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ABSTRACT 

Acupuncture has emerged as a novel therapeutic approach for diarrheal conditions, gaining increasing attention and 
utilization in recent studies due to its potential effectiveness. Notably, the GV-1 acupoint is frequently targeted for its 
efficacy in treating diarrheal conditions. The present study employed proteomics sequencing to disclose the possible 
mechanisms of rabbit diarrhea induced by Folium Sennae (FSAE) and dry needling (DN). A total of 18 rabbits were 
randomly allocated into three groups (n = 6), healthy control (HC), diarrhea control (DC), and GV-1. The results showed 
significant alterations in the rabbit colon following FSAE exposure, with 323 proteins showing notable alterations 
compared to the healthy controls (HC). Dry needling (DN) at GV-1 elicited alterations in the expression of 81 proteins 
compared with the diarrhea controls (DC). FSAE significantly changed four proteins in the vitamin digestion and 
absorption signaling pathway, and three of those proteins were altered by DN. Five retinol metabolism signaling pathway 
proteins changed considerably, caused by FSAE, and DN reversed the expression trends of three proteins. In addition, 
compared with the HC group, the VB7, VB12, CES2, MTHFR, Hcy, VA, Retinol, Retinal, and RA levels were 
significantly down-regulated. At the same time, TNF-α, IL-1β, IL-2, INF-γ, RBP4, STRA6, ADH, and RDH were 
markedly up-regulated in the rabbit colon of the DC group. Also, VB7, VB12, CES2, MTHFR, Hcy, VA, Ret, Retinal, 
and RA levels were meaningfully increased. Simultaneously, TNF-α, IL-1β, IL-2, INF-γ, RBP4, STRA6, ADH, and 
RDH were down-regulated in the rabbit colon of the GV-1 group. Applying GV-1 acupoint combined with DN mitigated 
FSAE-induced diarrhea index by modulating the expression levels of genes and proteins involved in the vitamin 
digestion/absorption signaling pathway and the retinol metabolism signaling pathway. The present study demonstrated 
that vitamin digestion, absorption, and retinol metabolism signaling pathways are involved in the underlying mechanism 
of acupuncture in alleviating diarrhea. This investigation may offer novel insights into the therapeutic management of 
diarrhea in animals. 
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INTRODUCTION 

 The domestic rabbit is an herbivorous economic 
animal that provides humans with high-quality meat, 
skin, fur, and other products (Siddiqui et al., 2023). They 
are characterized by high fecundity, short 

intergenerational intervals, rapid growth and 
development, and herbivorous habits (Al-Farraj et al., 
2024; Rehan et al., 2023). With the development of the 
market economy, the increasing consumption of rabbit 
products has made large-scale rabbit farming an 
inevitable trend (Evangelho et al., 2024). However, as the 
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scale of rabbit farming continues to expand, there is a 
growing trend in the prevalence of rabbit diseases (Topal 
et al., 2023; Younas et al., 2023). Diarrhea in rabbits has 
a high occurrence rate in some rabbitries, becoming the 
most significant infectious disease field (Kuehl et al., 
2020). 
 The pathological mechanism of diarrhea in 
rabbits is highly complex, and any internal or external 
factors that affect the intestinal flora balance can lead to 
diarrhea (Scaldaferri et al., 2012). Both pathogenic 
microbial and non-pathogenic microbial factors 
contribute to this complexity. Studies indicate that 
disorders in digestive and absorptive functions can cause 
diarrhea (Farag et al., 2023). As various nutrients are 
digested and absorbed in the intestine, diseases that affect 
intestinal digestion and absorption can lead to diarrhea 
(Uwaezuoke et al., 2023). Diarrhea can impact the body's 
absorption of vitamins, leading to vitamin deficiencies 
(Ford, 2023; El-Sheikhet al., 2024). Malnutrition, 
anemia, and vitamin deficiencies caused by diarrhea 
weaken the body's resistance to infectious diseases and 
various infections, which makes inflammation more 
likely to spread and diminishes the body's ability to 
regenerate tissues and heal from injuries (Poeta et al., 
2022). 
 The herb Folium Sennae (FSAE) possesses 
natural laxative properties and is frequently employed to 
induce diarrhea to establish a diarrhea model. FSAE 
refers to the dried leaves of the leguminous plants Cassia 
angustifolia Vahl or Cassia acutifolia Delile. It is known 
for its efficacy in clearing heat and promoting bowel 
movements and possesses properties such as inducing 
diarrhea, stopping bleeding, antimicrobial effects, muscle 
relaxation, and protection against gastric mucosal damage 
(Chew et al., 2022). The mechanism of FSAE in diarrhea 
is to stimulate the intestinal mucosa, causing the blocked 
absorption or increased secretion of electrolytes and the 
increased frequency of intestinal peristalsis (Ding et al., 
2025). The diarrhea model induced by FSAE is 
characterized by acute and secretory diarrhea. A previous 
study demonstrated that fermented wheat bran 
significantly reduced the intestinal carriage rate and 
serum contents of IL-6, IL-12, and TNF-α in FSAE-
induced diarrhea (Ding et al., 2025; Yi et al., 2020). 
Another research involved the gastric administration of 
FSAE extract solution to BALB/c mice, inducing acute 
diarrhea. The study found that Malus pumila leaf 
flavonoids had an intervention effect on FSAE-induced 
diarrhea in mice (Yi et al., 2020). 
 Dry needling (DN) is one of the ancient 
acupuncture therapies with extensive clinical applications 
(Nistanak et al., 2023). This therapeutic approach 
involves the utilization of a round-pointed needle, a 
filamentous needle, or a small, wide needle to administer 
appropriate stimulation at specific acupoints for treating 
livestock diseases (Blackmon and Elson, 2021). The 

