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Abstract

Objective: Gout is characterized by inflammatory arthritis with hyperuricaemia and deposition of monosodium urate
(MSU) crystals in the joints. Several animal models have been proposed based on MSU crystals injection or high-fat diet
feeding; however, neither hyperuricaemia model nor acute gout model can effectively reflect clinical features of gout.
This study aimed to assess the effectiveness of a compound gout model induced by the combination of MSU crystals
injection and high-fat diet feeding.

Methods: The compound gout model was induced by high-fat diet feeding per day and the intraplantar injection of
MSU crystals (1mg) into the footpad of each mouse every 10 days. Serum uric acid, foot swelling and pain analyses
were performed at days 22, 32 and 42. Gout inflammation, serum proinflammatory cytokines and gut microbiota
analyses were performed only at day 42.

Results: Compared to hyperuricaemia model or acute gout model, the compound gout model showed
little advantages of elevating serum uric acid, causing foot swelling and gout inflammation, while it
caused more severe serum inflammation and gut microbiota dysbiosis. Severe serum inflammation in the
compound gout model could be reflected by the increased levels of IL-1α, IL-4, IL-6, IL-10, IL-12p40, IL-
12p70, IFN-γ, KC, MCP-1 and MIP-1β. In addition, the compound gout model induced more alterations in
the gut microbiota, including increasing levels of Desulfovibrio and Parasutterella.

Conclusion: The injection of MSU and feed of high-fat diet have a combined effect on elevating serum
inflammation and causing gut microbiota disorders in the process of establishing a gout model.
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Background
Gout is a widespread metabolic disorder and it is character-
ized by the elevation of uric acid levels in the blood, leading
to the deposition of monosodium urate (MSU) crystals in
joints and soft tissues [1, 2]. The deposition of MSU in the
tissues activates the inflammation, followed by an acute in-
flammatory response such as swelling, redness, hotness,

tenderness, and excruciating pain. Hyperuricaemia has been
identified as the most important risk factor for the develop-
ment of gout, but a substantial proportion of patients diag-
nosed with acute gout have a normal serum uric acid.
Therefore, hyperuricaemia is necessary but not sufficient to
cause gout attacks and joint disease [3]. In recent years, an
increasing trend in the prevalence and incidence of hyperuri-
caemia and gout has been reported [4, 5]. Both hyperuricae-
mia and gout have become emerging public health problems
and cause socio-economic burden [6, 7]. Hence,
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pathogenesis research and drug screen analysis for gout
arouse great interests among medical researchers.
Development of animal model is prerequisite for screen-

ing drugs and revealing pathogenesis in scientific research
[8–10]. Gout animal models are mainly classified into two
types: the acute gout model and hyperuricaemia model.
Acute gout model is an acute inflammatory model created
by directly injection of monosodium urate (MSU) crystals
into the joints for once. MSU crystals can induce intense
joint pain and swelling, promote cellular activation, pro-
inflammatory cytokines production and lead to an acute
gouty attack [11]. However, the acute gout model can not
reflect the pathogenesis of gout involving the urate depos-
ition caused by purine metabolic disorder or gout-related
recurrent episodes. Hyperuricaemia model is a purine
metabolic disorder model caused by high-fat diet or an
uricase inhibitor. Purine metabolic disorder can cause the
elevation of uric acid, but enzymes uricase in most experi-
mental animals can degrade uric acid which leads to the
failure of establishing a stable hyperuricaemia model. As
stated above, hyperuricaemia model is not a specific gout
model and fails to further develop gouty arthritis spontan-
eously. Therefore, there is still a lack of a suitable and reli-
able experimental animal model of gout.
In the present study, we combined MSU injection and

high-fat diet feeding to establish a compound gout
model in male C57BL/6 mice. To evaluate the efficiency
of the gout model, this study explored changes in gout
symptoms, serum proinflammatory cytokines and gut
microbiota in mice. As previous literature reported, the
alterations in gut microbiota were strongly associated
with gout [12–14]. Our results might provide a suitable
gout model by the combination of MSU crystal with
high-fat diet.

