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ABSTRACT

In this paper, we aim to investigate the effects of Zhuang Jin Xu Gu(ZJXG) decoction on the serum levels of growth
hormone (GH), calcitonin (CT), parathyroid hormone (PTH) and active vitamin D3 (VitD3) and the femoral fracture healing
in rats. Femur fractures were generated in 72 male adult Wistar rats by cutting femur transversely at middle point. ZIXG
decoction was administered orally after surgery for 7~28. The healing process was analyzed by gross anatomy and
hematoxtlin Eosin (HE) staining in rats. The serum levels of GH and CT were assessed by enzyme linked
immunobsorbent assay (ELISA). Gross anatomy indicated that the fibrous callus tissue at the femoral fracture-end
increased at 7-28 d following treatment with ZJXG decoction. HE staining showed that the fibrous-granular tissue at the
fracture-end changed gradually to fibrous, cartilaginous and osseous callus tissues. ELISA results showed that the GH
and CT levels in serum increased significantly 7-14 d following treatment with ZIXG decoction. It is concluded that ZIXG
decoction could enhance the fracture healing by reducing the decomposition of GH and CT in femur fracture rats.
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INTRODUCTION

In bone tissue formation process, hormone regulation and growth factor regulation, the nervous system regulate together
form the nerve-endocrine-local growth factor regulating network, the entire process involved in the formation of bone
tissue[1]. Growth hormone (GH) is a peptide released by the pituitary gland, and is a major regulator of collagen growth[2].
Growth hormone- insulin-like growth factor-I (GH-IGF-I) in the hypothalamus is an important human endocrine metabolic
axis, it not only plays an important role in regulation to the person's growth and development, but also close regulates
adult human tissue’s repair and reconstruction[3]. Calcitonin (CT), parathyroid hormone (PTH) and the active Vitamin D3
(VitD3) comprise of the three major regulatory hormone to maintain human body calcium and phosphorus metabolism
balance [4]. CT is a polypeptide composed of 32 amino acids, acting on the bone cells, promote the reconstruction of
trabecular bone, accelerate fracture healing[5]. PTH consists of 84 condensed amino acid residues, its amino terminal -
amino acid residues 31-38 fragments stimulated the growth of human and animal bone[6]. 1,25(0OH)2D3 is the only active
form of vitamin D in vivo, Calcium can be used by bone only under the action of active VitD3,and the active VitD3 can
improve the activity of osteoblasts, inhibit osteoclast activity, enable the trabecular bone form normally, cartilage callus
normally ossify[7]. Clinical application proved that ZIXG decoction can promote fracture healing, but the mechanism is not
very clear[8]. This experiment aimed to elucidate if the effect of ZIJXG decoction in fracture repair was related to the serum
levels of CT, PTH and VitD3, 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).

1.2.Model preparation
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 ( IBX-NE22 , NSK Co. Ltd. Japan ) at the middle section (about 1.0cm below the great trochanter) from medial

parapatellar incision.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% [8].

1.3 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 ZIXG decoction of
1.25g/kg according to the previous research results [8], one time a day for 28 days, while the saline solution was given at
the same volume to sham and control group rats.

1.4 Evaluation index
Six rats in each group were selected to observe after treated 7, 14, 21, 28 days respectively.
1.4.1 X-ray examination

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

1.4.2 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
GH, CT, PTH and VitD3 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 GH, CT, PTH and VitD3 (ng/L).

1.4.3 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 5um thickness slices were made by mirotome (Leica
RM2015, Shanghai Leica Instruments, China), the sections were stained with Hematoxylin Eosin (HE).

1.5 Statistical analysis

The data was expressed by mean + standard deviation ( x + s) and analyzed with SPSS 16.5 statistical software. P<0.05
was considered significantly.
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RESULTS
2.1 Xray 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 treated group was better than that in model group after
treatment 28 days.

2.2 Anatomical observation

Cortical bone was complete in control group rats while the fracture fragments separated in model group rats. 7 days after
fracture, the fracture-end was surrounded by fibrous granulation tissue. fibrous callus formed and turned hard 14 days
after fracture. 21 days after fracture, fibrous callus and cartilage callus increased and became more hard, and fibrous
callus was gradually replaced by cartilage and bone callus 28 days after fracture. There was no statistical difference
between treated groups and model group during fracture 7-21 days, but callus in treated group became more hard than
that in model group 28 days after fracture.

