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Background: The aim of this study was to evaluate the effect of ligustrazine on the apoptosis of A549 cells 
and clarify the mechanism of ligustrazine-induced apoptosis. 
Methods: Ligustrazine was prepared with medium according to the gradient concentration. Based on a 
cytotoxicity test, 3 different concentrations of ligustrazine were selected to form low, medium, and high 
groups, with a 0 mg/mL dose used as the control. The apoptosis degree and Fas (Fas cell surface death 
receptor) and Fas-L (Fas Ligand) expression were detected by flow cytometry and quantitative polymerase 
chain reaction (qPCR), respectively; meanwhile, the activity of caspase 8 and caspase 3 was analyzed by 
enzyme-linked immunosorbent assay (ELISA) and qPCR, respectively. 
Results: After 24 hours of ligustrazine administration, the survival rate of A549 cells decreased with the 
increase of drug concentration, while the rate of apoptosis increased with the increase of drug concentration. 
Meanwhile, Fas and Fas-L expression was found to be significantly increased at both the gene and protein 
level, which was positively correlated with drug concentration. Furthermore, the expression of caspase 8 and 
caspase 3 was positively correlated with the concentration of ligustrazine, and there was significant difference 
compared with the control group. 
Conclusions: Ligustrazine can induce the apoptosis of A549 cells via the upregulation of Fas- and caspase-
activating death receptor pathway expression.
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Introduction

The incidence and case fatality rate of lunger remain 
high, with many cases only being detected at an advanced 
stage. The unlimited proliferative capacity of tumor cells 
is the greatest obstacle in tumor therapy. Current research 
suggests that tumor cells evade radiotherapy and drug 
treatment through multiple pathways, one of which is cell 
death escape (1). A key point in drug development is the 
search for potential agents that can effectively block cell 
survival, causing apoptosis, and this particular aspect of 
tumor cell survival has become a major focus in oncology. 
Apoptosis is an important mechanism in maintaining the 
internal ordered activity of living bodies generally under 
specific conditions through the activation, expression, 
and regulation of a series of genes that are spontaneously 
ordered to maintain normal metabolism (2). Disruption of 
this balance can lead to lesions such as tumors. Among the 
cell signaling pathways, the proapoptotic and antiapoptotic 
signaling nodes are the locations of selected targets in 
therapeutic studies of tumors and often serve as detection 
points for tumor initiation, progression, and therapeutic 
efficacy (3,4).

Chuanxiong is a traditional Chinese medicine that is 
commonly used in the treatment of cardiovascular diseases. 
Intensive study found ligustrazine, an extract of Ligusticum 
chuanxiong Hort, to be one of the active ingredients that 
has a significant effect on cytokines, such as tumor necrosis 
factor and interferon. Generally, studies on this subject 
indicate that the pathways involved in the treatment of 
cardiovascular diseases overlap considerably with those 
pathways involved in the emergence and development of 
tumors. This preliminary study in lung cancer treatment 
examined the ligustrazine-induced apoptosis of tumor cells 
via the activation of death receptors. 

We present the following article in accordance with 
the MDAR reporting checklist (available at https://tcr.
amegroups.com/article/view/10.21037/tcr-22-455/rc).

Methods

Reagents and equipment

For the reagents and equipment used, an MTT kit was 
purchased form Promega (Madison, WI, USA); Annexin 
V-FITC/PI Kit, Fas antibody, and Fas-L antibody with 
FITC label were purchased form BD Biosciences (San Jose, 
CA, USA); qPCR SuperMIX was purchased form Toyobo 
(Osaka, Japan); caspase 8 and caspase 3 enzyme-linked 

immunosorbent assay (ELISA) kits were purchased form 
RayBiotech (Peachtree Corners, GA, USA); and ligustrazine 
was purchased form Chengdu Herbpurify (Chengdu, 
China). Flow cytometry was provided BD Biosciences, gene 
amplification instruments were obtained from Bio-Rad 
Laboratories (Hercules, CA, USA), and a microplate reader 
was acquired from BioTek (Winooski, VT, USA).

