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Abstract

Background: Stomach disorders, including gastric cancer and gastritis, are associated with the pathogenic bacterium Helicobacter
pylori. Enhanced inflammation is the characteristic of H. pylori-induced gastritis. Ligustrazine exerts anti-inflammatory properties
in mouse asthma models and acute kidney injury.

Objectives: To determine the role of ligustrazine in H. pylori-induced gastritis.

Methods: Normal gastric epithelial cell line (GES-1) was cultured with H. pylori at a multiplicity of infection (MOI) of 100: 1 for 24
hours. GES-1 cell line under H. pylori condition was incubated with 100 or 200 M ligustrazine for 24 hours. Cell viability and apop-
tosis were investigated by MTT and flow cytometry assays, respectively. Inflammation was assessed by determining the levels and
mRNA expression of interleukins (IL)-6/8, tumor necrosis factor-a (TNF-cr), and monocyte chemotactic protein 1(MCP-1) using ELISA
and qRT-PCR analysis, respectively.

Results: Helicobacter pylori infection reduced the viability and promoted the apoptosis of GES-1 cell line, accompanied by the en-
hanced activities of caspases 3 and 9. However, ligustrazine reversed the H. pylori-induced infection decreased viability, while in-
creased apoptosis and caspases 39 activities in GES-1 cell line. Moreover, ligustrazine attenuated H. pylori-induced secretions of
pro-inflammatory factors, IL-6/8, TNF-cr, and MCP-1, in GES-1 cell line. The protein expression of inhibitor of NF-«xB (IxBa) was down-
regulated in GES-1 cell line after H. pylori infection, while the protein expression levels of p65 and phosphorylation of IxBa were
upregulated by H. pylori infection. On the contrary, ligustrazine decreased H. pylori-induced protein expression of IxBc, whereas
increased protein expression of p65 and phosphorylation of IxBc.

Conclusions: Ligustrazine exerted protective effects on H. pylori-induced gastric epithelial cells through inhibition of gastric in-
flammation and apoptosis and inactivation of NF-xB pathway.
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1. Background

Gastritis is a common disease of the digestive system
in outpatient children (1). In terms of etiology, Helicobac-
ter pyloriinfection is one of the most important pathogenic
factors predisposing to gastritis in children (1). Helicobac-
ter pylori, a Gram-negative bacterium, is usually acquired
in childhood and colonizes at the human gastric epithe-
lium to promote oxidative damage and secretion of pro-
inflammatory factors, thus resulting in stomach disorders,
including gastric cancer and gastritis (2). Eradication of H.
pylori via proton pump inhibitors combined with antibi-
otics has been shown to reduce the rate of gastric carci-
noma and relieve gastritis (2). However, the development

of bacterial resistance could reduce the efficiency of antibi-
otic therapy (3). Therefore, other therapeutic strategies are
urgently needed for the treatment of H. pylori-induced gas-
tritis.

Through adhering to the gastric mucosa, H. pylori se-
crets virulent factors, such as vacuolating cytotoxin gene
or cag pathogenicity island, into the epithelial cells (4-6).
The virulent factors alter the cytoskeletal rearrangements
and then activate NF-xB pathway to promote the secre-
tion of interleukin 8 (IL-8), thus recruiting inflammatory
cells, such as lymphocytes and neutrophils, to the infected
area(4,7). The inflammatory cells secret pro-inflammatory
cytokines to cause gastric epithelial cell apoptosis and
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gastric mucosal injury (8). The suppression of H. pylori-
induced inflammation and apoptosis has been shown to
facilitate the amelioration of gastritis (9).

Ligustrazine is an alkaloid that is usually extracted
from the root and stem of Chinese medicine, Ligusticum
Chuanxiong Hort (10). Ligustrazine has been used as an
anti-tumor agent in colon cancer (11). Moreover, ligus-
trazine has a wide range of pharmacological activities,
including anti-oxidative stress, anti-inflammatory, anti-
apoptotic, and other pharmacological effects, with high
safety and fewer side effects (12). Ligustrazine protected
human umbilical vein endothelial cells against hypoxia in-
duction (13), and attenuated ovalbumin-induced inflam-
mation in mouse asthma model (14). However, the role and
mechanism of ligustrazine in gastritis are still unclear.

2. Objectives

This study investigated the role of ligustrazine in the
apoptosis and inflammation of H. pylori-induced normal
gastric epithelial cell line (GES-1) and then unravel the un-
derlying mechanism.