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 GH: Compared from the aspect of treatment times, there was no significant difference of
serum levels of GH in control group during fracture 7-28 days (t=0.10-0.58, P>0.05). And also no significant difference of
serum level of GH both in model group and treatment group during fracture 7-21days (t=0.37-1.93, P>0.05), while it
significantly decreased at fracture 28 days (t=2.64-10.46, P<0.05). In paired comparisons of groups, the serum levels of GH in the
treatment group and model group were significantly higher than those in control group during 7-28 days (t=2.13-12.60, P<0.05). There
was no significant difference of serum levels of GH in model group and treatment group in the corresponding time during fracture 7-21
days (t=1.36-1.58, P>0.05), but still significantly higher than those in the model group (t=6.48, P<0.05) and control group
(t=12.82, P<0.05) at treatment 28 days.(Table 1).

Table 1 Serum levels of GH ( x+SD, ng/L)

Groups n 7d 14d 21d 28d
Controlgroup 6  14.05+0.61 14.08%0.67 14.050.61 14.21+0.63
Sham group 6 17.63+0.75% 17.37+0.64° 17.75+0.70 % 14.78+0.56 *°
Treated group 6  17.22+0.73° 16.99+0.55% 17.32+0.67 % 16.54+0.65 "¢

a Compared with control group, t=2.13-12.60, P<0.05; b Compared with sham control group, t=6.48 , P<0.05;
¢ Compared with the 21 day, t=2.64-10.46, P<0.05

2.4.2 The serum level of CT: In control group, no significant difference of serum level of CT existed between 7 days to
28 days (t=0.20-1.00, P>0.05). Also there was no significant difference of serum level of CT both in model group and treatment group
during fracture 7-21 days (t=0.03-1.56, P>0.05), while it decreased significantly at fracture 28 days (t=5.99-13.36, P<0.05). Compared in
paired groups, the serum level of CT in treatment group and model group was significantly higher that in control group during fracture 7-
28 days (t=2.44-19.13, P<0.05). There was no significant difference of serum level of CT between 7-21 days in model group and
treatment group (t=0.73-1.53, P>0.05), but at fracture 28 day, they were still higher than those in the model group (t=6.59,
P<0.05) and control group (t=11.75, P<0.05) (Table 2).

Table 2 Serum levels of CT ( x SD, ng/L)

Groups n 7d 14d 21d 28d
Control group 6  434.96+13.17 430.83+13.33 432.10%15.17 437.22+15.16
Sham group 6  541.79+14.60° 541.61+12.562 543.77+15.382 453.57+14.81°%°

Treated group 6  528.70£15.45% 532.91+12.28% 538.96+14.002 498.87+15.89°%°°¢

a Compared with control group, t=2.44-19.13, P<0.05; b Compared with sham control group , t=6.59, P<0.05;
¢ Compared with the 21 day, t=5.99-13.36, P<0.05
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2.4.3 The serum level of PTH: There was no significant difference of serum level of PTH in control group among
fracture 7-28 days (t=0.61-1.03, P>0.05). And also no significant difference of serum level of PTH both in model group and
treatment group during fracture 7-21 days (t=0.36-1.74, P>0.05), while decreased significantly at fracture 28 days
(t=5.28~13.00, P<0.05). In paired comparisons of groups, the serum level of PTH in treatment group and model group was
significantly higher than that in control group among 7-28 days (t=2.42-14.10, P<0.05). There was no significant difference
of serum level of PTH both in model group and treatment group among 7-21 days (t=0.68-1.84, P>0.05), but in treatment
group it was still significantly higher than that in model group (t=7.37, P<0.05) and control group (t=11.80, P<0.05) at
fracture 28 day.(Table 3).

Table 3 Serum levels of PTH ( x+SD, ng/L)

Groups n 7d 14d 21d 28d
Control group 6 19.63+0.59 19.60+0.53 19.69+0.64 19.86%0.60
Sham group 6 25.14+1.17° 25.31+0.93° 26.05+1.04° 20.63+0.81%°
Treated group 6 24.80+1.05° 24.53%0.97° 25.32+1.06° 23.17+0.73%"°

2 Compared with control group, t=2.42-14.10, P<0.05; ® Compared with sham control group, t=7.37, P<0.05;
¢ Compared with the 21 day, t=5.28-13.00, P<0.05

