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Inflammation is an important pathological feature of hyperuricemia, which in turn aggravates hyperuricemia.
Astaxanthin is a carotenoid with strong antioxidant capacity and possesses many biological activities. This
study was aimed to evaluate the effect of astaxanthin (ASX) on hyperuricemia and kidney inflammation in
potassium oxonate (PO) and hypoxanthine (HX)-induced hyperuricemic mice. Male ICR mice were administered
intragastrically with PO and HX (250 mg/kg, respectively) for 14 days. ASX was given by gavage one hour
after PO and HX administration. ASX treatment significantly reversed PO and HX-induced hyperuricemia and
kidney inflammation in mice as evidenced by decreased serum levels of uric acid (UA), creatinine (Cr), blood
urea nitrogen (BUN), and inflammatory factors (IL-1B, IL-6, and TNF-a) and increased activities of antioxidant
enzymes (CAT, SOD and GSH-Px). Furthermore, ASX administration effectively inhibited the activities of key
enzymes related to UA synthesis (xanthine oxidase (XOD) and adenosine deaminase (ADA)) and modulated
the protein expressions of NF-xB p65, p-NF-kB p65, 1xBa, p-lkBa, NLRP3, ASC, Caspase-1, and cleaved-
Caspase-1 involved in inflammation pathways. Our results suggested that ASX improved hyperuricemia and
kidney inflammation induced by PO and HX, probably by reducing UA synthesis and suppressing the NF-xB and

NLRP3 pathways simultaneously.

1. Introduction

Hyperuricemia, characterized as serum uric acid (UA) level
exceeds 7 mg/dL, is a metabolic disease caused by abnormal
purine metabolism or UA excretion in humans (Kim et al. 2019).
Nowadays, the prevalence of hyperuricemia increases rapidly due
to transformation of diet, mainly the ingestion of a large amount of
purines, which ultimately leads to the overproduction of UA (Liu
et al. 2014). Excess UA in blood stimulates the mesangial cells to
generate a large amount of reactive oxygen species (ROS), which
cause oxidative damage, activation of NOD-like receptor family
pyrin domain containing 3 (NLRP3) inflammasome, and release of
IL-1p in kidney (Cui et al. 2020; Dalbeth et al. 2019). Meanwhile,
a high level of serum UA promotes the release of pro-inflamma-
tory cytokines via the Nuclear Factor Kappa-B (NF-xB) signaling
pathway (Chen et al. 2017; Linker et al. 2012; Zhang et al. 2018).
The triggered inflammatory and oxidative stress responses by UA
consequently lead to kidney inflammation, which in turn causes
the reduction of UA excretion in the kidney (Wu et al. 2016; Yip
et al. 2020; Zhou et al. 2012). Hence, controlling serum UA levels
and reducing kidney inflammation are considered as two key strat-
egies in terms of hyperuricemia treatment (Yip et al. 2020).

Currently, based on the mechanism of action, the clinical drugs for
hyperuricemia treatment can be mainly divided into three catego-
ries: drugs that block UA synthesis (allopurinol), drugs that facili-
tate UA excretion (benzbromarone), and drugs that reduce kidney
inflammation (cortin). However, the use of these drugs shows
many adverse effects, such as severe cutaneous adverse reactions,
liver toxicity and gastrointestinal disorders (Hung et al. 2005;
Xiao et al. 2020). Thus, it has attracted increasing attention to find
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safer agents that contribute to the alleviation of hyperuricemia and
kidney inflammation. In recent years, functional foods and nutra-
ceuticals from natural creatures have been considered as potential
alternatives for improving hyperuricemia and kidney inflamma-
tion (Chau et al. 2019; He et al. 2019; Jiang et al. 2020; Le et al.
2020). Carotenoids, such as -carotene and fucoxanthin, have been
demonstrated to exhibit satisfactory effect of lowering UA (Chau
et al. 2019; Choi et al. 2012; Le et al. 2020). Our previous study
has demonstrated the preventive effects of astaxanthin (ASX)
on high-fructose-induced hyperuricemia in rat models through
decreasing UA synthesis and increasing UA excretion. However,
the effectiveness and possible mechanism of ASX in the treatment
of kidney inflammation caused by hyperuricemia has not been
studied, although previous studies have demonstrated the great
potential of ASX on alleviating kidney damage caused by a variety
of reasons, including severe burning, cisplatin treatment, diabetes,
and ochratoxin A (Akca et al. 2018; Chen et al. 2020; Guo et al.
2021; Li et al. 2020). To be noted, NLRP3 inflammasome contrib-
utes to a variety of kidney diseases, activated NLRP3 signaling
pathway regulate the expressions of inflammatory factors along
with the nuclear translocation of NF-kB (Chen et al. 2017; Chen
et al. 2019). Combined with the fact that the NLRP3 and NF-xB
signaling pathways are served as the main pathways involved in
kidney inflammation (Cabau et al. 2020; Chen et al. 2019; Cui
et al. 2020), we supposed that the renal inflammation induced
by hyperuricemia could be improved by ASX via regulating the
NLRP3 and NF-«B signaling pathways.

