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Abstract: This study aimed to investigate the effects of ginsenoside Rgl (Rg1l) in preventing steroid-induced osteo-
necrosis. Forty-five adult rats were randomly divided into a control group, a model group, and an Rgl group. Each
group included 15 rats. In the model and Rg1 groups, a high dose of methylprednisolone acetate (40 mg/kg) was
injected once into the gluteus medius muscle. In the Rg1 group, Rg1 was administered every day for 6 weeks after
the methylprednisolone acetate injection. The pathological, microstructural, biochemical and phenotype param-
eters were analyzed. The ratio of empty lacuna and adipose tissue in the bone marrow were significantly lower in
the Rg1 group than in the model group. The microfocal-computed tomography results indicated that Rg1 improved
the microstructure of the trabecular bone and increased bone mineral density in rats with steroid-induced osteone-
crosis of the femoral head (ONFH). Rg1 also significantly improved hyperlipidemia in the steroid-induced ONFH rats.
Moreover, Rg1 enhanced femoral head neovascularization by preventing blood vessel loss. Rg1 suppressed oxida-
tive stress and adipogenesis in the femoral heads of the steroid-induced ONFH rats. Rg1 may protect rats against

steroid-induced ONFH by suppressing oxidative stress and adipogenesis.
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Introduction

Steroid-induced osteonecrosis of the femoral
head (ONFH) is a chronic destructive disease of
the hip joints. Steroid-induced osteonecrosis
develops in patients who receive long-term or
high-dose glucocorticoids for acute lympho-
blastic leukemia, renal transplantation, rheu-
matoid arthritis, and systemic lupus erythema-
tosus [1, 2].

Based on the stage of steroid-induced osteone-
crosis of the femoral head, a variety of treat-
ments can be used, such as reducing weight
bearing, drug therapies, core decompression
with or without bone marrow cell transplanta-
tion, and total hip replacement [3]. However, all
of these techniques only focus on preventing
irreversible complications. New, more efficient

methods with fewer complications are urgently
required. Over the past several years, drug ther-
apies, such as statins [4] and antioxidative sub-
stances including Vitamin E [5] have been used
to treat ONFH in vivo and in vitro animal models
by suppressing adipogenesis and oxidative inju-
ry. Therefore, the ability of inhibiting adipogen-
esis and oxidative stress may be a crucial part
of treatment in ONFH.

Rg1 is one of the active ingredients in ginsen-
osides, which are the principal pharmacologi-
cally-active components of Panax ginseng, a
well-known traditional Chinese herbal medicine
[6]. Rgl has garnered attention due to its pow-
erful ability to regulate diverse physiological
processes. The pharmacological potentials of
Rg1 include, but are not limited to, reducing oxi-
dative stress [7], suppressing adipogenesis [8]


http://www.ijcem.com

Ginsenoside Rg1 protects steroid-induced osteonecrosis of the femoral head

and promoting anti-inflammatory activity [9]
anti-apoptosis activity [10], pro-proliferation
[11], and neuroprotection [12] via signaling
pathways, such as Akt-FoxO3a-Bim, estrogen
receptors, Wnt-pB-catenin, and peroxisome pro-
liferator-activated receptor (PPARy)-HO-1 [11,
13-15].

Although there is currently no clear evidence on
the effects of Rg1 in steroid-induced ONFH,
researchers have reported that Rg1 can atten-
uate fat accumulation and promote angiogene-
sis and osteogenesis [16-18], which are key
processes involved in the treatment of steroid-
induced ONFH. However, as a well-known nu-
clear receptor, peroxisome proliferator-activat-
ed receptor (PPARy) can promote adipogenesis
and lipid metabolism in adipose tissue and
inhibit oxidative stress in the regulation of vas-
cular tone in endothelial cells [19-21], provi-
ding a molecular basis against steroid-induced
ONFH.

Therefore, the present study aimed to identify
whether Rg1 can prevent steroid-induced ON-
FH by suppressing oxidative injury and adi-
pogenesis.

