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1. Introduction 
 

Osteochondral defect after trauma or osteoarthritis is a 

common clinical disease. The thickness of adult 

osteochondral tissue is about 3-4 mm, including cartilage 

(90%), calcified cartilage layer (5%) and subchondral bone 

(5%). From the surface of articular cartilage to subchondral 

bone, there are chemical composition, mechanical properties 

and gradient changes in organizational structure. Among 

them, the cartilage layer of osteochondral structure is 

complex and has no blood vessels and lymphatic ingrowth, 

which leads to the lack of self-healing ability of 

degenerated articular cartilage after injury. Without proper 

and timely intervention, cartilage defects may penetrate 

deep into the subchondral bone and arthroplasty surgery is 

required at the end (Hay et al. 2017, Baumann et al. 2019). 

So far, the repair of osteochondral deficiency is still a 

challenging clinical problem for surgeons (Felson et al. 

2000, Tounsi et al. 2013, Besseghier et al. 2015, Bouadi et 

al. 2018, Boutaleb et al. 2019, Hussain et al. 2019, 

Kassahun 2019, Mehar and Panda 2019, Semmah et al. 

2019, Hussain et al. 2020, Matouk et al. 2020b, Hadji and 

Avcar 2021).  
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Currently, clinical treatments have been developed for 

patients with osteochondral defects, including palliative, 

restorative and regenerative treatments (Kwon et al. 2019). 

Palliative treatment can relieve knee pain and improve 

functional status, but it cannot prevent further cartilage 

defect progression (Kosy et al. 2011). Although 

microfracture technology and other repair methods can fill 

cartilage defects, the fibrocartilage tissue generated by this 

repair method lacks the biomechanical and viscoelastic 

characteristics of natural glassy cartilage (Kreuz et al. 

2006). Recent osteochondral transplantation with autograft 

or allograft provides a powerful opportunity to treat severe 

cartilage defects. Nevertheless, auto transplantation still 

faces some disadvantages, such as limited donor sources, 

mismatched mechanical properties and high incidence of 

donor sites. Disadvantages of allograft include difficulty in 

graft preservation and management, risk of disease 

transmission and immunogenicity (Marcacci et al. 2013). 

All these objective reasons lead to the high cost of 

transplantation and poor transplantation effect, which 

makes it difficult to carry out effectively in clinic (Islam 

Molla et al. 2018, Huang and Sun 2020, Yan et al. 2020, 

Yang et al. 2020, 2021, Hu et al. 2021, Li et al. 2021, Liu et 

al. 2021c, Lv et al. 2021). 

In recent years, artificial cartilage scaffold materials for 

repairing cartilage defects have been widely used in 

orthopedics, which has attracted much attention because of 

its good performance (Ming et al. 2018). Artificial cartilage 
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Abstract.  Many studies have shown that Mg-Nd-Zn-Zr (abbreviated as JDBM) alloy has good biocompatibility and 

biodegradability as well as promotion of cell adhesion, proliferation and differentiation, and Wnt/β-catenin signaling pathway 

may play a unique role in joint tissue by controlling the function of chondrocytes, osteoblasts and synoviocytes. However, it is 

not clear whether the JDBM alloy induces osteochondral repair through Wnt/β-catenin signaling pathway. This study aims to 

verify that JDBM alloy can repair osteochondral defects in rats, which is realized by Wnt/β-catenin signaling pathway.  

In this study, the osteochondral defect model of the right femoral condyle non-weight-bearing area in rats was established and 

randomly divided into three groups: Control group, JDBM alloy implantation group and JDBM alloy implantation combined 

with signaling pathway inhibitor drug ICRT3 injection. It was found that after JDBM alloy implantation, the bone volume 

fraction (BVF) became larger, the bone trabeculae were increased, the relative expression of osteogenesis gene Runx2, Bmp2, 

Opn, Ocn and chondrogenesis gene Collagen II, Aggrecan were increased, and the tissue repair was obvious by HE and Masson 

staining, which could be inhibited by ICRT3. 
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scaffold materials are mainly composed of various types of 

materials, and can be combined with seed cells and 

bioactive substances. In the past decades, non-degradable 

metals such as titanium, titanium alloys, tantalum and 

cobalt-based alloys have been widely used in orthopedic 

implants. However, the main limitation of metals in clinical 

application at present lies in the serious stress shielding 

problem caused by their mechanical properties (Kannan and 

Raman 2008), and their non-degradability, which often 

requires secondary surgery to remove implants. More 

seriously, long-term corrosion or wear of some metal 

materials in the body will release toxic ions, such as 

titanium particles, and may even lead to inflammatory 

osteolysis (Puleo and Huh 1995, Jacobs et al. 2003). 

Therefore, if the above problems can be solved, metal 

materials can also become one of the osteochondral repair 

materials (Fazaeli et al. 2016, Ghazanfari et al. 2016, 

Habibi et al. 2016, 2018, Hosseini et al. 2018, Alipour et al. 

2020, Cheshmeh et al. 2020, Ghabussi et al. 2020, 

Ghazanfari et al. 2020, Li et al. 2020a, b, Liu et al. 2020a, 

b, Moayedi et al. 2020c, Shariati et al. 2020b, Shi et al. 