Houhai acupoint is commonly used to treat diarrhea in 
rabbits. Houhai is a Luo-connecting acupoint of the Du 
meridian and the crossing acupoint of the Ren and Du 
Meridians, rich in nerve distribution (Jin et al., 2020). It 
possesses strong Qi, connects with the Ren meridian, and 
regulates the intestines and bowel (Reboul et al., 2019). 
Stimulating the Houhai acupoint can evoke the Qi of the 
meridians, boost the circulation of Qi and blood in the 
meridians, nourish the intestines, improve the conduction 
function of the intestines, and regulate the coordination 
and adaptability of the internal and external sphincter 
muscles (Xu and Hu, 2021). Research has indicated that 
the stimulation of Houhai acupoint had a two-way 
regulatory effect and was frequently used to treat diarrhea 
(Jin et al., 2020). To further investigate the antidiarrheal 
effects of the Houhai acupoint on rabbits, we conducted 
proteomic sequencing analysis. The present study 
hypothesized that GV-1 acupoint stimulation combined 
with DN could alleviate FSAE-induced diarrhea in 
rabbits by modulating genes and proteins involved in 
vitamin digestion and absorption, as well as retinol 
metabolism signaling pathways. 

MATERIALS AND METHODS 

Animal Model and Experimental Design: For this 
experiment, a total of 18 male New Zealand rabbits aged 
5 months (∼2.0-2.5 kg) were obtained from the 
Experimental Animals Center of Hebei Agricultural 
University, Hebei, China. The rabbit house temperature 
was 24 ± 1°C, and the relative humidity was controlled 
between 50% to 60%. The rabbits were randomly divided 
into 3 groups: healthy control (HC), diarrhea control 
(DC), and GV-1 test groups, with 6 rabbits in each group. 
The rabbits in the HC group were administered sterile 
saline (8 mL/kg) for two consecutive weeks, whereas 
those in the DC and GV-1 groups received Folium 
Sennae (FSAE) by gavage at a dose of 8 mL/kg for two 
consecutive weeks.  
 On the 7th day of the experiment, the GV-1 
group underwent the intervention treatment of DN at 
Houhai acupoint. After disinfecting the acupoint, the dry 
needle was inserted vertically into the depression of the 
dorsal mid-line between the rabbit anus and the ventral 
side of the tail, about 1 inch deep. By lifting, thrusting, 
twirling, and rotating the needle, a dull needling sensation 
is created. Acupuncture treatment was performed for 20 
minutes/day for 7 days. The DC group underwent a daily 
simulated acupuncture procedure without receiving actual 
acupuncture stimulation. The duration of the experiment, 
from model construction to sample collection, was two 
weeks. Acupuncture treatment commences on the 7th day 
following model induction and continues until the end of 
the experiment. 
 At the end of the trial, all animals were 
euthanized using intravenous injection of pentobarbital 
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sodium (Ningbo Gino Chemical Co., Ltd.) at a 
concentration of 100 mg/kg into the auricular vein. Blood 
samples were collected and serums were obtained by 
centrifugation (1200 g, 4℃, 10 min) for ELISA analysis. 
Meanwhile, the colon tissues were rapidly excised and 
stored at -80 ℃. 

