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ABSTRACT 

Purpose: To evaluate the effect of ergosterol combined with risedronate on fracture healing. Methods: 
Sixty male Sprague Dawley fracture model rats were assigned into group A (n=20), group B (n=20), and 
group C (n=20) at random. All rats were fed by gavage until their sacrifice as it follows: group A with 
ergosteroside and risedronate, group B with risedronate, and group C with saline solution. At weeks 2 
and 4, 10 rats of each group were sacrificed. Healing effect and bone tissue changes in the fractures site 
were assessed by using hematoxylin and eosin stain histology. Enzyme-linked immunosorbent assay was 
used to detect the expression of serum bone morphogenetic protein-2 (BMP-2), bone morphogenetic 
protein-7 (BMP-7), and vascular endothelial growth factor (VEGF). Reverse transcriptase polymerase 
chain reaction was applied to detect the expression of osteoprotegerin (OPG) mRNA, osteocalcin 
(OCN) mRNA and core-binding factor subunit-α1 (CBF-α1) mRNA. Results: In terms of serum BMP-2, 
BMP-7, and VEGF expression at weeks 2 and 4 after gavage, group A < group B < group C (P<0.05). 
At week 4 after gavage, serum VEGF expression in the three groups harbored positive relationship 
with serum BMP-2 and BMP-7 expression (P<0.05). Regarding serum OPG, OCN and CBF-α1 mRNA 
expression at weeks 2 and 4 after gavage, group A <group B <group C (P<0.05). Hematoxylin and eosin 
staining results showed that the recovery effect of trabecular bone and callus in the cases of group 
A was better than the other two groups after intragastric administration. Conclusion: Ergosteroside 
combined risedronate can patently ameliorate the healing effect of fracture in rats.
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Introduction

Fracture refers to the continuous partial or complete 
fracture of bone structure, which can occur in people of 
any age1. Elderly patients with fractures are principally 
due to falls outside, coupled with the older age group, 
the bones are relatively weak and fragile, while young 
patients are mostly induced by serious accidents such as car 
accidents and falls from heights2,3. The clinical symptoms 
of fracture patients are primarily local symptoms, such as 
pain, bleeding, restricted activity, deformity and systemic 
symptoms such as fever and shock at the fracture site, 
which can have varying degrees of impact on the quality 
of life and life safety of patients4. 

Kui et al.5 have corroborated that the prognosis of fracture 
patients is compactly connected to the expression of multiple 
bone growth factors in the body. Bone morphogenetic 
protein-2 (BMP-2) and bone morphogenetic protein-7 
(BMP-7) are the cardinal bone morphogenetic proteins in 
the body. Mediated and promoted bone formation alone 
can also facilitate bone formation by combining with other 
bone growth factors6. Vascular endothelial growth factor 
(VEGF) can influence the prognosis of fracture patients by 
modulating the level of inflammatory activity in the body7. 

Ergosteroside, a kind of phenethanol glycoside monomer 
compound, harbors perspicuous effects of meliorating 
fracture healing and analgesia. In recent years, it has been 
extensively applied in the clinical treatment of patients 
with orthopedic diseases8. Risedronate can curb osteoclasts 
and bone resorption by combining with hydroxyapatite 
in bone, which is often utilized clinically in the treatment 
of fractures and osteoporosis patients9. Nevertheless, in 
recent years, studies on the combined application of the 
two in the treatment of fracture patients are lacking and 
scanty, meanwhile the mechanism of action has not yet 
been demystified. 

Hereby, this study fabricated a fracture rat model and 
gave different treatment methods, aiming to delve into 
the healing effect of ergosteroside combined risedronate 
on rat fracture healing and the influence on BMP-2, 
BMP-7, and VEGF expression.

Methods

The present study was approved by the Ninth People’s 
Hospital Animal Experimental Ethics Committee (Shanghai, China).

Sixty healthy male Sprague Dawley rats, 8-10 weeks 
old, body weight (187.52±5.16) g, from Beijing Baoyuan 
Xingye Technology Co., Ltd., were used.