2020, Wang et al. 2020b). 

Recently, more and more attention has been paid to 

biodegradable metal materials, among which magnesium 

(Mg) and magnesium alloys have become a new research 

hotspot (Witte et al. 2005, Zilberman and Eberhart 2006). 

This kind of material abandons the traditional idea that 

people usually use bio-inert materials as metal implant 

materials, and skillfully utilizes the corrosion characteristics 

of metal materials such as magnesium alloy in human 

environment to achieve the medical clinical purpose that 

metal implants gradually degrade in vivo until finally 

disappear (Azimi et al. 2016, Ebrahimi and Shafiei 2016, 

Ghadiri and Shafiei 2016a, b, c, Ghadiri et al. 2016a, b, c, d, 

Shafiei et al. 2016a, b, c, d, e, f, g). In addition, compared 

with biodegradable polymer materials such as polylactic 

acid in clinical application, magnesium alloy has more 

excellent metal material characteristics such as strong 

plasticity, stiffness and processability, so it has greater 

advantages as a hard tissue repair material such as bone. In 

recent years, JDBM alloy(Mg−Nd−Zn−Zr) developed by 

Shanghai Jiao Tong University  (Mao et al. 2013, Zhang et 

al. 2016) which cooperated with our company, has better 

mechanical properties than the existing commercial 

magnesium alloys WE43 and AZ31, and has good biosafety, 

biodegradability and bone conductivity (Zhang et al. 

2012b). Studies have shown that magnesium ions in 

magnesium alloys can promote chondrocyte proliferation. 

The research results of Dou et al. (2014) of Peking 

University suggest that Mg2+ can stimulate chondrocyte 

growth in a dose-dependent manner. Lozano et al. (2013) 

suggested that 10mM Mg2+ concentration can increase the 

proliferation of human articular chondrocytes, while 20mM 

Mg2+ concentration can inhibit the proliferation of 

chondrocytes, promote the differentiation of chondrocytes, 

and promote the expression of type II collagen and 

proteoglycan genes and proteins. JDBM alloy has been 

proved to have excellent osteogenic properties in vitro and 

in vivo (Wang et al. 2012, Kong et al. 2018), but its ability 

to repair osteochondral tissue in vivo and the mechanism 

leading to this effect have not been studied (Hamidi et al. 

2015, Allahkarami et al. 2017, Ehyaei et al. 2017a, Akbas 

2018a, b, Arefi and Zenkour 2018, Aydogdu et al. 2018, 

Bensaid et al. 2018, Navi et al. 2019, Ebrahimi et al. 2020, 

Gafour et al. 2020, Matouk et al. 2020a). 

Many studies have shown that Wnt/β-catenin signal may 

play a unique role in joint tissue by controlling the functions 

of chondrocytes, osteoblasts and synoviocytes. Wnt/β-

catenin signaling pathway family members are highly 

conserved secretory glycoproteins, which are closely related 

to cell proliferation, migration and differentiation (Pei et al. 

2012). This pathway plays an important role in the 

maintenance of homeostasis in the internal environment, 

organ development and the occurrence of multiple system 

diseases, which is closely related to the physiological and 

pathological states of cartilage, bone and intervertebral disc 

(Ebrahimi and Shafiei 2017, Ebrahimi et al. 2017, Ehyaei et 

al. 2017b, Ghadiri et al. 2017a, b, c, d, e, Mirjavadi et al. 

2017a, b, c, d, Shafiei and Kazemi 2017a, b, Shafiei et al. 

2017a, b, c, d, 2019, 2020, Shivanian et al. 2017, Azimi et 

al. 2018, Shafiei and She 2018). However, the use of 

transforming growth factor (TGF) inhibitor in the nucleus 

of mouse related cells can block the entry of β-catenin into 

the nucleus, reduce its combination with lymphoid 

augmenter factor (LEF)/TCF complex, prevent the secretion 

of downstream factors, and cause chondrocyte apoptosis 

and cartilage tissue destruction (Zhu et al. 2008). 

COLLAGEN II-ICAT tr ansgenic mice have been prepared, 

which can specifically inhibit the conduction of β-catenin 

signal in chondrocytes. Delayed maturation of growth plate 

chondrocytes and destruction of articular cartilage were 

observed in these mice (Chen et al. 2008, Zhu et al. 2008). 

All these findings indicate that Wnt/β-catenin signaling 

pathway plays a key role in articular cartilage repair, and 

appropriate levels of β-catenin are necessary to maintain 

cartilage homeostasis. In this study, a hypothesis was 

proposed: JDBM alloy induces osteochondral defect repair 

through Wnt/β-catenin signaling pathway. ICRT3 [chemical 

name: 2-(((2-(4-Ethylphenyl)-5-methyl-1,3-oxazol-4-yl) 

methyl) sulfanyl)-N-(2-phenylethyl) acetamide], a small 

cell-permeable oxazole compound, was used as a selective 

inhibitor of the Wnt pathway by directly binding to β-

catenin, thus blocking the interaction of β-catenin-TCF. It 

can be used to verify whether the hypothesis is true 

(Moayedi et al. 2020a, b, Oyarhossein et al. 2020, Shariati 

et al. 2020a, Zhou et al. 2020, Dai et al. 2021b, Guo et al. 

