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ABSTRACT 

The aim is to investigate the effect of Zhuang Jin Xu Gu (ZJXG) decoction on serum levels of bone morphogenetic protein-
7 (BMP-7), insulin-like growth factor-1 (IGF-1), basic fibroblast growth factor (bFGF) and transforming growth factor 
β1(TGFβ1) and to explore its promoting femoral fracture healing in rats. Femur fractures were generated in 72 male adult 
Wistar rats by cutting femur transversely at middle point. ZJXG decoction was administered orally after surgery for 28d. 
The fracture healing process was analyzed by X-ray, gross anatomy and hematoxtlin-eosin (HE) staining. The serum 
levels of BMP-7, IGF-1, bFGF and TGFβ1 were detected by enzyme linked immunobsorbent assay (ELISA). X-ray 
imaging and gross anatomy indicated that the fibrous callus tissue at the femoral fracture-end increased and the fracture 
line became fuzzy at 7-14 d following treatment with ZJXG Decoction. HE staining showed that the fibrous-granular tissue 
at the fracture-end changed gradually to fibrous, cartilaginous and zosseous callus tissues from 7d to 28d. ELISA results 
showed that the serum levels of BMP-7, IGF-1, bFGF and TGFβ1 increased significantly 28 days following treatment with 
ZJXG decoction, compared to model group. It is concluded that ZJXG decoction could enhance the fracture healing by 
reducing the decomposition of BMP-7 and IGF-1, bFGF and TGFβ1 and enhancing their activities. 
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INTRODUCTION  

The biological factors of body cells occurred stress change at the molecular level after fractures[1]. All necrotic bone cells, 
osteoblasts and absorbed bone matrix in fracture-end released endogenous growth factors[2] to adjust the process of 
fracture healing with the environment change[3]. Of the numerous cell factors, bone morphogenetic protein-7 (BMP-7)[4], 
insulin-like growth factor-1 (IGF-1)[5], basic fibroblast growth factor (bFGF) [6] and transforming growth factor (TGF β 1) 
[7-8] played particularly prominent roles. Fracture was treated with the main principle of restoration, fixation and functional 
exercise in modern medicine, while in traditional Chinese medicine, fracture treatment was insisted on four principles 
consisting of combination of dynamics and statics (combination of fixation and functional movement), laying equal 
emphasis on the consideration of muscular and bony elements for the treatment (fracture healing and functional recovery 
at the same time), treatment from inside and outside (taking regional and whole treatments into consideration), medical 
care and patient cooperation (combination of medical treatment assay with patient’s activity) [9]. Zhuang Jin Xu Gu (ZJXG) 
decoction, a traditional Chinese medicine originated from “Shang Ke Da Cheng” written by Doctor Zhao Lian in Qing 
Dynasty, has been clinically used for promoting fracture healing for many years with unique advantages. Animal 
experiments showed that ZJXG decoction could effectively promote the femoral fracture healing of rats [10], but it failed to 
fully reflect the fracture healing process because the observation time only 2 weeks [11]. This experiment aimed to 
elucidate if the effect of ZJXG decoction in fracture repair was related to the serum levels of BMP-7, IGF-1, bFGF and 
TGFβ1, and to investigate its mechanism of enhancing fracture healing. 

MATERIALS AND METHODS 

1.1 Animal models 

Total of 72 male adult Wistar rats purchased from Experiment Animal Center of Qingdao Drug Inspection Institute, SCXK 
(LU) 20120010), weighted 230-250g. All rats were given time to adapt to the laboratory environment for 7 days, then 
divided randomly into control group (n=24), model group (n=24) and treated group (n=24). The rats were anesthetized with 
intraperitoneal injection of 100g/L chloral hydrate (300 mg/kg) and then restrained in a prone position for operation. The 

femoral fracture model was established by cutting the femur transversely with low speed dental drill（JBX-NE22，NSK 

Co. Ltd. Japan）at the middle section (about 1.0cm below the great trochanter) from medial parapatellar incision [12]. 

