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Abstract

Chronic obstructive pulmonary disease (COPD) is a chronic respiratory disease characterized by various pathological
lesions and an imbalance in the microflora. The Yi-Qi-Xuan-Fei Formula (YQXEF) is a clinically effective formula with
pharmacological potential to delay the progression of COPD. This study aims to explore the relationship between the
therapeutic mechanism of YQXF and the microflora in COPD. Our study found that YQXF reduces inflammatory injury
and inflammatory cell infiltration in lung tissue, repairs the intestinal mucosal barrier, and enhances immune function.
Additionally, YOXF regulates the pulmonary and intestinal flora by increasing the abundance of Alloprevotella, Rose-
buria, Oscillibacter, and Lactobacillus, while reducing the abundance of Fusobacterium, Escherichia/Shigella, and
Clostridium sensu stricto. Moreover, YQXF elevates the levels of short-chain fatty acids, which are produced by the
intestinal flora. In conclusion, our findings demonstrate that YOXF reduces inflammation levels in lung tissue and re-
pairs the intestinal barrier in COPD rats. Furthermore, the anti-inflammatory and tissue damage prevention effects of
YQXEF are based on its intervention in the pulmonary and intestinal flora. These findings provide valuable insights into
the fundamental mechanism of the herbal formula YQXF and suggest that specifically targeting the intestinal flora could
be a potential therapeutic approach for COPD.

Keywords: Chronic obstructive pulmonary disease, Inflammation, Intestinal mucosal barrier, Lung and intestinal flora,
Short-chain fatty acids

1. Introduction Globally, the prevalence of COPD is increasing,
presenting considerable threats to public health and
imposing significant economic burdens on society.
The occurrence, frequency, and fatality rates of
COPD vary across countries and regions. Research
studies have indicated that the Americas have the
highest prevalence of COPD, while Southeast Asia
has the lowest. The Mediterranean region has wit-
nessed the fastest growth rate, followed by Africa,
whereas Europe has experienced the slowest
growth. According to the most recent data

hronic obstructive pulmonary disease (COPD)

is a respiratory disease characterized by
persistent airflow restriction. The clinical manifes-
tations of this disease include cough, phlegm, chest
tightness, shortness of breath, and dyspnea. Addi-
tionally, individuals with COPD often experience
comorbidities such as cardiovascular disease [1],
diabetes [2], osteoporosis [3], and anxiety [4].
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published by the World Health Organization
(WHO) in 2023, COPD has emerged as the third
leading cause of mortality globally. The principal
risk factors associated with the development of
COPD include smoking and air pollution. The dis-
ease exhibits significant heterogeneity in terms of its
onset and progression, necessitating tailored clinical
regimens. The Global Initiative for COPD recom-
mends the use of glucocorticoids and bronchodila-
tors to reduce inflammation levels and
bronchospasm [5]. COPD can be caused by smoking
or long-term exposure to harmful substances.
However, current treatment methods are associated
with common adverse reactions such as increased
risk of allergies and disruption of gut microbiota.
This has prompted researchers to explore new
perspectives and approaches for COPD treatment.

In recent years, numerous studies have confirmed
the correlation between abnormal intestinal flora
and the occurrence and development of various
human diseases, metabolic [6], mental [7], and im-
mune [8] diseases. It has been observed that mi-
croorganisms not only exist in the upper respiratory
tract but also in the lower respiratory tract,
including the lungs. Despite the lack of direct
anatomical connection between the lungs and the
gut, the composition of the gut microbiota affects
the respiratory system through the common
mucosal immune system. Similarly, disturbances in
the respiratory tract flora can also impact the
digestive tract through immune regulation. This
interaction is referred to as the “lung-gut axis.”
Disruptions in the flora colonized in this axis have
been found to influence the occurrence of COPD
and other respiratory diseases [9]. Conversely, the
administration of probiotics and fecal microbiota
transplantation has been shown to modulate the
Th1/Th2 and Th17/Treg ratios, consequently atten-
uating the inflammatory response in murine pul-
monary tissue [10]. Therefore, it can be concluded
that remodeling the lung and intestinal flora may
alleviate COPD.

According to the theory of the “lung-gut axis,”
recent Traditional Chinese Medicine (TCM)
research has investigated how several classical TCM
formulae treat lung diseases. At a systemic phar-
macological level, Xuanbai Chengqi decoction has
been found to alleviate viral pneumonia caused by
different respiratory viruses by inhibiting intestinal
immune damage and remodeling intestinal flora
[11]. The Qilongtian capsule has been shown to
retard the progression of bleomycin-induced pul-
monary fibrosis in murine models through the
modulation of intestinal microbiota [12]. Addition-
ally, Jianpi Huatan Tongfu granule can alter the

intestinal microflora of patients with acute exacer-
bation of chronic obstructive pulmonary disease
(AECOPD) and reduce pulmonary inflammation
[13].

The Yi-Qi-Xuan-Fei Formula (YQXF) is a TCM
formula used for the treatment of various respira-
tory diseases. This formula is an optimized combi-
nation based on Yu-Ping-Feng Powder and consists
of 11 different medicinal herbs, including Astragalus,
Atractylodes macrocephala Koidz, Saposhnikovia, Frit-
illaria thunbergii, Semen Sinapis, Portulaca oleracea,
Panax notoginseng, Curcuma zedoaria rhizomes, Rho-
diola rosea, Draba nemorosa, and Folium Alstoniae
Scholaris. These herbs have been proven effective for
various lung diseases, including allergic rhinitis [14],
chemotherapy-resistant lung cancer [15], bronchial
asthma [16], and lung injury [17]. Recent pharma-
cological research has elucidated the potential of
Astragalus polysaccharides in mitigating bleomycin-
induced pulmonary fibrosis through the modulation
of gut microbiota [18]. In addition, Rhodiola rosea L.
has shown promise in mitigating cigarette smoke
and lipopolysaccharide (LPS)-induced COPD in rats
through its anti-inflammatory and antioxidant
properties [19]. The primary active component, total
glycosides of Rhodiola, exhibits a protective effect
against acute lung injury [20]. Furthermore, Beimu
total alkaloids have been found to improve chronic
asthma [21] and pulmonary fibrosis [22], while Sangi
total saponins have shown a protective effect against
pulmonary fibrosis [23] and acute lung injury [24].
Another compound, Baizhu lactone III, not only
offers protection against lung injury [25] but also
reduces bleomycin-induced pulmonary fibrosis [26]
and inflammation levels in asthmatic mice induced
by ovalbumin [27]. Curcumin has the potential to
enhance inflammatory status and respiratory in-
dicators in individuals diagnosed with severe
chronic obstructive pulmonary disease [28].

