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Abstract

Keywords

Objective: -
sible mechanism. 
Methods: 
model, detected the impact of ligustrazine on chondrocyte apoptosis through TUNEL and Western blot, applied Western 

impacts of ligustrazine and ligustrazine+PF573228 on cartilage histomorphology, and applied Western blot to detect the 
impacts of ligustrazine and ligustrazine+PF573228 on apoptotic proteins, matrix-degrading enzymes and matrix-related 
proteins in cartilage tissue. 
Results: 

and improved cartilage histomorphology. 
Conclusion: 

To cite this article: . -
Rom Biotechnol Lett. 2022; 

Rom Biotechnol Lett. 2022; 27(3): 3559-3569



GUANYUN SHENG et al

3560

Introduction

secondary degeneration and structural disorder of the articular 
cartilage of the knee joint. Accompanied by subchondral hy-
perosteogeny and cartilage exfoliation, the joints are gradually 

knee joint dysfunction [1]. The main clinical manifestations are 
-

severe cases, it is the key reason for joint dysfunction, even 
pain and disability in the elderly [2]. Every epidemiological 

disease every year. The incidence of knee osteoarthritis is vi-
-

For men, the elderly is at high risk of knee osteoarthritis. The 
prevalence rate can reach about 50% for people over 65, and 
about 80% for those over 75 [3].

At present, joint replacement clinically is still the main 
therapy for treating end-stage knee osteoarthritis, and there 

-
thritis from entering end-stage [4]

been fully studied. Among them, a large amount of evidence 
-

currence and development, and the number of chondrocyte 
[5]. Chon-

drocytes are key in the structure of cartilage tissue. Mature 

chondrocytes enter the apoptotic process, they are almost 
-

clined extracellular matrix synthesis and enhanced degrada-
[6]. At present, it is 

generally believed that inhibiting chondrocyte apoptosis is 

Ligustrazine is the main active ingredient in the tradi-
tional Chinese medicine Ligusticum chuanxiong Hort. Li-
gustrazine injection has long been applied to treat ischemic 
stroke, coronary heart disease, diabetic nephropathy, and 
knee arthritis [7]

-

have pointed out that ligustrazine is available to signally 
inhibit osteoarthritis-induced articular cartilage degrada-
tion. For example, the research by Liang [8] et al. pointed 
out that ligustrazine is available to reduce GAG degrada-

-

in oxidative stress, inhibit chondrocyte apoptosis, and re-
duce mitochondrial membrane potential [9]. But at present, 
the main mechanism of ligustrazine inhibiting chondrocyte 

probe into the main mechanism of ligustrazine inhibiting 
chondrocyte apoptosis, thus providing a basis for the clinical 
application of ligustrazine.

Methods

Primary chondrocyte culture
The isolation and culture of human-derived chondro-

cytes are as described above [10]. Here is a brief description in 

our team processed normal human articular cartilage tissues, 
-

-

saline (PBS), and the cultured the extracted chondrocytes 
-

Western blot

-
fuge at 14000×g for 30 min at 4°C, and taken the supernate. 
We applied the BCA experiment to determine the protein 
content of the sample and adjusted it to the same concentra-

SDS-polyacrylamide gel (Bio-Rad, USA), and later trans-

milk for 1 hour, our team incubated the primary antibody 

the peroxidase-bound secondary antibody for 2 hours, per-

TUNEL
-

drocyte apoptosis in situ, spread the primary chondrocytes 
-
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-

percentage of TUENL-positive cells (apoptosis).

ELISA to detect IL8 and MCP-1 level
After the drug treatment, our team collected the super-

applied BCA to detect the total cell protein contents, and 

Detection of NO and PGE2 contents in cell 
supernate

After the drug treatment, our team collected the supernate 

Animal feeding

-
perimental Animal Technology Co., Ltd. (production license 

number: No.1100112011035947 ), kept all experimental 
-

light and shade for 12 hours.

