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Effects of dietary calcium and vitamin D supplementation on osteoclast
activity and bone mass in a rat ankle fracture model
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[ Abstract) Objective  To investigate the effects of calcium and vitamin D ( Ca/VitD) supplementation on
osteoclast activity and bone mass after hand and foot trauma. Methods Eight-week-old male mice were randomly divided
into three groups: control (C), Ca/VitD deficiency (D), and Ca/VitD supplementary diet groups (S). Group S
underwent hand and foot trauma surgery after 8 weeks of standard feeding. Mouse serum analysis, micro-computed
tomography (CT) , histoeconometric analysis, immunohistochemical analysis, and gene expression analysis of fracture calli

were used to investigate whether Ca/VitD deficiency could impair bone repair and cause bone loss after injury. The study
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also investigated whether Ca/VitD supplementation in the diet from the time of fracture could enhance fracture healing.
Results Compared with the findings in group C, BMD and bone mass were significantly decreased in group D, whereas
the fibrous tissue volume was increased. In the fracture callus, the number and surface of osteoclasts in group D were
significantly enhanced. Compared with the result in group D, the bone mass in the callus was significantly increased in
group S, whereas the amount of fibrous tissue was significantly decreased after Ca/VitD supplementation. In addition, group
S exhibited a higher fracture healing rate. In group S, expression of the C-terminal telopeptide of type I collagen was
decreased, whereas that of alkaline phosphatase and X-linked phosphate regulatory gene was increased. Meanwhile, the
serum levels of iIFGF23 and cFGF23 were significantly higher in group S than in groups D and C. However, the iFGF23.
cFGF23 ratio was not different among the groups. Conclusions Ca/VitD supplementation after hand and foot trauma
reduced osteoclast activity, increased bone mass, and suppressed bone absorption in mice with Ca/VitD deficiency. These
findings should have guiding significance for clinical postoperative nursing.
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Table 1 CT and serum analysis results of rats before hand and foot trauma(n=28)

R C ARl
LY ) N WY1 éH/j}]‘é Eagia e HEE  B/DNRE HNGE HNGE
, cowmmmk Nk ke : (HAmg/em) BUSEC  HAR% Mk
415 A 23 IRIER .
G (ng/mL) (ng/mL) (pg/ml) H-F (pe/mL) Bone mineral (%) (%) (1/mm) (mm)
Toups CTX PINP ,‘;?GFI‘;3 (pg/mL) PTHP ( m Ly density BV/TV  Th.Th (%)  Th.N Th.Sp
(ng/mL)  (ng/mL) (1 gLy  2eFGF23 PEML) Hamg/em) (%) (1/mm) (mm)
P (pg/mL)
C4l 18.122 + 34.030 £ 190.242 + 18.473 + 18.247 + 734.432 +  19.298 + 0.056 + 3.212 0.171 =
Group C 4.221 6. 831 12.278 4.221 4.209 27. 675 5.101 0. 006 0.934 0.034
D4 17. 462 + 35.042 £+ 200.092 + 17.976 + 320.341 + 721.341 +  18.924 + 0.057 = 3.037 0.194 +
Group D 5.145 7.098 17.281 4.221 27.231 53. 041 3.724 0. 006 0. 642 0.043
S 2 15.443 + 38.212 =+ 200.251 + 18.247 + 320. 128 + 742.214 +  19.808 + 0.060 = 3.195 + 0.204 +
Group S 4. 821 5.331 19. 034 4.209 20. 873 40. 076 5.706 0. 006 0.502 0.022
F2 ARG 23 RRRETAGHL uCT S8R (n=38)
Table 2 CT analysis of callus of rat fracture on day 23 after trauma(n=38)
4531 % (HAmg/cm) HANRETRI (%) AR (mm?) HITEaE (%)
Groups Bone mineral density (HAmg/cm) Bone volume/Total volume (%) Tissue volume (mm3) Fracture healing (%)
4]
C A 369. 871 + 73.262 19.477 £ 5.633 5.721 + 2.344 62. 500
Group C
D2 .
303. 121 + 47.273 16. 845 + 4.326 7.022 + 2.565 50. 000
Group D
S oy
341.984 + 45.437 18.171 £ 5.025 6.912 + 1.744 75. 000
Group S

W5 CHE, *P<0.05, ™ P< 0.01;5 D 4%, #P< 0.05,%P< 0.01,* P< 0.001, (FK/#EF)

Note. Compared with group C, *P < 0.05, ** P < 0.01. Compared with group D, *P< 0.05, *#P< 0.01, * P< 0.001. (The same in the following
figures and tables)

x3

TR 23 RARBIT @GS B IE D Hrés R (n=38)

Table 3 Fracture healing parameters and serum analysis results of rats on 23 d after fracture(n=238)
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Note. A. Percentage of bone, cartilage and fibrous tissue in the fracture callus at 10 d. B. Percentage of bone, cartilage and fibrous tissue in
fracture callus at 23 d. C. Ankle callus stained with safflower O and tartrate-resistant acid phosphatase( TRAP).

Figure 1 Histomorphological analysis results of rat ankle joint
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