Materials and methods
Study animals

Forty-five 8-week-old male Sprague-Dawley
(SD) rats, weighing 370-410 g, were obtained
from the Experimental Animal Center of Nanjing
Medical University in Nanjing, China. All the rats
were kept in a clean room with an air filtration
system. The animals’ cages and water were dis-
infected. All experimental procedures were per-
formed in accordance with guidelines estab-
lished by the Research Animal Care Committee
of Nanjing Medical University, in Nanjing, China.

Study groups and treatment

After a one-week period of feeding adaptation,
the rats were accurately weighed and randomly
assigned to three groups: a control group (n =
15), a model group (steroid-induced ONFH rats,
n = 15), and an Rgl group (steroid-induced
ONFH rats, treated with 20 mg/kg Rg1, n = 15).
One high dose of methylprednisolone acetate
(MPSL) (40 mg/kg; Pfizer Manufacturing Be-
Igium NV, Puurs, Belgium) was administered
once to the gluteus medius muscle of the rats
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to induce osteonecrosis. After the MPSL injec-
tion, the rats in the Rg1 group received an intra-
peritoneal injection of 1.5 mL Rg1 (Shanghai
Oriental Pharmaceutical Co. Ltd., Shanghai,
China) every day for six weeks. In the control
and model groups, the rats were fed a normal
diet. All the experiments were approved by and
performed in compliance with the Research
Animal Care and Use Committee of Nanjing
Medical University.

Tissue sample preparation

The rats in each group were sacrificed six
weeks after the MPSL injection. The rats were
anaesthetized using an intravenous injection
of trichloroacetaldehyde hydrate (0.3 mL/kg,
Sinopharm Chemical Reagent Suzhou Co. Ltd,
China); they were then euthanized by exsangui-
nation via aortectomy. To conduct the light
microscopic examinations and the microfocal-
computed tomography (Micro-CT) scans, bilat-
eral femoral bones were obtained at the time
of death, and the left side of the bone samples
was fixed for three days in 4% paraformalde-
hyde (pH 7.4). After scanning, the bone sampl-
es were decalcified with 10% EDTA for 28 days.
The samples were sectioned along the proximal
one-third of the coronal plane and cut along the
distal part (condyle) of the axial plane. Finally,
the specimens were embedded in paraffin, cut
into 5 mm sections, and stained with hematox-
ylin and eosin. The right side of the bone sam-
ples were stored at -80°C for real-time poly-
merase chain reaction (PCR) and Western blot
analyses.

Evaluation of steroid-induced ONFH

The osteonecrotic changes and repair process-
es in the steroid-treated rats were evaluated
using histopathological examination six weeks
after the MPSL injection. The slides were ob-
served by three, blinded independent observ-
ers. Osteonecrosis was identified when necro-
sis of the medullary hematopoietic cells or fat
cells was observed or when empty lacunae or
condensed nuclei were seen in the osteocytes.
The empty lacunae ratio (empty lacunae/the
total number of osteocytes) was calculated for
each femoral head using a coronal section
taken at the maximal femoral width. During the
observation of the fat cells in bone marrow, the
fat tissue area was also calculated. Image Pro
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Plus 6.0 image analysis software was used for
the calculation.

Hematological examination

To observe the hyperlipidemia-improving ef-
fects of Rgl, blood samples were collected
from the abdominal aorta six weeks after the
MPSL injection. The serum levels of total tri-
glycerides (TQ), total cholesterol (TC), low-den-
sity lipoprotein (LDL), high-density lipoprotein
(HDL), apolipoprotein A1l (ApoAl), and apolipo-
protein B (ApoB) were determined. The levels of
lipid peroxidation (LPO), superoxide dismutase
(SOD), catalase (CAT), and glucose-6-phos-
phate dehydrogenase (G6PHD) were also deter-
mined to provide evidence for the effect of Rg1l
on the blood antioxidant status six weeks after
the Rg1 injection.

Micro-CT scanning

Micro-CT (uCT, GE Healthcare Biosciences, Pis-
cataway, NJ, USA) was used to measure the
micro-structure of the femoral heads [22]. The
following parameters were used to quantified
the relative amount of bone: bone volume/total
volume (BV/TV), trabecular thickness (Th.Th),
trabecular bone pattern factor (Tb.Pf), trabecu-
lar number (Tb.N), trabecular separation (Tb.
Sp), and bone mineral density (BMD).