Materials and methods
Animal model and study design
Twenty-eight specific pathogen-free (SPF) male C57BL/6
mice (male, 4-weeks-old) were provided by Shanghai
SLAC Laboratory Animal Co., Ltd. After 7 days of
acclimatization, all 28 mice were randomly divided into
four groups: (1) control group (CT, n = 7 mice/group),
fed normal diet and injected with PBS solution; (2)
hyperuricaemia model group (HFD, n = 7 mice/group),
fed high-fat diet (10% yeast extract) and injected with
PBS solution; (3) acute gout model (MSU, n = 7 mice/
group), fed normal diet and injected with monosodium
urate crystal (MSU) crystals (1 mg MSU crystals in 40 μL
PBS/mouse every 10 days); (4) compound gout model
(CGM, n = 7 mice/group), fed high-fat diet (10% yeast
extract) and injected with monosodium urate crystal
(MSU) crystals (1 mg MSU crystals in 40 μL PBS/mouse
every 10 days).

At the end of the trial (42 days), samples were col-
lected at 48 h after the last injection of MSU. Blood sam-
ples were obtained from the eye socket vein of each
mouse and centrifuged at 1300 g for 10 min at 4 °C.
Stool samples were removed from the colon and stored
at − 80 °C for further analysis.
Foot joints tissue was also harvested from exsanguinated

mice, flushed with 1xPBS, dissected longitudinally, and
fixed in 4.0% formaldehyde overnight and decalcified in
EDTA decalcification solution. The tissues were then em-
bedded in paraffin. Sections of 5 μm were cut from
paraffin-embedded tissues and stained with hematoxylin
and eosin (H&E) to evaluate the morphological changes
and inflammation levels in the foot joints.

MSU crystal preparation and induction of foot joint
inflammation
MSU crystals were prepared by dissolving monosodium
urate (800 mg) in boiling milli-Q water (155 mL) that
contained NaOH (5 mL). After adjusting the pH to 7.2,
the solution was then cooled gradually by stirring at
room temperature. The crystals were collected by centri-
fugation (3000 g, 2 min, and 4 °C, centrifuge 5430R,
Eppendorf, Germany), evaporated, and sterilized by heat-
ing at 180 °C for 2 h. MSU crystals were stored in a ster-
ile microtube for use.
Foot swelling was induced in a right hind paw of each

mouse by intraplantar injection of MSU crystal (1 mg in
40 μL PBS). The footpad thickness of mice was mea-
sured with a caliper (Meinaite, Germany) before the
stimulus and at 4 h, 24 h, 48 h and 72 h after the i.a. ad-
ministration of MSU crystal. Foot swelling was expressed
as the ratio of Δ mm/mm (zero time point) of the joint.
Foot pain was quantified by measuring the mechanical

withdrawal threshold (MWT) [15]. MWT values were
measured at 48 h after the i.a. administration of MSU
crystal. MWT was assessed using the von Frey hairs
(Stoelting, Wood Dale, IL) with a bending force ranging
from 0.16 g to 26 g. In a quiet, temperature-controlled
room, mice were individually placed in testing chambers
with metal mesh floors at least 30 min before testing for
acclimation. The number of stimulations for each force
was five pokes. Sudden paw withdrawal, flinching, and
paw licking were regarded as positive responses, while
no response was considered as negative response. The
minimum force that could provoke at least three with-
drawal responses of the right hind paw was defined as
the WMT. All behavioral tests were performed by an in-
vestigator who was blinded to the experimental design.