2021, He et al. 2021, Hu et al. 2021, Huang et al. 2021a, 

Huo et al. 2021, Liu et al. 2021b, c, Peng et al. 2021, Shao 

et al. 2021, Zhang et al. 2021a, b). 

 

 

2. Materials and method 
 
2.1 Preparation of magnesium alloy samples and 

animal experimental design 
 

A total of 54 healthy Sprague-Dawley (SD)rats, male, 

aged 6-8 weeks, were purchased from Zhuhai Baishitong 

Biotechnology Co., Ltd., with license No. SCXK 

(Guangdong) 2020-0051 and experimental unit license No. 
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SYXK (Guangdong) 2020-0230. All experiments were 

carried out under the approval of the Animal Ethical 

Committee (Ethical approval number of this project: 

IACUC-2021-0076) and conformed with the guidelines of 

the National Institutes of Health for the Care and Use of 

Animals. JDBM alloy (PRC Patent Application No. 

201010204719.9) bracket was provided by School of 

Materials, Shanghai Jiao Tong University. The chemical 

composition of the JDBM alloy is shown in Table 1.  

JDBM alloy was prepared by semi-continuous casting 

with high purity Mg (≥99.99%), Zn (≥99.995%), Mg-

25%Nd and Mg-30%Zr, which was detailed in previous 

report (Zhang et al. 2012a, b). In this experiment, JDBM 

alloy rod was machined into a small cylinder with a 

diameter of 4 mm and a height of 2 mm. The samples were 

 

 

 

 

mechanically polished to no. 7000 sandpaper and then 

ultrasonically cleaned in anhydrous ethanol for 10 minutes, 

then sterilized with ultraviolet radiation for 1 hour before in 

vivo testing (Chen et al. 2020). All rats were kept in 

Specific Pathogen Free (SPF)class animal room for 1 week 

at room temperature (24 ± 2) ℃, alternating day and night 

every 12 h, drinking water and eating freely. After 

quarantine, the animals were randomly divided into groups, 

and the grouping and treatment were as follows (Table 2). 

After anesthesia, the right leg was selected as the 

experimental leg. After the defect in the non-weight-bearing 

area of the femoral condyle established by operation (holes 

with a diameter of 4mm and a depth of 3mm by bone drill, 

penetrating the subchondral bone and down into the marrow 

cavity), the Control group left the defect empty and did not 

Table 1 ICP-AES analyzed results of the chemical composition of JDBM 

Alloy Nd Zn Zr Fe Ni Cu Si Mg 

JDBM 3.130 0.164 0.413 0.003 0.001 0.001 0.003 Balance 

Pure magnesium    ≤0.0014 ≤0.0001 ≤0.0004 ≤0.016 ≥99.99 

Table 2 Subject groups and study design. 

Groups No. of rats Treatment 

Control 18 
Osteochondral defect model + Intraperitoneal injection  

of equal volume of saline as ICRT3 drugs(q.d) 

JDBM 18 
Osteochondral defect model + JDBM alloy sample + Intraperitoneal injection  

of equal volume of saline as ICRT3 drugs (q.d) 

JDBM+ICRT3 18 
Osteochondral defect model + JDBM alloy sample + Intraperitoneal injection  

of ICRT3 drugs(10mg/kg,q.d) 

 
Fig. 1 Circulation of femoral condyle of rats 
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undergo any treatment, which was raised routinely after 

suture and disinfection, rats in JDBM group and JDBM+ 

ICRT3 group were anesthetized and punched in the same 

way to establish defects in the femoral condyle of rats, then 

filled with materials, sutured and disinfected, and then fed 

routinely (Fig. 1), after implantation, JDBM+ICRT3 group 

was injected intraperitoneally with ICRT3 drug 10 mg/kg 

once a day, and the other two groups were injected with the 

same amount of normal saline. At 2, 4 or 8 weeks after 

operation, 6 animals in each group were killed after cervical 

dislocation after anesthesia, and right femoral specimens 

were taken. Before euthanasia, rats were given 

intraperitoneal injection of 10% chloral hydrate (300 

mg/kg) for general anesthesia. Then an experienced 

researcher performed the cervical dislocation very quickly, 

and no mice showed clinical signs of suffering before death. 

Samples were collected according to laboratory standards 

only after confirming that there was no heartbeat and their 

bodies became cold (Dai et al. 2021a, Ebrahimi et al. 2021, 

Hashemi et al. 2021, Hou et al. 2021, Huang et al. 2021b, c, 

Jiao et al. 2021, Liu et al. 2021a, d, Ma et al. 2021, Moradi 

et al. 2021, Najaafi et al. 2021, Shariati et al. 2021, Wu and 

Habibi 2021, Xu et al. 2021, Zhao et al. 2021, Yu et al. 

2022). 

