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Abstract
Xanthohumol (XAN) is an isoprenyl flavonoid from Humulus lupulus L. known for beer brewing, and an osteoprotective
agent due to its active improvement in bone loss of osteoporosis. This study was first time to investigate its effects on anti-
gouty bone injury in rats of gouty arthritis (GA) induced by monosodium urate (MSU). Results showed that XAN could
significantly exert anti-inflammatory activity by alleviating swelling degree of joints, reducing serum level of inflammatory
factors, improving inflammatory injury and degrading the Markin’s score in lesion joint. Meanwhile, XAN could also fight
against gouty bone damage by improving pathological changes of bone tissue and parameters of bone micro-structure.
Moreover, XAN could even promote bone formation by effectively enhancing expression of Runx2 and OPG, while inhibit
bone resorption with depressing matrix metalloproteinase-9 (MMP-9), MMP-13 and CTSK expression, reducing RANKL
secretion, and abating the ratio of RANKL/OPG. Therefore, it was the first time to reveal the mechanism of XAN against
gouty bone injury via inhibiting RANKL/OPG/RANK signaling pathway. Above all, this study provided potential strategy
for the treatment of GA, and further contributed to research and resource development for hops.
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Introduction

Clinically, GA is a crystal-related disease usually char-
acterized as redness, overt swelling, severe pain, synovium
hyperplasia, inflammatory infiltration, joint degeneration
and dysfunction, cartilage injury and even bone erosion in
the lesion joints induced by the accumulation of deposited
MSU [1]. According to epidemiological statistics, the rate
of GA incidence is about 5%, and 80% of patients relapse

within 3 years [2]. What’s more, in chronic GA, 44% of
individuals commonly suffer from a lower quality of life
with acute episodes of arthritis, chronic gouty bone damage
and physical disability in severe cases [3]. Currently, drugs
in clinical first-line for GA are etoricoxib (ETO), allopur-
inol, colchicine, and glucocorticoids, which are beneficial
for relieving inflammation and pain [4]. However, there are
few medications for gouty bone damage or bone erosion
[5]. Therefore, safe and novel medicines for the regulation
of bone metabolism in GA are urgently needed.

The monomer components of flavonoids in Chinese
herbal medicines used for gout commonly have multi
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activities against gouty signs and symptoms [6–11].
Humulus lupulus L. is a perennial vine plant with female
flower ears [12], which is used for beer brewing. It can also
be applied to treat hot flashes during menopause and post-
menopausal osteoporosis [13, 14]. Xanthohumol (XAN) is
an isoprenyl flavonoid from hops, and has active effects
with anti-inflammation, anti-oxidation, anti-tumor and anti-
osteoporosis [15–17]. Moreover, XAN does not impair
organ function and homeostasis in the range of safe drug
dose as long term use, which was safe and well-tolerated
without side effects according to toxicology researches
[18–20]. Our previous researches have already confirmed its
regulation on serum uric acid level and bone metabolism in
hyperuricemia rats [21], and its effects on bone homeostasis
in osteoporosis model [22–26]. In this study, it was the first
time to investigate anti-inflammatory and anti-gouty bone
injury effects of XAN on GA, and explore its potential
mechanism against gouty bone damage, in order to provide
reference for development of new anti-gout drugs.

