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Abstract

Objective: Growing evidence suggests a strong link between gut microbiota and the pathogenesis of urticaria, positioning the
gut-skin axis as a novel therapeutic target. Despite the efficacy of acupuncture in alleviating urticaria symptoms, the underlying
mechanisms remain poorly understood. We investigated the effects of electroacupuncture on gut microbiota in a rat model of
urticaria.

Methods: Sprague-Dawley rats were randomly divided into three groups: control, model, and electroacupuncture. An urticaria
model was established by combining active systemic and passive cutaneous allergic reactions. Electroacupuncture treatment was
administered for 7 days, during which the number of scratches, the diameter of skin sensitization blue spots, and degranulation
rate of mast cells were recorded. Inflammation in the sensitized skin was assessed using hematoxylin and eosin staining, and the
composition of the gut microbiota was analyzed using 16S rRNA gene sequencing.

Results: Electroacupuncture significantly reduced the frequency of scratching, the diameter of sensitized blue spots, and the
degranulation rate of mast cells in rats. The staining results revealed that electroacupuncture decreased inflammatory cell infiltration
and fibrous tissue proliferation in the sensitized skin. The 16S rRNA gene sequencing demonstrated that electroacupuncture
adjusted the ratio of Firmicutes to Bacteroidetes. Receiver operating characteristic (ROC) curve analysis identified Parabacteroides
johnsonii as a potential biomarker for diagnosing urticaria (AUC = 0.8516, where AUC stands for the area under the curve) and
Lactobacillus reuteri and Limosilactobacillus as potential biomarkers for predicting the effectiveness of acupuncture treatment
(AUC = 0.8281).

Conclusion: Electroacupuncture may alleviate urticaria symptoms by modulating the gut microbiota, providing new theoretical
and practical directions for acupuncture treatment of urticaria.
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Introduction differences in the diversity and abundance of their gut
microbiota®8l, which potentially contribute to the dis-
ease process by triggering pro-inflammatory responses!..
Animal experiments have demonstrated that alterations
in the gut microbiota can promote urticarial’®. These
findings underscore the important role of the gut micro-
biome in the pathophysiology of urticaria via the gut-
skin axis. Therefore, exploring the interactions between
gut microbiota and urticaria, along with their underlying
mechanisms, is crucial for understanding the fundamen-
tal factors of urticaria and developing new therapeutic
approaches!!!l. Current clinical guidelines aim to fully
control the symptoms of urticaria through comprehensive
treatment'; however, nearly half of the patients respond
poorly to first-line treatments such as second-generation

Urticaria is a common skin disease with a continuously
rising annual incidence rate, affecting approximately
20% of the global population™?!. It is primarily char-
acterized by wheals, itching, or angioedemal®, which
significantly impair patients’ quality of life and psycho-
logical well-being?>%. The pathogenesis of urticaria is
complex and is closely related to autoimmune and aller-
gic reactions?), Although significant progress has been
made in this field in recent years, understanding of its
exact mechanisms remains relatively limited. Increasing
evidence suggests that changes in the gut microbiota
mediated by the gut-skin axis play a critical role in the
development of urticarial®. Compared with healthy
individuals, patients with urticaria show significant

Xianjun Xiao, Peiwen Xue, Haiyan Qin, and Di Qin contributed equally to this work.
*Corresponding author. Yunzhou Shi, E-mail: shiyunzhou@cdutcm.edu.cn; Juan Li, E-mail: 785939016@qq.com.
Received 31 May 2024 / Accepted 7 February 2025

How to cite this article: Xiao XJ, Xue PW, Qin HY, Qin D, Wang L, Jin RJ, Li'Y, Shi YZ, Li J. Effects of electroacupuncture on gut microbiota in a
rat model of urticaria. Acupunct Herb Med 2025,5(1):103-114. DOI: 10.1097/HM9.0000000000000145

Copyright © 2025 Tianjin University of Traditional Chinese Medicine. This is an open-access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is permissible to download and share the work
provided it is properly cited. The work cannot be changed in any way or used commercially without permission from the journal.

103


http://links.lww.com/AHM/A166
mailto:shiyunzhou@cdutcm.edu.cn
mailto:785939016@qq.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

Xiao et al. ® Volume 5 e Number 1 e 2025

antihistamines"?. The use of second-line medications,
such as omalizumab, is restricted because of their high
costl314. Therefore, there is an urgent need to identify
novel and effective treatments!!'!l.

