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Xian-ling-gu-bao (XLGB) is a well-known patented traditional Chinese prescription
widely used to treat osteoporosis, osteoarthritis, aseptic bone necrosis, or climacteric
syndrome. However, recent reports have suggested that XLGB may cause liver injury
in humans. In the present study, we aimed to evaluate the efficacy of XLGB in the
prevention of osteoporosis in the zebrafish and ovariectomized (OVX) rats, both of
which have been used as osteoporosis models. The safety of XLGB after long-term
administration to OVX rats was also assessed. OVX rats were administered by oral
gavage 270 mg/kg (recommended daily dose), 1350 mg/kg, and 1800 mg/kg of
XLGB for 26 weeks. Bone mineral density, relative bone surface to bone volume,
relative bone volume to total volume, trabecular number, mean trabecular thickness,
and mean trabecular spacing in OVX rats were examined at the end of the 26-week
dosing period. Additionally, OPG and RANKL expression in the femur were determined
by western blot and immunohistochemical staining. To evaluate the safety of XLGB,
body weight, hematology, serum biochemistry markers related to toxicology, and
organ histopathology were determined in each group of OVX rats. Conversely, the
zebrafish was treated with prednisolone to induce osteoporosis in the embryo. Disodium
etidronate was used as a treatment control. XLGB was shown to be effective in
preventing osteoporosis in both the OVX rats and the prednisolone-treated zebrafish.
Similarly, XLGB increased OPG protein and decreased RANKL protein in OVX rats.
Interestingly, no obvious toxicity was observed in the heart, liver, kidney, small intestine,
or stomach at dosages of up to 1800 mg/kg after treating the OVX rats for 26 weeks.
XLGB was shown to be very effective in treating osteoporosis in OVX rats. No obvious
toxicity or adverse effects developed in OVX rats at dosages up to 1800 mg/kg, which
is equivalent to six times the daily-recommended dose. Therefore, XLGB should be
considered a good option for the treatment of post-menopausal osteoporosis.
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INTRODUCTION

Osteoporosis can significantly affect the quality of life of
millions of senior citizens in our country. As the population
grows, osteoporosis can have a major impact on the healthcare
system. Osteoporosis is a chronic disease (Cornelius et al.,
2014). Traditional Chinese Medicine (TCM) is known
for being a low-cost option for chronic diseases and has
fewer side effects than drug therapies (Li H. et al., 2016).
Xian-ling-gu-bao (XLGB) has been used in TCM to treat
osteoporosis. It consists of various ingredients, and it is
administered as a capsule. The Chinese State Food and
Drug Administration (SFDA) has officially approved it
for use in TCM. It is orally administered in divided doses
throughout the day. The ingredients of XLGB include Epimedii
Herba, Dipsaci Asperoidis Radix, Psoraleae Fructus, Salviae
Miltiorrhizae Radix, Rehmanniae Radix, and Anemarrhenae
Rhizoma with Epimedii Herba as the emperor herb. Epimedii
Herba, Psoraleae Fructus, and Anemarrhenae Rhizoma
have all been shown to be effective in the prevention of
osteoporosis (Kang et al., 2012; Jin et al., 2014; Wang et al.,
2014).

Menopausal women have low estrogen levels and can
develop osteoporosis. The ovariectomized rat model
has been widely used to evaluate the effects of drugs in
osteoporosis (Correa et al., 2016). Similarly, the zebrafish
is an ideal vertebrate model for studying the toxicity of
various drug therapies in tumor angiogenesis and bone
formation (Zhang L.I. et al., 2016). The short generation
time of the zebrafish offers advantages in developmental
biology because of their transparent embryo and rapid
organogenesis. To study treatment effects in osteoporosis
the, zebrafish larva at 2–9 dpf (day post-fertilization) has been
used.

Recent reports have suggested that the XLGB treatment
may be associated with hepatotoxicity and have raised
questions about its safety. The no-observed-adverse-effect
level (NOAEL) for XLGB in normal Sprague-Dawley (SD)
rats has been reported to be 1000 mg/kg. However, in
OVX rats the NOAEL has not been studied. In a previous
study, Wang et al. (2015) identified the bioactive fraction,
in the XLGB extract, responsible for its osteogenic effects,
by separating it into three fractions (XLGB-A, B, C). The
fractions were administrated to 4-month old ovariectomized
(OVX) mice for 6 weeks to evaluate their efficacy in treating
osteoporosis. The evaluation was performed through microCT,
biomechanical testing, and biochemical markers. In the
present study, we aimed to verify the efficacy of XLGB
in preventing osteoporosis by using the two osteoporosis
models, the zebrafish and OVX rats. The safety of XLGB
after long-term administration to OVX rats was also studied.
The molecular mechanisms involved in the treatment of
osteoporosis with XLGB were also explored in the OVX
rat model by western blotting and immunohistochemical
staining. The effects of XLGB in the liver were also
studied.

MATERIALS AND METHODS

Sample Preparation
The XLGB powder was supplied by Guizhou Tongjitang
Pharmaceutical, Co., Ltd. The powder (20 g) was dissolved
in 1000 mL of deionized water and subjected three times to
ultrasonic extraction for half an hour. The mixed decoction was
concentrated to 20 µg/mL for zebrafish. The XLGB powder for
rat administration was suspended in deionized water.