Osteoarthritis model [11]

team injected intraperitoneally 2% sodium pentobarbital 

made rabbits lie supine and fixed them, performed skin 
preparation skin on the right knee joint, and measured 
it. Later our team routinely disinfected the scope of sur-

longitudinal incision on the inside of the knee, separated 

and cut the joint capsule along the inner side, dislocated 

the knee joint to find the anterior cruciate ligament, cut 
-

sors, put the meniscus back into the joint cavity, straight-
ened the knee joint, reset the patella, and finally closed 

-

after random grouping, administered the animals in each 

Table 1. Test design for dosage

Groups 
Dosage 
(mg/kg)

Volume 
(ml/each)

The number 
of animals 

1
Normal 

control group 
0 2 20

2
Model control 

group 
0 2 20

3
Ligustrazine 

group
2 20

4
PF573228+ 
ligustrazine 

group
2 20

HE staining 

(Biyuntian Biological Technology Co., Ltd.) for staining in 

Statistical experiment method

X SD ).  

through t

our team analyzed the data of various indicators based on 

-

(P -

significant (P
P

analysis and applied SPSS 23.0 for the above statistical 
operations.
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Results

IL-1  induced chondrocyte apoptosis  
and increased metabolic activity  
in a dose-dependent manner

The pathological process of osteoarthritis is manifested 
as chondrocyte apoptosis, increased matrix degrading-
enzyme expression, enhanced extracellular matrix (ECM) 

in articular cartilage tissue. A large number of studies have 
-

phenotypes similar to that in the articular chondrocytes dur-

decomposition activity. Therefore, our team applied 0, 3, 

expression levels, including caspase-9, caspase-3, and cas-
pase-7 in a dose-dependent manner (P<0.05) (Figure 1A).

-
P<0.05), 

-
sion levels (P -

PGE2 contents in a dose-dependent manner (P<0.05) (Figure 

and catabolism activity in a dose-dependent manner.

Figure 1. IL-1  induced  chondrocyte apoptosis and enhanced its metabolic activity in a dose-dependent manner. 

P<0.05;
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Ligustrazine inhibited IL-1 -induced  
chondrocyte apoptosis 

Since articular cartilage completely relies on chondrocyte 
to maintain the extracellular matrix, damage to chondrocyte 

The degree of cartilage damage is certainly related to chon-
drocyte apoptosis. Chondrocyte apoptosis and matrix loss 
may form a positive feedback loop that promotes each other.

-

caspase-9, caspase-3, caspase-7, Bax, cytochrome c protein 
expressions (P

in the number of apoptotic cells (P
-

Ligustrazine inhibited IL-1 -induced  
increase in in ammation-related factors  
and metabolic activity

Aiming to further detect the impact of ligustrazine on 
-

els and enhanced metabolic activity, our team applied West-
ern blot to detect the impact of ligustrazine on MMP3 and 

P<0.05). 
-

-
ure 3A).

-

P<0.05) (Figure 3B). 

the metabolic activity.

Ligustrazine activated FAK/PI3K/Akt pathways
Aiming to probe into the relative mechanism of ligus-

trazine inhibiting chondrocyte apoptosis, increase in matrix 

Focal adhesion kinase (FAK) is a non-receptor tyrosine ki-
nase that accelerates cytoskeleton dynamics to regulate cell 

Figure 2. Ligustrazine inhibited IL-1 -induced chondrocytes apoptosis. Figure 2A Western blot test to detect the impact 
of ligustrazine on caspase-9, caspase-3, caspase -7, Bax, cytochrome c protein and other apoptotic protein levels (n=3). 

P P<0.05.
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movement. A large number of studies have pointed out that 
-
-

(P -
-
-

Figure 3. Ligustrazine inhibited IL-1 -induced increase in in ammation-related factor levels and enhanced 
metabolic activity. 

P<0.05; && 
P<0.05.

Figure 4. Ligustrazine activated the FAK/PI3K/Akt pathway. 

model group P P<0.05.
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Inhibiting FAK/PI3K/Akt pathway abolished the 
chondroprotective e ect of ligustrazine

-

PF573228+ligustrazine group elevated signally (P<0.05) 

-
pression levels in the PF573228+ligustrazine group elevated 
(P
decreased signally (P

and PGE2 contents in the cells in the PF573228+ligustrazine 

P

-
-

pression.

Ligustrazine improved OA-induced cartilage 
damage through activating FAK/PI3K/Akt 
pathway

-

protein expression levels elevated signally in the cartilage 
tissue in the ligustrazine treatment group (P

-
creased (P<0.05) (Figure 6A).