Materials and Methods

Instruments and Reagents

MSU crystals were prepared by recrystallizion of uric acid
(U0881, Sigma, USA) according to the reference [27], and
collected after sterilization. Clusters of MSU crystals like
needle tip were fine for the following experiment with a
length between 25 and 100 μm. The MSU crystals were
suspended into 50 mg/ml with phosphate buffered saline
(PBS) for intra-articular injection (i.a.). XAN (Purity
(HPLC) ≥ 99.0%, 8065102, Li Ding, China) and ETO
(H20210036, Merck Sharp, Australia) were dissolved with
0.5% CMC-Na (MB1731, Meilunbio, China) for intra-
gastric administration. In addition, the interleukin-1β (IL-
1β, H002-1-2), interleukin-6 (IL-6, H007-1-2), tumor
necrosis factor-α (TNF-α, H052-1-2), and prostaglandin e2
(PGE2, H099-1-2) were tested with enzyme-linked
immunosorbent assay (ELISA) kits were purchased from
Jiancheng Bioengineering Institute (Nanjing, China).
Chloral hydrate (C46249, Macklin) and 4% paraf-
ormaldehyde (BL539A, Beyotime) were obtained from
Beyotime Biotechnology Co., Ltd (Shanghai, China). Pri-
mary antibodies for cathepsin K (CTSK, DF6614), matrix
metalloproteinase-9 (MMP-9, AF5228), MMP-13
(AF5355), runt-related transcription factor 2 (Runx2,
AF5186), receptor activator of nuclear factor kappa-B
(NF- B) ligand (RANKL, AF0313) and osteoprotegerin
(OPG, DF6824) were bought from Affinity Bioscience Co.,
Ltd (Jiangsu, China). Secondary antibodies fluorescence-
labeled with horseradish peroxidase (HRP) of anti-rabbit
IgG (ZC-G2107), and 488 anti-rabbit IgG (ZC-G2503)

were purchased from Zcibio Technology CO., LTD
(Shanghai, China).

Animals and Treatment

50 male Wistar rats (body weight 180 ± 20 g) were pur-
chased from Shanghai Laboratory of Family Planning Sci-
ence Institute (Certificate No.: 20220006041877; License
No.: SCXK (Shanghai) 2022-0006). All rats were reared in
temperature-controlled room (24 ± 1 °C) of the Laboratory
Animal Center of Naval Medical University, with a 12-h
light/dark cycle and allowed free to feed and water. All
experiments on rats were complied with guidelines for the
ethical treatment of animals issued by the Naval Medical
University and approved by the Committee on Ethics of
Medical Research (approved No. 202102624) on 01-02-
2021.

Experimental Design

GA model was induced by 50 μl MSU suspension (50 mg/
ml) injected into the ankle cavity of left hind limb once for
every three days according to the reference [28]. Further-
more, the doses for XAN were selected according to our
previous study [23], and ETO referred to the related paper
[28]. Rats were randomly and equally divided into 5 groups
(n= 10): control group (CON; 50 μl PBS, i.a. q3d; 0.5%
CMC-Na, i.g. qd), model group (MOD; 50 μl MSU, i.a.
q3d; 0.5% CMC-Na, i.g. qd), ETO group (ETO; 50 μl
MSU, i.a. q3d; ETO 18 mg·kg–1·d–1, i.g), XAN low dose
group (XAN-L; 50 μl MSU, i.a. q3d; XAN 15 mg·kg–1·d–1,
i.g.), and XAN high dose group (XAN-H; 50 μl MSU, i.a.
q3d; XAN 45 mg·kg–1·d–1, i.g). The dosage for gavage
administration was adjusted according to the weight of rat
per week. All rats were treated continuously for 10 weeks.

Ankle Swelling

To assess swelling degree of rat’s ankle, diameters of both
left and right hind limbs (i.e., SL and SR) were measured by
vernier caliper (P2394689, Liang Ju, China) once per week,
with same horizontal position selected at level of internal to
lateral joint lines for each measurement. The ankle swelling
was converted according to formula S= (SL - SR) /
SR× 100%.

Sample Collection and Detection

Rats were anesthetised with 10% chloral hydrate via intra-
peritoneal injection. Blood samples were obtained from
abdominal aorta, and 2 h later, serum samples were col-
lected via centrifuge at 5810 × g for 10 min. The levels of
IL-1β, IL-6, TNF-α, and PGE2 were detected according to
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kit’s instructions Table 1, 2. The left posterior ankle joints
were isolated and fixed in 4% paraformaldehyde, and then
used for Mirco-CT detection, pathological section staining,
immunohistochemical staining and immunofluorescence
detection.