Acupuncture, an ancient traditional alternative therapy,
has shown unique advantages in treating urticaria!’’l. Our
previous clinical studies!'®! confirmed that acupuncture
can effectively alleviate symptoms such as itching and
wheals associated with urticaria. Although the effective-
ness of acupuncture has been recognized through clinical
evidence, its precise mechanisms of action remain unclear.
Recent studies have revealed that electroacupuncture (EA)
alleviates urticaria symptoms by affecting the reactive oxy-
gen species (ROS)/transient receptor potential melastatin
2 (TRPM2) signaling pathway, providing key insights into
its molecular mechanisms!'”. However, reports on whether
acupuncture can modulate gut microbiota through the
gut-skin axis to improve urticaria are relatively scarce. We
employed a skin allergic reaction method to establish a rat
model of urticaria, observe behavioral changes in the rats,
and adjust their gut microbiota following acupuncture
treatment, with the aim of deepening our understanding
of the potential mechanisms by which acupuncture helps
In treating urticaria.

Methods
Reagents and chemicals

Ovalbumin (OVA, the protein from chicken egg whites)
was sourced from SIGMA Co. (Shanghai, China) (lot
number A5503-1G, 1g). The aluminum hydroxide adju-
vant was obtained from InvivoGen Co. (San Diego, CA,
USA) (lot number vac-alu-250, 250 mL). Evans Blue Dye
was procured from Hefei Bomei Biotechnology Co.,
Ltd. (Hefei, Anhui, China) (lot number YEO345, 5g).
Isoflurane was obtained from Rayward Co. (Shenzhen,
Guangdong, China) (lot number JM20220208, 250 mL).
Shandong Qidu Pharmaceutical Co., Ltd. (Zibo,
Shandong, China) provided 0.9% NaCl injection (batch
number H37020766, 250mL). Xylene was obtained
from Sinopmedicine Group Chemical Reagent Co. Ltd.
(Shanghai, China) (lot number 10023418). Anhydrous
ethanol was obtained from the same company (batch
number 100092683). Toluidine blue dye solution (prod-
uct number G1032) was obtained from Servicebio Co.
(Wuhan, Hubei, China). Hydrochloric acid was acquired
from Chengdu Chron Chemicals Co., Ltd. (Chengdu,
Sichuan, China) (product number 7647-01-0, 500 mL).
Hematoxylin and eosin (HE) stain were provided by
Wuhan Servicebio Technology Co., Ltd. (Wuhan, Hubei,
China) and Hefei Bomei Biotechnology Co., Ltd., with
lot numbers G1004 (500mL) and YE2080 (25 g), respec-
tively. Neutral gum (lot number BL704A, 100g) was
obtained from Biosharp Biotechnology Co., Ltd. (Hefei,
Anhui, China). Finally, paraformaldehyde was sourced
from Chengdu Chron Chemicals Co., Ltd. (product
number 30525-89-4, 500 mL).

Animals

The study utilized 27 male Sprague-Dawley rats (aged 6
weeks, weighing 150-180g) purchased from Chengdu
Dashuo Experimental Animal Co., Ltd. (Chengdu,
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Sichuan, China). The animals were maintained in a spe-
cific pathogen-free facility with controlled environmental
conditions: ambient temperature of (22 +2)°C, relative
humidity of 40% to 60%, and a standard 12-hour light/
dark cycle. The rats received unrestricted access to stan-
dard laboratory chow and water. Daily veterinary mon-
itoring was conducted to assess animal welfare and
behavior. The animal experiment was performed at the
Animal Experimental Center, Chengdu University of
Chinese Traditional Medicine (Chengdu, China) and was
carried out in strict accordance with the Animal Research:
Reporting of In Vivo Experiments (ARRIVE). The ani-
mal experiment has been approved by the Animal Ethics
Committee of Chengdu University of Traditional Chinese
Medicine (Animal use license number: SCXK2020-0030,
Animal Ethics Number: 2023-01).

Animal model and treatments

Antiserum preparation

Three rats were administered an antiserum containing
OVA (1mg) and aluminum hydroxide (0.5mL) in 1mL
of physiological saline solution. This treatment was given
on days 1, 3, and 5. After 15 days, blood was drawn via
abdominal aortic puncture. Blood was centrifuged to
separate the antiserum, which was stored in a refrigera-
tor for later use (mixed antisera were selected from three
sensitized rats).