Cytokine and enzyme measurements
Serum levels of cytokines were measured by a commer-
cial multiplex mouse cytokine magnetic bead-based im-
munoassay (Bio-Plex Pro Mouse Cytokine 23-plex
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Assay, Bio-Rad Laboratories) according to the manufac-
turer’s instructions. The cytokine screen included IL-1α,
IL-1β, IL-2, IL-3, IL-4, IL-5, IL-6, IL-9, IL-10, IL-12p40,
IL-12p70, IL-13, IL-17, Eotaxin, G-CSF, GM-CSF, IFN-γ,
KC, MCP-1, MIP-1α, MIP-1β, RANTES and TNF-α.
The mean fluorescence intensity from all the bead com-
binations tested was analyzed using the Bio-Plex system
equipped with Bio-Plex Manager Software v6.0 (Bio-Rad
Laboratories). In addition, serum uric acid was measured
via an enzymatic-colorimetric method, using a standard
test kit on a TBA-40FR automated biochemical analyzer
(Toshiba, Japan).
Upon thawing the foot joint or liver samples, the tissues

(0.05 g of tissue per 1.0 ml buffer solution) were homoge-
nized and centrifuged for 10min at 12000 rpm at 4 °C.
The supernatants were evaluated for myeloperoxidase
(MPO) activity in foot joint tissues and xanthine oxidase
(XOD) and adenosine deaminase (ADA) activity in liver
tissues, in accordance with the manufacturer’s instructions
(Jiancheng, Nanjing, China). Cytokines (IL-1β, IL-6 and
TNF-α) in the supernatants of foot joint was also detected
using mouse ELISA commercial kits (CUSABIO, Wuhan,
China) according to the manufacturer’s instructions in the
Varioskan Flash (Thermo scientific, America).

DNA extraction, 16 s rRNA gene amplification and
sequencing
Total DNA was extracted from stool samples of 28 mice
using the stool DNA isolation kit (Tiangen, Biotech Co.,
Ltd., Beijing, China) according to the manufacturer’s pro-
tocols. After extraction, DNA concentration and purity
were determined using a NanoDrop 2000 spectrophotom-
eter (Thermo Fisher Scientific, USA). Each DNA sample
was diluted to a final concentration of 1 ng/μL using ster-
ile distilled water and was then used as a DNA template.
The V3-V4 region of the 16 s rRNA gene was ampli-

fied with broad-range bacterial primers (319F: 5′-ACTC
CTACGGGAGGCAGCAG-3′ and 806R: 5′-GGACTAC
HVGGGTWTCTAAT-3′) with the barcode in the
Mastercycler® nexus (Eppendorf, Germany). The volume
of the PCR reaction was 30 μL with 15 μL of Phusion
High-Fidelity PCR Master Mix with HF Buffer (NEB),
0.2 μM forward and reverses primer and 10 ng of tem-
plate DNA. The reactions were hot-started at 98 °C for
30 s, followed by 30 cycles of 98 °C for 15 s, 58 °C for 15
s, and 72 °C for 15 s, with a final extension step at 72 °C
for 1 min. Subsequently, the PCR products were mixed
with the same volume of 1× loading buffer (containing
SYB green), and the PCR amplicons were detected using
2% agarose gel electrophoresis.
After that, all amplicons were pooled in equimolar ra-

tios into a single tube. Then, the target sequences were
extracted using a Qiagen Gel Extraction Kit (Qiagen,
Germany). The libraries were constructed using a

TruSeq®DNA PCR-Free Sample Preparation Kit (Illu-
mina, USA), following the manufacturer’s recommenda-
tions, and index codes were added. The library quality
was assessed on the Qubit® 2.0 Fluorometer (Thermo
Fisher Scientific, USA) and Agilent Bioanalyzer 2100 sys-
tem (Agilent, USA). Finally, the library was sequenced
with the MiSeq Reagents Kit v3 (600 cycles, Illumina) ac-
cording to the manufacturer’s instructions.