3. Methods

3.1. Cell and Helicobacter pylori Culture

Gastric epithelial cell line-1 was purchased from Cell
Resource Center of Shanghai Academy of Sciences (Shang-
hai, China) and cultured in Dulbecco’s modified Eagle’s
medium (GE Healthcare Life Sciences, Little Chalfont,
UK) containing 1% streptomycin-penicillin and 10% fetal
bovine serum (GE Healthcare Life Sciences) at a 37°C incu-
bator. The medium was changed every three days. Heli-
cobacter pyloristrain NCTC11637 was purchased from Shang-
hai Huiying biological technology (Shanghai, China) and
cultured in Columbia agar with 10% goat serum at a 37°C
incubator under conditions: 85% N,, 10% CO,, and 5% O,
for 72 hours.

3.2. Cell Treatment

Gastric epithelial cell line (3 x 10° jwell) was placed in
the 6-well plastic plates. Helicobacter pylori was harvested
from the agar plates and suspended in Dulbecco’s modi-
fied Eagle’s medium. The absorbance at 600 nm was ad-
justed to 0.6 via Microplate Reader (BioTek, Winooski, VT,
USA). Helicobacter pylori at a multiplicity of infection of
100:1was added into GES-1 cells and incubated for 24 hours.

3.3. Cell Viability and Apoptosis

After cultivation for 24 hours, GES-1 cell line under H.
pylori infection was incubated with 40 pL MTT solution (2
mg/mL; Beyotime, Beijing, China) at the plastic plates for
4 hours. Following incubation with 100 pL DMSO, the ab-
sorbance at 450 nm was measured by Microplate Reader.
For flow cytometry assay, GES-1 cell line was harvested fol-
lowing incubation with 0.25% trypsin (Thermo Fisher Sci-
entific, Waltham, MA, USA), and then re-suspended in 100
1L binding buffer in Annexin V-FITC Apoptosis Detection
kit (BD Biosciences; Franklin Lakes, NJ, USA). Fluorescein
isothiocyanate Annexin Vand propidium iodide were then
used to stain the cells before analysis under FACS Canto II
flow cytometer (BD Biosciences). The apoptotic rate was de-
termined by Flow]o 7.6 software (Tree Star, Inc., Ashland,
OR, USA).

3.4. Caspase-3 and Caspase-9 Activities

Gastric epithelial cell line under H. pylori infection was
lysed with RIPA buffer (Ding Guo Chang Sheng Biotech,
Beijing, China) and centrifuged at 12000 X g for 10 min-
utes. The supernatant was used for the detection of protein
concentration using Pierce BCA Protein Assay Kit (Thermo
Fisher Scientific). The commercial kit (ab219915, Abcam,
Cambridge, MA, USA) was used for determining the activ-
ities of caspase-3 and caspase-9.

3.5. Pro-inflammatory Cytokines Production

The supernatants of GES-1 cells were used to determine
the production of IL-6, IL-8, TNF-ct, and MCP-1 using ELISA
kits (Abcam).

3.6. Quantitative Real-time Polymerase Chain Reaction (qRI-
PCR)

TRIzol ® reagent (Thermo Fisher Scientific) was used
to isolate RNAs from GES-1 cells. M-MLV reverse transcrip-
tase (Promega Corporation, Madison, WI, USA) was used to
reverse-transcribe the RNAs into cDNAs. NanoDrop spec-
trophotometer (NanoDrop Technologies, Wilmington, DE,
USA) was used to detect the quality and quantity of RNAs
and cDNAs. Then qRT-PCR was performed with SYBR Green
PCR Master Mix (Applied Biosystems, Foster City, CA, USA)
on ViiA 7 (Applied Biosystems, Austin, TX, USA) with the fol-
lowing conditions: 94°C for 2 minutes; 40 cycles of 94°C
for 20 seconds, 55°C for 35 seconds, 72°C for 25 seconds (15).
Moreover, S-actin was used as the endogenous control. The
specific primers are listed in Table 1.
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Table 1. Primer Sequences