Cell culture and viability assay

Human lung cancer cell line A549 [American Type Culture 
Collection (ATCC); CCL-185, Manassas, VA, USA] was 
cultured with RPMI1640 (Gibco, Waltham, MA, USA) 
with 10% fetal bovine serum (FBS; Gibco) in a 37 ℃, 5% 
CO2 atmosphere. The gradient concentration of 0, 1, 2, 4, 
8, and 16 mg/mL medium with ligustrazine was added to a 
96-well plate, with the cell concentration being 5×103/well. 
The MTT kit was used to detect the cell survival rate after 
24 hours.

Apoptosis analysis

Three ligustrazine concentrations without cytotoxicity 
were selected for all subsequent experiments. The cell 
concentration was adjusted to 5×104/mL in a 35-mm cell 
culture dish. After 24 hours of culture with ligustrazine, 
the cells were washed with PBS for 2 times. Subsequently, 
the cells were resuspended with binding buffer 100 μL and 
were incubated in the dark with annexin V/PI for 20 min 
at room temperature. Then apoptosis was analyzed by flow 
cytometry.

qRT-PCR 

The cell was treated in same fashion detailed in section 
Apoptosis analysis. Total RNA was extracted from cultured 
cells using RNeasy Mini QIAcube Kit (QIAGEN, Hilden, 
Germany). Quantitative reverse transcription PCR (qRT-
PCR) was performed with a SYBR Green Realtime 
PCR Master Mix (Toyobo). The primer sequences were 
purchased from Sangon Biotech (Shanghai, China), and the 
primer sequences are listed in Table 1.

Expression of Fas and Fas-L

To determine the expression of Fas and Fas-L, the A549 
cells were treated in the same manner as described in 
section Apoptosis analysis. After being washed with 
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phosphate-buffered saline (PBS) 3 times, the cells 
were adjusted to 3×105/mL and incubated with Fas and 
Fas-L antibody with FITC label in the dark for 20 min 
at room temperature. The cells were analyzed by flow 
cytometry

Determination of caspase 8 and caspase 3 activity 

To determine caspase 8 and caspase 3 activity, the A549 
cells were treated in the same manner as described in 
section Apoptosis analysis. With 6-well plates, caspase 8 and 
caspase 3 kits were used for activity analysis according to 
the manufacturer’s instructions. 

Statistical analysis

Data for independent experiments were presented as means 
± standard error of the mean (SEM). Normally distributed 
data were compared by unpaired Student’s t-test for two 
groups comparisons and one-way analysis of variance 
(ANOVA). P values <0.05 were considered significant 

difference. Data statistically analysis were using GraphPad 
Prism 5.0 (GraphPad Software., San Diego, CA, USA) and 
SPSS software, version 23.0 (IBM Corp., Armonk, NY, 
USA). All biological replicates were performed at least three 
times. Experiment and analysis were bi-blinding.

Results

Ligustrazine inhibited A549 cell proliferation

Ligustrazine showed an ability to inhibit A549 cells 
proliferation in a dose-dependent manner. Significant 
cytotoxicity appeared at a dose of more than 8 mg/mL 
(P<0.001). Consequently, 1, 2, and 4 mg/mL doses were 
selected for the ensuing experiments (Figure 1).

Flow cytometry analysis indicated ligustrazine could 
promote A549 cell apoptosis

Flow cytometry indicated that, compared with the control, 
ligustrazine significantly increased the percentage of 
apoptosis in a dose-dependent manner. With reference to 
the control group, the differences between the groups in 
each concentration were statistically significant (Figure 2).

Ligustrazine promoted Fas and Fas-L expression in A549 
cells

After treatment with ligustrazine, the gene and protein 
expressions of Fas and Fas-L all increased in a dose-
dependent manner, with significant differences compared 
with the control group. Realtime PCR assays showed 
significant upregulation of Fas gene expression in the 1, 
2, and 4 mg/mL groups and of Fas-L gene expression in 
the 2 and 4 mg/mL groups. Flow cytometry was used to 
determine Fas and Fas-L expression on the cell surface 

Table 1 Primer sequences

Gene Forward primer (5’→3’) Reverse primer (5’→3’)