In this study, a mouse model of hyperuricemia had been built by
potassium oxonate (PO) and hypoxanthine (HX). To investigate
the effect of ASX on hyperuricemia and kidney inflammation in
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hyperuricemic mice, kidney index, serum and kidney biochemical
indicators, and kidney morphology were detected. To further
explore its underlying mechanism, the enzyme activities of liver
xanthine oxidase (XOD) and adenosine deaminase (ADA) and
the expression of key proteins on NF-kB and NLRP3 signaling
pathways in kidney tissues homogenate were measured. Our study
aims to discuss the effectiveness and potential mechanism of
ASX in the treatment of hyperuricemia and kidney inflammation
from the perspective of UA synthesis and the NF-kB and NLRP3
inflammatory pathways.

2. Investigation and results

2.1. Effect of ASX on body weight, kidney index, serum
UA, Cr and BUN
As shown in Fig. 1, compared to the control group, the model

group demonstrated significantly increased kidney index and
serum levels of UA, creatinine (Cr) and blood urea nitrogen (BUN)

after 14 days’ treatment of PO and HX, in addition to a relatively
decreased body weight (P < 0.05). However, the situation was
reversed by oral administration with allopurinol (ALL) or different
doses of ASX. The body weight, kidney index and serum levels of
UA, Cr and BUN in mice treated with ALL recovered to a level
similar to those of normal mice (P > 0.05). Similar results were
observed in those ASX treatment groups. Specifically, the mice
final body weight in the ASX groups were found to be signifi-
cantly increased, and the serum UA and kidney functional indi-
cators showed a significant decrease in a dose-dependent manner.
Notably, the serum UA level in mice treated with ASX high dose
returned to a level similar to that of the ALL group, which is close
to normal level (Fig. 1c).

2.2. Effect of ASX on XOD and ADA activities in liver

The effect of ASX on UA synthesis was explored by accessing
the activities of XOD and ADA in the liver. The activities of
XOD and ADA were remarkably increased in the liver tissues
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Fig. 1: Effect of ASX on body weight (a), kidney index (b), serum UA (c), Cr (d) and BUN (e) in hyperuricemic mice. Values are presented as the mean+SEM (n = 8). * P <0.05,
## P <0.01 vs. control group; # P < 0.05, ## P < 0.01 vs. model group. ALL: allopurinol; L-ASX, M-ASX, and H-ASX: astaxanthin at the doses of 25, 50, and 100 mg/

kg, respectively.
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Fig. 2: Effect of ASX on liver XOD (a) and ADA (b) activities. Values are presented as the mean+SEM (n = 8). * P < 0.05, ** P <0.01 vs. control group; # P < 0.05, ## P < 0.01
vs. Model group. ALL: allopurinol; L-ASX, M-ASX, and H-ASX: astaxanthin at the doses of 25, 50, and 100 mg/kg, respectively.
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of PO and HX-induced hyperuricemic mice compared to normal
mice (P <0.01) (Fig. 2). Interestingly, after treated with different
doses of ASX, the activities of XOD and ADA were significantly
suppressed compared to the Model group (P < 0.05) (Fig. 2).
Among the ASX treatment groups, ASX high dose exhibited the
strongest inhibition effects on the enzymatic activities of XOD
and ADA, and the activities of both enzymes in the H-ASX group
were close to that in the ALL group. These results are consistent
with our previous findings in fructose-induced hyperuricemic rat
models (Le et al. 2020).

