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Abstract

BACKGROUND

Inflammatory bowel disease (IBD) is a chronic disease with recurrent intestinal
inflammation. Although the exact etiology of IBD remains unknown, the accepted
hypothesis of the pathogenesis to date is that abnormal immune responses to the
gut microbiota are caused by environmental factors. The role of the gut
microbiota, particularly the bidirectional interaction between the brain and gut
microbiota, has gradually attracted more attention.

AIM

To investigate the potential effect of spinal anesthesia on dextran sodium sulfate
(DSS)-induced colitis mice and to detect whether alterations in the gut microbiota
would be crucial for IBD.

METHODS

A DSS-induced colitis mice model was established. Spinal anesthesia was
administered on colitis mice in combination with the methods of cohousing and
fecal microbiota transplantation (FMT) to explore the role of spinal anesthesia in
IBD and identify the potential mechanisms involved.
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RESULTS

We demonstrated that spinal anesthesia had protective effects against DSS-induced colitis by
alleviating clinical symptoms, including reduced body weight loss, decreased disease activity
index score, improved intestinal permeability and colonic morphology, decreased inflammatory
response, and enhanced intestinal barrier functions. Moreover, spinal anesthesia significantly
increased the abundance of Bacteroidetes, which was suppressed in the gut microbiota of colitis
mice. Interestingly, cohousing with spinal anesthetic mice and FMT from spinal anesthetic mice
can also alleviate DSS-induced colitis by upregulating the abundance of Bacteroidetes. We further
showed that spinal anesthesia can reduce the increase in noradrenaline levels induced by DSS,
which might affect the gut microbiota.

CONCLUSION

These data suggest that microbiota dysbiosis may contribute to IBD and provide evidence
supporting the protective effects of spinal anesthesia on IBD by modulating the gut microbiota,
which highlights a novel approach for the treatment of IBD.

Key Words: Spinal anesthesia; Inflammatory bowel disease; Gut microbiota; Intestinal barrier; Intestinal
inflammation; Intestinal immune

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Inflammatory bowel disease (IBD) is a chronic inflammation with rising trends, but the
pathogenesis is still not well understood. The effects of the gut microbiota, particularly the bi-directional
interaction between brain and gut microbiota, have gradually attracted increasing attention. In the present
study, we found that spinal anesthesia, a regional sympathetic block, alleviated the intestinal inflam-
mation, maintained immunological function, and improved intestinal barrier function by modulating the
gut microbiota. And reducing the increase of noradrenaline level in dextran sodium sulfate-treated mice by
spinal anesthesia could be one of the mechanisms. The study highlights a novel approach for the treatment
of IBD.

Citation: Hong Y, Zhao J, Chen YR, Huang ZH, Hou LD, Shen B, Xin Y. Spinal anesthesia alleviates dextran
sodium sulfate-induced colitis by modulating the gut microbiota. World J Gastroenterol 2022; 28(12): 1239-1256
URL: https://www.wjgnet.com/1007-9327/full/v28/i112/1239.htm

DOI: https://dx.doi.org/10.3748/wjg.v28.i12.1239

INTRODUCTION

Inflammatory bowel disease (IBD) is a chronic inflammatory disease of the gastrointestinal tract that
includes Crohn’s disease (CD) and ulcerative colitis (UC). Over the past decades, the incidence of IBD
has rapidly increased globally with consistently rising trends, particularly in Asian countries[1,2].
However, the pathogenesis of IBD is still not well understood. Multiple factors, such as environmental
factors, the host’s genetics, immune responses, and the intestinal microbiome, might participate in the
progression of the disease[3]. Currently, the available clinical treatments for IBD include corticosteroids,
salicylates, and biologics. However, as a life-long disease, IBD still lacks a radical cure due to its
multiple mechanisms.

With the development of genomics, people have gained a better understanding of a “forgotten
organ”, the gut microbiota. The imbalance of the gut microbiota damages intestinal epithelial barrier
function and the immune response, which are related to the occurrence and progression of IBD[4,5].
Intestinal dysbiosis, which means a compositional imbalance of commensal bacteria, is the central
characteristic of the gut microbiota in IBD[6]. Probiotics can effectively improve intestinal symptoms
and suppress inflammation in IBD[7,8]. More importantly, recent studies have shown that intestinal
dysbiosis can be regulated through a central system called the “brain-gut axis”[9]. The brain-gut axis is a
bidirectional communication network that links the central nervous system and the gastrointestinal
tract. The central nervous system communicates with intestinal targets, such as the muscle layer, gut
mucosa, permeability, mucus secretion, immunity, and enteric microbiota, when is activated in response
to environmental factors, such as pain and stress[10].

Neuraxial anesthesia includes spinal, epidural, and combined spinal-epidural anesthesia to maintain
regional sympathetic blocks. The postganglionic sympathetic neurons, which are located in the celiac,
superior mesenteric, and inferior mesenteric ganglia, interact with the intestines at the serosal surface
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and innervate the vascular beds as well as the central nervous system. Neuraxial anesthesia has been
shown to exert a positive effect on intestinal microvascular perfusion[11,12]. In an animal model of
sepsis, thoracic epidural anesthesia was demonstrated to ameliorate perfusion deficits in the muscularis
and mucosal layer of the gut[13]. However, whether neuraxial anesthesia affects intestinal inflammation
in IBD is still unclear.

In this study, a dextran sodium sulfate (DSS)-induced colitis mouse model was established to explore
the role of spinal anesthesia in IBD and identify the potential mechanisms involved. Moreover,
cohousing and fecal microbiota transplantation (FMT) were used to help mice from separate lines share
microbes across coached individuals[14,15]. This may open up an opportunity to regulate the distri-
bution of the gut microbiota and prevent IBD.