In our previous study, we found that Yifei Sanjie
Formula can alleviate COPD by reshaping the lung
microbiota and reducing inflammatory signaling
[29]. Furthermore, Yifei Sanjie Formula [30], Cur-
cumin, Curcumol [31], and Astragaloside [32,33]
have shown beneficial effects in reducing pulmo-
nary fibrosis by activating autophagy pathways.
These data indicate that YQXF has great potential
for the treatment of COPD.

The relationship between the lung and gut
microbiota and their impact on the development
and progression of COPD has been partially
confirmed. Our aim is to provide evidence for the
therapeutic effects and mechanisms of YQXF in the
occurrence and development of COPD. In this
study, we used LPS combined with cigarette smoke-
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induced COPD rats as a research model and found
that YOQXF may alleviate pulmonary symptoms in
COPD rats by reshaping the gut and respiratory
microbiota.

2. Materials and methods
2.1. Extract preparation of YQXF

YQXF is a traditional Chinese herbal formula
composed of 11 types of TCM, including Astragalus,
Atractylodes macrocephala Koidz, Saposhnikovia, Frit-
illaria thunbergii, Semen Sinapis, Portulaca oleracea,
Panax notoginseng, Curcuma zedoaria rhizomes, Rho-
diola rosea, Draba nemorosa, and Folium Alstoniae
Scholaris. The total amount of YQXF is 167 g, and its
medicinal ingredients have been identified by
Yunnan University of Chinese Medicine. The me-
dicinal herbs undergo a triple boiling process in
distilled water, after which the aqueous extract is
subjected to filtration and subsequent evaporation
under reduced pressure at a temperature of 55 °C.
The resulting residue is freeze-dried and stored. The
conversion coefficient recommended by the US
Food and Drug Administration for rats to humans is
0.018. Based on the equivalent dose of body surface
area between humans and rats, the dose for the
medium dose group is 15 g/kg/d. In a 1:2:4 ratio, the
doses for the low-dose group and the high-dose
group are 7.5 g/kg/d and 30 g/kg/d, respectively.
The dose concentrations for each group are 1.5 g/
mL, 3 g/mL, and 6 g/mL, respectively, when
administered by gavage of 1 mL per rat per day.
Before gavage, the drug should be adjusted to the
corresponding dosing concentration with distilled
liquid, and a 0.22 pM filter should be used for
backup.

2.2. Animals and treatment

The study was conducted in accordance with the
Basic & Clinical Pharmacology & Toxicology policy
for experimental studies [34]. Male rats weighing
200 + 10 g were obtained from Chengdu Dashuo
Experimental Animal Co., Ltd. (Experimental Ani-
mal Quality Certificate: SCXK (Sichuan) 2020-030).
The rats were housed in a temperature-controlled
environment (20—24 °C) with a 12-h light/dark cycle
and pathogen-free conditions, following the guide-
lines set by the Commission and the National In-
stitutes of Health, particularly the Guidelines for the
Care and Use of Laboratory Animals. The animal
experiment was approved by the Animal Experi-
ment Ethics Committee of Yunnan University of
Chinese Medicine (Ethics Review Number: R-

06202023, Experimental Animal Use License Num-
ber: SYXK (Yunnan) K2017-0005).

In this study, we established a rat model of
chronic obstructive pulmonary disease (COPD) by
administering lipopolysaccharide (LPS) (Sigma,
L2630, USA) and exposing the rats to cigarette
smoke. On day 1 and day 14 of the experiment, rats
were anesthetized and underwent tracheotomy fol-
lowed by intratracheal administration of LPS at a
dose of 1 g/kg in a volume of 100 pL prepared in
normal saline. The control group received the same
dose of normal saline. After intratracheal instilla-
tion, both the model group and YQXF group were
exposed to cigarette smoke (Yunnan Tobacco
Company, Kunming, China) twice a day for 30 min
each time. In addition, from day 57 to day 84, the
YQXF group received daily oral gavage of 1 mL of
the drug, while the model group and blank group
received an equal volume of normal saline. The rats'
body weight and condition were measured and
recorded daily, with mortality also being recorded
promptly. The rats had free access to food and
water.

2.3. Hematoxylin-Eosin (HE) staining

The right upper lobe of the rat lung was surgically
removed and fixed in 4% paraformaldehyde for over
24 h. After removing excess fat and connective tis-
sue, the lung tissue was cut into small pieces with a
scalpel. Each piece of cut tissue was placed in an
embedding frame and labeled with a pencil. The
trimmed lung tissue was then immersed in a series
of alcohol solutions, starting with 75% alcohol for
4 h, followed by 85% alcohol for 2 h, 90% alcohol for
2 h, 95% alcohol for 1 h, absolute ethanol for 30 min,
and finally alcohol benzene for 6 min, and xylene I
for 6 min. The tissues were dehydrated with xylene
II for 6 min, followed by 65 °C paraffin I for 1 h,
65 °C paraffin II for 1 h, and 65 °C paraffin III for 1 h.
Once the paraffin embedding process was
completed using an embedding machine, the tissue
was cooled on a —20 °C freezer table. After cooling,
the tissue was cut into 5 pM sections using a
microtome and flattened in warm water at 40 °C
using a spreader. The flattened tissues were then
placed on slides and baked in an oven at 60 °C. After
drying, the sections were washed with xylene (twice
for 20 min each), absolute ethanol (twice for 5 min
each), 75% alcohol (once for a total of 5 min), and
finally with tap water. The sections were stained
with hematoxylin staining solution for 5 min, fol-
lowed by dehydration, differentiation, back blue,
and eosin staining solution for an additional 5 min.
The stained tissue sections were then dehydrated,
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transparent, sealed with neutral gum, and examined
under a microscope.