2.3. Effect of ASX on the histopathology of the kidney

The inflammatory cell infiltration and tissue damage are
considered as pathological features of hyperuricemia (Chen et
al. 2019). As shown in Fig. 3, mice in control group displayed
normal glomerular and tubular epithelial structures in kidney,
the brush borders of the renal tubules were neatly and regu-
larly arranged. However, mice treated with PO and HX showed
obvious tubular lesions including inconspicuous boundaries
between adjacent proximal tubule cells, tubular expansion, and
aggregation of the inflammatory cells around the renal blood
vessels. Post-treatment with ALL and ASX attenuated renal
tubular injury and inflammatory cell infiltration in variable
degrees.

2.4. Effect of ASX on MDA level and antioxidant
enzymes activities in kidney

The main antioxidant enzymes, including superoxide dismutase
(SOD), catalase (CAT) and glutathione peroxidase (GSH-Px),
are crucial indicators for evaluating the capacity of the cellular
antioxidant defense system, which are related to the production
of lipid peroxidation product malondialdehyde (MDA) (Chen et
al. 2019; Zheng et al. 2019). As depicted in the Table, compared
to the normal mice, the kidney MDA level in PO and HX-chal-
lenged mice were significantly increased, while the activities of
SOD, GSH-Px, and CAT in kidney were obviously decreased.
In contrast, treatment with ASX for 14 days markedly reduced
kidney MDA contents and enhanced the activities of SOD, CAT,
and GSH-Px in a dose-dependent manner (P < 0.01). The kidney
MDA content and the activities of kidney SOD, GSH-Px, and CAT
in H-ASX group were similar to that of the ALL group.

2.5. Effect of ASX on pro-inflammatory cytokines in
serum and kidney

To assess the effect of ASX on kidney inflammation, the levels
of inflammatory cytokines (interleukin-1f3 (IL-1p), interleukin-6
(IL-6), and tumor necrosis factor-a (TNF-a)) in both serum and
kidney tissue homogenate were measured. After PO and HX treat-

Fig. 3: Effect of ASX on histological changes. H&E staining images of kidney sections of the Control group (a), the Model group (b), the ALL group (c), the L-ASX group (d),
the M-ASX group (e) and the H-ASX group (f) at original magnification 200x. ALL: allopurinol; L-ASX, M-ASX, and H-ASX: astaxanthin at the doses of 25, 50, and

100 mg/kg, respectively.

Table: Effect of ASX on MDA level and antioxidant enzymes activities in kidney

Group SOD GSH-Px CAT MDA
(U/mg prot) (U/mg prot) (U/mg prot) (nmol/mg prot)

Control 101.33 +5.16 94.21 +5.83 38.18+1.04 2.55+0.12
Model 67.19 £ 4.64™ 62.52 +3.98" 25.78 +1.43™ 4.69 £0.27"

ALL 98.37 £ 6.27% 91.32 +3.38# 37.15 + 1.06% 2.63+0.21%
L-ASX 80.16 = 6.51% 78.63 +3.34% 31.34 +1.02# 3.99 +0.31%
M-ASX 90.51 +3.91* 84.21 + 6.23" 3323 + 1.31% 3.25 +0.42%
H-ASX 97.47 £ 5.15% 90.06 + 5.28" 3595+ 1.18 2.75 £ 0.28%