Quantification of microvessel density

Microvessel density (MVD), a measure of angio-
genesis, was determined using light microsco-
py after immunostaining sections with anti-
CD31 antibodies according to the procedure
described in [23]. The microvessels were
counted on a 200x field. Any single endothelial
cell or cluster of endothelial cells that were
clearly separated from the adjacent microves-
sels was counted as one microvessel. In all, 10
representative areas of the section were co-
unted. The evaluation was performed by two
researchers who were blinded to the identity of
the Rg1 group.

Immunohistochemical staining

Paraffin sections from the femoral head sam-
ples were incubated for 10 min with 3% H,0,,.
For antigen retrieval, the sections were im-
mersed in 0.1% trypsinase solution at 37°C for
5-30 min. After incubation with 10% goat anti-
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serum (Vector, Burlingame, CA, USA) for 30 min
at 25°C, the sections were treated with a pri-
mary antibody against rat CD31, PPARYy or vas-
cular endothelial growth factor (VEGF) (all rab-
bit antibodies were obtained from Santa Cruz
Biotechnology, Inc., Dallas, Texas, USA) for 14 h
at 4°C. The samples were then treated with a
biotin-labeled secondary antibody for 30 min,
and then incubated with horseradish peroxi-
dase-conjugated streptavidin for 30 min at
25°C. After counterstaining with hematoxylin,
the sections were dehydrated and mounted.
Appropriate sections were selected for use as
the positive and negative controls. To locate
and identify the areas with positively stained
cells, Image-Pro Plus 6.0 was used at a magni-
fication of 9200. Random fields in the bone
marrow cavities were chosen for VEGF staining.
Positive staining was quantified based on inte-
grated optical density (I0OD). The corresponding
area was also metered. The results were de-
fined as the ratio of 10D to the corresponding
area.

Western blot analysis

The protein expression levels of PPARYy, Prdx1,
SOD1, and SOD2 in the femoral head tissues
obtained from the rats in all three groups were
detected using Western blot analysis. Total pro-
tein (20 ug/lane) was first separated using
10% sodium dodecyl sulfate polyacrylamide gel
electrophoresis and then transferred onto poly-
vinylidene fluoride blotting membranes. The pri-
mary antibody was incubated on the membrane
for 12 h at 4°C after non-specific blocking with
5% bovine serum albumin in Tween-Tris Bu-
ffered Saline. The following primary antibodies
were used: PPARy antibody (rabbit antibody,
dilution 1:500, Santa Cruz Biotechnology, Inc.,
Santa Cruz, CA, USA), B-actin antibody (internal
control, rabbit polyclonal antibody, dilution 1:
5000, Santa Cruz Biotechnology, Inc., Santa
Cruz, CA, USA), Prdx1 antibody (rabbit antibody,
dilution 1:1000, Millipore Corporation, Billerica,
MA, USA), SOD1 antibody (rabbit antibody, dilu-
tion 1:500, Cell Signaling Technology, Inc.,
Danvers, MA, USA), SOD2 antibody (rabbit anti-
body, dilution 1:1000, Cell Signaling Technology,
Inc., Danvers, MA, USA), and glyceraldehyde-
3-phosphate dehydrogenase antibody (internal
control, rabbit polyclonal antibody, dilution
1:5000, Santa Cruz Biotechnology, Inc., Santa
Cruz, CA, USA). The membranes were then

Int J Clin Exp Med 2019;12(1):304-315



Ginsenoside Rg1 protects steroid-induced osteonecrosis of the femoral head

A Control

@
S

12115

e
o
B
o

=S

-
»n
=)

020

Incidence of ONFH (%)
-} =)
n (=]