Animals and Experimental Groups
Fifty specific pathogen-free Sprague-Dawley (SD) rats were
approved by the Animal Experimentation Ethics Committee of
Jiangsu Provincial Academy of Chinese Medicine. All animals
were purchased from the center of Nantong University and were
housed four per cage at 24–27◦C with a relative humidity of
55–60%. The room was maintained on a 12-h light/dark cycle
with free access to water and lab chow. One week after the rats
arrived, 10 female rats underwent bilateral laparotomy (sham),
and 40 underwent bilateral ovariectomy (OVX; Zhang Z. et al.,
2016). Four weeks after the procedure, OVX rats were randomly
divided into the following four groups; OVX rats treated with
low (270 mg/kg/d; XLGB-L, n = 8), medium (1350 mg/kg/d;
XLGB-M; n= 8), and high (1800 mg/kg/d; XLGB-H, n = 8)
XLGB dose. The remaining group of OVX rats was used as
control (n= 8). At the end of the experiment, blood was collected
and centrifuged at 3000 rpm for 10 min. The supernatant
was collected and stored at −80◦C until biochemical analyses
were performed (Huang et al., 2013). The tissues from the
femur samples were removed by gauze and stored with 4%
neutral formaldehyde solution for micro-CT scanning before the
immunohistochemical and western blot analyses (Anbinder et al.,
2016). The organs were obtained after perfusing with normal
saline (NS) and fixed in 4% paraformaldehyde for histological
examination (Yan and Ye, 2015).

Sample Preparation and
Chromatography
The XLGB powder (0.2 g) was mixed with 8 mL of 60% methanol,
and the mixture was subjected to ultrasonic extraction three
times for 30 min and centrifuged at 12000 rpm for 5 min. The
supernatant (50 µL) was injected into the UPLC system (Li Z.
et al., 2016).

The measurements were performed using a Waters Acquity
UPLC Iclass system (Waters, Milford, MA, United States)
with a binary solvent delivery system, an autosampler, and
a photodiode-array detection (PDA) system. The separation
was carried out on a Waters ACQUITY BEH C18 column
(2.1 mm × 100 mm I.D., 1.7 µm, Waters, Milford, MA, United
States). The mobile phase consisted of (A) 0.1% formic acid
in water and (B) acetonitrile. The UPLC elution conditions
were as follows: 2% B (0–1 min), 2–20% B (1–10 min), 20–24%
B (10–15 min), 24% B (15–24 min), 24–30% B (24–25 min),
30–80% B (25–40 min), 80–100% B (40–41 min), 100%
B (41–42 min). The flow rate was maintained constant at
0.3 ml/min, and the temperature of the column was kept at 25◦C

Frontiers in Pharmacology | www.frontiersin.org 2 May 2017 | Volume 8 | Article 273

http://www.frontiersin.org/Pharmacology/
http://www.frontiersin.org/
http://www.frontiersin.org/Pharmacology/archive


fphar-08-00273 October 23, 2020 Time: 18:36 # 3

Wu et al. Anti-osteoporosis and Toxicity Evaluation of XLGB

FIGURE 1 | UPLC chromatograms of XLGB. E1 Epimedoside A; E2 Epimedin A; E3 Epimedin B; E4 Epimedin C; E5 Epimedoside; E6 Baohuoside II; E7
Baohuoside I; P1 Psoralen glycoside; P2 Psoralen; P3 Neobavaisoflavone; P4 Bavachin; P5 Psoralidin; P6 Isobavachalcone; P7 Bakuchiol; S1 Salvianolic acid B; S2
Tanshinone IIA.

FIGURE 2 | The effects of oral administration of XLGB for 26 weeks on
mean body weights, body weight was expressed as mean ± SD.

(Geng et al., 2014). The compounds for chromatography were
purchased from YuanYe Bio-Technology, Co., Ltd (Shanghai,
People’s Republic of China). Other reagents were purchased from
Nanjing Chemical Reagent, Co., Ltd (Nanjing, People’s Republic
of China). All the reagents were of analytical grade.

Monitoring
Clinical symptoms and mortalities were observed twice daily
throughout the experiment. Body weight was measured weekly.

Histomorphometric Analysis by
Micro-CT
The left femur was analyzed by a high-performance in vivo
micro-CT Skyscan (Skyscan1176, Skyscan). The images of pixel
size 35 µm were filed to subsequently perform qualitative and
quantitative analysis of the bone. The three-dimensional (3D)
images were rebuilt by the software (CTVol, Skyscan). There
were 50 consecutive slices (1.5 mm) selected as the region of
interest beginning 6.22 mm away from the distal femur growth
plate to analyze the trabecular bone (Yamada et al., 2016). For the
quantitative analysis, the following measurements were obtained
by the software: bone volume/tissue volume (BV/TV), bone
surface/bone volume (BS/BV), trabecular thickness (Tb.Th),
trabecular number (Tb.N), mean trabecular spacing (Tb.Sp), and
bone mineral density (BMD).

Immunohistochemical Staining
To evaluate the changes of bone after treatment with XLGB,
immunohistochemical analyses were performed to determine the
protein expression of OPG and RANKL. The left distal femur was
embedded in paraffin and cut into about 5 µm thick sections.
The tissues were deparaffinized and rehydrated. The slices were
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FIGURE 3 | Representative three-dimensional (A–E) or two-dimensional (F,J) micro-CT images of trabecular bone from the distal femur with the sham and
different OVX treatments. Three-dimensional: (A) sham group; (B) OVX group; (C) XLGB-H (2.57 g/kg/d); (D) XLGB-M (1.93 g/kg/d); (E) XLGB-L (0.39 g/kg/d).
Two-dimensional: (F) sham group; (G) OVX group; (H) XLGB-H (2.57 g/kg/d); (I) XLGB-M (1.93 g/kg/d); (J) XLGB-L (0.39 g/kg/d).

subsequently washed with PBS three times and prepared in
a complex phosphoesterasum for 15 min at 37◦C. They were
subsequently incubated overnight at 4◦C with primary antibodies
(dilution 1:200; Boster Corporation, Wuhan, China). Following
the incubation, the slices were washed three times with PBS and
incubated again with secondary antibodies for 30 min. The slices
were treated for color development with 3, 3′-diaminobenzidine
(Wu et al., 2016). All the sections were semi-quantitatively
analyzed by Image-Pro Plus (IPP) version 6.0 software. The
integrated optical density (IOD) was measured by the staining in

eight fields in each section on the images at 400× magnification,
the average IOD as scored by three blind examiners was used for
statistical analysis.