Proteome Sequencing: Rabbit colon tissue samples were 
preprocessed using the iST sample preparation kit 
(PreOmics, Germany). Then, it was ground with liquid 
nitrogen. An appropriate amount of sample was taken 
with 50μl of lysis solution added and heated for 10 min 
(95°C and 1000 rpm). After the sample was cooled to 
room temperature, trypsin digestion buffer was added, 
and the sample was incubated at 37°C with shaking at 
500 rpm for 2 h. Then stop buffer was added to terminate 
the enzymatic hydrolysis reaction. The iST cartridge in 
the kit was used to desalt the peptides, and 2 × 100 µl 
elution buffer was used for elution. The eluted peptides 
were dried and stored at -80°C on the condition of 
vacuum. Afterwards, a spectral database was established 
qualitatively through high pH reversed phase separation, 
low pH nano-HPLC-MS/MS analysis, and DDA (Russell 
et al., 2022). The original data were merged and analyzed 
by Spectronaut X (Biognosys AG), and the database was 
searched using Uniprot or the provided database. In 
addition, the contaminated sequence library was searched 
at the same time to determine whether the sample was 
contaminated, and Trypsin digestion was set. Finally, 
DIA data collection was performed. 

Drugs and Reagents: Folium Sennae (FSAE) was 
purchased from Beijing Tong Ren Tang Co., Ltd. 
(Beijing, China). For every 100 g, the herbal medicine 
was soaked with 1 L of water in a beaker for 30 min, 
which was then put into the water bath and heated to 
100℃ for 25 min, and then the filtrate was obtained after 
filtering with gauze. These steps were repeated 80 times 
to produce about 49 L of FSAE aqueous extract. 
Subsequently, the aqueous extract was concentrated to 8 
L using a multi-functional miniature extractor 
concentrator under a vacuum of 55 °C, which is equal to 
1 g/mL of FSAE aqueous extract, which was then stored 
at 4 °C. 

qPCR Analysis: Total RNA of rabbit colon samples was 
extracted and reverse transcription assays were performed 
using the Eastep Super Total RNA extraction kit 
(Promega, China) and Prime Script TM RT reagent Kit 
with gDNA Eraser (Promega, China). The relative gene 
expressions were analyzed by qPCR analysis, and the 
primers used are shown in Table 1. 

Detection of Vitamins, Inflammatory Factors and 
Proteins: The contents of VA, VB7, VB12, TNF-α, IL-
1β, IL-2, INF-γ, and proteins (CES2, MTHFR, Ret, 
RBP4, RDH, STRA6, Retinal, and RA) in colonic tissues 

were determined by ELISA kits from Enzyme-linked 
Biotechnology Co., Ltd (Shanghai, China). 

Statistical Analysis: The data were analyzed using SPSS 
(version 22, IBM Corporation, Armonk, NY, USA) 
software. Statistical analysis was performed using one-
way ANOVA followed by the multiple comparisons test 
(Tukey test).The differences among groups were 
considered statistically significant at p-value < 0.05. 

