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The study of factors that affects the fracture healing in diabetic rats.
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Abstract

Objective: Our objective is to observe and detect the facture healing, the change of Bone Mineral
Density (BMD), and the expressions of Alkaline Phosphatase (ALP), Osteocalcin (OC), Bone
Morphogenetic Protein (BMP)-2, Insulin Growth Factor (IGF)-1 and collagen type 1 in local fracture
site and serum, and explore the factors that affect the fracture healing in diabetic rats.

Methods: 60 male rats aged 3 months were randomly divided into 2 groups. Group A was the
experimental group (diabetic rats with fracture) and group B was the control group (non-diabetic rats
with fracture). In group A, Streptozotocin (STZ) was used to damage islet B cells. If there was rat dead
or establishment failure during the model establishment then more rats were used for model
establishment to make sure there were 5 rats available for detection in each group every time. After that
the fracture model was established. At 1, 2, 3, 4, 6, and 8 weeks after the model establishment, the BMD
values of lumbar vertebra, hip joint, local fracture site and callus were detected; the blood glucose,
calcium, phosphorus and ALP in the serum were detected; OC was detected by radioimmunoassay;
serum BMP-1 and IGF-1 were detected by Enzyme-Linked Immunosorbent Assay (ELISA); the
expressions of BMP-2, IGF-I and OC in callus tissue were detected by immunohistochemistry.

Results: Compared with the group B, the blood glucose in the group A was significantly increased after
1,2, 3, 4, 6, and 8 weeks, which were all higher than 13.8 mmol/l; the BMD values of lumbar vertebra,
hip joint, local fracture site and callus were decreased, which was most significant after 4 weeks and the
difference from group B was most significant after 8 weeks; the blood calcium and phosphorus were
decreased, and the difference from group B was most significant after 6 weeks; blood BMP-2, IGF-I,
ALP and OC were significantly decreased, and the peak was delayed for a week; immunohistochemistry
results showed that BMP-2, IGF-I and OC were decreased in callus tissue; real-time PCR showed that
BMP-2, IGF-1 and collagen type 1 in callus tissue were all significantly decreased in the first 3 weeks,
the difference was most significant after 2 weeks, BMP-2 and IGF-1 were not significantly different after
4 weeks, the peaks were delayed for 1 week, collagen type 1 was decreased after 4 and 6 weeks with
significant differences, however there was no difference after 8 weeks.

Conclusion: The fracture healing is poor in diabetic rats with delayed healing or non-union. The early
BMP-2 and IGF-I in blood and local callus tissue were decreased during the fracture healing. During the
fracture healing, the number and function of local bone and callus tissue were decreased, and the
expression of collagen type 1 was decreased. There was significant loss of calcium and phosphorus.
During the fracture healing the BMD of local bone and callus tissue were decreased and there was
memorization dysfunction. The decrease of BMP-2 and IGF-1 in serum and local callus tissue can cause
the decrease of osteoblast amount and function, decrease collagen type 1, dysfunction of mineralization
of callus at late stage, which are the important factors of the poor fracture healing in diabetic rats.
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Introduction

Fracture healing is a complex physiological process, including
the release of multiple factors, cell migration, angiogenesis,
proliferation and maturity of osteoblasts, secretion and
maturity of bone matrix, formation and reconstruction of callus
and mineralization of callus. Meanwhile, this process involves
the regulatory effects of cytokines on differentiation and
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proliferation of cells, the osteoinduction, and signalling
transduction [1-4].

Diabetes Mellitus (DM) is a group of clinical metabolic
symptoms, which is one of the 3 non-infectious diseases that
significantly affect the health of human. In diabetic patients,
there is more risk of fracture due to the muscle weakness and
osteoporosis [5]. During fracture healing in diabetic patients,
there is obvious difference of osteoinduction and
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osteoconduction compared to healthy population. As the
development of molecular biology, there is more research
about the fracture healing in diabetic rats. However, the
mechanism of delayed fracture healing still remains unclear,
and the theory is also at the early stage. Nowadays, the effects
of cytokines on fracture healing in diabetic patients have got
more and more attention.

