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Abstract: Objective: To investigate the effect of Psoralea corylifolia on bone mineral density (BMD), bone biome-
chanics, and blood biochemistry indexes in osteoporotic rats and to explore the mechanism of Psoralea corylifolia 
in improving osteoporosis. Methods: Thirty-six female SD rats with osteoporosis were randomly divided into three 
groups: sham group, model group and Psoralea corylifolia group. Psoralea corylifolia was given by gastric perfusion 
for three months. BMD were detected by X-ray absorptiometry and biomechanical detector was used to examine 
the maximum load and stiffness of femoral bone. The serum levels of OCN, PICP, 25(OH)D3 and 1,25(OH)2D3 were 
examined by ELISA methods. ALP and TRAP levels were detected by automatic biochemical analyzer. And OPG and 
RANKL mRNA expressions were detected by Real-time PCR. Results: Compared with those in model group, BMD, 
maximum load, stiffness, and the levels of OCN, PICP, 25(OH)D3, 1,25(OH)2D3, OPG and RANKL were significantly 
increased while ALP and TRAP levels were obviously reduced, and there were statistically significant differences (all 
P<0.05). Conclusions: Psoralea corylifolia could significantly increase BMD and strength of bone, and promote the 
levels of bone metabolism in osteoporotic rats. It may improve osteoporosis through OPG/RANKL pathway. 
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Introduction

It is well known that osteoporosis is a common 
systemic skeletal disorder which is associated 
with aging [1]. With the aging of the population 
becoming more and more serious, osteoporo-
sis has become an important public health 
problem which faced by the whole world [2, 3]. 
The results of epidemiological investigation 
showed that osteoporosis had affected around 
200 million people worldwide [4]. It was report-
ed that osteoporosis could result in bone fra- 
gility and increase fracture risk, which usually 
leads to the great pain in patients and brings a 
heavy financial burden in families [5, 6]. There- 
fore, the strategies for management of osteo-
porosis and fracture prevention are of great 
importance. 

Many studies have shown that traditional Chi- 
nese medicine had a certain curative effect on 
osteoporosis, with little side effects for long-
term use [7, 8]. Psoralea corylifolia is widely 
used in clinical Chinese medicine [9]. The ac- 
tive components of Psoralea corylifolia includ-

ed flax flavonoids, coumarin, and flavonoids. It 
was showed that Psoralea corylifolia had mul- 
tiple effects such as antitumor, protection of 
cardiovascular disease, antibacterial, anti-can-
cer and anti-inflammation properties [10, 11]. 
Psoralea corylifolia has also been shown to  
promote osteogenic differentiation in the term 
of bone metabolism, which indicated that Pso- 
ralea corylifolia may be a target for interven- 
tion of osteoporosis [12]. However, the specific 
molecular mechanism how Psoralea corylifolia 
played an important role in osteoporosis re- 
mains unclear. In this context, the osteoporosis 
rat models were established as subjects to 
investigate the effect of Psoralea corylifolia on 
osteoporosis to get a better understanding of 
bone healing capacity in the osteoporosis 
population.

Materials and methods

Experimental animals

Thirty-six SPF healthy female SD rats, weighing 
about 220±20 g, were provided by the Center 
for Experimental Animals in our hospital. SD 
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rats were divided into three groups: Sham 
group, Model group and Psoralea corylifolia 
group. There were 12 SD rat in each group. SD 
rats from Psoralea corylifolia group were given 
8 mg/kg Psoralea corylifolia (Sigma, USA) in- 
tragastrically once a day for three months. SD 
rats in model group were given the same  
volume of normal saline intragastrically. And 
Sham group did not make any processing. This 
study was approved by the Ethics Committee  
of the Second Affiliated Hospital of Hunan 
University of Chinese Medicine.

Establishment of osteoporosis rat model

An osteoporosis rat model was established ac- 
cording to the method reported by Hoffmann  
et al [13]. The SD rats underwent anesthetiza-
tion using 3% pentasorbital sodium solutions 
(40 mg/kg). Under aseptic conditions, the lon-
gitudinal incision was made along the abdomi-
nal white line. Tissues were separated layer by 
layer to expose the abdominal cavity. The liga-
tion of fallopian tube and its surrounding blood 
vessels and adipose tissue was performed and 
bilateral ovaries were completely removed. 
After hemostasis, the tissues were stitched 
layer by layer. At 6 weeks following the opera-
tion, the SD rats underwent experimental 
treatment. 