 

2.2 Micro-computed tomography (CT) analysis 
 

All samples were fixed in 4% paraformaldehyde at room 

temperature. A miniature CT machine (μ CT-80, SCANCO 

Medical) with a medium resolution (500 project/180 °) and 

a voxel size of 10 μ was used to scan meters in the axial 

direction parallel to the long axis of the sample. The system 

was set to 70 kV, 114 μA, 8W. The sagittal image of each 

sample was captured, and the femoral condyle of rats were 

delineated as the analysis region. The microstructural 

parameters of new bone were evaluated by using the 

software provided by the equipment, including the ratio of 

bone volume/total volume (BV/TV), the number of 

trabecula (Tb.N), the thickness of trabecula (Tb.Th) and the 

separation of trabecula (Tb.Sp). 

 

2.3 Histological evaluation (HE) of osteochondral 
regeneration 

 

The sections fixed with 4% paraformaldehyde were 

dehydrated, dyed with hematoxylin solution (Servicebio, 

China) for 5min, soaked in 1% acid-ethanol solution (1% 

hydrochloric acid-70% ethanol solution) for 5 times, 

washed with distilled water, dyed with eosin solution 

(Servicebio, China) for 3 min, dehydrated with different 

concentrations of alcohol, and washed with xylene. Then 

the slide was examined under Olympus BX53 fluorescence 

microscope to observe the tissue morphology. 

 

2.4 Alizarin red staining of calcium nodules 
regeneration 

 

According to the literature, osteogenic induction of cells 

may lead to mineralized nodules and calcium deposition, 

which can be determined by alizarin red staining (Samsa et 

al. 2016), so we performed alizarin red staining in this 

experiment. Specifically, sections fixed with 4% 

paraformaldehyde were dehydrated and then stained with 

40 mM alizarin red staining solution (Biotia, U.S.A.) at 

37°C for 1 hour to label calcium deposits. After that, all 

plates were rinsed with distilled water to wash the unbound 

alizarin red and scanned. 

 

2.5 Masson staining evaluation of cartilage 
regeneration 

 
In Masson’s trichrome staining, tissue slices were first 

soaked in hematoxylin dye solution for 10min, and then 
washed with distilled water. Then soak the tissue for 10min 
with Ponceau Magenta dye solution. Finally, the tissue 
sections were soaked in aniline blue dye solution for 2min. 
All the above staining solutions were from Masson 
Trichrome Kit (ASPEN, U.S.A.). They were then examined 
with an OlympusBX53 microscope. 

 

2.6 Real-time reverse transcription polymerase chain 
reaction (qRT-PCR) for specific gene expression 

 

For the detection of signal pathway, osteogenesis and 

chondrogenesis related genes, the mortar was precooled 

with liquid nitrogen, and proper amount of tissue was 

broken in liquid nitrogen. The broken tissue was placed in a 

ribozyme-free 1.5 ml centrifuge tube preloaded with 150uL 

Buffer RZ (Tiangen, China) to extract total RNA, and 

cDNA was synthesized by reverse transcription using 

PrimeScript ™ RT Master Mix (Takara, Japan) based on the 

protocol of Manufacturer. Then, transcription levels were 

measured by qRT-PCR and SYBR Green PCR kit (Takara, 

Japan) using the ABI PRISM 7500 sequence detection 

system (Life Technologies Corporation, CA). The PCR 

reaction system consists of 1μl of cDNA of 10μl of S SYBR 

®  Premix Ex Taq (Takara, Japan) and 0.25 μ m of each pair 

of primers in a total volume of 20μl. The reaction 

conditions were as follows: initial denaturation at 95°C for 

30 s, followed by 40 cycles at 95°C for 5 s, annealing at 

55°C for 30 s, and extension at 72°C for 30 s (Li et al. 

2016). The arithmetic formula (2-Δ Δ Ct method) was used 

to determine the relative change of gene expression relative 

to internal control β-actin (Livak and Schmittgen 2001). 

Primer sequences are shown in the Table 3. 

 

2.7 Western Blot (WB) for specific protein expression 

 

After removing blood stains, the condyles of femur 

tissue were cut into small pieces and placed in a 

homogenizer. Tissue protein extraction reagent (Tiangen, 

China), which is 10 times larger than the tissue volume, was 

added to ensure that the homogenate was completely 

cracked, and the supernatant was extracted, which was the 

total protein solution. The protein concentration was 

determined by BCA protein assay kit (Beyotime, China). 

The same amount of protein was separated by 10% SDS-

PAGE and transferred to PVDF film. After blocking, the 

membrane binding protein and primary antibody were 

incubated overnight at 4 C. After washing and incubation 

with secondary antibody, protein levels were detected using 

enhanced chemiluminescence reagent (Millipore, U.S.A.). 
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Table 3 Primer sequences 

Gene Primer sequence (5′–3′) 