Data analysis and bioinformatics
After MiSeq sequencing, generated FASTQ data of 28
mice were analyzed using the open-source software pack-
age Quantitative Insights into Microbial Ecology (QIIME)
[16]. The paired-end reads were assembled with the
scripts multiple_join_paired_ends.py and multiple_split_li-
braries_fastq.py. Chimeric sequences were identified and
filtered using USEARCH 6.1 implemented in QIIME with
the script identify_chimeric_seqs.py. High-quality reads
were selected and all effective reads were clustered into
operational taxonomical units (OTUs). Generate OTUs
with 97% similarity threshold were then taxonomically
assigned on the Green genes database using UCLUST and
SILVA and NCBI databases. Then, the resulting BIOM-
formatted OTU table was then imported into R software.
Alpha and beta diversity statistics were calculated using
the “vegan” package. The principal coordinate analysis
(PCoA) based on the unweighted UniFrac distance matri-
ces were visualized by R software. OTUs with > 0.05%
mean abundance in one sample and observed in > 10% of
the samples were included in differential analyses. To re-
veal differences in deeper data of microbial diversity be-
tween the samples, a significance test was conducted with
the linear discriminant analysis (LDA) effect size (LEfSe)
method, with a set logarithmic LDA score of 2.0 [17].
Additionally, the metabolic function of gut microbiota was
inferred using the PICRUST that predicted the molecular
functions of each sample based on 16S rRNA marker gene
sequences [18]. These predictions were pre-calculated for
genes in the KEGG database. To reveal the different pre-
dictive functions, Welch’s t-tests were used for two-group
comparisons in STAMP software [19]. Significantly differ-
ent functions between two groups were obtained after fil-
tering with a p-value < 0.05.
Multiple group differences were analyzed using the Mann-

Whitney non-parametric test in SPSS software 19.0. Follow-
ing statistical analyses with multiple comparisons, p values
were adjusted using the Benjamin-Hochberg method to con-
trol the false discovery rate (FDR). An adjusted p-value of
0.05 was used as a statistically significant cutoff.

Results
Gouty symptoms in the compound gout model
Gouty symptoms were assessed 48 h after the injection
of MSU crystal into the right footpad. Figure 1a and b
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showed the marked increases in the levels of serum uric
acid and foot swelling in the three gout model groups as
compared with the control group at days 22, 32 and 42.
In addition, pain threshold of foot joints was significant
lower in the acute or compound gout model than the
control group (Fig. 1c). Not surprisingly, the feed of
high-fat diet did not impose no any significant effect on
the pain threshold of mice (Fig. 1c).
We next determined the advantages of compound

gout model in gout symptoms. As showed in Fig. 1a and

c, the compound gout model aggravated foot swelling
and pain in mice compared to hyperuricaemia model.
However, there was no significant difference between
acute and compound gout models with regard to the
three gout symptoms (Fig. 1).

Gout inflammation in the compound gout model
The compound gout model had the most severe foot
joint swelling and inflammatory cell influx when com-
pared with acute gout and hyperuricemia models

Fig. 1 Gout symptoms of mice in the four groups. Serum uric acid (a); foot swelling (b); pain threshold (c). “ns” represents not significant; “*”
represents p < 0.05 in comparison with CT; and “**” represents p < 0.01 in comparison with CT; “+” represents p < 0.05 in comparison with CGM;
and “++” represents p < 0.01 in comparison with CGM. UA: uric acid; CT: control group; HFD: hyperuricaemia model; MSU: acute gout model;
CGM: compound gout model
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(Fig. 2a, b). We next explored the differences in the
levels of inflammatory mediators in foot joint among
the four groups. Compared to the control group, the
levels of IL-1β, IL-6, TNF-α and MPO activity were
increased in both acute and compound gout models
(Fig. 2c-f), however, only the enhanced level of IL-1β
was observed in the hyperuricaemia model. In
addition, in contrast with the hyperuricaemia model,
the compound gout model was effective in increasing
the levels of IL-1β, IL-6, TNF-α and MPO activity.

