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Abstract

Purpose: To investigate the effect of ginsenoside Rg3 on bone loss, bone mineral density (BMD) and
osteoclast number in glucocorticoid-induced osteoporosis (GIOP) rats, and the mechanism of action
involved.

Methods: Sixty female Wistar rats were assigned to control, model group, ginsenoside Rg3, and
alendronate sodium groups, comprised of 15 rats per group. The osteoporosis rat model was
established via intramuscular injection of dexamethasone. Changes in bone mineral content (BMC),
BMD trabecular thickness and area, osteoblasts and osteoclasts in femurs and lumbar vertebrae were
measured after 3 months of treatment.

Results: There were significantly higher BMC and BMD levels in ginsenoside Rg3 group than in
alendronate rats (p < 0.05). The thickness and trabecular area in femur and lumbar vertebrae in the
ginsenoside Rg3 group were significantly higher than those in the model group (p < 0.05), but were
comparable with those in the alendronate sodium group (p > 0.05). There were marked increases in
osteoblasts, and marked decreases in osteoclasts in the ginsenoside Rg3 group, alendronate sodium
and control rats, relative to model rats (p < 0.05).

Conclusion: Ginsenoside Rg3 arrests bone loss, and enhances bone density, trabecular thickness and
area, bone microstructure, osteoblast activity and population of osteoclasts number in glucocorticoid-
induced osteoporotic rats. This provides a new research direction for the clinical treatment of
osteoporosis.
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INTRODUCTION

Glucocorticoids (GCs) are often used in severe
infections or autoimmune diseases and
respiratory diseases. Their complex
pharmacological effects determine the severity

and diversity of their adverse reactions [1].
Glucocorticoid-induced osteoporosis (GIOP) is a
is frequently seen in clinics. Systemic metabolic
osteopathy characterized by decreased bone
strength, increased risk of fracture and bone
brittleness may lead to high incidence of serious
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bone pain, osteonecrosis, joint surface collapse
and arthritis which seriously affect standard of
health [2].

Some studies have found that traditional Chinese
medicine effectively relieves pain and improves
standard of health and comfort of GIOP
sufferers, with fewer toxicity and side effects.
Ginseng saponins in some Chinese herbal
medicines are the main active components
extracted from ginseng plant. They have anti-
inflammatory, antioxidant, anti-stress and
immunomodulatory effects. Several kinds of
saponins have been isolated from ginseng,
among which Rg3 is considered to be the most
physiologically active monomer [3,4].

In this study, a rat model of GIOP was
established via super-physiological dose of
dexamethasone. Using alendronate sodium as
positive control, the effects of ginsenosides Rg3

on bone loss, bone mineral density and
osteoclast number in GIOP rats were
investigated, with a view to providing

experimental basis for clinical prevention and
treatment of the disease.

EXPERIMENTAL

Materials and instruments

Sixty female, non-pregnant Wistar rats aged 4
months, with mean weight of 200+20 g, were
used. Dexamethasone injection was produced by
Guizhou Guangzheng Pharmaceutical Co. Ltd.
Ginsenoside Rg3 was purchased from China
Aladdin Biochemical Technology Co. Ltd, while
alendronate sodium tablets were product of
Hainan Mankexin Pharmaceutical Co. Ltd.
Automatic Image Digital Analyzer was made by
Leica Company, Germany. Luner DPX-MD dual-
energy X-ray bone mineral density measuring
instrument was purchased from CE Company.

Approval for this study was received from the
Animal Ethical Committee of Department of
Orthopaedics, The Third Affiliated Hospital of
Wenzhou Medical University, Wenzhou City,
China (approval no. 201833156). The study was
carried out in line with "Principles of Laboratory
Animal Care" (NIH, 1985) [5].

Animal grouping and feeding

The rats in each group were housed in an
environment of temperature 19 + 3 °C and
humidity 58 + 12 %. After 15 days of
acclimatization on feed and drinking water ad
libitum, the rats were randomly divided into
control group, model group, ginsenoside Rg3

treatment group and alendronate treatment

group, with 15 animals in each group.
Establishment of GIOP rat model

The model, the ginsenoside Rg3, and the
alendronate groups were intramuscularly injected
with dexamethasone twice a week, at a dose of
0.2 mg/100 g body weight, for a total of 12
weeks. The control rats received physiological
saline in place of drug.

The rats in ginsenoside Rg3 treatment group
were given ginsenoside Rg3. Rats in the
alendronate sodium treatment group were given
alendronate sodium suspension at a dose of 10
mg/kg body weight via gavage once a day, after
a 30-min fast. The course of treatment was 3
months. Rats in the model and control groups
were given saline via gavage.