After the manual reduction, the fractured femur was fixed with intramedullary Kirschner wires (diameter 1.0mm, Shanghai 
Medical Apparatus Co. Ltd.). The sham group was subjected to the same procedure except without cutting femur. Animals 
were allowed to drink and eat freely after surgery. The survival rate is 100%. 

1.2 Treatment methods 

The ZJXG Decoction was decocted according to the Standard of Decocting Herbal Medicine promulgated by Chinese 
Administration Department of Traditional Chinese Medicine. The mixture of all herbal plants were cooked to the boil, kept 
on simmer for 10-15 min to concentrate the extracts, protecting and maintaining all essential ingredients. The same 
procedure was repeated for 2 times. The two extractions yielded an amount of 224ml liquid medicinal decoction containing 
112g of dry weight (concentration of 0.5g/ml). Rats in treatment group were administered orally with ZJXG decoction of 
1.25g/kg according to the previous research results [12], one time a day for 28 days, while the saline solution was given at 
the same volume to sham and control group rats. 

1.3 Evaluation index 

Six rats in each group were selected to observe after treated 7, 14, 21, 28 days respectively. 

1.3.1 X-ray examination 

The rats were anesthetized by injecting intraperitoneally 10% chloral hydrate (300 mg/kg) for X-ray evaluation (GE 
Revolution RE/d, USA).  

1.3.2 Gross observation 

After x-ray evaluation, the rats were sacrificed and taken out the femurs, removed the excess of soft tissue, washed with 
normal saline for general observation. About 4 ml blood was aseptically collected from abdominal aorta of each rat for 
analysis. 

1.3.3 Histological staining 

The femur were incubated in 4% formaldehyde solution for 24 h and decalcificated for 15 days in 20% ethylenediamine 
tetraacetic acid (EDTA). The interception of the fracture (including hematoma, callus) was dehydrated using graded 
ethanol, immersed in dimethylbenzene, embedded by paraffin. The 5μm thickness slices were made by mirotome (Leica 
RM2015, Shanghai Leica Instruments, China), the sections were stained with Hematoxylin-Eosin (HE). 

1.3.4 Enzyme linked immunosorbent assay (ELISA) 

About 4 ml blood were centrifugalized for 10 minutes at 4000 r/min at 4°C to separate the serum (2ml). The serum level of 
BMP-7, IGF-1, bFGF and TGFβ1 measured using commercially available ELISA kits (Blue Gene Co. Ltd). The procedure 
was performed following manufacturer’s instruction. The OD was calculated with Bio-Rad 550 microplate reader (USA) set 
to 450 nm to reflect the level of BMP-7, IGF-1, bFGF and TGFβ1(ng/L). 

1.4 Statistical analysis 
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The data was expressed by mean ± standard deviation (X ± s) and analyzed with SPSS 16.5 statistical software. P<0.05 
was considered significantly. 

RESULTS 

2.1 X-ray films 

X-ray films revealed the femoral cortical bone was integrity and continuous in control group rats. The fracture-end was 
filled with fibrous tissue after fracture 7 days and became fibrous callus at fracture 14 days, and bony callus formatted at 
fracture 28 days. There were no statistical difference of callus structure existed between treated group and model group 
during fracture 7-21 days, but the bone callus structure in treatment group was better than that in model group after 
treatment 28 days. 

2.2 Gross anatomy 

Cortical bone was completely in control group rats while the fracture fragments separated in fracture group rats. The 
fracture-end was surrounded by fibrous granulation tissue (pinprick through easily) at fracture 7 days, formed fibrous 
callus and turned hard (pinprick through difficultly) at fracture 14 days. At fracture 21 days, fibrous callus and cartilage 
callus increased and more hard (the resistance force of pinprick) and fibrous callus was gradually replaced by cartilage 
and bone callus (pinprick through hardly) at fracture 28 days. There was no statistical difference between treatment 
groups and model group during fracture 7-21 days, but callus in treatment group became more hard (pinprick not through) 
than that in model group. 