2.4. Immunohistochemistry (IHC)

Tissue sections were dewaxed using xylene and
gradient ethanol. They were then placed in citrate
antigen repair buffer (pH = 6.0) for antigen repair.
The slices were treated with 3% hydrogen peroxide
solution to quench endogenous peroxidase and
incubated at room temperature in the dark for
25 min. To ensure even coverage, the tissues were
incubated with a 3% bovine serum albumin solution
(Servicebio, G5001, China) for 30 min. The primary
anti-CD11C  antibody (Servicebio, 60258-1-Ig,
China) was added and incubated overnight at 4 °C.
Subsequently, the secondary antibody (Servicebio,
GB23301, China) was added and incubated at 37 °C
for 50 min. The slices were then immersed in dia-
minobenzidine liquid (Servicebio, G1211, China) for
color development and rinsed with distilled water.
Hematoxylin was used for counterstaining for 3 min
before dehydrating and sealing the film. CD11c" is a
marker for detecting immature dendritic cells. The
area density of the slices, indicative of immature
dendritic cell expression, was quantitatively
assessed utilizing Image-Pro Plus 6.0 software. For
each group, images were captured by randomLy
selecting three fields of view at 200x magnification
for each slice. The number of positive cells was
determined based on the presence of the same
brown-yellow color, ensuring consistent back-
ground light across all images.

2.5. Enzyme-linked immunosorbent assay (ELISA)

According to the instructions of the ELISA kit
(K21013559, Huamei Company, China), we
measured the expression levels of secretory immu-
noglobulin A (s-IgA) in rat lung and intestine tissues.
We collected 100 mg of lung tissue and colon tissue
each, homogenized them with a tissue grinder at
—20 °C overnight, and then centrifuged them at 4 °C

Table 1. Primer information.

for 5 min. Gradually, we added reagents to the su-
pernatant and incubated it at 37 °C for 30 min.
Finally, we measured the optical density at a wave-
length of 450 nm using a microplate reader.

2.6. RNA extraction and real-time reverse transcription-
polymerase chain reaction (RT-PCR) assay

To extract total RNA from 100 mg of rat lung tis-
sue, RNAiso Plus (Invitrogen, Carlsbad, CA), chlo-
roform, isopropanol, and ethanol were added
sequentially. The PrimeScript™ RT Reagent Kit
with gDNA Eraser (Perfect Real Time) kit (Takara,
Dalian, China) was used according to the in-
structions to obtain cDNA. Real-time PCR analysis
was conducted using the ABI 7500 Real-Time
Quantitative PCR Detection System (Applied Bio-
systems, Darmstadt, Germany) with SYBR Premix
Ex Taq II (Takara, Dalian, China) as the detection
reagent. The primers used for RT-PCR can be found
in Table 1.

2.7. 165 rRNA gene sequencing

Microbial DNA was extracted from rat stool
samples using the QIAamp Fast DNA Stool Mini Kit
(Cat: 51604) following the manufacturer's in-
structions. The final DNA concentration and puri-
fication were determined using the NanoDrop 2000
ultraviolet-visible spectrophotometer (Thermo Sci-
entific, Wilmington, USA). The quality of the DNA
was assessed using 1% agarose gel electrophoresis.
The V3-V4 hypervariable regions of the bacterial
165 rRNA gene were amplified using the forward
primer (5'-CCTACGGGRSGCAGCAG-3') and the
reverse primer (5-GGACTACVVGGGTATCTAA-
TC-3') with a thermocycler PCR system (GeneAmp
9700, ABI, USA). The PCR reactions were performed
with the following protocol: 3 min of denaturation at
95 °C, 20 s of denaturation at 98 °C, 15 s of annealing
at 58 °C, and 20 s of extension at 72 °C, for 30 cycles.
The temperature was then maintained at 72 °C for
5 min. The PCR reaction mixture contained 4 pL of

mRNA Forward Primer (5’ —3') Reverse Primer (5’ —3')

IL-8 GCTGTGGCTCTCTTGGCAACC ATGCACTGGCATCGAAGCTCTG
TNF-o GTCGTAGCAAACCACCAAGC GAAGAGAACCTGGGAGTAGATAAGG
IL-17 CTGTTGCTGCTACTGAACCTGGAG CCTCGGCGTTTGGACACACTG

IL-1B TGTTTCCCTCCCTGCCTCTGAC CGACAATGCTGCCTCGTGACC

IL-18 CGACCGAACAGCCAACGAATCC TCACAGATAGGGTCACAGCCAGTC
IL-10 CTGCTCTTACTGGCTGGAGTGAAG TGGGTCTGGCTGACTGGGAAG

IL-6 CTGCAAGAGACTTCCATCCAG AGTGGTATAGACAGGTCTGTTGG
1L-4 CAAGGAACACCACGGAGAACGAG CTTCAAGCACGGTACATCACG

B-actin GGAGAAGATTTGGCACCACAC

GGAGAAGATTTGGCACCACAC
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5x FastPfu buffer, 2 pL of 2.5 mM dNTP, 0.8 uL of
each primer (5 uM), 10 ng of template DNA, and
0.4 pL of FastPfu polymerase. The PCR product
underwent purification via a 2% agarose gel and
was subsequently quantified utilizing the Quanti-
Fluor™-ST system (Promega, USA), following the
manufacturer's guidelines. Paired-end sequencing
was conducted employing the HiSeq platform with
the PE250 strategy (Illumina, Inc., CA, USA). The
long reads in the hypervariable area were spliced
based on their overlapping relation. The 16S
sequence was controlled to be between 220 bp and
500 bp and was further analyzed by compiling the
data.