Western Blot Analysis
Tissues from the right femur were lysed with RIPA lysis
buffer containing protease and phosphatase inhibitors. The
samples were incubated on ice for 30 min and separated
by SDS-polyacrylamide gel electrophoresis (10%). The samples
were then transferred onto polyvinylidene fluoride membranes
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FIGURE 4 | Micro-CT analysis of (A) BMD (bone mineral density), (B) BS/BV (bone surface/bone volume), (C) Tb.Sp (mean trabecular spacing), (D) Tb.Th
(trabecular thickness), (E) Tb.N (trabecular number), (F) BV/TV (bone volume/tissue volume). Bone characteristics of sham (n = 8), OVX (n = 8), XLGB-H (n = 8),
XLGB-M (n = 8), and XLGB-L (n = 8) SD rats after treatment for 26 weeks. Each value is expressed as mean ± SD. ##p < 0.01 compared with sham group by
Student’s t-test; ∗p < 0.05, ∗∗p < 0.01 compared with OVX group by Student’s t-test.

and blocked in 5% milk for 1 h. Immunoblotting was
subsequently performed by incubating the membranes overnight
at 4◦C with a primary antibody raised either against RANKL
(1:1000), OPG (1:1000), or GAPDH (1:1000). The membranes
were washed three times with TBST and incubated with the
secondary antibody (1:5000) in the presence of horseradish
peroxidase (Song et al., 2016). The experiments were repeated
three times with different samples. The densities of the
bands were determined using image analysis software Gel-pro
Analyzer 4.5.

Zebrafish Maintenance and Embryo
Production
Wild-type zebrafish (Danio rerio) were maintained in groups of
30 (female: male = 1:1) in 10 L tanks at 27◦C with continuous
water exchange under 14-h light/10 h dark cycles. The fish were
fed once or twice daily with parasites or flake food. On the
day before collecting the Danio rerio, a Petri dish was placed
at the corner of the tank with a sieve above to separate the
Danio rerio from the adult zebrafish for a night. The Petri
dish was taken out and rinsed with deionized water for several
times until there were no feces or impurities, and incubated
(Pérez-Schuster et al., 2016).

Zebrafish Experimental Design
As previously reported, 25 µM of prednisolone exposure is an
effective method for inducing osteoporosis in zebrafish. In our
study, doses of 10, 1, and 0.1 ng/mL of XLGB were used to
study its effects in preventing osteoporosis. Larvae at 3 days
post-fertilization (dpf) were moved into 24-well plates (Corning)
containing embryo medium (5 mM NaCl, 0.17 mM KCl, 0.33 mM
CaCl2, 0.33 mM MgSO4, 5% methylthionine chloride) with each
dose of XLGB and 25 µM prednisolone (Feng et al., 2015).

The final volume of the solution was about 1000 µL in each
well with eight zebrafishes. Disodium etidronate (15 mg/L) was
used as a treatment control. All the solutions were replaced
with fresh solutions through 9 pdf. The zebrafish larvae were
anesthetized with MS-222 and fixed in 4% PFA overnight, after
washing with 0.5% KOH/10% glycerol, the fish larvae were
stained with 0.02% Alizarin stain/0.5% KOH/10% glycerol and
shaken for 45 min. Following the staining period, a solution
of 0.5% KOH/50% glycerol was used to distain. The larvae
were subsequently bleached with 0.5% KOH/3% H2O2 for an
appropriate time. Pictures of the processed larvae were obtained
by using a fluorescence stereomicroscope (Olympus, Tokyo,
Japan).

Blood Analysis
Blood analyses were conducted at the end of the experiment.
The animals were fasted but had access to water for 12 h prior
to collecting the blood sample. The blood was collected from
the rat’s orbit before they were anesthetized. The blood samples
were collected into either heparinized centrifuge tubes or dried
non-heparinized tubes. The non-heparinized blood was allowed
to coagulate before being centrifuged and the serum separated.
Aspartate aminotransferase (AST), alanine aminotransferase
(ALT), alkaline phosphatase (ALP), total bilirubin (TBIL), blood
urea nitrogen (BUN), and creatinine (CREA) were measured by
a Biochemical Automatic Analyzer Hitachi 7080 (Hitachi, Ltd,
Tokyo, Japan).

Hematologic values, obtained from the heparinized blood,
included red blood cell (RBC), white blood cell (WBC),
reticulocytes (RET), neutrophils (NE), lymphocytes (LYM),
monocytes (MON), eosinophils (EOS), basophils (BAS),
hemoglobin concentration (HGB), hematocrit (HCT), mean
corpuscular volume (MCV), mean corpuscular hemoglobin
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FIGURE 5 | Effect of different concentrations of XLGB groups of zebrafish larvae at 9 days post-fertilization (dpf) by ventral view of alizarin red
whole-mount preparations (A). Effect of different concentrations of XLGB groups on mineralized area (B) and integrated optical density (IOD) (C) of mean pixel
number of zebrafish larvae from 4 to 9 dpf stained with alizarin red. n = 6 or more, mean ± SD. ##p < 0.01 compared with sham group by Student’s t-test;
∗p < 0.05, ∗∗p < 0.01 compared with OVX group by Student’s t-test.

(MCH), mean corpuscular hemoglobin concentration (MCHC),
platelet count (PLT), red cell distribution width (RDW), platelet
distribution width (PDW), mean platelet volume (MPV), and
the plateletcrit (PCT).

Hematoxylin-Eosin Staining
The safety of XLGB was evaluated by hematoxylin-eosin (HE)
staining. Tissue samples from the heart, liver, kidney, small
intestine, and stomach were fixed with 10% formalin in NS for
24 h before they were embedded in paraffin. After that, sections
of about 4 µm thickness were made by using a microtome and
stained with hematoxylin-eosin according to the manufacturer’s
instructions (Song et al., 2015). The histopathologic changes
in the staining images were observed using a light microscope
(BX43, Olympus, Japan) with 100×magnification.