Pathological Histomorphologic Evaluation

Rat’s ankle joints fixed in 4% paraformaldehyde were
transferred to deccalcification solution. After decalcification
at room temperature for 14 days, embedding medium was
added and placed in –20 °C for frozen section. Hemoxylin
eosin (HE), safranin O / fast green (SO) and tartrate resistant
acid phosphatase (TRAP) staining were respectively used
and observed under an inverted fluorescence microscope
(CKX 53, OLYMPUS, Japan). For tissue sections stained
with HE and SO, five different fields were randomly
selected to evaluate degree of inflammatory damage by
Mankin’s score, with mild (0–3); moderate (4–9); and
severe (10–14) [29]. The number of TRAP positive cells
were analyzed from five randomly selected fields of view
each time.

Micro-CT Scanning and 3D Micro-structural Analysis

The specimens of entire ankle joints were scanned via a
high-resolution animal micro focal computed tomography
(micro-CT) scanner (Explore Locus-SP, GE, USA). Corre-
sponding settings were as below: X-ray tube voltage (60

kVp); tube current (200 μAs); exposure time (3000 ms);
projection number (1000); and voxel size (8 μm). The plane
and 3-dimensional (3D) reconstructions of rat’s ankle were
obtained by Micview V2.1.2 software. Furthermore, a
cuboid of trabecular bone at the top of fibula with a size of
1.5 × 1.5 × 1.5 mm3 was selected as the region of interest
(ROI) for quantitative analysis of bone micro-architecture
parameters.

Immunohistochemical (IHC) Staining

Sections were separately incubated overnight with prepared
primary antibodies including anti-CTSK, anti-MMP-9, anti-
MMP-13 and anti-Runx2 (dilution 1:100 v/v) at 4 °C, and
then with corresponding secondary antibodies (dilution
1:1000 v/v) for 30 min at room temperature. Finally, posi-
tive cells were stained with brownish yellow and quantified
by Image J with five randomly selected fields under an
inverted fluorescent microscope at each time, so the positive
cells and signal area in the IHC staining images were then
performed for downstream statistical analysis [30].

Double-labeling Immunofluorescent Detection

For double-labeling immunofluorescent staining of RANKL
and OPG, paraffin sections were incubated with primary
antibodies of RANKL (1:2000 v/v) that were diluted with
blocking buffer at 4 °C overnight. In the next day, the slides
were incubated with corresponding secondary antibodies

Table. 2 Effects of XAN on
levels of inflammatory factors in
serum ðμmol � L�1; n ¼ 10; x± sÞ

CON MOD ETO XAN-L XAN-H

IL-1β 6.96 ± 0.50 9.26 ± 1.34** 6.29 ± 0.95ΔΔ 5.70 ± 1.04ΔΔ 6.07 ± 1.22ΔΔ

IL-6 3.65 ± 1.17 11.68 ± 4.06** 5.24 ± 2.20ΔΔ 4.21 ± 2.25ΔΔ 5.90 ± 1.25ΔΔ

TNF-α 52.64 ± 28.06 351.32 ± 173.30** 123.25 ± 26.71ΔΔ 210.78 ± 32.03ΔΔ 171.12 ± 32.30ΔΔ

PGE2 58.91 ± 25.53 249.02 ± 61.11** 89.34 ± 22.25ΔΔ 114.26 ± 37.34ΔΔ

IL-1β interleukin-1 bata, IL-6 interleukin-6, PGE2 prostaglandin e2, TNF-α tumor necrosis factor- α
**P < 0.01 vs CON group; ΔΔP < 0.01 vs MOD group; vs ETO group