MATERIALS AND METHODS

Animals

Male C57BL/6 WT mice were purchased from the Shanghai Laboratory Animal Center (Chinese
Academy of Sciences, Shanghai, China). All animal procedures were conducted in accordance with
guidelines for laboratory animal care after approval by the Laboratory Animals Ethics Committee of
Zhejiang University. These mice were housed in the standard animal care facility for 1 wk with free
access to food and water at the Laboratory Animal Center of Zhejiang University with conventional
housing circumstances of a 12 h/12 h light/dark cycle and 22 °C. All animal experiments were
completed at the Laboratory Animal Center of Zhejiang University. Efforts were made to minimize any
discomfort or pain, and the minimum number of animals was used.

Acute colitis was induced by administration of 2% DSS (MW: 36000-50000 Da, Sigma-Aldrich) in
drinking water for 1 wk in male C57BL/6 mice (6-8 wk old). Mice were randomly divided into four
groups with 10 mice per group: Untreated normal controls, mice receiving DSS + spinal saline (saline,
subarachnoid administration), mice receiving DSS + spinal lidocaine (2% lidocaine, subarachnoid
administration), or those receiving DSS + 5-aminosalicylic acid (5-ASA) [200 mg/kg body weight (BW)
in saline, 1.g.]. After cessation of DSS exposure and lidocaine or 5-ASA treatment, the mice were given
water ad libitum for an additional 1 wk (n = 10). The weight, food intake, and disease activity index
(DAI) were recorded every day, and at the end of the experiments, the mice were sacrificed. At autopsy,
the colon was rinsed with saline and excised. After the length of the colon was measured, it was cut and
fixed in 10% formalin before paraffin embedding as previously described[16]. In addition to protein
extracts, the colon was snap-frozen immediately in liquid nitrogen and stored at -70 °C before the
preparation of soluble extracts[16].

Hematoxylin and eosin staining

For paraffin-embedded tissue, colon sections cut at 3 pm were stained with hematoxylin and eosin (HE).
The inflammatory index was measured by the histological score, which is the sum of scores of four
individual inflammatory parameters: Ulceration (0 or 1), inflammation severity (0, 1, 2, or 3), inflam-

mation area involved (0, 1, 2, 3, or 4), and hyperplasia and dysplasia (0, 1, 2, or 3) as detailed previously
[16].

Transmission electron microscopy

The tissues from the colon were fixed with 2.5% glutaraldehyde overnight at 4 °C and then postfixed
with 1% osmium tetraoxide for 2 h. After three rinses with phosphate buffer solution (PBS), the tissues
were then rinsed with distilled water, followed by a graded ethanol dehydration series ending with
propylene oxide. The tissues were embedded in resin after infiltration in a mixture of one-half
propylene oxide and one-half resin. Sections (120 nm) were cut and stained with 4% uranyl acetate for
20 min and with 0.5% lead citrate for 5 min. Microvilli in the colon were observed by transmission
electron microscopy (Philips Tecnai 10, Holland) at the Center of Cryo-Electron Microscopy at Zhejiang
University.

Immunohistochemistry

Immunohistochemistry (IHC) of colon sections from mice was performed using formalin-fixed paraffin-
embedded tissue as described previously[17]. Sections were stained using primary antibody against
CD4 (1:1000; HuaBio, ER1706-80) and appropriate horseradish peroxidase-conjugated secondary
antibody (1:1000; MXB, KIT-5006). Images were captured under a light microscope (Olympus BX41,
Shanghai, China). Image-Pro Plus 6.0 software (Media Cybernetics, Inc., Rockville, MD, United States)
was used to analyze the staining intensity. The semiquantitative results of IHC were based on the
average value from three mice per group. Three separate slides from each mouse were analyzed. Five
microscopic fields at 100 x magnification were randomly selected, and the integral optical density of the
protein of interest was calculated.
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Immunoblotting

Colon tissues from each group were homogenized in RIPA buffer (Beyotime, P0013B) with 1 x protease
inhibitor cocktail (Beyotime, P1010). The supernatant was collected by centrifugation at 13000 x g for 10
min, and the protein concentration was detected with a bicinchoninic acid protein assay kit (Beyotime,
P0012S). An aliquot of 50 pg protein from each sample was separated using SDS-PAGE, transferred to a
nitrocellulose membrane, and then blocked with 5% nonfat milk in PBS (pH 7.4). The membranes were
incubated with a primary antibody against claudin-1 (1:5000, Proteintech, 130501-1-AP), occludin (1:500,
Huabio, ET1701-76), or B-actin (1:5000, ABcam, ab8227) at 4 °C overnight. Blots were incubated in a
secondary antibody against rabbit or mouse IgG (1:5000, CST, 7071, and 7072) for 2 h at room
temperature and then subjected to chemiluminescent detection using ChemiDoc (BioRad). Digital
images were quantified using Image-Pro Plus 6.0 software (Media Cybernetics, Inc., Rockville, MD,
United States).

Alcian blue/periodic acid-Schiff staining

The slices of colon tissues were immersed in xylene twice for dewaxing. After the gradient in water, the
slices were incubated in Alcian blue reagent for 20 min and distilled water for 3 min. The sample was
immersed in 0.5%-1% periodic acid solution and oxidized for 5 min, and it was washed in distilled
water at a rapid rate. After applying Schiff reagent staining for 30-60 min (at 37 °C boxes), the slices
were washed 2-3 times with sulfate water and distilled water twice. After redying the cell nucleus with
hematoxylin solution, the samples were dehydrated with 95% alcohol and 100% alcohol for 1 min and
xylene. After sealing with neutral gum, the samples were observed under a microscope.

