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The tibetan medicine Zuozhu-Daxi can it

prevent Helicobacter pylori induced-gastric
mucosa inflammation by inhibiting lipid
metabolism

Yanyan Shi'", Jing Ning?', Kelsang Norbu®', Xingzi Hou* Huiling Zheng?, Hejun Zhang?, Wei Yu®, Feng Zhou?,
Yuan Li%, Shigang Ding® and Qingying Zhang*'

Abstract

Background: Tibetan medicine has been used in clinical practice for more than 3800 years. Zuozhu-Daxi (ZZDX),

a classic traditional Tibetan medicine, has been proved to be effective in the treatment of digestive diseases, such

as chronic gastritis, gastric ulcer, etc. Helicobacter pylori (H. pylori), one of the most common pathogenic microbes,

is regarded as the most common cause of gastritis. Researching on the effects of ZZDX on H. pylori-induced gastric
mucosa inflammation could provide more evidences on H. pylori treatment and promote the development of Tibetan
medicine. This study aimed to explore whether ZZDX could rescue H. pylori-induced gastric mucosa inflammation and
its mechanism.

Methods: Male C57BL/6 mice were infected with H. pylori, and orally treated with ZZDX to rescue gastric mucosa
inflammation induced by H. pylori infection. Pathology of gastric mucosa inflammation was evaluated under micros-
copy by hematoxylin—eosin (HE) staining. The infection status of H. pylori was evaluated by immunohistochemical
(IHQ) staining. The reactive oxygen species (ROS) level in serum was evaluated using a detection kit. IL-1q, IL-6, and
PGE2 expression levels in serum were measured using ELISA. IL-1q, IL-8, TNF-a, and NOD1 expression levels in gastric
tissues were measured using real-time PCR. RNA sequencing and gene certification of interest were performed to
explore the mechanisms in vivo and in vitro.

Results: The results showed that ZZDX could significantly inhibit H. pylori-induced gastric mucosa inflammation
using HE staining. IL-1q, IL-6, and PGE2 expression levels in serum were significantly decreased after treatment with
Z7DX. ZZDX treatment significantly decreased the mRNA expression of IL-8 induced by H. pylori infection in gastric

Yanyan Shi, Jing Ning and Kelsang Norbu have contributed equally to this
study

*Correspondence: dingshigang222@163.com; qyzhang@bjmu.edu.cn

2 Department of Gastroenterology, Peking University Third Hospital, No.
49, Garden North Road, Haidian District, Beijing 100191, People’s Republic
of China

4 Department of Natural Medicines, School of Pharmaceutical Sciences,
Peking University Health Science Center, No. 38, Xueyuan Road, Haidian
District, Beijing 100191, People’s Republic of China

Full list of author information is available at the end of the article

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13020-022-00682-9&domain=pdf

Shi et al. Chinese Medicine (2022) 17:126

Page 2 of 15

tissues. Elovi4, Acot1 and Scd T might be involved in the mechanisms of ZZDX treatment. However, the H. pylori infec-
tion status in the gastric mucosa was not reduced after ZZDX treatment.

Conclusions: ZZDX reversed gastric mucosal injury and alleviated gastric mucosa inflammation induced by H. pylori

infection.

Keywords: Tibetan medicine, Zuozhu-Daxi, Helicobacter pylori, Gastric mucosal injury, Gastric mucosal inflammation

Background
Helicobacter pylori (H. pylori), a gram-negative bacte-
rium which colonizes approximately 50% of the pop-
ulation worldwide [1], is one of the most common
pathogenic microbes and is regarded as the major cause
of gastritis. It is well known that chronic infection of
H. pylori can even lead to gastric precancerous lesions
including mucosal atrophy and intestinal metaplasia, and
thus long-term infection ultimately can result in gastric
cancer [2]. In 1994, H. pylori was defined as a class I car-
cinogen by the world health organization (WHO) [3].
Patients with gastric precancerous lesions that do not to
be reversed are considered to be at high risk for gastric
cancer development. Therefore, effective remedies for
H. pylori-induced gastric mucosa inflammation should
be improved to prevent gastric cancer development [4],
and updated therapies are urgently needed to effectively
suppress H. pylori- or H. pylori-induced gastric mucosa
inflammation [5]. At present, there have been many stud-
ies on the effects of H. pylori infection treated by tradi-
tional Chinese medicine (TCM) [6]. The fifth Chinese
national consensus report on H. pylori infection manage-
ment has proposed that TCM and proprietary Chinese
medicines were worthy to be validated for H. pylori treat-
ment [7, 8]. TCM, for example Banxia Xiexin decoction,
has been proved to be effective in reducing drug resist-
ance and increasing H. pylori eradication rate [9].
Tibetan medicine has a long history of 3800 years span-
ning from the sixth century Anno Domini (A. D.) [10].
Zuozhu-Daxi (ZZDX) is a classic traditional Tibetan
medicine, which composing of Calcite Lactis Praeparata,
Calciosinti, Bambusae Concretio Silicea, Herba Aco-
niti Tangutici, Croci Stigma, Myristicae Semen, Tsaoko
Fructus, Carthami Flos, Pulvis Fellis Ursi, Artificial Bovis
Calculus, Artificial Moschus, etc., as shown in Table 1.
Z7DX, possessing the efficacy of calming the liver, invig-
orating the stomach, clearing heat, curing anabrosis and
relieving swellness [11], has a more than 600-year his-
tory of practical application. In Tibetan hospitals, ZZDX
has been used for the treatment of liver pain, indigestion,
“Huangshui” disease, visceral tumors, and food poison-
ing. Particularly, it has been widely used for digestive
diseases, such as gastrohelcosis, duodenal ulcer, chronic
gastritis, and gastric cancer [12]. In the current study, we
elucidated the effects and potential mechanisms of ZZDX

on gastric mucosa inflammation in vivo and in vitro using
H. pylori infected mice and gastric epithelial cell lines.

Materials and methods

Zuozhu-Daxi (ZZDX)

ZZDX was provided by Tibet Ganlu Tibetan Medicine
Co., Ltd., and its detailed information is shown in Table 1.
After grinding, ZZDX was suspended in phosphate-buff-
ered saline (PBS) to appropriate concentration for in vivo
and in vitro experiments.