Medicines, instruments, and equipment

Ergosteroside (Chengdu Purechem-standard Co., Ltd., 
Chengdu, China); risedronate tablets (Jiangsu Chiatai Qingjiang 
Pharmaceutical Co., Ltd., Huaian, Chain, H20100136); 0.9% 
sodium chloride solution (Shandong Qidu Pharmaceutical 
Co., Ltd., Zibo, China, H20113297); high-frequency mobile 
C-arm X-ray machine (Nanjing Perlove Medical Equipment 
Co., Ltd.); hematoxylin and eosin (HE) staining reagents and 
solutions (Beijing Solarbio Science & Technology Co., Ltd.); 
mouse enzyme-linked immunosorbent assay (ELISA) detection 
reagents and kits (Shanghai Yanyu Chemical Reagent Co., 
Ltd.); osteoprotegerin (OPG) mRNA, osteocalcin (OCN) mRNA, 
core-binding factor subunit-α1 (CBF-α1) mRNA and U6 primer 
(Shanghai Sangon Biotech Co., Ltd.) were used (Table 1).

Model construction

After weighing, 60 rats received general anesthesia. After 
the anesthesia was fully effective, their left lower limbs were 
prepared and disinfected. The skin near the left mandible 
was cut and separated to completely expose the bone tissue. 
Emery tablets were applied to the left mandible. We made a 
bone defect area with a width of 1 mm and a length of about 
3 mm on the lower edge of the bone and took care not to 
damage the bone defect areas in other parts near the bone 
defect area. The wound area was disinfected utilizing penicillin, 
conventional sutures were fulfilled, and the incision was 
closed10. Three days after surgery, the model was successful 
if the X-ray examination showed obvious bone defect.

Grouping and administration

Sixty rats were randomly allocated into group A (n=20), 
group B (n=20), and group C (n=20). Drug intervention 

Table 1 - Primer sequence of OPG mRNA, OCN mRNA, CBF-α1 mRNA and U6.
Proteins Upstream primer Downstream primer

OPG mRNA 5’-ACACTCCAGCTCCCCTTCTCCTGGCTCTCCT-3’ 5’-TGGTGTCGTCCAGTCG-3’

OCN mRNA 5'-GGCGGTGCTCGCTTTGTA-3' 5'-TCCCGAATGTCTGACGTATTGA-3 '

CBF-α1 mRNA 5'-CGAGAACACTAACTTC-CCCGC-' 5'-GTGGTTCATCTGGTGGTCGC-TA-3'

U6 5'-TTCCTACCCCCAATGTATCCG-3' 5'-CATGAGGTCCACCACCCTGTT-3'

OPG: osteoprotegerin; OCN: osteocalcin; CBF-α1: core-binding factor subunit-α1.
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was implemented on day 5 after surgery. Group A was 
given 0.8% ergosteroside and risedronate by gavage with 
a dose of 5 mL/kg for four weeks. Group B was given 0.6% 
risedronate solution by gavage with a dose of 3 mL/kg. 
Group C was given 0.9% sodium chloride solution by gavage.

Specimen collection and index testing

Radiological examination

Ten rats in each group were sacrificed two and four 
weeks after gavage, and the mandibles were taken out 
immediately after death for X-ray photography, in order 
to observe the fracture healing of the three groups of rats.

ELISA detection

Before the rats were sacrificed, blood was taken from 
the heart and kept for 30 min. After the whole blood had 
spontaneously coagulated and the serum was precipitated, 
the supernatant was obtained by centrifugation at about 
1,000-2,000 g lasting 10 min at 4°C. Serum BMP-2, BMP-7 
and VEGF expressions were assayed via ELISA. We set blank 
wells, standard wells, and sample wells. We added 50 μL 
of standards with different concentrations to standard 
wells, added 10 μL of samples to the sample wells, then 
added 40 μL of sample diluent. In addition to the blank 
wells, we added 100 μL of horseradish peroxidase-labeled 
detection antibody to each well of the standard and 
sample wells, sealed the reaction wells with a sealing film, 
incubated it in a 37°C water bath lasting 65 min, discarded 
the liquid, patted dry on absorbent paper, filled each well 
with washing solution, allowed to stand for 2 min, shake 
off washing solution, patted dry on absorbent paper, and 
repeated six times. Subsequently, we added 50 μL each 
of substrates A and B to each well, incubated it at 37°C 
lasting 10 min in the dark, added 50 μL of stop solution 
to each well, measured the optical density (OD) value of 
each well at 450 nm within 15 min, and finally calculated 
the concentration11.