Real-time quantitative polymerase chain reaction

Total RNA from different groups was extracted using a TRIzol RNA Kit (TransGen Biotech) based on
the manufacturer’s protocol. Subsequently, cDNA synthesis and antisense RNA amplification were
performed using HiScript II Q Select RT SuperMix (Vazyme). Polymerase chain reaction (PCR) was
conducted on a StepOne Real-Time PCR System (ABI StepOnePlus, Applied Biosystems; Thermo Fisher
Scientific, Inc.) using Hieff UNICON qPCR SYBR Green Master Mix (Shanghai Yeasen Biotechnology
Co., Ltd.). The primers were synthesized by BioSun Biotechnology. The following primers were used:
Interleukin (IL)-18 forward, 5-AGTTGACGGACCCCAAAAG-3" and reverse, 5'-TTGAAGCTGGAT-
GCTCTCAT-3’; IL-6 forward, 5'-AGTCCTTCCTACCCCAATTTCC-3" and reverse, 5'- GGTCTTG-
GTCCTTAGCCACT-3’; inducible nitric oxide synthase (iNOS) forward, 5'- CTCACCTACTTCCTGGA-
CATTAC-3" and reverse, 5'- CAATCTCTGCCTATCCGTCTC-3; S-actin forward, 5'- CCACCATGTAC-
CCAGGCATT-3’ and reverse, 5-AGGGTGTAAAACGCAGCTCA-3'. Each assay was performed in
triplicate. Fold changes were calculated after normalizing the change in expression of B-actin using the
2-44ev¢le threshold method.

Enzyme-linked immunosorbent assay

Serum IL-1p, IL-6, tumor necrosis factor-alpha (TNF-a), and cytotoxic T-lymphocyte-associated protein 4
(CTLA4) concentrations in plasma were measured using an RSGELISA kit (Affymetrix, United States)
following the manufacturer’s instructions.

Analysis of CD4: T cells and regulatory T cells

Alterations in CD4" T cell and regulatory T cell (Treg) populations in the intestine were analyzed by
staining cells with specific antibodies using flow cytometry performed on a BD FACS S ORP ARIA II
(BD Biosciences, Mountain View, CA, United States) according to a method previously described with
slight modifications.

Briefly, after DSS and lidocaine treatment, about 1 x 10° cells were collected, and 10 pL of PerCP-
Cy5.5-conjugated monoclonal mouse anti-human CD4 antibody and 10 pL of PE-conjugated monoclonal
mouse anti-human CD25 antibody (BD Biosciences) were added after washing once with PBS (pH 7.4)
(Gibco; Thermo Fisher Scientific, Waltham, MA, United States). To exclude the amount of nonspecific
binding, 10 pL of PerCP-Cy5.5-conjugated and 10 pL of PE-conjugated mouse IgGlxk isotype control (BD
Biosciences) were used and evaluated as blank controls. After incubation in the dark at 37 °C for 20 min,
the cells were washed with PBS and resuspended in diluted Foxp3 buffer A (BD Biosciences), followed
by incubation in the dark at room temperature for 10 min. Then, the cells were washed once with PBS,
resuspended in 0.15 mL of Foxp3 buffer C composed of 49 parts of Foxp3 buffer A and one part of
Foxp3 buffer B (BD Biosciences), and incubated in the dark at room temperature for 30 min. After
incubation, the cells were washed once with PBS, and 10 pL of Alexa Fluor 488-conjugated mouse anti-
mouse Foxp3 antibody or 10 pL of Alexa Fluor 488-conjugated mouse IgGl1 isotype control was added,
followed by incubation for 30 min in the dark at 37 °C. The cells were suspended in 0.4 mL staining
buffer [0.4% (v/v) formaldehyde neutral buffer solution in PBS (pH 7.4)]. After washing once with PBS,
the cells were analyzed by flow cytometry, and the data were further analyzed using Flow]Jo software
(BD Biosciences). CD4* T cells in the lymphocyte fraction were gated, and the percentages of CD4* T and
Tregs in the CD4* T cells were calculated.
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Intestinal permeability testing

Each group of mice were fasted for 8 h before being sacrificed. After 3 h of administration with FITC-
dextran (MW: 4K, R-FD-001, XINQIAO Biotechnology, China, 400 mg/kg in PBS), 300 pL of heart blood
was harvested, and plasma was separated. Different concentrations of standard products were prepared
with mixed mouse plasma without FITC-dextran gastric filling, PBS, and FITC-dextran solutions. The
intracellular fluorescence was measured with a microplate reader at an excitation wavelength of 492 nm
and an emission wavelength of 525 nm (DTX880, Beckman Coulter, United States). The FITC-dextran
content was calculated according to the standard curve. The fluorescence intensity of FITC-dextran in
the blood of mice was positively correlated with the permeability of their intestines.