In the previous studies [6-8] it has been shown that Bone
Morphogenetic  Protein-2 (BMP-2) can induce the
mesenchymal cells to transfer to chondroblasts and osteoblasts
irreversibly and induce the formation of bone, which plays an
important role in the osteogenesis; Insulin-Like Growth
Factor-1 (IGF-1) can not only affect the osteoblast to induce
differentiation and the synthesis of collagen, but also affect the
precursor cells of osteoblasts to stimulate the formation of
osteoblasts and further induce the formation of bone matrix
[9,10]. However, there has been no study about the effect of
BMP-2 and IGF-1 change in local callus on the proliferation
and maturity of osteoblasts and secretion of bone matrix. In
this study, we established an animal model to observe the
changes of the Bone Mineral Density (BMD), the levels of
BMP-2, IGF-1, collagen type I and Osteocalcin (OC) in serum
and callus, the levels of calcium, phosphorus, Alkaline
Phosphates (ALP) in serum, and analyse the factors that affect
the fracture healing in diabetic patients. In this study, we
focused on the factors that affect the fracture healing in
diabetic mice, which can provide valuable guidance for the
further therapeutic methods. This can be applied in clinically
which is beneficial to the fracture healing of diabetic patients.

Materials and Methods

Animals

60 healthy male SD (Sprague-Dawley) rats aged 3 months
were provided by the Experimental Center of Kunming
Medical College. The room temperature was maintained at
18-22°C and the relative humidity was maintained at
40%-70%. The rats were raised in 12 hour light-darkness
cycle, and free to get water and food. The rats were raised for 2
weeks before experiment.

Instruments and reagents

Strepozotocin (STZ) was purchased from Sigma-Aldrich Co.
LLC., Missouri, USA; OC kit was purchased from Northern
Biotechnology Company, Beijing, China; rat BMP-2,IGF-I and
OC monoclonal antibodies (rabbit anti rat) and SABC
immunohistochemistry kits were purchased from Abcam plc.,
Cambridge, England; Opticon real-time PCR amplifier was
purchased from MJ Research Inc., Florida, USA; Trizol was
purchased from Thermo Fisher Scientific Inc., Massachusetts,
USA; 10X DNase I Buffer and DNase I (RNase Free,5 p/ul)
were purchased from Takara Biotechnology Co., Ltd., Dalian,
China; RNas inhibitor (40 p/ul) was purchased from Promega
Corporation, Wisconsin, USA.
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Grouping and model establishment

60 male rats were randomly divided into 2 groups; both were
fed with the ordinary forage. Diabetic rats with fracture were
included in group A and normal rats with fracture were
included in group B. The rats in group A received
intraperitoneal injection of STZ (50 mg/kg) with STZ solution
in 0.1 mmol/l citric acid-sodium citrate buffer and the rats in
group B were injected with the same volume of citric acid-
sodium citrate buffer [11]. After 24 hours, the blood was
collected from the tail to detect blood glucose. After one week,
the body weight and blood glucose were detected again. The
criteria of diabetes are the decrease of body weight and random
non-fasting blood glucose > 13.8 mmol/l [12]. After
anaesthesia, the upper section of left tibia was exposed and the
tibia was cut by scissor (1 cm from tibial plateau), and then the
tibia was fixed by splint. During the experiments, the dead rats
or the rats with unsuccessful model establishment were not
used. More rats were used for model establishment to make
sure that 30 rats in total were used for detection in either group
and 5 rats were used for detection in each group at all the
stages. In total 78 rats were used.

Detection of BMD

At 1, 2, 3, 4, 6, and 8 weeks after model establishment, 5 SD
rats were randomly selected from either group. The rats were
sacrificed by intraperitoneal injection of 20 mgkg 3%
pentobarbital sodium. The BMD of lumbar vertebra, hip joint,
local fracture site and callus were detected. X-ray was used to
detect the BMD according to the tissue absorption rates of
different samples. The attenuation degree is related to the bone
mineral substance content.

Detection of blood glucose, calcium, phosphorus and
ALP in serum

At 1, 2, 3, 4, 6, and 8 weeks after model establishment, 5 SD
rats were randomly selected for blood glucose detection. The
blood sample was collected from femoral artery, and the blood
glucose, calcium, phosphorus and ALP were detected by
automatic biochemical analyser (Olympus Co., Tokyo, Japan).