Model and treatments

After 1 week of adaptive feeding, the animals were ran-
domly assigned to three groups as follows (7 = 8 in each
group): i) normal (N) group treated with saline, ii) model
(M) group treated with OVA/aluminum hydroxide and
saline, and iii) the EA group treated with OVA/aluminum
hydroxide and EA. All rats, except those in the normal
group, were sensitized by administering an i.h. injection
of 1mL physiological saline solution containing OVA
(1 mg) and aluminum hydroxide (0.5 mL) on days 1 and
3. The normal group was administered an i.h. injection
of 1mL normal saline. On day 6, each rat was adminis-
tered an i.d. injection of 0.2 mL antiserum. Subsequently,
antigen attack was i.v. injected with 0.5 mL physiologi-
cal saline solution containing OVA and 50% Evans Blue
(OVA was 1 mg) on day 7, which may cause a rapid aller-
gic reaction due to antigen-antibody binding.

Acupuncture treatment

Sterile acupuncture needles (size: 0.25 mm x 13 mm
[diameter: 0.25mm, length: 13 mm]; manufacturer:
Suzhou Acupuncture & Moxibustion Appliance Co.,
Ltd, Suzhou, PR. China) and Hans Acupoint Nerve
Stimulator (HANS, Beijing, China) were used during
the EA treatment. Acupoints were determined according
to the experimental acupuncture and the acupuncture
point map of the rats. The acupuncture needles were
inserted bilaterally at Quchi (LI11) and Tianshu (ST2S5)
to a depth of 13mm. LI11 is located at the midpoint of
the line between the lateral end of the transverse elbow
stripe and lateral epicondyle of the humerus. ST25 is
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located 2 inches from the center of the umbilicus. EA
treatment was performed daily for 7 days. Stimulation
waveform selection of dense and sparse waves, stimula-
tion current of 1.5 mA, and frequency of 2/15 Hz for 20
minutes each.

Specimen collection

At the end of acupuncture treatment on day 7, the anti-
gen attack was repeated. Evans: All animals were anes-
thetized using isoflurane 1 hour after antigen attack.
Blood samples were collected by abdominal aortic punc-
ture, dorsal skin tissues were harvested, and approxi-
mately 5 g of fresh stool from each rat was collected in a
sterile centrifuge tube with a lid. All samples were frozen
at —80°C until further studies. A flowchart of the experi-
ment is shown in Figure 1.

Indicator detection

The indications for pruritus included systemic itching
behaviors, such as head scratching with the paws, torso
scratching with hind claws, and biting at various body
parts with the mouth. The frequency of pruritus was
recorded for each rat within 30 minutes of sensitization.
If the number of scratching incidents was higher in the
M group treated with OVA/aluminum hydroxide than
in the N group treated with saline, this was considered
indicative of successful model establishment.

After the antigen attack, the rats were immediately
observed for the appearance of wheals on their backs.
The diameter of the blue spot at the site of antiserum
injection was measured directly using a ruler on skin
extracted from the backs of all rats. For irregular spots,
the diameters were calculated as half of the sum of the
longest and shortest diameters. The presence of wheals
and blue spots with diameters greater than S mm on the
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back skin of the M group, and their absence in the N
group, indicated a positive result.

The back skin tissues of the rats were rinsed with a
0.9% sodium chloride solution, fixed with paraformalde-
hyde, dehydrated, embedded, and sliced. The sections were
then dewaxed, stained with hematoxylin, differentiated,
subjected to ammonia-reverting blue staining, stained
with eosin, subjected to secondary differentiation, another
round of ammonia-reverting blue staining, and finally
stained with eosin. The observations and image collection
were performed using an optical microscope. If the urti-
caria model exhibited histological features, such as vas-
cular edema, dilation of postcapillary venules, lymphatic
vessel expansion in the upper dermis, and varying degrees
of mixed inflammatory cell infiltration around the blood
vessels, the model was further validated. Histological fea-
tures were scored on a subjective scale of 0 to 3%,

Mast cell degranulation in rat skin tissue was assessed
using toluidine blue staining. Shaved dorsal skin was fixed
overnight in 4% paraformaldehyde at 4°C, followed by
paraffin embedding and sectioning at 5-pm thickness.
The tissue sections underwent toluidine blue staining
(1% solution, 30 minutes, room temperature) and were
subsequently differentiated in 0.5% glacial acetic acid
for 5 seconds after a brief rinse with distilled water. The
sections were then dehydrated using a graded series of
alcohols, cleared in xylene, and mounted in neutral gum.
Three random visual fields per slide were photographed
using a light microscope. The total numbers of mast and
degranulated cells were counted and averaged. The mast
cell degranulation rate was calculated as follows: (number
of degranulated cells/total number of mast cells) x 100.