Values are presented as the mean=SEM (n = 8). * P < 0.05, ** P < 0.01 vs. control group; # P < 0.05, ## P < 0.01 vs. model group. ALL: allopurinol; L-ASX, M-ASX, and H-ASX: astaxanthin at the doses

of 25, 50, and 100 mg/kg, respectively.
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ment, the levels of IL-1B, IL-6, and TNF-a in serum and kidney
tissues were markedly increased compared to normal mice (P
< 0.01) (Fig. 4). ASX treatment significantly decreased IL-1j,
IL-6, and TNF-a levels in both serum and kidney of the PO and
HX-challenged mice (P < 0.01) (Fig. 4). To be noted, the levels
of inflammatory cytokines in the H-ASX group and ALL group
were close.

2.6. Effect of ASX on the NF-kB signaling pathway in
hyperuricemic mice

To interpret the anti-inflammatory mechanism of ASX against
kidney inflammation in PO and HX-induced hyperuricemic mice,
the key proteins of NF-kB pathway was studied. The expressions
of key proteins involved in NF-«B signaling (p-NF-«xB p65, NF-xB
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Fig. 4: Effect of ASX on pro-inflammatory cytokines levels in both serum and kidney. The levels of IL-1f (a), IL-6 (b), and TNF-a (c) in serum and the levels of IL-1p (d), IL-6
(e), and TNF-a (f) in kidney were determined by ELISA. Values are presented as the mean+SEM (n = 8). * P < 0.05, ** P < 0.01 vs. control group; # P < 0.05, ## P <
0.01 vs. model group. ALL: allopurinol; L-ASX, M-ASX, and H-ASX: astaxanthin at the doses of 25, 50, and 100 mg/kg, respectively.
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Fig. 5: Effect of ASX on protein expressions of the NF-«B signaling pathway in kidney. (a) Western blot analysis of p-NF-«xB p65, NF-kB p65, p-IxBa, and IkBo. (b) The relative
protein expression of p-NF-kB p65, the content of target protein was normalized to NF-kB p65. (c) The relative protein expression of p-IkBa, the content of target protein
was normalized to IkBa. (d) Immunohistochemical examination of p-NF-kB p65 in kidney sections. Magnification, 400x. (e) Semi-quantitative analysis for p-NF-xB
p65 immunohistochemical staining. * P < 0.05, ** P < 0.01 vs. control group; # P < 0.05, ## P < 0.01 vs. model group. ALL: allopurinol; L-ASX, M-ASX, and H-ASX:

astaxanthin at the doses of 25, 50, and 100 mg/kg, respectively.
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p635, p-IkBa, and IxBa) in kidney were analyzed by western blot-
ting. As illustrated in Fig. 5a-5c, the expressions of p-NF-kB p65
and p-IxBa in the model group were significantly higher than those
in the control group (P < 0.01). To be noted, the hyperuricemic mice
treated with different doses of ASX demonstrated significantly
down-regulated expression levels of p-NF-kB p65 and p-IkBa
in a dose-dependent manner compared to the model group (P <
0.01). The results of immunohistochemical detection of p-NF-xB
p65 protein expressions in kidney were shown in Fig. 5d-5e. The
protein expression of p-NF-kB p65 increased significantly in the
kidney of PO and HX-induced hyperuricemic mice in comparison
to the control group. ASX treatment significantly suppressed the
upregulated expression of p-NF-kB p65 in hyperuricemic mice
(P < 0.01) as expected. The immunohistochemistry results were
consistent with the results of western blotting, indicating that ASX
could prevent kidney inflammation through inhibiting the activa-
tion of the NF-«xB signaling pathway.