Serum OC detection by radioimmunoassay (RIA)

Aft 1, 2, 3, 4, 6, and 8 weeks after model establishment, 5 SD
rats were randomly selected. 2 ml blood was collected from
femoral artery, centrifuged at 3000 rpm for 15 minutes to
collect the supernatant at 4°C. 125I-BGP and the OC in the
standard competitively bind to the OC antibody. The mixture
was incubated at 4°C for 20 hours to reach the balance, and
then the separating reagent was added and incubated at room
temperature for 15 minutes. The separating reagent can bind to
the OC which binds to antibody to form precipitation; the free
OC was centrifuged and discarded. The radio counting of
precipitation was detected and the OC level was calculated.
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Detection of serum BMP-2 and IGF-I by enzyme-
linked immunosorbent assay (ELISA)

At 1, 2, 3, 4, 6, and 8 weeks after model establishment, 5 SD
rats were randomly selected. 2 ml blood was collected from
femoral artery, centrifuged at 3000 rpm for 15 minutes to
collect the supernatant. 0.1 ml diluted sample was added in
antibody coated well and incubated at 37°C for 90 minutes,
then the liquid in the wells were washed by automatic washer;
0.1 ml biotin labelled antibody was added in each well and
incubated at 37°C for 60 minutes, and then washed by PBS for
5 times, 0.1 m1 ABC solution was added and incubated at 37°C
for 90 minutes, again washed by PBS for 5 times; 0.l ml TMB
solution was added and incubated at 37°C in darkness, then the
stopping solution was added and the Optical Density (OD)
values were read at 450 nm wave length. The BMP-1 and
IGF-1 concentrations were calculated according to the standard
curve and OD values.

BMP-2, IGF-I and OC detected by
Immunohistochemistry

After sacrifice, a part of callus tissue was collected for
immunohistochemistry. The tissue was fixed, embedded,
sliced, dewaxed and dehydrated. Then the primary antibody
and secondary antibody were added and developed for 5
minutes. The brown color represents the location of the
antigen. The positive slide was used as positive control and
PBS was used as negative control. The expression level of
BMP-2, IGF-1 and OC were evaluated according to the density
and amount of positive staining [13,14].

BMP-2, IGF-I and OC expression detected by RT-
PCR

The local callus tissue was collected and grinded, homogenized
and precipitated to extract the RNA. Then the RNAs were
transversely transcripted. Sequences of primers: upstream

primer for BMP-2: 5'-
TTCTGTCCCTACTGATGAGTTTCTC-3, downstream
primer for BMP-2: 5'-

AAGTCACTAGCAGTGGTCTTACCTG-3"; upstream primer
for IGF-1: 5'-TTCGTGTGTGGACCAAGGG-3’, downstream
primer for IGF-1: 5-AATGCTGGAGCCATAGCCTG-3';
upstream  primer for collagen type 1: 5'-
CTCAGGGGCGAAGGCAACAGT-3"; upstream primer for
collagen type 1: 5-ATGGGCAGGCGGGAGGTCT-3’;
upstream primer for [-actin: 5’-
GTAGCCATCCAGGCTGTGTT-3’; downstream primer for [3-
actin: 5’-CCCTCATAGATGGGCACAGT-3’. Real-time PCR:
denaturation at 95°C for 4 minutes, then 58°C for 30 s, 72°C
for 40 s and 76°C for 2 s to detect the florescence, there were
40 cycles in total. Meanwhile, the melting curve between
53°C-95°C was made.

Statistical analysis

SPSS 18.0 was used to analyse the data. All the data were
presented as mean =+ standard deviation (X+ S). T-test was used
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to compare the differences among groups. The significance
level was set as a=0.05, P<0.05 was considered as statistically
significant.

Results

General characteristics

In group B, the SD rats were normal, the body weights were
increased and the hair color was shining, the diet and
execration were normal. In group A, after injection of STZ, the
SD rats were droop with slow reaction, the body weight was
decreased, the water and food intake was increased, the 24
hour urine volume monitored and it was found that the urine
volume was increased, and the symptoms were aggravated
with the time. It suggests that the rats in the control group were
in a good condition; however, the diabetic rats with fracture
were in a sick condition compared with group B.

Detection of blood glucose every week

After fracture the blood glucose levels were significantly
increased, which were significant at all-time points (P<0.05).
The model establishment was successful and stable as shown
in Table 1.

BMD values of lumbar vertebra, hip joint, local
fractured bone and callus tissue

In group B, the BMD levels of lumbar vertebra, hip joint and
local callus were not changed, although there was slight
decrease from 1%t week to 4th week, it was obvious in local
bone and callus. However, in group A, the BMD of hip joint
was decreased, which was slightly decreased at 15t week to 3™
week (P>0.05) and obviously decreased at 4™ week with
statistical significance (P<0.05). Compared with group B, the
BMD levels of the lumbar vertebra, hip joint and callus were
obviously decreased, which was most significant at 8™ week as
shown in Table 2.

