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Abstract Background: Angiostrongylus cantonensis is an important food-borne zoonotic
parasite that causes eosinophilic meningitis and meningoencephalitis in humans. Excretory-
secretory products (ESPs) are valuable targets for studying host-parasite relationships. ESPs
are composed of a variety of molecules that are used to penetrate defensive barriers and avoid
immune attack of the host. Tanshinone IIA (TSIIA) is a vasoactive cardioprotective drug that is
widely used in studies evaluating potential therapeutic mechanisms. In this study, we will eval-
uate the therapeutic effects of TSIIA in mouse astrocytes after A. cantonensis fifth-stage
larvae (L5) ESPs treatment.
Methods: Here, we examined the therapeutic effect of TSIIA by real-time qPCR, western blot-
ting, activity assay, and cell viability assays.
Results: First, the results showed that TSIIA can elevate cell viability in astrocytes after stim-
ulation with ESPs. On the other hand, TSIIA downregulated the expression of apoptosis-related
molecules. However, the expression of molecules related to antioxidant, autophagy, and endo-
plasmic reticulum stress was significantly increased. The results of antioxidant activation as-
says showed that the activities of superoxide dismutase (SOD), glutathione S-transferase
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(GST), and catalase were significantly increased. Finally, we found that cell apoptosis and
oxidative stress were reduced in TSIIA-treated astrocytes by immunofluorescence staining.
Conclusion: The findings from this study suggest that TSIIA can reduce cellular damage caused
by A. cantonensis L5 ESPs in astrocytes and clarify the related molecular mechanisms.
Copyright ª 2023, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

Excretory-secretory products (ESPs) from nematodes have
many functions for parasitic helminths, such as migration
and feeding and are also important targets in the study of
interactions between parasitic nematodes and their hosts.1

Previous studies have indicated that ESPs are important in
parasite survival and development.2e4 However, they also
have the ability to modulate host immune responses,
oxidative stress and host cell survival.5

Angiostrongylus cantonensis is an important food-borne
zoonotic parasite that can cause severe neuropathological
damage and symptoms, including eosinophilic meningitis
and eosinophilic meningoencephalitis in humans.6e11 In the
clinic, the CNS symptoms of human angiostrongyliasis
include severe headaches, fever, nausea, vomiting, neck
stiffness, photophobia, blurred vision, and neurological
abnormalities.

Tanshinone IIA (TSIIA) is an effective monomer compo-
nent purified from the traditional Chinese medicinal herb
Danshen (Salvia miltiorrhiza). In neurodegenerative disor-
der treatments, this compound can attenuate memory
impairment by inhibiting cell apoptosis, inflammation, and
amyloid peptide accumulation.12e15 Moreover, many
studies have also reported that TSIIA has protective func-
tions for neurons in CNS injury and ischemic diseases.16e23

Data from A. cantonensis infection studies showed that
TSIIA can increase myelin sheath thickness and inhibit the
expression of cytokines. These results indicated that TSIIA
has therapeutic effects for angiostrongyliasis.24

Although TSIIA has been evaluated in many studies of
cancers and neurodegenerative diseases, there are few
studies about its therapeutic effect in pathogen infection,
especially in parasitic nematode infection. The present
study aims to evaluate the therapeutic efficiency of TSIIA
after A. cantonensis L5 ESPs treatment. Moreover, we clar-
ified the molecular mechanisms by which TSIIA mitigates
ESPs-induced stress in astrocytes, including cell apoptosis,
oxidative stress, autophagy, and ER stress. This study is the
first to evaluate the protective function of TSIIA treatment
on central nervous system-related cells after stimulation
with the ESPs of fifth-stage A. cantonensis larvae.
Methods

