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ABSTRACT - Background — Few studies regarding arthritic diseases have been performed to verify the presence of the neurodegeneration. Given the

increased oxidative stress and extra-articular effects of the rheumatoid arthritis, the gastrointestinal studies should be further investigated aiming a
better understanding of the systemic effects the disease on enteric nervous system. Objective — To determine whether the rheumatoid arthritis affects
the nitrergic density and somatic area of the nNOS- immunoreactive (IR) myenteric neurons, as well as the morphometric areas of CGRP and VIP-
IR varicosities of the ileum of arthritic rats. Methods — Twenty 58-day-old male Holtzmann rats were distributed in two groups: control and arthritic.
The arthritic group received a single injection of the Freund’s Complete Adjuvant in order to induce arthritis model. The whole-mount preparations
of ileum were processed for immunohistochemistry to VIP, CGRP and nNOS. Quantification was used for the nitrergic neurons and morphometric
analyses were performed for the three markers. Results — The arthritic disease induced a reduction 6% in ileal area compared to control group. No
significant differences were observed in nitrergic density comparing both groups. However, arthritic group yielded a reduction of the nitrergic neuronal
somatic area and VIP-IR varicosity areas. However, an increase of varicosity CGRP-IR areas was also observed. Conclusion — Despite arthritis resulted
in no alterations in the number of nitrergic neurons, the retraction of ileal area and reduction of nitrergic somatic and VIP-IR varicosity areas may

suggest a negative impact the disease on the ENS.

HEADINGS - Rheumatoid arthritis. Enteric nervous system. Freund’s adjuvant. Rats. Nitrergic neurons.

INTRODUCTION

Rheumatoid arthritis (RA) is a progressive, chronic inflamma-
tory, autoimmune and multi-systemic disease that affects several
tissues, but mainly the joints, and reaches approximately 1% of the
world’s population. The development of rheumatoid arthritis is as-
sociated with auto-immune and environmental factors, although its
etiology is still unknown. Furthermore, the RA is characterized by
the infiltration and activation of inflammatory cells in the tissues
and fluids of the synovial joints!*:

The complex pathogenesis of rheumatoid arthritis involves
T cells that stimulate monocytes, macrophages and synovial
fibroblasts, which lead to the production of pro-inflammatory cy-
tokines, prostaglandins and chemokines as well as the stimulation
of B cells. Pro-inflammatory mediators promote and perpetuate
chronic immune-mediated inflammation of soft tissue, resulting
in joint destruction®>%,

The inflammatory process of RA is mediated by cytokines (e.g.
IL-1, TNF-a, IL-1, IL-6, IL-17, etc) and reactive oxygen species
(ROS) that modulates the activity of inflammatory cells®*!”- The
ROS is produced by activated phagocytes, with a protective function
against pathogenic invaders, although these cells can promote tissue
through intensifying the inflammation process'). Furthermore, the
synthesis ROS also occurs due to the cycles of hypoxia-reperfusion
during movement of the inflamed joints®*7%1213,

The pathogenesis of RA has barely been explored in detail or
in studies of the gastrointestinal wall, affecting the Enteric Nerv-
ous System (ENS). Enteric neurons have been widely investigated

using experimental models that induce oxidative stress (e.g. aging,
diabetes, cancer, parasitic diseases and physical activity). These
studies evaluate whether the intestinal dysfunctions are associ-
ated with morphological and quantitative changes of neurons and
expression of neurotransmitters by the ENS(429,

Considering the complex division of the Autonomic Nerv-
ous System, the ENS displays an independent function, which
is able to perform the functions of the digestive system, without
relying on central nervous commands. The ENS is organized in
plexuses, ganglionated and aganglionated, and enteric neurons
release various neurotransmitters. Besides its neural network, the
ENS also has extrinsic neuronal terminations of the sympathetic
and parasympathetic nervous system, connected by afferent and
efferent neuronal fibers to the Central Nervous System. The ENS
may control and coordinate intestinal motility, exocrine and
endocrine secretions, absorption, microcirculation and the local
immune system, and modulate the inflammatory response of the
gastrointestinal tract®>,