Gut microbial community sequencing

At the end of the experiment, overnight fasted mice were sacrificed. Fecal samples were collected from
the mice, and gut microbiota DNA was extracted. The V3-V4 region of 16S rDNA was amplified with
universal primers. The PCR products were then quantified by electrophoresis on a 1.5% agarose gel
followed by cDNA purification with the QIAquick Gel Extraction kit (Qiagen). Sequencing and data
analysis were subsequently performed on an Illumina HiSeq platform by Novogene (Beijing, China).
Briefly, after the raw sequences were identified by their unique barcodes, Ribosomal Database Project
Classifier 2.8 was used to perform the assignment of all sequences at 50% confidence. Operational
Taxonomic Units (OTUs) present in 50% or more of the colon content samples were identified as core
OTUs. PLS-DA of core OTUs was performed using Simca-P version 12 (Umetrics), and to visualize and
cluster the bacterial community into different groups, a heatmap was generated using Multi-Experiment
Viewer software. Community diversity was measured by the Shannon-Weiner biodiversity index
(Shannon index), alpha diversity index (Ace index), and Chaol richness estimator (Chao 1 index).

Cohousing

For cohousing experiments, siblings (male C57BL/6 mice, 4-12 wk, n = 12) were divided into four
groups consisting of a group of WT mice (n = 3), a noncohousing DSS group (n = 3), a cohousing DSS
group (n = 3), and a cohousing lidocaine + DSS group (n = 3). The DSS group and lidocaine + DSS group
were treated as described above. The cohousing DSS group and the cohousing lidocaine group were
transferred to fresh cages to start the cohousing experiments in the same experimental room. The mice
remained together for 2 wk with free access to water and chow diet.

FmMT

Bacterial strains that were previously isolated from lidocaine mice were mixed and resuspended in PBS.
The mice were exposed to DSS for 7 d and then randomly separated into either an FMT group or a DSS
group. The FMT and DSS groups were gavaged with fecal microbiota (0.3 mL) or PBS (0.3 mL). After
observation for 30 min, all mice were housed separately.

Measurement of serum noradrenaline level

A method for the determination of noradrenaline was established by high-performance liquid chroma-
tography-tandem mass spectrometry. The noradrenaline standard was detected and analyzed by
gradient. After blood samples were collected, the serum was separated and frozen at -80 °C. After
thawing, methanol was added, and then acetonitrile was added after the internal standard solution was
vortex centrifuged again. After stratification, the upper organic phase was placed in another tube, and
10 pL of the organic phase was taken for determination. Chromatographic conditions are as follows:
Agilent Zorbax sb-c8 column (2.1 mm x 100 mm, 1.8 pm); mobile phase, water (containing 0.1% formic
acid, 2 mmol/L ammonium acetate): Acetonitrile (containing 0.1% formic acid) = 55:45; flow rate, 0.4
mL/min; column temperature, 30 °C; injection volume, 2 pL; autosampler temperature, 10 °C. For mass
spectrometry, the ionization mode was electrospray ionization, multireaction ion detection MRM was
used in the positive ion mode, the capillary voltage was 3.5 kV, the temperature of the dryer was 350 °C,
the flow rate of the dryer was 5 L/min, the atomization gas was 60 psi, the sheath gas temperature was
350 °C, and the sheath gas flow rate was 11 L/min.

Statistical analysis

Experiments were performed in triplicate and repeated at least three times. Data are presented as the
mean * SD or SEM from independent experiments. Statistical analyses involved one-way ANOVA and
two-way ANOVA performed with GraphPad Prism 6 (GraphPad Software, Inc., La Jolla, CA, United
States) or SPSS 22 (IBM Corp., Armonk, NY, United States). P < 0.05 was considered statistically
significant.
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RESULTS

Spinal anesthesia alleviates DSS-induced colitis

Acute colitis was induced in C57BL/6 mice by the administration of 2% DSS in drinking water for 1 wk.
To test whether spinal anesthesia could relieve colitis, colitis mice were given lidocaine (subarachnoid
administration), saline (vehicle, subarachnoid administration), and 5-ASA (positive control, i.g.) daily
until the termination of the experiment after 7 d. The experimental protocol is shown in Figure TA. The
DSS-treated colitis mice exhibited an increasing DAI level with dramatic body weight loss, colon
shortening, rectal bleeding, and stool consistency reduction. In contrast, colitis mice treated with
lidocaine or 5-ASA showed obvious improvements in body weight (Figure 1B), DAI score (Figure 1C),
and colon length (Figure 1D). H&E staining images of colonic tissues of the DSS-treated mice showed
obvious intestinal injury, including the loss of crypts and discontinuous brush borders and large
lumens. However, these damage signs were noticeably ameliorated by lidocaine treatment, which
appeared to protect the colonic mucosal structure by limiting multifocal inflammation (Figures 1E and
1F). Furthermore, SEM showed that the microvilli of colitis mice became shorter and uneven, and the
arrangement was disordered. Interestingly, the lidocaine group had more microvilli than the saline
group (Figure 1G). Taken together, these results suggested that spinal anesthesia with lidocaine relieved
the symptoms of colitis and colonic epithelial injury in a DSS-induced IBD mouse model.