Specimen collection and measurements

Following anesthesia (diethyl ether), BMD and
BMC of lumber spine and left femur (LSLF) of the
rats were measured using Lunar DPX-MD Bone
mineral density instrument and Small Animal
Cascade Standard Analysis software. After BMD
measurement, the rats were sacrificed via
cardiac puncture. The left femur and the 4th
lumbar spine of the rats were quickly removed,
and the attached muscles and connective tissue
were cut off. The samples were soaked in 75 %
alcohol and stored at -20 °C. The bone
specimens were decalcified, dehydrated,
embedded and sectioned for routine hematoxylin
and eosin (H & E) staining.

An automatic image digital analyzer was used to
analyze the H&E-stained section images. Five
fields of view were randomly selected from each
section under a 100-fold optical microscope, and
5 sites were selected from each field of view for
measurement of the thickness and area of
trabecular bone through mouse segmentation. In
addition, five fields of view were randomly
selected from each section under a 400-fold
optical microscope, and the numbers of
osteoblasts and osteoclasts per unit area were
calculated with the mouse click method.

Statistical analysis

Measurement data are expressed as mean *
standard deviation (SD). Enumeration data are
expressed as [n (%)]. Comparison between
groups was done with t-test, while multiple
groups were compared with Chi-square test. All
statistical analyses were done with SPSS 19.0.
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values of p < 0.05 were taken as indicative of
significant differences.

RESULTS
Changes in BMC and BMD of rat femur

After 3 months of treatment, BMC and BMD
levels in the model group were significantly lower
than those in the control, ginsenoside Rg3, and
alendronate groups (p < 0.05), while BMD was
markedly higher in the ginsenoside Rg3 group
than in alendronate rats (p < 0.05; Table 1).

Table 1: Changes in BMC and BMD levels in rat femur
(N =15)

BMD

Group BMC (g/kg) (glem?lkg)
Control 0.074% sl
1136 + 0.578
Model 0.075% 0.170%
Rg3 1.397 = 0.787 +
9 0.132* 0.381
Alendronate 1.289 £ 0.715 +
0.077* 0.045*

Data are mean = SD; *p < 0.05, vs model rats; #p <
0.05, vs control rats; $p < 0.05, vs alendronate rats

Changes in thickness and area of the
trabeculae of LSLF

After 3 months of treatment, the thickness and
area of the trabeculae of femur and lumbar
vertebrae in the ginsenoside Rg3 group were
significantly higher than those in the model group
(p < 0.05), but the difference was not statistically
significant when compared with those of the
alendronate group (p > 0.05), as shown in Table
2. The results of H&E procedure revealed that
control rat trabeculae were wide in thickness,
small in spacing and closely arranged, indicating
normal trabeculae structures (Figures 1 A and
B).

Model rat trabeculae were evidently thinner, with
wide spacing and sparse arrangement, and they
were fractured.

The connections between the bone trabecular
structures in the ginsenoside Rg3 group and the

alendronate group were reticular and similar to
normal bone trabecular structures (Figures 3 A
and B; Figure 4 A and B).

Figure 1: Femoral tissue (A) and lumber tissue (B)
morphologies of control group

Figure 2: A: Femoral tissue morphology of model
group; B: lumbar tissue morphology in model group

Figure 3: A: Femoral tissue morphology of
ginsenoside Rg3 group; B: lumbar tissue morphology
of ginsenoside Rg3 group

Figure 4: A:

Femoral
alendronate group; B: lumbar tissue morphology of
alendronate group

tissue morphology of

Table 2: Changes in the thickness and area of the trabecula of LSLF in each group of rats

Group Left femur Lumbar vertebrae
Thickness (um) Area (Um?) Thickness (um) Area(um?)
Control 0.375 + 0.038* 2.300 + 0.347* 0.213 £ 0.004* 1.627 £ 0.115*
Model 0.138 + 0.033* 0.445 + 0.128# 0.091 + 0.002*# 0.541 + 0.065*
Rg3 0.365 + 0.035* 1.878 £ 0.210* 0.179 £ 0.016* 1.402 £ 0.089*
Alendronate 0.383 + 0.031* 1.985 + 0.203* 0.187 + 0.017* 1.418 £ 0.101*

Data are mean * SD. *p < 0.05, vs model rats; *p < 0.05, vs control rats
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Table 3: Changes in the number of osteoblasts and osteoclasts in rats