β-actin 
F: CACCAGGGTGTGATGGTG 

R: GTACATGGCTGGGGTGTTG 

Wnt1 
F: AACAGTAGTGGCCGATGGTG 

R: CGGAATTGCCACTTGCACTC 

Wnt2 
F: TCCTCCAGGGTGATGTGTGA 

R: GATGGCGTAAACAAAGGCCG 

Wnt3a 
F: ACCATGTTCGGGACCTATTCCA 

R: GCCTGTAGCATCTCGCTTCCA 

β-catenin 
F: AAGGTGCTGTCTGTCTGCTC 

R: GCTGCACTAGAGTCCCAAGG 

Opn 
F: CAGAACCAGTGTCTGGCAGT 

R: TCCTTTGTCTGCAGCACCTC 

Ocn 
F: ACTGCATTCTGCCTCTCTGAC 

R: CGCCGGAGTCTATTCACCAC 

Runx2 
F: CAGACACAATCCTCCCCACC 

R: GCCAGAGGCAGAAGTCAGAG 

Bmp2 
F: ACCCGCTGTCTTCTAGTGTTG 

R: AGCCTCAACTCAAACTCGCT 

Collagen II 
F: GCCAGGATGCCCGAAAATTAG 

R: GTCACCTCTGGGTCCTTGTTC 

Aggrecan 
F: GGAGAAGAGACCCAAACAGCA 

R: GGTGGCTCCATTCAGACAAG 

 

 

The primary antibody was from ASPEM, U.S.A. (dilution 
1: 1000). Antibodies against WNT3a, β-catenin, RUNX2 
and BMP2 in the second antibody were derived from 
Abcam, U.S.A., anti-OCN and OPN antibodies were 
derived from Santa Cruz, U.S.A., anti-COLLAGEN II and 
AGGRECAN antibodies are from Proteintech, U.S.A., The 
anti-GAPDH antibody was purchased from Sigma-Aldrich, 
U.S.A. All impressions were exposed for visualization 
between 5 seconds and 2 min. The intensity of protein 
bands was quantified by ImageJ software 
(http://imagej.nih.gov/ij/download.html). The ratio of 
IntDen (protein)/IntDen (GAPDH) was calculated to ensure 
that the detected protein bands were linearized. 

 

 

3. Statistical analysis 

 
Statistical analyses were performed using GraphPad 

Prism 6.0 software. Each experiment was performed in 
triplicate with all the data expressed as the mean ± SD. 
Statistical differences used Student’s t test and one-way 
analysis of variance (ANOVA). Values were considered 
statistically significant at p < 0.05. 
 
 

4. Results 
 

4.1 Micro-CT analysis of osteochondral regeneration 
 

At 2, 4 and 8 weeks after operation, new bone formation 
was measured by micro CT (Figs. 2 and 3). From the 

results, the ratio of bone tissue volume to tissue volume in 
JDBM group was higher than that in Control group at 2 and 
4 weeks, and the difference was statistically significant, At 
the 4th and 8th week, the number and thickness of 
trabecular bone in JDBM group were also significantly 
higher than those in Control group, These data showed that 
JDBM alloy implants have a large number of bones and 
obvious mineralization. Compared with the JDBM group, 
the bone parameters BV/TV, Tb. N, Tb. Th in JDBM+ 
ICRT3 group were lower than those in the Control group, 
but Tb. Sp in the 2nd and 8th week was higher than that in 
the JDBM group, which indicated that ICRT3 injection after 
JDBM alloy implantation could significantly inhibit bone 
regeneration. 

 
4.2 Alizarin red staining evaluation of in vivo calcium 

nodules in defects 
 

Alizarin red chelates with calcium ions to form a 

complex, which is used to identify the calcium salt 

components of tissues and cells, so we focus on observing 

the calcified layer of cartilage (Fig. 4). As shown in the 

figure, JDBM alloy showed strong mineralization 

promotion ability after implantation, and calcium nodules 

were formed in the second week, while a large number of 

calcium nodules were formed in the eighth week, and the 

whole tissue was stained deeply. However, the content of 

calcium nodules in Control group was less at the 2 and 4 

weeks, and a large number of calcium nodules were 

produced at the 8th week. It could be seen that JDBM alloy 

can promote mineralization and accelerate the repair of 

defects in early stage. However, in the JDBM+ICRT3 

group, it was difficult to see obvious calcium nodules at the 

2nd and 4th weeks, and sporadic calcium nodules began to 

appear at the 8th week. It can be seen that ICRT3 has a 

strong inhibitory effect on the mineralization promotion of 

JDBM alloy. Together, these results indicated that JDBM 

alloy promoted osteogenesis and that was blocked by 

ICRT3. 
 

4.3 Masson staining evaluation of in vivo cartilage 
regeneration in defects 
 

From Masson staining, we can clearly see the gradual 
transformation of cartilage defect repair from basic fibrous 
tissue to cartilage-like tissue in rats (Fig. 5). At the 2 weeks, 
the cartilage layers of the three groups were filled with a 
large number of fibroblasts, at the 4 weeks group, the 
JDBM group had more cartilage-like tissue formed, in 
contrast, defects at 8 weeks presented with more cartilage-
like tissue proliferating from the bottom and decreased 
fibrous contents, and the chondrocytes are arranged in a 
typical manner. However, the JDBM+ICRT3 drug group 
always had a large number of fibroblast tissues. These data 
suggested that JDBM alloy enhanced chondrogenesis which 
could be inhibited by ICRT3. 