Reverse transcriptase polymerase chain 
reaction detection

In order to extract RNA from bone tissue, the bone 
tissue was crushed with bone forceps and put into a mortar. 
After drying for 2 hours at 180°C, liquid nitrogen was added 
and repeatedly ground into fine powder, and then cracking 
fluid was added and blown into tissue homogenate. OPG, 
OCN and CBF-α1 mRNA expression in rat bone tissue were 
assayed via polymerase chain reaction (PCR) technology. 
We made use of Trizol for extracting total RNA from tissue, 
as well as reverse transcriptase (RT) and oligonucleotides for 
synthesizing cRNA according to the operating instructions. 

• Transcription reaction system (20 μL): buffer 4 μL, RT 
2 μL, total RNA 2 μL, and RNase water 12 μLl 

• Reaction conditions: at 42°C in a water bath lasting 
1 h, at 95°C in a water bath lasting 5 min. PCR machine 
was used for amplification reaction, with RNU6B as 
an internal reference control. We detected OPG, OCN 
and CBF-α1 mRNA expressions using their specific 
primers in a fluorescent quantitative PCR instrument 
according to the operating instructions;

• PCR reaction system (20 μL): 0.4 μL of upstream 
primer, 0.4 μL of downstream primer, 0.5 μL of miR, 
and the rest was filled with ddH2O; 

• RT-PCR conditions: 94°C for 10 s, 94°C for 5 s, 52°C 
for 30 s annealing, 72°C for 15 s, and then 40 cycles. 
Each experiment set three duplicate holes. We repeated 
the experiment three times. The experimental results 
were analyzed via relative quantitative method12.

HE staining
• Put the deparaffinized rat bone tissue section into 

water for dyeing for several minutes; 
• Put the section into acid water and ammonia water 

for color separation, each counts for 5-8 s; 
• After rinsing with flowing water lasting 1 h, put in 

distilled water for a while; 
• Dehydrate in 70 and 90% alcohol lasting 10 min each; 
• Stain with alcohol eosin staining solution lasting 

2-3 min; 
• Dehydrate the stained sections with pure alcohol. 

Xylene makes the section transparent; 
• Drip the transparent section with Canadian gum and 

cover it with a cover glass for sealing13.

Statistical analysis

Making use of Statistical Package for the Social 
Sciences (SPSS) 25.0 software, we conducted statistical 
analysis, in which the measurement data were exhibited 
as mean ± standard deviation (`x±s), and the comparison 
between the three groups was analyzed via analysis 
of variance (ANOVA). Logistic regression was used for 
analyzing the relationship between indicators. *P<0.05. 
We used the GraphPad Prism 7.0 software for mapping.

Results

Comparison of serum BMP-2, BMP-7, and VEGF 
expressions after gavage

At weeks 2 and 4 after gavage, serum BMP-2, BMP-7, 
and VEGF expression in the three groups of rats were group 
A <group B <group C, with statistical significance (P<0.05) 
(Table 2, Fig. 1).
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Comparison of the correlation of serum VEGF with 
BMP-7 and BMP-2

At week 4 after gavage, serum VEGF expression 
in the three groups possessed positive relationship 
with serum BMP-2 and BMP-7 expressions (P<0.05) 
(Fig. 2).

Comparison of OPG, OCN and CBF-α1 mRNA 
expressions after gavage

In terms of OPG, OCN and CBF-α1 mRNA expressions 
in the three groups of rats at weeks 2 and 4 after gavage, 
group A <group B <group C, with statistical significance 
(P<0.05) (Table 3, Fig. 3).

Table 2 - Comparison of serum BMP-2, BMP-7, VEGF and IL-6 expressions after gavage (`x±s, ng/L)*.
Serum Week Group A(n=10) Group B(n=10) Group C(n=10) F P