Detection of bone mineral density (BMD) and 
biomechanical test

The SD rats in each group were anesthetized, 
and then whole body bone mineral density, 
femoral bone mineral density and vertebral 
bone mineral density were examined using  
dual X-ray Absorptiometry (GE Company, USA). 
And the rats were killed and femur bone was 
separated for detection of maximum load and 
stiffness using biomechanics testing machine 
(858 type, MTS systems corporation, USA). 

Detection of osteocalcin (OCN), procollagen 
I carboxyterminal (PICP) and 25(OH)D3 and 
1,25(OH)2D3 by ELISA

Heart blood was extracted from each group. 
The serum was separated by 5000 rpm ×15 
min, and then placed in -80°C refrigerator  
for standby use. Enzyme-linked immunosor-
bent assay (ELISA) was used to detect the  
concentration of OCN, PICP, 25(OH)D3 and 
1,25(OH)2D3 (R&D Systems, USA). The sample, 
reference standard product, and HRP-labeled 

detection antibody were added in turn to 
microwells pre-coated with OCN, PICP, 25(OH)
D3 or 1,25(OH)2D3 primary antibody. According 
to the instructions, the OD value of each 
microwell was detected at 450 nm waveleng- 
th. The standard curve was used to calculate 
the concentration of each sample.

Detection of serum alkaline phosphatase 
(ALP) and tartrate-resistant acid phosphatase 
(TRAP)

According to the operating instructions, the 
serum levels of ALP and TRAP were detected  
by automatic biochemical analyzer (AU5800, 
Beckman Coulter, USA). 

Detection of osteoprotegerin (OPG) and recep-
tor activator of NF-кB ligand (RANKL) by Real-
time PCR

The femoral bone was separated and squash- 
ed in each group. The total RNA was extracted 
using the Trizol reagent (Invitrogen, USA) and 
synthesized into cDNA via reverse transcri- 
ption polymerase chain reaction. The primer 
and probe sequences of GAPDH, OPG and 
RANKL were as follows: GAPDH forward pri- 
mer: 5’-AGTTCAACGGCACAGTCAAGG-3’ and re- 
verse primer: 5’-ACATACT CAGCACCAGCATCAC- 
3’; OPG forward primer: 5’-CACAGAGCAGCT 
CCGCATCTTG-3’ and reverse primer: 5’-AAGT- 
GCTTGAGTGCGT ACATCAGG-3’; RANKL forward 
primer: 5’-ATATCGTTGGATCACAGCA CATCAGAG- 
3’ and reverse primer: 5’-TGTCGGTGGCATTAA- 
TAGTGAGAT GAG-3’; According to the instruc-
tions of PCR kits (Thermo Fisher Scientific, 
USA), Real-time PCR reactions was conducted 
in Applied Biosystems 7500 PCR System. The 
reaction system was as follows: cDNA 2.0 μL, 
forward and reverse primers of 1.0 μL each, 
SYBR Premix Ex TaqTM II (2×) 10 μL, ROX 
Reference Dye (50*) 0.6 μL, and dH2O 5.4 μL. 
The reaction conditions were as follows: initial 
denaturation at 95°C for 20 sec, denaturation 
at 95°C for 12 sec, renaturation at 62°C for  
45 sec, extension at 70°C for 1 min, with 45 
cycles. The relative expression levels of OPG 
and RANKL in each group were calculated  
using the 2-ΔΔCt method. The expression of 
GAPDH was selected as the internal reference.

Statistical analysis

Statistical analyses of all experimental data 
were conducted using SPSS statistical soft-
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ware, version 23.0. Measurement data were 
expressed as mean ± standard deviation, and 
comparisons among three groups were per-
formed by One-way ANOVA test. Count data 
were presented as percentages, and the com-
parisons among different groups were conduct-
ed by chi-square test. P<0.05 was deemed to 
be statistically significant.

Results

Comparison of bone mineral density

As shown in Table 1, the whole body bone min-
eral density, femoral bone mineral density and 
vertebral bone mineral density in Psoralea cor-
ylifolia group and sham group were obviously 
higher than those in model group, and there 
were statistical differences (all P<0.001). Com- 
pared with those in sham group, the whole 
body bone mineral density, femoral bone min-
eral density and vertebral bone mineral density 
in Psoralea corylifolia group were obviously 
lower, and the statistical differences were 
found (all P<0.001). 

Comparison of maximum load and stiffness

As seen in Table 2, compared with those in 
sham group, the maximum load and stiffness 

markably lower, and the statistical differences 
were found (all P<0.05).