Enteropathies are commonly associated with loss of enteric neu-
rons and its subpopulations such as neuronal nitric oxide synthase
(nNOS). Both ganglionated plexuses of the SNE express different
neuropeptides such as calcitonin gene-related peptide (CGRP) and
vasoactive intestinal polypeptide (VIP). VIPergic neuropeptide
promotes smooth muscle relaxation and stimulates the secretion of
fluids and electrolytes and CGRP is a vasodilator neuropeptide that
enhances the intestinal blood flow through stimulation of smooth
muscle relaxation®?%. Both CGRP and VIP are considered an
antioxidant and anti-inflammatory neuropeptides®®®.
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Given that poor correlation between the extra-articular effects
of RA on ENS and susceptibility of enteric neurons to the RA-
induced oxidative stress, the aim of this study was to investigate
whether the RA affects the ENS evaluating quantitative and
morphometric parameters of vasoactive intestinal polypeptide
(VIP) and neuronal nitric oxide synthase (nNOS) and calcitonin
gene-related peptide (CGRP).

METHODS

Experimental groups

All animals were obtained from the Central Animal Facility
of the State University of Maringa and the experiments were ap-
proved by the Committee of Ethics in Animal Experimentation of
the State University of Maringa.

Twenty 58-day-old male Holtzmann rats (Rattus norvegicus)
were obtained and distributed into two groups (n=10 rats per
group): control (C) and arthritic (ART). Both groups were sub-
mitted to a 60-days experimental period. The animals were kept
in polypropylene cages (40x33x17 cm) for 60 days under standard
laboratory conditions (cycle of 12h light/12h dark) and controlled
temperature (24°C£2°C). Water and standard rat chow (Nuvital;
Nuvilab, Colombo, PR, Brazil) were available ad libitum.

Adjuvant-induced arthritis was obtained by a single intrader-
mal injection with 100 pL of a suspension of Freund’s Complete
Adjuvant (FCA; heat-inactivated Mycobacterium tuberculosis)
suspended in mineral oil at a concentration of 0.5% (w/v) into the
left hind paw®.

Material collection and fixation

After 60 days of experiment, animals were anesthetized with
Thiopental (40 mg kg/kg body weight; Abbott Laboratories,
Chicago, IL, USA) and the ileum was collected. After tissue
collection, intestinal samples were rinsed in phosphate-buffered
saline (PBS 0.1M, pH 7.4; 10 mmol/L Na,HPO, and 150 mmol/L
NacCl), followed by incubation in Zamboni’s fixative for 18 h
at 4°C and then, washed in 80% alcohol. Whole-mounts were
sequentially dehydrated in 95% and 100% alcohol, diaphanized
in xylene and then successively rehydrated in 100%, 90%, 80%
and 50% alcohol. Afterwards, ileal samples were cut along the
mesenteric border and rinsed in PBS for 30 min and then, stored
in PBS with 0.08% sodium azide at 4°C. Subsequently, intestinal
whole-mounts were dissected under a Stemi DV4 stereomicro-
scope (Zeiss, Jena, Germany) containing outer muscle layers
and the myenteric plexus. Ten ileal segments were dissected and
processed for the subsequent immunohistochemistry technique
to the nNOS, VIP and CGRP.

Immunostaining for nNOS, VIP and CGRP

The whole-mounts preparations were initially rinsed in PBS
solution of 0.5% Triton X-100 three times. Afterwards, intestinal
tissues were incubated in a solution containing PBS, 0.5% Triton
X-100 and 1% BSA for 1 h. After blocking, the intestinal tissues
were incubated in specific primary antibody for the nNOS (48 h),
VIP and CGRP (24 h) (TABLE 1) at room temperature (RT). The
ileal tissues were rinsed in PBS three times and then, incubated
with the secondary antibody (TABLE 1) for two hours at RT. After
incubation, tissues were rinsed in PBS three times and mounted on
slides using buffered glycerol (9:1). Negative control was performed
with the omission of the primary antibody.
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TABLE 1. Primary e secondary antibodies used in the immunohistoche-
mical techniques.

