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Protosappanin a inhibits osteoclastogenesis
via reducing oxidative stress in RAW264.7 cells
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Abstract: Protosappanin A (PrA), obtained from the traditional Chinese herbal medicine, Caesalpinia sappan L.
(Lignum Sappan), possesses a lot of pharmaceutical activities. Typically, it is a potent antioxidant. This study makes
an effort to test its protective effects against osteoporosis by partially reducing oxidative stress in RAW264.7 cells
and a mouse ovariectomized (OVX) osteoporosis model. The influence that PrA affected on osteoclastic proliferation
and differentiation under oxidative status was investigated. Our results revealed that PrA significantly inhibited the
proliferation of RAW264.7 cells in oxidative stress conditions. Moreover, it suppressed some osteoclastic markers
by TRAP staining, bone section assay and quantitative real-time PCR. PrA decreased reactive oxygen species (ROS)
generation in RAW264.7 cells. In vivo, our results demonstrated that PrA supplementation improved some serum
oxidative markers, including malondialdehyde (MDA) and reduced glutathione (GSH), and inhibited some osteo-
clastic markers, such as CTX-1 and TRAP. Importantly, it ameliorated the micro-architecture of trabecular bones by
micro-CT assay. In summary, these findings showed that protection by PrA against osteoporosis is associated with
a reduction in oxidative stress, suggesting that PrA may be useful in bone resorption related diseases, especially
osteoporosis.
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Introduction

Osteoporosis is a common disease worldwide
and is characterized by decreased bone miner-
al density (BMD) and progressive destruction of
the bone micro-structure, resulting in increased
bone fragility and risk of fractures [1]. Oxidative
stress is a biochemical disequilibrium propiti-
ated by excessive production of free radicals
and ROS, which provoke oxidative damage to
bio-molecules and which cannot be counter-
acted by antioxidative systems [2]. Approxima-
tely 3 to 10% of the oxygen utilized by tissues is
converted to ROS intermediates, such as free
radicals. Free radicals impair cell and tissue
function by oxidizing and degrading biologically
important molecules, including proteins, lipids
and DNA [3]. Based on epidemiological studies
in humans and mechanistic studies in animal
models, oxidative stress has been shown to be
a crucial pathogenic factor of osteoporosis [4].

For example, osteoporotic postmenopausal
women display decreased BMD related to a
higher oxidation of plasma lipids and lower
superoxide dismutase and catalase efficacy
[5-7]. In rat femurs, ovariectomy results in oxi-
dative stress and decreases the capacity of
antioxidant defense mechanisms [8]. Thus, oxi-
dative stress may serve as a major contribu-
tor to postmenopausal osteoporosis [5]. Both
aging and estrogen deficiency promote ROS
generation, and there is strong evidence to in-
dicate that the damage in bone mass due to
estrogen loss may be prevented by antioxidants
[9].

Osteoclasts are unique bone resorptive cells
that branch from the monocyte or macrophage
lineage. These cells are necessary for the main-
tenance of skeletal homeostasis. A relative ex-
cess of their activity, however, often eventu-
ates in the common disorder osteoporosis [10].
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Recent in vitro studies or animal models have
shown that oxidative stress has an important
impact on osteoclast differentiation and func-
tions [11, 12]. ROS can improve bone resorp-
tion by directly promoting osteoclastic develop-
ment and activity [13]. Moreover, it has been
suggested that ROS produced by osteoclasts
stimulate and facilitate resorption of bone tis-
sue under normal physiological conditions [14,
15]. Estrogen deficiency, which occurs after
menopause, leads to bone loss through incre-
ased osteoclastic function and subsequently
represents the major pathological determin-
ant responsible for postmenopausal bone loss
because ROS stimulate osteoclasts [16, 17].
Bone turnover changes, including maintenance
of or increases in bone resorption and decreas-
es in bone formation, are significantly found in
postmenopausal osteoporosis, leading to net
bone loss [18].