 

4.4 qRT-PCR evaluation of in vivo osteochondral 
regeneration in defects 

 

The genes of Wnt1, Wnt2, Wnt3a, β-catenin, Runx2, 

Bmp2, Opn, Ocn and chondrogenesis gene Collagen II, 
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Aggrecan were detected by qRT-PCR (Table 4). The results 

in Fig. 6 showed that the signaling pathway genes Wnt3a 

and β-catenin were significantly increased in JDBM group 

at the fourth week, while the signaling pathway was 

 

 

 

inhibited and the expression of Wnt3a and β-catenin was 

decreased in JDBM+ICRT3 group after JDBM alloy 

implantation. Wnt3a was statistically significant at the 

fourth week, and β-catenin showed low expression at the  

 
(a) 

 
(b) 

Fig. 2 The measured new bone foundation 

 

Fig. 3 Graphic of new bone foundation 
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Fig. 4 Graphic and control of bone foundation 

 

Fig. 5 Transformation of cartilage defect repair 

Table 4 The results of qRT-PCR 

Groups 

 

Weeks 

Control JDBM JDBM+ICRT3 Control JDBM JDBM+ICRT3 

Wnt1 Ocn 

2 1.000±0.026 0.960±0.087 0.947±0.031 0.997±0.015 1.153±0.006 0.823±0.049 

4 1.000±0.050 1.017±0.006 0.553±0.025 1.000±0.000 1.873±0.006 1.080±0.020 

8 1.000±0.070 1.140±0.020 0.510±0.020 1.003±0.006 1.123±0.042 0.370±0.010 

 Wnt2 Runx2 

2 1.003±0.098 0.770±0.061 0.873±0.060 1.000±0.020 1.740±0.036 0.887±0.021 

4 1.000±0.072 0.633±0.042 0.413±0.031 1.000±0.030 1.730±0.046 0.857±0.021 

8 1.000±0.070 0.947±0.075 0.643±0.047 1.000±0.010 0.937±0.006 0.637±0.012 

 Wnt3a Bmp2 

2 1.000±0.053 0.990±0.105 0.857±0.061 1.000±0.017 1.530±0.017 0.937±0.057 

4 1.620±0.848 3.133±0.562 1.207±0.321 1.003±0.038 1.953±0.021 1.100±0.000 

8 1.180±0.252 1.260±0.168 0.543±0.295 1.000±0.000 0.880±0.010 0.497±0.006 
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Table 4 Continued 

Groups 

 

Weeks 

Control JDBM JDBM+ICRT3 Control JDBM JDBM+ICRT3 

Wnt1 Ocn 

 β-catenin Collagen II 

2 1.000±0.050 1.397±0.021 0.910±0.106 1.033±0.035 1.253±0.012 0.927±0.040 

4 1.000±0.017 1.450±0.017 0.807±0.012 1.000±0.010 1.940±0.020 0.713±0.006 

8 1.000±0.010 1.237±0.189 0.653±0.006 1.000±0.010 0.883±0.367 0.497±0.023 

 Opn Aggrecan 

2 1.003±0.064 1.167±0.032 0.863±0.083 1.000±0.026 2.140±0.035 0.917±0.093 

4 1.003±0.006 1.620±0.050 0.810±0.010 1.000±0.095 2.623±0.085 1.433±0.046 

8 1.000±0.010 1.023±0.067 0.667±0.012 1.000±0.053 0.803±0.049 0.680±0.010 

 
(a) 

 
(b) 

308



 

A biodegradable magnesium alloy sample induced rat osteochondral defect repair … 

 

 

 

 

second, fourth and eighth weeks. The osteogenesis-related 

genes Runx2, Bmp2, Opn and Ocn in the JDBM group 

showed high expression, especially in the 4th week, the 

expression level was significantly higher than that in the 

Control group. At the 8th week, with the gradual 

improvement of tissue repair, the difference of osteogenesis 

gene expression in JDBM group was reduced or even 

eliminated compared with that in the Control group. 

However, in JDBM+ICRT3 group, the expression of 

osteogenesis genes was still at a low level because of 

continuous use of signal pathway blockers. We also 

detected chondrogenesis genes Collagen II and Aggrecan. It 

was gratifying that JDBM group also showed excellent 

 

 

 

results in cartilage formation. The expression of Collagen II 

in the fourth week and Aggrecan in the second and fourth 

weeks was much higher than that in the Control group, but 

there was no statistical difference between them in the 

eighth week. The gene expression of JDBM+ICRT3 group 

was always at a low level during the observation period. 

 

4.5 Western blot evaluation of in vivo osteochondral 
regeneration in defects 

 

Through WB detection for WNT3a, β-catenin, RUNX2, 

BMP2, OCN, OPN, COLLAGEN II, AGGRECAN, it could 

be seen from WB detection that JDBM group protein 

 
(c) 

Fig. 6 Signaling pathway genes 

 

Fig. 7 The expression of WNT3a protein at the eighth week and AGGRECAN protein at the fourth week 
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expression was higher than the other two groups, but only 

RUNX2, OPN, AGGRECAN protein at the 4th week 

showed statistical differences (Fig. 7). The expression of 

WNT3a protein at the eighth week and AGGRECAN 

protein at the fourth week was significantly lower than that 

in JDBM group. The expression of WNTt3a protein at the 

8th week and AGGRECAN protein at the 4th week was 

significantly lower than that in JDBM group. 