Spinal anesthesia relieves intestinal inflammation activated by DSS

To better understand the alleviation of colitis by spinal anesthesia, the inflammatory response was
determined by detecting proinflammatory cytokines and infiltration of immune cells in the colon. As
expected, in colitis mice, enzyme-linked immunosorbent assay (ELISA) analysis showed that the levels
of IL-1pB, IL-6, and TNF-a in plasma were dramatically higher than those in the control mice (Figures 2A,
2B and 2C). The levels of these cytokines were lower in the 5-ASA group than in the saline + DSS group.
Interestingly, spinal anesthesia with lidocaine also significantly suppressed the expression of IL-1f, IL-6,
and TNF-a in plasma of DSS-induced mice (Figures 2A, 2B and 2C). Meanwhile, the transcriptional
levels of cytokines were detected by real-time quantitative PCR (qRT-PCR), and the results revealed that
spinal anesthesia also decreased the mRNA levels of IL-1f, IL-6, and iNOS in DSS-induced mice (Figures
2D, 2E and 2F). CD4+/CD25+/FoxP3+ Tregs and CTLA4 cells play an important role in maintaining the
healthy intestinal immune state. We then focused on those immune cells. IHC analysis showed that DSS
treatment dramatically increased the area of infiltration of CD4+ T cells in the colon, whereas spinal
anesthesia or treatment with 5-ASA significantly inhibited the production of CD4+ T cells (Figures 2G
and 2H). Importantly, flow cytometry assays showed that spinal anesthesia led to an increase in Tregs
(Figure 2I), thereby inducing a change in the proportion of T lymphocytes. Similar results were also
obtained when we determined the level of CTLA4 in serum. The lidocaine + DSS group had a higher
serum CTLA4 level than the saline + DSS group (Figure 2J). Together, these data suggested that spinal
anesthesia may downregulate proinflammatory cytokines and upregulate the levels of CTL4 and
CD4+/CD25+/Foxp3+ Tregs to alleviate the inflammatory activity in DSS-induced mice.

Spinal anesthesia protects intestinal barrier function

To examine intestinal barrier function, we first detected intestinal permeability. After spinal anesthesia,
the concentration of FITC-dextran in the serum of colitis mice decreased significantly, which indicated
the strengthening of intestinal physical barrier function (Figure 3A). Intercellular tight junctions (T]s),
whose integrity is a key determinant of paracellular permeability, are important for maintaining
epithelial barrier function. Western blot analysis showed that claudin-1 and occludin, two repres-
entative T] proteins, were significantly lower in the DSS groups than in the control group (Figure 3B).
However, spinal anesthesia with lidocaine reversed the levels of claudin-1 and occludin in the positive
control 5-ASA group. Goblet cells secrete gel-forming mucins to lubricate and protect the intestine.
Alcian blue/periodic acid-Schiff staining showed that there was a clear trend of decreasing neutral
(Figures 3C and 3D) and acidic (Figures 3E and 3F) mucins after DSS treatment. Spinal anesthesia with
lidocaine resulted in a significant increase in mucins. Together, these results showed that spinal
anesthesia with lidocaine can protect intestinal barrier function in the DSS-induced IBD mouse model.

Spinal anesthesia changes the intestinal microflora in the IBD mouse model

A wealth of information has been generated regarding the altered microbiota composition, or dysbiosis,
at different taxonomic levels that manifests in patients with IBD and animal models of IBD[18,19]. The
composition of the fecal microbiota was determined by analysis of -30000 paired reads per mouse of the
-250 bp v3-v4 region of the 16S rRNA gene by Illumina MiSeq sequencing (Figures 4A and 4B). The
PCoA analysis revealed that specific bacterial alterations occurred during colitis. Ace index varied
between the saline + DSS group and the lidocaine + DSS group (Figure 4C). Interestingly, spinal
anesthesia significantly rescued the abundance of Bacteroidetes, which was suppressed by DSS (Figures
4D and 4E). Other types of bacteria, including Verrucomicrobia and Proteobacteria, were also affected by
spinal anesthesia, although the difference did not reach statistical significance. Together, these data
demonstrated that spinal anesthesia with lidocaine can alter the intestinal flora in the IBD mouse model.
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Cohousing spinal anesthesia and DSS mice have alleviated DSS-induced colitis

To certify whether the gut microbiota contributes to relieving colitis by spinal anesthesia, DSS mice and
spinal anesthesia with lidocaine mice were cohoused (Figure 5A). Using microbiota sequencing analysis,
we compared the gut microbiota in the cohousing and noncohousing groups. Figure 5B reveals that
cohousing altered the relative abundance of intestinal flora. There was no significant difference in
various measures, including the Chaol index, Shannon index, and Ace index (Figure 5C). However,
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tumor necrosis factor-alpha detected by enzyme-linked immunosorbent assay (ELISA); D-F: The mRNA expression of IL-1B, IL-6, and inducible nitric oxide synthase
detected by real-time quantitative polymerase chain reaction; G: Expression of CD4 detected using immunohistochemistry; H: Quantitation of the
immunohistochemistry result; I: Proportion of CD4+/CD25+/Foxp3+ Tregs analyzed by flow cytometry; J: Serum level of cytotoxic T-lymphocyte-associated protein
determined by ELISA; Data are presented as the mean + SEM of three independent experiments. P-values were calculated using one-way ANOVA between different
groups. 2P < 0.05, °P < 0.01. 5-ASA: 5-aminosalicylic acid; DSS: Dextran sodium sulfate; IL: Interleukin; TNF-o:: Tumor necrosis factor-alpha; iNOS: Inducible nitric
oxide synthase.