2.7. Effect of ASX on the NLRP3 inflammatory pathway
in hyperuricemic mice
To further investigate the renal protective mechanism of ASX in

hyperuricemic mice, the expressions of proteins related to the
NLRP3 inflammatory pathway were analyzed. As a result, the

expressions of NLRP3 inflammasome associated proteins (NLRP3,
ASC, Caspase-1, and cleaved-Caspase-1) in PO and HX-induced
hyperuricemic mice were significantly upregulated compared to
the Control group (P < 0.01) (Fig. 6a-6e). Following the treatment
with ASX in different dosages, the expressions of these proteins
were remarkably down-regulated as compared to the model group
(P < 0.05) (Fig. 6a-6e). In addition, the results of semi-quantita-
tive analysis for NLRP3 immunohistochemical staining were in
accordance with the results of western blotting, and NLRP3 were
mainly expressed in the renal tubules (Fig. 6f-6g). These results
suggested that ASX treatment could improve kidney inflammation
through inhibiting the activation of the NLRP3 signaling pathway.

3. Discussion

Nowadays, the prevalence of hyperuricemia elevated rapidly
throughout the world and has become a global public health
problem. High purine diet is the main cause of hyperuricemia due
to the excessive production of UA in the body as a result of purine
metabolism (Lin et al. 2000). Increased supply of UA precursors
(xanthine, HX, efc.) could effectively enhance the metabolic flux
of UA synthesis and eventually lead to excessive UA accumulation
(Chen et al. 2019). UA cannot be degraded into allantoin that has
better solubility due to the lack of uricase in humans. Coupled with
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the limited ability of UA excretion in kidney and intestine, humans
are prone to suffer from hyperuricemia (Liu et al. 2017). Remark-
ably, due to the initial symptoms are often non-specific and pain-
less, excessive accumulation of UA usually lasts for a long time
and develops into severe kidney inflammation (Yip et al. 2020).
To make matters worse, nephritis reduces the excretion of UA in
the kidneys (Oh et al. 2019). Therefore, lowering serum UA level
while controlling inflammation is a better strategy in the treatment
of hyperuricemia. Since PO is the inhibitor of uricase and HX is
purine supplement, in this study, PO and HX administration were
used to simulate the process of excess UA formation in human to
establish hyperuricemic mice model (Meng et al. 2017; Qian et
al. 2019). After 14 days treatment of PO and HX, the mice body
weight, kidney index, serum and kidney biochemical indicators,
kidney tissue architecture, and other results exhibited unfavorable
changes. Related literatures using PO and HX for hyperuricemia
modeling also reported similar results (Chau et al. 2019; Chen
et al. 2019). These results suggest that the hyperuricemic mice
model with kidney inflammation was established successfully by
oral administration of PO and HX. To be noted, those unfavorable
changes mentioned above have been reversed by ASX. Specifically,
mice treated with different doses of ASX showed an ameliorative
effect in hyperuricemia and kidney inflammation which reflected
in the restoration of body weight, kidney index, serum and kidney
biomarkers, and kidney histomorphology. These results indicate
that ASX exerted a remarkable effect in the improvement of hyper-
uricemia and kidney inflammation.

Clinically, serum UA level is the key indicator for evaluating
disease activity of hyperuricemia. ASX administration ameliorated
PO and HX-induced hyperuricemia by decreasing serum UA level,
indicating that ASX could be serve as a potential drug substitute
for the treatment of hyperuricemia. Abnormal UA synthesis in liver
is a major cause of excess UA accumulation in vivo. In the purine
nucleotide metabolic pathway, ADA and XOD are key enzymes
involved in conversion of purine to UA. Adenosines are deami-
nated to inosines by ADA, which are then metabolized into HX
and xanthine, and finally HX and xanthine are further converted
to UA by XOD (Wei et al. 2018). In this study, ASX treatment
significantly decreased the activities of XOD and ADA in PO and
HX-induced hyperuricemic mice, which is in accordance with our
previous findings in fructose-induced hyperuricemic rats (Le et al.
2020). In our previous study, ASX has been proved to reduce UA
synthesis not only by inhibiting the activities of XOD and ADA,
but also by suppressing the mRNA expressions of XOD and ADA
(Le et al. 2020). These results suggest that the effect of ASX on
lowering serum UA concentration is largely due to the down-reg-
ulated UA synthesis in PO and HX-induced hyperuricemia mice,
thereby improving hyperuricemia.