RESULTS 

Differentially Expressed Proteins: The principal 
component analysis diagram showed that the HC group, 
DC group, and GV-1 group exhibited clear separability. 
The contribution values of PC1, PC2, and PC3 were 
64.8%, 21.5% and 8.7%, respectively (Fig. 1a). The 
correlation heat map showed that the correlation 
coefficient of the two expression levels among the three 
biological replicates was above 0.9 (Fig. 1b). The sample 
cluster diagram showed that HC group, DC group and 
GV-1 group had a high correlation (Fig. 1c). The 
repeated scatter plots revealed extremely high Pearson 
correlation coefficients (> 0.99) between any sample 
pairs within the same group (Fig.1d-l). In addition, the 
violin plot showed that in the colon samples of rabbits, a 
substantial majority of genes exhibit moderate 
expression, with a small fraction representing low and 
high-expression genes in the overall gene pool (Fig. 1m). 
These analyses indicated that the rabbit colon samples 
exhibited high correlation, reliability, and stability. The 
high similarity between the three biological replicates of 
rabbit colon samples suggests good repeatability of the 
experimental results (i.e., small sample size required with 
desired power), and the sequencing outcomes are suitable 
for various subsequent analyses. 

Significant Differentially Expressed Proteins: DESeq 
analysis showed that compared with the HC group, a total 
of 323 different proteins (90 were up-regulated and 233 
were down-regulated) were screened. Compared with the 
DC animals, almost 81 differentially expressed proteins 
(55 were up-regulated and 26 were down-regulated) were 
detected in GV1 rabbits. The corresponding volcano 
diagram and Venn diagram can be seen in Fig. 2. 

Function Analysis: Compared with the HC animals, 
4191 and 1961 GO different items were found in the DC 
and GV-1 groups, respectively. Folium Sennae exposure 
mainly affected the defense response, immune system 
process, and signaling receptor regulator activity. The 
treatment of DN could affect the defense response, 
response to external stimulus, and immune response (Fig. 
3). Compared with the HC group, 235 and 111 
meaningfully enriched signal pathways were identified in 
the DC and GV-1 rabbits, respectively (Fig. 4). 
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Differentially Expressed Proteins Related to Vitamin 
Digestion and Absorption, and Retinol Metabolism: 
Proteomic results showed that the expression levels of 
BTD, TCN2, APOA1, and APOA4 in the vitamin 
digestion and absorption signaling pathway of Folium 
Sennae-treated rabbits were significantly (P < 0.05) 
down-regulated. BTD, TCN2, and APOA1 expression 
levels from vitamin digestion and absorption signaling 
pathways in the rabbit colon treated with DN were up-
regulated significantly (P < 0.05) compared with those in 
the GV-1 group (Fig. 5a). 
 Compared with the HC group, the expression 
levels of ADH5, RDH11, CYP1A1, CYP3A4, and 
CYP26A1 proteins were significantly down-regulated in 
the DC group, while they were significantly (P < 0.05) 
up-regulated in the GV-1 group (Fig. 6a). 

qPCR Analysis:Compared with the HC group, BTD, 
TCN2, APOA1, and APOA4 were significantly 
decreased in the DC group, whereas BTD, TCN2, and 
APOA1 were significantly increased in the GV1 group 
compared to the DC group (Fig. 5b-e). Compared with 
the HC group, ADH5, RDH11, CYP1A1, CYP3A4, and 

CYP26A1 were significantly down-regulated in the DC 
group. In contrast, ADH5, RDH11, and CYP3A4 were 
significantly (P < 0.05) up-regulated in the GV1 group 
compared to the DC group (Fig. 6b-f). 

Detection of Protein Contents and Inflammatory 
Factors: Compared with HC rabbits, VB7, VB12, CES2, 
MTHFR, and Hcy levels were significantly lower, while 
TNF-α, IL-1β, IL-2, and INF-γ were considerably 
higherin DC animals.Compared with the DC group, the 
levels of VB7, VB12, CES2, MTHFR, and Hcy were 
significantly (P < 0.05) up-regulated, while TNF-α, IL-
1β, IL-2, and INF-γ were significantly (P < 0.05) down-
regulated in the GV-1 group (Fig. 5f-n). 
 Compared with the HC group, VA, Ret, Retinal, 
and RA were significantly down-regulated, while RBP4, 
STRA6, ADH, and RDH were significantly up-regulated 
in the DC group (P < 0.05).Compared with the DC group, 
the VA, Ret, Retinal, and RA levels were significantly 
up-regulated, while RBP4, STRA6, ADH, and RDH were 
down-regulated considerably (P < 0.05) in rabbit colons 
of the GV-1 group (Fig. 6g-n). 