Results of blood calcium, phosphorus and ALP

Generally, the blood calcium levels in group A were lower than
group B at all-time points, which was most significant after 6
weeks (2.33 + 0.05 mmol/l in group A and 2.61 + 0.08 mmol/l
in group B), and also significant after 1 and 4 weeks (P<0.05),
there was no differences at the other time points
(P>0.05).There was no difference when compared within the
same groups as shown in Table 3. Blood phosphorus levels in
group A were lower than group B, the trends in two groups
were in accordance with each other and there were significant
differences at all-time points (P<0.05) as shown in Table 4. In
group A, the blood ALP levels were significantly decreased
after fracture, there were significant differences before the 4t
week (P<0.01), ALP levels were significantly decreased at 6™
and 8™ week (p<0.05). The blood ALP level reached peak at
31 week (232.4 + 20.5 TU/L), however it reached peak in
group B at 2" week (401.1 = 10.71 U/L). The difference was
most significant at 2" week as shown in Table 5.
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The change of serum OC

In group B, the OC level reached peak at 2" week (2.568 +
0.097 ug/l), and decreased at 4, 6™ and 8™ week; The OC
levels in group A were increased from the 15t week to 3" week,
and reached the peak at 3" week (2.025 + 0.089 pg/l), and then
gradually decreased at 4%, 6t and 8™ week; There were
significant differences between 2 groups at 15, 24, 3rd and 4th
week (P<0.01); there was no statistically difference at the other
time points (P<0.05) as shown in Table 6.

ELISA results of serum BMP-2 and IGF-1

In group B, serum BMP-2 reached peak at 2" week (2.88 =+
0.07 ng/ml) and gradually decreased at 41, 6" and 8t week; in
group A, the level was gradually increased from the 15t week to
the 3™ week and reached the peak at 3" week (2.75 + 0.05 ng/
ml), and then gradually decreased at 4, 6t and 8t week; there
were significant differences between 2 groups at 1%t, 27d and 3d
week (P<0.05 );there was no statistical difference at the other
time points (P>0.05) as shown in Table 7. In group B, serum
IGF-1 level reached the peak at 2" week (4.10 = 0.07 ng/ml),
and gradually decreased at 3, 4t 6th and 8™ week; serum
IGF-1 in group A was gradually increased from the 1% week to
3'd week and reached the peak at 3" week (4.05 = 0.04 ng/ml)
and then gradually decreased at 4™ 6™ and 8™ week. There
were statistical differences between 2 groups at 15t, 27 and 3d
week (P<0.05), and there was no statistical difference at the
other time points (P>0.05) as shown in Table 8.

P LRt M o o -

Figure 1. (1). Immunohistochemistry result of BMP-2 in callus after 1
week in group A (X100). (2). Immunohistochemistry result of BMP-2
in callus after 1 week in group B (X100) (3). Immunohistochemistry
result of OC in callus after 1 week in group A (X100). (4).
Immunohistochemistry result of OC in callus afier 1 week in group B
(X100). (5). Immunohistochemistry result of IGF-I in callus after 1
week in group A (X100) (6). Immunohistochemistry result of IGF-I in
callus afier 1 week in group B (X100).

Immunohistochemistry results

In the 1% week, BMP-2 and OC were only expressed in some
mesenchymal cells, a few of osteoblasts and chondroblasts in
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group A; in group B, BMP-2 and OC were expressed in
osteoblasts, chondroblasts, cartilage matrix, fibroblasts and
granulation tissue, which were significantly different between
2 groups. IGF-1 was weakly expressed in a few of
mesenchymal cells and granulation tissue in group A; in group
B, IGF-I was expressed in granulation tissue, mesenchymal
tissue and callus tissue, which was significantly different
between 2 groups as shown in Figure 1.

Figure 2. (1). Immunohistochemistry result of BMP-2 in callus after 2
weeks in group A (X100). (2). Immunohistochemistry result of BMP-2
in callus after 2 weeks in group B (X100). (3). Immunohistochemistry
result of IGF-I in callus after 2 weeks in group A (X100). (4).
Immunohistochemistry result of IGF-I in callus after 2 weeks in group
B (X100). (5). Immunohistochemistry result of OC in callus after 2
weeks in group A (X100). (6). Immunohistochemistry result of OC in
callus afier 2 weeks in group B (X100).

Figure 3. (1). Inmunohistochemistry result of BMP-2 in callus after 3
weeks in group A (X100). (2). Immunohistochemistry result of BMP-2
in callus after 3 weeks in group B (X100). (3). Immunohistochemistry
result of IGF-I in callus after 3 weeks in group A (X100). (4).
Immunohistochemistry result of IGF-1 in callus after 3 weeks in group
B (X100). (5). Immunohistochemistry result of OC in callus after 3
weeks in group A (X100). (6). Immunohistochemistry result of OC in
callus after 3 weeks in group B (X100).