H. pylori culture

H. pylori strains ATCC 26,695 and SS1 were obtained
from the Key Laboratory for Helicobacter pylori Infec-
tion and Upper Gastrointestinal Diseases in Peking Uni-
versity Third Hospital, and the strains ATCC 26,695 and
SS1 were cultured on blood agar plates containing 39 g/L
Columbia solid culture medium (Oxoid), 5% (v/v) sheep’s
blood (Curtin Matheson, Jessup, MD, USA) supple-
mented with antibiotics amphotericin B (4 ug/mL) (Life
Tech), trimethoprim (4 pg/mL) and vancomycin (4 pg/
mL). The plates were incubated in a microaerobic envi-
ronment [5% (v/v) O,, 10% (v/v) CO, and 85% (v/v) N,] at
37 °C. H. pylori were harvested directly from 24- to 48-h
plate cultures. H. pylori strains were examined before
harvesting to be confirmed through Gram staining, ure-
ase tests, oxidase tests and catalase tests.

H. pylori-infected animal models and ZZDX treatment

A total of twenty-four six-week-old male specific path-
ogen free (SPF) level C57BL/6 mice were purchased
from the China National Institute for Food and Drug
Control (Daxing) Animal Resource Center and kept
in an air-conditioned and barrier environment. These
twenty-four mice were divided into four groups. Group
1 was the negative control (NC) group, which was intu-
bated with Brucella broth alone. Group 2 was the H.
pylori-infected (HP) group, and every mouse was intu-
bated five times with 0.5 ml Brucella broth of H. pylori
SS1 containing 3 x 10® CFU/mL. Group 3 was the low-
dose ZZDX-treated (HP+ZZDX low-dose) group,
with 0.083 g/kg ZZDX treatment for seven days after
H. pylori infection. Group 4 was the high-dose ZZDX-
treated group (HP+ZZDX high-dose), with 0.166 g/kg
Z7DX treatment for seven days after H. pylori infection.
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Subsequently, the mice were killed by cervical disloca-
tion. Blood and gastric tissues were processed and col-
lected for further analyses.

The reasoning for our choice of ZZDX dose was based
on the clinical dose of ZZDX. In clinical practice, the
recommended daily dose of ZZDX was 1000 mg per per-
son (60 kg weight), i.e., 8.3 mg/kg every day. According
to the body surface area method in pharmacology, the
dose used in mice should be approximately ten times
the dose used in humans. Therefore, the daily dose of
ZZDX in mouse models should be 83 mg/kg. In this
study, two doses, 0.083 g/kg/day and 0.166 g/kg/day, were
investigated.

Histopathological analysis

The dissected gastric tissues along the greater curva-
ture were washed with PBS, fixed in paraformaldehyde,
embedded in paraffin, and sliced into 3 pm sections.
Each specimen was stained by hematoxylin—eosin (HE)
to evaluate the pathology of gastric mucosa inflamma-
tion under microscopy. Moreover, immunohistochemical
(IHC) testing was used to evaluate the infection status of
H. pylori (H. pylori Antibody Reagent for Immunohisto-
chemistry, ZSGB-BIO, Beijing, China) and the expres-
sion levels of proteins. The expression levels of ACOT1
and ELOVL4 (polyclonal rabbit anti-human antibodies
at a concentration of 1:1000, ImmunoWay Biotechnol-
ogy Company, Texas, USA) were detected by IHC testing
following the manufacturer’s instructions. Histopatho-
logical analysis was performed independently by two
experienced pathologists.

Reactive oxygen species (ROS) measurement

ROS levels in serum were evaluated using a detection
kit (BBoxiProbe O12 ROS, BestBio, Shanghai, China).
Briefly, 10 pL of O12 probe diluted tenfold in ddH,O
was added to 100 pL fresh serum and incubated at 37 °C
for 30 min in the dark. The fluorescence intensity was
detected at an excitation wavelength of 488 nm and an
emission wavelength of 530 nm.

ELISA analysis

IL-1a, IL-6, and PGE2 expression levels in animal serum
and cell culture supernatant were measured using an
ELISA kit (MLBio, Shanghai, China) following the manu-
facturer’s instructions.

RNA extraction and real-time PCR analysis

Total RNA from tissue and cells was extracted using TRI-
zol (Invitrogen, Shanghai, China). RNA was reverse-tran-
scribed into ¢cDNA using the Super-Script First-Strand
c¢DNA System (Invitrogen, Carlsbad, CA, USA), and real-
time qPCR monitoring of cDNA was performed using
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the Roche LightCycler 480 sequence detection system
(Roche, Mannheim, USA). Beta-actin (Actb) was used as
an internal reference gene, and the primers used for RT-
qPCR are shown in Table 2 below.

RNA sequencing for mouse gastric tissue
Total RNA was extracted from mouse gastric tissue using
TRIzol according to the manufacturer’s protocol. The
RNA quality was checked by a Bioanalyzer 2100 (Agilent,
USA), and the integrity number (RIN) of all the RNA
samples was >9.0.

The sequencing libraries were prepared using the
lumina TruSeqTM RNA Sample Prep Kit. Briefly,

Table 2 Primer sequences used for RT-gPCR

Primer Sequence(5’-3')

la gF (Mus) CGAAGACTACAGTTCTGCCATT
Il1a gR (Mus) GACGTTTCAGAGGTTCTCAGAG
Cxcl15 gF (Mus) CAAGGCTGGTCCATGCTCC
Cxcl15 gR (Mus) TGCTATCACTTCCTTTCTGTTGC
TnfgF (Mus) CCCTCACACTCAGATCATCTTCT
TnfgR (Mus) GCTACGACGTGGGCTACAG
Scd1 gF (Mus) TTCTTGCGATACACTCTGGTGC
Scd1 gR (Mus) TTGAGCCTTTGTAAATGGGCA
Acotl gF (Mus) ATACCCCCTGTGACTATCCTGA
Acot] gR (Mus) CAAACACTCACTACCCAACTGT
Acot2 gF (Mus) GTTGTGCCAACAGGATTGGAA
Acot2 gR (Mus) GCTCAGCGTCGCATTTGTC

Elovi4 gF (Mus) GTCCTGAACGCGATGTCCA
Elovi4 gR (Mus) GCGTGCTTATGCTTATCGTTG
Nod gF (Mus) TGTCAGGATCTCGCATTGGT
Nod gR (Mus) ATTGCTTCGTAGATAGAGGTGTGTG
ILTA gF (Homo) AGATGCCTGAGATACCCAAAACC
ILTA gR (Homo) CCAAGCACACCCAGTAGTCT
CXCL8 gF (Homo) ACTGAGAGTGATTGAGAGTGGAC
CXCL8 gR (Homo) AACCCTCTGCACCCAGTTTTC
TNF gF (Homo) GAGGCCAAGCCCTGGTATG