Comparison of serum 25(OH)D3 and 
1,25(OH)2D3 levels

As shown in Figure 2, the serum levels of 
25(OH)D3 and 1,25(OH)2D3 in Psoralea corylifo-
lia group were significantly higher than those  
in model group, and there were statistical dif-
ferences (all P<0.01). Compared with those in 
sham group, the serum levels of 25(OH)D3 and 
1,25(OH)2D3 in model group were remarkably 
lower, and the statistical differences were 
found (all P<0.01). There were no statistical dif-
ferences for serum levels of 25(OH)D3 and 
1,25(OH)2D3 between sham group and Psora- 
lea corylifolia group. 

Comparison of ALP and TRAP

As shown in Table 3, the serum levels of ALP 
and TRAP in Psoralea corylifolia group and 
model group were significantly higher than 
those in sham group, and there were statisti- 
cal differences (all P<0.001). In contrast to 
those in model group, the serum levels of ALP 
and TRAP in Psoralea corylifolia group were 
remarkably lower, and the significantly statisti-
cal differences were found (all P<0.001). 

Table 1. Comparison of bone mineral density among three groups

Groups
Whole body 
bone BMD 

(×102 g/cm2)

Femoral bone 
BMD (×102 g/

cm2)

Vertebral bone 
BMD (×102 g/

cm2)
Sham group 18.6±0.5 15.6±0.6 17.6±0.5
Model group 16.0±0.3*** 13.8±0.4*** 14.7±0.2***

Psoralea corylifolia group 17.1±0.4***,### 14.7±0.5***,### 15.8±0.3***,###

F value 122.600 37.870 203.100
P value <0.001 <0.001 <0.001
Note: BMD: Bone mineral density. Compared with sham group, ***P<0.001; Com-
pared with model group, ###P<0.001.

Table 2. Comparison of maximum load and stiffness among  
different groups
Groups Maximum load (N) Stiffness (N/mm)
Sham group 129.8±5.1 228.7±8.4
Model group 79.6±4.8*** 149.8±7.5***

Psoralea corylifolia group 113.7±4.3***,### 201.4±6.9***,###

F value 350.200 331.400
P value <0.001 <0.001
Note: Compared with sham group, ***P<0.001; Compared with model group, 
###P<0.001. 

in model group and Psoralea 
corylifolia group were signifi-
cantly lower, and there were 
significantly statistical differ-
ences (all P<0.001). The maxi-
mum load and stiffness in 
Psoralea corylifolia group were 
significantly higher than those 
in model group and the sta- 
tistical differences were found 
(all P<0.001). 

Comparison of OCN and PICP 
levels

As shown in Figure 1, the 
serum levels of OCN and PICP 
in Psoralea corylifolia group 
and sham group were remark-
ably higher than those in mo- 
del group, and there were  
statistical differences (all P< 
0.001). Compared with those 
in sham group, the serum lev-
els of OCN and PICP in Psora- 
lea corylifolia group were re- 
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Comparison of OPG and RANKL mRNA levels

As shown in Figure 3, compared with those in 
sham group, the mRNA levels of OPG in 
Psoralea corylifolia group and model group 
were significantly lower, while RANKL mRNA 
levels were obvious higher, and there were  
statistical differences (all P<0.001). Compared 
with those in mode group, OPG mRNA levels  
in Psoralea corylifolia group were remarkably 

ment is to promote bone formation and/or 
reduce bone resorption, but many of the drugs 
for osteoporosis is to promote bone formation 
[15]. The specific mechanism via which Psora- 
lea corylifolia improve osteoporosis was still 
unknown. In this study, the osteoporotic rats 
were successfully established and Psoralea 
corylifolia could significantly increase BMD  
and enhance biomechanics, and thus improve 
osteoporosis.

Figure 1. Comparison of serum OCN and PICP levels among three groups. Note: OCN: Osteocalcin; PICP: Procollagen 
I carboxyterminal. Compared with sham group, ***P<0.001 and *P<0.05; Compared with model group, ###P<0.001.

Figure 2. Comparison of serum 25(OH)D3 and 1,25(OH)2D3 levels among three groups. Note: Compared with sham 
group, **P<0.01; Compared with model group, ##P<0.01.

Table 3. Comparison of ALP and TRAP among different 
groups
Groups ALP (U/L) TRAP (U/L)
Sham group 49.8±6.2 47.8±6.6
Model group 105.4±9.1*** 100.2±8.3***

Psoralea corylifolia group 75.6±7.6***,### 66.5±7.5***,###

F value 125.850 117.390
P value <0.001 <0.001
Note: Compared with sham group, ***P<0.001; Compared with 
model group, ###P<0.001.

higher while RANKL mRNA levels signifi-
cantly lower, and the statistical differenc-
es were found (all P<0.001).