Fas GAAGAGACCCCTGTGGTATTTGA ACACTTTTCCGCTCACAATCAGA

Fas-L TGTTAAATGGGCCACTTTCCTC GGATGTTTCAGCTCTTCCACCTAC

TRAIL CTGATCGTGATCTTCACAGTGCTC CAGCAGGGTAGACTCAGCAAGG

Caspase 8 CAAGAGGAAATCTCCAAATGCAAAC CAGGATGTCCAACTTTCCTTCTCC

Caspase 3 GTGAAGAGTTGGACCACCATAGCA AATGAGTCAACCAAGTTCGCACAC

β-Actin TGGCACCCAGCACAATGAA CTAAGTCATAGTCCGCCTAGAAGC
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Figure 1 Cytotoxicity assay of ligustrazine with each concentration 
compared with 0 mg/mL. ***, P<0.001.
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and revealed a significant difference when the cells were 
exposed to lower doses (1 and 2 mg/mL), with particularly 
significant increases at higher doses (4 mg/mL). However, 
the 1 and 2 mg/mL groups did not significantly differ from 
each other. The results of gene level and protein level 
detection were consistent (Figure 3).

Ligustrazine promoted caspase 8 and caspase 3 expression 
in A549 cells

After treatment with ligustrazine, the gene and protein 
expressions of the caspase 8 and caspase 3 groups appeared 
to be significantly different from those of the control group, 
with this difference being dose-dependent. Realtime PCR 
assay showed the gene expression of caspase 8 and caspase 
3 to be significantly upregulated in each group after drug 
administration. ELISA assays showed that the protein 
expression of caspase 8 and caspase 3 was significantly 
upregulated compared with the control group, with the 
4 mg/mL dose yielding a highly significant difference. 
The results of gene level and protein level detection were 
consistent (Figure 4).

Discussion 

The apoptosis usually featured by specific morphological 
and energy-dependent events. Apoptosis was believed to 
involve in a serious progress events: cell transformation, 
immune system development and function, atrophy, 
development of embryonic, and cell death. Abnormal 
apoptosis  resulted in var ious diseases ,  including 
neurodegenerative diseases, ischemic cascade, cancers and 
autoimmune diseases. Apoptosis was believed has great 
potential for its ability to regulate cell death (5). 

Apoptosis could be induced by lots of stimuli and 
conditions, even the drugs of cancer could cause DNA 
damage, and finally resulted in apoptosis by p53 pathway (6). 
Corticosteroids (a kind of hormone) can lead to apoptosis in 
thymocytes cells. 

Various low doses noxious stimuli such as heat, 
radiation, hypoxia, and cancer drugs can lead to apoptosis, 
while higher concentration of them even cause necrosis. 
Recent studies demonstrated Chinese also regulated cell 
apoptosis such as baicalein increased cisplatin sensitivity 
of A549 lung adenocarcinoma cells via PI3K/Akt/NF-κB  
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Figure 2 Apoptosis analysis for A549. (A) A549 apoptosis results of flow cytometry. (B) Apoptosis percentages, with each dose group 
compared to control group (0 mg/mL). *, P<0.05; **, P<0.01.
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pathway (7), “Shenqi San” inhibited proliferation of A549 
cells via inducing apoptosis (8), lotus leaf flavonoids induce 
apoptosis via ROS/p38 MAPK pathway (9), baicalin 
inhibited the proliferation and migration of A549 and 
H1299 by activating the SIRT1/AMPK signaling pathway 
(10), gracillin isolated from reineckia carnea induced 
apoptosis of A549 cells via the mitochondrial pathway (11). 
Besides, there were other moleculars reported regulated 
A549 apoptosis such as Cyclophilin A regulates the 
apoptosis of A549 cells by stabilizing Twist1 protein (12), 
circRNA (HSA_CIRC_0004050) regulated proliferation 
and apoptosis of A549 cells through ERK/JNK signaling 
pathway (13).

Up to now, apoptosis was divided into extrinsic and 
intrinsic cell death. Extrinsic apoptosis was triggered on 
specific cell membrane receptor while the intrinsic apoptosis 
was induced by mitochondrial pathway. However, recent 

study revealed that the two pathways were intercrossed, 
some molecules could influence others in the other 
pathways (14). Another apoptosis pathway could triggered 
by T cell-mediated cytotoxicity and perforin granzyme. 
It can be induced by granzyme A or B. The granzyme A 
activated a caspase-independent pathway by DNA single-
stranded damage (15).