A _ ¢ B DSS
a b Control Saline lidocaine 5-ASA
~ claudin-1
£ 5 i (59kDa) .
E
£
§ B-actin
c M7 (43kDa) .
=
§ ludi
] occludin pro—
'9 05— (59kDa) —

B-actin
0.0 (43kDa) :

o o o2
&@0 A « o ",‘,s)*
A\

DSS
: d
D 600 — 11 |
b
400 —
]
8
v}
200 —
o0
& & Sl
o® = ‘\&,@\ ) e
DSS
Saline + DSS F 700 — . p
1T 1
600 —
X o P &
: 2
8
- 3
_5-ASA + DSS -§
A
» s -
P
¢k
= © & @ (N
& N \\b°@\ (_),Ps
DSS

Figure 3 Spinal anesthesia with lidocaine protects the intestinal barrier. A: Intestinal permeability tested by FITC-dextran assay; B: Western blot
analysis showed the expression of claudin-1 and occludin as key tight junction proteins in each group; C: Mucins in tissue sections observed by Alcian blue staining;
D: Quantitation of the Alcian blue staining result; E: Mucins in tissue sections observed by periodic acid-Schiff staining. F: Quantitation of the periodic acid-Schiff
staining result. Data are presented as the mean + SEM of three independent experiments. P-values were calculated using one-way ANOVA between different
groups. P < 0.01, control vs saline + DSS; ®P < 0.01, saline + DSS vs lidocaine + DSS; °P < 0.01; lidocaine + DSS vs 5-ASA + DSS; ¢P < 0.01, saline + DSS vs 5-
ASA + DSS. 5-ASA: 5-aminosalicylic acid; DSS: Dextran sodium sulfate.

Guiewidenge WIG | https://www.wignet.com 1247 March 28,2022 | Volume28 | Issuel2 |



Hong Y et al. Spinal anesthesia alleviates colitis

[

ASA

(e}

A
=
==
Il DSS
==

9__Eubacterium_coprostanoligenes_group
g_Fournierella
9_Family_XIll_AD3011_group
o_Bacteroidales
p_Bacteroidetes
¢_Bacteroidia
f_Muribaculaceae
9_Ambiguous_taxa
f_Marinifilaceae
9_Alloprevotella
9_Odoribacter
g_Prevotellaceae_UCG_001

Chao 1 Index

320—

lidocai

ine

Cladogram

e,

N SASA BN C N DSS
|

B a: g_ Odoribacter

B b: f_Marinifilaceae

Bl c: g_ Ambiguous_taxa
f_Muribaculaceae
g_Alloprevotella

: g_Prevotellaceae_UCG_001

Il lidocaine
|

[ I
0.0 0.5 1.0 15 2.0 2.5

CO‘\‘SO\ N

T T

) >
\\gp‘}\ 3 6‘“‘"

DSs
E 380—
a
360—
Q
3
£
°
2 320
300
T T T
) . . N
© N N
o Ea \\50‘3’ &
DSs
100 - — .
0.75-

Relative abundance
° °
8 g

°

.00-

JBaishideng®

-1

C-2
Cc-3

WIG |

lidocaine-2-

lidocaine-3-
5ASA-1
5ASA-2
5ASA-3

- o o ,,',
| | P 2
[0 S N
o o o 8
o o a 8
he]

https:/ /www.wjgnet.com

LDA SCORE (log 10)
6.54

=

Shannon Index

—o-

: o_Bacteroidales
-_Bacteroidia
g_Family_XIll_AD3011_group
g_Fournierella

k: g__Eubacterium_ coprostanoligenes_group

I
3.0 3.5 4.0 4.5

5. T T
& N
o P

F DSs
PC1-PC3

*

PC3(8.51%)

-0550 025 0.00
PCA1(41.97%)

Phylum

[k Bacteria_Unclassified

I Tenericutes

M Cyanobacteria
Epsilonbacteraeota

I Deferribacteres

Ml Actinobacteria
Patescibacteria

15 Proteobacteria

|

W Firmicutes

1248

oc
moss
@ ocaine

March 28,2022 | Volume 28 |

Issue 12 |



Hong Y et al. Spinal anesthesia alleviates colitis

H Bacteroidetes I Verrucomicrobia
40— 20—
b b
_ 30— 15—
> S
T kot
2 g
©
e 2 o]
3 . 2
g 2
® &
& 10+ 9 s
o= T 0 T T
N o o ' M\ o e
<O ¢ N G <O \ \ Cla
«© 2 @ B Q8 AN 2 S
o) S @ ) o = \'\600 o)
DSS DSS
J Proteobacteria K Firmicutes
15— 80—
b
——
3 ~ 07
S 10 S
g g
S c
e ]
=] £ 40—
® 8
(0]
S 5 2
) 3
o ©
4 & 20
o— T 0— T
0 ) o8 o
O N A G o & o >
A\ A @ B S A N e
(<) o W % o R \-\60@ o™
DSS DSS
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cohousing significantly increased the abundance of Bacteroidetes (Figure 5D), which was consistent with
the change affected by spinal anesthesia. Meanwhile, cohousing rescued the shortened colon and
intestinal permeability in DSS-induced mice (Figures 5E and 5F), and the body weight and DAI of the
cohousing spinal anesthesia and DSS mice were better than those of the DSS mice (Figures 5G and 5H).

Transplantation of fecal microbiota from lidocaine-treated mice alleviates DSS-induced colitis

FMT is generally accepted as a promising experimental treatment for patients suffering from gut
dysbiosis. We were interested in determining whether transplantation of the intestinal flora from the
spinal anesthesia group has an effect on DSS-induced colitis (Figure 6A). FMT also altered the relative
abundance of intestinal flora (Figure 6B). Various measures, including the Chaol index, Shannon index,
and Ace index, varied between the cohousing group and the noncohousing group (Figure 6C). FMT
significantly increased the abundance of Bacteroidetes and decreased the abundance of Verrucomicrobia,
recovering the change in DSS-induced mice (Figure 6D). Similarly, FMT reduced colon swelling and
relieved intestinal permeability (Figures 6E and 6F). The body weight and DAI of the DSS mice treated
by FMT were better than those of the DSS mice (Figures 6G and 6H), which was consistent with changes
by cohousing treatment. Taken together, these results suggested that the gut microbiota was implicated
in relieving colitis by spinal anesthesia due to the key role that it plays in intestinal inflammation.