Immunohistochemical

Source dilution

Primary antibody
Monoclonal Mouse Biiizzir%l(l)zgy 1:500
anti-nNOS; sc-5302 FUA
Polyclonal Rabbit Santa Cruz
anti-Vasoactive intestinal Biotechnolog 1:300
peptide (VIP); sc-20727 USA
Polyclonal Rabbit Santa Cruz
anti-Calcitonin gene-related Biotechnolog 1:200
peptide (CGRP); s¢-28920 USA
Secondary antibody

Molecular
Alexa fluor 488 (Donkey Probes, 1:400
anti-mouse); A-21202 Invitrogen .

USA

Image acquisition

All photomicrographs (30 images per animal) for nNOS, VIP
and CGRP were obtained using an Olympus BX40 optical fluo-
rescence microscope (Olympus Co., Tokyo, Japan) connected to a
high-resolution 5.0 Mega Pixel Moticam® 2500 camera (Motic China
Group Co., Shanghai, China). Photomicrographs were recorded us-
ing Motic Images Plus 2.0ML software (Motic China Group Co.).

Quantitative analysis for nNNOS-immunoreactive
(nNOS-IR) myenteric neurons

The quantification of nNOS-IR myenteric neurons was per-
formed using the images obtained from sampling the intermediate
region (60°-120° and 240°-300°) of the ileum circumference of each
animal, considering 0° as the mesenteric border®. The results were
expressed as the number of neurons in 5.8 mm? ileum. The neuronal
density correction of the arthritic group was calculated using the
measurements of intestinal length and width in comparison to
control group.

Morphometric analysis for nNOS-IR myenteric neurons

The morphometric measurement of the somatic areas of
nNOS-IR myenteric neurons was performed using the earlier im-
ages. The area (um?) of 100 neuronal cell bodies per animal was
measured through Image-Pro Plus with a total 500 neuronal body
areas per group.

VIP and CGRP-IR myenteric fibers

For the measurement of the area of the VIP and CGRP-IR
varicosities, the Image-Pro-Plus was used and the areas (um?) of
400 varicosities of each animal were measured, reaching a total of
2000 varicosities per group for each technique.

Statistical analysis

Results were subjected to statistical analyses through the
programs Statistica and GraphPad Prism, expressed as media
standard error. Morphometric data were analyzed by the Mann-
Whitney test for non-parametric parameters. Values of P<0.05
were considered statistically significant.
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RESULTS

Development of RA

Arthritic animals developed the characteristic signs of the
disease one week after injection. The arthritic animals exhibited
edema paws with consequent locomotor difficulties. Furthermore,
areduction of water and feed intake was observed. The area of the
small intestine for ART group was smaller than C group (TABLE
2). However, no significant differences were observed evaluating the
length and width of the ileal samples between both groups (TABLE
2). The neuronal density was corrected in 6% for the ART group.

TABLE 2. Length, width and area of ileal samples from the control (C)
and arthritic (ART) groups.

Groups Length (cm) Width (cm) Area (cm?)
C 101.5+6.4 1.56+0.26 158.4+12.9
ART 99.20+4.8 1.50+0.0 148.8+3.2%

Data are expressed as mean + standard error. ¥P<0.05 compared to C group.

nNOS-IR myenteric neurons

No significant differences (P>0.05) were observed for the neu-
ronal density comparing both studied groups (C: 159.2+6.8; ART:
201.5+25.2 neurons/5.8 mm?).

For the nNOS-IR neurons, a reduction of the body cell area
(14.59%) was observed comparing C group with the ART group
(P<0.001). Such alteration of the somatic neuronal body area can
also be observed through the frequency of cell body size distribu-
tion and mean neuronal area (FIGURE 1| A and B). Regarding
the immunostainings for the nitrergic neurons, primary, secondary
and tertiary plexuses were visualized in the myenteric plexus. Most
nNOS-IR neurons were present in the periphery of the ganglion,
but the nitrergic neurons for some ganglia were seen in central
position (FIGURE 2 A and B).