Bisphosphonates, such as alendronate and
risedronate, are the most commonly used
drugs in the treatment of osteoporosis. Bis-
phosphonates, which are inhibitors of bone
resorption, can reduce bone resorption and
decrease bone turnover [19]. However, many
studies have shown that bisphosphonates can
result in many side effects, including osteo-
necrosis, atypical femoral fractures and renal
dysfunction [20, 21]. Thus, natural substances
that possess antioxidant activity may repre-
sent a better method to modulate the activity
of osteoclasts in the maintenance of bone
structure and volume. PrA, a bio-active com-
pound, is isolated from Caesalpinia sappan L.
Previous studies have shown that PrA exhibits
immuno-suppressive and anti-oxidative proper-
ties [22, 23]. In addition, PrA displays inhibitory
effects on NO generation and linoleic acid oxi-
dation in the cultured J774.1 (macrophage-like)
cell line in vitro, and this effect may be due to
the suppression of iINOS gene expression by
PrA [24]. Ke-Wu Zeng and his colleagues re-
ported that PrA has anti-oxidative/nitrative
activities on brain immune and neuro-inflam-
mation through regulation of the CD14/TLR4-
dependent IKK/IkB/NF-kB inflammation signal
pathway [23].

We are very interested in the effects of PrA in
bone resorption. Thus, the objective of this
research was to investigate the potential anti-
osteoporosis effects of PrA and its underlying
mechanisms in vitro and in vivo.
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Methods
Materials

PrAisolated from Caesalpinia sappan L. (molec-
ular weight 272.25, purity > 98%, dissolved in
distilled water) was purchased from Shanghai
Tauto Biotech Co., Ltd. (China). The ROS assay
kit and the GSH and MDA assay kits were
obtained from the Beyotime Institute of Bio-
technology (Shanghai, China). The TRAP assay
kit was obtained from Sigma (Sigma-Aldrich,
US). The CTX-1 and TRAP ELISA assay kits were
obtained from Immune Diagnostic System Inc.
(Fountain Hill, AZ, USA). The BrdU incorporation
assay kit was obtained from Cell Signaling
Technology. All other reagents were of analyti-
cal grade.

Cell culture and differentiation

RAW264.7 cells, which belong to a mouse mo-
nocyte/macrophage cell line, were cultured in
12-well plates in a-MEM with 10% heat-inacti-
vated FBS, 100 U/ml penicillin and 100 pg/ml
streptomycin in 5% CO, at 37°C. To induce
osteoclastic differentiation, the medium was
supplemented with 50 ng/ml RANKL [25]. H,0,
served as an exogenous ROS source, and N-
acetyl-L-cysteine (NAC) acted as a ROS cleaner.
After the cells reached confluence, serum-free
medium containing PrA was dissolved in dis-
tiled water and added to the cells, and the
cells were incubated for 24 h prior to treatment
with 300 uM H,O, for 24 h. For each experi-
ment, PrA administration was performed prior
to H,0, treatment. All of the experiments were
performed in duplicate wells and repeated
three times.

MTT assay of cell survival

In this study, RAW264.7 cells were treated with
different concentrations of PrA (0, 0.1, 1, and
10 uM) for 24, 48 and 72 h to measure the tox-
icity of PrA. MTT assays were performed as pre-
viously described and were used to assess cell
survival [26].

BrdU proliferation assay
Cell proliferation was assayed using a BrdU in-
corporation assay kit according to the manu-

facturer’s instructions. BrdU was added 12 h
before culture termination. At the end of the
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culture period, the cells were fixed with fixing
solution for 30 min at RT, rinsed twice with
PBS, and incubated with monoclonal anti-BrdU
antibody for 1 h and then with anti-mouse sec-
ondary antibody for 30 min. After washing with
PBS, the samples were further stained with
DAPI for 5 min and washed three times with
PBS. The percentage of BrdU-positive cells was
analyzed by randomly counting the positive
cells and the total cells from three different
fields of vision for each group of cells.

TRAP staining of RAW264.7 cells

After osteoclastic induction for six days, RA-
W264.7 cells were subjected to a TRAP staining
assay using a TRAP assay kit and observed
using a microscope. The TRAP-positive multi-
nuclear macrophages with more than three
nuclei were counted as osteoclasts. The num-
ber of osteoclasts in each well for all of the
groups was counted, and the average for each
group was calculated.