In the 2" week, BMP-2,IGF-I and OC were expressed in a few
of fibroblasts, osteoblasts, mature chondrocytes and bone
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matrix in group A; in group B, the expressions reached the
peak and showed strongly positive in fibroblasts, osteoblasts,
mature chondrocytes and bone matrix. The difference was
most significant at 2" week as shown in Figure 2.

In the 3" week, BMP-2,IGF-1 and OC reached the peak in
osteoblasts, mature chondrocytes and bone matrix in group A;
in group B, the expressions in osteoblasts, mature chondrocytes
and bone matrix were decreased compared to before, but still
positive. The expressions in group A were lower than group B
as shown in Figure 3.

In the 41 week, BMP-2, IGF-1 and OC in group A and B were
positive in the same location with lower expression. BMP-2
and IGF-1 expression were decreased more than OC. BMP-2
and IGF-1 expressions were not different. OC in group A was
lower than group B as shown in Figure 4.

Figure 4. (1). Inmunohistochemistry result of BMP-2 in callus after 4
weeks in group A (X100). (2). Immunohistochemistry result of BMP-2
in callus after 4 weeks in group B (X100). (3). Immunohistochemistry
result of IGF-I in callus after 4 weeks in group A (X100). (4).
Immunohistochemistry result of IGF-1 in callus after 4 weeks in group
B (X100). (5). Immunohistochemistry result of OC in callus after 4
weeks in group A (X100). (6). Immunohistochemistry result of OC in
callus after 4 weeks in group B (X100).

In the 6™ week, BMP-2 and IGF-I were positive in the residual
osteoblasts, osteoclasts and bone matrix in group A and B. The
positive levels were slightly lower than the 4™ week, however
OC level was significant lower than the 4t week. BMP-2, IGF-
I and OC were not statistically different among each other as
shown in Figure 5.

A

Figure 5. (1). Immunohistochemistry result of OC in callus after 6
weeks in group A (X100). (2). Immunohistochemistry result of OC in
callus after 6 weeks in group B (X100).

In the 8" week, BMP-2, IGF-I and OC in the residual
osteoblasts, osteoclasts and bone matrix were positive in group
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A; in group B, they were weakly positive in a few of
osteoclasts and bone matrix, showing the same trend. The peak
was at the 3" week in group A and 2" week in group B.

Real-time PCR results

In the first 3 weeks, BMP-2 mRNA level in group A was
significantly lower than group B, group B reached the peak at
2" week and gradually decreased at 4, 6 and 8t week; the
expression in group A was gradually increased from the 1%
week to the 319 week, and decreased at 4%, 61 and 8t week;
there were significant differences between group A and B at
1st, 2nd and 3" week (P<0.05); there was no statistical
difference at the other time points (P>0.05) as shown in Table
9.

IGF-1 mRNA in group A were significantly lower than group
B in the first 3 weeks, it reached the peak at 2"d week in group
B and gradually decreased at 4, 6™ and 8™ week in groups B;
the expression in group A was gradually increased from the 1%t
week to the 3™ week, and reached the peak at 3" week, then
gradually decreased at 4™ 6% and 8™ week; there were
significant differences between group A and B at the 15, 2nd
and 3" week (P<0.05); there was no statistical difference at the
other time points (P>0.05) as shown in Table 10.

Type I collagen mRNA in group A were significantly lower
than group B in the first 4 weeks, it reached the peak at 2"d
week in group B and gradually decreased at 6™ and 8t week in
groups B; the expression in group A was gradually increased
from the 15t week to the 3™ week, and reached the peak at 3™
week, then gradually decreased at 4™, 6 and 8™ week; there
were significant differences between group A and B at the 1%,
ond 3rd and 4t week (P<0.05); there was no statistical
difference at the other time points (P>0.05) as shown in Table
11.

Table 1. The changes of dynamic blood glucose level in 2 groups (x +
s, ng/ml, n5).

Group A Group B T-value P-value
1t week 15.78 £3.05° 417+ 1.11 7.9985 0
2nd week 16.33+£1.93° 3.74+0.43 14.2375 0
3rd week 14.89£1.53° 3.891.32 12.1723 0
4th week 16.43+£1.20° 4.12+1.40 14.928 0
6™ week 16.13£1.33° 4.21+1.83 10.4906 0
8th week 15.35+2.14" 3.88+0.83 11.1739 0

Note: "P<0.05 when compared with the group B.

