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1.2.3 I AEE PRI E S 08 ELISA 357 & Ut
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P (95 °C, 10 min) , 28 ¥ (95 °C, 15 s) , 1B K (60 °C,
20 s), ZEAH (72 °C,30 s), ¥ 4G ok B L3 35 AN E
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Table 1 The primer sequence of different genes

A B LR T
SOX9 5’-TGGCATCAGTGGTTCAGGAGAAGTAT-3" 5’-TGTCGCAGTGGTGTCAGGAGTC-3’
VEGF 5’-AAGAGAAGACACGGTGGTGGAAGA-3’ 5’-GGGAAGGGAAGATGAGGAAGGGTA-3"
ALP 5’-GCCCTGAGTCTGACAAAGCCTTC-3" 5’-CGGTCTTCAAGCCATACTGGTCTG-3’
Colla 5’-GCTCGTGGATTGCCTGGAACA-3’ 5’-CAGCACCAACAGCACCATCGT-3"
Ihh 5’-CCTGGAACTGCTGTGCTGGATC-3" 5’-CCTGGTCAAGTCTCAATGGTGTCTC-3"
Paiched 5’-AAAGAACTGCGGCAAGTTTTTG-3" 5’-CTTCTCCTATCTTCTGACGGGT-3"
Glil 5’-GTGTGCCATTGGGGAGGTTG-3" 5’-GCGTGAATAGGACTTCCGACAG-3’
Gli2 5’-ATGCCTCCACCACCACAGACAT-3’ 5’-TCCACACCACAAGAGCCAGAGAC-3’
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Smadl 5’-AGCCGAGTAACTGCGTCACCAT-3" 5’-GTTGCGGAACTGAGCCAGAAGG-3’
Smad5 5’-AGCAAGCTCTGGACCTGGAAGT-3" 5’-AGGCGACAGGCTGAACATCTCT-3"
Smad4 5’-TCAGGTGTGGCTCAGTGCTTGA-3’ 5’-GCCGACTCCTCCATACAGAACCA-3’
RUNX?2 5’-TTGACCTTTGTCCCAATGC-3" 5’-AGGTTGGAGGCACACATAGG-3’
B-actin 5’-TGTCCACCTTCCAGCAGATGT-3" 5’-AGCTCAGTAACAGTCCGCCTAGA-3’
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Fig.1 Effects of Acaudina molpadioidea on SOX9 (a) and Aggrecan (b) in fracture model mice
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Fig.2 Effects of Acaudina molpadioidea on Coll0x(a), MMP13 (b) and VEGFE (c¢) in fracture model mice
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Fig.3 Effects of Acaudina molpadioidea on ALP (a) and Colla (b) in fracture model mice
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Fig4 H & E staining of the callus on days 5 post—surgery (10x magnification)
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Fig.5 H & E staining of the callus on days 10 post—surgery (10x and 20x magnification)

26 BMMEHEERNREEMERSEE
HIARIE 21 d,3 ARG @ AR WoR A
IR L AN 6 B R A R R o
HEF AN B EL AR, 52 B0 A A 2 2 R L R A
oA AR 22 9 B I st S 5 0] 2 il 1
/N B B A O A S, RN B
A BERSUE AL T BUE B UZE A BT
A T BN AR T AR /N BB B AR R e
G SV T ARZ T e A AR BCR SO RS

2.7 EHINHEE Ihh—PThrp # Smads/Runx2
ESERRIBRAE
Thh 3= B JE I 09 508 4 B 23 3, Thh 5 %

O T B AT AR Y R A R A 3G A, ] DAY
B 20 M B R o Ak 5 AR BT R R
R EE R, A 7 BRI E 5 10 K, 54
RIGHAR LE, V15 5 0 200 T B g B 2 T A
Thh Patched \Glil ,Gli2 {4 K AR /N R
TR R AR R R B B, R TR S R



286 %H1M

ARAR i HAR 8t s BB I o B AL A R 93

(a) 1B %) MR 21

(b) P24

()i K20

B6 RE21dEMARNHF H & E F & (10xF 20xA X )
Fig.6 H & E staining of the callus on 21 days post-surgery (10x and 20x magnification)
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canonical Smad signaling through Smadl and Smad5

Acaudina molpadioidea Promotes Fracture Healing and Its Mechanism

Li Zhuo', Tian Yingying?, Li Yuanyuan', Yan Ziyi', Fu Anni', Wang Jingfeng"
('College of Food Science and Engineering, Ocean University of China, (Qingdao 266003, Shandong
*Marine Biomedical Research Institute of Qingdao, Qingdao 266000, Shandong)

Abstract Acaudina molpadioides is a low—value sea cucumber produced from the southeast coast. It is inexpensive and
has hypoglycemic, hypolipidemic, and antioxidant activities. However, its effect on fracture healing has not been report-
ed. In this study, Female C57BL/6 mice underwent right tibia open fracture surgery and were randomly divided into
model control group, Apostichopus japonicus group (500 mg/kg BW) and Acaudina molpadioides group (500 mg/kg
BW). The tests were performed on the 5", 10", and 21% days to explore the effect and mechanism of Acaudina molpa-

dioides on the fracture healing process. Serum dynamic test results showed that on the 10" postoperative day, the serum
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Col10a concentration in the Acaudina molpadioides group was significantly reduced by 19.31% compared with the model
group, and the serum MMP13 by 14.91%. It is suggested that compared with the model group, the chondrocytes in the
Acaudina molpadioides group changed from proliferation to hypertrophy and differentiation in advance, which accelerated
the healing process. H&E staining results show that compared with the model group, the intervention of Acaudina molpa-
dioides and Apostichopus japonicus can promote the formation of fibrous callus on the 5" postoperative day, postoperative
The formation of cartilage callus on day 10 and the formation of lamellar bone and the reconstruction of hard callus on
day 21 suggest that the intervention of Acaudina molpadioides can accelerate the process of ossification in cartilage. Fur-
ther q—PCR results showed that on the 10th day after surgery. The intervention of Acaudina molpadioides can activate I-
hh and Smads/Runx2 signals, and down-regulate the transcription levels of key factors lhh, Patched, Glil, Gli2 and
Smadl, Smad4, Smad5, and the transcription of CollOa is significantly down-regulated, suggesting that Acaudina mol-
padioides intervention can cross the cartilage faster. The hypertrophic stage of the cells enters the period of mineralization
and osteogenesis. At this time, the significant increase in the transcription level of the bone growth factor ALP and
Colla also further proves the role of Acaudina molpadioides in accelerating the fracture healing process. lts effect is sim-
ilar to that of Apostichopus japonicus. In summary, Acaudina molpadioides can regulate cartilage hypertrophy and accel-
erate the process of intra—cartilage ossification by mediating Thh—PThrp and Smads/Runx2 signaling pathways to promote
fracture healing, and its effect is equivalent to Apostichopus japonicus. This study provides a theoretical basis for the
further development of Acaudina molpadioides and its application in fracture healing.

Keywords Acaudina molpadioides; Apostichopus japonicus; fracture healing; endochondral ossification; Ihh; Smads/
Runx2



