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Bilateral ovaries of 20 female SD rats were surgically resected. Four weeks after surgery, osteoporotic 
rat models were copied and randomly divided into a calcitriol group and a model group, with 10 rats in 
each group. The ovaries of another 10 rats were detached but not removed as a sham-operated group. 
After 12 weeks of continuous administration in each group of rats, the results showed that calcitriol 
increased the BMD values, reduced the levels of bone formation indicators ALP, BALP, UcOC and PINP, 
increased the levels of bone resorption indicators TRAP5a, TRAP5b and NTX, reduced CTX levels, and 
increased mRNA expression levels of Bglap and Runx2 in osteoporotic rats. In conclusion, calcitriol may 
become an effective drug therapy for treating osteoporosis, and its mechanism of action may be related to 
improving bone metabolism, promoting bone formation, and increasing bone mineral density.

Osteoporosis is a systemic bone metabolic disease 
characterized by low bone mass and destructed 

microstructure of bone tissue and can lead to increased 
bone fragility and fracture. Osteoporosis is related to 
degenerative changes. Various factors promote osteoclast-
mediated bone resorption and inhibit osteoblast-mediated 
bone formation, so bone resorption exceeds bone 
formation, resulting in reduced bone mineral density 
(BMD) (Lev et al., 2003). Osteocalcin (Bglap) and Runt-
related transcription factor 2 (Runx2) are key genes for 
osteogenesis in bone tissue, and they are commonly used 
genetic indicators to study osteogenesis (Silva et al., 2011; 
Prahasanti et al., 2018). Alkaline phosphatase (ALP), bone 
alkaline phosphatase (BALP), and undercarboxylated 
osteocalcin (UcOC) are important indicators of bone 
metabolism (Ambroszkiewicz et al., 2015; Kuźniewski et 
al., 2016).

Calcitriol is an active metabolite of vitamin D3. One 
study has shown that calcitriol can inhibit parathyroid 
hormone secretion and regulate bone metabolism (Ogata 
et al., 2007). Another study has also shown that calcitriol 
has an inhibitory effect on apoptosis of osteoblasts 
(Cui et al., 2017). At present, there are few reports on 
the effect of calcitriol on BMD and bone metabolism in 
osteoporotic rats.
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The purpose of this study was to investigate the effect 
of calcitriol on BMD and bone metabolism in osteoporotic 
rats and explore its possible mechanism of action in the 
treatment of osteoporosis.

Materials and methods
Thirty healthy adult SPF female rats with a body 

weight of 200-230 (210.57 ± 6.24) g were selected. They 
were raised underneath the indoor temperature of 22-25 °C 
and the moisture of 55%-65% and exposed to alternating 
cycles of 12 h of light and darkness with free access to 
water and food.

The bilateral ovaries of 20 female SD rats were 
surgically resected. Four weeks after surgery, osteoporotic 
rat models were randomly divided into a calcitriol group 
(1 μg/kg calcitriol) and a model group (equivalent distilled 
water), with 10 in each group. The ovaries of another 10 rats 
were detached but not removed as a sham-operated group. 
In the first 3 days after surgery, 40,000 u penicillin was 
injected intramuscularly into each rat to prevent infection. 
The calcitriol group was intragastrically administered with 
1 μg/kg calcitriol and the volume of perfusion was 10 mL/
kg. The model group and the sham-operated group were 
given the same amount of distilled water. Medicine was 
intragastrically administered once a day continuously for 
12 weeks.

After 12 weeks of administration in each group, the 
right femur of the rats was taken, and the muscles and soft 
tissues were removed. BMD in the metaphysis of the right 
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femur of the experimental rats in each group was measured 
by X-ray bone densitometer.

Twelve weeks after administration, laparotomy was 
performed in each group; blood was collected from the 
abdominal aorta and centrifuged at 3000 r/min for 15 
min to collect serum. Enzyme-linked immunosorbent 
assay was used to measure serum bone metabolism. Bone 
metabolism indicators included bone formation such as 
ALP, BALP, UcOC and amino-terminal propeptide (PINP) 
of type I procollagen; and bone resorption indicators 
such as tartrate-resistant acid phosphatase (TRAP5a and 
TRAP5b), the N-terminal telopeptide (NTX) of type I 
collagen, and the C-terminal telopeptide (CTX) of type I 
collagen.

After 12 weeks of administration in each group, the 
right femur of the rat was taken, with the length of about 
1 cm. After the tissue was homogenized, the mRNA was 
extracted with Trizol RNA extract, and the final precipitate 
was dissolved with DEPC-treated water before the volume 
was adjusted to 20 μL. A reverse transcription kit was 
used for RNA transformation to obtain cD-NA samples. 
FastStart SYBR Green (TakaRa Bio Inc kit) was added 
together with 0.4 μL Master (ROX) and 2 μL cDNA, 0.8 
μL each primers GAPDH, Bglap and Runx2 for Real-
Time PCR reaction. The reaction conditions were pre-
denaturation for 1 min; then 35 cycles were performed 
at 95°C for 20s, 56°C for 20s, and 72°C for 30s; finally, 
elongation was performed at 75°C for 5 min. The relative 
mRNA expressions of Bglap and Runx2 were calculated 
using GAPDH as an internal reference. 

 All values were shown as means±SD. Three or 
more independent groups were compared by one-way 
ANOVA and LSD test with the SPSS 25.0 (Chicago, IL, 
USA) software. Differences were considered statistically 
significant with a probability value of less than 0.05.