Aiming to further probe into the protective mechanism of 
ligustrazine on rabbit cartilage tissue damage at the in vivo 

Figure 5. Inhibiting FAK/PI3K/Akt pathway abolished the chondroprotective e ect of ligustrazine. Figure 5A Western 

P<0.05; && represented the ligustrazine 
group V.S.PF573228 + ligustrazine group P<0.05.
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meniscus tear of the right knee joint to investigate the pro-
tection mechanism of ligustrazine on rabbit cartilage tissue 

layer disappeared, and chondrocytes decreased. The mor-

Ligustrazine inhibited apoptosis induced by 
osteoarthritis model and enhanced metabolic 
activity 

-
mine the impact of ligustrazine and PF573228+ligustrazine 

-
gustrazine could visually inhibit the increase in caspase-9, 
caspase-3, caspase-7, Bax, and cytochrome c protein ex-
pression levels (P
group, PF573228+Ligustrazine signally elevated caspase-9, 
caspase-3, caspase-7, Bax, and cytochrome c protein expres-
sion levels (Figure 7A).

-

levels (P
expression levels (P -
trazine group, PF573228+ligustrazine observably elevated 

P<0.05), 

(P<0.05) (Figure 7B).

Discussion 
Knee osteoarthritis, among the most universal chronic 

joint diseases, features a high incidence among the elderly 
-

65. Due to aging population, the rising rate of obesity, and 
the lack of clear treatments to prevent the progression of this 
disease, its harm is still increasing [12] -
cades, treatment strategies for knee osteoarthritis have been 
greatly enriched, like non-drug, drug and surgical treatments 
[13] -

Figure 6. Ligustrazine improved cartilage damage induced by osteoarthritis through activating FAK/PI3K/Akt 
pathway. 

PF573228+ligustrazine group P<0.05; && represented the ligustrazine group V.S. model group P<0.05.
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Figure 7. Ligustrazine inhibited cell apoptosis induced by osteoarthritis model and enhanced metabolic activity. 
Figure 7A Western blot to detect the impact of PF573228+ligustrazine on apoptosis-related protein expression (n=3). Figure 

expression levels (n=3). ** represented the ligustrazine group V.S. PF573228+ligustrazine group P<0.05; && represented 
the ligustrazine group V.S. the model group P<0.05.

knee osteoarthritis. Ligustrazine is the main active ingredi-
ent in the traditional Chinese medicine Ligusticum chuanx-
iong Hort
a potential drug candidate for treating knee osteoarthritis [14]. 
Although clinical evidence reveals that ligustrazine is avail-
able to signally improve knee osteoarthritis, the relevant 
molecular mechanism is still not clear.

-
age in vitro and in vivo

-
in vitro 

and in vivo, inhibit the apoptotic proteins Bax, caspase-9, 

matrix-degrading enzymes MMP3 and MMP13 expres-

hypertrophy) protein expression level, and promote matrix 

in vivo
-

hibiting matrix synthesis [15]

results implied that ligustrazine could inhibit chondrocyte 
apoptosis, inhibit cartilage mechanism degradation, promote 

In vitro and in vivo, ligustrazine can inhibit chondrocyte 
apoptosis, cartilage mechanism degradation, and promote 

[16] pointed out that, ligus-
trazine inhibits chondrocyte apoptosis ex vivo and in vivo, 
protects cartilage tissue morphology, and inhibits cartilage 
mechanism degradation. As the only resident cells in car-
tilage tissue, chondrocytes adhere to the adjacent extracel-
lular matrix to survive. This phenomenon is called anchor-
age dependence [17]

pointed out that the destruction of proteoglycan and col-
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is the main pathological feature of cartilage degeneration. 
Therefore, the possible reason for chondrocyte apoptosis is 
under that pathological environment of knee osteoarthritis, 
the anchorage of chondrocytes to the extracellular matrix is 
destroyed [18]

[19]

-
in vitro is available 

to signally promote chondrocyte apoptosis. Since articular 
cartilage completely relies on chondrocyte to maintain the 
extracellular matrix, damage to chondrocyte function and 

-

ligustrazine is available to inhibit matrix degradation and 
-

tions.

cartilage matrix synthesis. FAK is a key molecule in the 

-
[20]

-
-

eling [21]. For example, Tao [22] et al. pointed out that miR-34a 
can promote articular chondrocyte proliferation and inhibit 

-
ditionally, Fan [23] et al. pointed out that miR-155 is available 
to inhibit cartilage matrix degradation and promote cartilage 

[24] et al. pointed out that ligustrazine 
can protect against myocardial injury induced by acute myo-

in vitro and in vivo ligustrazine is available to 
-

lage mechanism degradation, and promote cartilage matrix 
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