TNF gR (Homo) CGGGCCGATTGATCTCAGC

SCD gF (Homo) TTCCTACCTGCAAGTTCTACACC
SCD gR (Homo) CCGAGCTTTGTAAGAGCGGT
ACOT2 (Homo) gF CGTCCCGGCTGTACCAATG
ACOT2 (Homo) gR GGAACCCTAATGATCTGACCAAC
ELOVL4 gF (Homo) AAGGACCGAGAACCTTTTCAGA
ELOVL4 gR (Homo) TCCCGCATTATATGATCCCATGA
ACOTT gF (Homo) TGCTGGAGTATCGGGCTAGT

ACOTT gR (Homo)
ACTB gF (Homo)
ACTB gR (Homo)
Actb gF (Mus)
Actb gR (mus)

ACCTCAGGATGACTGAGCAAG
TTGTTACAGGAAGTCCCTTGCC
ATGCTATCACCTCCCCTGTGTG
GGCTGTATTCCCCTCCATCG
CCAGTTGGTAACAATGCCATGT




Shi et al. Chinese Medicine (2022) 17:126

poly-A-containing mRNA was isolated from the total
RNA by poly-T oligo-attached magnetic beads. cDNA
was synthesized using random primers through reverse
transcription. After ligation with the adaptor, the cDNA
was amplified by 15 cycles of PCR, and then 200-bp frag-
ments were isolated using gel electrophoresis. Finally,
the products were sequenced by an Illumina NovaSeq
6000 instrument at Majorbio Co., Ltd. (China). The raw
data have been submitted to the NCBI Gene Expression
Omnibus (GEO) database under accession number GSE.

After sequencing, the screening of DEGs was based on
their TPM (transcripts per kilobase million) values. A
false discovery rate (FDR) of 0.05 and an absolute value
of 1og2FC>1 were used to identify significant DEGs. To
inspect the functions of DEGs, GO enrichment analysis
and KEGG pathway enrichment analysis of the DEGs
were performed.

Cell culture, co-culture assays and ZZDX treatment

Human gastric epithelial GES-1 cells were cultured in
Roswell Park Memorial Institute (RPMI) 1640 medium
supplemented with 10% (v/v) fetal bovine serum (FBS)
(PAN-Biotech, Adenbach, Germany) at 37 °C in a humid-
ified incubator at 5% (v/v) CO,. For co-culturing of cells
and strains, first, H. pylori 26,695 were harvested from
24- to 48-h plate cultures, washed with PBS three times,
and resuspended in cell growth medium and diluted to
a final concentration of 1 x 10®% CFU/mL. Then, GES-1
cells were plated one day before H. pylori treatment and
rinsed once with PBS before fresh growth medium was
added. Finally, the diluted bacterial strains were added to
the cell medium at multiplicities of infection (MOIs) of
100:1. Zuozhu-Daxi was added to the co-cultured cells at
concentrations of 20 pg/mL, 50 pg/mL, 100 pg/mL and
200 pg/mL. Uninfected GES-1 cells were negative con-
trols. Cells co-cultured only with H. pylori were positive
controls.

Western blot analysis

Proteins related to the PPAR signalling pathway were
detected by Western blot analysis. Harvested cells were
lysed in cell lysis buffer containing protease inhibitors
for 30 min on ice. Then, the cell lysate was centrifuged
at 15 000 x g at 4 °C for 10 min, and the supernatant was
collected. The total protein concentration was measured
by a bicinchoninic acid (BCA) protein assay kit (Thermo
Scientific, Shanghai, China). 10% (w/v) SDS-PAGE was
used to separate proteins, and then electrophoretically
transferred proteins onto PVDF membranes. The mem-
branes were blocked in 5% (w/v) fat-free milk in PBS
supplemented with 0.1% (v/v) Tween-20 at room tem-
perature for 1 h. After blocking, the membranes with
proteins were incubated overnight at 4 °C with antibodies
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against ELOVL4 (polyclonal rabbit anti-human anti-
body, Proteintech, Rosemont, USA), ACOT1 (polyclonal
rabbit anti-human antibody, Abcam, Shanghai, China),
SCD1 (monoclonal rabbit anti-human antibody, Abcam,
Shanghai, China), PPAR (polyclonal mouse anti-human
antibody, ImmunoWay Biotechnology Company, Texas,
USA) and p-actin (polyclonal rabbit anti-human anti-
body, CST, Shanghai, China). After being washed three
times for 10 min each in PBS supplemented with 0.1%
(v/v) Tween-20, the membranes were incubated with a
secondary antibody for 1 h at room temperature. Then,
the membranes were washed as in the previous step, and
protein bands were scanned by an Odyssey Imager (LI-
COR Biosciences).

Statistical analysis

Data were presented as the mean=+s.d. of three inde-
pendent experiments. The differences among more than
two groups were analysed using one-way ANOVA. The
differences between two groups were analysed using Stu-
dent’s t test. All statistical analyses were performed using
SPSS 23.0 software. P values<0.05 were considered sta-
tistically significant.

Results

ZZDX treatment reversed the gastric mucosa injury
induced by H. pylori but did not decrease H. pylori
colonization in mouse gastric mucosa

HE staining was used to evaluate the pathology of gas-
tric mucosa inflammation under microscopy. Our
results showed that the H. pylori-infected gastric mucosa
inflammation mouse model was successfully established.
In Fig. 1, the gastric mucosa of the NC group was normal
(Fig. 1a). In the HP group, the gastric mucosa was injured
and showed erosion (Fig. 1b). After ZZDX treatment, the
gastric mucosa injury caused by H. pylori infection could
be reversed to a certain extent (Fig. 1c, d). To gain further
insight into the status of H. pylori in gastric mucosa, we
assayed H. pylori colonization in mouse gastric mucosa
using H. pylori immunohistochemical staining, and the
results showed that H. pylori was successfully colonized
in the HP group (Fig. 2a, b). However, the colonization
of H. pylori in mouse gastric mucosa was not decreased
after ZZDX treatment (Fig. 2c, d).