Statistical Analysis
Data were expressed as mean ± standard deviation unless
indicated otherwise. Differences between multiple groups were
analyzed by ANOVA with the Bonferroni post hoc test.

Differences between two groups were analyzed by the unpaired
Student’s t-test. p-Value of < 0.05 was considered statistically
significant.

RESULTS

Ultra High-Performance Liquid
Chromatography Analysis
Seven compounds were from Epimedii Herba (E1–E7), seven
were from Fructus psoralea (P1–P7), and two were from Salvia
miltiorrhiza (S1–S2). As shown in Figure 1. Most of the
ingredients from XLGB are flavonoids, which are the most
commonly used components for the treatment of osteoporosis.

Clinical Observations
There were no deaths observed between the treatment and
control groups. No side effects were observed with dosages up to
1800 mg/kg XLGB. Similarly, mean body weight (Figure 2) was
not significantly different between groups.
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FIGURE 6 | Representative immunohistochemical staining of the femora from osteoporotic rats. (A) OPG protein expression. (B) RANKL protein
expression. (C) Relative expression of OPG protein levels. (D) Relative expression of RANKL protein levels. ##p < 0.01 compared with sham; ∗∗p < 0.01 compared
with OVX.

FIGURE 7 | Western blot analysis of the femora from osteoporotic rats. (A) A sham group; b OVX group; c XLGB-H (2.57 g/kg/d); d XLGB-M (1.93 g/kg/d); e
XLGB-L (0.39 g/kg/d). (B) RANKL protein level. (C) OPG protein level. Data are shown as the means ± SD, n = 3. ##p < 0.01 compared with sham; ∗∗p < 0.01
compared with OVX.

Radiologic and Histologic Evaluations
To assess the mass and microarchitecture of the bone, the
three-dimensional image of the distal femur with trabecular
and two-dimensional images of the longitudinal plane were
carried out using micro-CT (Figure 3). The parameters including
BMD, BV/TV, Tb.N, Tb.Sp, BS/BV, and Tb.Th of each group
are shown in Figure 4. The results showed that, following

the ovariectomy, all the parameters for the OVX group were
significantly different when compared to control (p < 0.01),
except BS/BV. This shows that the ovariectomy was successful in
creating the osteoporosis model for our studies. After 26 weeks of
treatment, the BMD, BV/TV, Tb.N, and Tb.Th measurements of
the XLGB treated groups were significantly higher than those
of OVX mice (p < 0.05). Conversely, the BS/BV measurements
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of the XLGB group were significantly lower than those of
OVX mice (p < 0.05). However, no differences in response to
the incremental doses of XLGB that were administered were
observed. These results suggest that XLGB has a positive effect
on bone health in OVX mice. However, the effect was not
dose-dependent.

Effect of XLGB on the Zebrafish
Osteoporosis Model
To determine the effect of XLGB on bone formation,
we examined the development of osteoblasts exposed
to prednisolone using alizarin red staining. The pictures
showed that the mineralization area in the XLGB groups were
significantly larger than that of the prednisolone treated group
(Figure 5A). To validate the effect of incremental doses of XLGB
in preventing osteoporosis, we compared the mineralized area
(Figure 5B) and integrated the optical value for the density
(Figure 5C) as measured by Image J software. The results
showed that the mineralized area and IOD of the treated groups
was significantly smaller than that of the DMSO group. This
shows that prednisolone effectively induced osteoporosis in
the zebrafish. With 6 days of XLGB treatment, the mineralized
area and IOD area were significantly increased compared to the
control group (p < 0.05), and the effect was dose-dependent.

Immunohistochemical Staining
The immunohistochemical staining assay was used to assess the
OPG and RANKL protein expression of the femur in each group.
As shown in Figure 6, OPG was significantly reduced while the

RANKL protein expression was increased markedly in the OVX
group compared to the sham group. These results show that
osteoporosis developed in response to the ovariectomy. However,
the development of osteoporosis was significantly (p < 0.01)
inhibited by XLGB throughout the experiment.

Western Blot
To measure the levels of protein of OPG and RNKL in the femur,
a western blot was used. The results showed the same trend
as that of the immunohistochemical staining (Figure 7). The
expression of OPG was decreased while the expression of RANKL
was increased in the OVX group compared with the sham group
(p < 0.01). However, XLGB significantly (p < 0.01) inhibited
these changes in protein expression compared to the OVX group.
These observations suggest that XLGB plays an effective role
in modulating the expression of OPG and the RANKL protein.
In summary, the results showed that XLGB may regulate the
expression of OPG and RANKL proteins in response to the
ovariectomy.

Hematologic Parameters
The hematopoietic system can be vulnerable to medications and
serves as an important index of overall well-being for both
humans and other animals. The results of the XLGB treatment
on the hematologic parameters of the experimental and the
control rats are presented in Table 1. Based on the hematologic
analyses, there were no obvious differences between the control
and the XLGB group. The treatment with XLGB did not cause a

TABLE 1 | Hematological values in rats orally treated with XLGB.