Table. 1 Effects of XAN on
ankle swelling in GA rats
ð%; n ¼ 10; x ± sÞ

Week CON MOD ETO XAN-L XAN-H

1st 0.08 ± 0.16 4.58 ± 1.11** 1.39 ± 0.56ΔΔ 3.15 ± 1.27ΔΔ 1.97 ± 0.53ΔΔ

2nd 0.11 ± 0.18 7.05 ± 0.98** 1.90 ± 0.51ΔΔ 4.13 ± 1.07ΔΔ 2.56 ± 0.65ΔΔ

3rd 0.15 ± 0.19 8.88 ± 1.02** 2.45 ± 0.54ΔΔ 5.16 ± 0.90ΔΔ 3.76 ± 0.60ΔΔ

4th 0.18 ± 0.19 11.32 ± 1.58** 2.88 ± 0.61ΔΔ 6.14 ± 0.78ΔΔ 4.70 ± 0.65ΔΔ

5th 0.22 ± 0.19 13.69 ± 1.69** 3.09 ± 0.59ΔΔ 7.18 ± 1.05ΔΔ 5.36 ± 0.63ΔΔ

6th 0.24 ± 0.17 15.09 ± 1.05** 3.85 ± 0.43ΔΔ 7.99 ± 1.25ΔΔ 5.91 ± 0.76ΔΔ

7th 0.28 ± 0.21 16.12 ± 1.44** 4.34 ± 0.73ΔΔ 8.73 ± 0.90ΔΔ 6.67 ± 1.00ΔΔ

8th 0.30 ± 0.19 17.67 ± 1.45** 5.08 ± 0.80ΔΔ 10.13 ± 0.94ΔΔ 7.84 ± 1.16ΔΔ

9th 0.36 ± 0.18 19.56 ± 1.18** 5.59 ± 0.51ΔΔ 11.02 ± 0.89ΔΔ 8.66 ± 1.04ΔΔ

10th 0.42 ± 0.15 21.07 ± 2.27** 6.11 ± 0.95ΔΔ 12.43 ± 1.62ΔΔ 10.36 ± 0.81ΔΔ

**P < 0.01 vs control group; ΔΔP < 0.01 vs model group
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fluorescence-labeled with HRP anti-rabbit IgG (1:500 v/v,
red fluorescence) for 50 min at room temperature. After the
slices were slightly dried, tyramide signal amplification
(TSA) were added in the circle and incubated for 10 min at
room temperature. Then, sections were placed in a repair
box filled with antigen repair buffer and heated in the
microwave oven. Furthermore, step with the previous,
sections were performed with primary antibodies of OPG
(1:200 v/v) and corresponding secondary antibodies
fluorescence-labeled with 488 anti-rabbit IgG (1:400 v/v,
green fluorescence). The nuclei were redyed with 4,6-dia-
mino-2-phenyl indole (DAPI) dye solution and incubated
for 10 min at room temperature. The con-focal images were
acquired under an inverted fluorescent microscope, and the
positive cells and signal area are quantified by Image J with
five randomly selected fields at each time [30], then per-
formed for downstream statistical analysis, including
RANKL positive in red, OPG positive in green and co-
localization of RANKL and OPG positive in violaceous.

Statistical Analysis

All data in this study are expressed as x ± s. All statistical
analyses were performed by GraphPad Prism 9.0 software
and analyzed with Shapiro-Wilk normality test and F-test
test for homogeneity of variance. When variance, one-way
analysis of variance (One-Way ANOVA) and Newman-
Keuls, the data after the homogeneity of variance, and
transformed data. The test level (α) is 0.05.

Results

Effects of XAN on Ankle Swelling in GA Rats

The degree of ankle swelling gradually increased to
21.07 ± 2.27% in MOD group at the end of experiment, while
6.11 ± 0.95% in ETO group, 12.43 ± 1.62% in XAN-L group
and 10.36 ± 0.81% in XAN-H group (Tab. 1). Obviously, the
ankle swelling in MOD group was higher than that in CON
group (P < 0.01), indicating significant inflammatory reaction
in diseased joints of GA rats. The degree of swelling in ETO
group and XAN groups were all lower than that in MOD
group (all P < 0.01), suggesting that XAN could reduce
inflammation and had anti-inflammatory effect in GA rats.

