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Effect of type 2 diabetes mellitus on bone metabolism: an in vivo study
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Abstract; Objective To observe the effect of type 2 diabetes mellitus (T2DM) on bone metabolism and bone microstructure in
mice. Methods Ten male KK/Upj-Ay/J mice, a mouse model of T2DM, were selected as experimental group, and 10 male
C57BL/6 mice were selected as control group. The mice in both groups were fed with routine fodder. After the confirmation of
T2DM in KK/ Upj-Ay/J mice, all mice were fed for another 12 weeks and then executed. The activity of serum bone alkaline
phosphatase (BALP) and tartrate-resistant acid phosphatase ( TRAP) were detected. The parameters of the tibia were analyzed
using micro-CT. Results
significantly (control group: 0.029 +0.003 pU/min; T2DM group: 0.014 +0.003 pU/min, P <0.05), while the activity of
serum TRAP increased significantly ( control group; 0.513 +0. 034 U/L; T2DM group: 0. 701 £0. 054 U/L, P <0.05). The bone
mineral density of the tibial plateau decreased significantly in T2DM group compared with that in control group ( control group:
810. 000 +21. 000 mg/cm’ ; T2DM group: 709. 000 = 18.000 mg/cm’, P <0.05). Conclusion The bone resorption in mice

with T2DM accelerates while the bone formation is deficient, resulting in osteopenia and increased risk of bone fracture.

Compared with those in control group, the activity of serum BALP in T2DM mice decreased
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T2DM group(n = 10) 0.701 =0. 054 0.014 £0. 003

Pl 0. 005 0. 0006

P value

T : TRAPS b 7010 £1 R R 4 W R 8 Sb; BALP ; & B 1 0 1R 1l ; 5
X IR HLEL, " P <0. 05
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Fig.1 CT three-dimensional reconstruction images of the tibial plateau in two groups
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Table 2 The trabecular parameters in the proximal tibia (x +s, n=10)

H A (mm®) B/NEEH (1/mm®) BN (mm) H ¥ (mg/em®)
BV(mm®) Tb. N. (1/mm’) Tb. Th. (mm) BMD( mg/cm’)
E#H4(n=10)
0.273 +£0. 040 4.148 £0.354 0. 028 £0. 002 810. 000 +21. 000
normal group(n =10)
2 BUBEPRIGL (n =10)
0.241 0. 080" 3.342 +0. 613" 0.021 £0. 003" 709. 000 +18. 000"

T2DM group(n =10)

TE BV WAL Th. N B /NRECH ;Th. The B /NREZ  BMD ;B 2 B2 ; S5 X IRALAA L, P <0. 05

PS: BV: bone volume; Th. N. : trabecular number; Th. Th. ; trabecular thickness; BMD: bone mineral density; *P <0.05 vs normal group

T 2> SR LA AR S5 9 B VR TR I, AT
BT, [FI, Micro-CT M43 25 5% om 2 #Y
PRI/ N B BB 25 B 500 IR 2L /N LB 1 B, 5 5
(EPUNINES IR

T QI ) e DA 2R TS B R
AR HE A AR P AL T — P IR, AR
XV RERIR AT | A T B AR 0 5, A o
BEALS B B 2 TOREIRIR RS B
A Z PR TE IR B . A E U
TR PEE T 2 W T L, s A 0 M RS A
BRESIUES " A 5 U 23 T BOHLA B o2 1 A
PR AT RS I, 51 3B S | e R R AR, AR 1
PHE P ARTE o3 Ue TR 55 IR, T4
PRI 2 RUBEDRIS AT MBS AR &
Az GBI S AT TE BT (147 RS B — Fof o 2

HERE/INER . NERERY T2DM B3R A RE 2 1y 20
YU, NG LU Jg— Pl P9 43 2 B RE 20 i S8 1A
T KBS E R T2 g R AR SRR B,
NI 2T 355 G 0 40 Y 550 o 400 L )
PERN | EE A BB A S I R 2 (OPG) 5
B 2R A B PR ( RANKLL ) 7 S 3ie 336 s - 200 e
e