ID Sequence (5’-3’)
[B-actin

F CCTGGCACCCAGCACAAT

R GCTGATCCACATCTGCTGGAA
1L-6

F TGATGGATGCTTCCAAACTG

R GAGCATTGGAAGTTGGGGTA
TNF-«

F ACTGAACTTCGGGGTGATTG

R GCTTGGTGGTTTGCTACGAC
MCP1

F GATCTCAGTGCAGAGGCTCG

R TTTGCTTGTCCAGGTGGTCC
IL-8

F CTTGCAGCCTTCCTGATTTCT

R CGCCTTTACAATAATTTCTGTGTTGGCG

3.7. Western Blot

The supernatants of GES-1 cells (30 micrograms) were
used for separating proteins by SDS-PAGE, and electro-
transferred onto PVDF membranes. Primary antibodies, in-
cluding anti-p65 and anti-p-p65 (1:3000; Abcam), anti-IxkBo
and anti-p-IkBa (1:3500; Abcam), anti-GAPDH (1:4000; Ab-
cam), were used to probe the membranes. Following
incubation with horseradish peroxidase-conjugated im-
munoglobulin G (1:5000; Abcam), and the blots were de-
tected by enhanced chemiluminescence (KeyGen, Nanjing,
China).

3.8. Statistical Analysis

The results from three independent experiments were
presented as mean = SD. Statistical analyses between dif-
ferent groups were performed with one-way analysis of
variance or Student t-test under SPSS19.0 software. Values
were considered significantat P < 0.05.

4. Results

4.1. Ligustrazine Attenuated Helicobacter pylori-induced Cyto-
toxicity in GES-1 Cell Line

Gastric epithelial cell line was incubated with H. pylori
to establish the cell model of gastritis. The result showed
that H. pylori infection significantly reduced the viability of
GES-1 cell line (Figure 1). Moreover, Ligustrazine treatment
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increased the viability of GES1cell line (Figure 1), which sig-
nificantly attenuated H. pylori-induced cell cytotoxicity.

4.2. Ligustrazine Attenuated Helicobacter pylori-induced In-
flammation in GES-1 Cell Line

ELISA assays demonstrated that H. pylori infection up-
regulated the secretion of pro-inflammatory cytokines, in-
cluding IL-6/8, TNF-a, and MCP-1, in GES-1 cell line (Fig-
ure 2A). However, ligustrazine treatment reduced H. py-
lori-induced levels of IL-6/8, TNF-«r, and MCP-1 in GES-1
cell line (Figure 2A). Moreover, ligustrazine also attenu-
ated mRNA expression of H. pylori-induced of IL-6/8, TNF-
a, and MCP-1 in GES-1 cell line (Figure 2B), suggesting the
anti-inflammatory effect of ligustrazine against H. pylori-
induced gastritis.

4.3. Ligustrazine Attenuated Helicobacter pylori-induced Apop-
tosis in GES-1Cell Line

In addition to the anti-inflammatory effects of ligus-
trazine, its anti-apoptotic effect on GES-1 cell line was sub-
sequently assessed. Flow cytometry assay demonstrated
that H. pylori infection promoted the apoptosis of GES-1
cellline (Figure 3A and B). However, ligustrazine treatment
decreased H. pylori-induced apoptotic cell number (Figure
3A and B). Moreover, ligustrazine also attenuated H. pylori-
induced activities of caspase-3 (Figure 3C) and caspase-9
(Figure 3D) in GES-1 cell line, suggesting the anti-apoptotic
effect of ligustrazine against H. pylori-induced gastritis.

4.4. Ligustrazine Attenuated Helicobacter pylori-induced NF-
KB Activation in GES-1 Cell Line

Although the protein expression of p65 was not af-
fected by H. pylori infection in GES-1 cell line (Figure 4), the
protein expression of the phosphorylation of p65 was en-
hanced in GES-1 cell line after H. pylori infection (Figure 4).
Moreover, the expression of the inhibitor of NF-xB (IxBa)
was reduced and the expression of the phosphorylation of
IxBa was enhanced in H. pylori-infected GES-1 cell line (Fig-
ure 4), indicating that H. pylori infection promoted the ac-
tivation of NF-xB in GES-1 cell line. Ligustrazine reversed
the effects of H. pylori infection on the protein expression
of IkBq, IkBey, and p65 phosphorylation in GES- cell line
(Figure 4), revealing that ligustrazine attenuated H. pylori-
induced NF-sB activation in GES-1 cell line.
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Figure 1. Ligustrazine attenuated Helicobacter pylori-induced cytotoxicity in GES-1 cell line. Ligustrazine treatment increased viability of GES-1 cell line during H. pylori-induced

infection. ** Vs. control, P < 0.01. #, ## Vs. H. pylori,P < 0.05,P < 0.01.