2.8. Detection of SCFAs in rat feces by gas
chromatography-mass spectrometry (GC-MS)

After combining 0.05 — 0.1 g of the sample with
2 mL of a 10% phosphoric acid aqueous solution, the
resulting mixture was vortexed for 2 min. Then, it
was mixed with 1 mL of ether for 10 min and
centrifuged at a low temperature for 20 min
(4000 rpm). After that, 1 mL of ether was added and
the mixture was centrifuged again (4000 rpm). The
two extracts were combined and evaporated to yield
1 mL. Subsequently, ether was added to make a
total volume of 2 mL. The content of relevant in-
dicators was further analyzed following the in-
structions provided by the manufacturer.

2.9. Statistical analysis

All studies were designed to generate groups of
equal size, using randomization and blinded anal-
ysis. The number of independent values is provided
in the figure legends (biological replicates, not
technical replicates), and statistical analysis was
conducted using these independent values. All bar
graphs in this study were generated using Graph-
Pad Prism 9.0. One-way ANOVA with Tukey's HSD
post hoc test was performed for the statistical anal-
ysis. The significance standard was set as *'*P < 0.05
and ***P < 0.01. The 16S rRNA gene sequence
analysis was performed using the QIIME and R
software packages.

3. Results

3.1. Screening the active components of YQXF with ultra-
high performance liquid chromatography-quadrupole
time-of-flight (UHPLC-QTOF-MS)

UHPLC-QTOF-MS analysis was conducted to
identify the active compounds in YQXF that

interacted with ECs. The fingerprint of YQXF
showed a total of 45 distinct peaks (Fig. 1A and B).
Further comparison with standard products
revealed the presence of six types of compounds,
namely amino acids, saponins, oligosaccharides,
organic acids, adenosine, and esters (Table 2). These
findings suggest that the active compounds in YQXF
are complex mixtures composed of multiple
substances.

3.2. YQXF inhibits inflammation in COPD rats

Tracheotomy with the infusion of LPS and ciga-
rette smoke exposure is a recognized method for
constructing an animal model of COPD [19]. In this
experiment, the modeling cycle lasted for 84 days
(Fig. 2A). Throughout this process, the model group
experienced a significant decrease in survival rate
and body weight. However, after administering
YQXF, we observed a delay in the decline of both
the survival rate and body weights (Fig. 2B and C).
HE staining of lung tissue demonstrated that YQXF
administration resulted in a dose-dependent
reduction in inflammatory cell infiltration sur-
rounding the airway, as compared to the model
group (Fig. 2D). To further confirm the anti-in-
flammatory effect of YQXF, we analyzed the levels
of pro-inflammatory and anti-inflammatory cyto-
kines in lung tissue. Our findings indicate that
YQXF reduced the levels of IL-8, TNF-a, IL-6, IL-18,
IL-1B, and IL-17, while increasing the levels of IL-4
and IL-10 (Fig. 2E).

3.3. YQXF improves immune function in COPD rats

The thymus and spleen are recognized as the
primary immune organs. Thymus atrophy and
spleen atrophy have been found to be positively
associated with a decline in immune function. To
investigate the impact of COPD model building on
immune function, we measured the thymus index
and spleen index. Compared to the control group,
the model group exhibited a significant decrease in
both thymus and spleen indexes (P < 0.05). YQXF
group significantly increased relative to model
group. However, spleen index was no significant
changes were observed in each YQXF low dose
group (Fig. 3A and B). Additionally, we examined s-
IgA, a mucosal immunoglobulin involved in hu-
moral immunity, and noticed an increase in its
expression level in the lungs after YQXF adminis-
tration (Fig. 3C). Previous studies have reported the
accumulation of dendritic cells in COPD patients
[35]. To identify these cells, we labeled them using
the CD1lc antibody. The results revealed an
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Fig. 1. (A) UHPLC-QTOF-MS analysis base peak intensity chromatograms of YQXF in positive mode. (B) UHPLC-QTOF-MS analysis base peak
intensity chromatograms of YQXF in negative mode.

Table 2. Screening active components of YDP with UHPLC-QTOF-MS.

MS2 name MS2 score Electric mzmed rtmed Peak area

Sinigrin 0.9576 -H 358.0254602 143.117 2592242947
Sucrose 0.989 -H 341.1069819 343.825 166043602.8
D-Sorbitol 0.9823 -H 181.0693157 276.339 24856582.33
Sucrose 0.9632 +H 360.1452721 344.026 23848159.43
Citrate 0.9648 -H 191.0174767 452.298 23260354.72
Glycerophosphocholine 0.9888 +H 258.1051433 360.955 22862502.18
L-Malic acid 0.8985 -H 133.0121734 386.592 17996495.68
L-Proline 0.9994 -H 114.0542221 285.588 7422874.67

L-Canavanine 0.993 +H 177.0938728 367.684 5747351.35

Galactonic acid 0.9949 -H 195.0485555 363.4785 4338728.531
S-Methy1-5'-thiondenosine 0.9995 +H 298.0917921 90.522 4163917.933
Ononin 0.9882 +H 431.1278094 89.832 3987551.122
Ginsenoside Re 0.9996 -H 1005.565633 253.94 3491098.938
L-Asparagine 0.971 -H 131.0444055 354.214 3065779.842
2’-O-methyladenosine 0.9994 +H 282.1138758 99.762 2591857.027
L-Arginine 0.9854 -H 173.1018041 482.676 2357177.118
Deoxyadenosine 0.9991 +H 252.1032278 131.96 2307917.294
Ginsenoside Rb1l 0.9999 -H 1167.618803 314.556 2100108.596
Cytidine 0.9974 +H 487.1727229 220.504 934142.3805
Thiamine 0.9972 +H 265.1056668 318.977 585148.5967

