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Abstract

Pulmonary fibrosis (PF) is a chronic, progressive, and fibrotic interstitial lung disease with a high mortality rate. Qi-Long-Tian
(QLT) capsule is an herbal formula with great potential for antifibrotic effects, consisting of San Qi (Notoginseng Radix et
Rhizoma), Di Long [Pheretima aspergillum (E. Perrier)], and Hong Jingtian (Rhodiolae Crenulatae Radix et Rhizoma), and
has been used in clinical practice for many years. To explore the relationship between the effects of Qi-Long-Tian capsule
and gut microbiota of PF mice, pulmonary fibrosis model were established by tracheal drip injection of bleomycin. Thirty-
six mice were randomly divided into 6 groups: control group (control), model group (model), QLT capsule low dose group
(QL), QLT capsule medium dose group (QM), QLT capsule high dose group (QH), and pirfenidone group (PFD). After
21 days of treatment, after pulmonary function tests, the lung tissues, serums, and enterobacterial samples were collected
for further analysis. HE staining and Masson’s staining were used to detect changes as the main indicators of PF in each
group, and the expression of hydroxyproline (HYP) related to collagen metabolism was detected by and alkaline hydrolysis
method. qRT-PCR and ELISA were used to detect the mRNA and protein expressions of pro-inflammatory factors include
interleukin 1P (IL-1p), interleukin 6 (IL-6), transforming growth factor p1 (TGF-p1), tumor necrosis factor o (TNF-a) in
lung tissues and serums, and the inflammation-mediating factors include tight junction protein (ZO-1, Claudin, Occludin).
ELISA was used to detect the protein expressions of secretory immunoglobulin A (sIgA), short-chain fatty acids (SCFAs),
and lipopolysaccharide (LPS) in colonic tissues. 16sRNA gene sequencing was used to detect changes in the abundance and
diversity of intestinal flora in the control, model, and QM groups, to search for differential genera, and analyze the correlation
with inflammatory factors. QLT capsule effectively improved the status of pulmonary fibrosis and reduced HYP. In addition,
QLT capsule significantly reduced the abnormal levels of pro-inflammatory factors, including IL-1f, IL-6, TNF-a, and TGF-f
in lung tissue and serum, while improving the levels of pro-inflammatory related factors ZO-1, Claudin, Occludin, sIgA,
SCFAs, and reducing LPS in the colon. The comparison between the alpha diversity and beta diversity in enterobacteria
suggested that the composition of the gut flora in the control, model, and QLT capsule groups were different. QLT capsule
significantly increased the relative abundance of Bacteroidia (which might limit the onset of inflammation) and decreased
the relative abundance of Clostridia (which might promote inflammation). In addition, these two enterobacteria were closely
associated with pro-inflammatory-related indicators and pro-inflammatory factors in PF. All these results suggest that QLT
capsule intervenes in pulmonary fibrosis by regulating the differential genera of intestinal flora, increasing immunoglobulin
secretion, repairing the intestinal mucosal barrier, reducing LPS entry into the blood, and decreasing inflammatory factor
secretion in the serum, which in turn alleviates pulmonary inflammation. This study clarifies the therapeutic mechanism of
QLT capsule in PF and provides a theoretical basis for it. It provides a theoretical basis for its further clinical application.
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FRC Functional residual capacity

GM Gut microflora

HIV-1 Human immunodeficiency virus 1
HPLC High performance liquid chromatography
HYP Hydroxyproline

IL-1P Interleukin 1p

IL-6 Interleukin 6

LPS Lipopolysaccharide

MAPK Mitogen-activated protein kinase
MMEF Mean mid-expiratory flow
Occludin Tight junction protein

OTU Ovarian tumor domain

PCoA Principal coordinate analysis

PEF Peak expiratory flow

PF Pulmonary fibrosis

PFD Pirfenidone

QLT capsule Qi-Long-Tian capsule

qRT-PCR Real-time fluorescence quantitative PCR
SCFAs Short-chain fatty acids

sIgA Secretory immunoglobulin A
TGF-p1 Transforming growth factor p1
TLC Total lung capacity

TNF-a Tumor necrosis factor

Z0-1 Tight junction protein
Introduction

Pulmonary fibrosis (PF) is a chronic, progressive, and heter-
ogeneous scar disease. The pathogenesis of PF includes the
theories of imbalance of inflammatory response, extracellular
matrix deposition, epithelial mesenchymal transformation,
and oxidative stress. Proliferation of interstitial fibroblasts and
fibrotic changes of interstitial tissue are characteristics of PF
(Guzy et al. 2017; Yu et al. 2021). Qi-Long-Tian (QLT) cap-
sule is a traditional Chinese medicine prescription consisting of
San Qi (Notoginseng Radix et Rhizoma), Di Long [Pheretima
aspergillum (E. Perrier)], and Hong Jingtian (Rhodiolae
Crenulatae Radix et Rhizoma). San Qi is recorded in the Com-
pendium of Materia Medica as having the effect of stopping
bleeding, dispersing blood, and fixing pain, as well as being
widely cultivated in Yunnan Province. Di Long is one of the 67
animal medicines in the ancient Chinese medical book “Shen
Nong Ben Cao Jing,” which has the effects of clearing heat
and relieving fright, promoting circulation, and calming asthma
and diuretic. Hong Jingtian is an ethnic Yunnan medicine that
grows in a highland environment and is commonly used in
Tibetan medicine to treat chest pain and shortness of breath.
QLT capsule was developed by Professor Fu Yi, a Qihuang
scholar, and has obtained the production batch number: Dian
(Z) 2020003A. QLT capsule is used as an in-hospital prepara-
tion in Kunming Chinese Medicine Hospital for the treatment
of patients with pulmonary fibrosis. The summary of herbs in
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QLT capsule is shown in Fig. 1 (Wu et al. 2019). The main
components of the herbs in QLT capsule are collected from the
Traditional Chinese Medicine Systematic Pharmacology Data-
base SymMap, TCMSP, and TCMID; in addition, we refer to
the Chinese national knowledge infrastructure and PubMed to
obtain compounds’ information, which can be seen in Table 1
(Chen 2011; Ishaque, et al. 2012; Jéwko et al. 2018; Panossian
et al. 2010; Ru et al. 2014; Walker and Robergs 2006; Wu et al.
2019; Zhao et al. 2021a, b).