DNA extraction and 16S rRNA gene sequencing

Total genomic DNA was extracted from stool samples
using the TGuide S96 Magnetic Soil/Stool DNA Kit
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[Tiangen Biotech (Beijing) Co., Ltd., Beijing, China]. The
electrophoresis on a 1.8% agarose gel was employed
to assess both the quality and quantity of the extracted
DNA. Subsequently, the NanoDrop 2000 UV-Vis
spectrophotometer (Thermo  Scientific, Wilmington,
NC, USA) was utilized to determine the concentra-
tion and purity of the DNA. The amplification of the
full-length 16S rRNA gene was achieved using the
primer set 27F(AGRGTTTGATYNTGGCTCAG) and
1492R(TASGGHTACCTTGTTASGACTT), both of
which were appended with sample-specific PacBio bar-
code sequences facilitate multiplexed sequencing. For
polymerase chain reaction (PCR) amplification, the KOD
One PCR Master Mix (TOYOBOLife Science, New York,
USA) was used, with a protocol consisting of an initial
denaturation step at 95°C for 2 minutes, followed by 25
cycles of denaturation at 98°C for 10 seconds, annealing
at 55°C for 30 seconds, and extension at 72°C for 1 min-
ute 30 seconds, and a final step at 72°C for 2 minutes. PCR
amplicons were purified using VAHTSTM DNA Clean
Beads (Vazyme, Nanjing, China) and quantified via Qubit
3.0 Fluorometer with dsDNA HS Assay Kit (Invitrogen,
Thermo Fisher Scientific, OR, USA). Equal amounts of
the quantified amplicons were pooled and processed
for SMRTbell library construction using the SMRTbell
Express Template Prep Kit 2.0 (Pacific Biosciences, Menlo
Park, CA, USA) according to the manufacturer’s proto-
col. The final libraries were sequenced on a PacBio Sequel
II platform (Beijing Biomarker Technologies Co., Ltd.,
Beijing, China) using Sequel II Binding Kit 2.0.

Bioinformatics analysis

Bioinformatics analysis was conducted using BMKCloud
(http://www.biocloud.net/). Raw reads from sequenc-
ing were filtered and demultiplexed using SMRT Link
software (version 8.0), setting minPasses >5 and min-
PredictedAccuracy >0.9 to generate circular consensus
sequencing (CCS) reads. Lima (version 1.7.0) was used
to assign CCS sequences to the respective samples based
on their barcodes. CCS reads lacking primers or outside
the length range of 1,200 to 1,650bp were discarded
through primer recognition and quality filtering using
Cutadapt (version 2.7)"’1. The UCHIME algorithm (ver-
sion 8.1)2 was applied to detect and remove the chi-
meric sequences, yielding clean reads. Sequences with
>97% similarity were clustered into operational taxo-
nomic units (OTUs) using USEARCH (version 10.0)?!],
discarding OTUs with counts of <2 across all samples.
Feature classification of clean reads was performed
using DADA2?? to produce amplicon sequence variants
(ASVs), filtering out ASVs with counts less than two in
all samples. The taxonomic annotation of the OTUs/
ASVs was conducted using the naive Bayes classifier in
QIIME223 with the SILVA database (release 138.1)24,
applying a confidence threshold of 70%.

Data analysis and statistical tests

Subsequent analyses were conducted after normalizing
the original peak area to the total peak area. The Chaol,
ACE, Simpson, and Shannon indices were used to
assess alpha diversity. Partial least squares discriminant
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analysis (PLS-DA) was employed to evaluate the differ-
ences in beta diversity among species. Discriminative fea-
tures were identified using linear discriminant analysis
(LDA) effect size (LEfSe), with a logarithmic LDA score
of 3.5 set as the threshold. A receiver operating charac-
teristic (ROC) curve was used to explore the potential
diagnostic and acupuncture efficacy values of the spe-
cific species. Phylogenetic Investigation of Communities
by Reconstruction of Unobserved States (PICRUSt2)
was used for compositional and differential analyses of
Kyoto Encyclopedia of Genes and Genomes (KEGG)
metabolic pathways to predict differential functional
genes. Continuous variables, such as the diameter of the
blue spot and mast cell degranulation rate, are presented
as mean = standard deviation (M = SD) and percent-
ages (%), respectively. The Wilcoxon rank-sum test was
used for numerical variables that did not conform to a
normal distribution, whereas one-way analysis of vari-
ance (ANOVA) was used for variables that conformed.
Scratch numbers were analyzed using repeated-measures
ANOVA. Statistical significance was set at a P value
<0.05 (two-sided) and was accepted as the cutoff for sta-
tistical significance. Statistical analyses were performed
using SPSS 25.0, R and GraphPad Prism software.