6"-O-Acetylglycitin 0.9862 +H 489.1334652 50.685 527114.4277
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Fig. 2 (A) Experimental procedure schematic. (B) The survival rate of rats throughout the entire experimental period was recorded. (C) The body
weight changes of the rats were recorded. (D) The levels of inflammation in the lung tissues of rats as reflected by HE staining (x100 magnification).
(E) Relative mRNA expression level of IL-8, IL-18, IL-16, TNF-«, IL-6, IL-17, IL-10 and IL-4 in the rat lung tissues. Data shown are means + SEM of
4 independent experiments (*P < 0.05, **P < 0.01, vs. control group; *P < 0.05, P < 0.01, vs. model group).

increase in the number of CD11c positive cells in the
model group, while the number of positive cells in
each YQXF dose group did not significantly differ
from that in the control group (Fig. 3D). These
findings suggest that YQXF intervention can effec-
tively inhibit the loss of immune function in COPD
models.

3.4. YQXF repairs the intestinal barrier in COPD rats

Clinical data reports that patients with COPD
often exhibit impaired intestinal barrier function
[36]. To investigate the potential repair effects of
YQXF on the intestinal barrier, HE staining was
performed on colon tissue. In the model group, we
observed partial loss of the mucosal layer and
muscle layer, as well as varying degrees of tissue
edema. These findings support previous studies that
suggest the formation of a COPD model can lead to
intestinal damage [37]. Notably, when YQXF is

administered, damage to the mucosal and muscle
layers is reduced, thereby protecting the physio-
logical structure of the intestine (Fig. 4A). Addi-
tionally, we observed a decrease in intestinal s-IgA
production in the model group. However, after
YQXF intervention, the levels of s-IgA detected in
each group exhibited an increase, which was found
to be dose-dependent (Fig. 4B).

3.5. The effect of YQXF on remodeling the pulmonary
microflora in COPD rats

Pulmonary microflora has been found to have the
potential to predict the onset of respiratory diseases
and may be affected by the establishment of the
COPD model. In order to test this hypothesis, we
conducted high-throughput sequencing of the 16S
rRNA gene for pulmonary microflora. The results
showed that the pulmonary microflora of the YQXF
group underwent changes at various levels,
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Fig. 4. (A) The levels of inflammation in the colon tissues of rats as reflected by HE staining (x100 magnification). (B) The relative content of sIgA in
colon tissue was determined by ELISA. Data shown are means + SEM of 6 independent experiments (**P < 0.01, vs. control group; *P < 0.01, vs.

model group).

including phylum, class, order, family, and genus
(Fig. 5A). The flower diagram of operational taxo-
nomic units (OTU) reflected the number of common
and specific OTUs in each group (Fig. 5B). Alpha
diversity analysis provided insights into microbial
diversity in each group, with the Chao 1 richness
representing the relative richness of the microbial
community. In terms of changes at the genus level,
the Chao 1 richness decreased following YQXF
intervention, indicating a reduction in the diversity
of rat pulmonary microflora (Fig. 5C). To further
validate these findings, we used beta diversity
analysis to compare the differences between each
group. The Analysis of Similarity (ANOSIM) was
employed to compare differences both between and
within groups. The Non-Metric Multi-dimensional
Scaling illustrated the dissimilarities between each
group, with the distance indicating the degree of
similarity in microflora between groups. The
composition within the same group exhibited
higher similarity (Fig. 5D). The results demonstrated
that the relative abundance of Roseburia (1.92%)
significantly decreased in the model group
(P < 0.05), but increased following YQXF interven-
tion. The relative abundance of Clostridium sensu
stricto  (4.91%) increased in the model group
(P > 0.05) but decreased following YQXF interven-
tion. The most abundant bacteria were listed
(Fig. 5E). The heatmap indicated the similarities and
differences in pulmonary microflora composition of
each group. The linear discriminant analysis (LDA)

effect size revealed the bacteria that had a signifi-
cant impact on the sample division. The legend on
the right side of the cluster tree displayed the names
of the bacteria in English letters. The LDA score
(LDA threshold 2) of the bacteria that had significant
effects was obtained using LDA (Fig. 5F), and a
Spearman correlation heat map was drawn between
horizontal bacteria using the Corrplot package of R
software. Blue color represented a positive correla-
tion, while red color represented a negative corre-
lation. The darker the color, the stronger the
correlation between bacteria groups (Fig. 5G). The
analysis of the Spearman correlation heatmap be-
tween environmental factors and bacterial pop-
ulations demonstrated the relationship between
various indicators in this study and the relative
abundance of the top 20 bacterial species (Fig. 5H).
Generally, dysregulated pulmonary flora that cau-
ses COPD was remodeled by YQXF.

3.6. YQXF modulate intestinal microflora in rats

Previous experiments have confirmed that YQXF
has the ability to repair the damaged intestinal bar-
rier, which includes the microbial barrier. The in-
testinal flora plays a crucial role in regulating the
immune system [38]. Immune tolerance establish-
ment is a key factor in the regulation of the innate
immune system, contributing to the development of
intestinal mucosal immunity and the regulation of
the human immune system. Clinical studies have
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reported that patients with chronic obstructive pul-
monary disease experience impaired intestinal
integrity due to intestinal mucosal ischemia and
hypoxia resulting from increased metabolic demand.
This can lead to an imbalance or migration of in-
testinal flora [39]. By analyzing the intestinal bacteria
in each group, significant changes were observed in
the phylum, class, order, family, and genus of the
intestinal flora in the YQXF groups. In our study, we
observed changes in the intestinal flora of each
YQXF dose group at the phylum, class, order, family,

and genus levels (Fig. 6A), which aligns with previ-
ous reports. To assess the abundance and diversity
of the microbiota, we employed the OTU clustering
method, alpha diversity, and ANOSIM, which indi-
cate the number of common and specific OTUs in
each group. The OTU flower chart provides insights
into the number of common and specific OTUs in
each group YQXF treatment increased the diversity
of intestinal flora and reduced its abundance in rats.
The differences within the group were greater than
those between groups (R = 0.359, P = 0.001).
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Fig. 5. (continued).