Gut microflora (GM) is a huge and complex microeco-
logical environment that has evolved to form a mutually
beneficial symbiotic relationship with the host. The gut
provides a suitable living environment for microbial growth
and reproduction, while the gut microflora plays an impor-
tant role in maintaining the homeostasis of the gut environ-
ment, nutrient metabolism, and health (Zhou et al. 2021).
The gut is co-populated with probiotics, commensal bac-
teria, and potential pathogens that interact with the body’s
metabolic and immune systems to maintain the health of the
host. However, factors such as unhealthy lifestyle, antibiotic
abuse, mental stress, and food consumption could influence
the balance of transgenic components and lead to the onset
and development of diseases (Li et al. 2022). It has been
reported (Chunxi et al. 2020) that dysbiosis of the gut bacte-
ria not only interferes with the immune response of the intes-
tine but also affects the immunity of distal organs including
the pulmonary, further affecting the lung health and leading
to respiratory diseases. Meanwhile, an experimental study
(Gong et al. 2021) found a correlation between pulmonary
fibrosis and GM, which are associated with PF indicators, as
typified by 412 microbial community genera, 26 metabolites
with the same trend of alteration, as well as 7 microorgan-
isms and 9 metabolites. The above reports suggest a strategy
to treat PF by modulating GM.

Recently, accumulating evidence suggests that herbal med-
icines, including compounds, extracts, and formulations, sig-
nificantly modulate intestinal bacterial composition to inter-
vene in disease development (Huang et al. 2017; Xia et al.
2020a, b; Xia et al. 2020a, b). Oral administration of QLT
capsule, which requires digestion through the gastrointestinal
tract and thus exerts its effect in alleviating pulmonary fibro-
sis, in which the GM might play an important role. Previous
studies have shown that QLT capsule improves respiratory
resistance to infection by reducing inflammatory and fibro-
genic factors (Pi 2020; Leng et al. 2016; Fu et al. 2021; Zhang
et al. 2022). Thus, we hypothesized that QLT capsule have a
role in mitigating the development of pulmonary fibrosis by
modulating the composition of GM. To verify this hypothesis,
we did studies via building models, assessing drug effective-
ness, detecting pro-inflammatory factors, and analyzing intes-
tinal flora to clarify the therapeutic mechanism by which QLT
capsule regulates GM, reduces inflammatory response, and
achieves intervention in PF.
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Fig. 1 The summary of herbs in QLT capsule

Materials and methods
Preparation of drugs

QLT capsule [No. Dian (Z) 2020003A] was prepared by
Kunming Traditional Chinese Medicine Hospital (Yun-
nan, China) according to the standard production process.
The proportion of the formula was San Qi (Notoginseng
Radix et Rhizoma, #200601, 6 g), Di Long (Pheretima,
#210101, 15 g), Hong Jingtian (Rhodiolae Crenula-
tae Radix et Rhizoma, #200801, 30 g). The herbs were
immersed in water overnight and decocted twice (2 h
for the first decoction and 1 h for the second). The ton-
ics were combined and freeze-dried to obtain the pow-
der (0.4 g per capsule, equivalent to 1.53 g of decoction
pieces). The recorded peaks were determined by HPLC
fingerprint analysis method (see Supplementary 1) to be
used for quality control of QLT capsule. In vivo stud-
ies, the powder was reconstituted with the indicated con-
centrations of physiological saline. The positive drug
was selected as pirfenidone (PFD, approval number:
H20133376, Beijing Contini Pharmaceutical Co., Ltd.,
Beijing, China). Pirfenidone is a drug for IPF with good
anti-inflammatory properties.

stanch bleeding; disperse

activate blood;
free the vessels,
calm panting

the collateral vessels; calm
panting;
disinhibit urine

Animal experiments

Thirty-six male (Furman et al. 2022; Totsch et al. 2018;
Tucker et al. 2017) C57BL/6 J mice, SPF, 4 weeks, 20+2 g,
were purchased from (Chengdu Dashuo Experimental
Animal Co., Ltd., Sichuan, China [batch number: SCXK
(Sichuan) 2020-030]. According to the guidelines for the
care and use of experimental animals published by the
National Institutes of Health and the guidelines of the Ani-
mal Ethics Experimental Committee of Yunnan University
of Chinese Medicine, the experiments were approved for
implementation [ Yunnan University of Traditional Chinese
Medicine Animal Experiment Ethics Committee, animal
experimentation license number: SYXK (Dian) No.: K2022-
0004]. Laboratory conditions were at controlled temperature
(22+3 °C), 12 h light and dark cycle, with free diet and
water ingestion (animal ethics license number: R-06202023).

The mice were randomly divided into control dose
group (control), model dose group (model), PFD dose
group (PFD), QLT capsule low dose group (QL), QLT
capsule medium dose group (QM), and QLT capsule high
dose group (QH) by random number table method, 6
mice in each group. Adapted feeding for 1 week, the mice
were modeled by single injection of bleomycin (approval
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Tab|e1 The main compounds 1D Compound OB (%) 1D Compound OB (%)
in herbs of QLT capsule

MOLO000066 Alloaromadedrene 53.4614 MOLO003958 Evodiamine 86.0162
MOLO000069 Palmitic acid 19.2966 MOL003963 Hydroxyevodiamine 72.1074
MOLO000175 Cyperene 51.1046  MOLO004014 Evodiamine 73.77

MOLO000346 Succinic acid 29.6203 MOLO004017 Fordimine 55.1138
MOLO000358 Beta-sitosterol 36.9139 MOLO004018 Goshuyuamide I 83.1879
MOL000394 Choline 0.474665 MOL004020 Gossypetin 35.0026
MOLO000415 Rutin 3.20153 MOL004021 Gravacridoneshlirine 63.7338
MOLO000612 (—)-Alpha-cedrene 55.561 MOLO004102 2-Coumarate 53.6043
MOLO000635 Vanillin 51.996  MOLO005319 Di-tert-butyl phthalate 43.6687
MOL000666 Hexanal 55.707  MOLO005344 Ginsenoside Rh2 36.3195
MOLO000675 Oleic acid 33.1284 MOLO005369 Mycosinol 82.124
MOLO000701 Quercitrin 4.03765 MOLO005378 Panaxytriol 33.7583
MOLO000842 Sucrose 7.17082 MOLO005538 Linolenyl alcohol 42.8223
MOLO000935 Hepanal 53.8332 MOLO005729 1-Octen-3-Ol1 15.2184
MOLO001101 Alpha-ocimene 21.4314 MOLO005749 Isopulegone 64.3102
MOLO001304 2-Acetylpyrrole 58.3741 MOLO005843 1-Hydroxycumene 59.9736
MOLO001439 Arachidonic acid 45.5732  MOLO006946 Adenosine 19.8532
MOLO001456 Citric acid 56.2199 MOLO006956 Cyclo-(Leu-Tyr) 111.16