2.3 Histopathology 

The bone structure of rats was normal in control group. The breaking-ends of rats in model group rats were filled with 
hematoma organization. On fracture 7 days, inflammatory cells infiltrated and granulation tissues occurred between 
fracture gaps. On day 14, fibroblast and osteoblasts proliferated of under periosteum in fracture fragments. Osteoclasts 
and osteoblasts were activated and trabecular bone formed at fracture 21 days, and trabecular bone was clearly visible 
until fracture 28 days. In treatment group, callus structure had no significant difference compared with model group at the 
same time during fracture 7-21 days, but by 28 days it was significantly better than that in model group. 

2.4 Enzyme linked immunosorbent assay (ELISA) 

2.4.1 The serum level of BMP-7: Compared from the aspect of treatment times, there was no significant difference of 
serum levels of BMP-7 in control group during fracture 7-28 days (t=0.54-1.03, P>0.05). And also no significant difference 
of serum level of BMP-7 both in model group and treatment group during fracture 7-21days (t=0.29-0.87, P>0.05), while it 
significantly decreased at fracture 28 days (t=16.47-16.55, P<0.05). In paired comparisons of groups, the serum levels of 
BMP-7 in the treatment group and model group were significantly higher than those in control group during 7-28 days 
(t=20.46-21.07, P<0.05). There was no significant difference of serum levels of BMP-7 in model group and treatment 
group in the corresponding time during fracture 7-21 days (t=0.64-0.93, P>0.05), but still significantly higher than those in 
the model group (t=12.92, P<0.05) and control group (t=8.63, P<0.05) at treatment 28 days.(Table 1). 

Table 1  Serum levels of BMP-7  ( x ±SD, ng/L) 

Groups                  n                   7d                          14d                          21d                        28d 

Control group        6          428.24±11.15         430.94±11.26          433.14±10.65         432.83±10.53 

Sham group          6          538.85±12.17
 a

       540.42±12.22
 a

        543.14±13.28
 a

       450.69±11.65 
a c

 

Treated group       6         530.69±14.36
 a

        534.70±13.55
 a
        536.42±13.32

 a
       493.27±10.59

 a b c
 

a
 Compared with control group, t=20.46-21.07, P<0.05; 

b 
Compared with model group, t=12.92, P<0.05; 

c 
Compared with 

the 21 days, t=16.47-16.55, P<0.05. 

2.4.2 The serum level of IGF-1: In control group, no significant difference of serum level of IGF-1 existed between 7 days 
to 28 days (t=0.26-1.18, P>0.05). Also there was no significant difference of serum level of IGF-1 both in model group and 
treatment group during fracture 7-21 days (t=0.28-1.59, P>0.05), while it decreased significantly at fracture 28 days 
(t=2.52-6.11, P<0.05). Compared in paired groups, the serum level of IGF-1 in treatment group and model group was 
significantly higher that in control group during fracture 7-28 days (t=7.59-9.18, P<0.05). There was no significant 
difference of serum level of IGF-1 between 7-21 days in model group and treatment group (t=0.09-1.92, P>0.05), but at 
fracture 28 day, they were still higher than those in the model group (t=5.94, P<0.05) and control group (t=7.51, 
P<0.05)(Table 2). 

Table 2  Serum levels of IGF-1 ( x ±SD, ng/L) 

Groups                   n                 7d                       14d                        21d                       28d 

Control group         6         17.35±0.71           17.43±0.65           17.62±0.70           17.71±0.65 

Sham group           6         21.08±1.07 
a
         21.22±1.13 

a
         20.47±0.96 

a
        18.02±0.83 

a
 
c
 

Treated group        6         20.35±0.95 
a
         20.39±0.97 

a
         21.25±0.92 

a
         20.25±0.85 

a b c
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a
 Compared with control group, t=7.59-9.18, P<0.05;

 b 
Compared with sham control group, t=5.94, P<0.05; 

c 
Compared 

with the 21 day, t=2.53-6.11, P<0.05. 