Group Left femur Lumbar vertebrae
Osteoblasts Osteoclasts Osteoblasts Osteoclasts
Control 9.675+1.113* 1.476 £ 0.517* 9.012 £ 1.061* 1.602 £ 0.517*
Model 2.410 £ 0.738% 5.471 + 0.925% 2.543 + 0.641* 4,756 + 0.917*
Rg3 7.274 + 1.534* 1.571 £0.901* 6.921 + 1.100** 1.635 +0.414*

Alendronate 5.874 + 1.356**

1.487 + 0.516**

6.321 + 1.245* 1.595 + 0.522*#

Data are mean + SD. *p < 0.05, vs model rats; #p < 0.05, vs control rats

Changes in the number of osteoblasts and
osteoclasts in rats

After 3 months of treatment, there were marked
increases in osteoblasts and marked decreases
in osteoclasts in the ginsenoside Rg3 group,
alendronate sodium and control rat groups,
relative to model rats (p < 0.05). However,
populations of osteoclasts and osteoblasts were
comparable between the alendronate sodium
and the ginsenoside Rg3 rat groups (p > 0.05;
Table 3).

DISCUSSION

Osteoporosis is a systemic skeletal disease that
is associated with fracture due to reduction in
bone mass and degeneration of bone
microstructure, resulting in increased bone
brittleness. Studies have shown that bone loss
occurs very rapidly within 3-6 months of
glucocorticoid treatment, and with increase in
GCS dose, bone loss is also increased, thereby
complicating GIOP. Several mechanisms are
involved in the induction of osteoporosis by GCS
[6,7].

Under the action of GCS, parathyroid gland
secretion increases, activating osteoclast bone
absorption, leading to decreased bone mass.
Moreover, GCS inhibits the gastrointestinal
absorption of calcium, thereby inhibiting bone
formation and promoting bone resorption.
Glucocorticoids directly inhibit the production of
osteoblasts and the expression of insulin-like
growth factor, and reduce bone conversion. They
inhibit estrogen secretion, reduce the content of
calcium and phosphorus in bone, and induce
abnormal lipid metabolism, resulting in the
formation of bone marrow microfat plug and bone
necrosis.

The current treatment methods for osteoporosis
involve external drug intervention with bone
resorption inhibitors and bone formation
promoters. However, these traditional drugs have
many side effects as well as limitations in
efficacy [8]. In this study, ginsenoside Rg3 was
used to treat GIOP rats, with good results. Bone
density determines 70% of bone strength, and it
is an important index for clinical diagnosis of

osteoporosis. It is also of great significance for
predicting fracture risk. Human bone mineral
content is closely related to bone strength and
the stability of the internal environment, and
plays an important role in the assessment and
study of bone physiology and pathology as well
as diseases affecting various organs [9,10].

In this study, dexamethasone was used to
establish a rat model of GIOP, and the
ginsenoside Rg3 group was simultaneously
gavaged with ginsenoside Rg3 group. After 3
months of treatment, BMC and BMD levels of
ginsenoside Rg3 group were similar to those of
the control group, and better than those of
alendronate group. Compared with the other 3
groups, BMC and BMD levels in the model group
were the lowest. These results indicate that
ginsenoside Rg3 mitigated dexamethasone-
induced reduction of bone mineral content and
bone density in femur and lumbar vertebrae of
rats, promoted mineral deposition in bone, and
prevented further loss of bone minerals. These
findings are consistent with those of Li et al [11].
Ginsenoside Rg3 increased the thickness and
area of trabecular bone and reversed the
destruction of bone microstructure in rats
possibly through a mechanism involving
inhibition of bone resorption, promotion of bone
formation, and promotion of the synthesis of
estradiol and calcitonin [12].

Osteoblasts function in bone formation, and are
responsible for the synthesis and secretion of
bone matrix. In contrast, osteoclasts are
responsible for bone resorption. The balance
between the levels of osteoclasts and
osteoblasts is the key to maintenance of normal
bone mass [13,14]. The results of this study
showed that, after 3 months of administration,
the numbers of osteoblasts and osteoclasts in
the Rg3 group, alendronate group and control
group were significantly increased, while the
populations of osteoclasts and osteoclasts in the
Rg3 group were not significantly different from
those in the model group. These findings suggest
that ginsenoside Rg3 reduces bone loss by
inhibiting osteoclast formation, differentiation and
bone resorption. A similar finding has been
reported [15].

Trop J Pharm Res, April 2020; 19(4):814



Peng et al

CONCLUSION

Ginsenoside Rg3 prevents glucocorticoid-
induced bone loss, and at the same time,
increases the thickness and area of trabecular
bone of rats, and suppresses the destruction of
bone microstructure by enhancing bone
formation and inhibiting bone resorption. Thus,
ginsenoside Rg3 has a potential for use in the

development of new drugs for ftreating
osteoporosis.
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