A. cantonensis infection and excretory/secretory
product collection

In this study, the strain of A. cantonensis has been main-
tained in our laboratory since 1985. This strain was isolated
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from an Achatina fulica snail collected in Taipei. A total of
200 A. cantonensis L3 were used to infect SpragueeDawley
rats (SD rats) by stomach intubation using a feeding tube.
After completely anesthetized with 3% (v/v) isoflurane
(Panion & BF Biotech Inc., Taipei, Taiwan), blood samples
are collected by cardiac puncture and the L5 were then
isolated from the brain tissues at days 25 post-infection. By
determining the reproductive organ development at the tail
of worms, it can be confirmed that it is the L5. After
washing with saline, phosphate buffered saline, and RPMI
(SigmaeAldrich, USA), the worms were incubated in Gibco
Roswell Park Memorial Institute (RPMI) medium without
fetal bovine serum (FBS). The ESPs of L5 were collected
from the cultured medium and concentrated using an
Amicon Ultra-15 10 K centrifugal filter device (Merck Milli-
pore, Germany).

All animal procedures in this study were approved by
the Chang Gung University Institutional Animal Care and
Use Committee (IACUC) in Taiwan (CGU110-231) and fol-
lowed the guideline for Laboratory Animal Facilities and
Care (The Council of Agriculture. Executive Yuan, ROC).
Rats and mice were housed in plastic cages and provided
with food and water ad libitum. The experimental ani-
mals were sacrificed by anesthesia with isoflurane (1 ml/
min).
Cell culture and tanshinone IIA treatment

Mouse astrocytes (CRL2535) were cultured in culture flasks
containing Dulbecco’s modified Eagle’s medium/F-12
(DMEM/F-12) (Corning, USA), 10% fetal bovine serum (FBS)
(Gibco, USA), and penicillin and streptomycin. Cells were
plated and incubated onto culture dishes with serum-free
DMEM/F-12 for 24 h. Finally, cells were pretreated with
tanshinone IIA (TSIIA) for 2 h. Next, the 250 or 500 mg/ml A.
cantonensis L5 ESPs were used to treat cells for 12 h (C:
Control; E250: 250 mg/ml ESPs; E500: 500 mg/ml ESPs; T3:
250 mg/ml ESPsþ3 mg/ml TSIIA; T6: 250 mg/ml ESPsþ6 mg/
ml TSIIA; T12: 250 mg/ml ESPsþ12 mg/ml TSIIA; T25: 250 mg/
ml ESPsþ25 mg/ml TSIIA).
Cell viability assay

The astrocytes (1 � 107 cells/ml) were collected after ESPs
or TSIIA (3, 6, 12.5, and 25 mg/ml) treatment and incubated
with CCK-8 (Cell Counting Kit-8) (SigmaeAldrich, USA) at
37 �C in the dark with mild shaking for 1 h. Cell survival was
monitored by measuring formazan dye absorbance at
450 nm using a spectrophotometer (Molecular Devices,
USA).
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RNA extraction and RNA-sequencing library

Total RNA of astrocytes in different treatment conditions,
including ESPs and drugs, was extracted. TRIzol� reagents
were used to purify total RNA from the different treatment
groups. The TruSeq Stranded mRNA Library Prep Kit (Illu-
mina, San Diego, CA, USA) was employed to prepare the
purified RNA before sequencing. Finally, the qualified li-
braries were sequenced on an Illumina NovaSeq 6000 plat-
form with 150 bp paired-end reads generated by Genomics,
BioSci & Tech Co., New Taipei City, Taiwan.

Quantitative real-time PCR (qRT‒PCR)

In this study, cDNA synthesis and qRT‒PCR were carried out
using an iScript� cDNA Synthesis Kit and an iQ� SYBR�
Green Supermix kit (Bio-Rad, USA). The 20 ml PCR mixture
contained 1 mg reverse transcription product, master mix,
and 0.5 mM real-time forward and reverse primers. BIO-RAD
CFX Connect was used to detect gene expression in
astrocytes.