Effects of XAN on Serum Level of Inflammatory
Cytokines in GA Rats

The levels of IL-1β, IL-6, TNF-α and PGE2 in MOD group
were higher than those in CON group (Tab. 2, all P < 0.01),
indicating that MSU induced inflammatory response in rats
and stimulated a large number of inflammatory factors. The

levels of IL-1β, IL-6, TNF-α, and PGE2 in ETO and XAN
groups were lower than those in MOD group (all P < 0.01),
suggesting that XAN could abate inflammatory reaction
induced by MSU through reducing levels of inflammatory
factors in GA rats. Meanwhile, there was no significant
difference between XAN groups and ETO group in reduc-
tion of inflammatory factors, other than PGE2 in XAN-L
group (P < 0.01). The above results revealed that XAN had
good anti-inflammatory activity in GA rats, and the effect of
XAN at high dose was comparable to ETO.

Effects of XAN on Histomorphological Evaluation of
Diseased Joints

Compared with CON group, HE staining showed that there
were large infiltration of inflammatory cells in diseased tis-
sue and obvious hyperplasia of synovial tissue and uneven
joint space in MOD group, indicating inflammatory damage
in joints of GA rats (Fig. 1A). Compared with MOD group,
the ETO group and XAN groups showed different degrees
of improvement, with lower infiltration of inflammatory
cells and hyperplasia of synovial tissue, indicating that XAN
could improve inflammatory damage caused by MSU. In
addition, compared with CON group, SO staining in MOD
group showed shallow, uneven cartilage matrix, lower car-
tilage cells and irregular morphology with disorder, defects,
cracks and rough edge on cartilage surface, uneven joint
space, and lighter density in subcartilage bone matrix,
showing signs of inflammatory damage in cartilage and
subchondral bone. Compared with MOD group, the staining
of cartilage and subchondral bone were relatively balanced
in ETO group and XAN groups, with relatively smooth
surface and higher density in subchondral bone, suggesting
that XAN could improve pathological changes in articular
cartilage and subchondral bone. The Markin’s score in MOD
group was 9.41 ± 1.01 and much higher than 0.70 ± 0.46 in
CON group (P < 0.01), indicating severe inflammatory
injury induced by MSU (Fig. 1B). The scores in XAN-H
group (3.90 ± 0.95), XAN-L group (6.54 ± 1.37) and ETO
group (2.34 ± 0.85) were lower than that in MOD group
(P < 0.01), suggesting that XAN reduced the degree of
arthritic injury caused by MSU. In addition, the score of
XAN-H group was lower than that of XAN-L group
(P < 0.01), indicating that effect of XAN on arthritic injury
was related to its dosage. The above results showed that
XAN had anti-inflammatory effect on arthritic injury in GA
rats, and its activity was associated with dosage.