Table 2. The BMDs of the lumbar spine, hip joint and local fractured
bone and callus in 2 groups at different time points (X + s, g/cm?,
n=>5).

Lumbar spine Hip joint Local fracture

bone and callus

GroupA GroupB GroupA GroupB GroupA GroupB
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18tweek 0.239 + 0244 + 0.193 + 0.201 + 0.192 + 0.204 = Note: "P<0.05 when compared with the group B; “P<0.01 when compared with
0.011 0.027 0.012 0.025 0.015 0.016 the group B.
2ndweek 0235 = 0.241 = 0.182 = 0.193 = 0.187 + 0.194 . . . . _
0.022 0.024 0.035 0.032 0.015 0.027 Table 6. The change of OC in 2 groups at different time points (X % s,
ng/L, n=5).
3dweek  0.221 + 0238 + 0176 + 0.187 = 0177 + 0.184 +
0.026 0.034 0.029 0.021 0.025 0.034
Group Time/week
4hweek 0197 + 0232 + 0153 + 0.173 + 0.163 * 0.172 +* o " o " X N
0.013" 0.023 0.017 0.011 0.031 0.015 1 2 3 4 6 8
6hweek 0.166 = 0.234 = 0124 + 0179 + 0.153 + 0.188 Group A 1738 + 1906 + 2025 + 1.788 + 1428 + 1337 =
0.016" 0.022 0.014 0.018 0.012 0.020 0.045 0.098 0.089 0.109 0.079 0.124
8hweek 0129 + 0.233 + 0.089 + 0.182 = 0.142 = 0.192 = Group B 2217 + 2568 + 2557 + 2544 + 1782 + 1.571 ¢
0.018" 0.021 0.033 0.015 0.019 0.027 0.109 0.097 0.076 0.096 0.107 0.106
Note: "P<0.05 when compared with the group B. T value 9.0828 13.5674 10.1645  12.5993  4.8327 3.2075
P value 0 0 0 0 0.0113  0.0125

Table 3. The change of serum calcium in 2 groups (X x s, ng/ml, n=5).

Group A Group B T value P value
1stweek 212+0.15 2.34+0.11 2.6447 0.0295
2nd week 2.48 +0.08 2.51+0.12 0.4651 0.6542
3rdweek 2.32+0.08 2.39 +0.05 1.8196 0.1063
4t week 2.29 £0.07 2.41+0.09 2.3534 0.0464
6th week 2.33+0.05" 2.61+0.08 6.6366 0.0002
8th week 2.18+0.04 2.22 +0.05 1.3963 0.2

Note: "P<0.05 when compared with the group B.

Table 4. The change of serum phosphorus in 2 groups (X = s, mmol/l,

n=>35).
Group A Group B T value P value
18t week 3.00+0.11" 3.32+0.09 5.0345 0.001
2nd week 2.57 £0.08" 2.90 + 0.07 6.9416 0.0001
3rd week 2.44 £0.14" 2.81+0.12 4.4689 0.002
4t week 2.09 £0.10" 2.29+0.13 2.7267 0.0026
6th week 2.16 £0.09" 2.32+0.11 2.5173 0.0036
8th week 2.19£0.14" 246 +0.08 3.7442 0.0057

Note: "P<0.05 when compared with the group B.

Table 5. The change of serum ALP in 2 groups (x = s, IU/L, n=5).

Group A Group B T value P value
1stweek 218.4 + 134" 370.3+19.5 14.3556 0
2nd week 223.6+19.0” 401.1 £10.7 20.8113 0
3rd week 232.4+205" 365.7 + 16.7 11.2728 0
4th week 209.5+13.6™ 303.4+27.9 4.8451 0.0013
6! week 168.2 £ 11.1° 2422 +16.2 6.5227 0.0102
8th week 147.9 £ 14.1° 186.3+13.5 4.3987 0.0123
1864

Table 7. The change of serum BMP-2 in 2 groups (X £ s, ng/ml, n=5).