MOLO001464 Histamine 44.1042 MOLO007088 Cryptotanshinone 52.342
MOL001494 Mandenol 41.9962 MOLO007134 Danshensu 36.9148
MOLO001604 Linalool 49.3674 MOLO007349 Phosphatidylinositol 8.96258
MOLO001739 Zoomaric acid 35.7759 MOLO007460 Cyclooctadiene 43.3132
MOLO001949 Panaxynol 427917 MOLO007467 2,6-Dimethyl-cyclohexanol 76.2834
MOLO002046 Hexanoic acid 73.0752 MOLO007475 Ginsenoside F2 36.4317
MOLO002379 Pentanal 59.5306 MOLO007501 Panaxydol 61.6666
MOL002662 Rutaecarpine 40.3005 MOLO007502 Nsc692928 43.5933
MOL002665 Ferulic acid 40.4343 MOLO007508 A-Cyperene 51.1046
MOLO002818 Piceol 36.8044 MOLO007511 (5S)-5-Ethyloxolan-2-one 75.6885
MOLO002850 Butylated hydroxytoluene 40.0203 MOLO008890 Diethylamine 61.4356
MOL002929 Salidroside 7.01026 MOL008994 Alpha-cuparenol 55.7006
MOL002930 Tyrosol 33.8119 MOLO009653 Cycloeucalenol 39.7265
MOLO003050 Nonanoic acid 40.5089 MOL009842 Cytochrome C 5.45165
MOLO003942 Rutaevine 66.0526 MOLO010856 Putrescine 81.2251
MOL003943 Ranitidine 40.8903 MOLO011443 Trilinolein 349108
MOLO003956 Dihydro rutaecarpine 42.4385 MOLO012851 Notoginsenoside R1 4.27056

number: H20055883, Hanhui Pharmaceutical Co., Ltd.)
(5 mg/kg) by endotracheal intubation. The modeling
operation is as follows. After weighing the mice in each
group, the mice were anesthetized with 1% sodium pento-
barbital solution at 2 mg/kg, injected intraperitoneally,
and the mice were fixed at an angle of 30° after stable
breathing (Jia and Guo 2012; Laferriere and Pang 2020).
The mice were fixed at 30° after respiratory stabilization.
The exposed skin of the mice was gently lifted with small
forceps, and 0.5 cm was cut longitudinally to slowly and
bluntly separate the muscle so as to expose the trachea. A
total of 0.05 ml of 0.9% NaCl solution was injected into
the trachea of the control group, and 0.05 ml of bleomycin
solution was injected into the trachea of the remaining
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mice in each group. After pulling out the needle, immedi-
ately put the mouse plate upright, left, and right hanging,
about 30 s after being 30° sutured to the neck skin. The
mice were gently put into the mouse cage and placed in an
inclined position, and the modeling was completed.

The intervention with QLT capsule was started on the
14th day (Chen 2018) after modeling, while the positive
drug group was intervened with PFD. Dosage and admin-
istration method: the drug conversion ratio is human to
mouse = 1:0.0026 (Huang et al. 2004); each mouse is gav-
aged according to the standard of 0.1 ml per 10 g body
mass; the control group and model group are gavaged with
normal saline; the QL, QM, and QH groups were gavaged
with 0.39 g/kg, 0.78 g/kg, and 1.56 g/kg, respectively; and
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the pirfenidone group was gavaged with 0.78 g/kg. The
drug was administered at 14 days after modeling, and the
materials were taken 21 days after administration.

After the end of administration, the mice were fasted with-
out water for 12 h and anesthetized with pentobarbital. At the
end of administration, mice were fasted without water for 12 h.
After pentobarbital anesthesia, invasive pulmonary function test
was detected; blood was collected from the heart. The serum
was separated by centrifugation for 15 min with 3000 r/min at
4 °C. The upper lobe of the right lung was taken for HE stain-
ing. The remaining lungs, serums, colons, and gut bacterium
were placed at—80 °C for subsequent studies. The schematic
diagram of the animal study design is shown in Fig. 2.

Invasive pulmonary function test

After administration, the mice were anesthetized with 1%
sodium pentobarbital solution at 2 mg/kg (Laferriere and Pang
2020). After fixation, skin preparation, and disinfection, the
exposed trachea was gently and passively separated. The tra-
chea was cut horizontally between the tracheal cartilage rings.

Injected normal saline

™

The trachea was lifted after threading, the intubation needle
was inserted, and the pulmonary function instrument (model:
crfm100, EMMS, UK) was connected; the related indexes of
pulmonary function were recorded.

HE staining

Paraffin sections were used for dewaxing, hematoxylin stain-
ing, eosin staining, and dehydration sealing. After the above
operations, the sections were dried, sealed with neutral gum,
observed under the microscope, photographed, collected
images, and analyzed.

Masson'’s staining

Paraffin sections were dewaxed to water, stained with
potassium dichromate, iron hematoxylin, Ponceau red,
acid fuchsin, phosphoric acid, aniline blue, differentiated,
transparent sealed with neutral gum, observed under the
microscope, photographed, collected images, and analyzed
the results.

Normal diet 35 days
|

Sacrificed

[ VAN
7\ )
() . Control group
( \( \» [ 14 d 4 . - VA
\_ A ays (i.9. Normal saline)

==
Normal control
A

C57BL/6J mice

Model group

(i.g. Normal saline)

QLT-low dosage group

Bleom)'(cin model

/‘/\ 14 days

(i.g. 0.39 g/kg/day)

QLT-middle dosage group

()
(\/3/ :jl

)

Tracheal drip bleomycin i
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injection
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Fig.2 The schematic diagram of the animal study design. Bleomycin model mice were used to assess the antidiabetic effect of QLT capsule
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Hydroxyproline (HYP) detection

The HYP assay was measured with hydroxyproline deter-
mination kit (Cat#: A030-2-1, Nanjing Jiancheng Bio-
engineering Institute), following the product instruction
book. Briefly, accurately weighted 30 mg mouse lung
tissue and put into 1.5 ml tube. Hydrolysate 100 pl was
added and gently blow and mixed. Tissue was hydrolyzed
in boiling water for 20 min and mixed well every 10 min
to insure sufficiently hydrolyzed. Then, add indicator
100 pl to each pipe after cooling with running water.
Added 100% nail liquid into each tube, mixed and the
solution turned red at this time; use 200 ul pipettes to add
liquid B to the test tube drop by drop. After each drop
is added, it needs to be mixed evenly until the solution
turns yellow green (i.e., the red disappears). At this time,
the pH value is about 6.0-6.8; add double distilled water
to 1 ml, gently blow and mix. Absorb 300 pl dilute the
hydrolysate, add about 25 mg activated carbon, mix well,
centrifuge for 10 min at 4 °C, 3500 rpm, and absorb 100%
after centrifugation supernatant, standby. After process-
ing on the machine, take the 96-well plate and add 50 ul
to each well after typesetting sample and add the config-
ured standard solution 50 ul. The absorbance of each tube
was measured with a microplate reader (BioTek Synergy
H1, Agilent Technologies, Inc., USA) at a wavelength of
550 nm. HYP content (ug/ml) = (OD sample — OD con-
trol)/(OD standard — OD control) X standard concentra-
tion X (total volume of hydrolysate/wet weight of tissue).