 

 

5. Discussion 

 

This study aimed to repair osteochondral defects with 

JDBM alloy and detected whether the repair was mediated 

by Wnt/β-catenin signaling pathway. JDBM alloy has been 

proved to have good biocompatibility and osteogenic and 

cartilaginous characteristics in vitro in the early stage, and 

some experiments have shown that JDBM alloy can repair 

bone defects in vivo (Wang et al. 2012, 2020a, Zhang et al. 

2012b). So far, there was no study on its repair effect and 

mechanism on osteochondral tissue. In this study, a rat 

model of osteochondral defect was established and specific 

Wnt/β-catenin inhibitor ICRT3 was injected. The research 

showed that JDBM alloy is more helpful to repair 

osteochondral defects, and the repair effect depended on 

Wnt/β-catenin signaling pathway. 

In this study, the effects of blank group, JDBM group 

and JDBM+ICRT3 group on the repair of osteochondral 

defects in rats were explored. MicroCT quantitative analysis 

showed that the data of BV/TV, Tb.N and Tb.Th of JDBM 

alloy were higher than that of Control group at the 4th 

week, However, there was no statistical difference between 

the JDBM+ICRT3 and the Control group. Compared with 

JDBM group, BV/TV and Tb.N in JDBM+ICRT3 group 

decreased at the 4th and 8th weeks, while Tb.Sp increased 

at the 2nd and 8th weeks. We can see that most of the 

defects have been repaired in JDBM group at the 4th week 

by HE section staining of three groups. In addition, there 

are a large number of overgrown chondrocytes around the 

defect. In the same period, the defect of Control group is 

gradually repaired, and a small number of chondrocytes are 

gathered. However, compared with the previous two 

groups, the defect of JDBM+ICRT3 group in this period is 

still larger and the repair is slow. At the 8th week, we can 

see that the defects in Control group and JDBM group were 

almost completely repaired, and the epiphyseal plates were 

continuous. There are abundant trabeculae in new bone, but 

there are still large defects in JDBM+ICRT3 group that 

have not been repaired. The same situation can be seen in 

alizarin red staining. The content of calcium nodules in 

JDBM group was higher than that in the other two groups 

during the observation period, and the calcium nodules 

stained deeply and continuously at the 8th week. In Control 

group, a small amount of calcium nodules were also 

produced at the 2nd and 4th weeks, and the content was 

greatly higher at the 8th week. However, in JDBM+ICRT3 

group, there were almost no calcium nodules at the 2nd and 

4th weeks, and a few calcium nodules could be seen until 

the 8th week. The results of Masson staining show that in 

the 4th week group, more cartilage-like tissues were formed 

in the JDBM group, and more cartilage-like tissues 

proliferated from the bottom at the 8th week, with reduced 

fiber content and typical chondrocyte arrangement. The 

JDBM+ICRT3 group always had more fibrous tissue. From 

the above histological staining, we can see that compared 

with Control group, JDBM group began to form new bone 

tissue at an early stage, which is helpful for osteogenesis 

and mineralization of stem cells. However, after ICRT3 was 

added, the effect of JDBM alloy was counteracted, and 

there was no obvious osteogenesis or chondrogenesis at 2, 4 

and 8 weeks. It can be seen that the action of JDBM alloy 

depends on Wnt/β-catenin signaling pathway. 

We used qRT-PCR technology to detect a variety of 

genes in the samples. Among them, the Runx2 gene is a 

specific transcription factor for osteoblasts, which plays an 

important role in the formation and reconstruction of bone 

tissue, Bmp2 is a bone morphogenetic protein gene, which 

has the strongest bone formation effect among all the 

known growth factors, and has the ability to promote the 

directional differentiation and proliferation of mesenchymal 

stem cells into osteoblasts, Ocn is human osteocalcin, which 

can reflect the activity of osteoblasts or bone formation, and 

is an indicator of bone formation, Opn is osteopontin, which 

is widely present in mature bone tissues. Collagen II and 

Aggrecan are the main components of the extrachondral 

matrix, secreted by chondrocytes, and are important signs of 

cartilage formation. The results of qRT-PCR showed that 

compared with Control group, the osteogenesis-related gene 

Runx2, BMP2, OCN and OPN in JDBM group were 

increased in different degrees in 2, 4 and 8, and the 

chondrogensis genes Collagen II and Aggrecan were also 

increased, which indicated that JDBM alloy had a positive 

effect on repairing cartilage defects in rats. In JDBM+ 

ICRT3 group, osteogenesis and chondrogenesis related 

genes decreased compared with JDBM group, so ICRT3 

inhibited the effect of JDBM alloy. After detecting the 

related factors Wnt1,Wnt2,Wnt3a and β-catenin of Wnt/β-

catenin signaling pathway, it is found that after ICRT3 was 

added, these genes decreased compared with JDBM group, 

among which Wnt3a decreased most at the 4th week, and β-

catenin gene also expressed at a low level at the 2nd, 4th 

and 8th weeks, which was lower than that of Control group. 