2.4.3 The serum level of bFGF: There was no significant difference of serum level of BFGF in control group among 
fracture 7-28 days (t=0.36-1.47, P>0.05). And also no significant difference of serum level of BFGF both in model group 
and treatment group during fracture 7-21 days (t=0.29-0.87, P>0.05), while decreased significantly at fracture 28 days 
(t=5.78-16.47, P<0.05). In paired comparisons of groups, the serum level of BFGF in treatment group and model group 
was significantly higher than that in control group among 7-28 days (t=11.37-13.21, P<0.05). There was no significant 
difference of serum level of BFGF both in model group and treatment group among 7-21 days (t=0.38-1.60, P>0.05), but in 
treatment group it was still significantly higher than that in model group (t=10.34, P<0.05) and control group (t=11.42, 
P<0.05) at fracture 28 day.(Table 3). 

Table 3  Serum levels of bFGF ( x ±SD, ng/L) 

Groups                   n                7d                        14d                        21d                         28d 

Control group         6        18.36±0.74           18.23±0.89             17.89±0.87            18.07±0.73 

Sham group           6         22.54±0.82 
a
         22.61±0.86 

a
          23.24±0.94 

a
         18.16±0.56 

a c 

Treated group        6        22.63±0.77 
a
         22.76±0.75

 a
           23.22±0.88

 a
          21.23±0.64 

a b c 

a
 Compared with control group, t=11.37-13.21, P<0.05; 

b 
Compared with sham control group, t=10.34, P<0.05; 

c 
Compared 

with the 21 day, t=5.78-14.68, P<0.05. 

2.4.4 The serum level of TGFβ1: There was no significant difference of serum level of TGFβ1 between day 7 and day 28 
in control group (t=0.09-0.84, P>0.05). Also no significant difference of serum level of TGFβ1 between day 7 and day 21 in 
model group and treatment group (t=0.29-0.38, P>0.05), while decreased at fracture 28 days (t=5.78-7.54, P<0.05). In 
paired comparisons of groups, the serum level of TGFβ1 both in treatment group and model group was significantly higher 
that in control group between day 7 and day 28 (t=9.02-9.93, P<0.05). There was no significant difference of serum level 
of TGFβ1 between day 7 and day 21 in model group and treatment group (t=0.45-0.93, P>0.05), but on day 28, the levels 
was still significantly higher than that in model group (t=6.31, P<0.05) and control group (t=7.25, P<0.05) ( Table 4). 

Table 4  Serum levels of TGFβ1 ( x ±SD, ng/L) 

Groups                  n                 7d                         14d                          21d                        28d 

Control group        6        122.01±8.14           124.96±7.54           123.61±8.42           124.66±7.01 

Sham group          6        162.55±10.19
 a

       161.08±12.26
 a

       163.09±11.21
 a
       127.28±7.43 

c 

Treated group       6        154.52±13.93
 a

       157.69±10.86
 a

       160.04±12.44
 a 

       149.29±8.15
 a b c 

a
 Compared with control group, t=9.02~9.93, P<0.05; 

b
Compared with sham control group, t=6.31, P<0.05; 

c 
Compared 

with the 21 day, t=2.29.54, P<0.05. 

DISCUSSION 

Fracture healing is an extremely complex process which is reportedly influenced by multiple cytokines and growth factors. 
Urist [1] discovered firstly BMP and then puts forward "bone induction" theory. BMP-7 is a positive modulator of fracture 
healing, induced osteogenic differentiation of mesenchymal stem cells by regulating the transcription factors Runx2 and 
Osterix, and cooperated with other regulatory factors involved in bone tissue formation [4]. IGF-1 is an important factor in 
regulating bone cell function and metabolism, it can reduce the collagen degradation, increase bone deposition, promote 
osteoblast differentiation, maturation and supplement [13], and in a time-and dose-dependent manner affected the 
proliferation and metabolism [14]. IGF-1 bund to receptors in bone tissue, occurred receptor tyrosine autophosphorylation 
to activate protease, induce phosphorylation of insulin receptor substrate, which regulated cartilage cells, bone growth, 
proliferation and metabolism [15-17]. 