Table 1. Gene-specific primers used in qPCR  
 
Gene ID mRNA sequence number Primer sequence (5’-3’) Product length (bp) 

BTD 100341187 F: TCTACGAGCAGCAAGTGATGACG 
R: GCATGAAGTCCAGAAACGGGTA 123 

TCN2 100358905 F: ACTTGTCTGGAACGCCTCAACTTG 
R: GGTGCTGTAGACATTCCCGAAGTG 129 

APOA1 100009253 F: GGATTTCGCCACCGTGTATG 
R: TGCCACTTCTTCTGGAATTCGT 291 

APOA4 100328797 F: CCTACGGCGAGACCTACAAC 
R: GAGCTGACCTTGTCCCTCAG 133 

ADH5 100009307 F: TGAAGGTGCTGGAATTGTGGAA 
R: CAAAGGCGCTGAAGGGTCTATT 298 

RDH11 100353716 F: AGCCTGTACTGCGCCTTGA 
R: CCTTCCTATCGTCTCGTTTCG 111 

CYP1A1 100328613 F: TCGTGAACCAGTGGCAGAACAAC 
R: AGAGCAGCACCTTCTCCGTCAG 126 

CYP4A5 100328576                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           F: CTGCTCCTGCTGCTGCTCAAG 
R: CATCTGGAACTCTCGGCTGTGC 126 

CYP26A1 408183 F: GCTGTCCGCTGCCGTTGC 
R: CGCCCAAAGAGGTGAGTCTTGTAG 142 

β-action 396526 F: CGCAGAAACGAGACGAGATTG 
R: GATGCTCGCTCCAACGACTG 146 
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Figure 1: Detection of colonic correlation in the rabbit among each group. (a) The principal component analysis diagram for each group. (b) The 

correlation heat mapamong each group. (c) The sample cluster diagramfor each group. (d) The repeated scatter plot between the HC-1 and 
HC-2 groups. (e) The repeated scatter plot between the HC-1 and HC-3 groups. (f) The repeated scatter plot between the HC-2 and HC-3 
groups. (g) The repeated scatter plot between the DC-1 and DC-2 groups. (h) The repeated scatter plot between the DC-1 and DC-3 groups. (i) 
The repeated scatter plot between the DC-2 and DC-3 groups. (j) The repeated scatter plot between the GV1-1 and GV1-2 groups. (k) The 
repeated scatter plot between the GV1-1 and GV1-3 groups. (l) The repeated scatter plot between the GV1-2 and GV1-3 groups. (m) The violin 
diagramfor each group. 

Ding et al.,  J. Anim. Plant Sci., 35 (4) 2025 
 



Ding et al.,  J. Anim. Plant Sci., 35 (4) 2025 

 1010 

`

 
Figure 2:The significantly differentially expressed proteins in the rabbit colon. (a) Effects of Folium Sennae exposure on proteins of the rabbit colon. (b) 

Differentially expressed proteins between the DC group and the HC group. (c) Effects of DN on the proteins of the rabbit colon. (d) Expressed 
proteins between the GV1 group and the DC group (Red dots: high expression levels; green dots:  low expression levels).
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Figure 3: GO functional clustering results of significantly differentially expressed proteins in the rabbit colon. (a) 

The top 30 proteins among GO terms with the highest level of significant differences in the bubble 
diagram between the DC group and the HC group. (b) The top 30 proteins among GO terms with the 
highest level of significant differences in the histogram between the DC group and the HC group. (c) The 
top 30 proteins among GO terms with the highest level of significant differences in the bubble diagram 
between the GV1 group and the DC group. (d) The top 30 proteins among GO terms with the highest 
level of significant differences in the histogram between the GV1 group and the DC group. 
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Figure 4: KEGG pathway enrichment analysis results of significantly differentially expressed proteins in the 

rabbit colon. (a) The top 30 pathways with the highest enrichment ratio of different proteins in the 
bubble diagram between the DC group and the HC group. (b) The top 30 pathways with the highest 
enrichment ratio of different proteins in the histogram between the DC group and the HC group. (c) The 
top 30 pathways with the highest enrichment ratio of different proteins in the bubble diagram between 
the GV1 group and the DC group. (d) The top 30 pathways among the highest enrichment ratios of 
different proteins in the histogram between the GV1 group and the DC group. 
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Figure 5: The significantly differentially expressed factors in the retinol metabolism signaling pathway. (a) Heat 