Staining of bone resorption pits

RAW264.7 cells were plated on bone slices
and cultured with RANKL for six days to gener-
ate mature osteoclasts. The cells were then
removed from the bone slices through me-
chanical agitation. The bone slices were incu-
bated with peroxidase-conjugated wheat germ
agglutinin for 1 h and stained with 3,3’-diami-
nobenzidine. The entire resorption lacunae was
observed and counted under optical micro-
scope. According to the number of resorption
pits, we determined the resorption function
of osteoclasts. The results were expressed in
lacunae number/slice [27].

Quantitative real-time PCR to test osteoclastic
differentiation

After osteoclastic induction for six days, RA-
W264.7 cells were incubated with serum-free
medium containing PrA and/or H,O, for two
days. The total cellular RNA from these cells
was extracted using the Trizol reagent. Single-
strand cDNA synthesis was performed using
the Prime Script RT reagent kit (TakaRa). RT-
PCR was performed using the CFX96 (BIO-
RAD) instrument as previously described [28].
Individual PCRs were performed in 96-well op-
tical reaction plates with SYBR Green-| (TaKa-
Ra) according to the manufacturer’s instruc-
tions. The expression levels of the target genes
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(NFATc1, TRAP, calcitonin Receptor (CTR) and
cathepsin K (CTSK)) were normalized to that
of the reference gene B-actin. The 224t me-
thod [29] was used to calculate the relative
gene expression. These PCR products were
subjected to melting curve analysis and a
standard curve to confirm accurate amplifica-
tion. All PCRs were performed in triplicate, and
the primers used for PCR are as follows:
NFATc1, 5-CAAGTCTCACCACAGGGCTCACTA-3’
(forward), 5-TCAGCCGTCCCAATGAACAG-3’ (re-
verse); TRAP, 5-CTGGAGTGCACGATGCCAGCG-
ACA-3’ (forward), 5-TCCGTCTCGGCGATGGAC-
CAGA-3’ (reverse); CTR, 5-GCTGGAGCCACAG-
CCTATCA-3’ (forward), 5-CGGTTGCTGTCAGGG-
TGTCTAA-3’ (reverse); CTSK, 5-CACCCAGTGG-
GAGCTATGGAA-3’ (forward), and 5-GCCTCCA-
GGTTATGGGCAGA-3’ (reverse); B-actin, 5-CA-
TCCGTAAAGACCTCTATGCCAAC-3’ (forward), 5™-
ATGGAGCCACCGATCCACA-3’ (reverse).

Intracellular ROS measurement

After osteoclastic induction for six days, RA-
W264.7 cells were incubated with serum-free
medium containing PrA and/or H,O, for two
days. The expression level of intracellular ROS
was measured using the ROS assay kit. The
relative fluorescence was determined using a
multi-detection micro-plate reader with excita-
tion and emission wavelengths of 485 nm and
535 nm, respectively.

Animals and PrA supplementation

All experimental procedures on the animals
were performed with official approval from the
Medical Ethics Committee of the Lanzhou
General Hospital of Lanzhou Military Command
(permission code 2016KYLLO28). Forty eight-
week-old BALB/c female mice (weighing 20-22
g) were randomly chosen. The mice were accli-
mated to the laboratory environment (a well-
ventilated controlled room at 20°C with a 12-h
light/dark cycle and free access to water and
food) for one week prior to the surgery. The
mice were then subjected to a sham operation
(n = 10) or surgically ovariectomized (OVX, n =
30) after anesthesia by pentobarbital sodium
(50 mg/kg body weight, i.p.). The mice were
randomly divided into four groups: untreated
(Sham: sham-operated controls), untreated
(OVX controls), OVX administered intraperitone-
ally with PrA (5 mg/kg body weight) daily and
OVX administered intraperitoneally with PrA (25
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Figure 1. Chemical structure and cytotoxicity of PrA in RAW264.7 cells. A: Chemical structure of PrA. B: RAW264.7
cells were cultured with different concentrations of PrA alone. C: RAW264.7 cells were administered PrA for 24 h
and then treated with 0.3 mM H,0, for 24 h. The cell survival of the control RAW264.7 cells was 0.71 + 0.03 OD. D:
Percentage of BrdU-positive cells in each group. E: BrdU staining of RAW264.7 cells. O Control group; @ H,0,; 3
H,0, + PrA (0.1 uM); @ H,0, + PrA (1 uM); ® H,0, + PrA (10 uM); ® H,0, + NAC (1 mM). MP<OOlcomparedW|th
the control group; *P < 0. 05 and **P < 0.01 compared with the group treated with H,0, alone.