Spinal anesthesia decreases the noradrenaline level induced by DSS
Several studies[12,13] have indicated that the sympathetic system primarily exerts an inhibitory
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Figure 5 Cohousing alleviates dextran sodium sulfate-induced colitis in mice. C57BL/6 mice were divided into four groups: A normal control group (n
= 3), a no-cohousing dextran sodium sulfate (DSS) group (n = 3), a cohousing DSS group (n = 3), and a cohousing lidocaine + DSS group (n = 3). The DSS group
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Shannon index (diversity), and Ace index; D: Abundance of Bacteroidetes, Verrucomicrobia, Proteobacteria, and Firmicutes in different groups; E: Colon length; F:
Intestinal permeability compared between cohousing DSS mice (n = 6) and no-cohousing DSS mice (n = 6); G: Body weight; H: Disease activity index compared
between cohousing DSS mice (n = 6) and no-cohousing DSS mice (n = 6). Data are presented as the mean + SEM of three independent experiments. P-values were
calculated using one-way ANOVA between different groups. 2P < 0.05, °P < 0.01. Statistical significance and variance of Bray-Curtis dissimilarity data were assessed
using PERMANOVA; alpha diversity data are represented as the mean £ SEM, and statistical significance was assessed using t tests. n = 3 mice per group. 5-ASA:
5-aminosalicylic acid; DSS: Dextran sodium sulfate.
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influence on the gut by the release of noradrenaline. To verify that spinal anesthesia modulates the gut
microbiota via noradrenaline, we used liquid chromatography to detect the level of noradrenaline in our
model (Figure 7A). The results indicated that the level of noradrenaline was increased in the saline +
DSS group compared with the control group (Figures 7A and 7B). Spinal anesthesia with lidocaine
decreased the noradrenaline level in DSS-induced mice. The altered level of noradrenaline could be one
of the mechanisms underlying the effect of spinal anesthesia on the gut microbiota.

DISCUSSION

The pathogenesis of IBD is not fully understood, and changes in intestinal microbes, impairment of the
epithelial barrier, and the chronic dysregulated immune response in the gastrointestinal tract are
strongly implicated in the development of IBD[20,21]. In particular, increasing evidence from animal
and human studies has shown that gut microbes are key factors contributing to IBD by acting on
different parts of the gut-brain-microbiota axis[22]. Therefore, our study explored the possibility of
improving the clinical outcomes of IBD by acting on this axis. Interestingly, we found that IBD mice
treated by lidocaine spinal injection, which is a regional sympathetic block, showed a significant
amelioration of symptoms and intestinal permeability. Moreover, this treatment increased the
abundance of specific genera, such as Bacteroidetes, and regulated gut immunity. Here, we, for the first
time, directly highlighted the therapeutic effects of spinal anesthesia on DSS-induced colitis mice.

Neuraxial anesthesia (i.e., spinal, epidural, and combined spinal-epidural techniques) is widely used
to induce analgesia for lower extremities and lower abdominal surgery. In addition, the specific
beneficial effect of neuraxial anesthesia attributed to sympathetic nerve blockade, which increases
gastrointestinal track microvascular perfusion and function, has been observed in animal and clinical
studies[23,24]. Recently, several reports have shown that spinal or epidural anesthesia may improve the
ischemic and insufficient oxygenation stage of organs[11,12]. In the present study, we found that spinal
anesthesia with lidocaine not only relieved intestinal permeability but also increased the diversity of the
gut microbiota and changed the composition of microbiota species in colitis mice, which suggests that
spinal anesthesia affects part of the gut-brain-microbiota axis to alleviate colitis in DSS-induced mice.

Microbial predominance includes four different phyla, Bacteroidetes, Prodominace, Firmicutes, and
Verrucomycrobia[25], in healthy people, and an alteration of the intestinal microbiota occurs in IBD
patients. Prior studies have noted that polysaccharides, a component of Bacteroidetes, can prevent
intestinal inflammatory disease, and Akkermansia exerts beneficial effects on colitis[26]. In the DSS
model, we found that the abundance of Proteobacteria and Verrucomycrobia increased, but the abundance
of Bacteroidetes decreased, which might lead to abnormal intestinal immune responses and intestinal
imbalance. After spinal anesthesia, we identified that the abundance of Bacteroidetes with health-
promoting functions significantly increased and the abundance of Proteobacteria and Verrucomycrobia
decreased. Furthermore, our cohousing and FMT experiments revealed that the microbiota of spinal
anesthesia mice transferred to DSS colitis mice can effectively relieve disease. These results confirmed
that altered gut microbiota caused IBD and that Bactericides and Verrucomycrobia species are critical in
keeping the gut microbiota healthy.