maps of 5 significantly differentially expressed genes. (b) The mRNA expression level of RDH11 by 
qPCR. (c) The mRNA expression level of ADH5 by qPCR. (d) The mRNA expression level of CYP3A4 by 
qPCR. (e) The mRNA expression level of CYP1A1 by qPCR. (f) The mRNA expression level of CYP36A 
by qPCR. (g) The level of VA by ELISA. (h) The level of Ret by ELISA. (i) The level of RBP4 by ELISA. 
(j) The level of STRA6 by ELISA. (k) The level of ADH by ELISA. (l) The level of RDH by ELISA. (m) 
The level of Retinal by ELISA. (n) The level of RA by ELISA.(Compared with the HC group, * means P < 
0.05, and ** means P < 0.01. Compared with the DC group, # means P < 0.05, and ## means P < 0.01.) 
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Figure 6: The significantly differentially expressed factors in the retinol metabolism signalling pathway. (a) Heat 

maps of 5 significantly differentially expressed genes. (b) The mRNA expression level of RDH11 by 
qPCR. (c) The mRNA expression level of ADH5 by qPCR. (d) The mRNA expression level of CYP3A4 by 
qPCR. (e) The mRNA expression level of CYP1A1 by qPCR. (f) The mRNA expression level of CYP36A 
by qPCR. (g) The level of VA by ELISA. (h) The level of Ret by ELISA. (i) The level of RBP4 by ELISA. 
(j) The level of STRA6 by ELISA. (k) The level of ADH by ELISA. (l) The level of RDH by ELISA. (m) 
The level of Retinal by ELISA. (n) The level of RA by ELISA. (Compared with the HC group, * means P 
< 0.05, and ** means P < 0.01. Compared with the DC group, # means P < 0.05, and ## means P < 0.01.) 

 
DISCUSSION 

 The primary function of the intestine is to digest 
and absorb nutrients in food and macromolecules that 
cannot be decomposed entirely by themselves and to 
provide the body with energy and nutrients necessary for 
growth and development (Goodman et al., 2010). Dry 
needling (DN) at GV-1 may stimulate nerve endings 
connected to the autonomic nervous system, which in 
turn modulates intestinal function and protein expression. 
This neural stimulation can influence pathways involved 

in vitamin digestion and absorption by altering the 
expression of key genes and proteins, ultimately 
improving intestinal health and alleviating diarrhea 
(Lázaro-Navas et al., 2021). Vitamins are tiny amounts of 
macromolecule substances from foods related to 
physiological functions, including growth, metabolism, 
and development. The colon is responsible for digesting 
and absorbing the vitamins (Pham et al., 2021). In our 
study, proteomics sequencing revealed that both Folium 
Sennae (FSAE) exposure and DN can activate the 
signaling pathway of vitamin digestion and absorption in 
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rabbit colon tissue, thus affecting the digestion and 
absorption function of vitamins. The differential factor 
biotinidase (BTD), screened from the vitamin digestion 
and absorption signaling pathway, is the key enzyme for 
biotin synthesis. Biotin is vitamin B7 (VB7), also known 
as vitamin H or coenzyme R, which belongs to the water-
soluble B vitamins (Reininghaus et al., 2020). Biotin is 
composed of a heterocyclic core and a valeric acid side 
chain. The imidazolone ring part of the heterocyclic core 
can carry a carboxyl group, and the side chain of the 
carboxyl group can be connected to the lysine residue of 
the carboxylase through an amide bond (Kaczorowska et 
al., 2021). Biotin is used as a carboxyl carrier in the 
colon, and its N1 can be carboxylated by carbon dioxide 
at the expense of energy, and then this carboxyl group is 
provided to the receptor molecule (Wolf, 2019). Briefly, 
biotin is a coenzyme of carboxylase. The oral 
administration of FSAEinduced a significant down-
regulation of the expression level of BTD in the rabbit 
colon. The carboxyl groups in the colon cannot be 
connected to the corresponding carrier, which may make 
it difficult to carry out many reactions that require 
carboxylase (León-Del-Río, 2019). DN increased the 
expression level of BTD, restored the content of some 
coenzymes in the colon, and maintained the normal 
progress of some reactions requiring carboxylase. 
Carboxylesterase (carboxylesterase 2, CES2) is a 
common carboxylase in the colon and can participate in 
the drug metabolism process (Laizure et al., 2022). We 
further tested the level of CES2 in the rabbit colon and 
found that the use of FSAE dropped the level of CES2, in 
that way weakening the metabolic process of FSAE in the 
colon. In addition, the DN could increase the level of 
CES2 and enhance the metabolic process of FSAE in the 
colon, which protects normal function. 
 Vitamin B12 (VB12), synthesized by natural 
microorganisms, also called cobalamin, is the only 
vitamin containing metal elements. The animal body 
cannot synthesize VB12 (Wang et al., 2018). The colon 
microflora contains various bacteria and fungi (Peng et 
al., 2023). VB12 is the only vitamin that requires 
intestinal secretions to be absorbed. Previous studies have 
shown that VB12 can serve as a coenzyme and 
participate in the process of resynthesis of methionine 
from homocysteine (Hcy) catalyzed by 
methylenetetrahydrofolate reductase (MTHFR) (Hiraoka 
and Kagawa, 2017). VB12 absorption and cellular 
delivery are related to the transporter transcobalamin II 
(TCN2) (Al-Batayneh et al., 2020), which is a transporter 
protein located on chromosome 22, with specifical 
binding to VB12 to form the holo transcobalamin (Holo-
T), thereby entering cells and reaching target organs to 
play its role (Allis et al., 2010). The genetic 
polymorphism of TCN2 is considered a genetic factor 
that can affect Hcy metabolism by regulating the 
bioavailability of VB12 (Li et al., 2017). Sequencing 