Results
Assessment of scratching behavior

The results showed that the number of scratched rats var-
ied with time (P < 0.05), and the difference between the
groups was significant (P < 0.05). There was no difference
in scratching among the three groups at the baseline period
(P >0.05). During the modeling period, the number of
scratches in group M was significantly higher than that in
group N (P < 0.05) but did not differ from that in the group
EA (P > 0.05). During the acupuncture period, the number
of scratches in the EA group was significantly lower than
that in the M group (P < 0.05), and there was no difference
compared to the N group (P > 0.05) (Figure 2).

Wheals and diameter in blue plaque

No significant sensitizing wheals or blue spots were
observed in the dorsal dehairing areas of rats in the N
group. Compared to the N group, obvious wheals and
sensitized blue spots were observed in the M group, and
the diameter of the blue spots was >5mm (P <0.01).
Compared to the M group, the diameter of the sensitized
blue spots in the EA group was significantly reduced
(P <0.01) (Figure 3).

HE staining

As shown in Figure 4, following HE staining, compared
to the N group, obvious localized degeneration and
necrosis of collagen fibers in the dermis with blurred
margins, infiltration of inflammatory cells such as neu-
trophils and lymphocytes, and a small amount of fibrous
tissue hyperplasia were observed in rats of M group
(P <0.01). In addition, EA treatment inhibited inflam-
matory cell infiltration compared to group M, and the
apparent proliferation of fibrous tissue was not evident
(P < 0.05).
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Figure 2. Change of scratching numbers (*P < 0.05 vs. group N, &P < 0.05 vs. group M, #P < 0.01 vs. EA group). EA: Electroacupuncture; M:
Model; N: Normal; ns: No significant.
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Figure 3. Wheals and diameter in blue plague. (A) Wheals in dorsal dehairing area. (B) Blue spot in dorsal dehairing area. (C) Statistic analysis of
blue spot. **P < 0.01 vs. group N, ¥P < 0.01 vs. group M, #P < 0.01 vs. EA group. EA: Electroacupuncture; M: Model; N: Normal.
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Figure 4. HE staining of dorsal skin at high and low magnification. (A) x40, (B) x200, (C) Histologic scores. 1: Necrotic collagen fibers, 1: neutrophils,
1: lymphocytes, 1: fibroblasts. **P < 0.01 vs. group N, #P < 0.01 vs. group M. EA: Electroacupuncture; HE: Hematoxylin and eosin; M: Model; N:
Normal; ns: No significant.
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Figure 5. The results of toluidine blue staining. (A) Toluidine blue staining of dorsal skin,x400. (B) Change of mast cell degranulation rate. 1: Mast cell
degranulation, 1: mast cell, **P < 0.01 vs. group N, P < 0.01 vs. group M, #P < 0.01 vs. EA group. EA: Electroacupuncture; M: Model; N: Normal.

Toluidine blue staining

Mast cells from all three groups were stained dark pur-
ple. Most of the cell membranes of the mast cells in the
N group were smooth and complete, with clear nuclei.
In the M group, most of the mast cell cytomembranes
were ruptured and incomplete, with varying numbers
of heterostained granules scattered around the cells.
Compared to the N group, the rate of degranulation
was significantly higher in the M group (P <0.01).
Compared with the M group, the degranulation rate
in the EA group was significantly decreased (P < 0.01)
(Figure 5).

Diversities of gut microbiota

A total of 2,259,713 high-quality sequences (average
94,155) and 524 OTUs were obtained from the 24 fecal
samples. Rarefaction, Shannon index, rank abundance,
and species cumulative curves [Supplementary Figures
S1-54, http://links.lww.com/AHM/A159] indicated ade-
quate sample size, species saturation, and a high degree
of homogeneity for subsequent analyses. Significant dif-
ferences were detected in the alpha diversity between the
N and M groups for the Simpson and Shannon indices
(Figure 6A). There were no statistically significant dif-
ferences in the other intergroup comparisons or indices.
In the PLS-DA plots, the samples from the three groups
were clustered within groups and separated between
groups (Figure 6B). The difference in beta diversity was
significant in the N, M, and EA groups according to per-
manova (R?=0.15, P=0.014) and Adosim (R =0.14,
P =0.023) analyses.

