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Effect and mechanism of oridonin on healing of bone fracture with seawater immersion

LI Fu-dong, KONG Fan-qi, SUN Kai-giang, SUN Jing-chuan, SHI Jian-gang’
The Second Ward, Department of Spinal Surgery, The Second Affiliated Hospital of Naval Medical University (Second Military
Medical University), Shanghai 200003, China

[ Abstract | Objective To investigate the effect and mechanism of oridonin (Ori) on the healing of bone fracture with
seawater immersion (BFSI). Methods A total of 72 male C57BL/6 mice (6-8 weeks old) were used to construct BFSI model
mice, and then they were randomly divided into bone fracture (BF) group, BF+Ori group, BFSI group, and BFSI+Ori group,
with 18 mice in each group. X-ray of femur was taken 14 d after operation and femur mechanical strength test was performed to
observe the phenotypic changes of Ori on fracture healing 21 d after operation. The callus tissues of mice were harvested 14 d after
operation. The expression levels of the M1 macrophage marker (inducible nitric oxide synthase [iNOS ]), M2 macrophage marker
CD206, inflammatory factors (cyclooxygenase 2 [ COX2] and interleukin [IL ]-1B), pro-apoptotic factors (cleaved cysteine aspartic
acid specific protease [ caspase 3 | and Bcl-2-associated X protein [Bax ]) and anti-apoptotic factor (B-cell lymphoma 2 [Bcl-2 |)
were detected by quantitative polymerase chain reaction (qQPCR) and Western blotting. The activation of osteoclasts was observed
by tartrate-resistant acid phosphatase (TRAP) staining 7 d after operation. Results The results of X-ray and femur mechanical
strength test showed that the fracture healing was significantly weakened in the BFSI group, while Ori significantly improved
the healing of BFSI and increased the torsion force of the femur (all 7<<0.01). The results of qPCR and Western blotting showed
that the mRNA and protein expression of iNOS, COX2, IL-1f, cleaved caspase 3 and Bax in the callus tissues of mice was
significantly decreased, while the mRNA and protein expression of CD206 and Bcl-2 was significantly increased in the BFSI+
Ori group compared with the BFSI group (£<<0.05, P<<0.01). The results of TRAP staining showed that the number of
osteoclasts in the vicinity of the cartilage bone boundary was significantly decreased in the BFSI+Ori group compared with the
BFSI group (P<<0.01). Conclusion Oridonin can alleviate the inflammatory responses after fracture, reduce cell apoptosis, and
inhibit the overactivation of osteoclasts, so as to promote the healing of BFSI by enhancing the polarization of anti-inflammatory
M2 macrophages and inhibiting the polarization of pro-inflammatory M1 macrophages.
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Fig1 Ori promotes fracture healing in BFSI mice

A: X-ray films of mice 14 d after fracture. Callus in the BFSI group was less than that in the BF group, and callus in the BFSI+Ori

group was more than that in the BFSI group. B: Radiographic fracture healing scores. C: Biomechanical test of the healing fractures.

"P<0.01. n=6, X%s. Ori: Oridonin; BFSI: Bone fracture with seawater immersion; BF: Bone fracture.
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Fig 2 Ori alters polarization of macrophages and alleviates inflammation in callus tissues of BFSI mice

A-D: mRNA expression of iNOS (a marker of M1 macrophages, A), CD206 (a marker of M2 macrophages, B), and inflammatory

factors COX2 (C) and IL-15 (D) detected by quantitative polymerase chain reaction; E: Representative Western blotting images; F-I:
Relative protein expression of iNOS (F), CD206 (G), COX2 (H), and IL-1B (I) detected by Western blotting. "P<<0.05, "P<<0.01. n=6,

xZs. Ori: Oridonin; BFSI: Bone fracture with seawater immersion; BF: Bone fracture; iNOS: Inducible nitric oxide synthase; COX2:

Cyclooxygenase 2; IL-1f: Interleukin 18; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.
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Fig 3 Ori alleviates cell apoptosis in callus tissues of BFSI mice
A-C: mRNA expression of pro-apoptotic factors cleaved caspase 3 (A) and Bax (B) and anti-apoptotic factor Bcl-2 (C) detected by
quantitative polymerase chain reaction; D: Representative Western blotting images; E-G: Relative protein expression of cleaved
caspase 3 (E), Bax (F), and Bcl-2 (G) detected by Western blotting. "P<<0.05, "P<<0.01. n=6, x+s. Ori: Oridonin; BFSI: Bone
fracture with seawater immersion; BF: Bone fracture; Bax: Bcl-2-associated X protein; Bcl-2: B-cell lymphoma 2; GAPDH:

Glyceraldehyde-3-phosphate dehydrogenase.
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Fig 4 Ori curbs overactivation of osteoclasts in early stage of fracture in BFSI mice
A: Representative TRAP staining images; B: Quantitative analysis of the osteoclasts. = P<<0.01. n=6, X=*s. Ori: Oridonin; BFSI:

Bone fracture with seawater immersion; BF: Bone fracture; TRAP: Tartrate-resistant acid phosphatase.
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