Similarly, serum Cr and BUN are commonly regarded as indicators
of kidney function (Tang et al. 2016). Increased levels of Cr and
BUN indicate abnormal kidney function and a reduced excretion
capacity of kidney (Yuan et al. 2018). The present study shows
that treatment with ASX effectively decreased serum Cr and BUN
levels in hyperuricemic mice. Furthermore, the histopathological
results revealed that ASX diet has a protective effect against hyper-
uricemia-induced kidney inflammation which reflected in the
restoration of kidney architecture.

The inflammatory response is a characteristic pathologic feature
of hyperuricemia (Zhou et al. 2012). It is reported that excess UA
promotes the secretion of inflammatory factors (IL-6, IL-1pB, and
TNF-a) in kidney, and further result in nephritis (Chen et al. 2019;
Zhou et al. 2012). IL-1p as a strong pro-inflammatory factor can
induce a variety of pro-inflammatory mediators, which recruit
immune cells to the sites of inflammation and initiate a local inflam-
matory response (Anders et al. 2018; Pelegrin et al. 2009). TNF-a
and IL-6 are also involved in inflammation and promote the prolif-
eration of glomerular mesangial matrix (Domingueti et al. 2016). In
this study, ASX treatment was found to be significantly decreased the
levels of IL-6, IL-1PB, and TNF-a in PO and HX-induced hyperuri-
cemic mice. It has been reported that the reduction of inflammatory
factors contribute to inflammation improvement and better kidney
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protection (Das et al. 2019). Therefore, our results suggest that ASX
could decrease the level of pro-inflammatory factors and reduce
inflammatory response in PO and HX-induced hyperuricemic mice,
and thus contributing to the improvement of kidney inflammation.
The incidence of hyperuricemia is associated with high levels of
oxidative stress mediators, and kidney is one of the main organs
affected by hyperuricemia-induced oxidative stress (Zhang et
al. 2019). When kidney cells are suffered from oxidative stress,
the synthesis and release of inflammatory factors will be further
enhanced, and consequently exacerbating inflammation (Chih et
al. 2017). MDA is an important metabolic product of the oxida-
tive stress response, and its accumulation causes cell damage and
apoptosis (Zheng et al. 2019). Antioxidant enzymes (CAT, SOD,
and GSH-Px) have been reported to contribute to scavenging ROS
and lowering MDA content, thereby defending against oxidative
damage and protecting both the structure and function of kidney
cells (Li et al. 2020). Restoring the activities of CAT, SOD, and
GSH-Px can reduce the production of ROS, and thus reducing
oxidative stress damage and kidney inflammation in PO-induced
hyperuricemic mice (Chen et al. 2019). In this study, the MDA
contents and the activities of antioxidant enzymes in the ASX
groups were similar to those in normal group, indicating that ASX
could reduce kidney oxidative damage through improving the
antioxidant capacity. The improvement of oxidative damage could
further contribute to the reduced secretion of inflammatory factors
and thus improving kidney inflammation.

The NF-xB pathway is important in regulating inflammation
response. Excess UA can stimulate the activation of NF-kB signaling
pathway (Kim et al. 2017). Besides, overproduced ROS can stim-
ulate the NF-xB signaling as well and consequently promote the
secretion of inflammatory cytokines, such as TNF-a, IL-8, and IL-6
(Molteni et al. 2016). The degradation of IkB causes the separation
of NF-kB from IxB and then NF-xB can be translocated into the
nucleus where it can regulate the expressions of various inflam-
matory mediators (Li et al. 2019). Jiang et al. documented that the
downregulated NF-xB p65 and IkBa phosphorylation can reduce
the release of nuclear factors and inflammatory cytokines, thereby
ameliorating tissue inflammatory damage (Jiang et al. 2020). Hence,
the NF-kB signaling pathway was chosen as a therapeutic target to
prevent kidney inflammatory in PO and HX-induced hyperuricemia
mice in this study. Our results of western blotting and immunohis-
tochemistry suggest that ASX can inhibit the NF-kB pathway, as
indicated by the decreased expressions of p-NF-xB p65 and p-IkBa
in the kidney of PO and HX-induced hyperuricemic mice, and thus
contributing to the amelioration of kidney inflammation.