Real-time fluorescence quantitative PCR (qRT-PCR)
The total tissue mRNA was extracted with Invitrogen™

TRIzol™ Reagent (Thermo Fisher Scientific Inc.). The
primer sequences are listed in Table 1 and are synthesized

by Sangon Biotech (Shanghai) Co., Ltd. The qPCR assay
was measured by using Applied Biosystems QuantStudio
5 Real-Time PCR System (Thermo Fisher Scientific Inc.).
The relative mRNA levels of each gene were calculated by
using the 2 — 24 method (Table 2).

Enzyme linked immunosorbent assay (ELISA)

Samples were tested according to the ELISA kit instructions.
The kits were mouse IL- 1 ELISA kit (PI301, Beyotime), mouse
IL-6 ELISA kit (PI326, Beyotime), mouse TGF-p1 ELISA kit
(PT512, Beyotime), mouse TNF-a ELISA kit (PT878, Beyo-
time), mouse LPS ELISA kit (ab269542, Abcam), mouse Clau-
din ELISA kit (EKU11714, AmyJet Scientific), mouse Occludin
ELISA kit (JL20408. Shanghai Jianglai industrial Limited by
Share Ltd.), mouse ZO-1 ELISA kit (JL.20409, Shanghai Jianglai
industrial Limited by Share Ltd.), mouse sIgA ELISA kit (BS-
2055, Bensheng (Tianjin) Health Technology Co., Ltd.), and
mouse SCFAs ELISA kit (BS-9306, Bensheng (Tianjin) Health
Technology Co.). The absorbance was measured, and the concen-
tration was calculated using an enzyme marker (Synergy, BioTek,
USA) at 550 nm. The absorptance was detected and concentra-
tions were calculated using an enzyme marker (Synergy, Biolek,
USA) at 550 nm.

16sRNA sequencing

The fecal samples were detected by Metabo-Profile Bio-
technology (Shanghai) Co., Ltd. The samples were air-dried
in a fume hood, and 100 mg of feces were extracted from
the total DNA using the EZNA Tool DNA extraction kit
(Omega, D4015). A total of 515F (GTGYCAGCMGCC
GCGGT AA) and 806R (GGACTACNVGGGTWTCTAAT)
were used to amplify the V3-V4 variable region of the 16S
rRNA gene. Amplicons were purified using the QIAquick

Table 2 Sequences of gPCR Gene names

Primer sequences

primers
TGF-p1

TNF-a
IL-6
IL-1B
70-1
Claudin
Occludin

B-actin

Forward primer: 5'-AGCAACAATTCCTGGCGATACCTC-3'
Reverse primer: 5“-TCAACCACTGCCGCACAACTC-3'
Forward primer: 5'-CAGGCGGTGCCTATGTCTC-3’
Reverse primer: 5'-CGATCACCCCGAAGTTCAGTAG-3’
Forward primer: 5'-CTTCCATCCAGTTGCCTTCTTG-3'
Reverse primer: 5'-AATTAAGCCTCCGACTTGTGAAG-3'
Forward primer: 5'-CAGGCAGGCAGTATCACTCA-3'
Reverse primer: 5~ AGCTCATATGGGTCCGACAT-3'
Forward primer: 5'-AGGACACCAAAGCATGTGAG-3'
Reverse primer: 5'-GGCATTCCTGCTGGTTACA-3’
Forward primer: 5'-GAGACTACCACTGTCCCC-3’

Reverse primer: 5'-~AAAGAATCCTCAAAACCA-3'

Forward primer: 5'-ATAGCCATTGTCCTGGGGTTCAT-3’
Reverse primer: 5-TCCATCTTTCTTCGGGTTTTCAC-3'
Forward primer: 5'-GTCGTACCACAGGCATTGTGATGG-3'
Reverse primer: 5'-GCAATGCCTGGGTACATGGTGG-3’
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PCR purification kit (QIAGEN, Germany). Library quality
was assessed using a Qubit 2.0 fluorometer and Agilent Bio-
analyzer 2100 system, and sequencing libraries were gener-
ated using NEBNEXT Ultra DNA. Libraries were sequenced
on the Illumina Hiseq platform. Paired reads of 280 bp were
generated after sequencing to analyze the composition of GM.

Statistical analysis

Experimental data were statistically processed by SPSS19.0
software and GraphPad prism 10.0 software. The measure-
ment data were expressed by mean + standard error of mean
(SEM). When the sample accorded with normal distribution
and the variance was homogeneous, the measurement data
were analyzed by one-way ANOVA and intergroup compari-
son. The difference was statistically significant when P <0.05.

Results

QLT capsule improved the pulmonary function of PF
mice

As a necessary examination method for respiratory diseases,
pulmonary function can be used as one of the diagnostic
methods of PF. Quasi-static lung compliance (Cchord),
mean mid-expiratory flow (MMEF), 50 ms first expiratory
volume/forced vital capacity (FEV50/FVC), functional
residual capacity (FRC), peak expiratory flow (PEF), and
total lung capacity (TLC) reflect the pulmonary function
severity of PF. The results show that compared with model
group, QLT capsule significantly improved Cchord, MMEF,
FEV50/FVC, FRC, PEF, and TLC value with dose-depend-
ent, indicated that QLT capsule improved pulmonary func-
tion in PF mice (Fig. 3).