Protein extraction and Western blotting

The total protein of astrocytes was extracted in lysis buffer
containing protease inhibitors (Roche Diagnostics,
Switzerland). Next, the proteins were separated by 12%
SDSePAGE and transferred to nitrocellulose membranes.
The membranes were incubated with antibodies against
Bax (ABclonal, USA), Bid (ABclonal, USA), Caspase-3
(ABclonal, USA), Bcl-2 (ABclonal, USA), p53 (ABclonal,
USA), superoxide dismutase (ABclonal, USA), glutathione
transferase kappa (ABclonal, USA), LC3b (ABclonal, USA),
Beclin-1 (ABclonal, USA), GRP78 (Proteintech, USA), ATF4
(Signalway Antibody, USA), ATF6 (Proteintech, USA), and b-
actin (Proteintech, USA). The membranes were incubated
with HRP-linked secondary antibody (SigmaeAldrich, USA).
Finally, the immunoreactive bands were detected by ECL
reagent (EMD Millipore, USA) and a ChemiDoc Imaging Sys-
tem (Bio-Rad, USA).

Antioxidant capacity assay

The cell lysate was collected from astrocytes after ESP or
TSIIA treatment. Metmyoglobin, chromogen, and hydrogen
peroxide were added to detect the antioxidant capacity
(Cayman, USA) by reading the absorbance at 405 nm using a
spectrofluorometer (Molecular Devices, USA).

Antioxidant activity assay

A catalase assay kit was used to detect catalase activity in
astrocytes (Cayman, USA). Add Catalase Potassium Hy-
droxide, Catalase Hydrogen Peroxide, Catalase Purpald,
and Catalase Potassium Periodate into each well of both
samples and controls to start the reaction. Measure the
absorbance at 540 nm using a spectrofluorometer. A SOD
determination kit detected SOD activity in astrocytes
(Cayman, USA). Add 20 ml of sample solution to each
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sample, and add ddH2O to each blank well. Add WST
Working Solution to each well, and mix. Add Enzyme
Working Solution to each sample and incubate the plate at
37 �C for 20 min. Read the absorbance at 450 nm using a
microplate reader. A Glutathione S-Transferase (GST)
determination kit detected GST activity in astrocytes
(Cayman, USA). Add sample solution to each sample, and
add ddH2O to each blank well. Add Glutathione to each
well, and mix. Add CDNB to each sample. Read the absor-
bance at 340 nm using a microplate reader.

ROS detection assay

ROS generation in astrocytes was detected using a Reactive
oxygen species (ROS) detection assay kit (Cayman, USA)
according to the manufacturer’s instructions. ROS are
highly reactive chemicals, such as hydroxyl radicals, per-
oxides, and superoxide. The astrocytes were incubated
with Dihydroethidium assay reagent, Antimycin A assay
reagent, and N-acetyl Cysteine assay reagent. Finally, ROS
production was detected by a fluorescent microscope.

Cell apoptosis assay

Cell apoptosis in astrocytes was detected using a cell
apoptosis kit (Cayman, USA) according to the manufac-
turer’s instructions. The cells were collected and washed
twice with cold PBS, incubated with Apopxin Green Indi-
cator, AAD, and CytoCalcein Violet450 for 40 min at room
temperature, and then detected by a fluorescent
microscope.

Statistical analysis

Statistical analysis was performed using GraphPad Prism 5
software (GraphPad, USA), and data are presented as the
mean � SD. Differences between groups were compared by
Student’s t test. P < 0.05, < 0.01, and < 0.001 were
considered statistically significant.
Results

The effect of TSIIA on the survival rate of
astrocytes after treatment with A. cantonensis L5
ESPs

To evaluate the protective efficiency of TSIIA in astrocytes
after treatment with A. cantonensis L5 ESPs, cells were
pretreated with different concentrations of TSIIA (3, 6,
12.5, and 25 mg/ml) for 2 h. Next, the 250 or 500 mg/ml A.
cantonensis L5 ESPs were used to treat cells for 12 h. Cell
viability was observed by the CCK8 assay (Fig. 1). The re-
sults showed that ESPs induced cell death in astrocytes.
Conversely, the cell viability percentage was significantly
increased after TSIIA treatment. Therefore, the data sug-
gested that TSIIA has protective efficiency in astrocytes
after treatment with A. cantonensis L5 ESPs.