FIGURE 2. Immunohistochemical technique using the myenteric plexus
for nNOS (A and B), CGRP (C and D) and VIP (E and F) of the ileum of
arthritic rats. Figures A, C and E illustrate the control group and figures
B, D and F exhibit the arthritic group. White arrow in A and B shows
cell body, in C, D, E and F shows varicosity. Scale bar=25pm.
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FIGURE 1. Relative frequency distribution of somatic area of nNOS-IR myenteric neurons (A) and morphometry of CGRP-IR (C) and VIP-IR (E)
myenteric varicosities of the ileum of arthritic rats. Mean area of nitrergic neurons (B) and VIP-IR (D) and CGRP-IR (F) varicosity areas (pm?).
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VIP-IR and CGRP-IR neuronal fibers

For the total whole-mounts immunostained to CGRP, the
presence of CGRP-IR fibers in the primary, secondary and tertiary
plexuses of the myenteric region was observed. The obtained mean
for the CGRP-IR varicosity area was higher for the ART group
(P<0.001; FIGURE 1F) compared to C group. This difference
can be observed by the frequency distribution in FIGURE IE.
Regarding the VIP-IR neuronal fibers, a high density of fibers was
observed in all animals. However, the VIP-IR varicosity area in
ART group was smaller compared to C group (P<0.01; FIGURE
1C). Representative photomicrographs of the immunostainings for
CGRP and VIP are shown in FIGURE 2.

DISCUSSION

In this study, all features of development of RA were observed
for the arthritic group: reduction of weight body, formation of
paw edema and extra-articular effects. The slight retraction of ileal
area of the arthritic rats suggests an atrophic effect of the disease
on small intestine, likewise Souza et al.?” observed such effects in
the jejunum and ileum. Atrophy of the intestinal area have been
reported in other experimental models (e.g. diabetes mellitus, aging
and cancer)(42829),

Despite no changes in nitrergic neuronal density were observed
by the disease, a reduction of neuronal size of nNOS-IR neurons.
Neuronal plasticity phenomena occur due to adaptation to changes
of environmental factors or bowel inflammatory diseases. In the
ENS, neuronal NOS-derived NO acts as neurotransmitter, which
mediates the relaxing components of bowel peristalsis®”. These
phenotypic changes may indicate a compensatory mechanism to
either GI dysfunctions or neurons loss in order to balance its bowel
activity closer to ideal®. However, in our study, the reduction of
somatic area of the nNOS-IR myenteric neurons suggests a nega-
tive effect induced by the AR since no alterations were observed
in the nitrergic density.

The hypertrophy of the neuronal size is commonly associated
with an increased enzymatic synthesis as a compensatory mecha-
nism against the neuronal density loss, whereas the neuronal atro-
phy may indicate negative effects by the reduction of production of
the neurotransmitter and oxidative injury induced by the disease on
the ENS, resulting in a decrease of gastrointestinal function®3", In
our study, no nitrergic changes were observed but associated with
reduction of the neuronal body area of the nNOS-IR neurons,
which may also suggest an arthritis-induced harmful effect. Souza
et al.?” reported that RA did not result in quantitative alterations
on enteric nervous system, only morphometric changes in myen-
teric population of neurons from the ileal and jejunal tissues of
Holtzmann rats induced by the FCA using an arthritis model of
30 and 60 days of experimental period. In line with Souza et al.®”,
our results demonstrated only alterations in the morphometry of
the nitrergic neurons.