The abundance of gut microbiota

When comparing the abundance of microbiota, we
found that the three groups of gut microbiota were
mainly composed of Firmicutes and Bacteroidetes. At the
phylum level, Firmicutes and Bacteroidetes were domi-
nant in all three groups (Figure 7A and Supplementary
Table S1, http:/links.lww.com/AHM/A160). The
relative abundance of Firmicutes was N >EA > M,
while the relative abundance of Bacteroidetes was
N < EA < M. Therefore, the Firmicutes/Bacteroidetes
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(F/B) was N > EA > M. At the genus level, we observed
an increase in the relative abundance of unclassified
Muribaculaceae, Limosilactobacillus, Lactobacillus,
unclassified_Prevotellaceae,unclassified_Clostridia_
UCG_014,and CAG_873 in group M compared to group
N, whereas the relative abundance of Ligilactobacillus,
Muribaculum, Alloprevotella, and Lachnospiraceae_
NK4A136_group was decreased in group M compared
with N. What’s more, the relative abundance of unclassi-
fied_Muribaculaceae, Limosilactobacillus, Lactobacillus,
unclassified_Clostridia_UCG_014, and Muribaculum
was increased in EA, whereas the relative abundance
of Ligilactobacillus, unclassified_Prevotellaceae,
Alloprevotella, CAG_873, and Lachnospiraceae_
NK4A136_group was decreased in this group compared
with M (Figure 7B, Supplementary Table S2, http://links.
lww.com/AHM/A161).

Differences analysis of gut microbiota

Differential microbiota were identified using LEfSe
(LDA score >3.5, P <0.05). As shown in the LDA bar
plot, g Ligilactobacillus, s_Ligilactobacillus murinus,
g_Lachnoclostridium, and s_Bacteroides caecimuris
were significantly enriched in group N, s_unclassified
Lachnospiraceae_NK4A136_group, o_onoglobales,
f_Monoglobaceae, g_Monoglobu, and s_Parabaeteroides
jobnsonii were significantly enriched in group M, and
g_Lirosilactobacillus and s_Lactobacillus reuteri were
significantly enriched in group EA (Figure 8).

Candidate markers by ROC curve

To explore whether the above differential microbiota
could serve as potential biomarkers for diagnosing urti-
caria and predicting the efficacy of acupuncture, we
used the relative abundance of the differential micro-
biota screened by the left analysis as a predictor. The
area under the ROC curve (AUC) was used to evaluate
the accuracy of potential biomarkers. When diagnos-
ing urticaria, ROC analysis showed that the AUC val-
ues of s_Parabacteroides_jobnsonii was 0.8516 (95%
confidence interval [CI], 0.64-1.00, P =0.018) and its
cutoff value was 4.5. When predicting the efficacy of
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Figure 7. The relative abundance at phylum level (A) and genus level (B). EA: Electroacupuncture; M: Model; N: Normal.

acupuncture, ROC analysis showed that the AUC values
of both L. reuteri and Limosilactobacillus were 0.8281
(95% CI, 0.617-1.00, P = 0.027). The cutoff values for
these microbiota were 5,540 and 5,542.5, respectively
(Figure 9).

Predicted metabolic functions

Differential analysis of the KEGG metabolic pathways
showed that at the class 3 level, there were differences
in 12 metabolic pathways between groups M and N. In
group M, more microbes were enriched in GABAergic
synapses, glutamatergic synapses, proximal renal
tubular bicarbonate recycling, butyrate metabolism,
microRNAs in cancer and proteasome metabolic
pathways, p-lactam resistance, RNA degradation,
vancomycin resistance, penicillin and cephalospo-
rin biosynthesis, starch and sucrose metabolism, and
atrazine degradation microbial enrichment decreased
(Figure 10A and Supplementary Table S3, http://links.
lww.com/AHM/A162). The EA group differed from the
M group in 15 metabolic pathways. After EA interven-
tion, pyruvate metabolism, central carbon metabolism
in cancer, type I diabetes mellitus, synthesis and degra-
dation of ketone bodies, D-glutamine and D-glutamate
metabolism, nonribosomal peptide structures, pentose
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phosphate pathway, renal cell carcinoma, glucagon
signaling pathway, biosynthesis of vancomycin group
antibiotics, and propanoate metabolism pathway were
significantly elevated, while stilbenoid, diarylhepta-
noid and gingerol biosynthesis, longevity regulating
pathway-multiple species, biosynthesis of unsaturated
fatty acids microorganisms, and Salmonella infection
pathways significantly decreased (Figure 10B and
Supplementary Table S4, http:/links.lww.com/AHM/
A163).