Composition within the group was more similar
than that between groups. Compared to the blank
group, the relative abundance of Oscillibacter (5.66%)
in the model group decreased significantly (P < 0.05)
and that of EscherichialShigella (4.42%) increased
following drug intervention (P < 0.05), but decreased
following drug intervention. The LDA score was
obtained by the bacteria that had significant effects
using LDA (Supplementary materials). We analyzed
the correlation between bacteria, other indexes, and

bacteria at the genus level. The findings imply that
YQXEF has the potential to modulate the composition
of gut microbiota.

3.7. YQXF promotes production of SCFAs by intestinal
flora

Short-chain fatty acids (SCFAs), such as acetic
acid, propionic acid, and butyric acid, are synthe-
sized by colonic bacteria during the fermentation of
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Fig. 5 (continued).

undigested food. These SCFAs provide energy for  were significantly lower in the model group
colonic cells and have been reported to possess compared to the control group (P < 0.05). However,
strong immunomodulatory and anti-inflammatory  the reduction of SCFAs was subsequently reversed
properties [40]. Our measurements indicate that the  following the administration of YQXF (Fig. 7A—C).
levels of acetic acid, propionic acid, and butyric acid  These findings suggest that a disorder in SCFAs
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Fig. 5 (continued).

metabolism may play a crucial role in the patho-
genesis of COPD, and YQXF appears to alleviate
COPD by regulating SCFAs metabolism.

3.8. YQXF is involved in microflora repair both
pulmonary and pntestinal flora

16S rRNA sequencing identified 70 identical floral
species out of a total of 162 species detected in the
lungs and 84 species detected in the intestines
(Fig. 8A). Notably, there was a marked decrease in
the abundance of Alloprevotella spp. and Roseburia
spp. in both the lungs and intestines of the model
group (P < 0.05), while Oscillibacter spp. decreased
only in the intestines (P < 0.05) (Fig. 8B and C).

YQXF, at medium or high doses, significantly
increased the levels of Alloprevotella spp., Roseburia
spp., and Lactobacillus spp. in the intestines (P < 0.05).
Interestingly, Oscillibacter spp. showed a remarkable
increase (P < 0.05) in both the lungs and intestines
when low-dose YQXF was administered (Fig. 8B and
C). The abundance of Escherichia/Shigella and
Clostridium sensu stricto was elevated in the intestinal
flora of the model group (P < 0.05). YQXF responded
to the increased Fusobacterium and Clostridium sensu
stricto in both the lungs and intestines (P < 0.05), but
there was no reaction in either the lungs or in-
testines to Escherichia/Shigella (Fig. 8D and E). These
results indicate that, although the species and
location varied, there were changes in bacterial



JOURNAL OF FOOD AND DRUG ANALYSIS 2025;33:252—276 265

g__Paraprevotella Q ‘
g Barnesiella . .

g__ Oscillibacter

g__Acetatifactor

g__Odoribacter

g_ Alloprevotelia

g__Carnobacterium

g__Escherichia/Shigella . . '

06

.Q I 04

+ 02

g__Haemophilus ‘ . [ -02
g_ Kiebsiella
- -04

g_ Megasphaera

g__Mycobacterium
g__Clostridium XIVb

-08

g__Dorea

-06 -04 02 0 02 04 06
Spearman's correlation
g__Ruminococcus
g__Lactobacillus
. g__ Escherichia/Shigella
g__Clostridium sensu stricto
g__Clostridium XIva

| g_Paraprevotella
g__ Romboutsia
g__Faecalibacterium
g__Phascolarctobacterium
g__Akkermansia
g__Mycoplasma
g__Fusobacterium
g_ Veillonella
g Pseudomonas
g__Prevotella
g__Roseburia
g__Bacteroides
g__Helicobacter
g__Alloprevotella
g__ Oscillibacter

Fig. 5 (continued).

abundance in both the lungs and intestines during
the establishment of the COPD model. YQXF
partially restored bacterial abundance in the lungs
and intestines.

4. Discussion

It was previously believed that the lungs were
sterile, but recent discoveries have revealed the
presence of a distinct microbiota within the lung

[41]. Furthermore, emerging evidence suggests that
the lung microbiota can be influenced by signals
from other parts of the body, including the intestine.
This microbial composition plays a significant role
in the development and progression of COPD [9].
Our study further supports this notion by demon-
strating that the onset of COPD affects both the lung
and gut, resulting in pathophysiological and
microbiome alterations. These findings suggest that
COPD should not be viewed solely as a local organ
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Fig. 6. (A) Relative abundance of phylum, class, order, family and genus levels in intestinal flora of rats, top 26 taxa was shown.

dysfunction but rather as a systemic disease. YQXEF,
a traditional Chinese herbal formula, has been
extensively utilized in clinical settings for managing
COPD. Notably, it exhibits promising effects in
preserving the physiological structure of the lung
and intestine, as well as restoring a healthy abun-
dance of microbiota in the body. This study

emphasizes the potential of YQXF as a clinical
adjuvant for COPD.