Group Time/week

1 2 3 4 6 8
Group A 2.16' + 2.70*i 2.75‘ + 249 + 231 % 216 =
0.07 0.04 0.05 0.07 0.08 0.06
GroupB 236 + 288 + 285 + 250 * 223 + 213 &
0.15 0.07 0.06 0.10 0.05 0.04
T-value 7.2946 49923 2.863 0.1832 1.8962 0.9303
P-value  0.0001 0.0011  0.0211  0.8592 0.0945 0.3795
Note: "P<0.05 when compared with the group B.
Table 8. The change of serum IGF-1 in 2 groups (X + s, ng/ml, n=>5).
Group Time/week
1 2 3 4 6 8
Group A 3.85' + 3.91‘ + 4.05' + 403 =+ 391 + 390 +
0.08 0.08 0.04 0.03 0.07 0.05
Group B 4.10 + 422 + 413 + 400 =+ 390 <+ 385 %
0.07 0.06 0.05 0.04 0.08 0.04
T-value 5.2588 6.9318 2.7937 1.3416 0.2104 1.7461
P-value 0.0008 0.0001 0.0234 0.2165 0.8387 0.1189

Note: "P<0.05 when compared with the group B.

Table 9. The expression of BMP-2 in local callus in 2 groups (X + s,

n=>5).
1stweek 29 week 3dweek 4" week 6" week 8" week
GroupA 1 1.082 + 1107 + 1.059 + 1.023 + 0978
0.012° 0.009" 0.014 0.008 0.012
GroupB 1.156 + 1.313 + 1176 + 1.054 + 1.017 % 0969 =+
0.008 0.004 0.006 0.007 0.006 0.014
T value - 40.8354 14.246 0.7143 1.3416 1.0914
P value - 0 0 0.4954 0.2165 0.3069
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Note: "P<0.05 when compared with the group B.

Table 10. The expression of IGF-I in local callus in 2 groups (X + s,
n=>35).

1stweek 2" week 3 week 4"week 6" week 8" week
GroupA 1 1.084 + 1117 + 1.063 + 1.033 + 0982 =+
0.05" 0.006" 0.007 0.006 0.004
GroupB 1.158 + 1.321 + 1.188 + 1.058 + 1.027 + 0977 =
0.006 0.008 0.004 0.005 0.004 0.005
T value - 56.1744 22.0612 1.2994 1.8605 1.7461
P value - 0 0 0.2299 0.0999 0.1189

Note: "P<0.05 when compared with the group B.

Table 11. The expression of Type I collagen in local callus in 2 groups
(X £ s, n=5).

1stweek 2"9week 3dweek 4"week 6" week 8" week
GroupA 1 1.146 + 1257 + 1.046 £ 0725 + 0612 =
0.047" 0.089° 0.087 0.084 0.124
GroupB 1449 + 1.801 + 1789 + 1776 + 1.014 + 0803 =
0.109 0.097 0.076 0.096 0.107 0.106
T value - 13.5822 10.1645 12.5993 4.7505 2.1123
P value - 0 0 0 0.064 0.06776

Note: "P<0.05 when compared with the group B.

Discussion

Up to our knowledge, the factor that affects the fracture healing
of diabetic patients has not been explored thoroughly.
However, the clinical studies have shown that [15-17], diabetic
patients are more liable to have delayed fracture healing even
not healing. Some studies have shown that the low insulin
status and high blood glucose status in diabetic patients can
cause dysfunction of metabolism and decreased the expression
of multiple cytokine to cause delayed fracture healing [18,19].

The factors that determine the healing of fracture include the
local blood supply, the proliferation and maturity of osteoblasts
at fracture site, secretion and maturity of bone matrix, the
precipitation and mineralization of calcium and phosphorus in
local callus [20,21]. In this study, generally the blood calcium
and phosphorus in group A were lower than group B. This is
may be due to the high blood glucose induced osmotic dieresis.
In diabetic rats high blood glucose can increase the excretion
of calcium and phosphorus, and the re-absorption of calcium
by renal tubule is decreased, the active transport of calcium is
also decreased. These factors cause the low calcium and
phosphorus level in rats.