ZZDX treatment decreased the expression levels

of inflammatory factors induced by H. pylori infection

To examine whether ZZDX could decrease the expres-
sion levels of inflammatory factors induced by H. pylori
infection, real-time PCR for gastric mucosa tissues and
ELISA for serum were used to measure the levels of
inflammatory factors. The real-time PCR results for gas-
tric mucosa tissues showed that H. pylori infection could
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a C57BL/6 NC

C57BLI6 HP+
c 0.083g/kg ZZDX for 7 days

Uy 2o

.g?u

erosion

b C57BL/6 HP

d 0. 1669/kg ZZDX for 7 days

Fig. 1 ZZDX treatment reversed the gastric mucosa injury induced by H. pylori. HE staining showed that the gastric mucosa of the NC group was
normal (a), and it was injured and showed erosion in the HP group (b). After ZZDX treatment at either the low dose (c) or the high dose (d), the
gastric mucosa injury caused by H. pylori infection was reversed to a certain extent

C57BLI6 HP+

significantly increase the mRNA levels of IL-1a, IL-8 and
NOD1 (P<0.05), but no change was found for TNF-a.
After ZZDX treatment at the high dose of 0.166 g/kg,
the mRNA level of IL-1a in gastric mucosa was down-
regulated, with no significant difference (Fig. 3a), and the
mRNA levels of IL-8 and NOD1 in gastric mucosa were
downregulated significantly (Fig. 3b, c). The ELISA results
showed that H. pylori infection significantly upregulated
the levels of IL-1A, IL-6 and PGE2 in the serum of the
mouse model (Fig. 4). After ZZDX treatment at either
the low dose of 0.088 g/kg or the high dose of 0.166 g/
kg, IL-1A and PGE2 were decreased in a dose-dependent

manner (Fig. 4a, b), while IL-6 was reversed significantly
at the high dose (Fig. 4c).

Exploring the anti-inflammatory mechanisms of ZZDX

on H. pylori-infected gastric mucosa using RNA sequencing
To explore the potential anti-inflammatory molecu-
lar mechanisms of ZZDX on H. pylori-infected gastric
mucosa, RNA sequencing was used to analyse the differ-
entially expressed genes among groups, including 2 mice
from the NC group, 2 mice from the HP group, and 3
mice from the ZZDX-treated groups. The expression lev-
els of IL-8 in the NC group were 0.020 and 0.051, 0.391
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C57BL/6 HP+ C57BL/6 HP+
c 0.083g/kg ZZDX for 7 days d 0.166g/kg ZZDX for 7 days
ZYAA’}" /l/ 4 ! " "':4 ‘: .I "‘ ;E— ¥ E

C57BL/6 HP

Fig. 2 ZZDX treatment did not decrease H. pylori colonization in mouse gastric mucosa. H. pylori immunohistochemical staining showed that
compared with the NC group (a), H. pylori was successfully colonized in the HP group (b). After ZZDX treatment at either the low dose (c) or the
high dose (d), the colonization of H. pylori in mouse gastric mucosa was not decreased

.

and 0.534 in the HP group and 0.037, 0.136, and 0.024
in the ZZDX-treated group at the high dose of 0.166 g/
kg. The histopathology of the mucosa in the above three
groups was normal, chronic gastritis and normal, respec-
tively. A heatmap was constructed from the data obtained
for the differentially expressed genes (Fig. 5a). Between
the NC group and the HP group, 2596 genes were iden-
tified to be differentially expressed significantly. Between
HP groups with or without ZZDX treatment, 401 genes
were identified to be differentially expressed significantly,
including 119 downregulated genes and 282 upregulated
genes. A volcano map was constructed from the differ-
entially expressed genes between the HP groups with or
without ZZDX treatment (Fig. 5b). Gene Ontology (GO)

enrichment of differentially expressed genes was per-
formed, and the top 20 enriched GO terms were shown
in Fig. 5¢ according to the P values of the enriched GO
terms. The top four most enriched GO terms were “posi-
tive regulation of cell differentiation’, “regulation of cell
development’, “regulation of nervous system develop-
ment’, and “positive regulation of nervous system devel-
opment” KEGG pathway analysis of genes regulated by
Z7ZDX treatment was shown in Fig. 5d, indicating that
the differentially expressed genes regulated by ZZDX
were most enriched in “Biosynthesis of unsaturated fatty
acids’, “Fatty acid elongation’, “Fatty acid metabolism’,
and “Circadian entrainment” Genes such as acyl-CoA

thioesterase 1 (ACOT1), ELOngation of Very Long-chain
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Fig. 3 ZZDX treatment decreased the mRNA levels of inflammatory factors induced by H. pylori infection. The mRNA levels of IL-8 (b) and NOD1
(c) were significantly downregulated after ZZDX treatment at the high dose, while the mRNA levels of IL-1a (a) and TNF-a (d) were found not to be
significantly decreased. *P < 0.05 vs. NC group; *P < 0.05 vs. HP group

fatty acid-4 (ELOVL4), stearoyl-CoA desaturase 1
(SCD1) and peroxisome proliferator activated receptor
gamma (PPARG) were included in the prominent path-
way “biosynthesis of unsaturated fatty acids’, and their
expression levels were significantly affected by H. pylori
infection and drug administration (Fig. 6a).

Verification of four identified proteins

In support of the above results, RT-qPCR and western
blot analysis were conducted to monitor changes in the
levels of four identified genes implicated in “biosynthe-
sis of unsaturated fatty acids” (Fig. 6b—d). As shown in
the results, the expression levels of ELOVL4, ACOT1

and SCD1 increased when H. pylori was infected and
decreased after ZZDX treatment. The IHC staining
results of mouse gastric mucosa also showed that the
expression levels of ELOVL4 and ACTO1 were upregu-
lated in situ after H. pylori infection and significantly
decreased after ZZDX treatment (Fig. 6e, f).
Furthermore, the above results were verified in vitro.
H. pylori infection significantly increased the mRNA lev-
els of IL-6 and IL-8, and the mRNA level of IL-1 was also
increased. After ZZDX treatment, the mRNA levels of
IL-1 and IL-6 were downregulated significantly (Fig. 7a).
The expression levels of ELOVL4, SCD1 and ACOT1
before and after ZZDX treatment were further verified by
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RT-qPCR and western blot, which were consistent with
the results above (Fig. 7b, c). These results suggested that
ZZ7ZDX can effectively inhibit the increase in lipid metab-
olism and inflammation caused by H. pylori infection,
thereby effectively alleviating the occurrence and devel-
opment of gastritis and gastric mucosal diseases caused
by H. pylori infection.

Discussion

It is estimated that more than half of the world’s popula-
tion are infected with H. pylori [1]. As a class I carcino-
gen by the WHO, the carcinogenesis induced by H. pylori
from chronic gastritis to ultimately gastric cancer is a
multi-step and multi-level process [13, 14]. To reduce the
incidence of gastric cancer, eradication of H. pylori is the
main therapeutic strategy by the combination of antibiot-
ics and proton pump inhibitors. However, it poses a huge
challenge to the eradication therapy of H. pylori owing to
undesired side effects as well as the emergence of steadily
increasing antibiotic-resistant strains [15].