mg/kg body weight) daily. PrA was dissolved in
distilled water. Distilled water alone was inject-
ed into the untreated controls. One week after
the operation, PrA supplementation was initiat-
ed and continued for 12 weeks. Blood samples
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were obtained from the hearts, and the serum
was prepared by centrifugation. The left fe-
murs and fourth lumbar vertebrae (L4) of the
mice were removed and cleaned of adherent
tissues.
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Measurements of serum MDA, GSH, CTX-1
and TRAP

MDA is an end-product of lipid peroxidation
induced by ROS. GSH is an intracellular antioxi-
dant that protects cells from oxidative stress
caused by free radicals, peroxides and toxins
[30]. Both MDA and GSH are good oxidative
stress markers. The MDA activity in whole-
blood samples was determined using the lipid
peroxidation MDA assay kit according to the
manufacturer’s instructions. GSH activity was
determined using the GSH assay kit based
on the reaction of GSH with 5.50-dithiobis-2-
nitrobenzoic acid (DTNB) to produce a product
that can be measured using a spectropho-
tometer at 412 nm. The bone degradation
markers CTX-1 and TRAP were tested using
ELISA assay kits according to the manufactur-
er’'s instructions.

Assessment of bone micro-architecture using
micro-CT

The bone micro-architecture of L4 and distal
femur was scanned using a Locus SP Pre-
Clinical Specimen micro-CT (GE Healthcare,
USA) with 8-mm resolution, 50-kV tube vol-
tage and 0.1-mA tube current as previously
described [31]. Reconstruction and 3D quanti-
tative analyses were performed using software
provided by a desktop micro-CT system (GE
Healthcare, USA). The following 3D indices in
the defined region of interest (ROI) were ana-
lyzed: BMD, trabecular number (Th.N), trabecu-
lar thickness (Tb.Th) and relative bone volume
over total volume (BV/TV, %). The operator who
performed the scan analysis was blinded to
the treatment of the specimens.

Data analysis

All results are expressed as means and S.D.
of several independent experiments (n = b).
Multiple comparisons of the data were per-
formed by ANOVA with Dunnett’s test. P values
less than 5% were regarded as significant.

Results

Chemical structure and toxicity of PrA in
RAW264.7 cells

The chemical structure of PrA (from the National
Center of Biotechnology Information, PubChem
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CID: 128001) is shown in Figure 1A. We tested
the survival of RAW264.7 cells to observe the
cytotoxic effects of PrA. The data presented in
Figure 1B show that PrA (0.1, 1, and 10 uM)
administration alone had no toxic effects as
accessed by cell viability in RAW264.7 cells.
However, the treatment of RAW264.7 cells with
PrA (0.1, 1, and 10 uM) for one day prior to H,0,
treatment significantly decreased the survi-
val of these cells compared with the group
treated with H,O, alone, suggesting that PrA
promotes H,0,-induced RAW264.7 cell apop-
tosis (Figure 1C).

To further evaluate the effect of PrA on RA-
W264.7 cell proliferation, these cells were
treated with BrdU to label the dividing cells.
The percentage of BrdU-positive cells for each
group was observed and calculated (Figure 1D
and 1E). Compared with the control group, H,0,
treatment increased the proliferating rate of
RAW264.7 cells. However, PrA intervention res-
cued the up-regulating effect of H,0, (Figure
1). Therefore, the results clearly showed that
PrA inhibited the H,O_-induced proliferation of
RAW264.7 cells.