The canonical NLRP3 pathway is downstream of the NF-xB
pathway (Sutterwala et al. 2014). NLRP3 inflammasome is the
best characterized inflammasome consisting of NLRP3, ASC, and
caspase-1 (Zhao et al. 2017). The activation of NLRP3 inflam-
masome leads to the activation of Caspase-1 in addition to the
upregulation of many inflammatory mediators (Hornung et al.
2008). Inhibiting the activation of NLRP3 inflammasome has been
reported to reduce inflammatory mediators, and thus alleviating
kidney inflammation (Chen et al. 2019). After the treatment of
ASX, the expressions of the NLRP3, ASC, Caspase-1, and cleaved-
Caspase-1 in the NLRP3 signaling pathway were significantly
downregulated, suggesting that ASX could suppress the activation
of the NLRP3 pathway. Overall, our results manifest that the
anti-inflammatory effect of ASX against hyperuricemia-induced
kidney inflammation is achieved by suppressing both the NF-xB
and NLRP3 signaling pathways.

In conclusion, our experiments confirmed that ASX has the
potential to improve hyperuricemia and accompanied kidney
inflammation (Fig. 7), which reflected in the restoration of serum
UA level, kidney-related biomarkers, and kidney morphology. The
ameliorating effects of ASX in lowering serum UA concentration
and improving renal inflammation may be achieved by inhibiting
the activities of XOD and ADA and modulating the NF-kB and
NLRP3 signaling pathways, respectively. Our results suggest
that ASX could serve as a fabulous drug substitute due to its dual
effects on hyperuricemia and kidney inflammation.
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Fig. 7. ASX ameliorates PO and HX-induced hyperuricemia and kidney inflammation in mice through inhibiting XOD and ADA activities and the NF-kB and NLRP3 signaling

pathways.

4. Experimental

4.1. Chemicals and reagents

ASX was purchased from Jingzhou Natural Astaxanthin Inc. (Hubei, China). PO,
HX, carboxymethylcellulose (CMC-Na) and DAB immunohistochemistry color
development kit were obtained from Sangon Biotech (Shanghai, China). Allopurinol
(ALL) was purchased from Aladdin (Shanghai, China). The kits for the detection
of UA, Cr, BUN, CAT, SOD, GSH-Px, and MDA were ordered from the Jiancheng
Bioengineering Institute (Nanjing, China). The kits for enzyme-linked immunosor-
bent assay (ELISA) and bicinchoninic acid (BCA) protein assay were supplied by
Solarbio (Beijing, China). Antibody against ASC was produced by Bioss (Beijing,
China). Antibodies against Caspase 1, NF-xB p65, NLRP3, and IkBa were obtained
from Proteintech Group, Inc. (Princeton, NJ, USA). Antibodies against p-NF-kB
p65, p-IkBo, and cleaved-Caspase-1 were provided from by Affinity Biosciences,
Inc. (Cincinnati, OH, USA). DAB immunohistochemistry color development kit
was supplied by Boster (Wuhan, China). All reagents else used in this study were of
analytical grade.

4.2. Animals and treatments

Eight weeks old male ICR mice (26-28 g) were supplied by the Experimental Animal
Center of Zhejiang Province (Hangzhou, China). The animal experiments were strictly
conducted following the instructions the Animal Ethics Committee of Zhejiang Ocean
University (Zhoushan, China) (Laboratory Animal Certificate No. SCXK ZHE 2019-
0031). In this study, all mice were kept under controlled environmental conditions of
22+2 °C, 55+5% humidity and normal light/dark (12 h/12 h) cycle.

