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Effects of diabetes on bone biomechanics in ovariectomized rats

XIE Qigi***, LI Wenzhou**, DENG Yajun"*’, SHI Weidong'**, REN Enhui'*’, MA Jinglin’, PAN Yunyan', KANG Xuewen"?, WANG Jing"*’
1. Department of Orthopaedics, Lanzhou University Second Hospital, Lanzhou 730000, China; 2. Key Laboratory of Osteoarticular
Disease of Gansu Province, Lanzhou 730000, China; 3. Lanzhou University, Lanzhou 730000, China

Abstract: Objective To investigate the effects of type I diabetes on bone mineral density (BMD) and biomechanical parameters
in ovariectomized rats. Methods Forty female Sprague-Dawley rats aged 3 months of SPF were randomly divided into 4 groups,
namely sham operation group (Sham group), simple ovariectomized group (group A), diabetes group (group B), and diabetes
combined with ovariectomized group (group C), with 10 rats in each group. The rats in group A were subjected to bilateral
oophorectomy to establish osteoporotic rat models, and the rats in group B were treated with intraperitoneal injection of
streptozotocin (STZ) to establish diabetic rat models. After 7 days of surgical removal of the ovary, the rats in group C were
intraperitoneally injected with STZ and underwent lumbar compression test and femoral three-point bend test to prepare diabetes
combined with ovariectomized models. The rats were kept for 3 months after modeling. Then the rats were sacrificed to collect
lumbar vertebrae and femoral bone for dual-energy X-ray examination and biomechanical examination. Results The BMD in
group A, B and C was significantly lower than that in Sham group, with statistical significance (P<0.05), and the most significant
BMD decrease in regions of interest was observed in group C, followed by group B and then group A. In group A, the BMD
decreases at lumbar spine (the whole segment, L, Li, L;), the whole femur and its distal and proximal ends were the most obvious.
In group B, the BMD decreases were mainly found at the lumbar vertebra (the whole segment, L, L., L;) femurs, and the distal

and proximal ends of the femur. In group C, the BMD at all regions of interest were significantly decreased, and the decreases
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at the lumbar vertebrae (the whole segment, L,, L,, Ls, L,), and the distal and proximal ends of the femur were relatively obvious
when compared with the BMD decrease at the Ls. Compared with Sham group, group A, B and C showed significant decreases

in the biomechanical parameters obtained with femoral three-point bending test and lumbar compression test, with a downtrend

e
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consistent with the change trend of BMD, and the decline in Group C was the most significant. Conclusion Type I diabetes

[

aggravates the decrease of BMD and biomechanics in ovariectomized rats, but the site of bone loss sensitivity is not the same

as that of ovariectomized rats. For ovariectomized rats, the most sensitive areas of bone loss were the lumbar vertebrae (the whole
segment, L), and the distal and proximal ends of the femur; for diabetes rats, those were lumbar vertebrae (the whole segment,
L;, L,, L), and the distal and proximal ends of the femur; and for diabetes combined with ovariectomized rats, those were lumbar
vertebrae (L, L,, Ls, L;, the whole segments), distal and proximal ends of the femur.
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Tab.1 DXA scan results of femur in vitro and lumbar spine in vitro (Mean+SD, n=10)

Region of interest Sham group Group A Group B Group C

Left femur (ZQ) 0.256+0.007 0.234+0.007* 0.225+0.003*" 0.158+0.005*
Left middle femur (2Z) 0.234+0.017 0.228+0.006 0.177+0.004*" 0.158+0.003*"
Right middle femur (YZ) 0.216+0.017 0.188+0.006* 0.185+0.002* 0.159+0.004*"
Right femur (YQ) 0.254+0.009 0.234+0.014* 0.189+0.004*" 0.159+0.005*"
Left femur proximal end (ZJ) 0.291£0.023 0.248+0.013* 0.176+0.004*" 0.15140.007*"
Left femur distal (ZY) 0.278+0.016 0.204+0.004* 0.155+0.003*" 0.134+0.003*"
Right femur proximal end (YJ) 0.266+0.019 0.235+0.018* 0.148+0.003*" 0.126+0.003*"
Right femur distal end (YY) 0.254+0.011 0.198+0.004* 0.182+0.005*" 0.147+0.003*"
Lumbar segments (YZQ) 0.251+0.010 0.218+0.007* 0.168+0.006*" 0.146+0.004*"
6th lumbar vertebrae (L) 0.334+0.012 0.211+0.014* 0.271+0.013*" 0.185+0.002*"
5th lumbar vertebrae (Ls) 0.319+0.018 0.265+0.010* 0.190£0.012*" 0.165+0.004*"
4th lumbar vertebrae (L) 0.295+0.019 0.249+0.010* 0.186+0.016*" 0.167+0.005*"
Third lumbar vertebrae (Ls) 0.277+0.018 0.252+0.009* 0.182+0.012%*" 0.157+0.005*"
Second lumbar vertebrae (L,) 0.269+0.017 0.233+0.007* 0.170+0.013*" 0.148+0.004*"
First lumbar vertebrae (L) 0.263+0.013 0.229+0.009* 0.165+0.010*" 0.144+0.003*"

DXA: Dual energy X-ray absorptiometry; Sham group: Sham operation group; group A: Simple ovariectomized group; group B: Type 1 diabetes

group; group C: Type 1 diabetes combined with ovariectomized group; Compared with Sham group, *P<0.05; Compared with group A, “P<0.05
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Tab.2 Changes of biomechanical parameters in femoral three—point bending test (Mean+SD, n=10)

Group Elastic modulus/Gpa ~ Maximum load/N  Maximum stress/Mpa Elastic load/N Elastic stress/Mpa

Sham 2.29+0.14 187.88+6.09

A 2.00+0.09* 157.36+5.49*
B 1.66+0.08* 120.86+8.15%"
@© 0.89+0.12* 91.38+7.20*

226.19+£12.28*

443.60+12.07 173.50+7.45 407.55+12.15
397.51+11.85* 139.00+6.97* 352.57+12.26*
321.53+10.42* 108.78+9.23*" 304.17+9.68*"

89.68+8.37* 201.92+10.40*

Compared with Sham group, *P<0.05; Compared with group A, “P<0.05

R3 BEEFEIBEVHESHEN (55, n=10)
Tab.3 Changes of biomechanical parameters in lumbar

compression test (Mean+SD, n=10)

Lumbar spine Group Elastic modulus/Gpa Maximum load/N

3rd lumbar spine Sham 1.02+0.07 190.65+6.01
A 0.72+0.05* 128.94+7.21%
B 0.49+0.07* 96.86+6.51*"
C 0.06+0.03** 66.13+6.56**

4th lumbar spine Sham 1.04+0.08 190.11+£5.26
A 0.71+0.07* 130.84+5.86*
B 0.52+0.05*" 93.21£7.71*
© 0.08+0.03*" 63.18+9.04*"

Compared with Sham group, *P<0.05; Compared with group A, *P<0.05
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