BT R I T A4 1 2 BB PR /N B, P
FIRTELSE , B AR AT BEA5 X BE RO 4516 .2 BB IR
STE LT 2 | W s e 1 A, S B
R ST KR

[ & % x # ]

[ 1] Shan P F, Shan PF, Wu X P, et al. Age—related bone mineral

density, osteoporosis rate and risk of vertebral fracture in



B B A A A

2014 4F 3 4520 %545 3 W] Chin J Osteoporos, March 2014, Vol 20, No.3 241

mainland Chinese women with type 2 diabetes mellitus. ]
Endocrinol Invest, 2011, 34(3) :190496.
Rikel A, Sheehy O, Rahme E, et al. Osteoporosis among
patients with type 1 and type 2 diabetes. Diabetes MeTab, 2008 ,
34(3):193205.

Mascitelli L, Pezzetta F. Type 2 diabetes and fracture risk.
Lancet, 2006, 368(9537) :732.

Yaturu S, Humphrey S, Landry C, et al. Decreased bone
mineral density in men with metabolic syndrome alone and with
type 2 diabetes. Med Sci Monit, 2009, 15(1) :CR59.

Halleen JM. Tartrate—tesistant acid phosphatase 5B is a specific
and sensitive marker of bone resorption. Anticancer Res, 2003,
23(2A) :10274029.

Reginster JY, Collette J, Neuprez A, et al. Role of biochemical
markers of bone turnover as prognostic indicator of successful
osteoporosis therapy. Bone, 2008, 42(5) :832-836.
Feng Zhengping, Deng Huacong, Du Jia, et al. Lentiviral—-
mediated RNAi targeting p38MAPK ameliorates high glucose—

[10]

[11]

induced apoptosis in osteoblast MC3T3-£1 cell line. Indian J.
Exp. Biol, 2011, 49(2): 94404.

Garcfa-Hernandez A, Arzate H, Gil-Chavarrfa I, et al. High
glucose concentrations alter the biomineralization process in
human osteoblastic cells. Bone, 2012, 50(1) :276-288.

Inaba M, Nishizawa Y, Mita K, et al. Poor glycemic control
impairs the response of biochemical parameters of bone formation
and resorption to exogenous 1,25-dihydroxyvitamin D3 in patients
with type 2 diabetes. Osteoporosis Int, 1999, 9.:525-531.
Savopoulos C, C Dokos, Kaiafa G, et al. Adipogenesis and
osteoblastogenesis ; trans-differentiation in the pathophysiology of
bone disorders. Hippokratia, 2011, 15(1) : 1821.

Goto H, M Osaki, Fukushima T, et al. Human bone marrow
adipocytes support dexamethasone-induced osteoclast
differentiation and function through RANKL expression. Biomed

Res, 2011, 32(1) . 3744.
(Wi H 9 .2013-0329)

(4555 237 )

[4]

[10]

[11]

Pierotti S, Gandini L, Lenzi A, et al. Pre—receptorial regulation
of steroid hormones in bone cells: insights on glucocorticoid—
induced osteoporosis. J Steroid Biochem Mol Biol, 2008 ,108 (3-
5):2929.

Leclerc N, Luppen CA, Ho VV, et al. Gene expression profiling
of glucocorticoid-inhibited osteoblasts. ] Mol Endocrinol, 2004,
33(1):17593.

Inhibition of

Maurer T, Zimmermann G, Maurer S, et al.

osteoclast generation : a novel function of the bone morphogenetic
protein 7/osteogenic protein 1. Mediators Inflamm, 2012,2012.
171209.

Yi SE, Daluiski A, Pederson R, et al. The type I BMP receptor
BMPRIB is required for chondrogenesis in the mouse limb.
Development, 2000,127(3) :62130.

Wu XB, Li Y, Schneider A, et al. Impaired osteoblastic
differentiation, reduced bone formation, and severe osteoporosis
in noggin-overexpressing mice. J Clin Invest, 2003,112 (6 ) :
924-934.

Sheng Jundong,GU Jiujun,LIU Xingyan, et al. Complex of bone
morphogenetic protein 7 and fibrin protein on the healing of
osteoporotic vertebral fracture.