Discussion

The concept of the “gut-skin axis” emphasizes the
close connection between the gut microbiota and urti-
caria, opening potential new avenues for treatment!>*-2¢),
Although the gut microbiota has been considered a key
factor in the pathogenesis of urticaria®?’l, research on
how acupuncture can regulate these microbial commu-
nities to treat urticaria remains insufficient. In this study,
we simulated urticaria through systemic active immunity
and passive cutaneous allergic reactions, and observed
significant gut microbiota dysbiosis in rats, supporting
the role of the gut-skin axis in urticaria pathogenesis.
Furthermore, EA intervention not only significantly alle-
viated the symptoms of urticaria in the model rats but
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also improved the abnormalities in the gut microbiota,
further revealing the potential mechanism by which acu-
puncture may treat urticaria through the regulation of
the gut microbiota.

Our previous clinical studies confirmed that acu-
puncture effectively alleviated the symptoms of itching
and wheals associated with urticaria*®. This study fur-
ther demonstrated that EA can effectively reduce the

110

frequency of scratching, the diameter of sensitized blue
spots, and the degranulation rate of mast cells in rats
with urticaria. This is consistent with previous find-
ings!"”), and further confirms the potential efficacy of EA
in modulating urticaria.

Recent studies have emphasized that disruptions in
the gut microbiota and their associated metabolic prod-
ucts are important regulators of urticaria®®!. Recent
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Normal.

Mendelian randomization studies confirmed a bidi-
rectional causal relationship between the gut microbi-
ota and urticariaP®. In this study, changes in urticaria
induced by skin sensitization led to dysbiosis at various
levels in the rat gut microbiome, providing new evidence
for an interactive relationship between the gut microbi-
ota and urticaria. Firmicutes and Bacteroidetes dominate
the human gut microbiome and account for more than
90% of the total microbiota®!. A decrease in the F/B
ratio is commonly considered a diagnostic sign of gut
microbiota disorder®. In this study, the F/B ratio in the
model group was significantly lower than that in the nor-
mal group. However, after EA intervention, the F/B ratio
significantly increased and approached the level of the
normal group, indicating the potential of EA to correct
gut microbiota disorders. Building on current research
linking microbiota abundance and microbial metabolites
to the clinical symptoms and pathogenesis of urticaria,
our findings further suggest that EA may effectively treat
urticaria by modulating the gut microbiota. This modu-
lation may have far-reaching implications beyond those
of urticaria. For instance, restoration of the microbial
balance may influence systemic inflammation, immune
function, and even neurological processes, given the
wide-ranging effects of the gut microbiome on human
health. Future research should explore whether micro-
bial changes induced by acupuncture lead to alterations
in microbial metabolites, such as short-chain fatty acids,
which are known to have immunomodulatory effects!?®l,

In terms of microbial abundance, our study revealed
an interesting phenomenon in which the abundance of
Muribaculaceae, Lactobacillus, and Clostridia in the
model group was higher than that in the normal group
and even higher in the EA group. This contrasts sharply
with previous clinical studies”?”3! that found that these
microbial groups were less abundant in patients with
chronic urticarial (CU) compared to healthy individ-
uals. This difference may be due to our data reflecting
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the emergency response of acute urticaria model rats,
whereas clinical data were obtained from patients with
CU. This suggests a potential biphasic response of the
gut microbiome to urticaria, with an initial protective
increase in certain bacteria during the acute phase, fol-
lowed by their depletion in chronic conditions. This
suggests that at different stages of disease, the gut micro-
biota may undergo adaptive changes or compensatory
responses to restore balance, highlighting the complex-
ity and dynamics of the gut microbiome. Additionally,
existing research” indicates that Lactobacillus has a
protective effect against urticaria. Our finding that EA
can increase the abundance of Lactobacillus supports
the possibility that this treatment could help restore the
healthy state of the gut microbiota and positively mod-
ulate urticaria. Future research should aim to elucidate
the specific mechanisms by which acupuncture influences
microbial populations and investigate the functional
consequences of these microbial shifts in relation to urti-
caria symptoms.