In the results of WB, RUNX2, OPN and AGGRECAN were 

increased in JDBM group at the fourth week, while other 

factors were not statistically significant in WB. From the 

results of qRT-PCR and WB, we could conculde that JDBM 

alloy activated the transcription and expression of 

osteogenic and chondrogenic genes at an earlier stage than 

the Control group. A previous genome-wide association 

study of GWAS showed that many members of Wnt/β-

catenin signaling pathway are related to bone mineral 

density and fracture susceptibility (Hsu and Kiel 2012). In 

the early stage of fracture repair, pluripotent mesenchymal 

stem cells differentiate into osteoblasts or chondrocytes by 

activating β-catenin protein, and in the later stage of repair, 

proosteoblasts also need to differentiate into osteoblasts by 

activating β-catenin protein (Chen et al. 2007). Hung et al. 

(2019) found that additional 10mM magnesium ions 

activate the classical signaling pathway Wnt. It can also 

significantly increase the expression of β-catenin and its 
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downstream genes (LEF1 and DKK1), and then lead human 

bone marrow stromal cell to differentiate into osteoblasts 

and produce osteogenesis. In this study, we also verified the 

same results. Bone and cartilage defects are difficult to 

repair after inhibiting Wnt/β-catenin signaling pathway. 

This shows that this signal pathway plays an important role 

in promoting bone and cartilage formation. 

Coincidentally, Wang et al. (2020a) verified at the 

cellular level that JDBM alloy can stimulate osteogenic 

differentiation of bone marrow mesenchymal stem cells in 

vitro, the study shows that compared with cells inoculated 

on pure magnesium samples, osteoblasts cultured on JDBM 

alloy samples show better cell adhesion, improved cell 

proliferation and increased mineralization ability (Kong et 

al. 2018), Liao et al. (2015) shows that JDBM alloy is 

beneficial to the adhesion and proliferation of chondrocytes. 

This study had verified in vivo experiments that JDBM 

alloy stimulates the expression of osteogenic and 

chondrogenic genes and proteins. From the results of 

histology and molecular biology, we could find that JDBM 

alloy had a strong effect on the repair of bone tissue. 

However, the cartilage tissue repair effect had not reached 

the ideal state. The newly generated cartilage tissue was still 

fibrocartilage instead of hyaline cartilage. From the Masson 

staining, the cartilage fibers formed by the JDBM group 

were more arranged ordered and dense. However, it was 

encouraging that the JDBM alloy helped the repair of 

subchondral bone. Previous studies have confirmed that the 

repair of subchondral bone was a necessary condition for 

cartilage growth. The rapidly healed subchondral bone 

helped repair the cartilage layer (Goldring and Goldring 

2010, Li et al. 2013). Combining the results of microCT 

and HE staining, we could concluded that the subchondral 

bone repair of the JDBM group was more complete than 

that of the Control group, and the bone trabeculae were 

arranged neatly and densely, which indicates that the JDBM 

alloy repaired the subchondral bone in terms of excellent 

performance, we could use the characteristics of JDBM 

alloy to conduct in-depth research, hoping to find a way to 

make new cartilage into hyaline cartilage. 

In the course of this study, three key osteogenesis-

related proteins in the three groups have similar expression 

profiles. OCN OPN and BMP2 are markers of osteoblasts 

secreted mainly by osteoblasts and the proportion of 

positive cells represents the number and viability of 

osteoblasts which further indicates that the osteogenic effect 

is better in vivo. Combined with the results of HE and 

microCT analysis may prove the regulatory role of JDBM 

alloy in bone formation. The expression of OCN, OPN and 

BMP2 peaked at the 4th week after operation, and they 

reached very low levels at the 8th week after operation. 

Similarly, the chondrogenesis proteins AGGRECAN and 

COLLAGEN II also showed the same trend, reaching a 

high value at the 4th week, while the expression level 

decreased at the 8th week. It has been reported that 

magnesium ions released during the degradation of JDBM 

alloy can stimulate osteogenesis and chondrogensis. XU J 

research proves that the osteogenesis of magnesium can 

directly affect bone cells. Extracellular Mg2+ enters bone 

cells through magnesium channels/transports. This leads to 

the activation of ATF4-dependent Wnt/β-catenin signal in 

bone cells, which leads to the subsequent increase of 

intracellular cAMP level and the activation of bone repair 

related genes (Xu et al. 2022). However, Mg2+ deficiency 

(about 0.04-10%) can promote osteoclast formation (Belluci 

et al. 2013). Compared with PLGA scaffold, porous 3D 

PLGA/Mg (OH) scaffold manufactured by Park et al. 

(2018) can enhance the formation of cartilage markers, 

inhibit the release of inflammatory cytokines, reduce cell 

death and calcification, and increase the expression of 

COLLAGEN II at the 4th and 8th weeks. Mg 2+ released 

during the degradation of the scaffold can support cartilage 

differentiation without inflammation and further 

calcification. These results indicate that magnesium ions in 

scaffolds can support cartilage healing by reducing 

calcification. Therefore, Mg2+ supplementation can not only 

enhance osteogenic repair, but also improve cartilage 

healing, which is also verified by our research. 
 

 

6. Conclusions 

 

In conclusion, the present study revealed that JDBM 

alloy promoted the repair of bone defects and cartilage 

defects in rats through Wnt/β-catenin signaling pathway. 

Thus, our findings suggest that JDBM alloy may serve as a 

potential therapeutic agent for the treatment of 

osteochondral defect. 
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