Results and discussion
Compared with sham-operated group, BMD value 

in model group was reduced (p<0.01, Fig. 1), indicating 
that the animal model of osteoporosis was successfully 
replicated. Compared with model group, BMD value 
in calcitriol group increased (p < 0.05, Fig. 1), but was 
slightly lower than that in the sham-operated group.The 
results showed that calcitriol increased BMD values in 
osteoporotic rats, which was basically consistent with the 
research report by Del Pino-Montes et al. (2004).

Increased osteoblast activity enhances the secretion 
of ALP and BALP (Lyngstad-Brechan et al., 2008). UcOC 
is also a specific indicator for evaluating bone formation 
and turnover (Aonuma et al., 2009), while PINP is a 
specific and sensitive indicator of bone formation. There 
were significant differences in the levels of ALP, BALP, 

UcOC and PINP among the three groups (P <0.05, Table 
I). Compared with the sham-operated group, the levels of 
ALP, BALP, UcOC and PINP in the model group were 
significantly increased (P<0.01, Table I). Compared with 
the model group, the levels of ALP, BALP, UcOC and 
PINP in the calcitriol group were reduced (P <0.05, Table 
I); however, their levels in both groups were slightly 
higher than those in the sham-operated group. This 
study revealed that calcitriol reduced the levels of bone 
formation indicators ALP, BALP, UcOC and PINP.

Fig. 1. BMD values in metaphysis of right femur in each 
group. **; P< 0.01 vs. sham-operated group. #; P< 0.05 vs. 
model group.

Table I. Comparison of serum bone formation 
indicators in each group.

Parameter Sham-
operated 
group (n=10)

Model group 
(n=10)

Calcitriol 
group (n=10)

ALP(U/L) 10.61±0.52 13.04±0.71** 10.92±0.35#

BALP(U/L) 7.33±0.58 8.15±0.26** 7.66±0.83#

UcOC(pg /mL) 757.42±10.93 982.72±18.44** 791.05±15.67#

PINP (μg /L) 16.09±0.64 18.13±0.97** 16. 88±0.52#

ALP, alkaline phosphatase; BALP, bone alkaline phosphatase; UcOC, 
undercarboxylated osteocalcin; PINP, amino-terminal propeptide.
**, P < 0.01 vs. sham-operated group; #, P< 0.05 vs. model group.

TRAP includes two subtypes of TRAP5a and 
TRAP5b. There were significant differences in the levels 
of TRAP5a, TRAP5b, NTX and CTX among the three 
groups (P <0.05, Table II). Compared with the sham-
operated group, the levels of TRAP5a, TRAP5b and NTX 
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in the model group decreased (P<0.01, Table II), while 
CTX level increased (P<0.01, Table II). Compared with 
the model group, the levels of TRAP5a, TRAP5b and NTX 
increased in calcitriol group (P<0.05, Table II); however, 
their levels in both groups were slightly lower than those 
in sham-operated group; CTX level in the calcitriol group 
was lower than that in the model group (P <0. 05, Table 
II), but slightly higher than that in the sham-operated 
group. It suggested that calcitriol could increase the levels 
of TRAP5a, TRAP5b and NTX, reduce the increase of 
CTX caused by osteoporosis, and might exert the effect 
of reducing bone resorption. This study also found that 
calcitriol increased NTX levels.

Table II. Comparison of serum bone resorption 
indicators in each group.

Parameter Sham-operated 
group (n=10)

Model group 
(n=10)

Calcitriol 
group (n=10)

TRAP5a (U/L) 10.73±0.46 9.04±0.18** 10.03 ±0.25#

TRAP5b (U/L) 6.03±0.38 4.56±0.43** 5.81±0.12#

NTX (nmol /L) 18.24±0.67 17.17±0.35** 18.05±0.78#

CTX (nmol /L) 64.82 ±3.14 70.95±4.08** 65.36±2.23#

TRAP5a and TRAP5b, tartrate-resistant acid phosphatase; NTX, 
N-terminal telopeptide of type I collagen; CTX, C-terminal telopeptideof 
type I collagen.
**, P < 0.01 vs. sham-operated group; #, P< 0.05 vs. model group.

Bglap is a commonly used genetic indicator for 
studying osteogenic activity (Carmona et al., 2015). Runx2 
is a special transcription factor controlling osteoblasts. 
It can increase the expression of osteoblast genes such 
as bone sialoprotein and type I collagen and promote 
osteogenic differentiation of ADSCs and maturation of 
osteoblasts (Komori, 2017). 

The relative mRNA expressions of Bglap and Runx2 
in the three groups were significantly different (P <0.05, 
Figs. 2A and 2B). Compared with the sham-operated 
group the relative mRNA expressions of Bglap and Runx2 
in the model group decreased significantly (P <0.01, Figs. 
2A and 2B). Compared with the model group, the relative 
mRNA expressions of Bglap and Runx2 in the calcitriol 
group increased (P <0. 05, Figs. 2A and 2B), but slightly 
lower than those in the sham-operated group. This study 
revealed that calcitriol increased mRNA expression levels 
of Bglap and Runx2. It suggested that calcitriol could 
promote bone formation and repair body bones.

Conclusion
Calcitriol may become an effective drug therapy for 

treating osteoporosis, and its mechanism of action may be 
related to improving bone metabolism, promoting bone 

formation, and increasing BMD.

Fig. 2. Relative osteocalcin (Bglap) (A) and Runx2 (B) 
gene expression in each group(n=10). **; P < 0.01 vs. 
sham-operated group. #; P< 0.05 vs. model group.
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