Figure 1. Effect of tanshinone IIA on the survival rate of
astrocytes treated with the excretory/secretory products of A.
cantonensis L5. Cells were pretreated with tanshinone IIA
(TSIIA) and then incubated with A. cantonensis L5 excretory/
secretory products (ESPs). Cell viability of astrocytes was
analyzed by the CCK-8 assay. The data are expressed as the
means � SDs from three independent experiments (n Z 3).
##P < 0.01, ###P < 0.001, compared to control. **P < 0.01,
compared to cells exposed to 500 mg/ml ESPs.
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Characteristics of the transcriptome of astrocytes
after A. cantonensis L5 ESPs and TSIIA treatment

We initially employed next-generation sequencing (NGS) to
establish RNA-seq profiling for astrocytes in different
treatment groups. We set up three databases containing
the data of the Control, ESPs, ESPs þ 12.5 mg/ml TSIIA, and
ESPs þ 25 mg/ml TSIIA treatment groups. Approximately
204,006,000 Uniq reads and 29,420,000,000 Uniq bases (bp)
were obtained (Table 1). A Venn diagram was used to show
the number of differentially expressed genes in each
comparison by RSEM and EBSeq (PPEE � 0.05) (Fig. 2A). A
total of 123 genes were identified as differentially
expressed genes (DEGs) in the E/N and T/E groups, and
4699 genes are shown in the union of comparisons. Finally,
we detected the expression of the DEGs in terms of tran-
scripts per million (TPM) in each group (Fig. 2B). The results
showed that TSIIA reduced the expression of cell apoptosis-
related genes and increased the expression of oxidative
stress-, autophagy-, and endoplasmic reticulum stress-
related genes after A. cantonensis L5 ESPs treatment.
Table 1 Cleaned FASTQ Files Summary

Name GC. Length Length_Mean Phred Q20_Ratio

C-R1 48.65% 20e151 144.32 33 99.04%
C-R2 48.78% 20e151 143.69 33 98.43%
E-R1 48.00% 20e151 144.66 33 98.97%
E-R2 48.22% 20e151 144.22 33 98.61%
T12_R1 49.11% 20e151 144.65 33 99.05%
T12_R2 49.28% 20e151 143.91 33 98.38%
T25_R1 49.47% 20e151 144.43 33 99.03%
T25_R2 49.62% 20e151 143.93 33 98.50%

856
Effect of pretreatment of TSIIA on cell apoptosis
induction in A. cantonensis L5 ESPs stimulated
astrocytes

To determine the effect of TSIIA on cell apoptosis in as-
trocytes, we investigated whether TSIIA could reduce ESPs-
induced cell apoptosis. The western blotting data showed
that the protein expression of cell apoptosis-related mol-
ecules, such as Bax, Bid, Caspase-3, Bcl-2, and p53, was
significantly elevated after ESPs treatment. However, TSIIA
reduced cell apoptosis-related protein expression after
ESPs treatment (Fig. 3A). The gene expression levels also
showed the same results (Fig. 3B). Finally, the fluorescence
staining results also demonstrated that the expression of
cell apoptosis-related genes (membrane PS, green color)
was significantly lower in the cells pretreated with TSIIA
(12.5 and 25 mg/ml) than in those treated with ESPs alone
(Fig. 3C). These results demonstrated that TSIIA can reduce
cell apoptosis in astrocytes after treatment with A. canto-
nensis L5 ESPs.
Effect of pretreatment of TSIIA on oxidative stress
generation in A. cantonensis L5 ESPs stimulated
astrocytes