Discussion

Psoralea corylifolia was a common herb  
in traditional Chinese medicine prescrip-
tions and widely used in clinical practice. 
Osteoporosis usually occurs during an 
imbalance between bone formation and 
bone resorption in the body [14]. At pres-
ent, the strategy for osteoporosis treat-
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ALP was an extracellular enzyme for osteo-
blasts. The main function of ALP was to hydro-
lyze phospholipids during the process of bone 
formation and promote bone formation [16]. 
TRAP was mainly secreted from osteoclasts 
and has the resisting effect on the inhibition of 
tartaric acid. It was reported that TRAP could 
reflect the activity of osteoclasts and the con- 
ditions of bone resorption [17]. In this study, 
the levels of ALP and TRAP in Psoralea cory- 
lifolia group were significantly lower than those 
in mode group, which indicated that Psoralea 
corylifolia could obviously inhibit the activity  
of osteoclasts. These results were consistent 
with previous reports [18, 19]. 

Osteocalin (OCN) was secreted by osteoblasts 
and considered as one of the markers for eval-
uating activity of osteoblasts and physiological 
metabolism of bone [20]. It was reported that 
the serum levels of OCN increased when the 
balance between normal bone resorption and 
bone formation was disrupted [21]. Moreover, 
the production of OCN depended on the regula-
tion of 1,25(OH)2D3. And 1,25(OH)2D3 was the 
strongest form of vitamin D in the body. The 
serum 25(OH)D3 level, as an index for reflecting 
nutritional status of vitamin D, was positively 
associated with BMD [22]. Down-regulation of 
serum 25(OH)D3 levels could induce increased 
osteoclastogenesis and then lead to osteopo-
rosis [23]. In addition, serum PICP levels could 
reflect the activity of osteoblast, bone forma-
tion and synthesis of collagen I. It was report- 
ed that detection of PICP levels was helpful to 
investigate the change of bone metabolism 
[24]. In our study, we have shown that the ser- 

um levels of OCN, PICP, 25(OH)D3, 1,25(OH)2D3 
in model group were significantly lower than 
those in sham group, suggesting that the ac- 
tivity of osteoblasts was significantly reduced 
and bone metabolism was affected in os- 
teoporotic rats. These results were consistent 
with previous report, in which, the activity of 
osteoblasts in Psoralea corylifolia group was 
obviously improved, bone resorption was sig-
nificantly inhibited and bone formation was  
promoted [25]. It was also indicated that 
Psoralea corylifolia could improve the balance 
between bone resorption and bone formation, 
which was helpful for prevention and treatment 
of osteoporosis. 

It is well known that OPG/RANKL signaling 
pathway is one of the important pathways in- 
volved in the interaction between osteoblasts 
and osteoclasts, which can effectively regulate 
the process of osteoclastogenesis and bone 
metabolism [26]. It was also reported that 
OPG/RANKL signaling pathway was closely 
associated with pathogenesis of osteoporosis 
[27]. OPG secreted by osteoblasts was one 
kind of RANKL decoy receptor, which could in- 
duce osteoclast apoptosis and inhibited bone 
resorption [28]. Many studies have reported 
that regulation of OPG and RANKL expression 
played a key role in the process of bone remo- 
deling [29]. In this study, in contrast to sham 
group, the expression of OPG significantly de- 
creased and the expression of RANKL obvious-
ly increased, indicating that increased bone 
resorption and reduced bone mass in osteopo-
rotic rats may be related with OPG/RANKL sig-
naling pathway. After treatment with Psoralea 

Figure 3. Comparison of OPG and RANKL mRNA levels among three groups. Note: OPG: Osteoprotegerin; RANKL: 
Receptor activator of NF-кB ligand. Compared with sham group, ***P<0.01; Compared with model group, ###P<0.01.
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corylifolia, OPG expression significantly increa- 
sed and RANKL expression obviously decrea- 
sed, which suggested that Psoralea corylifolia 
improved osteoporosis through OPG/RANKL 
signaling pathway. These results were similar  
to previous studies that have been reported by 
Ma et al [30]. 

In conclusions, in osteoporotic rats Psoralea 
corylifolia could increase BMD and biome- 
chanics, up-regulate the serum levels of OCN, 
PICP, 25(OH)D3 and 1,25(OH)2D3 and down-reg-
ulate the serum levels of ALP and TRAP. 
Moreover, the mechanisms for osteoporosis 
are very complicated, and there may be multi-
ple signaling pathways or target sites. Psora- 
lea corylifolia may improve osteoporosis via 
OPG/RANKL signaling pathway. However, addi-
tional studies are required to investigate and 
confirm the specific mechanisms of action for 
Psoralea corylifolia in the prevention and treat-
ment of osteoporosis. 
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