results showed that after rabbits were given FSAE leaves, 
the VB12 and the expression level of TCN2 in the colon 
tissue were significantly reduced, so affecting the 
metabolic level of Hcy. Ultimately, it may lead to a 
disorder of methionine metabolism in the colon and even 
difficulty in maintaining the methylation of the body. In 
rabbit colon tissue, DN increased the VB12 and the 
expression level of TCN2, restored the metabolic level of 
Hcy, and allowed Hcy to reach a relatively stable state. 
Other studies have shown that TCN2 is related to the 
inflammatory disease of ulcerative colitis (Chen et al., 
2008). We found that pro-inflammatory factors of IL-1β, 
IL-2, TFN-α, and TFN-γ were related to the vitamin 
digestion and absorption signaling pathway. The 
increased pro-inflammatory factors in FSAE-treated 
rabbits may induce the occurrence and development of 
inflammation. However, DN can reduce the levels of 
those pro-inflammatory factors, which may alleviate the 
severe inflammatory response in animals. 
 Both VB7 and VB12 are water-soluble vitamins 
(Stevens, 2021), which generally contain three elements: 
carbon, hydrogen, and oxygen, with absorption in the 
body closely related to the lipids in the intestines. We 
found that FSAE induced a lower expression level of 
APOA1 and APOA4 in rabbits, while DN reversed the 
expression of APOA1. APOA1 and APOA4 both belong 
to apolipoproteins (Fan et al., 2021), which bind to lipids 
and help transport lipids in the blood. Therefore, 
apolipoproteins are crucial for the absorption process of 
fat-soluble vitamins in the intestine. Apolipoprotein 
synthesis occurs mainly in the intestine and liver (Liu et 
al., 2022). The use of FSAE reduced the amount of 
apolipoprotein in the rabbit colon tissue, affected the 
transport process of some lipids, and led to a slowdown 
in the absorption efficiency of fat-soluble vitamins, which 
may affect the growth and development in rabbits, while 
DN reversed this adverse change. 
 Vitamin A is important for host metabolism, 
which can be converted into retinol (Hu et al., 2020). 
Through proteomic sequencing, it was found that FSAE 
exposure and DN can activate the signaling pathway of 
retinol metabolism in rabbit colon tissue, thereby 
affecting retinol's metabolic level and interfering with 
retinol's digestion and absorption. The metabolic function 
of retinol is critical for adaptive immunity, as it promotes 
the recruitment of B and T cells into the intestine (Mars 
et al., 2020). Myeloid cells convert retinol into retinoic 
acid, which is then passed on to developing B and T cells. 
This activates a retinoic acid-dependent gene expression 
program that directs B and T cells into the intestine and 
induces B cells to produce immunoglobulin A. The 
conversion process of retinol to retinoic acid is very 
complex. Retinol first binds to retinol-binding protein 4 
(RBP4) and is transported into colon cells through the 
signaling receptor and transporter of retinol (STRA6), 
then it is converted into retinaldehyde under the action of 
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alcohol dehydrogenase (ADH) or retinol dehydrogenase 
(RDH), and retinal dehydrogenase catalyzes retinal to 
form retinoic acid (Pasutto et al., 2018; Steinhoff et al., 
2021). The significantly different factors ADH5 and 