To evaluate the effect of TSIIA on oxidative stress in as-
trocytes, we investigated whether TSIIA could reduce
oxidative stress. The western blotting data showed that the
protein expression of antioxidants (GSTK1 and SOD) was
increased after ESPs treatment. However, TSIIA elevated
antioxidant expression after ESPs treatment (Fig. 4A). The
gene expression levels also showed the same results
(Fig. 4B). The fluorescence staining results also demon-
strated that ROS expression (green color) was significantly
lower in the cells pretreated with TSIIA (12.5 and 25 mg/ml)
than in those treated with ESPs alone (Fig. 4C). Next, we
also found that the antioxidant capacity was significantly
higher in the cells pretreated with TSIIA (12.5 and 25 mg/ml)
than in those treated with ESPs alone (Fig. 4D). Finally, we
monitored the activity of antioxidants, such as catalase,
GST, and SOD, in astrocytes after A. cantonensis L5 ESPs or
TSIIA treatment. The data showed that TSIIA induced
antioxidant activation after ESPs treatment (Fig. 5). These
Q30_Ratio Qual_Mean Read_Counts Total_Bases

96.29% 36.42 2,59,20,999 3,74,08,44,537
94.35% 36.1 2,59,20,999 3,72,45,77,535
96.05% 36.38 2,36,17,944 3,41,65,35,104
94.87% 36.19 2,36,17,944 3,40,61,83,730
96.37% 36.43 2,62,17,641 3,79,22,92,916
94.29% 36.09 2,62,17,641 3,77,30,42,137
96.28% 36.42 2,62,49,842 3,79,12,11,118
94.61% 36.14 2,62,49,842 3,77,80,21,599



Figure 2. Summary of the RNA-seq and gene expression data (A) Venn diagram showing the number of differentially expressed
genes in each comparison as determined by RSEM and EBSeq (PPEE � 0.05) (B) The expression in TPM (transcripts per million) of the
Control, ESPs, ESPs þ 12.5 mg/ml TSIIA, and ESPs þ 25 mg/ml TSIIA groups (E/C: ESPs group compared with Control group; T/C:
ESPsþ25 mg/ml TSIIA group compared with ESPs group).
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results demonstrated that TSIIA can reduce oxidative stress
in astrocytes after treatment with A. cantonensis L5 ESPs.
Effect of pretreatment of TSIIA on autophagy
generation in A. cantonensis L5 ESPs stimulated
astrocytes

Next, we investigated whether TSIIA could induce auto-
phagy. The western blotting data showed that the protein
expression levels of autophagy-related molecules, such as
LC3b and Beclin-1, were significantly elevated after ESPs
treatment. Moreover, TSIIA further elevated the expression
of autophagy-related molecules after ESPs treatment
(Fig. 6A). The gene expression levels also showed the same
results (Fig. 6B). These results demonstrated that TSIIA can
induce autophagy in astrocytes after treatment with A.
cantonensis L5 ESPs.
Effect of pretreatment of TSIIA on endoplasmic
reticulum stress generation in A. cantonensis L5
ESPs stimulated astrocytes

Finally, we wanted to determine whether TSIIA could
induce endoplasmic reticulum (ER) stress. The western
blotting data showed that the protein expression levels of
ER stress-related molecules, such as GRP78, ATF4, ATF6,
and PERK, were significantly elevated after ESPs treatment.
Moreover, TSIIA elevated the expression of ER stress-
related molecules after ESPs treatment (Fig. 7A). The
gene expression levels also showed the same results
(Fig. 7B). These results demonstrated that TSIIA can induce
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ER stress in astrocytes after treatment with A. cantonensis
L5 ESPs.
Discussion