PrA reduced osteoclast activity and differentia-
tion in RAW264.7 cells

We examined the effects of PrA on RAW264.7
activity and differentiation through TRAP stain-
ing and bone resorption pit assay. We then
measured the mRNA expression of osteoclastic
genes. In contrast to the control group, all of
the osteoclastic markers, such as TRAP posi-
tive staining, osteoclast activity and osteoclas-
tic gene expressions (Figure 2), were signifi-
cantly increased after H,0, treatment. How-
ever, the treatment of RAW264.7 cells with PrA
(0.1, 1, and 10 uM) resulted in a significant
decrease in TRAP-positive cells (Figure 2A and
2C) and osteoclast activity (Figure 2B and 2D).
Moreover, pre-treatment with PrA significantly
suppressed the mRNA expression of osteo-
clastic genes in contrast to the group treated
with H,0, alone (Figure 2). To conclude, these
results showed that PrA reduced H,O,-induced
RAW264.7 activation and differentiation.

PrA inhibited ROS generation in RAW264.7
cells

To elucidate whether the beneficial effects of
PrA on cells are associated with its antioxidant

Int J Clin Exp Pathol 2017;10(7):7498-7510
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Figure 2. PrA reduced osteoclast activity and differentiation in RAW264.7 cells. A: The cells were stained for TRAP
activity. B: Measurement of osteoclast activity by bone resorption pit assay. RAW264.7 cells, which were generated
on bone, were removed after six days. The resorptive lacunae were stained by lectin, and the pit area was deter-
mined. @ Control group; @ H,0,; ® H,0, + PrA (0.1 uM); @ H,0, + PrA (1 uM); ® H,O, + PrA (10 uM); ® H,0, + NAC
(1 mM). C: Quantification of TRAP-positive cells per well. D: Quantification of osteoclast activity. E: mRNA expression
levels of NFATc1, TRAP, CTR and CTSK in RAW264.7 cells. #P < 0.01 compared with the control group; *P < 0.05
and **P < 0.01 compared with the group treated with H,0, alone.

capacity, we tested ROS generation using the
fluorescent probe DCFH-DA. The data present-
ed in Figure 3 show that the treatment of
RAW264.7 cells with 300 uM H,0, significantly
increased ROS generation. This finding indicat-
ed that H,0, stimulated oxidant generation and
resulted in oxidative stress in RAW264.7 cells.
However, the treatment of the cells with PrA at
different concentrations partially suppressed
ROS generation (Figure 3). These results dem-
onstrated that the beneficial effects of PrA
may be associated in part with its antioxidant
activity.

PrA suppressed serum oxidative stress and
osteoclastic markers in OVX mice

To evaluate the effects of PrA on serum of OVX
mice, different concentrations of PrA were ad-
ministered to mice following an ovariectomy.
Then, we measured the MDA, GSH, CTX-1 and
TRAP activities in serum. As shown in Figure 4,
in contrast to the sham-operated group, the
OVX group exhibited enhanced MDA, CTX-1
and TRAP activities and reduced GSH activity.
However, PrA treatment significantly reduced
the serum MDA, CTX-1 and TRAP activities and
elevated GSH activity. These results indicated
that PrA treatment can partially inhibit the
serum oxidative status and the activities of
osteoclastic markers.

PrA inhibited osteoclastogenesis in vivo

To evaluate the effects of PrA on the trabecular
bone micro-architecture, different concentra-
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tions of PrA were administered to mice follow-
ing an ovariectomy. Analysis of the trabecular
bone of L4 and the distal femur demonstrat-
ed that OVX deteriorated the trabecular bone
micro-architecture, as evaluated by decreases
in BMD, Th.N, Tb.Th and BV/TV (Figure 5B and
5C) compared with the sham-operated group.
However, the treatment of OVX mice with 5 or
25 mg/kg PrA ameliorated these adverse ef-
fects and improved the trabecular micro-archi-
tectures. The amelioration of the bone micro-
architecture parameters of distal femurs is
shown in the micro-CT images (standard ROI
in cylinder type) presented in Figure 5A.