RDH11 screened from the retinol metabolism signaling 
pathway can interfere with the transport process of retinol 
to retinoic acid. The administration of FSAE induced a 
significant decrease in the expression levels of ADH5 and 
RDH11 in rabbit colon tissue. Part of the retinol lacks the 
enzyme, which combines with it to play a transport role, 
causing the transport process of retinol to retinaldehyde 
to be hindered. Finally, the contents of retinaldehyde and 
retinoic acid are reduced, thus weakening the immune 
process of intestinal myeloid cells and inducing the 
occurrence and development of inflammation. DN 
increased the expression levels of ADH5 and RDH11, 
restored part of the transport process of retinol to 
retinaldehyde, and increased the contents of 
retinaldehyde and retinoic acid. DN also restored 
intestinal myeloid cells' immune process and alleviated 
inflammatory response damage to colon tissue (Bang et 
al., 2021). 
 CYP450 enzymes play an important role in 
retinol metabolism. The significantly different CYP1A1, 
CYP3A4, and CYP26A1 screened out from the 
sequencing results belong to the CYP450 enzymes. The 
expression level of CYP1A1 is regulated by the aryl 
hydrocarbon receptor (AhR). Studies have shown that 
tetrachlorodibenzo-para-dioxin (TCDD), as an AhR 
receptor agonist and environmental poison, can activate 
AhR receptors to induce the expression of the CYP1A1 
gene and also reduce the level of retinol in the liver. 
Changes in the expression level of CYP1A1 are 
negatively correlated with changes in retinol levels (Chen 
and Chan, 2018). CYP3A catalyzes various stages of 
vitamin A metabolism and has high catalytic activity in 
converting retinol to retinaldehyde (Tabata and Shidoji, 
2022). It is reported that CYP26A1 can also effectively 
catalyze the conversion process of retinal to retinoic acid 
(Lynch et al., 2011). After being given FSAE, it induced 
a significant decrease in the expression level of CYP1A1 
in rabbit colon tissue. Therefore, the level of retinol was 
increased to a certain extent; however, the expression 
levels of CYP3A4 and CYP26A1 in colon tissue were 
significantly reduced, and the conversion process, 
including retinol to retinaldehyde and retinaldehyde to 
retinoic acid, was slowed down. The increased retinol 
was over-consumed, resulting in a significant decrease in 
the final retinol content. DN increased the expression 
level of CYP3A4 in colon tissue and slowed down the 
conversion process from retinol to retinaldehyde and 
retinaldehyde to retinoic acid. After a complex series of 
reactions, DN increased the retinol content in the rabbit 
colon. 

Conclusion: Applying GV-1 acupoint combined with 
DN mitigated FSAE-induced diarrhea in rabbits by 
significantly modifying the expression levels of genes 
(BTD, TCN2, APOA1, APOA4, ADH5, RDH11, 
CYP1A1, CYP3A4, and CYP26A1) and proteins (CES2, 
MTHFR, Ret, RBP4, RDH, STRA6, Retinal, and RA) 
involved in vitamin digestion and absorption signaling 
pathway, as well as retinol metabolism signaling 
pathway. The study demonstrated that the vitamin 
digestion, absorption, and retinol metabolism pathways 
are associated with the underlying mechanism of 
acupuncture in alleviating diarrhea. This investigation 
may offer novel insights into the therapeutic management 
of diarrhea. 
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