Effects of XAN on Bone Morphology and Parameters
of Joints

The diseased ankle joints were scanned by Micro-CT.
Compared with CON group, morphology changes of lesion
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site reflected signs of gouty bone injury with uneven surface
and cavity, mall trabecular coverage, low density and poor
continuity in ROI area of MOD group (Fig. 2A). Meanwhile,
BMD (Fig. 2B, P < 0.01), BS/TV (Fig. 2C, P < 0.05), BV/TV
(Fig. 2D, P < 0.05), Tb.N. (Fig. 2E, P < 0.01) and Conn.Dn
(Fig. 2F, P < 0.01) in MOD group were lower than those in
CON group, while Tb.Sp. (Fig. 2G, P < 0.01),Tb.Pf.
(Fig. 2H, P < 0.01) and SMI (Fig. 2I, P < 0.01) were higher,
indicating severe damage appeared under long-term stimu-
lation of MSU. Compared with MOD group, bone micro-
parameters in XAN-H group and ETO group including BMD
(Fig. 2B, P < 0.01), BS/TV (Fig. 2C, P < 0.05), BV/TV
(Fig. 2D, P < 0.05), Tb.N. (Fig. 2E, P < 0.05) and Conn.Dn
(Fig. 2F, P < 0.05) elevated, while Tb.Sp. (Fig. 2G, P < 0.05),
Tb.Pf. (Fig. 2H, P < 0.01) and SMI (Fig. 2I, P < 0.01)
decreased, showing that XAN at high dose could effectively
improve bone mineral density and bone micro-parameters of
trabecular bone. In addition, bone micro-parameters in XAN-
L group including BMD (Fig. 2B, P < 0.05), Tb.Sp. (Fig. 2G,
P < 0.05), Tb.Pf. (Fig. 2H, P < 0.01) and SMI (Fig. 2I,
P < 0.01) were improved, indicating that XAN at low dose
could partly regulate structural parameters of diseased
bone tissue. The above results revealed that XAN could
improve degeneration of bone tissue morphology and chan-
ges of bone micro-structure caused by MSU, and had anti-
gouty bone injury effect in GA rats, and its effect of
improvement may be related to drug dosage.

Effects of XAN on the Differentiation of OC

Compared with CON group, sections in MOD group
showed deeper TRAP staining, stronger activity, and

more positive cells (Fig. 3B, P < 0.01), indicating that
MSU caused enhanced TRAP activity and active OC
differentiation, leading to bone destruction (Fig. 3A).
Compared with MOD group, lower TRAP activity, and
less positive cells in both XAN groups (both P < 0.01)
indicated that XAN decreased TRAP activity and inhib-
ited OC differentiation, thus reducing bone destruction.
The TRAP activity and positive cells in XAN-H group
were lower than that in XAN-L group (Fig. 3B, P < 0.01),
showing that its effect on bone destruction was positively
correlated with the dosage of XAN. The above results
suggested that XAN could remarkably reduce OC differ-
entiation, inhibit osteoclastic activity, and fight against
gouty bone injury.

Effects of XAN on expression of proteins related to
bone metabolism

The number and density of CTSK, MMP-9 and MMP-13
positive cells in MOD group were higher than those in
CON group (Fig. 4B–D, all P < 0.01), indicating that
MSU stimulated the expression of proteins related to bone
resorption, such as CTSK, MMP-9 and MMP-13. Mean-
while, the number and density of Runx2-positive cells in
MOD group were lower than those in CON group (Fig.
4E, P < 0.01), showing that MSU inhibited the expression
of proteins related to bone formation, such as Runx2.
However, the number and density of CTSK, MMP-9 and
MMP-13 positive cells in XAN-H group, XAN-L group
and ETO group were lower than those in MOD group
(Fig. 4B–D, all P < 0.01), suggesting that XAN decreased
expression of CTSK, MMP-9 and MMP-13, and inhibited

Fig. 1 Effects of XAN on histomorphological evaluation of diseased
joints. A Numerous inflammatory cells and obvious synovial hyper-
plasia were indicated with yellow arrows in HE staining. Lighter
cartilage matrix, less chondrocytes, larger cavitations in subchondral

bone, and lower density of bone matrix were indicated with red arrows
in SO staining, scale bars: 100 μm; (B) Markin’s score. n= 10, x ± s.
**P < 0.01 vs. control group; ##P < 0.01 vs. model group; ++P < 0.01
vs. XAN-L group. HE hematoxylin-eosin, SO Safranin O/Fast green
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bone destruction caused by MSU. The number and density
of Runx2-positive cells in XAN-H group were higher than
those in MOD group (Fig. 4E, P < 0.05), indicating that
XAN at high dose increased bone formation in GA. The
above results revealed that XAN could inhibit bone
destruction and promote bone formation, thus regulating
abnormal bone metabolism in GA.