In recent years, traditional medicine has become a
source of new pharmaceuticals due to their strong effi-
cacy with fewer side effects and lower toxicity, and have
made surprising progress in the treatment of various
diseases, such as tumors, inflammation, gout, athero-
sclerosis, virus infection, bacterial infection and fungal
infection [16-22]. Tibetan medicine, as an important
traditional medicine, has unique advantages in the treat-
ment of peptic ulcers. Of which, ZZDX is mainly applied
for the treatment of chronic gastritis, peptic ulcer and
gastric cancer, and shows a potential reversal effect on
gastric mucosal damage [23, 24].

In this study, mice were orally treated with ZZDX
to rescue gastric mucosa inflammation induced by H.

pylori infection, and the infection status of H. pylori was
also measured in the mouse gastric mucosa. The results
showed that ZZDX might have a reversal effect on the
inflammation of gastric mucosa induced by H. pylori
infection. According to the literature reports, IL-1a [25],
IL-8 [26], TNF-a [27], and NOD1 [28] play an important
role in the H. pylori bacterial infection process and gas-
tric mucosal inflammation and promote the synthesis
and release of other cytokines. After H. pylori infection,
the immune system can be activated. This could induce
the production of inflammatory cytokines and activation
of neutrophils and monocytes, accompanied by active
free radical production, such as nitric oxide (NO), which
will lead to gastric epithelial cell mutation and conse-
quently result in inflammatory injury [29]. In the pre-
sent study, ZZDX was found to significantly decrease the
mRNA levels of IL-8 and NOD1 in gastric mucosa and
downregulate the IL-1A, PGE2 and IL-6 levels in mouse
serum, indicating that inflammation was significantly
reversed [30]. Moreover, the PGE2 pathway plays a piv-
otal role in inflammation-induced gastric tumorigenesis
[31], thus ZZDX might be able to inhibit the pathway of
gastric tumorigenesis.

Subsequently, the mechanisms of reversing gastric
mucosa inflammation were further explored using RNA
sequencing and then verified in vivo and in vitro. Accord-
ing to the results of RNA sequencing, ZZDX could affect
the pathways of unsaturated fatty acids biosynthesis,
fatty acid elongation, and fatty acid metabolism. These
pathways have been reported to be associated with ROS
formation and can induce inflammation [32, 33]. The
levels of ELOVL4, ACOT1 and SCD1 were significantly
decreased after ZZDX treatment. These molecules
are involved in the unsaturated fatty acid biosynthetic
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process [34—36]. ELOVL4, homologous to the ELO fam-
ily which take part in fatty acid metabolism [37], has been
reported in a gene metabolic signature, which is con-
sidered to be correlated with the overall survival (OS)
and tumor immune microenvironment (TIME) in gas-
tric cancer [38]. ACOT1, a gene for intracellular energy

metabolism, could significantly promote the formation
of gastric cancer tumor tissues and is associated with
poor prognosis of gastric cancer [39]. SCD1, an enzy-
matic node which can convert saturated fatty acids into
monounsaturated fatty acids, can promote the tumori-
genesis of multiple cancers and has been considered to be

(See figure on next page.)

Fig. 6 ZZDX affected the genes expression that related to the unsaturated fatty acid biosynthesis pathway. a The mRNA expression levels of Elovl4,
Acot1 and Scd1 were significantly decreased after ZZDX treatment. b RT-qPCR validaton results of differentially expressed genes. c and (d) The
western blot results of mouse gastric mucosa and its grayscale analysis results showed the same result with RT-gPCR. e and (f) The IHC results of
mouse gastric mucosa and its staining intensity analysis also showed that after H. pylori infection, the expression levels of ELOVL4 and ACOT1 were
upregulated in situ and significantly decreased after ZZDX treatment. #£ < 0.05; #P < 0.01 vs. NC group; *P< 0.05; **P<0.01; **P<0.001 vs. HP group
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a therapeutic target for some cancers [40]. In gastric can-
cer, SCD1 has been found to facilitate tumor growth and
predict poor prognosis [41]. ZZDX treatment might res-
cue the progress of H. pylori-induced diseases by inhib-
iting these genes-associated molecular pathways in the
pathogenic mechanisms.

However, we did not find a decrease in H. pylori infec-
tion status after treatment with ZZDX alone. Some previ-
ous studies have showed that ZZDX together with other
medicines could be effective for H. pylori eradication.
The eradication rate for H. pylori was found to be 77.8%
[42] of ZZDX, together with Tibetan medicines such as
Wuwei Shiliuwan, Ershiyiwei Hanshuishiwan, and Shi-
wuwei Heiyaowan. In addition, ZZDX with triple therapy
of omeprazole, amoxicillin and clarithromycin could
quickly improve clinical symptoms and effectively reduce
the level of inflammatory indicators [11], and ZZDX with
triple therapy of rebeprazole, amoxicillin and clarithro-
mycin was more effective for the treatment of H. pylori-
associated peptic ulcers in symptom relief rate and H.
pylori eradication rate than those of conventional triple
therapy [43]. Further studies should be performed to cer-
tify the potential clinical application of ZZDX together
with other drugs in relieving symptoms and H. pylori
eradication.

Z7ZDX is a complicated prescription composed of
35 mineral or animal or plant medicinal materials. Its
chemical constituents are extremely complex, and it is
really a tough work to identify its anti-inflammatory
constituents. Activity guided chemical investigation
is necessary to clarify the bioactive substance in the
future researches. Here, the possible major bioactive
constituents contributing to the preventive efficacy on
H. pylori-induced inflammation of ZZDX are proposed
through analysis of the prescription compositions and
literatures. Calcite Lactis Praeparata, with calcium sul-
fate as the main constituent and accounting for about
15% of the total prescription amount of ZZDX, has
been widely used for the treatment of gastric cancer
and gastritis [44] and might be regarded as the main
active component. Moreover, the characteristic anti-
inflammatory constituents of cholanic acids (such as
cholic acid, deoxycholic acid, ursodeoxycholic acid)
[45, 46] and cycloketones (such as muscone) [47] in the
animal medicines of Pulvis Fellis Ursi, Bovis Calculus
(artificial) and Moschus (artificial), should play a key
role in the rescue of H. pylori-induced inflammation.
In addition, various anti-inflammatory constituents in
the herbal medicines of ZZDX, such as sesquiterpene
lactones in Aucklandia lappa Decne. [47] and Inula
racemose Hook. f. [48], alkaloids in Aconitum navicu-
lare (Bruhl.) Stapf [49], iridoid glycosides and phenyle-
thanol glycosides in Veronica eriogyne H. Winkl. [50],
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organic acids in Terminalia chebula Retz. [51], and fla-
vonoids in Taraxacum officinale F. H. Wigg [52]. and
other herbs, might also be the important bioactive con-
stituents that contributed to the gastric mucosa inflam-
mation reversal.