QLT capsule repairs the pulmonary tissue
morphology of PF mice and reduces

the hydroxyproline (HYP) content of lung tissue,
which has the effect of alleviating the development
of fibrosis

The HE staining showed that compared with control
group, model group had inflammatory cell infiltration and
alveolar space enlargement; compared with model group,
PFD (pirfenidone), QLT capsule low (QL), QLT capsule
medium (QM), and QLT capsule high (QH) dose groups
could inhibit inflammatory cell infiltration and alveolar
space enlargement (see Fig. 4a). Compared with control
group, the HYP level was significantly higher in model
group (P <0.01); compared with model group, the HYP
levels were significantly lower in PFD group, QL, QM, and
QH groups (P <0.01) (see Fig. 4b). The Masson staining

showed that QLT capsule administration also reduced the
area of pulmonary collagen deposition (Fig. 4c). The per-
centage of collagen deposition area in pulmonary tissues
of the model group was significantly higher than that of
the normal group (P <0.01) and lower in the treatment of
QLT capsule (P <0.05) (see Fig. 4d).

QLT capsule decreased the mRNA and protein
expressions of pro-inflammatory factors IL-1p, IL-6,
TGF-B1, and TNF-a in the lung tissues of PF mice

The detection of mRNA and protein expressions on
IL-1p, IL-6, TGF-B1, and TNF-« in the lung tissues for
each group showed that compared with control group, the
expressions of IL-1f, IL-6, TGF-1, and TNF-a showed a
significant increase in the model group (P 0.01); compared
with model group, the expressions of IL-1f, IL-6, TGF-$1,
and TNF-a were significantly decreased in each QLT cap-
sule administration group (P < 0.05, P<0.01) (see Fig. 5).
The results indicated that QLT capsule effectively reduced
the mRNA and protein expressions of pro-inflammatory
factors in the lung tissues of mice with PF.

QLT capsule decreased the protein expressions
of pro-inflammatory factors IL-1B, IL-6, TGF-B1,
and TNF-a in the serums of PF mice

The detection of protein expressions on IL-1f, IL-6, TGF-
B1, and TNF-a in the serums for each group showed that
compared with control group, the expressions of IL-1f,
IL-6, TGF-B1, and TNF-a showed a significant increase in
the model group (P <0.01); compared with model group,
the expressions of IL-1f, IL-6, TGF-p1, and TNF-a were
significantly decreased in each QLT capsule administra-
tion group (P <0.05, P<0.01) (see Fig. 6a—d). The results
indicated that QLT capsule effectively reduced the protein
expressions of pro-inflammatory factors in the serums of
mice with PF.

QLT capsule increased the mRNA and protein
expressions of tight junction proteins (ZO-1,
Occludin, Claudin); the protein expressions

of immunoglobulin A (slgA), short-chain fatty acids
(SCFAs), and decreased the protein expressions

of lipopolysaccharide (LPS) in colonic tissues of PF
mice

The detection on mRNA expressions of ZO-1, Occludin,
and Claudin in colonic tissues showed that compared with
control group, the mRNA expressions of ZO-1, Occludin,
and Claudin were significantly decreased in the model
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Fig.3 Effects of pulmonary function in each group. a Cchord: an
index reflecting lung compliance and expansibility, representing
the effect of changes in thoracic pressure on lung volume. It reflects
lung tissue elasticity and airway resistance. b MMEF: it reflects the
detection index of pulmonary diffusion function. ¢ FEV50/FVC:
it is the volume of exhaled volume after maximum deep inhalation

group (P <0.01); compared with model group, the mRNA
expressions of ZO-1, Occludin, and Claudin were signifi-
cantly increased in each QLT capsule administration group
(P <0.01) (see Fig. 7Ta—c). The detection on protein expres-
sions of ZO-1, Occludin, Claudin, sIgA, and SCFAs in
colonic tissues showed that compared with control group,
the protein expressions of ZO-1, Occludin, Claudin, sIgA,
and SCFAs were significantly decreased in the model group
(P<0.01); compared with model group, the protein expres-
sions of ZO-1, Occludin, Claudin, sIgA, and SCFAs were
significantly increased in each QLT capsule administration
group (P <0.05, P<0.01) (see Fig. 7d—h). The detection on
protein expression of LPS in colonic tissues showed that
compared with control group, the protein expression of LPS
was significantly decreased in the model group (P <0.01);
compared with model group, the protein expression of LPS
was significantly increased in each QLT capsule adminis-
tration group (P <0.05, P<0.01) (see Fig. 7i). The results
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indicated that QLT capsule could effectively increase the
mRNA and protein expressions of tight junction proteins
(ZO-1, Occludin, Claudin), the protein expressions of sIgA
and SCFAs, as well as decrease the protein expression of
LPS in colonic tissues with pulmonary fibrosis. The results
might suggest that QLT capsule decreases pro-inflamma-
tory-related factors in colonic tissues, which achieves the
effect of alleviating PF inflammation.

The variation in the general composition
of the groups was analyzed by specaccum
accumulation and the Krona method

To explore the changes in QLT capsule enterobacterial
microbes, we used 16S high-throughput sequencing to ana-
lyze the composition of enterobacterial microbes between
control group, model group, and QLT capsule medium-
dose group. QM (hereinafter referred to as QLT) was
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chosen based on the aforementioned results showing that
with treated PF mice, QLT capsule is dose-dependent, and
that the medium-dose group is the clinically equivalent
dose and more clinically directed. In this study, specaccum
accumulation curves were used to describe the increase in
species with increasing sampling size for samples from
control group, model group, and QLT group, showing the
adequacy of sample sampling size and the operability of
predicting richness (Fig. 8a). The Krona analysis showed
that the overall community composition of control group,
model group, and QLT group was differential, indicating
that diversity analysis of differential genera could be per-
formed (Fig. 8b-d).

QLT capsule changed the GM composition in PF mice

The statistical results by Chaol, Observed, Simpson, and
Shannon in a-diversity showed that compared with con-
trol group, the model group showed a decreasing trend;
and compared with model group, the QM group showed an

area in pulmonary tissues. Arrows indicate pathological changes.
Data are expressed as mean+SD. *P<0.05, **P<0.01, compared
with model group

increasing trend, which indicated that QLT capsule increased
the abundance of GM (see Fig. 9a—d). The results of prin-
cipal coordinate analysis (PCoA) calculation by B-diversity
showed that there was a visible clustering among the groups
of control, model, and QM groups. Meanwhile, compared
to model group, the QM and control groups are closer to
each other in terms of dimensionality and perspective, which
indicated that the clustering between QM and control groups
is more close to each other (see Fig. 9e).