2.4.4 The serum level of VitD3: There was no significant difference of serum level of VitD3 between day 7 and day
28 in control group (t=0.55-1.21, P>0.05). Also no significant difference of serum level of VitD3 between day 7 and day 21
in model group and treatment group (t=0.36-1.90, P>0.05), while decreased at fracture 28 days (t=5.90-14.00, P<0.05). In
paired comparisons of groups, the serum level of VitD3 both in treatment group and model group was significantly higher
that in control group between day 7 and day 28 (t=7.66-23.11, P<0.05). There was no significant difference of serum level
of VitD3 between day 7 and day 21 in model group and treatment group (t=0.23-1.86, P>0.05), but on day 28, the levels
was still significantly higher than that in model group (t=9.51, P<0.05) and control group (t=17.00, P<0.05) ( Table 4).

Table 4 Serum levels of VitD3 ( x+SD, ng/L)

Groups n 7d 14d 21d 28d
Controlgroup 6 47.70+1.07 48.02+1.06 47.43+1.12 47.87+1.03
Sham group 6 57.85+1.14°2 58.34+1.15° 58.16+1.09° 51.45+1.06%°
Treated group 6 58.43+1.05° 58.23+1.032 59.15+1.16° 56.13+1.14%°°¢

& Compared with control group, t=7.66-23.11, P<0.05; . Compared with sham control group, t=9.51, P<0.05; © Compared
with the 21 day, t=5.90-14.00, P<0.05

DISCUSSION

Some bone growth factor could promote the formation of new bone after fracture, shorten the time of fracture healing[9].
Pituitary eosinophilic cells enhances expression of GH, the level of serum GH is significantly increased in the 24h,
promotes osteocalcin synthesis[10]. By stimulating the synthesis of IGF, promoting bone cell mitosis, inhibiting the
formation of osteoclast, inducing osteoclastic apoptosis[11], GH thereby promote fracture healing.By improving intestinal
calcium absorption, exciting kidney hydroxylase activity, GH promotes the formation of bone salt[12]. In the early stage of

fracture healing, CT inhibits COL-IIl mRNA expression, to prevent excessive inflammatory reaction[13]. In the late phase

promotes the expression of osteoblasts COL-I mMRNA, inhibits COL-IImRNA expression, so as to promote the conversion

of cartilage callus to bony callus, maintain the normal morphology of the trabecular bone[14]. Animal experiments [15]
show that, CT can promote bone matrix formation,bone mineralization and cartilage formation, shorten the healing
time[16], reduce the disuse osteoporosis following fracture fixation[17], improve bone mass, increase bone strength.PTH
can accelerate the process of bone remodeling, long-term elevated PHT can lead to bone resorption exceeds bone
formation, Induced bone loss, bone mineral density (BMD) decreased, easy deformation and pathological fracture[18].
Intermittent small dose injection of PTH can increase the bone density, improve bone microstructure, reduce the risk of
fractures[19]. Shibatab reported[20], As a prodrug of active VitD3, alfacalcidol in mouse model of osteoporosis, pharma-
cological dose to maintain normal blood calcium can inhibit bone resorption. Duque found that [21], the active VitD3 can
inhibit the apoptosis induced by serum deprivation removal, increase osteoblast survival time. The active VitD3 plays an
important role in maintaining the normal calcification, calcium balance and intestinal calcium absorption[22]. Supplement
with calcium and the active VitD3 can increase bone mass, improve the bone biomechanical properties.

ZJXG decoction accord with "promoting blood circulation to remove blood stasis, tissue hyperplasia, fracture healing”
principles of treatment. Research shows that[23], during the organization of hematoma, radix salviae miltiorrhizae,
Rhizoma Chuanxiong, safflower etc. in ZJXG decoction improve the local blood circulation, remove blood clots and
metabolic product, provide the conditions for callus formation. In the formation of callus, teasel root, Drynaria contain rich
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collagen, calcium salts and trace elements, involved in protein synthetase metabolism, is beneficial to bone repair. In
callus transformation period, pilose antler, ginseng, Rhizoma Drynariae, promote protein synthesis of polysaccharides and
calcification, in order to complete the new bone creeping substitution process smoothly. This experiment indicated that in
the first 3 weeks after fracture, ZIXG decoction did not increase the serum levels of GH,CT,PTH and VitD3, 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 GH,CT,PTH and VitD3, prolonged their half life to enhance their activities, and thus promoted
fracture healing.
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