Serum pro-inflammatory cytokines in the compound gout
model
We then investigated 23 serum proinflammatory cyto-
kines to reflect the effectiveness of the compound
gout model (Fig. 3). Compared to the control group,
both hyperuricaemia and acute gout models caused
significantly increased levels of IL-1β and eotaxin. In
addition, the hyperuricaemia model showed significant
elevations in IL-17, RANTES, MIP-1α and MIP-1β
while the acute gout model showed a decreased level

Fig. 2 Gout inflammation indexes of mice in the four groups. Representative images of foot joint (a) and H&E stained histological (b); IL-1β (c); IL-6 (d);
TNF-α (e); MPO activity (f). CT: control group; HFD: hyperuricaemia model; MSU: acute gout model; CGM: compound gout model. “ns” represents not
significant; “*” represents p < 0.05 in comparison with CT; and “**” represents p < 0.01 in comparison with CT; “+” represents p < 0.05 in comparison
with CGM; and “++” represents p < 0.01 in comparison with CGM
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of IL-12p40. However, the compound gout model
caused the increased levels of 22 proinflammatory cy-
tokines except for IL-3. Compared to the hyperuricae-
mia and acute gout models, the compound gout
model could markedly increase the levels of IL-1α,

IL-4, IL-6, IL-10, IL-12p40, IL-12p70, IFN-γ, KC,
MCP-1 and MIP-1β. The above data together indi-
cated that the compound gout model caused more in-
tensely inflammation reaction than acute gout model
or hyperuricaemia model.

Fig. 3 Serum proinflammatory cytokines levels of mice in the four groups. IL-1β (a); eotaxin (b); IL-2 (c); IL-17 (d); G-CSF (e); RANTES (f); IL-1α (g);
IL-6 (h); IL-4 (i); IL-10 (j); IL-12(p70) (k); IL-12(p40) (l); IFN-γ (m); KC (n); MCP-1 (o); MIP-1β (p); IL-3 (q); IL-5 (r); IL-9 (s); IL-13 (t); GM-CSF (u); MIP-1α
(v) and TNF-α (w). “ns” represents not significant; “*” represents p < 0.05 in comparison with CT; and “**” represents p < 0.01 in comparison with
CT; “+” represents p < 0.05 in comparison with CGM; and “++” represents p < 0.01 in comparison with CGM. CT: control group; HFD:
hyperuricaemia model; MSU: acute gout model; CGM: compound gout model
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Alterations of gut microbiota in the compound gout
model
The disturbances of gut microbiota were strongly associ-
ated with gouty arthritis; hence, the specific gout-related
gut microbiota provided us with a new frontier for asses-
sing the gout model. As shown in Fig. 4a, b, the acute
model mice had no difference in Shannon and Chao1
compared to the control group, while significant changes
in both diversity and richness were found in both the
hyperuricaemia and compound gout models. However,
no significant difference was observed in the three gout
models. The beta-diversity was evaluated using un-
weighted unifrac metric in the four groups. A distin-
guishable separation of microbial community between
control group and three gout models could be found in
the scatter plot based on PCoA scores (Fig. 4c). Add-
itionally, the acute model showed the smallest distance
with the control group among the three gout model
groups (Fig. 4c).
So far as the phylum level, the top three abundant

phyla, Firmicutes, Bacteroidetes and Proteobacteria, were
shown in Fig. 4d, e and f. There was no difference in the
Firmicutes level among the four groups. In comparison
with the control group, both hyperuricaemia and com-
pound gout models showed a decreased level of Bacter-
oidetes and an increased level of Proteobacteria (Fig. 4e,
f). Compared to the compound gout model, the acute

gout model exhibited a decreased level of Proteobacteria
(Fig. 4f).
The heatmap plot showed the alterations of microbial gen-

era among the four groups (Fig. 5). As compared with the
CT group, 16, 11 and 22 markedly different genera were ob-
served in HFD, MSU and CGM groups respectively. Com-
pared with the control group, all three gout model groups
induced significantly decreased levels of Anaerostipes and
Butyrivibrio, and significantly increased levels of Morganella
and Faecalibacterium. The uniquely altered genera between
the HFD and CGM were Desulfovibrio, Turicibacter, Rumi-
nococcaceae UCG-011, Parasutterella, Prevotellaceae UCG-
003, Akkermansia, Anaerovorax and Pannonibacter. In
addition, compared to HFD or MSU group, CGM showed
significantly increased the abundances of Desulfovibrio and
Parasutterella.
Collectively, these results indicated that gut microbiota dis-

turbance was more deteriorated in the compound gout
model than acute gout model or hyperuricaemia model.