In group A, the BMD levels of lumbar vertebra and hip joint
were decreased, which may be related to the loss of calcium
and phosphorus. There are some factors that decrease the
vitamin D3 in the blood of diabetic patients, such as increase of
osteoclasts induced by high glucose and precipitation
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dysfunction of calcium and phosphate. The bone matrix
composed of collagen is an important place of bone
minimization. Insulin can promote the amino acid up taken by
osteocytes and synthesis of proteins. In diabetic patients, not
only the synthesis of collagen will be decreased, but also
glycosylation by high glucose can decreased the collagen
tenacity and increase bone fragility which further affects the
combination of mineral substances and collagen. During the
development of osteoblasts, high glucose can stimulate cell
proliferation, but inhibit the calcium uptake, which may be
related to the change of bone structure in diabetic patients.
Also, the long-term high glucose concentration increases the
advanced glycation end-products; accumulation of these
products affects the adhesion of osteoblasts to the collagen to
further change the function, differentiation and proliferation of
osteoblasts [22]. Meanwhile, it can induce the production of
cytokines, such as interleukin-6 [23], tumor necrosis factor-a
and nitric oxide [24] to cause the differentiation, maturity and
activity increase of osteoblasts, increase the bone turnover and
the severe imbalance of bone formation and bone absorbance,
finally cause the decrease of BMD. At 4 week, the BMD in
group A was significantly decreased compared with group B, it
was considered to be related to the loss of calcium and
phosphorus was increased with the time, and blood vitamin D3
was further decreased. In group B, the BMD levels in local
fracture bone and callus were slightly increased at 4™ week, it
was considered to be related to increased callus density, the
precipitation of mineral substances, and the increased activity
of rats. In group A, the local BMD level was still decreasing, it
was considered to be related to the huge loss of calcium and
phosphorus, the increased activity of osteoclasts, and the
binding difficulty of calcium and phosphorus to collagen
caused by high glucose, and further cause the fracture healing
difficulty.

ALP is the marker of early stage osteoblast differentiation and
OC mainly appears in the mineralization stage which is the
marker of osteoblast maturity. The expression levels of them
can reflect the bone formation process [25]. Collagen type I is
the main organic component in bone matrix, which is the basis
to connect the fractured terminal of bone and the implantation
of further mineral substance adhesion [26,27]. In this study,
after model establishment increases of ALP and OC in group B
were obviously lower than group B and the peak was 1 week
after group B. Local OC and collagen type in group B reached
the peak at 2" week and dropped at 4™ week. The 4™ week is
the primitive callus formation stage, the new vessels grow into
the fibrous connection, the big amount of osteoblasts
proliferate, synthesize the secrete bone matrix, which is the
process of osteoid tissue formation. In group A, the local OC
and collagen type I in group A were obviously lower than
group B, the peak was 1 week after groups, which was in
accordance with the change of local BMP-2 and IGF-1. It
suggests that they are highly correlated during the fracture
healing in diabetic rats. The decrease of local BMP-2 and
IGF-1 can cause the decrease of local OC and collagen type I
to further cause the fracture healing dysfunction.
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We also found that diabetes can cause the decrease of multiple
systemic and local cytokines. At present, multiple bone-
derived growth factors can be isolated from bone matrix,
osteoblasts and bone [28,29] among these BMP-2 has the
strongest osteogenesis effect and plays an most important bone
tissue repair [30]. IGF-I can induce the mitosis of multiple
cells [31], and also induce the differentiation of the cells [32].
The two factors both play important roles in the process of
fracture healing. In this study, local levels of BMP-2 and IGF-1
are in accordance in the serum levels. In the early stage of
fracture healing, BMP-2 and IGF-1 play important roles in
stimulating mesenchymal cells to transfer to osteoprogenitor
cells and then osteoblasts, and also the differentiation of
chondroblast [33,34]. The first 2 weeks after fracture is the
differentiation peak of osteoblasts and chondroblasts [33,34].
As the differentiation from osteoblasts to osteocytes and the
maturity of chondrocytes, local BMP-2 and IGF-I are
decreased. After 4 weeks as the increase of callus
reconstruction, the expression levels of BMP-2 and IGF-1 are
increased which further increase the construction process of
osteoblasts in callus. At 8 weeks after fracture in normal rats,
the fracture is almost healed; sometimes there is only slight
expression in osteoclasts and bone matrix. BMP-2 and IGF-I in
diabetic rats were obviously lower than normal bone fracture.
In diabetic rats, BMP-2 and IGF-I reached the peak at 3"
week, which was 1 week later than the control group. In the
diabetic rats, BMP-2 and IGF-1 were still expressed in some
osteoblasts, chondrocytes, bone matrix and osteoclasts, which
further suggests that fracture healing of diabetic fracture is
delayed.

In conclusion, the fracture healing is poor in diabetic rats with
delayed healing or non-union. The early BMP-2 and IGF-I in
blood and local callus tissue were decreased during the fracture
healing. During the fracture healing, the number and function
of local bone and callus tissue were decreased, and the
expression of collagen type I was decreased. There was
significant loss of calcium and phosphorus. During the fracture
healing the BMD of local bone and callus tissue were
decreased and there was memorization dysfunction. The
decrease of BMP-2 and IGF-1 in serum and local callus tissue
can cause the decrease of osteoblast amount and function,
decrease collagen type I, dysfunction of mineralization of
callus at late stage, which are the important factors of the poor
fracture healing in diabetic rats.
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