Hematological values

Parameter Unit Sham OVX XLGB-H XLGB-M XLGB-L

RBC 109/L 8.21 ± 1.92 7.32 ± 1.62 6.45 ± 1.81 6.93 ± 1.91 7.31 ± 2.11

WBC 109/L 4.11 ± 1.35 3.27 ± 1.30 3.01 ± 1.28 3.62 ± 1.39 3.77 ± 1.67

RET % 4.12 ± 1.12 3.49 ± 1.08 3.32 ± 1.16 3.83 ± 1.31 4.02 ± 1.19

NE % 3.1 ± 1.01 3.42 ± 0.83 3.84 ± 1.42 3.67 ± 1.43 3.65 ± 1.24

LYM % 77.12 ± 17.01 80.16 ± 17.14 82.34 ± 17.65 83.64 ± 18.01 80.12 ± 15.21

MON % 4.68 ± 1.32 4.14 ± 1.12 4.88 ± 1.09 4.33 ± 1.25 5.01 ± 1.32

EOS % 1.54 ± 0.36 1.72 ± 0.41 1.82 ± 0.47 1.85 ± 0.49 1.89 ± 0.56

BAS % 2.17 ± 0.42 2.36 ± 0.57 2.43 ± 0.39 2.71 ± 0.48 2.62 ± 0.51

HGB g/L 142.11 ± 25.32 159.32 ± 22.32 161.13 ± 23.75 166.12 ± 26.11 166.12 ± 27.09

HCT % 35.88 ± 6.74 37.81 ± 6.12 39.14 ± 5.36 36.19 ± 6.21 40.12 ± 7.03

MCV fL 49.21 ± 11.82 51.14 ± 13.23 52.44 ± 14.86 57.96 ± 12.01 60.23 ± 14.01

MCH Pg 22.45 ± 5.26 21.73 ± 6.12 24.36 ± 6.54 26.32 ± 6.99 25.12 ± 5.69

MCHC g/L 358.36 ± 52.39 342.17 ± 49.32 326.81 ± 60.69 365.22 ± 53.10 311.22 ± 56.19

PLT 109/L 1012 ± 257.82 936.12 ± 246.12 1036.39 ± 230.15 1123.01 ± 267.32 1022.91 ± 281.32

DW % 17.21 ± 4.11 14.25 ± 5.12 15.36 ± 5.15 16.37 ± 4.98 18.27 ± 5.02

PDW % 28.25 ± 3.68 30.26 ± 4.12 33.24 ± 5.26 36.22 ± 7.69 35.74 ± 8.36

MPV fL 7.21 ± 0.35 8.11 ± 0.42 9.87 ± 0.56 10.42 ± 0.85 12.57 ± 3.21

PCT s 1.11 ± 0.20 0.82 ± 0.12 1.24 ± 0.36 1.41 ± 0.39 1.57 ± 0.65

Red blood cell count (RBC), white blood cell count (WBC), reticulocytes (RET), neutrophils (NE), lymphocytes (LYM), monocytes (MON), eosinophis (EOS), basophils (BAS),
hemoglobin concentration (HGB), hematocrit (HCT), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration
(MCHC), platelet count (PLT), red cell distribution width (RDW), platelet distribution width (PDW), mean platelet volume (MPV), the plateletcrit (PCT).
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FIGURE 8 | Serum biochemical parameters of OVX rats treated with XLGB. Data were expressed as means ± SD (n = 5 or more).

significant change in any of the biochemical markers compared
to those in the control group.

Serum Characteristics
The serum biochemistry profile on liver enzymes is shown in
Figure 8. There was no significant change in serum liver enzyme
levels between the XLGB-treated group and the OVX group. This
suggests that the long-term use of XLGB for the prevention of
osteoporosis does not affect liver or kidney function.

Toxicity Studies
To evaluate the side effects and toxicity of XLGB, we studied the
histopathologic characteristics of tissues from organs including
heart, liver, kidney, small intestine, and stomach. As shown in
Figure 9, XLGB caused small pathologic changes in some of the
tissues. For example, the histopathology revealed slight steatosis
in the liver. However, similar changes were observed in the sham
and the OVX group. In addition, a slight inflammation of the
kidneys was observed in each experimental group. To study the

effects of XLGB in the gastrointestinal system, we evaluated the
histopathologic changes of the small intestine and stomach. The
results showed that there were no obvious changes between the
sham, OVX and the treatment group. Therefore, XLGB, when
administered, at doses up to 1800 mg/kg does not cause toxicity.

DISCUSSION

The world population is getting older, and with that, we can
expect to see an increase in chronic diseases. One such disease
is osteoporosis. The number of osteoporosis cases in the world
is growing rapidly and continues to have an impact on the
healthcare system (Anbinder et al., 2016). Since osteoporosis is
a chronic disease, TCM can have certain advantages because
patients experience fewer side effects and, thus, it is suitable for
long-term use (Feize et al., 2016). XLGB is one of the TCM
formulas, which has been used in the treatment of osteoporosis.

In the present study, two types of animal models, which
included the zebrafish and OVX rats, were used to evaluate the
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FIGURE 9 | The sections of main organ were obtained and stained with HE (magnification 200×).

efficacy of XLGB. The osteoporosis model that is induced by
bilateral ovariectomy in rats is similar to that of post-menopause
in humans during which they experience high bone loss. As
expected, the results showed that OVX rats had lower bone
density than those in the sham group. However, the degree
of osteoporosis was significantly lower in the group that was
administered XLGB for 26 weeks. The analyses performed on
the femur of rats showed that OVX rats treated with XLGB had
higher BMD, BV/TV, Tb.Th, Tb.N, Tb.Sp, and lower BS/BV than
the OVX group.

Bone mineral density, which is an important marker for bone
strength, serves as a basis to predict the risk of fracture (Zhao
et al., 2016). The trabecular bone is the extension of the cortex,
and it is used as the golden standard to diagnose osteoporosis.
Conversely, the cancellous bone is where hematopoiesis takes
place (Chen et al., 2016). Therefore, the trabecular number,
thickness, and spacing are important parameters in judging the
quality of the bone. In the present study, the XLGB treatment
significantly improved the trabecular number and thickness and
decreased its spacing. These observations suggest that when
osteoporosis is induced in rats, XLGB can prevent the changes
caused by osteoporosis in the trabecular bone.

Bone volume to total volume represents the bone volume per
tissue volume, which is also used as a gold standard to determine
the number of bones. Similarly, Tb.Th, Tb.N, and Tb.Sp
correspond respectively to thickness, number, and trabecular
spacing. It is well-known that the number and thickness of the
trabecular bone are positively correlated with the quality of the
bone. Conversely, the trabecular spacing is negatively correlated.