LPS combined with cigarette smoke induced
COPD in rats, which is commonly used for phar-
macological evaluation. In this study, COPD rats
were successfully established. We observed exac-
erbated lung inflammation, decreased immune
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Fig. 7. (A) Changes of acetic acid content in intestinal contents. (B) Changes of propionic acid content in intestinal contents. (C) Changes of N-butyric
acid content in intestinal contents (*P < 0.05, vs. control group; *P < 0.05, P < 0.01, vs. model group; ns, non significant).
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function, and impaired intestinal barrier function in
the model group of rats. Encouragingly, YQXF
exhibited significant therapeutic effects in our study.
The changes in microbial community structure and
abundance were another aspect of this study that we
focused on. Our data indicate a significant decrease
in the levels of Prevotella, Roseburia, Oscillibacter, and
Lactobacillus in the model group. Previous studies
have reported that Prevotella mainly parasitizes the
respiratory tract and is associated with the induction
of chronic inflammation [42]. Although some studies
suggest that high levels of Prevotella often appear in
inflammatory diseases, we found lower levels of
Prevotella compared to the control group, indicating
that Prevotella may be at a competitive disadvantage.
Roseburia is a bacterium that produces butyrate and
has been shown to alleviate inflammation in mice.
Oscillibacter secretes anti-inflammatory molecules
and exhibits lower expression in COPD patients.
Lactobacillus has been reported to be beneficial in
alleviating COPD symptoms and also helps main-
tain immune function, protect gastric mucosa, and
improve digestion and absorption [43]. Our study
further confirms and refines the aforementioned
hypotheses.

In addition, we also analyzed the bacterial species
with increased expression in both lung and gut. In
COPD rats, the levels of Fusobacterium, Escherichia/

Shigella, and Clostridium sensu stricto were increased.
However, after YQXF treatment, the abundance of
these bacteria decreased. Previous reports have
shown that there is a significant difference between
spore-forming Fusobacterium and normal bacteria in
the bronchoalveolar lavage fluid of smokers and
COPD patients [44]. This deviation can lead to
epithelial cell damage and induce abnormal
inflammation, which can disrupt the intestinal bar-
rier. Furthermore, the prevalence of Escherichia coli/
Shigella is elevated in individuals with inflammatory
bowel disease, a condition thought to exacerbate
inflammatory responses [45]. Clostridium sensu stricto
is prone to producing toxins in the body, leading to
infections and intestinal diseases [46].

As discovered by other researchers, the majority
of microbial communities initially colonize the oral-
pharyngeal region, with some entering the gastro-
intestinal tract through food ingestion and others
entering the respiratory tract through inhalation
[47]. These two organs also exhibit similarities in
terms of tissue cells and immune effector molecules.
For instance, both the lungs and the gut contain
goblet cells and s-IgA, indicating that they provide
favorable environments for microbial communities.
Rats with intestinal diseases also show synchronized
changes in respiratory and intestinal microbial
communities, suggesting a potential collaborative
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Fig. 8. (continued).

interaction to maintain gut health. Furthermore,
patients with inflammatory bowel disease have a
relatively higher risk of developing respiratory sys-
tem diseases such as COPD [48], and irritable bowel
syndrome is a risk factor for COPD exacerbation
[49]. Our study further supports the notion that
there is partial overlap in the bacterial species
colonizing the lungs and the gut. Therefore, we
believe that microbial communities influence host
immunity through the release of metabolites, pro-
teins, and chemical substances, thereby supporting
the overall health of the lungs and the gut.
However, our study has limitations. First,
although we observed changes in metabolites such
as SCFAs additional experiments are needed to
validate their precise impact on the disease. Second,

while we have provided preliminary evidence of
YQXF's protective effects on immune function in
COPD models, we have not extensively explored its
specific regulatory mechanisms. Further experi-
mentation is necessary to comprehensively eluci-
date the scientific significance of YQXF's multi-
target effects in the prevention and treatment of
COPD, thereby providing valuable insights for its
clinical application.

In conclusion, our research suggests that YQXF
can alleviate COPD by mitigating inflammation,
modulating immunity, repairing damaged intestinal
barriers, and restoring the balance of lung and gut
microbiota. Therefore, YQXF holds potential as a
complementary drug to enhance patients' quality of
life and minimize drug side effects.
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Fig. 8 (continued).
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phylum, class, order, family and genus levels in in-
testinal flora of rats, top 26 taxa was shown. (B)
Changes of rat intestinal flora in OTU level. (C)
Changes of Alpha diversity in rat intestinal flora. (D)

2

Control Model YQXF low dose

g 10% P 16%
o
class iy 17
ar

A

phylum

Control Model YQXF low dose

¢ 26%
32%
26%

YQXF middle dose

Changes of Beta diversity in rat intestinal flora. (E)
The relative changes of intestinal flora at genus level.
(F) Changes of rat intestinal flora in LEfSe difference
analysis was used to find the bacteria with significant
differences among different groups. (G) Correlation
analysis between bacteria and bacteria in genus
level. (H) Correlation analysis between fungi and
environmental factors in genus level. (I) Correlation
analysis of gut microbiota and environmental factors.

B Bacteroidetes
[ Candidatus Saccharibacteria
@ Euryarchaeota

B Firmicutes
I Proteobacteria
B Actinobacteria
M Verrucomicrobia
B Spirochactes

5 B Tenericutes
B Elusimicrobia

»

YQXF high dose

B Clostridia B Bacteroidia
[l Deltaproteobacteria [@ Negativicutes
M Bacilli @ Epsilonproteobacteria

B Actinobacteria M Methanobacteria

B Gammaproteobacteria B Erysipelotrichia

YQXF middle dose YQXF high dose

W Clostridiales
B Desulfovibrionales

B Bacteroidales
[ Selenomonadales

order B Lactobacillales [ Campylobacterales
M Coriobacteriales M Methanobacteriales
B Erysipelotrichales M Bacillales
Control Model YQXF low dose YQXF middle dose YQXF high dose
s?““ 5 2390 154 B Lachnospiraceae W prevotellaceae
family o 10 ~ M Borpiyromossdaceas
Bacteroidaceae [ Desulfovibrionaceae
- 2 i W Veillonellaceae M Peptostreptococcaceae
B Lactobacillaceae B Eubacteriaceac
Control Model YQXF low dose YQXF middle dose YQXF high dose
Oh1an
2% > I Alloprevotella W Oscillibacter
genus . 2 ) Reckmider @ Prevotella
[ Clostridium XIVa [ Saccharibacteria_genera_incertae_sedis
508 B Flavonifractor B Bamesiclla
Il Romboutsia B Lachnospiracea_incertae_sedis
Control Model YQXF low dose YQXF middle dose YQXF high dose
B C Alpha diff boxplot
o
§ =
YH -g
M z
©
E N | . -
5 34
E]
T T T T
M 0 ™ YH
D Alpha diff boxplot
o ' H
@ ' H o
8 ] —_—
> i
> H
3 .
= H
P
g ©
=
B 0
c H
2 ° i
§ 9- ’
g * : :
i : ;
g ; —t
= o :
o o g
B :
o
«Q
w T T T T T