Ratio of empty lacuna (%) O

0.
Control Model Control

Rg1

Medel

*k
[
S 400-
(]
=]
a
= ##
3200-
o
2
2
Rg1 Control Model Rg1

Figure 1. Rg1 reduces the histopathological results in rats with steroid-induced osteonecrosis of the femoral head
(ONFH). A: histopathological examination staining of the femoral head from the control group, the model group, and
the Rg1 group. B: The adipose tissue area in the bone marrow was significantly higher in the model group than the
Rgl1 and control groups. C: The incidence of ONFH was significantly lower in the Rg1 group than the model group
(Fisher’s exact probability test, P < 0.01). Statistical analysis of the differences of the ratio of empty lacuna (D) and
adipose tissue area (E) in the control, model, and Rgl groups. Data are presented as the mean + S.D. (n = 15 for
the control group, n = 15 for the model group, n = 15 for the Rg1 group). **: P < 0.01, in comparison to the control
group. ##: P < 0.01, in comparison to the model group. Magnification: x200 (A, B).

treated with horseradish peroxidase-labeled
secondary antibody (ZDR-5306; Zhongshan
Golden Bridge Biotechnology, Beijing, China)
for 2 h at 37°C. The immuno-reactive proteins
on the blots were visualized with ECL™ Western
blotting detection reagents (GE Healthcare Life
Sciences, Pittsburgh, PA, USA), and the signals
were analyzed using Image Station 4000R
(Kodak, Rochester, New York, USA).

Statistical analysis

Statistical Package for the Social Sciences
(SPSS) version 16.0 for Windows (SPSS Inc.,
Chicago, IL, USA) were used for the statistical
analysis. The data were expressed as the mean
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+ standard deviation. A one-way analysis of
variance (ANOVA) followed by the least signifi-
cant difference (LSD) test was performed to
compare the means among multiple groups.
Fisher’s exact probability test was used for the
incidence of osteonecrosis. A value of P < 0.05
was considered statistically significant.

Results

Rg1 reduces histopathological changes in
steroid-induced ONFH rats

The histological results indicated that osteone-

crosis was observed in 12 of the 15 rats in the
model group and in three of the 15 rats in the
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Figure 2. Rg1 prevents bone loss in steroid-induced ONFH in rats. Micro-CT bone scanning results from the control,
model, and Rg1 groups (A-C). (E) bone volume/total volume (BV/TV), (H) trabecular thickness (Tb.Th), (G) trabecular
bone pattern factor (Tb.Pf), (F) trabecular number (Th.N), and (D) bone mineral density (BMD) were significantly
increased in the Rgl group in comparison to the model group, while (l) trabecular separation (Tb.Sp) in the Rgl
group was significantly reduced. The data are presented as the mean + SD (n = 15 for the control group, n = 15
for the model group, n = 15 for the Rg1 group). **: P < 0.01, in comparison to the control group. ##: P < 0.01, in

comparison to the model group.

Rg1 group. The incidence of osteonecrosis was
significantly lower in the Rg1 group than the
model group (Fisher’s exact probability test, P
< 0.01, Figure 1C). No rats in the control group
were diagnosed with osteonecrosis. The osteo-
necrotic changes and repair processes of the
rats in each group were histologically examined
to evaluate the effects of Rgl on steroid-
induced ONFH. In comparison to the control
group, an accumulation of bone marrow cell
debris was found in the ONFH lesions in the
model group, while Rg1 dramatically attenuat-
ed this change in the rats with steroid-induced
ONFH (Figure 1A). In addition, the empty lacu-
nae ratio was significantly higher in the model
group than the Rgl and control groups. (P <
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0.01, n = 15, Figure 1D). Moreover, as shown in
Figure 1B, the adipose tissue area in the bone
marrow was significantly higher in the model
group than the Rgl and control groups (P <
0.01, n = 15, Figure 1E).