Astrocytes, glial cells, are the most abundant cells in the
human CNS. They can secrete regulatory proteins or cyto-
kines to control neuron activation and immune responses in
pathogen infection.25 Activated astrocytes generate TNF-a,
IL-1b and IL-6 extracellularly and reduce neuronal death
under oxidative stress.26 These cells can form the blood‒
brain barrier (BBB) with endothelial cells and interact with
neurons and blood vessels.27,28

In pathogen infection or stress stimulation, astrocytes
can control neuronal activation and immune responses
through secretion of regulatory proteins or cytokines.29 In
our previous studies, we first demonstrated that oxidative
stress and cell apoptosis were induced in astrocytes by A.
cantonensis L5 ESPs treatment.6 In contrast, we also found
that A. cantonensis ESPs can stimulate autophagosome
formation and endoplasmic reticulum (ER) stress in astro-
cytes.30,31 In a host immune response study, we found that
NF-kB can stimulate cytokine secretion through the Shh
signaling pathway in ESP-treated astrocytes.32 In this study,
the results showed that TSIIA has protective effects on as-
trocytes by reducing cell death after A. cantonensis L5 ESPs
treatment.

Recently, administration of albendazole in combination
with immunosuppressive drugs, such as corticosteroids,33,34

schisandrin B,35 and tanshinone IIA, was shown to possibly
be a favorable treatment strategy for angios-
trongyliasis.23,36 However, our previous studies showed that



Figure 3. Tanshinone IIA reduced cell apoptosis in astrocytes after treatment with excretory/secretory products of A. canto-
nensis L5. Cells were pretreated with tanshinone IIA (TSIIA)and then incubated with A. cantonensis L5 excretory/secretory products
(ESPs). The (A) mRNA and (B) protein expression levels were detected. The data are expressed as the means � SD from three
independent experiments (n Z 3). ###P < 0.001, compared to control. *P < 0.05, **P < 0.01, and ***P < 0.001, compared to cells
exposed to ESPs (C) An apoptosis/necrosis assay kit was used to detect cell apoptosis by fluorescence microscopy (n Z 3). Scale
bar Z 100 mm.
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administration of corticosteroids alone cannot directly
attenuate A. cantonensis-induced brain damage.37 To
improve the treatment quality for human angios-
trongyliasis, using other anthelmintics or immunosuppres-
sive drugs with few side effects may be a potential
therapeutic strategy. Finally, a previous study found that
TSIIA combined with albendazole can protect the optic
nerve by inhibiting the inflammation caused by A. canto-
nensis infection.36

In this study, we initially used NGS to establish RNA-seq
profiling for astrocytes in different treatment groups. We
found that TSIIA can downregulate the expression of cell
apoptosis-related genes and elevate the expression of
oxidative stress-, autophagy-, and endoplasmic reticulum
858
stress-related genes after A. cantonensis L5 ESPs treat-
ment. Finally, the western blotting results confirmed these
expression changes in protein levels.

First, the results showed that the excretory/secretory
products of A. cantonensis L5 can stimulate cell apoptosis
in astrocytes and that tanshinone IIA (TSIIA) has a thera-
peutic effect via inhibition of cell apoptosis. Apoptosis is an
active planned cell death pathway that is usually caused by
physiological or pathological factors. During apoptosis, the
cells initially shrink, and the DNA is degraded to 180e200 bp
fragments by endonucleases. Some studies have demon-
strated that TSIIA in combination with cyclosporine A (CsA)
may inhibit myocardial cell apoptosis caused by renal
ischemia and reperfusion in obese rats. Furthermore, TSIIA



Figure 4. Tanshinone IIA reduced oxidative stress in astrocytes after treatment with excretory/secretory products of A. can-
tonensis L5. Cells were pretreated with tanshinone IIA (TSIIA) and then incubated withA. cantonensis L5 excretory/secretory
products (ESPs). The (A) mRNA and (B) protein expression levels were detected. The data are expressed as the means � SDs from
three independent experiments (n Z 3). ##P < 0.01, compared to control. *P < 0.05, and **P < 0.01, compared to cells exposed to
ESPs (C) An ROS detection cell-based assay was used to detect ROS generation by fluorescence microscopy (n Z 3). Scale
barZ 100 mm (D) An antioxidant assay kit was employed to detect antioxidant capacities in astrocytes (nZ 3).