Metabolic functions of gut microbiota related to purine
metabolism
Gut microbiota has an important impact on host purine
metabolism. Therefore, alterations in purine metabolic
functions of gut microbiota can reflect the effectiveness
of the gout model. Figure 6a demonstrated that the pur-
ine metabolism of gut microbiota was prone to be

Fig. 4 Alterations of alpha diversity indexes [Shannon (a); Chao1 (b)], PCoA score plot (c) and main phyla (d, e and f) of mice in the four groups.
“ns” represents not significant; “*” represents p < 0.05 in comparison with CT; and “**” represents p < 0.01 in comparison with CT; “+” represents
p < 0.05 in comparison with CGM; and “++” represents p < 0.01 in comparison with CGM. CT: control group; HFD: hyperuricaemia model; MSU:
acute gout model; CGM: compound gout model
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decreased in the hyperuricaemia and compound gout
models compared to that in the control group. However,
the acute gout model was unable to induce the alteration
of purine metabolism. In addition, eight KEGG pathways
were also related to the disturbance of purine metabol-
ism in gut microbiota (Fig. S2). Compared to the control
group, both hyperuricaemia and compound gout models
could enhance glyoxylate metabolism and reduce four
pathways involving glycine, serine and threonine metab-
olism, histidine metabolism, glutamate metabolism and
folate biosynthesis, however, the acute gout model could

reduce only alanine, aspartate and glutamate metabolism
and folate biosynthesis (Fig. 5a). No significant difference
in KEGG pathway was observed between the hyperuri-
caemia and compound gout models (Fig. 6a). However,
the compound gout model showed four different KEGG
pathways as compared with the acute gout model.
To clarify the mechanism by which uric acid was en-

hanced, both XOD and ADA activities in liver were de-
termined (Fig. 6b, c). Compared to the control group,
both hyperuricaemia and compound gout models could
enhance XOD and ADA activities, while the acute gout

Fig. 5 Heatmap showed the relative abundance of microbial genera in the mice of four groups. “*” represents p<0.05 in comparison with control group; and
“**” represents p<0.01 in comparison with the control group. “+” represents p<0.05 in comparison with CGM; and “++” represents p<0.01 in comparison
with CGM. CT: control group; HFD: high-fat diet group; MSU: MSU crystals injection group; CGM: the compound gout model group
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model had no effect on XOD and ADA activities. There
were no significant differences in XOD and ADA activ-
ities among three gout models.

Discussion
In contrast with the traditional hyperuricaemia and
acute gout model, the advantages of the compound gout
model induced by the combination of MSU crystals in-
jection and high-fat diet feeding was evaluated in the
present study, by observing gout symptoms, inflamma-
tion reaction, and the disturbance of gut microbiota.
In the past, a variety of animal models have been used

to study gout arthritis [20, 21]. However, previously re-
ported gout models could not fully reproduce human gout
disease. Acute gout model with only one injection of MSU
could not reflect the characteristics of recurrent episodes
of clinical gout. This study for the first time repeatedly
injected 1mg MSU into the footpad to build up a gout
model much closer to clinical gout. Generally, the dose of
MSU was selected depend on the injection site, such as
0.1 mg for knee joint, 0.5 mg for ankle joint, 1 mg for foot-
pad, 3mg for air pouch and peritoneal [21]. In gout