Changes of Bacteroidia and Clostridia in GM
associated with inflammatory metabolic pathways
and pro-inflammatory factors related to PF
development

To further decipher the composition of GM changed by
QLT capsule, we selected the genus level in GM for anal-
ysis. The results showed that after intervention by QLT
capsule, the relative abundance of Bacteroidia among GM
was significantly increased, and the relative abundance of
Clostridia, Acidobacteriia, Solibacteres, Coriobacteriia,
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Fig.5 QLT capsule decreased the mRNA and protein expressions
of pro-inflammatory factors in the lung tissues of PF mice. qRT-
PCR for mRNA expressions of a IL-1p, b IL-6, ¢ TGF-f1, and d

Cytophagia, Flavobacteriia, Cyanobacteria, chloroplast,
and Mollicutes were downregulated. In addition, the rela-
tive abundance of Clostridia was significantly downreg-
ulated (see Fig. 10a). To further assess the interactions
between QLT capsules, gut microbial composition and
intestinal metabolic pathways, Picrust gene function pre-
diction results were used. This was then compared with
the Kyoto Encyclopedia of Genes and Genomes (KEGG)
database to obtain the abundance of relevant pathways
after intervention of QLT capsule. We analyzed the top 10
predicted pathways and found that QLT capsule increased
the production of metabolic pathways associated with
inflammatory diseases by GM including: Staphylococcus
aureus infection, Vibrio cholerae infection, hypertrophic
cardiomyopathy, renin-angiotensin system, Parkinson’s
disease; biometabolism-related pathways including: alpha-
linolenic acid metabolism, D-arginine and D-ornithine
metabolism xenobiotics biodegradation and metabolism;
biosynthesis-related pathways including: biosynthesis of
other secondary metabolites, flavone, and flavonol biosyn-
thesis (see Fig. 10b). In addition, the relationships between
PF pro-inflammatory factors, Bacteroidia and Clostridia
in GM, were analyzed by Pearson’s correlation analysis
(see Fig. 10c). As shown in Fig. 9c, pro-inflammatory
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TNF-a in lung tissues. ELISA for protein expressions of e IL-1p, f
IL-6, g TGF-B1, and h TNF-a in lung tissues. Data are expressed as
mean +SD. *P <0.05, **P <0.01, compared with model group

factors (IL-1p, IL-6, TGF-p1, TNF-a) in serums and pro-
inflammatory-related factors (ZO-1, Occludin, Claudin,
sIgA, SCFAs) in colonic tissues were negatively cor-
related with Bacteroidia and positively correlated with
Clostridia; pro-inflammatory-related factor of LPS was
positively correlated with Bacteroidia and negatively cor-
related with Clostridia. These results suggested that the
changes in the composition of GM were closely related to
the pro-inflammatory factors associated with the develop-
ment of PF, and that Bacteroidia and Clostridia are more
correlated with them.

Discussion

Qi-Long-Tian (QLT) capsule is a traditional Chinese medi-
cine prescription consisting of San Qi (Notoginseng Radix
et Rhizoma), Di Long [Pheretima aspergillum (E. Perrier)],
and Hong Jingtian (Rhodiolae Crenulatae Radix et Rhizoma).
San Qi is recorded in the Compendium of Materia Medica (Li
et al. 2019) as having the effect of stopping bleeding, dispers-
ing blood and fixing pain, as well as being widely cultivated in
Yunnan Province. Di Long is one of the 67 animal medicines
in the ancient Chinese medical book “Shen Nong Ben Cao
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Fig.6 QLT capsule decreased protein expressions of pro-inflammatory factors in serums of PF mice. ELISA for protein expressions of a IL-1p,
b IL-6, ¢ TGF-B1, and d TNF-« in serums. Data are expressed as mean +SD. *P <0.05, **P <0.01, compared with model group

Jing” (Gu and Teng 2008), which has the effects of clearing
heat and relieving fright, promoting circulation, and calming
asthma and diuretic. Hong Jingtian is an ethnic Yunnan medi-
cine that grows in a highland environment and is commonly
used in Tibetan medicine to treat chest pain and shortness
of breath (Pu et al. 2020). In recent years, QLT capsule has
been used in Kunming Traditional Chinese Medicine Hos-
pital as an in-hospital preparation [production lot number:
Yunnan Pharmaceutical Production (Z) 2020003A] for the
treatment of patients with pulmonary fibrosis. Pulmonary
function examination is one of the necessary examinations for

respiratory diseases and is mainly used to detect the patency
of respiratory tract and the size of lung volume. It is of great
value for detecting lung diseases, evaluating the severity and
prognosis of diseases, and evaluating the efficacy of drugs or
other treatment methods. The results show that compared with
model group, QLT capsule significantly improved Cchord,
MMEF, FEV50/FVC, FRC, PEF, and TLC value with dose-
dependent, indicated that QLT capsule improved pulmonary
function in PF mice (P <0.01) (see Fig. 3), which is consistent
with relevant research reports on pulmonary function (Mil-
ton et al. 2012). The accumulation of inflammatory cells and
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Fig.7 QLT capsule decreased protein expressions of pro-inflamma-
tory-related factors in colonic tissues. qRT-PCR for mRNA expres-
sions of a ZO-1, b Occludin, and ¢ Claudin in colonic tissues.

the release of cytokines increase collagen fibers, leading to
remodeling of lung tissue, reduction in the number of alveoli,
deformation, atresia, and loss of lung function, which are the

@ Springer

ELISA for protein expressions of d ZO-1, e Occludin, f Claudin, g
sIgA, h SCFAs, and i LPS in colonic tissues. Data are expressed as
mean +SD. *P <0.05, **P <0.01, compared with model group

main pathological changes in PF (Nakerakanti and Trojanow-
ska 2012). In order to clarify the pathology of PF and the
restorative role of QLT capsule, this study was performed to
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Fig.8 Variation in the general composition of the groups. a Specac-
cum accumulation plots for all samples. X-axis represents the sam-
ple size, and Y-axis represents the number of OTUs detected, and
the results reflect the rate of increase of new species observed as the
sample size is continuously expanded over the course of sampling the
overall sample. The Krona analysis is presented in the form of a cir-

compare inflammatory cell infiltration and collagen deposi-
tion using HE and Masson’s stainings. The results showed
that morphology of lung tissue was observed by HE staining
and the Masson staining. Compared with model group, QLT
capsule significantly inhibited the infiltration of inflammatory
cells and the expansion of alveolar space (see Fig. 4a). At the
same time, QLT capsule inhibited the accumulation of col-
lagen in the lung in a dose-dependent manner, in which the
high dose is more effective (see Fig. 4b, ¢). Meanwhile, QLT
capsule decreased the hydroxyproline (HYP) content in the
pulmonary tissues of PF mice (P <0.01) (see Fig. 4d), which
indicated that QLT capsule had the effect of slowing down the

o Lactobacillales

O Vermucomig

g
H

asow T

cle diagram for b control group, ¢ model group, and d QLT capsule
group. The taxonomic levels of domains, phyla, orders, families, and
genera are represented in order from inside to outside, and the size of
the sectors reflects the relative abundance of different flora, which is
distinguished by different colors for each flora

development of fibrosis. The relationships between inflamma-
tion and pulmonary fibrosis are closely related.