It has been a field of current interest that diverse tra-
ditional medicines are evaluated for application against
H. pylori. Many TCMs, such as turmeric, propolis, and
garlic, have been reported to have anti-inflammatory;,
antioxidant, and antibacterial effects against H. pylori
[53-56]. The anti-inflammatory and antioxidant effects
of these medicines are mainly reflected in the inhibition
of proinflammatory factors and reactive oxygen species
generated by the interaction of H. pylori with gastric
mucosa cells [15]. The antibacterial effects of TCMs
against H. pylori have also been studied. On the one
hand, these medicines can inhibit H. pylori enzymes
such as urease, which decreases the acidity of gastric
juice. On the other hand, they can inhibit the adhesion
of H. pylori to gastric mucosa [57]. In addition, some
TCMs that play an antibacterial role by targeting bio-
films, proteins of the primary metabolism and virulence
factors of H. pylori, have received more attention [58].

In view of that, it is suggested that TCM therapy
cannot be used as monotherapy, although it has great
potential to assist treatment [59, 60]. Furthermore,
although there are many studies of TCM against H.
pylori in vitro models, reliable randomized and con-
trolled clinical trials which compare the efficacy of rec-
ommended triple therapies with herbal medicine on
H. pylori treatment are still lacking [58]. Many factors
must be taken into consideration, such as the identifica-
tion, extraction and preparation of effective antibacte-
rial components in herbal medicine, dose, formulation,
dosing frequency, and duration of treatment. What
needs to be illustrated is that some results of mecha-
nistic exploration in this study showed obvious varia-
tion tendencies instead of significant changes, which
might be due to the insufficient numbers of mice. This
is a pilot study heralding the clinicopathological signifi-
cance and mechanisms of ZZDX in H. pylori infection
and provide clues for future studies.

Abbreviations

ACOT1: Acyl-CoA thioesterase 1; A. D: Anno domini; BCA: Bicinchoninic acid;
ELOVL4: ELOngation of Very Long-chain fatty acid-4; GO: Gene Ontology; H.
pylori: Helicobacter pylori; HE: Hematoxylin—eosin; IHC: Immunohistochemi-
cal staining; MOls: Multiplicities of infection; OS: Overall survival; PPARG:
Peroxisome proliferator activated receptor gamma; PBS: Phosphate-buffered
saline; RT-gPCR: Real-time quantitative PCR; ROS: Reactive oxygen species; SPF:
Specific pathogen free; SCD1: Stearoyl-CoA desaturase 1; TIME: Tumor immune
microenvironment; WHO: World health organization; ZZDX: Zuozhu-Daxi.

Acknowledgements
Not applicable.



Shi et al. Chinese Medicine (2022) 17:126

Author contributions

QZ and SD designed the research and checked the paper; YS, JN, KN, and HZ
performed the research; KN and FZ contributed reagents or analytic tools; HZ,
WY, and Yuan Li analysed the data; YS, JN, and XH wrote the paper. All authors
read and approved the final manuscript.

Funding

This study was funded by the Tibet Autonomous Region Administration

of Traditional Tibetan Medicine (Grant No. JJKT2020014), National Natural
Science Foundation of China (Grant No. 81700496), and Key Laboratory for
Helicobacter pylori Infection and Upper Gastrointestinal Diseases, Beijing Key
Laboratory (No. BZ0371).

Availability of data and materials
The authors hereby declare that the data and materials in this study will be
presented upon request from the corresponding author.

Declarations

Ethics approval and consent to participate

The study was approved by Peking University Biomedical Ethics Committee,
Laboratory Animal Welfare Ethics Branch (Ethics approval number for the use
of animals in this study was LA2019343).

Consent for publishlication
We declare that the Publisher has the authors' permission to publish the
relevant contribution.

Competing interests
The authors declare no competing interest.

Author details

'Research Center of Clinical Epidemiology, Peking University Third Hospital,
Beijing 100191, People’s Republic of China. 2Department of Gastroenterol-
ogy, Peking University Third Hospital, No. 49, Garden North Road, Haidian
District, Beijing 100191, People’s Republic of China. *Department of Research
and Development, Tibet Ganlu Tibetan Medicine Co,, Ltd, Lhasa 850000,
People’s Republic of China. “Department of Natural Medicines, School of Phar-
maceutical Sciences, Peking University Health Science Center, No. 38, Xueyuan
Road, Haidian District, Beijing 100191, People’s Republic of China. *Depart-
ment of Gastroenterology, Affiliated Hospital of Jining Medical University,
Jining 272000, People’s Republic of China.

Received: 1 September 2022 Accepted: 26 October 2022
Published online: 08 November 2022

References

1. Hooi JKY, Lai WY, Ng WK, et al. Global prevalence of helicobacter pylori
infection: systematic review and meta-analysis. Gastroenterology.
2017;153(2):420-9.

2. Jessurun J. Helicobacter pylori: an evolutionary perspective. Histopa-
thology. 2021;78(1):39-47.

3. Navashenaq JG, Shabgah AG, Banach M, et al. The interaction of
helicobacter pylori with cancer immunomodulatory stromal cells: New
insight into gastric cancer pathogenesis. Semin Cancer Biol. 2021;86(Pt
3):951-9.

4. Watari J, Chen N, Amenta PS, et al. Helicobacter pylori associated
chronic gastritis, clinical syndromes, precancerous lesions, and
pathogenesis of gastric cancer development. World J Gastroenterol.
2014;20(18):5461-73.

5. Savoldi A, Carrara E, Graham DY, Conti M, Tacconelli E. Prevalence of
antibiotic resistance in helicobacter pylori: a systematic review and
meta-analysis in world health organization regions. Gastroenterology.
2018;155(5):1372-1382.e1317.

6. LiY, LiX Tan Z. An overview of traditional Chinese medicine therapy for
Helicobacter pylori-related gastritis. Helicobacter. 2021;26(3): 12799.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Page 14 of 15

LiuWzZ, Xie'Y, Lu H, et al. Fifth Chinese national consensus report on the
management of helicobacter pylori infection. Helicobacter. 2018;23(2):
e12475.

