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Abstract 

BACKGROUND: Osteoporosis caused by diabetes mellitus as common secondary osteoporosis has been paid 

more and more attention recently. Zoledronic acid serves as a novel drug for osteoporosis, and its effect on 

osteoblasts in vivo remains unclear.  

OBJECTIVE: To investigate the changes of the expression of bone morphogenetic protein 2 and Noggin in the 

femur of type 1 diabetes mellitus rats and the effect of zoledronic acid on them.  

METHODS: Models of type 1 diabetes mellitus were established by intraperitoneal injection of streptozotocin in 

130 Wistar rats. 3 days later, rats with blood sugar > 16.7 mmol/L for three consecutive times were considered as 

successful models, 120 in total. These models were randomly divided into model, prevention and treatment 

groups. Rats in the prevention and treatment groups were intravenously administered zoledronic acid (0.1 mg/kg) 

on the day of modeling and 2 weeks after model establishment. An additional 40 rats were injected with citrate 

buffer solution as control group.  

RESULTS AND CONCLUSION: Compared with the control group, femur bone mineral density, serum alkaline 

phosphatase levels, and femur bone morphogenetic protein 2 mRNA expression levels were significantly lower in 

the model group (P < 0.05), but Noggin mRNA expression significantly increased (P < 0.05). Compared with the 

model group, bone mineral density and bone morphogenetic protein 2 mRNA expression levels were significantly 
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higher in the prevention and treatment groups (P < 0.05), but Noggin mRNA expression significantly lower (P < 0.05), 

and serum alkaline phosphatase levels gradually restored. These results indicated that the bone metabolic disturbance 

occurs in early stage in rats with type 1 diabetes mellitus. Zoledronic acid can promote bone formation, increase bone 

density, and improve bone metabolism. 

 

Subject headings: Diabetes Mellitus, Type 1; Osteoporosis; Bone Diseases, Metabolic; Bone Density 
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Figure 1  Flowchart of establishment of rat models of diabetes mellitus 
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Figure 2  Changes of blood glucose level in rats of each group 
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Figure 3  Changes of bone mineral density in rats of each group 
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Figure 4  Changes of serum alkaline phosphatase levels in rats of 

each group 

��������	


�
P < 0.05��
���	


�
P < 0.05����

��	


�
P < 0.05� 

 

���          ��� 

���          �	� 


���
(�) 

a 

b 

a 

a 

a 

b 

a 

a 

b 

a 

b 

c 

a 

b 

a 

b 

c 

2.0

1.5

1.0

0.5

0

�


�

�
�
�
�

2
 
m
R
N
A
�
�
�
�
 

(
2

�
�
�
�
� )

 

1� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �2� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �3� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �4� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �5� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �8� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �12� � � � � � � � � � � � � � � � � � � � � � � � � � � � �16 

� 5  ����������� 2 mRNA���	
� 

Figure 5  Changes of expression of bone morphogenetic protein 2 

mRNA in rats of each group 

��������	


�
P < 0.05��
���	


�
P < 0.05����

��	


�
P < 0.05� 

 

���          ��� 

���          �	� 


���
(�) 

a 

a 

a 

a 

b 

a 

c 

a 

a 

b 

a 

b 

c 

a 

b 

a 

b 

c 

a 

a 

b 

a 

b 

b 

a 

a 

b 

a 

b 

c 

a 

a 

b 

a 

b 

a 

b 

a 

b 

a 

a 

b 

a 

c 

a 

a 

b 

a 

c 

a 

a 

b 

� 6  ���� Noggin mRNA��
� 

Figure 6  Changes of expression of Noggin mRNA in rats of each 

group 
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