#

P < 0.05, compared
to control. ***P < 0.001, compared to cells exposed to ESPs.

Figure 5. Tanshinone IIA induced antioxidant activation in astrocytes after treatment with excretory/secretory products of A.
cantonensis L5. Cells were pretreated with tanshinone IIA (TSIIA and then incubated with A. cantonensis L5 excretory/secretory
products (ESPs). The activities of catalase, SOD, and GST were determined by an activity assay (n Z 3). #p < 0.05, ###p < 0.001,
compared to control.
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Figure 6. Tanshinone IIA induced autophagy in astrocytes after treatment with excretory/secretory products of A. cantonensis
L5. Cells were pretreated with tanshinone IIA (TSIIA) and then incubated with A. cantonensis L5 excretory/secretory products
(ESPs). The (A) mRNA and (B) protein expression levels were detected. The data are expressed as the means � SD from three
independent experiments (n Z 3). ###P < 0.001, compared to control. ***P < 0.001, compared to cells exposed to ESPs.

Figure 7. Tanshinone IIA induced ER stress in astrocytes after treatment with excretory/secretory products of A. cantonensis L5.
Cells were pretreated with tanshinone IIA (TSIIA) and then incubated with A. cantonensis L5 excretory/secretory products (ESPs).
The (A) mRNA and (B) protein expression levels were detected. The data are expressed as the means � SD from three independent
experiments (n Z 3). ##P < 0.01, and ###P < 0.001, compared to control. *P < 0.05 and ***P < 0.001, compared to cells exposed to
ESPs.
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combined with CsA treatment has been shown to attenuate
renal IR-induced cardiomyocyte apoptosis in obese rats by
activating the PI3K/Akt/Bad signaling pathway.38

Oxidative stress is a series of adaptive responses caused
by the imbalance between reactive oxygen species and
antioxidant mechanisms. This stress can damage proteins,
lipids, and DNA by generating peroxides and free radicals.
Oxidative stress in humans is thought to be responsible for
cancer, Alzheimer’s disease, Parkinson’s disease, heart
failure, atherosclerosis, attention deficit hyperactivity
disorder and Asperger’s syndrome.39,40 However, oxidative
stress also has benefits that the immune system uses to
attack and kill pathogens; short-term oxidative stress plays
an important role in preventing aging. Previous studies have
shown that TSIIA can improve cardiac dysfunction and
fibrosis by inhibiting oxidative stress.41 The results
demonstrated that TSIIA increases the expression of
collagen I, collagen III, TGF-b, a-smooth muscle actin (a-
SMA), matrix metalloproteinase 2 (MMP2) and MMP9 and
regulates the activities of superoxide dismutase, malon-
dialdehyde, and NADPH oxidase (Nox). In this study, we
found that TSIIA reduced oxidative stress in astrocytes after
treatment with A. cantonensis L5 ESPs.

In our Benzaldehyde research, our data found that the
expression of apoptosis-related molecules was increased in
response to A. cantonensis L5 s ESPs treatment. However,
the cell viability of astrocytes was elevated by treating with
3-HBA and 4-HBA. Further investigation found that 3-HBA
and 4-HBA can inhibit apoptosis-related molecule expres-
sion.42 The next study will compare the therapeutic effects
of TSIIA and 3-HBA on mouse astrocytes before treatment of
A. cantonensis L5 ESPs.

This investigation is the first to evaluate the protective
function of TSIIA treatment on the central nervous system
after stimulation with A. cantonensis L5 ESPs. These results
will help develop a new therapeutic strategy for angios-
trongyliasis with the possibility of clinical use in the future.
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