Rg1 prevents bone loss in steroid-induced
ONFH rats

We used micro-CT bone scanning to analyze
the bone structure in the femoral heads of the
rats (Figure 2A-C). The BV/TV (P < 0.01, Figure
2E), Tb.Th (P < 0.01, Figure 2H), Tb.Pf (P < 0.01,
Figure 2G), and Th.N (P < 0.01, Figure 2F) vol-
umes were significantly increased in the Rgl
group in comparison to the model group, while
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Figure 3. Rg1 improves hyperlipidemia in steroid-induced ONFH rats. Rg1 significantly reduced hyperlipidemia by
decreasing LDL (A), TC (B), TG (C), ApoAl (E), and ApoB (F) levels, and increasing HDL levels (D). The data are pre-
sented as the mean + SD (n = 15 for the control group, n=15 for the model group, n = 15 for the Rg1 group). **: P
< 0.01, in comparison to the control group. ##: P < 0.01, in comparison to the model group.
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Figure 4. The antioxidant status of the steroid-induced ONFH rats. The SOD, G6PDH, and CAT activities were sig-
nificantly higher in the Rg1 group than the model group (A-C). LPO levels were significantly higher in the model
group than the control and Rg1 groups (D). The Prdx1, SOD1, and SOD2 protein expression levels were significantly
reduced in the model group in comparison to the Rg1 and control group in Western blot analysis (E). The data are
presented as the mean + SD (n = 15 for the control group, n = 15 for the model group, n = 15 for the Rg1 group).
**: P < 0.01, in comparison to the control group. ##: P < 0.01, in comparison to the model group.

the Th.Sp (P < 0.01, Figure 2l) was significantly Rg1 improves hyperlipidemia in steroid-in-
reduced. We also measured the BMD values. duced ONFH rats

The rats in the model group showed markedly

reduced BMD in the femoral head in compari- The blood chemistry data showed that the rats
son to the rats in the control group (P < 0.01, in the Rg1 and model groups had significantly
Figure 2D). The BMD values in the rats treated higher concentrations of serum TG, TC, LDL,
with Rg1 were higher than the rats in the model ApoA1, and ApoB and significantly lower levels
group that did not undergo drug treatment (P < of HDL than the rats in the control group. In
0.01, Figure 2D). comparison to the model group, hyperlipidemia
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Figure 5. Rg1 promotes angiogenesis in steroid-induced ONFH in rats. Immunohistochemical staining of VEGF and
CD31 was less intense in the model group (B, E) than the Rg1 (C, F) and control groups (A, D). Significant statistical
differences in microvessel density (MVD) were found between the Rg1 group and the model group (G). Immunohis-
tochemical staining for VEGF was significantly lower in the model group than the control and Rg1 groups (H). The
data are presented as the mean + SD (n = 15 for the control group, n = 15 for the model group, n = 15 for the Rg1
group). **: P <0.01, in comparison to the control group. ##: P < 0.01, in comparison to the model group. Magnifica-

tion: x400 (A-C), x200 (D-F).

in the Rg1 group improved, as evidenced by
decreases in the TG (P < 0.01, Figure 3C), TC (P
< 0.01, Figure 3B), LDL (P < 0.01, Figure 3A),
ApoAl (P < 0.01, Figure 3E), and ApoB (P <
0.01, Figure 3F) levels, and increases in the
HDL levels (P < 0.01, Figure 3D).

Rg1 inhibits oxidative stress in steroid-induced
ONFH rats

The SOD, G6PDH, and CAT activities were sig-
nificantly lower in the model group than the
control and Rg1 groups (P < 0.01, Figure 4A-C).
The SOD, G6PDH, and CAT activities were sig-
nificantly higher in the Rg1 group than the con-
trol group (P < 0.01, Figure 4A-C). The LPO lev-
els were significantly higher in the model group
than the control and Rgl groups (P < 0.01,

310

Figure 4D). However, the LPO was higher in the
Rg1 group than the control group (P < 0.01,
Figure 4D). The levels of Prdx1, SOD1, and
SOD2 protein expression were significantly
decreased in the model group in comparison to
the Rg1l and control groups (P < 0.01, Figure
4E).