patients, chronic hyperuricaemia caused the formation
and deposition of MSU crystals in joints and the sur-
rounding tissues, leading to the inflammatory response
[22]. This study indicated that the hyperuricaemia model
could not effectively reproduce gout swelling and pain in
mice. In sum, compared with the hyperuricaemia model
or acute gout model, the compound gout model could ef-
fectively reproduce clinical symptoms of gout.
Serum proinflammatory cytokines undoubtedly had a

critical role in orchestrating the inflammatory reaction
to MSU crystals [23, 24]. Notably, many proinflamma-
tory cytokines showed significantly increasing trends
only in the compound gout model, including IL-1α, IL-
4, IL-6, IL-10, IL-12p40, IL-12p70, IFN-γ, KC, MCP-1
and MIP-1β. The levels of IL-6 was associated with in-
flammatory activity in patients with gout [25]. In
addition, some specifically increased proinflammatory
cytokines in the compound gout model were also im-
portant indicators of intense inflammatory response, in-
cluding IL-1α [26], IL-4 [27], IL-12p40 [28], IL-12p70
[29], IFN-γ [30], KC [29], MCP-1 [14] and MIP-1β [31].
Therefore, the serum inflammation exacerbated more

Fig. 6 Purine metabolism of gut microbiota (a) and liver [XOD activity (b); ADA activity (c)] of mice in the four groups. Gene functional categories were from
level 3 of KEGG pathways and involved in purine metabolism. “ns” represents not significant; “*” represents p<0.05 in comparison with CT; and “**” represents
p<0.01 in comparison with CT; “+” represents p<0.05 in comparison with CGM; and “++” represents p<0.01 in comparison with CGM. CT: control group;
HFD: hyperuricaemia model; MSU: acute gout model; CGM: compound gout model
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seriously in the compound gout model than the hyperur-
icaemia model and acute gout model.
Intestinal dysbiosis associated with gout has been

widely studied in the past few years [12, 32]. Gut micro-
biota played significant roles in MSU crystal-induced in-
flammation [13] and purine metabolism [33, 34]. Hence,
the alterations in gut microbiota could be used as an in-
dicator for evaluating the effectiveness of the gout
model. The disturbances of gut microbiota in the com-
pound gout model was more deteriorated than that of
the hyperuricaemia model and acute gout model. The
microbial genera, which was only significantly different
between control mice and compound gout model mice,
might show the advantages of the compound gout
model. Genus Desulfovibrio might be associated with the
butyrate-reducing microbes since they competed for car-
bon sources, and its overgrowth also accounted for the
butyrate deficiency observed in the gout microbiome
[35, 36]. Butyrate could play anti-inflammatory roles
through inhibiting class I histone deacetylases and MSU-
induced cytokine production in gout patients [37, 38].
Increased Parasutterella is considered in association
with the development of intestinal chronic inflammation
[31]. In addition, riboflavin metabolism of gut micro-
biota, one function involved in purine metabolism [39],
might contribute to the higher uric acid levels in the
compound gout model. Overall, compared with the
hyperuricaemia model or acute gout model, the com-
pound gut model could aggravate intestinal dysbiosis
that was similar to the alterations of gut microbiota in
gout patients.
In contrast with the hyperuricaemia model or acute

gout model, there were the advantage of the compound
gout model in reproducing gout symptoms, inflamma-
tion and intestinal dysbiosis. Hence, the compound gout
model could be a better model for researching thera-
peutic approaches to chronic gouty arthritis. However,
this study also had several limitations. Firstly, there was
a lack of detecting the continuous-time observation in
the alterations of gout model. Secondly, the relationship
between gut microbiota and gout inflammation needed
further investigation.

Conclusion
In summary, the combination of the injection of MSU
crystals and feed of high-fat diet induced typical gout
symptoms, severe serum inflammation and intestinal
dysbiosis in the mice. The compound gout model
avoided the defects of low inflammatory in hyperuricae-
mia model and short duration in acute gout model. The
compound gout model could serve as an ideal temporal,
spatial, and multimodal platform for further studying the
gout inflammation processes and testing pharmaco-
logical strategies in the management of gout.
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