BMP-2
Week 2 17.43±3.32 11.25±2.26 6.37±1.69 6.738 0.001

Week 4 22.06±5.93a 15.53±3.74a 9.42±2.17a 7.254 0.001

BMP-7
Week 2 20.31±4.56 13.72±2.59 7.28±1.84 6.492 0.001

Week 4 24.57±6.29a 17.15±3.92a 10.13±2.04a 6.387 0.001

VEGF
Week 2 6.07±0.53 3.76±0.48 2.04±0.32 6.415 0.001

Week 4 8.23±0.75a 5.53±0.62a 3.19±0.41a 7.173 0.001

*vs. week 2; aP<0.05; BMP-2: bone morphogenetic protein-2; BMP-7: bone morphogenetic protein-7; VEGF: vascular endothelial growth factor.
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Figure 1 - Comparison of serum BMP-2, BMP-7, VEGF, and IL-6 expressions after gavage. (a) BMP-2; (b) BMP-7; (c) VEGF.
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Figure 2 - Comparison of the correlation of serum VEGF with BMP-7 and BMP-2 at week 4 after gavage. (a) Serum 
VEGF and serum BMP-2 are positively correlated, r=0.638, P=0.001; (b) Serum VEGF and serum BMP-7 are positively 
correlated, r=0.614, P=0.001.
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HE staining results of bone tissue in the three 
groups of rats after gavage

HE staining displayed that the number of trabeculae in the 
three groups were saliently less with disordered arrangement 
at week 2 after gavage. However, the number of new bone 
trabeculae in the rats in group A was more than that in the 
other two groups. At week 4 after gavage, the trabecular bone 

of the rats in group A became thicker, and the callus remodeled 
obviously, which was similar to the nearby trabecular bone, 
but the arrangement was still disordered. The trabecular bone 
remodeling of the rats in groups B and C was not obvious, the 
thickness was different, the distribution was sparse, and the 
fracture was visible. The restoration effect of trabecular bone 
and callus of the rats in group A was outstandingly better than 
that of the other two groups (Fig. 4).

Table 3 - Comparison of OPG, OCN and CBF-α1 mRNA expressions after modeling (`x±s)*.
Proteins Week A(n=10) B(n=10) C(n=10) F P

OPG mRNA
Week 2 0.76±0.17 0.52±0.15 0.37±0.11 6.274 0.001

Week 4 0.94±0.25a 0.77±0.19a 0.58±0.14a 5.736 0.003

OCN mRNA
Week 2 0.65±0.21 0.49±0.17 0.32±0.14 5.954 0.002

Week 4 0.89±0.27a 0.67±0.23a 0.48±0.18a 6.382 0.001

CBF-α1 mRNA
Week 2 0.74±0.19 0.58±0.16 0.35±0.14 5.412 0.005

Week 4 0.93±0.26a 0.77±0.21a 0.61±0.17a 5.695 0.003

OPG: osteoprotegerin; OCN: osteocalcin; CBF-α1: core-binding factor subunit-α1; *vs. week 2; aP<0.05.
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Figure 3 - Comparison of OPG, OCN and CBF-α1 mRNA expressions after gavage. (a) OPG mRNA, (b) OCN mRNA, (c) 
CBF-α1 mRNA.

Week 2 (case 1) Week 2 (case 2) Week 4 (case 3) Week 4 (case 4)

C group

B group

A group

Figure 4 - Hematoxylin and eosin staining results of bone tissue in fracture rats.
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Discussion

In recent years, with the continuous acceleration of 
the aging process and the frequent occurrence of traffic 
accidents and accidents in general, the number of clinical 
fracture patients has increased blatantly, and there is a 
gradual younger trend14,15. The clinical treatment methods 
of fracture patients dominatingly include surgery, drug 
therapy, and physical therapy. Among them, drug therapy 
is dominantly suitable for patients with minor fractures 
or combined with other treatment methods, which 
can availably promote fracture healing of patients16,17. 
Nonetheless, the effects of varying drugs in facilitating 
fracture healing are quite distinct, and the mechanism 
of action of related drugs has not been fully expounded 
in clinical practice18. Both risedronate and ergosteroside 
are prevailingly utilized clinical drugs for fracture patients. 
This study probed the application value of the combination 
of the two in rat fractures and its mechanism of action.

Risedronate is currently a prevalent clinical drug 
for postmenopausal osteoporosis patients, and it can 
also be employed in the therapy of fracture patients19. 
In mechanism, risedronate is combined with hydroxyapatite 
in normal bone tissue to curb bone absorption and 
osteoclast formation20. Pertinent studies have authenticated 
that risedronate can not only sensibly reduce the bone 
turnover rate and bone resorption rate of patients with 
osteoporosis or fractures, but also noticeably reduce the 
absorption rate of the bone remodeling site, ultimately 
accelerating bone and bone structure to return to normal.