To delve deeper into the microbiological characteris-
tics of urticaria, this study employed LEfSe analysis to
identify microbial groups that were significantly asso-
ciated with the diagnosis and treatment of urticaria.
The analysis revealed a significant difference between
Parabacteroides johnsonii in the normal group and the
model group (AUC =0.85, P =0.018), suggesting its
potential moderate diagnostic value. Parabacteroides
jobnsonii is a Gram-negative, anaerobic, non-spore-
forming, rod-shaped bacterium®!. Clinical studies have
shown its increased abundance in certain immune-
mediated conditions®), and its ability to induce
interferon-y producing CD8 T cells in the intestinel>,
suggesting a potential role in urticaria pathogene-
sis. Additionally, our analysis found significant differ-
ences between L. reuteri (AUC = 0.83, P =0.027) and
Limosilactobacillus (AUC = 0.83, P =0.027) in the
EA group compared to the model group, supporting
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the moderate predictive value of these strains for the
effectiveness of EA treatment for urticaria. L. reuteri is
known to have multiple positive effects on host health
and the immune system"’! including the induction of
anti-inflammatory regulatory T cells (Tregs)®® and
reduction of pro-inflammatory cytokinest’-3%l, It can
also suppress intestinal inflammation and regulate gut
microbiotal®!, thereby promoting the gut ecological
balance. Limosilactobacillus is an important member
of the genus Lactobacillus™ and exhibits significant
immunomodulatory effects. It boosts anti-inflammatory
cytokines and significantly lowers pro-inflammatory
tumor necrosis factor-alpha (TNF-a) levels®*'=#31 which
is crucial in managing urticaria-related inflammation®*.
Furthermore, Limosilactobacillus improves the diver-
sity and abundance of the gut microbiota, primarily by
increasing beneficial bacteria*~**! and reducing harmful
bacterial*’-*l, thus promoting the gut ecosystem balance.
Limosilactobacillus also enhances the skin barrier func-
tion by modulating skin protein expression*. It can also
modulate Th1/Th2 cytokines balance, promote Tregs,
and reduce IgE production, thereby alleviating derma-
titis symptoms in mouse modelsP*>!, While Treg num-
bers and functionality are often reduced in patients with
CUB2-331 the influence of Limosilactobacillus on the Th1/
Th2 balance and Treg promotion hints at its potential
to help manage urticaria. Furthermore, L. reuteri was
originally part of the traditional Lactobacillus genus!>*.
In clinical studies, the abundance of Lactobacillus in
patients with urticaria is significantly lower than that in
healthy subjects!”*"), suggesting that Lactobacillus may
play a protective role against the occurrence of urti-
caria. This aligns with our finding that the abundance of
Lactobacillus may be a key factor influencing the treat-
ment outcomes of urticaria.

The discovery that acupuncture can improve urticaria
by modulating the gut microbiome opens new avenues
for future clinical applications. Integrating acupunc-
ture with conventional pharmacological treatments can
lead to personalized therapeutic strategies. For instance,
patient gut microbiome profiles could potentially be used
to predict the efficacy of acupuncture treatment, thereby
optimizing treatment protocols. Moreover, the ability
of acupuncture to modulate the gut microbiome may
reduce the required dosage of conventional medications,
a potential advantage that warrants further investigation
in clinical trials. Given our observations on the regula-
tory effects of acupuncture on the gut microbiome, we
recommend the incorporation of gut health interventions
into the comprehensive management of urticaria. This
could include dietary guidance and probiotic supplemen-
tation to complement acupuncture treatment, potentially
enhancing overall therapeutic outcomes.

Our study provides novel insights into the treatment
of urticaria. Future studies should focus on elucidating
the specific mechanisms by which acupuncture modu-
lates the gut microbiome, and how these findings can
be translated into more effective clinical intervention
strategies. This approach not only offers new perspec-
tives on treating urticaria but also paves the way for
more holistic and personalized treatment regimens in
dermatology.
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This study has two main limitations. First, we did not
obtain sufficient data to clearly define the relationship
between the biological markers of urticaria and changes
in the gut microbiome. This limits our understanding
of the role of the gut microbiota in the pathogenesis of
urticaria and the impact of acupuncture on this process.
Furthermore, additional studies are needed, such as those
involving fecal microbiota transplantation, to investigate
the specific effects of acupuncture on the regulation of
the gut microbiota and its metabolic products in rat mod-
els of urticaria. Therefore, to validate the effectiveness
of acupuncture and explore its underlying mechanisms,
future studies should employ a broader range of clinical
and experimental approaches. This includes the use of
advanced sequencing technologies such as metagenomics
to thoroughly analyze how acupuncture affects the gut
microbiota and its functions in patients with urticaria.

Conclusion

In summary, these results support the hypothesis that
acupuncture can effectively treat urticaria by restoring
the balance of the gut microbiota. Additionally, this study
highlights the close interaction between the gut and skin,
providing new insights into the potential mechanisms of
acupuncture in the treatment of urticaria.
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