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The tibetan medicine Zuozhu‑Daxi can 
prevent Helicobacter pylori induced‑gastric 
mucosa inflammation by inhibiting lipid 
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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 
(IHC) staining. The reactive oxygen species (ROS) level in serum was evaluated using a detection kit. IL-1α, IL-6, and 
PGE2 expression levels in serum were measured using ELISA. IL-1α, IL-8, TNF-α, 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-1α, IL-6, and PGE2 expression levels in serum were significantly decreased after treatment with 
ZZDX. ZZDX treatment significantly decreased the mRNA expression of IL-8 induced by H. pylori infection in gastric 
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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. 
ZZDX, 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 μg/mL) (Life 
Tech), trimethoprim (4  μg/mL) and vancomycin (4  μg/
mL). The plates were incubated in a microaerobic envi-
ronment [5% (v/v) O2, 10% (v/v) CO2 and 85% (v/v) N2] 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 × 108  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 
ZZDX treatment for seven days after H. pylori infection. 

tissues. Elovl4, Acot1 and Scd1 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
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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  μm 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  μL of O12 probe diluted tenfold in ddH2O 
was added to 100 μL fresh serum and incubated at 37 ℃ 
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-1α, 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 
cDNA System (Invitrogen, Carlsbad, CA, USA), and real-
time qPCR monitoring of cDNA was performed using 

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 
Illumina TruSeqTM RNA Sample Prep Kit. Briefly, 

Table 2  Primer sequences used for RT-qPCR

Primer Sequence(5’-3’)

Il1a qF (Mus) CGA​AGA​CTA​CAG​TTC​TGC​CATT​

Il1a qR (Mus) GAC​GTT​TCA​GAG​GTT​CTC​AGAG​

Cxcl15 qF (Mus) CAA​GGC​TGG​TCC​ATG​CTC​C

Cxcl15 qR (Mus) TGC​TAT​CAC​TTC​CTT​TCT​GTTGC​

Tnf qF (Mus) CCC​TCA​CAC​TCA​GAT​CAT​CTTCT​

Tnf qR (Mus) GCT​ACG​ACG​TGG​GCT​ACA​G

Scd1 qF (Mus) TTC​TTG​CGA​TAC​ACT​CTG​GTGC​

Scd1 qR (Mus) TTG​AGC​CTT​TGT​AAA​TGG​GCA​

Acot1 qF (Mus) ATA​CCC​CCT​GTG​ACT​ATC​CTGA​

Acot1 qR (Mus) CAA​ACA​CTC​ACT​ACC​CAA​CTGT​

Acot2 qF (Mus) GTT​GTG​CCA​ACA​GGA​TTG​GAA​

Acot2 qR (Mus) GCT​CAG​CGT​CGC​ATT​TGT​C

Elovl4 qF (Mus) GTC​CTG​AAC​GCG​ATG​TCC​A

Elovl4 qR (Mus) GCG​TGC​TTA​TGC​TTA​TCG​TTG​

Nod qF (Mus) TGT​CAG​GAT​CTC​GCA​TTG​GT

Nod qR (Mus) ATT​GCT​TCG​TAG​ATA​GAG​GTG​TGT​G

IL1A qF (Homo) AGA​TGC​CTG​AGA​TAC​CCA​AAACC​

IL1A qR (Homo) CCA​AGC​ACA​CCC​AGT​AGT​CT

CXCL8 qF (Homo) ACT​GAG​AGT​GAT​TGA​GAG​TGGAC​

CXCL8 qR (Homo) AAC​CCT​CTG​CAC​CCA​GTT​TTC​

TNF qF (Homo) GAG​GCC​AAG​CCC​TGG​TAT​G

TNF qR (Homo) CGG​GCC​GAT​TGA​TCT​CAG​C

SCD qF (Homo) TTC​CTA​CCT​GCA​AGT​TCT​ACACC​

SCD qR (Homo) CCG​AGC​TTT​GTA​AGA​GCG​GT

ACOT2 (Homo) qF CGT​CCC​GGC​TGT​ACC​AAT​G

ACOT2 (Homo) qR GGA​ACC​CTA​ATG​ATC​TGA​CCAAC​

ELOVL4 qF (Homo) AAG​GAC​CGA​GAA​CCT​TTT​CAGA​

ELOVL4 qR (Homo) TCC​CGC​ATT​ATA​TGA​TCC​CATGA​

ACOT1 qF (Homo) TGC​TGG​AGT​ATC​GGG​CTA​GT

ACOT1 qR (Homo) ACC​TCA​GGA​TGA​CTG​AGC​AAG​

ACTB qF (Homo) TTG​TTA​CAG​GAA​GTC​CCT​TGCC​

ACTB qR (Homo) ATG​CTA​TCA​CCT​CCC​CTG​TGTG​

Actb qF (Mus) GGC​TGT​ATT​CCC​CTC​CAT​CG

Actb qR (mus) CCA​GTT​GGT​AAC​AAT​GCC​ATGT​
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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 log2FC > 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) CO2. 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 × 108  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  μg/mL, 50  μg/mL, 100  μg/mL and 
200  μg/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 × 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 

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 β-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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significantly increase the mRNA levels of IL-1α, IL-8 and 
NOD1 (P < 0.05), but no change was found for TNF-α. 
After ZZDX treatment at the high dose of 0.166  g/kg, 
the mRNA level of IL-1α 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 

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
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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. 5c 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 
ZZDX 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 

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
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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 

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-1α (a) and TNF-α (d) were found not to be 
significantly decreased. #P < 0.05 vs. NC group; *P < 0.05 vs. HP group
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RT-qPCR and western blot, which were consistent with 
the results above (Fig. 7b, c). These results suggested that 
ZZDX 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-1α [25], 
IL-8 [26], TNF-α [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 

Fig. 4  ZZDX treatment decreased the serum expression levels of inflammatory factors induced by H. pylori infection. The expression levels of IL-1α 
(a) and PGE2 (b) were significantly downregulated after ZZDX treatment at either the low dose or the high dose in a dose-dependent manner. The 
expression levels of IL-6 (c) was significantly downregulated after ZZDX treatment at the high dose. #P < 0.05 vs. NC group; *P < 0.05 vs. HP group
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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 

Fig. 5  RNA sequencing of mouse gastric mucosa from the three groups showed that 401 genes were regulated by ZZDX treatment. a Heatmap 
of differentially expressed genes in the NC group, HP group and ZZDX group. b A volcano plot was constructed from the differentially expressed 
genes between the HP group and ZZDX group, including 119 downregulated genes and 282 upregulated genes. c Gene Ontology (GO) 
enrichment of differentially expressed genes was performed, and the top 20 enriched GO terms were shown. d KEGG pathway analysis of genes 
regulated by ZZDX treatment was performed

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-qPCR. 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. #P < 0.05; ##P < 0.01 vs. NC group; *P < 0.05; **P < 0.01; ***P < 0.001 vs. HP group

(See figure on next page.)
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Fig. 6  (See legend on previous page.)
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Fig. 7  ZZDX showed the same effect in cell line experiments. a The RT-qPCR results showed that ZZDX decreased the expression levels of IL-1, 
IL-6 and IL-8 and decreased the number of H. pylori attached to cells. b The mRNA expression levels of Elovl4, Acot1 and Scd1 were significantly 
decreased after ZZDX treatment in vitro. c and (d) The western blot results of cells and their grayscale analysis results showed the same result with 
RT-qPCR. N = 3. #P < 0.05; ##P < 0.01; ###P < 0.001 vs. NC group; *P < 0.05; **P < 0.01 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.

ZZDX 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], 

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.
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