist, 10-1° to 10
M), sodium nitroprusside (donor of nitric oxide, 10-11 to 10-4 M) and Krebs solution with KCI 80 mM
were used. Following the methodology described by contractions of the strips muscle were recorded
and analyzed [49,50].

Immunohistochemical analysis

The ileum of each rat was fixed with 4% paraformaldehyde in 0.1 mol L-! phosphate buffer, pH
7.4, for 8 h at 4 °C. After fixation, segments were opened along the mesenteric edge and washed in
PBS 0.1M. Then, whole mounts of the myenteric plexus were prepared by microdissection Whole
mounts were then washed twice for 10 min in PBS solution containing 0.5% Triton X-100 (Sigma).
Then, they were incubated for 1 h in blocking solution (PBS + 0.5% Triton X-100 + 2% bovine serum
albumin (BSA; Sigma) + 10% goat serum). After this period, the tissues were incubated for 48 h at
room temperature in the blocking solution containing specific primary antibodies against HuC/HuD
(produced in mouse: 1:500; Molecular Probes, Eugene, OR, USA, Cat no. A21271) and S100p
(produced in rabbit; 1:200; Sigma, St Louis, MO, USA, Cat no. S2644). After, whole mounts were
washed three times in PBS solution + 0.5% Triton X-100 for five minutes and incubated for 2 h in room
temperature with the secondary antibodies: Alexa Fluor 488-conjugated Donkey anti mouse IgG;
1:250 (Molecular Probes, Eugene, OR, USA, cat no.: A21202) and Alexa Fluor 568-conjugated Donkey
anti-rabbit IgG; 1:500 (Molecular Probes, Eugene, OR, USA, cat no.: A10042). After this time, the
whole mounts were washed again three times for five minutes in PBS solution and mounted on slides
with Prolong® Gold Antifade with DAPI (Molecular Probes). As a negative control, primary antibody
was omitted [51]. Then, the tissue was observed and photographed under a fluorescence microscope
(Olympus AX70, Olympus). Experiments were performed in triplicate. Quantification was analyzed
using Image]J 1.33u (Wayne Rasband, National Institute of Health, USA).

Enteroglial cell culture (EGCs)

Rat-derived enteric glial cells [3] were cultured in a 100 mm diameter polystyrene plate (TTP,
Trasadingen, Switzerland) in Dulbecco’s Eagle medium (DMEM) plus F-12 nutrient (DMEM-F1
Gibco-Invitro2 medium, Grand Island, NY and supplemented with: 10% FBS (Fetal Bovine Serum),
glutamine, 2 mM glucose acid, 3 mM), and penicillin (20 IU)/mL) and streptomycin (20 pg/mL)
(GIBCO, USA). The cultivation was carried out in a biological greenhouse at 37 °C with 5% CO: and
95% atmospheric air for approximately 3 days. As revised by Araujo et al. (2021) [14], the main event
that regulates the secretion of IL-13 by the microglia/macrophages is the activation of inflammasome,
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a key function developed by the innate immune system in PD to sustain the neuroinflammatory
process. Hence, cultures were exposed to IL-1f3 (5 ng/mL, Sigma Aldrich) directly added into the
culture medium.

Evaluation of cell viability

MTT test

Cytotoxicity was determined using the MTT test in EGCs cultures. After the time of treatment,
the medium was replaced by culture medium containing MTT at the final concentration of 1 ug/ml
for 2 h and cell viability was determined by the conversion of MTT to purple MTT formazan by the
mitochondrial dehydrogenases of living cells [51]. Thereafter, cells were lysed with 50% (v/v) sodium
dodecyl sulfate/dimethyl formamide (pH 4.7), and the plates were maintained at 37 °C overnight to
dissolve the formazan crystals. The absorbance was analyzed by spectrophotometer at 595 nm
(Varioskan Flash, Thermo Fisher Scientificc Waltham, Massachusetts). Three independent
experiments were performed with 8 replicate wells for each analysis.

Propidium lodide (PI) incorporation test in EGCs cultures

The test of Propidium Iodide (PI) incorporation in EGCs cultures was performed to analyze cell
viability. After 24 h exposure to IL1b and/or rutin, or in control conditions, the culture medium was
changed by a serum-free medium containing 5 pug/mL PI. The culture was incubated in a humidified
atmosphere with 5% CO2 at 37 °C for 1 h. After the incubation time, the PI solution was discarded
and the EGCs culture was washed 3 times with PBS-glucose (0.6%). Following, cells were observed
on an Eclipse TS5100 Fluorescence microscope (Nikon Instruments Inc., Americas). The red
fluorescence intensity of the cortical area selected was analyzed by Image] software (WAYNW
RASBAND; National Institute of Health, USA). The data was evaluated as ratio of fluorescence per
area analyzed and the fluorescence intensity was expressed by relative arbitrary densitometric units
over the means of the control group.

Statistical analysis

The data distribution was checked using D’ Agostino-Pearson normality test. One-way analysis
of variance, followed by the Student-Newman-Keuls test was used to determine the significant
differences among groups differing in only one parameter. Student’s t-test was used to compare two
groups. Values of P less than 0.05 were considered significant. All statistical analyses were performed
using the software GraphPad Prism® Version 5.01 (GraphPad Software Inc., La Jolla, CA, USA) or
BioEstat 5.3%; with values of P<0.05 considered significant. The results are expressed as the mean +
SEM.

5. Conclusions

In summary, our results indicate that the flavonoid rutin has modulatory activities on the ENS.
The effects observed both in vivo and in vitro demonstrate that rutin has a protective effect against
inflammatory damage without interfering with the cell population, in addition to increasing ileal
smooth muscle reactivity and increasing intestinal contractility in experimental models for PD.
Finally, our results together with the aforementioned studies bring relevant answers about the effect
of rutin on the ENS but we endorse the need for further investigations in this field.
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