Spinal Cord, 2010,20(4) :291294.
Blokhuis TJ, Buma P, Verdonschot N, et al. BMP-Z stimulates

Chinese Journal of Spine and

early diaphyseal fracture healing in estrogen deficient rats . J
Orthop Res, 2012,30(5) :720-5.

Pountos I, Georgouli T, Henshaw K, et al. The effect of bone

[12]

[13]

[14]

[15]

[16]

morphogenetic  protein2, bone morphogenetic  protein7,
parathyroid hormone, and platelet-derived growth factor on the
proliferation and osteogenic differentiation of mesenchymal stem
cells derived from osteoporotic bone . J Orthop Trauma, 2010,
24(9) :552-6.

Zhang Y, Cheng N, Miron R, et al. Delivery of PDGF-B and
BMP-7 by mesoporous bioglass/silk fibrin scaffolds for the repair
of osteoporotic defects. Biomaterials, 2012, 33(28) :6698708.
Spiro AS, Beil FT, Schinke T, Schilling AF, et al. Short-term
application of dexamethasone enhances bone morphogenetic
protein-induced ectopic bone formation in vivo .

2010,69(6) :1473-80.

J Trauma,

Wang Xin-wen, He Ai-yong, Cai Yu-zhong, et al. Effect of
epimedium and bone morphogenetic protein2 on fracture healing
in rabbits. Journal of Clinical Rehabilitative Tissue Engineering
Research, 2011,15(11) :20302033.

Liu HaiHiang, Wang Xiao-ping, Lin Juan, et al. The Effect of
Icariin and Astragalosid T on the Proliferation and Differentiation
Journal of Chinese Medicinal
Materials, 2006,29(10) :10624065.

He Wei, Li Zidi, Cui Yuandu, et al. Effect of icariin on the
mRNA expressions of Chfal , BMP2,BMP4 in rat osteoblasts.
Journal of Peking University ( Health Sciences ), 2009,41(6) :
669-673.

of Bone Marrow Stromal Cells.

(W ki H 1 .2013-0325)



QRN R BB AR B R [HGREE ..

=0 wk, FEAKE,  HEE, BRE), BRER, B, XU Fei, DONG Yonghui, HUANG
Xin, GUO Fengjin, CHEN Anmin, HUANG Shilong

YR FARL e PR R 2 [ B 2 25 5 PR J [ 5 e 1 B, i, 430030

e o B s 2 ST

T 44 Chinese Journal of Osteoporosis

GO IC)E 2014 (3)

ACEEE: http://d. g. wanfangdata. com. cn/Periodical zggzsszz201403004. aspx



http://d.g.wanfangdata.com.cn/Periodical_zggzsszz201403004.aspx
http://g.wanfangdata.com.cn/
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%be%90%e9%a3%9e%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%91%a3%e6%b0%b8%e8%be%89%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%bb%84%e9%91%ab%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%83%ad%e9%a3%8e%e5%8a%b2%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e5%ae%89%e6%b0%91%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%bb%84%e4%bb%95%e9%be%99%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22XU+Fei%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22DONG+Yonghui%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22HUANG+Xin%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22HUANG+Xin%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22GUO+Fengjin%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22CHEN+Anmin%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22HUANG+Shilong%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e5%8d%8e%e4%b8%ad%e7%a7%91%e6%8a%80%e5%a4%a7%e5%ad%a6%e5%90%8c%e6%b5%8e%e5%8c%bb%e5%ad%a6%e9%99%a2%e9%99%84%e5%b1%9e%e5%90%8c%e6%b5%8e%e5%8c%bb%e9%99%a2%e9%aa%a8%e7%a7%91%2c%e6%ad%a6%e6%b1%89%2c430030%22+DBID%3aWF_QK
http://c.g.wanfangdata.com.cn/periodical-zggzsszz.aspx
http://c.g.wanfangdata.com.cn/periodical-zggzsszz.aspx
http://d.g.wanfangdata.com.cn/Periodical_zggzsszz201403004.aspx