Discussion

ROS are produced by various environmental
agents as well as by the endogenous oxygen
metabolism and are considered to be partly
responsible for estrogen deficiency and a num-
ber of pathological conditions, such as osteo-
porosis [32, 33]. Their overproduction induces
oxidative damage. Due to its good stability and
ability to pass through cell membranes, H,0,
likely serves as both an extra- and an inter-cel-
lular signal molecule [34]. Thus, a H,0,-induc-
ed oxidative stress model was built using
RAW264.7 cells in this study. We used a treat-
ment with 300 uM H,0, for 24 h to cause oxida-
tive damage in the present study as previously
described [35]. Previous studies have shown
that oxidative stress may significantly induce
osteoclast precursor proliferation and elevate
their functions [35]. Our data showed that pre-

Int J Clin Exp Pathol 2017;10(7):7498-7510
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treatment with PrA ameliorated the effect of
H,0, to some degree. Our study suggested that
PrA decreased the H,O_-induced proliferation of
RAW264.7 cells.

In addition to influencing RAW264.7 cell prolif-
eration, oxidative stress also affects their func-
tion and differentiation. It has previously been
shown in vitro and in rodents that free radi-
cals are involved in osteoclastogenesis and in
bone resorption [15]. Osteoclasts are derived
from the monocyte/macrophage lineages [36].
Mature osteoclasts are characterized by mor-
phological conversion into large multi-nucleat-
ed osteoclastic cells and by the expression of
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specific markers, such as TRAP, CTSK and CTR
[37-40]. Our study also showed that H,0, was
correlated with an elevation in cellular TRAP
activity, an increase in bone resorption and an
elevated generation of osteoclastic genes, in-
cluding NFATc1, TRAP, CTSK and CTR, further
confirming previous results that H,O, result-
ed in osteoclast activation and differentiation.
Moreover, our results demonstrated that the
H,0,-induced activation of osteoclastic devel-
opment can be partially reversed by PrA treat-
ment. However, PrA alone could not significantly
enhance RAW264.7 activation and osteoclastic
differentiation at the experimental concentra-
tions. Thus, we speculated that the antioxidant

Int J Clin Exp Pathol 2017;10(7):7498-7510



A new anti-osteoporosis herbal agent

H#

100+

ok *

MDA(%)

transcription factor [42]. Th-
us, free radicals may incre-
ase bone resorption through
. == NF-kB activation. Wu and his
colleagues found that PrA
induces immunosuppression
of rats heart transplantation

400+ 400+

(@]
W]

3004 3004

200 2004

CTX-1(%)
TRAP(%)

1004 100+

0 0

targeting T cells in grafts via
NF-kB pathway [22]. Under
these circumstances, we hy-
pothesized that PrA treat-
ment provided protective ef-
fects against activation and
differentiation induced by
H,0, in RAW264.7 cells, at
least partly, via the NF-kB sig-
naling pathway. In further

o ) N ©
= oqj*x?‘?'@ m?“f’ &
oY ¢

Figure 4. PrA inhibits the oxidative status and osteoclastic markers in serum.
A and B: Serum MDA and GSH activities in OVX mice supplemented with
different concentrations of PrA. The control values for MDA and GSH were
7.28 + 0.23 nM/mg and 10.56 + 0.44 nM/mg. C and D: Serum CTX-1 and
TRAP levels in OVX mice supplemented with different concentrations of PrA.
The control values for CTX-1 and TRAP were 22.18 + 0.26 ng/ml and 13.49
+ 0.32 U/ml. Groups: Sham; OVX; OVX + PrA (5 mg/kg); OVX + PrA (25 mg/
kg). #P < 0.01 versus the sham-operated group; *P < 0.05 and **P < 0.01

compared with the OVX group.

activity induced a protective effect of PrA. By
inhibiting the differentiation of RAW264.7 cells
against oxidative stress, PrA may become an
appropriate anti-osteoporosis herbal agent in
bone resorption-related fields.

PrA extracted from Caesalpinia sappan L. is a
novel biphenyl compound. The anti-oxidative
property of PrA was recently investigated [23].
In this study, we partially reversed the H,0,-
induced generation of ROS by treatment with
PrA. Our data indicated that PrA may be a use-
ful antioxidant to partially protect RAW264.7
cells against proliferation and differentiation
induced by oxidative stress. Consequently, the
protection of RAW264.7 cells by PrA may be
mediated via its antioxidant capacity. However,
the detailed molecular mechanism explaining
these effects has not been established. The
finding of osteopetrosis in mice lacking NF-«kB
[41], the discovery of the receptor activator of
NF-kB (RANK), the RANK ligand, and the decoy
receptor osteoprotegerin demonstrated the
great importance of NF-kB in osteoclastoge-
nesis. NF-kB is an oxidative stress-responsive
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studies, we will attempt to
explore this molecular mech-
anism.