5. Discussion

Ligusticum chuanxiong Hort has been widely used as an
effective medical plant (16), and the aqueous extract of L.
chuanxiong Hort showed anti-H. pylori capacity (16). Ligus-
ticum chuanxiong Hort was used for the prevention of ulcer
diseases (17). Since ligustrazine was a bioactive component
isolated from L. chuanxiong Hort (18), with potential anti-
inflammatory, antioxidant, and anti-fibrosis effects, its ex-
act effects on H. pylori-induced gastritis was evaluated in
this study.

Infiltration of inflammatory cells into gastric mucosa
was generally associated with H. pylori infection, and the
secretion of pro-inflammatory cytokines, proteolytic en-
zymes, and reactive oxygen species by these inflammatory
cells could result in mucosal damage (19). For example,
IL-6, MCP-1, and TNF-« levels were upregulated by H. py-
lori infection in GES-1 cells (20). In the present study, H.
pylori infection enhanced the mRNA and protein expres-
sion levels of IL-6/8, MCP-1, and TNF-«x in GES-1 cells, which
were consistent with a previous study, showing that ligus-
trazine reduced inflammation in the kidney cells post-
ischemia/reperfusion injury with decreased levels of IL-6,
MCP-1, and TNF-« (21). Besides, our results also confirmed
that ligustrazine attenuated H. pylori-induced increased
levels of IL-6/8, MCP-1, and TNF-cx in GES-1 cell line, suggest-

ing its anti-inflammatory effect on H. pylori-induced gastri-
tis.

Helicobacter pylori has also been shown to promote
the apoptosis of gastric epithelial cells through inducible
caspase-3/E-cadherin pathway (22) or caspase-3/9 activa-
tion (23). In this study, we also noted the increased apop-
tosis and caspase-3/9 activities in GES-1 cell line caused by
H. pylori. In H. pylori-infected children, resolution of gas-
tritis and eradication of the bacterium restored the apop-
tosis of gastric epithelial cells to baseline levels (24), sug-
gesting that anti-apoptotic agents might be an effective
therapeutic strategy for the prevention of H. pylori-induced
stomach disorders. Ligustrazine has been shown to pro-
tect against homocysteine-induced cell apoptosis through
modulation of mitochondrial dysfunction (25). Results in
this study demonstrated that ligustrazine attenuated H.
pylori-induced increased apoptosis and caspase-3/9 activi-
ties in GES-1 cell line, suggesting its anti-apoptotic effect
against H. pylori-induced gastritis.

Activation of NF-xB pathway in gastric epithelial cells
is a marker of chronic inflammation and gastric cancer in-
duced by H. pylori (26). NF-xB is generally sequestered in
the cytoplasm, and translocate into the nucleus through
activation and phosphorylation (27). The activation of
NF-xB is mediated by the inhibitory proteins IxB, and
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Figure 2. Ligustrazine attenuated Helicobacter pylori-induced inflammation in GES-1 cell line. (A) Ligustrazine treatment attenuated H. pylori-induced levels of IL-6/8, TNF-cv,
and MCP-1in GES-1 cell line. (B) Ligustrazine treatment attenuated H. pylori-induced mRNA expression levels of IL-6/8, TNF-ct, and MCP-1in GES-1 cell line. **Vs. control, P < 0.01.

#,## Vs. H. pylori,P< 0.05,P < 0.01.

phosphorylation of IxB promotes self-ubiquitination and
proteasome-mediated degradation, thus liberating nu-
clear translocation of NF-xB to activate target genes, in-
cluding IL-8 (4). Suppression of NF-xB activation was in-
volved in genistein-repressed gastric inflammation and
apoptosis in H. pylori-induced rats (9). Here, [xBa was re-
duced, IxBa and phosphorylation of p65 were enhanced
in GES-1 post-H. pylori infection. Ligustrazine upregulated

Jundishapur ] Microbiol. 2021; 14(4):e116612.

IxBa, while downregulated phosphorylation of p65 in H.
pylori-induced GES-1 cell line, suggesting that ligustrazine
exerted gastroprotective effects on gastric epithelial cells
through inactivation of NF-xB pathway.

5.1. Conclusions

Ligustrazine counteracted the promotive effects of H.
pylori on the levels of pro-inflammatory cytokines (IL-6/8,
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MCP-1, and TNF-«v) and gastric epithelial cell apoptosis
through suppression of NF-xB activation. However, the in
vivo effect of ligustrazine on H. pylori-induced rats should
be performed to further confirm the therapeutic effects of
ligustrazine on H. pylori-induced gastric disorders.
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