Reports have shown that pulmonary inflammation is a
common cause of PF, and the incidence of post-inflamma-
tory pulmonary fibrosis is extremely high (Chopra et al. 2021;
Ding et al. 2021; Liu et al. 2018; Lv et al. 2021; Meyer et al.
2021; Shaw et al. 2019; Zhan et al. 2020). Various pro-inflam-
matory factors can cause an inflammatory response, which
in turn leads to the exacerbation of PF. Inflammatory cell
break through the immune response and induce monocytes
to transform into macrophages, which promote interstitial
degradation by secreting inflammatory factors such as IL-1f,
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IL-6, TGF-B1, and TNF-a with matrix metalloproteinases,
leading to inflammatory cell infiltration, damaging the tis-
sue surrounding, and exacerbating alveolar damage (Chen
and Xu 2022; Dai et al. 2017; Khan et al. 2015; Venturin
et al. 2016; Zhang et al. 2012). In this study, we indicated
that compared with control group, the expressions of IL-1f,
IL-6, TGF-B1, and TNF-a showed a significant increase in
the model group (P <0.01); compared with model group,
the expressions of IL-1p, IL-6, TGF-p1, and TNF-a were
significantly decreased in each QLT capsule administration
group (P <0.05, P<0.01) (see Fig. 5). The results suggested
that QLT capsule effectively reduced the mRNA and protein
expressions of pro-inflammatory factors in the lung tissues of
mice with PF. Meanwhile, the protein expressions of IL-1p,
IL-6, TGF-f1, and TNF-a in the serums of PF mice were sig-
nificantly increased (P <0.05, P <0.01), while QLT capsule
decreased the protein expressions of IL-1, IL-6, TGF-p1,
and TNF-a (P <0.05, P<0.01) (see Fig. 6). This indicates
that QLT capsule effectively reduced the protein expressions
of pro-inflammatory factors in the serums of PF.

Tight junctions are usually located between adjacent cells
at the apical part of epithelial cells. The tight junction mol-
ecule is composed of peripheral cytoplasmic proteins such as
occluding small band protein (ZO-1), tight junction proteins

@ Springer
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Y-axes are distances between samples, red circles represent control
group, green circles represent model group, blue circles represent
QM group)

(Claudins), and Occludin. The three proteins are localized at
the cell junctions and constitute important proteins for the
function of the tight junction barrier, which play a key role
in maintaining the integrity of the tight junctions and defense
against pathogens (Hsu et al. 2017; Zhao et al. 2009). The
intestinal mucosal barrier is the first barrier of the intestine
against foreign invasion, and its core structure is tight junc-
tions, which are widely present between adjacent intestinal
epithelial cells (Martin and Jiang 2009). The results indicated
that QLT capsule could effectively increase the mRNA and
protein expressions of ZO-1, Occludin, and Claudin of colonic
tissues in PF (see Fig. 7a—f). This suggested that the expres-
sion of tight junction protein in colonic tissues was reduced
in the presence of PF, while QLT capsule increased the tight
junction protein in colonic tissues and enhanced the resistance
of the organism.

Since the first line for the organism to resist disease is the
mucosa, secretory immunoglobulin A (sIgA) plays an important
role as the main antibody of mucosal immunity. sIgA is mainly
produced through activated B cells in the human mucosa. It is
secreted into the exocrine fluid and becomes the main antibody
for mucosal immunity (Jia et al. 2013). In this study, we have
shown that compared with control group, the protein expression
of sIgA showed a significant decrease in model group (P <0.01);
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Fig. 10 Changes of Bacteroidia and Clostridia in GM associated
with inflammatory metabolic pathways and pro-inflammatory factors
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color represents one microorganism at the genus level; the longer the
bar, the higher the abundance of the corresponding species. b KEGG
analysis of intestinal metabolic pathways (X-axis represents enrich-
ment fold, Y-axis represents top 10 pathway names) (The size of the

compared with model group, the protein expression of sIgA in
each QLT capsule administration group showed a significant
increased (P <0.05, P<0.01) (see Fig. 7g). It was suggested that
QLT capsule could effectively increase the protein expression of
sIgA in colonic tissues with PF.

Short-chain fatty acids (SCFAs) are important metabo-
lites of GM. In macrophages, neutrophils and dendritic cells,
SCFAs can regulate the expression of genes related to inflam-
mation and immunity by activating the mitogen-activated
protein kinase (MAPK) pathway through G protein-coupled
receptors, inhibiting the p-arrestin2/NF-kB pathway, sup-
pressing the synthesis of cyclic adenosine monophosphate
(cAMP), and promoting the entry of calcium ions (Ca”) into
the nucleus (Yao et al. 2022). In this study, compared with
control group, the protein expression of SCFAs was signifi-
cantly decreased in model group (P <0.01); compared with

dots represents the number of target genes, and the color of the dots
represents the range of FDR, which indicates the ratio of pathway
target genes to the number of all annotated genes in the pathway). ¢
Pearson’s correlation analysis between Bacteroidia, Clostridia, and
PF development pro-inflammatory factors (X-axis represents the val-
ues, Y-axis represents the indexes compared, the numbers in the cir-
cles are the calculation of correlation, —1 to O is negative correlation,
0 to 1 is positive correlation, the shade of the circle color represents
the magnitude of the value).

model group, the protein expression of SCFAs was signifi-
cantly increased in each QLT capsule administration group
(P<0.05, P<0.01) (see Fig. 7h). It was suggested that QLT
capsule could effectively increase the protein expression of
LPS in the colonic tissues with PF.