In this study, the OVX group had increased spacing, decreased
thickness, and trabecular bone number, which is consistent with
bone deterioration. However, when XLGB was administered for
half a year, it prevented those changes. In our preliminary study
(data not shown), XLGB at 90, 180, 270 mg/kg/d showed that the
improvement in osteoporosis symptoms was dose-dependent.

Another aim of the study was to examine the safety of
XLGB when administered long-term. Thus, a higher range
of dosages, which included 270, 1350, and 1800 mg/kg/day
were administered. The 270 mg/kg/d dose represented the
daily-recommended dose. However, the degree of toxicity was
not dose-dependent. We speculate that the 270 mg/kg dose
was optimal. It is possible that the saturation of the target
tissue, by competitive binding, could have contributed to this
phenomenon.

Osteoporosis is a complex biochemical process, which
involves a balance between the osteoclast-mediated bone
resorption, and osteoblast-mediated bone formation. A variety
of physiological and pathological signals will influence the
function of osteoclast and osteoblast, which can then affect the
structure and function of the bone. Bone remodeling requires
a precise balance between bone formation and resorption (Sato
et al., 2016). It is well-known that RANKL is a cytokine
which can induce the differentiation of progenitor cells into
mature osteoclast (Jiang et al., 2016). Conversely, OPG is an
osteoprotegerin which can block the binding of a RANK ligand
(RANKL) to the RANK receptor (Kurinami et al., 2016). The
discovery of the RANKL/RANK/OPG pathway has opened new
treatment avenues for osteoporosis treatment in recent years
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(Holloway et al., 2002). The ratio of OPG/RANKL is key
to maintaining a balance between bone formation and
resorption (Yuan et al., 2017). In the OVX group, the ratio
of OPG/RANKL decreased significantly. This means that the
speed of resorption became faster than its formation, which
results in bone metabolism imbalance, and can decrease BMD
and subsequently cause osteoporosis. A variety of cytokines
regulates the balance between osteoclasts and osteoblasts
(Abdelgawad et al., 2016). Therefore, it is necessary to study
the pharmacological effects of bone metabolism at the molecular
level. In our study, immunohistochemical staining and western
blotting were used to detect the expression of OPG and
RANKL in femur tissue. The results showed that the ratio
of OPG/RANKL decreased in the OVX group. However, the
ratio improved with the administration of XLGB. The results
of the present study showed that XLGB was associated with
an increase in the OPG/RANKL ratio, which may inhibit
bone loss and suggests a possible mechanism for XLGB
action.

In the present study, no obvious hepatotoxicity was found
in the rats after 6 months of XLGB administration in both
healthy and treated rats, as demonstrated by serum biochemistry
assays and HE staining. However, in light of species differences,
preclinical animal toxicity studies may not accurately predict
human toxicity. Due to the low occurrence rate of side
effects observed with XLGB, we hypothesize that idiosyncratic
hepatotoxicity, drug-drug interactions, and gene polymorphism
of cytochrome P450 may be involved. However, further studies
are warranted. Unfortunately, to date, no animal model is

well-accepted to be used to study idiosyncratic hepatotoxicity.
This is a big obstacle when studying XLGB safety.

ETHICS STATEMENT

All animal experiments were reviewed and approved by the
Animal Care and Use Committee of the Animal Laboratory
Center of Jiangsu Research Institute of TCM and adhered to
the guidelines of the Guide for the Care and Use of Laboratory
Animals.

AUTHOR CONTRIBUTIONS

HW, QZ, JW, and MW performed the research. JS and XJ
designed the research study. FF, RZ, ZX, and HH analyzed the
data. HW wrote the paper. All authors approved the final version
of the manuscript.

ACKNOWLEDGMENTS

This work was supported TCM for Public Interest Research from
Ministry of Finance of China (No. 201507004), the National
Natural Science Foundation of China (No. 81303275, 81503265),
“Six Talent Peaks” innovative talent team of Jiangsu province
(SWYY-CXTD-004), and Anhui universities provincial natural
science key research project (No. KJ2017A394).

REFERENCES
Abdelgawad, M. E., Delaisse, J. M., Hinge, M., Jensen, P. R., Alnaimi, R. W.,

Rolighed, L., et al. (2016). Early reversal cells in adult human bone remodeling:
osteoblastic nature, catabolic functions and interactions with osteoclasts.
Histochem. Cell Biol. 145, 603–615. doi: 10.1007/s00418-016-1414-y

Anbinder, A. L., Moraes, R. M., Lima, G. M., Oliveira, F. E., Campos, D. R., Rossoni,
R. D., et al. (2016). Periodontal disease exacerbates systemic ovariectomy-
induced bone loss in mice. Bone 83, 241–247. doi: 10.1016/j.bone.2015.
11.014

Chen, X., Wang, C., Zhang, K., Xie, Y., Ji, X., Huang, H., et al. (2016). Reduced
femoral bone mass in both diet-induced and genetic hyperlipidemia mice. Bone
93, 104–112. doi: 10.1016/j.bone.2016.09.016

Cornelius, C., Koverech, G., Crupi, R., Di, P. R., Koverech, A., Lodato, F., et al.
(2014). Osteoporosis and Alzheimer pathology: role of cellular stress response
and hormetic redox signaling in aging and bone remodeling. Front. Pharmacol.
5:120. doi: 10.3389/fphar.2014.00120

Correa, C. B., Camargos, G. V., Chatterjee, M., Mesquita, M. F., Del Bel Cury,
A. A., Naert, I., et al. (2016). Can the alendronate dosage be altered when
combined with high-frequency loading in osteoporosis treatment? Osteoporos
Int. 28, 1287–1293. doi: 10.1007/s00198-016-3859-1

Feize, W., Meng, L., Yanni, L., Yuan, L., Liqun, J., Tong, L., et al. (2016).
A randomized controlled study to observe the efficacy of external treatment
with a traditional Chinese medicine herbal ointment on malignant plural
effusion: outcome report and design review. Integr. Cancer Ther. doi: 10.1177/
1534735416660193 [Epub ahead of print].