Rg1 promotes angiogenesis in steroid-induced
ONFH rats

CD31 is one of the markers of endothelial cells,
and it is often measured to determine angio-
genesis. After immunostaining for CD31, MVD
was calculated on a 200x field (Figure 5D-F).
Endothelial cells that were clearly separated
from the adjacent microvessels were counted
as one microvessel. Only a few microvessels in

Int J Clin Exp Med 2019;12(1):304-315
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Figure 6. Rg1 reduces adipogenesis in steroid-induced ONFH rats. PPARy immunoreactivity was significantly stron-
ger in the steroid-induced ONFH group than the Rg1 and control groups (A). The PPARYy protein expression level was
significantly higher in the model group than the Rg1 and control groups in Western blot analysis (B, C). The data are
presented as the mean + SD (n = 15 for the control, n = 15 for the model group, n = 15 for the Rg1 group). **: P <
0.01, in comparison to the control group. ##: P < 0.01, in comparison to the model group. Magnification: x200 (A).

the subchondral bone of the necrotic femoral
heads were observed in the model group
(Figure 5E). In the Rg1 group, significantly more
microvessels were present in the subchondral
bone (Figure 5F). Significant statistical differ-
ences in MVD were found between the Rgl
group and the model group (P < 0.01, n = 15,
Figure 5G). Furthermore, immunohistochemi-
cal staining for VEGF, which indicates potential
angiogenic function (Figure 5A-C), was signifi-
cantly lower in the model group than the control
and Rg1 groups (P < 0.01, n = 15, Figure 5H).

Rg1 reduces adipogenesis in steroid-induced
ONFH rats

We also performed immunohistochemical st-
aining of PPARY to evaluate adipogenesis in the
femoral heads. As shown in Figure 6A, PPARy
was observed in the femoral heads of the rats
in the model group, and the immunoreactivity
was found to be more positive in that group
than the control and Rg1 groups. As shown in
Figure 6B, the level of PPARy protein expres-
sion was significantly stronger in the model
group than in the Rg1 and control groups. (P <
0.01, n = 15, Figure 6C).

Discussion

Glucocorticoid-induced osteonecrosis is a seri-
ous disease that can lead to the collapse of the
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femoral head, resulting in the need for total hip
replacement [24]. Because the pathogenesis of
steroid-induced ONFH is multifactorial, involv-
ing increased osteocyte apoptosis, skeletal
angiogenesis, altered fat metabolism, fat em-
bolism, and intravascular coagulation [25-27],
none of the current treatment options have
been proven to be the most effective. A large
number of traditional Chinese herbal medicine
have been used to treat bone diseases in
recent years. Although Rgl has been demon-
strated to promote osteogenesis [11], its effect
on steroid-induced ONFH remains unknown.
The main findings of the present study were: (1)
Rgl protected steroid-induced ONFH by reduc-
ing osteonecrotic changes and inhibiting bone
marrow adipogenesis; (2) Rgl improved the
microstructure of the trabecular bone and
increased BMD in the femoral head of rats with
steroid-induced ONFH; (3) Rg1 improved hyper-
lipidemia in steroid-induced ONFH rats; (4) Rg1
suppressed activated oxidative stress in ste-
roid-induced ONFH in rats; (5) Rgl enhanced
femoral head neovascularization by preventing
blood vessel loss in steroid-induced ONFH in
rats; and (6) Rg1 suppressed the expression of
PPARYy in the femoral heads of steroid-induced
ONFH rats.

According to a previous study [5], high doses of
glucocorticoids have been used to establish a

Int J Clin Exp Med 2019;12(1):304-315
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rat steroid-induced ONFH model. This model
revealed crucial elements of clinical glucocorti-
coid-induced osteonecrosis, including the long-
term complications of glucocorticoids and the
importance of the dosing schedule. In the pres-
ent study, during histopathological examination
in the model group, we found that the empty
lacunae ratio, which indicates pathogenesis in
the early stage of ONFH, was significantly in-
creased, and administration of Rg1 significant-
ly decreased the adipose tissue area in the
bone marrow and the empty lacunae ratio,
implying improvement in fat metabolism due
to Rgl. In this study, we first investigated the
therapeutic effects of Rg1 on steroid-induced
ONFH in rats.

Rg1lis an active ingredient extracted from a tra-
ditional Chinese herbal medicine, Panax gin-
seng. This herb has been found to attenuate fat
accumulation, promote angiogenesis and sup-
press adipogenesis [28]. It is worth noting that
a preclinical systematic review indicated that
Rgl is a promising neuroprotectant for Par-
kinson’s Disease [29], suggesting its funda-
mental application value in the treatment of
diseases. Glucocorticoid may decrease bone
formation, induce hyperlipidemia, and increase
adipogenesis in the bone marrow in the devel-
opment of ONFH [30, 31].