Unweightad Unitrac Rank

MDS2
0.00

JOURNAL OF FOOD AND DRUG ANALYSIS 2025;33:252—-276

Unweighted Unifrac Anosim
R=0353. P= 0001

D

0.10

-0.05

-0.10

Between

Unweighted Unifrac

-0.15

0.0 0.1 0.2 0.3
MDSH1

O+

=4
-
-
-<-
=
=<4
- -

Yl

YM

YH

271

=
=i
g
=
[=4
<
=
<
&
2
~
o




272 JOURNAL OF FOOD AND DRUG ANALYSIS 2025;33:252—276

100

Q
<
2
Z
>
=
>
=
=
0
=
tr

Prevotella
Alloprevotella
Methanobrevibacter
Paraprevotella
Clostridium XlIVa
Bacteroides
Ruminococcus
Oscillibacter

Genus Level Barplot
Saccharibacteria_genera_incertae_sedis
Lactobacillus

Escherichia/Shigella
Phascolarctobacterium
Romboutsia
Clostridium IV
Lachnospiracea_incertae_sedis

| Barnesiella

M Flavonifractor
Fusobacterium

o B Eubacterium

80

60

Clostridium sensu stricto

40

Relative Abundance(%)
O

20

B Other
o S N R
=
[ ” 1 =
— | T [ T e T
éé } +—1
143 1 | —
ca — —
M1
M2
Ma
vie =
yYL2
YL3
YL4
YLS
YM1
YM% 1
Ym:
YM4
YM? —
v .
YH3
YHa
YHS [
= = 5 9 o m Q =] 3 m E 9 2 o = D 5 m
§f§ 888t giggeEgeEgegegzes
: 85 885333888588 23:s°58¢g¢£3¢
§ 3 8235 2sggg3eTcEB8L58 8§ g5 § 5 3 § &
= = X x o g g & = £ 8 = 8 = & X S 5 8
g s X 2 2 ° <3 8 = 2
E g g 2 s
g A = 3
b S‘ég g 8
o = =
g‘[; I%
= N
g 2
g 8

WA
A
We
on

20

wouepunge ane



<=<=<zZ0
FT3IRE

JOURNAL OF FOOD AND DRUG ANALYSIS 2025;33:252—276 273

Cladogram

a: f_Methanobacteriaceae
b: o__Methanobacteriales
c: c_Methanobacteria

d: p__Euryarchaeota
-
f:

=
=i
g
=
[=4
<
=
<
&
2
~
o

: f__Porphyromonadaceae
: f_Planococcaceae

: f_Staphylococcaceae

h: o_Bacillales
f_Lactobacillaceae

j: f_Clostridiaceae 1

k: f__Peptococcaceae 1
f__Peptostreptococcaceae
m: f_ Erysipelotrichaceae

: o__Erysipelotrichales

o: ¢__Erysipelotrichia

p: o__Selenomonadales

q: ¢_ Negativicutes

: f_Fusobacteriaceae
o__Fusobacteriales

_ terii
u: p_ Fusobacteri
v: o__Burkholderiales

w: c__Betaproteobacteria

x: f__Enterobacteriaceae

y: o__Enterobacteriales

2: c_Gammaproteobacteria
a0: f__Verrucomicrobiaceae
al: o_ Verrucomicrobiales
a2: c__Verrucomicrobiae
a3: p_ Verrucomicrobia

a
a

e
ze

€e [

o

-y Y.L E.YM . YH

p_Euryarchaeota
_Archaea
o_Methanobacteriales
c_Methanobacteria
f_Methanobacteriaceae
g_ Methanobrevibacter
o_Selenomonadales

c_ Negativicutes
o__Fusobacteriales
f_Fusobacteriaceae
p_Fusobacteria

_ Fusobacterium
c_Fusobacteriia

c_ Betaproteobacteria
o_Burkholderiales
g_Clostridium sensu stricto
f_Clostridiaceae 1
g__Peptococcus
f_Peptococcaceae 1
f_Erysipelotrichaceae
o_Erysipelotrichales
c_Erysipelotrichia
g_Allobaculum
f_Porphyromonadaceae
f_Lactobacillaceae
g_Lactobacillus
g_Romboutsia
f_Peptostreptococcaceae
g_Parabacteroides
g_Blautia
g__Anaerotruncus
o_Enterobacteriales
f_Enterobacteriaceae
c_Gammaproteobacteria
g_Escherichia_Shigella
p__Verrucomicrobia
c_Verrucomicrobiae
f_Verrucomicrobiaceae
o_Verrucomicrobiales
g_Akkermansia
g__Turicibacter
g_Alioprevotella
k_Bacteria
g_Oscillibacter
g_Roseburia
f_Planococcaceae
g_Kurthia
g_Intestinimonas
g__Desulfovibrio

g_ Anaerovibrio
o_Bacillales
f_Staphylococcaceae
g_Staphylococcus

04
-
N
i
&
n

LDA SCORE (log 10)



o
<
2
Z
>
=
>
=
=
0
Q
7

274

H

JOURNAL OF FOOD AND DRUG ANALYSIS 2025;33:252—276

Correlation analysis between pulmonary microbiota and bacterial genera
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