Feng, Z., Hall, C. J., Crosier, P. S., and Wlodkowic, D. (2015). Interfacing lab-on-a-
chip embryo technology with high-definition imaging cytometry. Zebrafish 12,
315–318. doi: 10.1089/zeb.2015.1105

Geng, J. L., Dai, Y., Yao, Z. H., Qin, Z. F., Wang, X. L., Qin, L., et al.
(2014). Metabolites profile of Xian-Ling-Gu-Bao capsule, a traditional Chinese

medicine prescription, in rats by ultra performance liquid chromatography
coupled with quadrupole time-of-flight tandem mass spectrometry analysis.
J. Pharm. Biomed. 96, 90–103. doi: 10.1016/j.jpba.2014.03.024

Holloway, W. R., Collier, F. M., Aitken, C. J., Myers, D. E., Hodge, J. M.,
Malakellis, M., et al. (2002). Leptin inhibits osteoclast generation. J. Bone Miner.
Res. 17, 200–209. doi: 10.1359/jbmr.2002.17.2.200

Huang, Y., Chen, S., Xu, H., Yu, X., Lai, H., Ho, G., et al. (2013). Pre-gestational
stress alters stress-response of pubertal offspring rat in sexually dimorphic and
hemispherically asymmetric manner. BMC Neurosci. 71:67. doi: 10.1186/1471-
2202-14-67

Jiang, L., Song, J., Hu, X., Zhang, H., Huang, E., Zhang, Y., et al.
(2016). The proteasome inhibitor Bortezomib inhibits inflammatory
response of periodontal ligament cells and ameliorates experimental
periodontitis in rats. J. Periodontol. 88, 473–483. doi: 10.1902/jop.2016.
160396

Jin, H., Wang, L., Xu, C., Li, B., Luo, Q., Wu, J., et al. (2014). Effects of
Psoraleae fructus and its major component psoralen on Th2 response in
allergic asthma. Am. J. Chin. Med. 42, 665–678. doi: 10.1142/S0192415X1450
0438

Kang, H. K., Choi, Y. H., Kwon, H., Lee, S. B., Kim, D. H., Sung, C. K., et al.
(2012). Estrogenic/antiestrogenic activities of a Epimedium koreanum extract
and its major components: in vitro and in vivo studies. Food Chem Toxicol. 50,
2751–2759. doi: 10.1016/j.fct.2012.05.017

Kurinami, H., Shimamura, M., Nakagami, H., Shimizu, H., Koriyama, H.,
Kawano, T., et al. (2016). A novel therapeutic peptide as a partial
agonist of RANKl in ischemic stroke. Sci. Rep. 6:38062. doi: 10.1038/
srep38062

Li, H., Wang, M., Liang, Q., Jin, S., Sun, X., Jiang, Y., et al. (2016). Urinary
metabolomics revealed arsenic exposure related to metabolic alterations
in general Chinese pregnant women. J. Chromatogr. A 1479, 145–152.
doi: 10.1016/j.chroma.2016.12.007

Frontiers in Pharmacology | www.frontiersin.org 11 May 2017 | Volume 8 | Article 273

https://doi.org/10.1007/s00418-016-1414-y
https://doi.org/10.1016/j.bone.2015.11.014
https://doi.org/10.1016/j.bone.2015.11.014
https://doi.org/10.1016/j.bone.2016.09.016
https://doi.org/10.3389/fphar.2014.00120
https://doi.org/10.1007/s00198-016-3859-1
https://doi.org/10.1177/1534735416660193
https://doi.org/10.1177/1534735416660193
https://doi.org/10.1089/zeb.2015.1105
https://doi.org/10.1016/j.jpba.2014.03.024
https://doi.org/10.1359/jbmr.2002.17.2.200
https://doi.org/10.1186/1471-2202-14-67
https://doi.org/10.1186/1471-2202-14-67
https://doi.org/10.1902/jop.2016.160396
https://doi.org/10.1902/jop.2016.160396
https://doi.org/10.1142/S0192415X14500438
https://doi.org/10.1142/S0192415X14500438
https://doi.org/10.1016/j.fct.2012.05.017
https://doi.org/10.1038/srep38062
https://doi.org/10.1038/srep38062
https://doi.org/10.1016/j.chroma.2016.12.007
http://www.frontiersin.org/Pharmacology/
http://www.frontiersin.org/
http://www.frontiersin.org/Pharmacology/archive


fphar-08-00273 October 23, 2020 Time: 18:36 # 12

Wu et al. Anti-osteoporosis and Toxicity Evaluation of XLGB

Li, Z., Lin, H., Gu, L., Gao, J., and Tzeng, C. M. (2016). Herba Cistanche (rou cong-
rong): one of the best pharmaceutical gifts of traditional Chinese medicine.
Front. Pharm. 7:41. doi: 10.3389/fphar.2016.00041

Pérez-Schuster, V., Kulkarni, A., Nouvian, M., Romano, S., Lygdas, K., Jouary, A.,
et al. (2016). Sustained rhythmic brain activity underlies visual motion
perception in zebrafish. Cell Rep. 17, 1098–1112. doi: 10.1016/j.celrep.2016.
12.007

Sato, A. Y., Cregor, M., Delgado-Calle, J., Condon, K. W., Allen, M. R., Peacock, M.,
et al. (2016). Protection from glucocorticoid-induced osteoporosis by anti-
catabolic signaling in the absence of sost/sclerostin. J. Bone Miner. Res. 31,
1791–1802. doi: 10.1002/jbmr.2869

Song, J., Feng, L., Zhong, R., Xia, Z., Zhang, L., Cui, L., et al. (2016). Icariside
II inhibits the EMT of NSCLC cells in inflammatory microenvironment via
down-regulation of Akt/NF-κb signaling pathway. Mol. Carcinog. 56, 36–48.
doi: 10.1002/mc.22471