In our study, the results of Micro-CT bone scan-
ning showed that the BV/TV, Th.Th, Tb.Pf, Th.N,
and BMD values were higher in the Rg1 treat-
ment group than the model group. Thus, Rg1l
may inhibit the loss of bone mass induced by
administration of high-dose glucocorticoids.
These results suggest that treatment with
Rg1l promoted bone formation in the steroid-
induced ONFH rats. Moreover, with the admin-
istration of Rgl, the TG, TC, LDL, ApoAl, and
ApoB levels were significantly decreased and
HDL was significantly increased in the Rgl
group in comparison to the model group. Our
findings indicated that Rgl could improve
hyperlipidemia. In addition, we found that Rg1
significantly increased the levels of SOD, G6-
PDH, and CAT and decreased the LPO level in
the Rgl group in comparison to the model
group. SOD, G6PDH, CAT, and LPO are impor-
tant biomarkers against oxidative stress in-
duced by glucocorticoid [32, 33]. The expres-
sion level of Prdx1, which is a member of the
peroxiredoxin family that can encode antioxi-
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dant enzymes [34], was found to be significant-
ly higher in the Rg1 group than the model group.
This indicates that Rg1l might attenuate ste-
roid-induced ONFH by reducing oxidative stress
through Prdx1. Therefore, the results suggest
that Rg1 could suppress steroid-induced oxida-
tive stress during the development of osteo-
Nnecrosis.

As previously reported, PPARy is a nuclear
receptor that can promote the differentiation of
bone marrow stromal stem cells into adipo-
cytes [35], limit oxidative stress [19], and inhib-
it osteoblastogenesis [36]; moreover, it might
play a pivotal role in the pathogenesis of ste-
roid-induced ONFH.

In the present study, PPARy expression in the
immunohistochemical staining and the protein
levels in the model group were significantly
increased, suggesting that steroid treatment
may induce the adipogenic phenotype in ste-
roid-induced ONFH rats. When Rg1 was admin-
istered, the expression of PPARy was signifi-
cantly decreased. We speculate that Rg1l mi-
ght protect against steroid-induced ONFH by
inhibiting adipogensis by suppressing the tr-
ansactivation function of PPARy. A previous
study reported that PPARy expression levels
were decreased in oxidative stress-related dis-
eases, such as diabetes [19], ischemic brain
injury [20], and hypertension [37], and the ac-
tivation of PPARy could ameliorate oxidative
stress and inflammation. In contrast, in our
study, Rg1l suppressed oxidative stress and
reduced the expression of PPARy. The contra-
dictory roles of PPARYy in oxidative stress in are
not clearly understood; thus, further research
is needed.

The inhibition of angiogenesis is one of the criti-
cal pathogenesis activities in steroid-induced
ONFH. In the current study, we used MVD to
measure the blood vessels in the femoral head.
We identified a remarkable increase in MVD in
the Rgl group, suggesting the increase in vas-
cularization of the femoral heads in rats treat-
ed with Rg1. CD31 and VEGF are biomarkers
often used to determine angiogenesis [23, 38].
After immunohistochemical staining, CD31 and
VEGF are significantly higher in the Rg1 group
than the model group. These findings suggest-
ed that Rg1 might enhance angiogenesis of the
femoral heads in steroid-induced ONFH rats.
This is consistent with the results reported in
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previous studies [39], which found that Rgl
can improve angiogenesis and promote vascu-
lar remodeling.

While the present study showed that the Rg1l
could prevent steroid-induced osteonecrosis of
the femoral head in rats, the exact mechanism
still needs to be determined. The current study
was only performed in vivo; it still needs to be
determined whether Rg1l can affect vascular
endothelial cells and mesenchymal stem cell
differentiation in vitro.

In conclusion, our study indicated that Rg1 may
enhance anti-oxidative stress and angiogene-
sis, inhibit adipogenesis and PPARy expression
in steroid-induced ONFH in rats. Our data sug-
gest that treatment with Rg1 may be a poten-
tial therapeutic method for preventing steroid-
induced ONFH.
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