Ergosteroside is the predominant component of Chinese 
herbal medicines such as Cistanche. Traditional Chinese 
medicine states that Cistanche owns the effects of building 
up muscles and bones, tonifying kidney and strengthening 
yang. In recent years, Cistanche has been broadly employed 
in the clinical treatment of patients with fractures and 
osteoporosis. As the prime component of Cistanche, 
ergosteroside has the functions of enhancing immunity and 
memory, lowering blood fat, relieving pain, and laxative on 
the one hand, and furthering fracture healing on the other 
hand21. In recent years, clinical related animal experiments 
have evinced that ergosteroside can forward fracture 
healing by facilitating the proliferation of T lymphocytes 
and osteoblasts22.

The influence of fracture healing is tightly concerned 
with diverse cytokines and signal transduction pathways 
in the body23. BMP-2 and BMP-7 are the staple bone 
morphogenetic proteins in the body. Both can stimulate 
DNA synthesis and cell replication, promote the 
differentiation of bone marrow stromal cells (BMSCs) 
into osteoblasts, expand the proliferation of osteoblasts, 
induce the formation of internal cartilage and bone, and 

participate in and control the embryonic development and 
repair and reconstruction process of bones24. VEGF can 
participate in the reconstruction of vascular tissue, growth 
and development and the formation of fibrous callus after 
a fracture by binding to specific receptors of endothelial 
blood vessels, and ultimately contribute to the proliferation 
of zygomatic cells and bone cells. Also, VEGF can take part 
in the process of fracture healing via adjusting BMP-2 and 
BMP-7 expressions in the body25,26. Serum BMP-2, BMP-7 
and VEGF are all momentous factors that govern the 
impact of fracture healing. Martijn et al. have evidenced 
that serum BMP-2, BMP-7, and VEGF expressions in 
rats with poor fracture healing were prominently lower 
than that of rats with better healing27. In this research, 
the serum BMP-2, BMP-7, and VEGF expressions of rats 
in group A were eminently higher than those in the 
other two groups after gavage. X-ray examination and 
HE staining uncovered that the fracture healing and 
trabecular bone and callus recovery of rats in group A 
were preeminently better than the other two groups, 
implying that risedronate combined ergosteroside might 
increase serum BMP-2, BMP-7 and VEGF expressions in 
rats to promote fracture healing. Both risedronate and 
ergosteroside can compellingly reduce the bone resorption 
rate and contribute to the proliferation and differentiation 
of osteoblasts. The combined use of the two can not only 
exert synergistic functions between different drugs, but 
also boost their respective efficacy, finally contributing to 
the healing of rat fractures. In our findings, serum VEGF 
expression in group A harbored positive association with 
serum BMP-2 and BMP-7 expressions respectively at week 
4 after gavage, illuminating that VEGF might participate in 
the fracture healing process of rats by controlling BMP-2 
and BMP-7 expressions.

OPG, one of the leading members of the tumor necrosis 
factor (TNF) family, can restrain the proliferation and 
differentiation of osteoclasts by destroying the activity of 
osteoclasts, reduce the rate of bone resorption, participate 
in the modulation of bone metabolism, and foster the 
recovery of fractures in the body28. OCN is principally 
synthesized by osteoblasts and functions monumentally 
in modulating bone calcium metabolism. Its pathological 
decrease can be observed in many bone diseases such 
as osteoporosis, bone trauma, and bone tumors29. 
CBF-α1 is currently the latest clinically discovered osteoblast 
growth factor, and as a downstream factor of the BMP 
pathway, can directly act on downstream osteogenic 
genes30. Bae et al.31 have substantiated that compared with 
factors such as BMP-2 and BMP-7, the osteogenic effect of 
CBF-α1 is more telling and faster. In this research, OPG, OCN, 
and CBF-α1 mRNA expressions in group A after gavage were 
prominently higher than those of the other two groups, hinting 
that risedronate combined ergosteroside could dramatically 
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promote OPG, OCN and CBF-α1 mRNA expressions in fracture 
rats, and eventually meliorate the fracture healing effect.

Conclusions
Ergosteroside combined risedronate can substantially 

ameliorate the healing effect of rat fractures and expedite 
BMP-2, BMP-7, and VEGF expressions to return to normal. 
There are still some shortcomings in this work. For instance, 
we only used rat experiments to dig into the application 
value of ergosteroside combined risedronate in fractured 
organisms. In the future, we can treat clinical patients with 
related drugs for better observation of the application value 
of the two in the human body, to provide reference and 
rationale for the medication of clinical fracture patients.
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