Song, J., Huang, H., Xia, Z., Wei, Y., Yao, N., Zhang, L., et al. (2015).
TPGS/phospholipids mixed micelles for delivery of Icariside ii to multidrug-
resistant breast cancer. Integr. Cancer Ther. 15, 390–399. doi: 10.1177/
1534735415596571

Wang, Y., Dan, Y., Yang, D., Hu, Y., Zhang, L., Zhang, C., et al. (2014). The genus
Anemarrhena Bunge: a review on ethnopharmacology, phytochemistry and
pharmacology. J. Ethnopharmacol. 153, 42–60. doi: 10.1016/j.jep.2014.02.013

Wang, X., He, Y., Guo, B., Tsang, M. C., Tu, F., Yi, D., et al. (2015). In vivo screening
for anti-osteoporotic fraction from extract of herbal formula Xianlinggubao
in ovariectomized mice. PLoS ONE 10:e0118184. doi: 10.1371/journal.pone.
0118184

Wu, H., Zhong, Q., Zhong, R., Huang, H., Xia, Z., Ke, Z., et al. (2016). Preparation
and antitumor evaluation of self-assembling oleanolic acid-loaded Pluronic
P105/D-α-tocopheryl polyethylene glycol succinate mixed micelles for non-
small-cell lung cancer treatment. Int. J. Nanomed. 11, 6337–6352. doi: 10.2147/
IJN.S119839

Yamada, H., Ochi, Y., Mori, H., Nishikawa, S., Hashimoto, Y., Nakanishi, Y.,
et al. (2016). Effects of 16-month treatment with the cathepsin K inhibitor
ONO-5334 on bone markers, mineral density, strength and histomorphometry

in ovariectomized cynomolgus monkeys. Bone 86, 43–52. doi: 10.1016/j.bone.
2016.02.014

Yan, X., and Ye, T. W. (2015). Early molecular responses of bone to estrogen
deficiency induced by ovariectomy in rats. Int. J. Clin. Exp. Med. 8,
5470–5477.

Yuan, Y., Zhang, L., Tong, X., Zhang, M., Zhao, Y., Guo, J., et al. (2017). Mechanical
stress regulates bone metabolism through micrornas. J. Cell. Physiol. 232,
1239–1245. doi: 10.1002/jcp.25688

Zhang, L. I., Liu, C., Zhou, X., Xie, Y., Libo, S. U., Geng, Q. I., et al. (2016).
Transgenic overexpression of BAFF regulates the expression of immune-related
genes in zebrafish, Danio rerio. J. Genet. 95, 751–760. doi: 10.1007/s12041-016-
0690-6

Zhang, Z., Liu, J., Veldhuis-Vlug, A. G., Su, Y., Foppen, E., Bc, V. D. E.,
et al. (2016). Effects of chronic estrogen administration in the ventromedial
nucleus of the hypothalamus (VMH) on fat and bone metabolism in
ovariectomized rats. Endocrinology 157, 4930–4942. doi: 10.1210/en.2016-
1481

Zhao, B. J., Wang, J., Song, J., Wang, C. F., Gu, J. F., Yuan, J. R., et al. (2016).
Beneficial effects of a flavonoid fraction of Herba epimedii on bone metabolism
in ovariectomized rats. Planta Med. 82, 322–329. doi: 10.1055/s-0035-
1558294

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2017 Wu, Zhong, Wang, Wang, Fang, Xia, Zhong, Huang, Ke,
Wei, Feng, Shi, Sun, Song and Jia. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The
use, distribution or reproduction in other forums is permitted, provided the
original author(s) or licensor are credited and that the original publication in
this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Pharmacology | www.frontiersin.org 12 May 2017 | Volume 8 | Article 273

https://doi.org/10.3389/fphar.2016.00041
https://doi.org/10.1016/j.celrep.2016.12.007
https://doi.org/10.1016/j.celrep.2016.12.007
https://doi.org/10.1002/jbmr.2869
https://doi.org/10.1002/mc.22471
https://doi.org/10.1177/1534735415596571
https://doi.org/10.1177/1534735415596571
https://doi.org/10.1016/j.jep.2014.02.013
https://doi.org/10.1371/journal.pone.0118184
https://doi.org/10.1371/journal.pone.0118184
https://doi.org/10.2147/IJN.S119839
https://doi.org/10.2147/IJN.S119839
https://doi.org/10.1016/j.bone.2016.02.014
https://doi.org/10.1016/j.bone.2016.02.014
https://doi.org/10.1002/jcp.25688
https://doi.org/10.1007/s12041-016-0690-6
https://doi.org/10.1007/s12041-016-0690-6
https://doi.org/10.1210/en.2016-1481
https://doi.org/10.1210/en.2016-1481
https://doi.org/10.1055/s-0035-1558294
https://doi.org/10.1055/s-0035-1558294
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org/Pharmacology/
http://www.frontiersin.org/
http://www.frontiersin.org/Pharmacology/archive

	Beneficial Effects and Toxicity Studies of Xian-ling-gu-bao on Bone Metabolism in Ovariectomized Rats
	Introduction
	Materials And Methods
	Sample Preparation
	Animals and Experimental Groups
	Sample Preparation and Chromatography
	Monitoring
	Histomorphometric Analysis by Micro-CT
	Immunohistochemical Staining
	Western Blot Analysis
	Zebrafish Maintenance and Embryo Production
	Zebrafish Experimental Design
	Blood Analysis
	Hematoxylin-Eosin Staining
	Statistical Analysis

	Results
	Ultra High-Performance Liquid Chromatography Analysis
	Clinical Observations
	Radiologic and Histologic Evaluations
	Effect of XLGB on the Zebrafish Osteoporosis Model
	Immunohistochemical Staining
	Western Blot
	Hematologic Parameters
	Serum Characteristics
	Toxicity Studies

	Discussion
	Ethics Statement
	Author Contributions
	Acknowledgments
	References