& a3
Sl dx‘p.(“

0\

The mechanism through whi-
ch estrogen deficiency acti-
vates bone loss is not fully
understood. Oxidative stress
was recently shown to result
in postmenopausal osteopo-
rosis. It has been reported
that the increases in oxidative
stress and p66°s" phosphory-
lation observed with age-related changes in the
bone of C57BL/6 mice are caused by gonad
removal in female or male mice [43]. Moreover,
these alterations were ameliorated in gonadec-
tomized animals via the administration of anti-
oxidants, such as NAC, ascorbate and catalase,
which are effective as hormone replacements
[4]. These antioxidants were given to animals
orally or intraperitoneally. Both delivery modes
are beneficial under the right circumstances.
ICR mice were administered orally with 10 mg/
kg PrA solution for 7 days in vivo in Zeng’s group
[23]. However, we want to explore if PrA func-
tions well intraperitoneally. In our study, we
treated BALB/c female mice with PrA for 12
weeks intraperitoneally. Our data showed that
PrA partially reversed the serum MDA and GSH
activities in OVX mice. The serum CTX-1 and TR-
AP activities are markers of osteoclast resorp-
tion, respectively, and are reportedly increased
in OVX animals relative to sham-operated ani-
mals [44]. However, PrA treatment significantly
reduced their activities in serum. Our results
indicated that PrA treatment can inhibit the
serum osteoclastic markers in OVX mice.
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Figure 5. PrA inhibited osteoclastogenesis in vivo. A: Micro-CT analysis within the distal metaphyseal femur region (standard ROl in cylinder type). B: Quantification
of micro-CT analysis within the distal metaphyseal femur region. C: Quantification of micro-CT analysis within the fourth lumbar vertebrae. The following 3D indices
in the defined ROl were analyzed: BMD, Tb.N, Th.Th and BV/TV. Groups: a: Sham; b: OVX; c: OVX + PrA (5 mg/kg); d: OVX + PrA (25 mg/kg). #P < 0.01 compared
with the sham group; *P < 0.05 and **P < 0.01 compared with the OVX group.
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The BMD has been recognized as an important
predictor of osteoporosis fractures, but previ-
ous studies have reported 10-53% compliance
with BMD criteria to diagnose osteoporosis in
the presence of osteoporotic fractures [45].
However, a micro-CT voxel-based test unit is
able to detect lesions and structures in bone
early [46]. The trabecular bone micro-architec-
ture is considered a proper predictor of OVX-
induced bone loss and bone structure deterio-
ration [47]. Thus, we examined the trabecular
micro-architectures after the administration of
PrA using micro-CT scanning. A previous micro-
CT analysis showed that the normal trabecular
bone micro-architectures are markedly deterio-
rated after ovariectomy, which is consistent
with the results obtained in our research [48].
In addition, ovariectomy can induce osteoclast
formation in vivo, as determined through TRAP
staining. However, pre-treatment with PrA re-
duced the osteoclast numbers in OVX mice.
Taken together, these results suggested that
PrA may inhibit osteoclastogenesis in OVX mice
and that PrA may represent a good prevention
and treatment method for estrogen-deficient
osteoporosis.

However, we should note that our research
study has some limitations. A detailed study of
the molecular mechanisms may strengthen our
results. Additionally, the effect of PrA on bone
formation has not been fully investigated. We
will address these questions in future studies
to supplement our current results.

The results described in this study indicated
that PrA protects RAW264.7 cells from prolifer-
ation and differentiation induced by H,O, in
vitro, and this effect is accompanied by a
decrease in oxidative stress. PrA decreases
serum ROS generation and osteoclastic mark-
ers. Moreover, PrA partially reverses the effects
of ovariectomy and inhibits osteoclastogenesis
in vivo.
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