LiL, Meng F, Zhu S, et al. Efficacy and safety of Wei Bi Mei, a Chinese herb
compound, as an alternative to bismuth for eradication of helicobacter
pylori. Evid Based Complement Alternat Med. 2018;2018:4320219.

Li RJ, Dai YY, Qin C, et al. Application of traditional Chinese medicine

in treatment of Helicobacter pylori infection. World J Clin Cases.
2021,9(35):10781-91.

. Zuskin E, Lipozencic J, Pucarin-Cvetkovic J, et al. Ancient medicine-a

review. Acta Dermatovenerol Croat. 2008;16(3):149-57.

. Hai J. Effect of western medicine triple combination combined with

Tibetan medicine Zuozhu-Daxi pill on improving gastrointestinal func-
tion and serum CRP and IL-4 levels in the treatment of peptic ulcer. Chin J
Ethnic Med. 2022;28(2):7-8.

. HuW. Clinical observation on the treatment of digestive tract tumor

vomiting after chemotherapy with Zuozhu-Daxi combined with Astra-
galus injection and Xiaobanxia pill. Jilin Medical J. 2011;32(8):1500-1.

. Baj J, Korona-Glowniak I, Forma A, et al. Mechanisms of the epithelial-

mesenchymal transition and tumor microenvironment in helicobacter
pylori-induced gastric cancer. Cells. 2020;9(4):1055.

. CamiloV, Sugiyama T, Touati E. Pathogenesis of Helicobacter pylori infec-

tion. Helicobacter. 2017,22(Suppl):1.

. Cardos IA, Zaha DC, Sindhu RK, Cavalu S. Revisiting therapeutic strategies

for H. pylori treatment in the context of antibiotic resistance focus on
alternative and complementary therapies. Molecules. 2021;26(19):6078.

. Varghese R, Dalvi YB. Natural products as anticancer agents. Curr Drug

Targets. 2021;22(11):1272-87.

. Winand L, Sester A, Nett M. Bioengineering of anti-inflammatory natural

products. ChemMedChem. 2021;16(5):767-76.

. ElFTantawy WH. Natural products for the management of hyperuricaemia

and gout: a review. Arch Physiol Biochem. 2021;127(1):61-72.

. Zhang S, Li L, Chen' W, Xu S, Feng X, Zhang L. Natural products: the role

and mechanism in low-density lipoprotein oxidation and atherosclerosis.
Phytother Res. 2021;35(6):2945-67.

Boozari M, Hosseinzadeh H. Natural products for COVID-19 prevention
and treatment regarding to previous coronavirus infections and novel
studies. Phytother Res. 2021;35(2):864-76.

Sadeer NB, Mahomoodally MF. Antibiotic potentiation of natural prod-
ucts: a promising target to fight pathogenic bacteria. Curr Drug Targets.
2021;22(5):555-72.

Yuan S, Gopal JV, Ren S, Chen L, Liu L, Gao Z. Anticancer fungal natural
products: mechanisms of action and biosynthesis. Eur J Med Chem.
2020;202: 112502.

Wang H. Talk shallowly that on the clinical application of Tibetan medi-
cine Zuozhu Daxi. Chin J Ethnomed and Ethnopharm. 2014;23:4-5.

Shen F, Li X, Qi D, Jiang H, Guo Z, Chen P. Relationship between the geno-
types of Helicobacter pylori in fection and gastroin testinal diseases. Chin
J Nosocomiology. 2022;32(3):417-21.

Bertheloot D, Latz E. HMGBT, IL-1q, IL-33 and S100 proteins: dual-function
alarmins. Cell Mol Immunol. 2017;14(1):43-64.

Zeng B, Chen C,Yi Q, et al. N-terminal region of Helicobacter pylori CagA
induces IL-8 production in gastric epithelial cells via the 31 integrin
receptor. J Med Microbiol. 2020,69(3):457-64.

Suganuma M, Watanabe T, Sueoka E, Lim IK, Fujiki H. Role of TNF-a-
inducing protein secreted by helicobacter pylori as a tumor promoter in
gastric cancer and emerging preventive strategies. Toxins. 2021;13(3):181.
Suarez G, Romero-Gallo J, Piazuelo MB, et al. Nod1 imprints inflammatory
and carcinogenic responses toward the gastric pathogen helicobacter
pylori. Cancer Res. 2019;79(7):1600-11.

Figueiredo CA, Marques CR, Costa Rdos S, da Silva HB, Alcantara-Neves
NM. Cytokines, cytokine gene polymorphisms and Helicobacter pylori
infection: friend or foe? World J Gastroenterol. 2014,20(18):5235-43.
ChenY,Wang X, Yu, et al. Serum exosomes of chronic gastritis patients
infected with Helicobacter pylori mediate IL-1a expression via IL-6 trans-
signalling in gastric epithelial cells. Clin Exp Immunol. 2018;194(3):339-49.
Cao D, Jiang J, Tsukamoto T, et al. Canolol inhibits gastric tumors initiation
and progression through COX-2/PGE2 pathway in K19-C2mE transgenic
mice. PLoS ONE. 2015;10(3): €0120938.

Gehrmann W, Wirdemann W, PIotz T, Jrns A, Lenzen S, Elsner M.
Antagonism between saturated and unsaturated fatty acids in ROS



Shi et al. Chinese Medicine

33.

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

(2022) 17:126

mediated lipotoxicity in rat insulin-producing cells. Cell Physiol Biochem.
2015;36(3):852-65.

Trommer S, Leimert A, Bucher M, Schumann J. Polyunsaturated fatty acids
induce ROS synthesis in microvascular endothelial cells. Adv Exp Med
Biol. 2018;1072:393-7.

Sun P, Zhou Q, Monroig O, et al. Cloning and functional characterization
of an elovl4-like gene involved in the biosynthesis of long-chain poly-
unsaturated fatty acids in the swimming crab Portunus trituberculatus.
Comp Biochem Physiol B Biochem Mol Biol. 2020;242: 110408.

Duan S, Zhang M, Li J, et al. Uterine metabolic disorder induced by silica
nanoparticles: biodistribution and bioactivity revealed by labeling with
FITC. J Nanobiotechnology. 2021;19(1):62.

LiZ LuS, CuiK, et al. Fatty acid biosynthesis and transcriptional regula-
tion of Stearoyl-CoA Desaturase 1 (SCD1) in buffalo milk. BMC Genet.
2020;21(1):23.

Vasireddy V, Sharon M, Salem N Jr, Ayyagari R. Role of ELOVL4 in fatty acid
metabolism. Adv Exp Med Biol. 2008;613:283-90.