The ganglionated plexuses of the ENS exhibit the expression of
different neuropeptides such as the VIP and CGRP, which stimulate
smooth muscle relaxation®?. As described earlier, both varicos-
ity areas for CGRP and VIP were reduced, which may indicate
a decrease in the production and release of these neuropeptides,
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thereby affecting the normal functioning of the GI tract®¥. The VIP
neuropeptide has anti-inflammatory, antioxidant and anti-apoptotic
effects, mainly in inflammatory and autoimmune diseases since it is
capable of regulating various nuclear transduction and transcrip-
tion pathways. Furthermore, the VIP is involved in mechanisms of
neuroplasticity and neuroprotection, since it is considered a neuro-
trophic factor that stimulates the synthesis of other growth factors
and inhibits cellular apoptosis induced by oxidative stress®!*?, The
CGRP is a vasodilator neuropeptide that acts in the increase of
the intestinal blood flow, stimulate the smooth muscle relaxation,
downregulate the inflammatory responses and participate in the
pathways of pain transmission. Furthermore, CGRP has antioxidant
and anti-inflammatory effects®*¥3 In this study, the reduction of
VIP-IR varicosity areas may indicate the presence of inflammatory
process in the ileum induced by the AR, which may lead to a decrease
of production and release of this neuropetide®-”. Furthermore, NO
induces the release of VIP in the myenteric plexus®>®, and both
morphometric reductions may indicate correlations with decrease
in the production of the neuronal NO and VIP.

Since VIP displays crucial roles against the inflammation and
oxidative stress in the GI system, its reduction in the production
and release by the varicosities suggests a negative impact of the
disease. However, the increased CGRP-IR varicosity areas suggest a
compensatory mechanism against the other negative impacts above
described, mostly due to antioxidant and anti-inflammatory proper-
ties of this neuropeptide. Varicosity hypertrophy indicates higher
production and release of the CGRP which would ameliorate the
intestinal function affected by the disease®**?.

For these reasons, these morphometric changes in the nitrergic
somatic areas and the varicosities in the myenteric plexus revealed
neuroplasticity®” and further studies should be done to better
investigate interferences of the RA in the ENS functioning.

CONCLUSION

Therefore, the retraction of intestinal area and decrease of
somatic area of the nitrergic neurons and VIP-IR varicosity areas
may indicate the RA-induced deleterious effects, affecting the nor-
mal functioning the GI system. However, further studies should
be investigated whether the disease induces changes in the levels
of oxidative stress, protein expressions, evaluated by molecular
techniques, and morphology of GI wall.
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Zanoni JN, Piovezana Bossolani GD. A artrite reumatoide afeta o sistema nervoso entérico? Arq Gastroenterol. 2019;56(2):113-7.

RESUMO - Contexto — Poucos estudos sobre doengas artriticas tém sido realizados para verificar a presenga de neurodegeneracao. Diante do aumento

do estresse oxidativo e dos efeitos extra-articulares da artrite reumatoide, estudos gastrointestinais devem ser investigados visando uma melhor com-

preensao dos efeitos sistémicos da doenga no sistema nervoso entérico. Objetivo — Determinar se a artrite reumatoide afeta a densidade nitrérgica e a

area somatica dos neuronios mioentéricos imunorreativos ao nNOS (nINOS-IR), bem como para as areas morfométricas das varicosidades CGRP-IR

e VIP-IR do ileo de ratos artriticos. Métodos — Vinte ratos Holtzmann, com 58 dias de idade, foram distribuidos em dois grupos: controle e artritico.

O grupo artritico recebeu uma unica injegdo do adjuvante completo de Freund para induzir o modelo de artrite. Os preparados totais de ileo foram

processados para imuno-histoquimica ao VIP, CGRP e nNOS. A quantificagao foi utilizada para os neuronios nitrérgicos e as analises morfométricas

foram realizadas para os trés marcadores. Resultados — A doenga artritica induziu uma redugao de 6% na area ileal em relagao ao grupo controle. Nao

foram observadas diferencas significativas na densidade nitrérgica comparando os dois grupos. No entanto, o grupo artritico produziu uma redugao da

area somatica neuronal nitrérgica e da area das varicosidades do VIP-IR. Entretanto, foi observado um aumento das areas das viricosidades CGRP-IR.

Conclusido — Apesar da artrite nao resultar em alteragdes no numero de neurdnios nitrérgicos, a retragao da area ileal e a reducao das areas somatica

nitrérgica e das varicosidades do VIP-IR podem sugerir um impacto negativo da doenga no sistema nervoso entérico.

DESCRITORES - Artrite reumatoide. Sistema nervoso entérico. Ratos. Adjuvante de Freund. Neur6nios nitrérgicos.
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