Effects of XAN on RANKL/OPG Bone Metabolic
Signaling Pathway

The number of RANKL and OPG positive cells and the
ratio of RANK /OPG in MOD group were higher than those
in CON group (Fig. 5, all P < 0.01), suggesting that MSU
stimulated RANKL secretion, whereas OPG expression was

Fig. 2 Effects of XAN on bone morphology and parameters of joints.
A Typical images of ankle joints. Red frame in plane indicates mor-
phological changes of the lateral condyle and the fibula, while
decreased bone density and increased fragility in MOD group. Colored
parts in 3D map indicate ROI region for quantitative analysis of bone
microparameters. ROI shows morphological changes of bone tissue in
this area. There are obvious signs of bone damage as bone surface was
uneven and even hollow in MOD group; scale bars= 100 μm; (B).

BMD; (C). BS/TV; (D). BV/TV; (E). Tb. N.; (F). Conn.Dn.; (G). Tb.
Sp.; (H). Tb. Pf.; (I). SMI. n=10, x ± s. *P < 0.05, **P < 0.01 vs.
control group; #P < 0.05, ##P < 0.01 vs. model group. 3D Three-
dimensional, ROI region of interest, BMD bone mineral density, BS/
BV bone surface/bone volume, BV/TV bone volume/tissue volume,
Tb.N: trabecular number, Conn.Dn. Connectivity density, Tb.Sp. tra-
becular separation, Tb.Pf. trabecular bone pattern factor, SMI struc-
tural model index
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Fig. 4 Effects of XAN on expression of proteins related to bone
metabolism. A Typical IHC staining, positive cells indicated with red
arrows, scale bars = 100 μm; (B) CTSK; (C) MMP-9; (D) MMP-13;
(E) Runx2. n= 10, x ± s. **P < 0.01 vs. CON group; #P < 0.05,

##P < 0.01 vs. MOD group; +P < 0.05 vs. Abbreviations: IHC immu-
nohistochemical, CTSK Cathepsin K, MMP matrix metalloproteinase,
Runx2 Runt-related transcription factor 2

Fig. 3 Effects of XAN on differentiation of OC. A Representative
images of TRAP staining, positive cells indicated with arrows, scale
bars = 50 μm; (B) number of TRAP positive cells. n= 10, x ± s.

**P < 0.01 vs. CON group; ##P < 0.01 vs. MOD group; ++P < 0.01 vs.
XAN-L group. TRAP Tartrate resistant acid phosphatase
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passively up-regulated to maintain bone homeostasis by
preventing excessive formation of complex with RANKL
and RANK, thus inhibiting RANKL-induced OC differ-
entiation. The increased ratio of RANKL/OPG indicated
that bone destruction dominated the bone metabolic
imbalance, which inferred that RANKL/OPG signaling
pathway was activated by MSU. The number of RANKL-
positive cells in XAN-H group, XAN-L group and ETO
group were lower than those in MOD group (all P < 0.01),
indicating that XAN inhibited RANKL secretion to reduce
RANKL-induced OC differentiation, thus improving bone
resorption in GA rats. The number of OPG positive cells in
XAN-H group and XAN-L group were higher than those in
CON group (all P < 0.01), and the number of OPG positive
cells of XAN-H group was also higher than MOD group
(P < 0.01), indicating that XAN had protective effect on
bone with enhancing OPG expression to competitively
inhibit OC differentiation. The ratio of RANKL/OPG in
ETO group and XAN groups were lower than that in MOD

group (all P < 0.01), suggesting that XAN could correct or
even reverse the bone metabolic imbalance caused by MSU.
The above results confirmed that the mechanism of XAN
against gouty bone injury was related to its inhibition of
RANKL/OPG bone metabolic signaling pathway.