Extensive studies have found that behavioral disorders, such as anxiety, stress, or depression, change
the composition of the intestinal flora and influence the recurrence of CD[27,28]. The sympathetic nerve
innervated to the gut plays a critical role in affecting the composition of the gut microbiota and
maintaining immune homeostasis via the hypothalamus-pituitary-adrenocortical axis mainly by
secreting catecholamine[9,29,30]. In the stress model, the sympathetic system primarily exerts an
inhibitory influence on the gut, decreasing intestinal motor function and secretion via the release of
neurotransmitters, such as noradrenaline[31]. Noradrenaline, one of the main catecholamines, can
influence the microbiota in the gut, leading to the altered release of cytokines and bacterial molecules.
Noradrenaline can also increase the growth of several bacteria in nutrient-deficient environments,
including Campylobacter jejuni, Escherichia coli, Helicobacter pylori, Pseudomonas aeruginosa, and Salmonella
enterica spp[32]. Catecholamines were found to facilitate the removal of iron from human lactoferrin and
transferrin in a dose- and time-dependent manner, which also correlated with bacterial growth[33]. In
our study, the level of noradrenaline was increased after DSS treatment, which may influence the
microbiota present in the colitis gut. Moreover, spinal anesthesia with lidocaine recovered the level of
noradrenaline. This could be one of the mechanisms underlying the effect of spinal anesthesia on the gut
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Ace index ; D: Abundance of Bacteroidetes, Verrucomicrobia, Proteobacteria, and Firmicutes in different groups; E: Colon length compared between DSS mice (n =
6) and FMT + DSS mice (n = 6); F: Permeability compared between DSS mice (n = 6) and FMT + DSS mice (n = 6); G: Body weight compared between DSS mice (n
=6) and FMT + DSS mice (n = 6); H: Disease activity index compared between DSS mice (n = 6) and FMT + DSS mice (n = 6). Data are presented as the mean +
SEM of three independent experiments. P-values were calculated using one-way ANOVA between different groups. 2P < 0.05, °P < 0.01. Statistical significance and
variance of Bray-Curtis dissimilarity data were assessed using PERMANOVA,; alpha diversity data are represented as the mean + SEM, and statistical significance
was assessed using ¢ tests, n = 3 mice per group. 5-ASA: 5-aminosalicylic acid; DSS: Dextran sodium sulfate.
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microbiota.

It is evident that the sympathetic nervous system has the potential to serve as a therapeutic target for
inflammatory disease. Increasing sympathetic tone has a deteriorating effect on IBD, including the
development of intestinal inflammation and inhibition of immune defenses[34,35]. This is in line with
the finding in the present study that thoracic sympathetic block through spinal anesthesia in colitis mice
increased the expression of FoxP3+ Treg cells, which are a subset of CD4+ T lymphocytes and plays an
important role in maintaining the immune response[36]. Moreover, the levels of caludin-1 and occludin,
the main tight junction proteins of the intestinal epithelial barrier, were changed. All these results
indicated that immune function and colon barrier function were impaired, which may be caused by
increased noradrenaline levels and altered gut microbiota.

In recent years, diet and short-chain fatty acids have been recommended to replace or increase
conventional IBD therapies[37]. Some peptides named food protein-derived bioactive peptides against
intestinal inflammation have attracted increasing attention, but their mechanism and effect are under
exploration[38]. Experts have said “as we enter a new era of patient-centered health care, treating the
‘brain’ is as important as the ‘gut’ for comprehensive, whole-person IBD management”[39]. However, it
is difficult to verify the bidirectional relationship of the gut-brain axis, and here, we for the first time
used spinal anesthesia to block thoracic nerve in IBD mice, and we luckily found that it was effective for
IBD.

CONCLUSION

In conclusion, this study clearly revealed that spinal anesthesia inhibited the development of DSS-
induced colitis in mice. We demonstrated that spinal anesthesia alleviated intestinal inflammation,
maintained immunological function, and improved intestinal barrier function by modulating the gut
microbiota. Reducing the increase in noradrenaline levels in DSS-treated mice by spinal anesthesia
could be one of the mechanisms underlying the effect on the gut microbiota. The present study
provided evidence supporting the protective effects of spinal anesthesia on IBD by modulating the gut
microbiota, which highlights a novel approach for the treatment of IBD.
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Research background

Neuraxial anesthesia has been shown to exert a positive effect on intestinal microvascular perfusion. In
an animal model of sepsis, thoracic epidural anesthesia was demonstrated to ameliorate perfusion
deficits in the muscularis and mucosal layers of the gut. However, whether spinal aneathesia as a
neuraxial anesthesia affects intestinal inflammation in inflammatory bowel disease (IBD) is still unclear.

Research motivation

The exact etiology of IBD remains unknown, and the imbalance of the gut microbiota is related to the
occurrence and progression of IBD. The bidirectional between the brain and gut microbiota has
gradually attracted more attention. Finding interventions on the brain-gut axis will be a new vision.

Research objectives
A dextran sodium sulfate (DSS)-induced colitis mouse model was established to explore the role of
spinal anesthesia in IBD and to identify the potential mechanisms involved.

Research methods

A DSS-induced colitis mice model was established, and then we used spinal anesthesia on colitis mice to
explore the role of spinal anesthesia in IBD and identify the potential mechanisms involved. Moreover,
cohousing and fecal microbiota transplantation were used to help mice from separate lines share
microbes across cocaged individuals.

Research results

This study clearly revealed that spinal anesthesia inhibited the development of DSS-induced colitis in
mice. We demonstrated that spinal anesthesia alleviated intestinal inflammation, maintained immuno-
logical function, and improved intestinal barrier function by modulating the gut microbiota. Reducing
the increase in noradrenaline levels in DSS-treated mice by spinal anesthesia could be one of the
mechanisms underlying the effect on the gut microbiota.

Research conclusions

The study implied a positive effect of spinal anesthesia in relieving intestinal inflammation, protecting
intestinal barrier function, and regulating the intestinal microflora in an IBD mouse model. Decreasing
the noradrenaline level would be a possible mechanism of spinal anesthesia.

Research perspectives
The present study provided evidence supporting the protective effects of spinal anesthesia on IBD by
modulating gut microbiota, which highlights a novel approach for the treatment of IBD.
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