Lipopolysaccharide (LPS) is a compound containing sugars
and lipids. It is a major component of the outer membrane in
gram-negative bacteria. When GM is imbalanced, a large num-
ber of gram-negative bacteria lyse LPS in death and release it
into the intestine. When the intestinal mucosal barrier is dam-
aged, LPS enters the circulatory system and activates multiple
intracellular signal transduction pathways, causing a massive
release of inflammatory factors and forming inflammatory
responses, resulting in damage to the organism (Khan et al.
2017). In this study, compared with control group, the protein
expression of LPS was significantly increased in model group
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(P<0.01); compared with model group, the protein expres-
sion of LPS was significantly decreased in each QLT capsule
administration group (P <0.05, P<0.01) (see Fig. 7i). It was
suggested that QLT capsule could effectively reduce the protein
expression of LPS in the colonic tissue with PF.

In recent years, the medical science has developed a “pul-
monary-intestinal axis” and found that GM is crucial for lung
diseases (Limeta et al. 2020). It is believed that the main roles
of GM include biological barrier (Iacob and Iacob 2019), meta-
bolic regulation (Wu et al. 2021), and immunomodulation (Guo
2021; Mercader-Barcel6 et al. 2020). Changes in GM lead to
dysregulation of immune function, and studies have shown that
GM regulate the differentiation of immune cells in the tissues
associated with the intestinal mucosa and induce an inflamma-
tory response in the body (Adan et al. 2019). Previous studies
have shown that GM has an important regulatory role in the
bidirectional pathway between the intestine and respiratory
system, participating in the development of respiratory system
functions and pathologies, and an increase or decrease in the
type and number of GM might raises the chance of several
diseases (Schneiderhan et al. 2016). Therefore, when the bidi-
rectional regulatory homeostasis of the pulmonary-intestinal
axis mediated by GM is disrupted, it induces respiratory dis-
eases in the organism. As reported, a large reduction in the
phylum Firmicutes, Bacteroides mimicus, may increase the
chance of idiopathic pulmonary fibrosis in elderly patients (Guo
2021). a-Diversity is one of the important evaluation criteria
in microecological studies, mainly through the magnitude of
a-diversity index to measure the diversity, richness, evenness,
coverage, etc. of microbial species in each group of community
samples. The Chaol and Observed species indices characterize
the richness, and the Shannon and Simpson indices charac-
terize the diversity. f-Diversity is often used to compare the
differences between different colonies and reflects the hetero-
geneity between biological species. In layman’s terms, it is a
change in the distribution of species and is often calculated
and analyzed by using PCoA (Liu et al. 2021; Choudhury et al.
2021). In this study, the variation in the general composition of
the groups was analyzed by specaccum accumulation and the
Krona method, which indicates that diversity analysis of dif-
ferential genera could be performed (see Fig. 8). We indicated
that the a-diversity of GM was reduced in pulmonary fibrosis
mice and improved after administration of QLT capsule (see
Fig. 9a—d). The results of p-diversity analysis showed that the
differences in GM structure between control and model groups
were greater, and the differences in GM structure between QLT
capsule and control mice groups were lower (see Fig. 9e).
Meanwhile, metabolic pathways could further clarify the cor-
relation between enterobacteria and inflammation (Nie et al.
2021; Sato et al. 2021; Wu et al. 2022). By predicting the abun-
dance of related pathways, among the top 10 pathways, there
were five metabolic pathways that increased the production
of inflammation-related diseases by enterobacteria after the

@ Springer

intervention of QLT capsule: Staphylococcus aureus infection,
Vibrio cholerae infection, hypertrophic cardiomyopathy, renin-
angiotensin system, and Parkinson’s disease (see Fig. 10a). This
further suggests that QLT capsule is involved in intervening in
the role of enterobacteria associated with inflammation. Our
study further screened for 2 major differential genera, Bacte-
roidia and Clostridia (see Fig. 10b). It was reported that Bac-
teroidia could be increased in human immunodeficiency virus
1 (HIV-1) infected individuals, which limit chronic pathologi-
cal immune activation in HIV-1 infection (Abdool Karim et al.
2019; Ling et al. 2016; Paquin-Proulx et al. 2017). In another
study report, it was suggested that continuous depletion of Bac-
teroidia might increase oral-derived pathogens and exacerbate
the development of colorectal cancer (Zhao et al. 2021a, b). In
areport of inflammatory bowel disease, it was also shown that
persistent intestinal inflammatory immune response leads to
depletion of Bacteroidia (Stecher 2015). In a study reported on
Clostridia and necrotizing small intestinal colitis, the presence
of Clostridia colonization was considered extremely harmful
(Schonherr-Hellec and Aires 2019). Pathogenic Clostridia,
as an enteropathogenic bacterium (Guan and Goldfine 2021),
might also induce pseudomembranous colitis (Roberts and
Hughes 1985). In this study, pro-inflammatory factor indicators
in serum (IL-1, IL-6, TGF-p1, TNF-o) and pro-inflammatory-
related factors in colonic tissue (ZO-1, Occludin, Claudin, sIgA,
SCFAs) were negatively correlated with Bacteroidia and posi-
tively correlated with Clostridia; the pro-inflammatory-related
factor LPS in colonic tissue was positively correlated with Bac-
teroidia and negatively correlated with Clostridia, which are
consistent with the studies reported above (see Fig. 10c). The
overall study concept is been shown in Fig. 11.

The limitations of this study include the absence of
experiments with the addition of alveolar lavage fluid for
the inflammatory response to pulmonary fibrosis. Pathologi-
cal changes of inflammation were not evident in HE sections
of colonic tissue. Due to limited funding, we were unable to
perform western-blotting experiments for relevant inflamma-
tory factors. In addition, the clearing experiments for GM
are to be investigated in subsequent studies.

Conclusion

In this study, QLT capsule was shown to repair pulmonary tissue
morphology and reduce collagen deposition and HYP content in
PF mice, which has an effect on alleviating the development of
fibrosis. QLT capsule decreased the expressions of pro-inflam-
matory factors (IL-1p, IL-6, TGF-p1, TNF-o) in the lung tissues
and serums of PF. QLT capsule increased expressions of tight
junction proteins (ZO-1, Occludin, Claudin), (sIgA) and SCFAs
as well as decreased expression of lipopolysaccharides (LPS) in
colonic tissues. To explore the role of QLT capsule in regulating
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enterobacterial microbes, we used 16S rRNA sequencing to
analyze the abundance and differences in the composition of
enterobacteria. The results indicated that QLT capsule alters the
composition of GM. Further studies suggested that the changes
of Bacteroidia and Clostridia in GM were associated with the
inflammatory metabolic pathways and pro-inflammatory factor-
related indicators for the development of PF. The above results
clarified the therapeutic mechanism of QLT capsule to regulate
intestinal flora, reduce the inflammatory response, and intervene
in PF, which provides a theoretical basis for its further clinical
application.
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