Discussion

Anti-inflammation is primary principle of treatment in acute
GA [31]. However, there are many defects with current
clinical drugs, including toxicity of colchicine, side effects
of glucocorticoid, gastrointestinal reaction of non-steroid
anti-inflammatory drugs. This study revealed that XAN had
good anti-inflammatory effect on GA rats, which could
descend level of IL-1β, IL-6, TNF-α and PGE2, abate joint
swelling, decrease Markin’s score of ankle joint tissue, and
improve gouty arthritis damage. Results also showed that
XAN may be a good alternative for treating gout conditions

Fig. 5 Effects of XAN on RANKL/OPG bone metabolic signaling
pathway. A Representative images of double-labeling immuno-
fluorescent staining of RANKL (red), OPG (green) and merge co-
localization (violaceous), scale bars = 100 μm; (B) RANKL; (C) OPG;

(D). RANKL/OPG. n= 10, x ± s. **P < 0.01 vs. CON group;
##P < 0.01 vs. MOD group. RANKL recombinant receptor activator of
nuclear factor kappa B ligand, OPG osteoprotogerin
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with nice tolerance, as long-term use without adverse
reactions and side effects [18, 19], despite of the less effi-
cacy compared to positive control ETO.

Meanwhile, this study also illustrated that XAN could fight
against gouty bone damage different from inflammatory
pathways, while other studies showed that common osteoar-
thritis led to bone destruction mostly due to activation of
inflammatory pathways, like OC differentiation mediated by
TNF-α [32]. As bone homeostasis is balanced with multiple
signaling pathways to regulate bone resorption and bone for-
mation, the mechanism of XAN against gouty bone injury
should focus on bone metabolic signaling pathways indepen-
dent of inflammation, such as RANKL/OPG, Wnt/β-Catenin,
TGF-β/Smad and so on [33]. In this study, we firstly con-
firmed that XAN inhibited RANKL secretion, promotes
expression of OPG, and corrected or even reversed the ratio of
RANKL/OPG, thus promoting bone formation and inhibiting
bone destruction via inhibition of RANKL/OPG signaling
pathway to regulate bone homeostasis in GA rats. Concretely
speaking, complex of RANKL and RANK recruited TRAF6,
mitogen-activated protein kinases (MAPKs), transcription
factor nuclear factor-κB (NF-κB) and activator protein-1 (AP-
1), then activated NFATc1 [34]. Furthermore, NFATc1 was a
key regulator leading to OC differentiation, and responsible for
inducing expression of specific target genes and transcription
factors in OC differentiation. Moreover, massive secretion of
proteins related to bone resorption, including TRAP and
CTSK, were stimulated to participate in the process of OC
differentiation and maturation, thus promoting proliferation
and inhibiting apoptotic [35–37]. In addition, we also con-
firmed that XAN inhibited TRAP activity, descended OC
differentiation, and decreased the expression of proteins
involved in bone resorption, such as CTSK. Meanwhile, our
results also showed that XAN prevented excessive differ-
entiation of OC by increasing expression of OPG, which was
associated with OPG competitive binding to RANKL leading
to less formation of RANK-RANKL complex [38]. Therefore,
we concluded that XAN fought against gouty bone injury by
targeting RANKL/OPG/RANK bone metabolic signaling
pathway.

Above all, this study innovatively confirmed that XAN
had anti-inflammatory and anti-bone injury effects in GA
rats, and preliminarily proved that its mechanism of anti-
gouty bone injury is related to the inhibition of RANKL/
OPG/RANK bone metabolic signaling pathway.

Certainly, the mechanisms of bone metabolism are very
complex and targets involved in pathways are so many.
Although this study confirms that XAN plays a regulatory
role through RANKL/OPG/RANK signaling pathway, other
targets of this signaling pathway have not been explored
yet. Therefore, further study is still needed on whether XAN
can activate other targets.

Conclusion

In conclusion, our findings about effects of XAN against
gouty bone damage and its mechanism via RANKL/OPG/
RANK signaling pathway are innovative until now, which
further provides reference for clinical application. There-
fore, we recommend XAN as a beneficial therapeutic
strategy for protective treatment in GA and support further
researches investigated for resource development of
Humulus lupulus L.
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