Yang Y, Chen Z, Zhou L, et al. In silico development and validation of a
novel glucose and lipid metabolism-related gene signature in gastric
cancer. Trans| Cancer Res. 2022;11(7):1977-93.

Wang F, Wu J, Qiu Z, et al. ACOT1 expression is associated with poor
prognosis in gastric adenocarcinoma. Hum Pathol. 2018;77:35-44.

Raeisi M, Hassanbeigi L, Khalili F, Kharrati-Shishavan H, Yousefi M, Mehdi-
zadeh A. Stearoyl-CoA desaturase 1 as a therapeutic target for cancer: a
focus on hepatocellular carcinoma. Mol Biol Rep. 2022;49(9):8871-82.
Wang C, Shi M, Ji J, et al. Stearoyl-CoA desaturase 1 (SCD1) facilitates

the growth and anti-ferroptosis of gastric cancer cells and predicts poor
prognosis of gastric cancer. Aging. 2020;12(15):15374-91.

Huang F, Ren W, Yang G. Clinical observation on therapeutic efficiency of
tibean medicine used in treating atrophic gastritis. Chin J of Ethnic Med.
2000;6(1):10-2.

Yu G, Tan Y. Clinical observation of combined treatment of Helicobacter
pylori positive peptic ulcer with Zuozhu-Daxi. Chin J Adv Med Educ.
2012;35(z2):61-2.

Hu M, Zhou H, Wang M, Chen C, Du Y. Recent development of study on
mongolian medicine gypsum fibrosum. J Med Pharm of Chin Mnorities.
2014;20(9):34-6.

LiH,Wang Q, Chen P, Zhou C, Zhang X, Chen L. Ursodeoxycholic acid
treatment restores gut microbiota and alleviates liver inflammation in
non-alcoholic steatohepatitic mouse model. Front Pharmacol. 2021;12:
788558.

Chen X, Mellon RD, Yang L, Dong H, Oppenheim JJ, Howard OM. Regula-
tory effects of deoxycholic acid, a component of the anti-inflammatory
traditional Chinese medicine Niuhuang, on human leukocyte response to
chemoattractants. Biochem Pharmacol. 2002;63(3):533-41.

Yu S, Zhao G, Han F, et al. Muscone relieves inflammatory pain by inhibit-
ing microglial activation-mediated inflammatory response via abrogation
of the NOX4/JAK2-STAT3 pathway and NLRP3 inflammasome. Int Immu-
nopharmacol. 2020;82: 106355.

Chun J, Choi RJ,Khan S, et al. Alantolactone suppresses inducible nitric
oxide synthase and cyclooxygenase-2 expression by down-regulating
NF-kB, MAPK and AP-1 via the MyD88 signaling pathway in LPS-activated
RAW 264.7 cells. Int Immunopharmacol. 2012;14(4):375-83.

Luo M, Li G, Lin L, Wang Z, Guo W. Research progress on tibetan medicinal
herb ponkar. Chin J Exp Tradit Med Formulae. 2012;18(12):298-302.

Du Y, Wang X, Yang M. Advances in pharmacological activities

of the medicinal plants of genus Veronica. Chin Med J Res Prac.
2013;27(06):77-80.

Cai L, Wei Z, Zhao X, Li Y, Li X, Jiang X. Gallic acid mitigates LPS-induced
inflammatory response via suppressing NF-kB signalling pathway in IPEC-
J2 cells. J Anim Physiol Anim Nutr (Berl). 2022;106(5):1000-8.

Schitz K, Carle R, Schieber A. Taraxacum-a review on its phytochemical
and pharmacological profile. J Ethnopharmacol. 2006;107(3):313-23.
Shetty NP, Prabhakaran M, Srivastava AK. Pleiotropic nature of curcumin
in targeting multiple apoptotic-mediated factors and related strategies to
treat gastric cancer: a review. Phytother Res. 2021;35(10):5397-416.
Alaribe CS, Esposito T, Sansone F, et al. Nigerian propolis: chemical com-
position, antioxidant activity and alpha-amylase and alpha-glucosidase
inhibition. Nat Prod Res. 2021,35(18):3095-9.

55.

56.

57.

58.

59.

60.

Page 15 of 15

Korona-Glowniak I, Glowniak-Lipa A, Ludwiczuk A, Baj T, Malm A.The

in vitro activity of essential oils against helicobacter pylori growth and
urease activity. Molecules. 2020;25(3):586.

Ullah H, Di Minno A, Santarcangelo C, et al. Vegetable extracts and
nutrients useful in the recovery from helicobacter pylori infection: a
systematic review on clinical trials. Molecules. 2021;26(8):2272.

Wang LS, Echeveste CE, Yu J, et al. Can natural products suppress resistant
helicobacter pylori to fight against gastric diseases in humans. eFood.
2020;1(1):53-60.

Roszczenko-Jasinska P, Wojtys MI, Jagusztyn-Krynicka EK. Helicobacter
pylori treatment in the post-antibiotics era-searching for new drug
targets. Appl Microbiol Biotechnol. 2020;104(23):9891-905.

Lin J, Huang WW. A systematic review of treating Helicobacter pylori
infection with traditional Chinese medicine. World J Gastroenterol.
2009;15(37):4715-9.

Hu Q, Peng Z, Li L, et al. The efficacy of berberine-containing quadru-
ple therapy on helicobacter pylori eradication in china: a systematic
review and meta-analysis of randomized clinical trials. Front Pharmacol.
2019;10:1694.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	The tibetan medicine Zuozhu-Daxi can prevent Helicobacter pylori induced-gastric mucosa inflammation by inhibiting lipid metabolism
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Materials and methods
	Zuozhu-Daxi (ZZDX)
	H. pylori culture
	H. pylori-infected animal models and ZZDX treatment
	Histopathological analysis
	Reactive oxygen species (ROS) measurement
	ELISA analysis
	RNA extraction and real-time PCR analysis
	RNA sequencing for mouse gastric tissue
	Cell culture, co-culture assays and ZZDX treatment
	Western blot analysis
	Statistical analysis

	Results
	ZZDX treatment reversed the gastric mucosa injury induced by H. pylori but did not decrease H. pylori colonization in mouse gastric mucosa
	ZZDX treatment decreased the expression levels of inflammatory factors induced by H. pylori infection
	Exploring the anti-inflammatory mechanisms of ZZDX on H. pylori-infected gastric mucosa using RNA sequencing
	Verification of four identified proteins

	Discussion
	Acknowledgements
	References