The results of the present study indicated that 
ligustrazine promoted apoptosis in the human lung cancer 
cell line A549. This facilitatory capacity appeared to 
be exerted through the Fas pathway. In flow cytometry 
detection, it was found that the Fas and Fas-L expression 
on the surface of A549 cells was positively correlated with 
the concentration of ligustrazine. Fas is a key point in the 
apoptotic process, as it provides strong support for the anti-
lung cancer effect of ligustrazine. Uncontrolled proliferation 
and malfunctioning apoptosis are the biological features 
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that distinguish tumor cells from normal cells (16). Thus, 
exploring ways to promote apoptosis is an effective way to 
treat cancer disease.

Apoptosis is a type of physiological death whose 
occurrence is critical in maintaining homeostasis. Gene 
regulation in apoptosis is involved in numerous signaling 
pathways. Fas and its ligand, Fas-L, are membrane surface 
molecules closely related to apoptosis, and the Fas/Fas-L 
system is integral to mediating apoptosis and has been 
primarily used to study tumor therapy (17,18). Both vivo 
and in vitro studies have demonstrated that Fas mAb can 
bind to Fas, resulting in the death of cells expressing Fas. 
Thus Fas, as a target, is considered a key factor in cell 
death (19). High expression of Fas on the cell membrane is 
thus highly indicative of the susceptibility of Fas signaling 
pathway to induce apoptosis; however, the cutoff value 
between tumor cells is not uniform. Studies have shown 

that several molecules including Bcl-2 family, c-myc, Ras, 
and Fap-1 may participate in Fas-mediated apoptosis 
(18,20-23). The death of cells with a surface expression of 
Fas molecules may be induced by T lymphocytes positive 
for Fas-L (24). Therefore, a drug that can promote Fas 
expression in tumor cells may be effective in treating tumors 
and thus be worthy of more in-depth study.

The present experimental results demonstrated that 
ligustrazine exhibited an obvious inhibitory effect on the 
human lung cancer cell line A549. Furthermore, as detected 
by qRT-PCR and flow cytometry, ligustrazine was found to 
upregulate Fas gene expression of lung cancer cells A549 
and realize successful gene upregulation. Indeed ligustrazine 
elevates Fas expression on the surface of lung cancer 
cell line A549, which is helpful to enhancing the mutual 
recognition of Fas and Fas-L, triggering the cell interior 
to initiate the apoptotic program, and inducing the cell to 
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undergo programmed death.
Moreover, our experiment confirmed that ligustrazine 

enhanced expression of caspase 8 and caspase 3. It can 
thus be deduced that upregulated Fas can promote the 
apoptosis of A549 cells via caspase pathways (25,26). In 
Fas-L-mediated apoptosis, caspase 8 acts as a key initiator, 
which, when activated, will trigger a caspase proteolysis 
cascade and thus activate apoptotic behavior (27,28). After 
caspase 8 activation by Fas, a cascade of signaling via 
the caspase pathway is initiated, which leads to caspase 3 
activation (29). Being capable of inducing apoptosis, caspase 
3 has a specific hallmark role in the caspase pathway. The 
activation of caspase 3 is a sign that apoptosis has entered an 
irreversible stage (30). Ligustrazine promotes the activation 
of caspase 3, which can inhibit tumor cell propagation and 
metastatic ability (31,32). In our study, Fas activated caspase 
8 and promoted the initiation of apoptosis, which in turn 
triggered caspase 3 expression and regulated the caspase 
pathway to promote apoptosis in A549 cells.

The extrinsic apoptosis pathway which could be triggered 
by extracellular signals. Generally, cell death signals bind 
to TNFdeath receptors (33). Death ligands include Fas 
ligand (Fas-L), tumor necrosis factor (TNF) and TNF-
related apoptosis-inducing ligand (TRAIL). The initiator 
procaspases-8 and procaspases-10 bind to the adaptor 
protein and form the death-inducing signaling complex 
(DISK) (34), and activated by DISK. Then the caspases-3, 
-6, and -7 begin to cleave proteins and cytoskeleton, which 
finally leads to apoptosis (35).

The re-expression of apoptotic molecules, which 
resensitizes cells to apoptosis induction and further 
promotes apoptosis, has become an important idea and 
theory for tumor therapy (36). 

Conclusions

In this study, ligustrazine was evaluated in regard to the 
treatment of lung cancer through the induction of apoptosis, 
and obvious effects were detected throughout the course 
of the experiment. Further studies on ligustrazine will use 
Fas-related signals combined with pharmacodynamics to 
provide a technical basis for developing potential drug 
candidates with low toxicity and high activity for lung 
cancer treatment.
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