After 7 days of adaptive feeding, mice were divided into 6 groups (n=8/group): (1) the
Control group (Control); (2) the Model group (Model): the mice were treated with PO
and HX; (3) the allopurinol group (ALL): mice were treated with PO, HX, and ALL
(5 mg/kg); (4) the low ASX dose group (L-ASX): mice were treated with PO, HX,
and ASX (25 mg/kg); (5) the medium ASX dose group (M-ASX): mice were treated
with PO, HX, and ASX (50 mg/kg); (6) the high ASX dose group (H-ASX): mice
were treated with PO, HX, and ASX (100 mg/kg). To induce hyperuricemia, mice
were administered intragastrically with 250 mg/kg PO and 250 mg/kg HX prepared
in a 0.5% aqueous solution of sodium CMC-Na. One hour after the administration of
PO and HX, mice were treated with either ASX or ALL by oral gavage. Control mice
were treated with 0.5% CMC-Na accordingly. These treatments were administered
orally once daily for 14 days, and all mice were fed pre-weighed amount of food. On
day 15, mice were euthanized 1 h after the final administered dose; the blood samples
and tissues of the liver and kidney were collected and stored at -80 °C. The kidney
index was calculated as follows:

weight of kidney (mg)
kidney index (%) =

x 100%
body weight (g)

4.3. Biochemical analysis

The serum was separated from the retroorbital whole blood (3500 xg, 5 min). Refer-
ring to the methods of Zheng et al. (2019), the kidney and liver tissues homogenate
supernatant (10% kidney or liver tissues within ice-cold normal saline, g/g) were
prepared from the frozen kidney and liver tissues to detected the activities of XOD and
ADA in the liver, the content of MDA, the activities of antioxidant enzymes (GSH-Px,
SOD, and CAT) and the levels of TNF-a, IL-6, and IL-1 in the kidney. The protein
concentration was quantified by the BCA total protein assay kit in liver and kidney
homogenate supernatant. The levels of UA, Cr, BUN, TNF-q, IL-6, and IL-1f in
serum were measured based on the manufacturer’s instructions.
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4.4. Histological assessment

The kidney tissues were fixed in neutral 4% formalin for 24 h and then gradually
dehydrated with gradient alcohol. The specimen

s were embedded in paraffin, then cut into 4 um thick pieces using a microtome (Leica
RM2135, Leica Instruments GmbH, Wetzlar, Germany). The sections were stained
with hematoxylin and eosin (H&E), then the pathological changes of renal tubules,
glomeruli, and kidneys were examined under an optical microscope (Biomicroscope
CX31, Olympus, Japan) at magnification of (200x) or (400x).

4.5. Immunohistochemistry analyses of kidney

The paraffin-embedded kidney sections with a thickness of 4 pm were deparaffinized
in xylene, gradually rehydrated with gradient alcohol and immersed in 3% H,O, for
10 min. The sections were incubated with BSA at 37 °C for 30 min. Subsequently, the
sections were reacted with p-NF-kB p65 or NLRP3 antibody at 4 °C overnight. Then
the sections were incubated with a secondary antibody for 30 min, developed with
DAB and counterstained with hematoxyline. The protein expressions were analyzed
by Image J software.

4.6. Western blot analysis

For protein extraction, the liver tissue was ground in liquid nitrogen, and the powder
was collected in a 1.5 mL tube containing prepared cell lysate to lyse the cells. After
centrifugation, the protein-containing supernatant was collected. The concentration
of protein was detected by BCA protein assay kit. For western blot analysis, protein
samples (30 pg of total protein) were separated by 12% sodium-dodecylsulphate
polyacrylamide gel electrophoresis (SDS-PAGE) and transferred to activated nitro-
cellulose membranes. After incubation with primary and secondary antibodies, target
bands were detected with Enhanced Chemiluminescence (ECL, Solarbio, Beijing,
China). The images were acquired using Alpha FluorChem FC3 imaging system
(ProteinSimple, San Jose, CA, USA). Image Lab software was used to analyze protein
expressions. GAPDH was used as an internal control.

4.7. Statistical analysis

All data are presented as means=SEM. The significance difference among groups was
assessed by one-way ANOVA, followed by the Tukey-Kramer test using SPSS 22
software. The difference is considered significant at P values P < 0.05.
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