The biological activity of endogenous bone growth factor has a high and strong physiological action to accelerate fracture 
healing [18], but exogenous cytokines can not effectively promote fracture healing because its short half-life and high 
clearance rate. In addition to relieving spasm and pain, promoting blood circulation and removing blood stasis, promoting 
granulation and other conventional role, traditional Chinese medicine also directly or indirectly affected the bone growth 
factor secretion, degradation and regulation of activity. Previous experiment [9] showed that the traditional Chinese 
medicine in the treatment of fractures could improve the volume and density of the external callus, connecting callus, 
bridging callus and mineralized callus, so that increased significantly the callus bone strength, tensile strength, flexural 
strength, load capacity and other mechanical properties. The experimental results of Wang et al. [19] indicated that ZJXG 
decoction promoted the proliferation of osteoblasts, Cells in S phase increased obviously. It suggested that ZJXG 
decoction could promote the synthesis of DNA in osteoblasts by promoting the proliferation of osteoblasts to accelerate 
the healing of fracture. Wang et al [12] reported that ZJXG decoction could significantly evaluated the serum levels of 
BMP-7 and NPY in rats at the initial stage of fracture and promote the fracture healing in rats. 

By the way of regulation of cell proliferation, differentiation and the cell product synthesis, bFGF not only promoted bone 
cell growth, but also promoted the hyperplasia of the capillary vessels, improved blood supply, enhanced bone cells 
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adhering to scaffold materials [20]. Research of Tatsuyama et al. [3] showed that TGFβ1 and bFGF had synergistic effect 
in fracture healing, and TGFβ1 is the regulating factor of bFGF [21]. Applying TGFβ1 and bFGF at same time could 
stimulate synergistically the proliferation of osteoblasts and accelerated endochondral ossification process[5]. bFGF 
expressed constantly in various stages of fracture healing, it usually expressed strongly at the early stage of bone injury 
and decreased gradually after reaching a peak. Kawaguchi et al [6] confirmed that endogenous bFGF persists in the 
fracture site after fracture 1-3 weeks. Wang et al [22] reported that after fracture 4 days to 3 weeks, bFGF expressed 
strongly and decreased gradually with prolong of time. The early expression of bFGF could make various cells division 
and proliferation in fracture-end, hematoma organize into granulation tissue, while in late stage bFGF mainly maintained 
active proliferation for interstitial cells or fibroblasts. 

The process of fracture healing process was divided into three stages of early, middle and later respectively according to 
the theories of traditional Chinese medicine "Liver governing sinew, kidney governing bone and engendering marrow, 
spleen governing muscle, injuring Qi to induce pain, injuring configuration to lead swelling", and three corresponding 
treatment principles of "activating blood circulation to remove blood stasis, joining bone and uniting sinew, nourishing liver 
and kidney" were applied to promote fracture healing. Western medicine considered that fracture was a process of bone 
integrity and continuity interrupted, and the fracture healing was divided into three stages of hematoma machining, original 
callus formatting, and callus remodeling according the changes of histology and cytology [2]. Huang [9] treated tibia 
plateau fractures by DJXG decoction with locking plate fixation and achieved an efficiency of 90%. Zhang et al. [23] 
treated humeral fracture nonunion by applying unilateral multifunctional external fixator with ZJXG decoction, and the 
fracture healing rate was as high as 97.4%. Liang [24] used dynamic hip screw fixation combining ZJXG decoction to treat 
senile intertrochanteric fractures, the result was satisfactory. Another research [25] showed that in the period of hematoma 
organization, the drugs of activating blood circulation and removing blood stasis (such as Radix salvia miltiorrhizae, 
Rhizoma Chuanxiong, Safflower, etc.) could improve regional blood circulation of the fracture-ends and provide conditions 
for callus formation. In the period of callus formation, Teasel root and Drynaria rhizome which contained rich collagen, 
calcium salts and trace elements involved in protein synthetase metabolism and beneficial to bone repair [26]. This 
experiment indicated that in the first 3 weeks after fracture, ZJXG decoction did not increase the serum levels of BMP-7, 
IGF-1, bFGF and TGFβ1, but could only maintained those bone growth factors in high level continuously after fracture 21 
days. This showed that ZJXG decoction could not promote the secretion of endogenous bone growth cytokines, perhaps, 
only reduced down the decomposition rates of endogenous BMP7, IGF-1, bFGF and TGFβ1 prolonged their half life to 
enhance their activities, and thus promoted fracture healing. 
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