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A B S T R A C T

Current evidences suggest that hyperuricemia is closely related to the overproduction or underexcretion of uric
acid (UA). Curcumin (CUR), a natural polyphenol component extracted from the rhizome of Curcuma longa, has
been reported to treat various symptoms such inflammation disease, seems to be efficacious in hyperuricemia. In
this study, we aimed to investigate the effect of CUR on hyperuricemia and kidney inflammation in hyperur-
icemic mice. Administration with CUR (20 or 40mg/kg) or allopurinol (ALL, 5mg/kg) was given to mice orally
one hour later after the injection of potassium oxonate (PO) (300mg/kg, i.p.) for 14 days. CUR administration
decreased the levels of uric acid (UA), creatinine (CRE) and blood urea nitrogen (BUN) in serum. Meanwhile,
treatment with CUR effectively inhibited serum and liver xanthine oxidase (XOD) levels, and further renewed
normal antioxidant enzymes activities (SOD, GSH-Px), reduced MDA accumulation in serum. Further studies
showed that CUR decreased inflammatory cytokines productions (IL-1β, IL-18) in serum, as well as inhibited PO-
induced the activation of NLRP3 inflammasome signaling in the kidney. In conclusion, the study revealed that
CUR exhibited anti-hyperuricemic and anti-inflammatory effects through suppressing NLRP3 inflammasome
activation in kidney and provided the evidence for treating hyperuricemia and associated renal inflammation.

1. Introduction

Hyperuricemia is a risk factor for diabetes, cardiovascular compli-
cations, metabolic syndrome and chronic kidney disease [1,2]. In the
past decades, the growth trend of hyperuricemia has been attracted
widespread attention. It is well known that hyperuricemia is closely
associated with overproduction and underexcretion of uric acid (UA) in
patients. During the formation of UA, xanthine oxidase (XOD) is the key
enzyme involved in the transformation of xanthine and hypoxanthine
into UA [3]. Excessive consumption of purine foods and a lack of ge-
netic enzymes can lead to uricemia and hyperuricemia. Such as allo-
purinol (ALL) [4], a commonly used drug in clinic, but less than half of
patients with hyperuricemia can control their serum UA level and easy
to cause side effects (hypersensitivity reaction). In UA excretion, the
kidney and the intestine play an important role, that more than 70% of
UA excretion through the kidney pathway [5]. However, under-
excretion of UA in kidney can lead to kidney inflammatory injury, and
further slashed their functions, which in turn worsen the renal

dysfunction for UA excretion. It is notable that increasing evidence of
many medication for hyperuricemia have side effects.

NLRP3 (NLR family pyrin domain containing3) inflammasome, a
danger signal for inflammation, which plays a crucial role in the pa-
thogenesis of renal inflammation [6,7]. Recently, evidences have shown
that soluble UA and UA crystals could activate the NLRP3 inflamma-
some, and then mediate the secretion of IL-1β to trigger congenital
immune against danger signals [8]. In addition, the NLRP3 inflamma-
some can also is activated by oxidative stress [9]. Under oxidative
stress, oxidative enzymes can increase ROS levels, and then activated
NLRP3 and caspase1, leading to pyroptosis and up-regulating the levels
of IL-1β [10]. So, inhibiting the activation of NLRP3 inflammasome and
reducing oxidative stress may be feasible strategies for drugs to sup-
press kidney inflammation.

Curcumin (CUR), a natural hydrophobic polyphenol from the rhi-
zomes of Curcuma longa, possesses multiple pharmacologic activities,
including anti-inflammatory and anti-oxidant. Previous studies have
shown that CUR alleviated inflammation by inhibiting of NLRP3-
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dependent caspase-1 activation and reducing IL-1β secretion in dextran
sulfate sodium (DSS)-induced colitis [11]. CUR was also demonstrated
to ameliorates monosodium urate (MSU)-induced gouty arthritis [12].
In addition, recently studies also found that CUR could exert obvious
bioactivity towards hepatoprotective effect and renoprotective effect
through anti-inflammatory and anti-oxidant [13,14]. However, to date,
hyperuricemia causes complication, such as renal injury, has become a
problem that can’t be ignored. Therefore, it is particularly important to
search whether some drugs can alleviate hyperuricemia, and also im-
prove the renal injury induced by hyperuricemia.

Based on this, in the present study, we established a hyperuricemia
model induced by potassium oxonate (PO) (300mg/kg), which has
been reported to cause obvious kidney injury. We further detected the
levels of UA, CRE, BUN, XOD and MDA, SOD, GSH-Px and cytokines to
evaluate the therapeutic effects of CUR in hyperuricemic mice. Finally,
the effect of CUR on NLRP3 inflammasome was investigated to illus-
trate its mechanism for improving kidney inflammation.

2. Materials and methods

2.1. Reagents

PO and ALL were purchased from Sigma chemicals (St. Louis, MO,
US). CUR (HPLC purity> 98%) was purchased from shanghai PureOne
Biotechnology Co., Ltd. (Shanghai, China). The uric acid (UA), xanthine
oxidase (XOD), creatinine (CRE), blood urea nitrogen (BUN), mal-
ondialdehyde (MDA), superoxide dismutase (SOD), glutathione perox-
idase (GSH-Px) texting kits were provided by Nanjing KeyGEN Biotech.
Co., Ltd. (Nanjing, China). Enzyme-linked immunosorbent assay
(ELISA) kit of IL-1β was obtained from Thermo Fisher Scientific, and IL-
18 ELISA kit was obtained from MEIMIAN (China). RNAiso Plus re-
agent, PrimeScript™RT reagent kit and SYBR Green PCR Master Mix
were provided by TaKaRa (TaKaRa, Japan). Primary antibodies against
NLRP3 and caspase1 were produced by Bioss (Beijing, China), ASC was
supplied by Cell Signaling Technology (Danvers, USA), IL-1β was pur-
chased from Proteintech (Wuhan, China).

2.2. Animals and treatment

Male Kunming mice (18–22 g) were purchased from the Laboratory
Animal Services Center, Guangzhou University of Chinese Medicine
(Guangzhou, China) (SYXK 2018-0085). Animals were acclimated for 1
week before the experiments. All animals were allowed to eat a stan-
dard diet and drink ad libitum, and adapted to the specific pathogen
free (SPF) conditions at 22 ± 2 °C, humidity 60 ± 5% with a fixed
12 h artificial light period. The study was guided and approved by the
Animal Ethics Committee of Guangzhou University of Chinese Medicine
(No.20180908004).

All mice were randomly divided into 5 groups (n= 8/group): (1)
Control group; (2) PO group: hyperuricemic mice were in-
traperitoneally injected with PO (300mg/kg); (3) ALL group: hyper-
uricemic mice treated with ALL (ALL, 5mg/kg) group; (4) other two
groups consisted of mice receiving PO and administrated with CUR(20,
40mg/kg/day respectively for 14 days). PO was suspended in 0.5%
sodium carboxymethylcellulose (CMC-Na) freshly and given to mice by
i.p. injection (300mg/kg) daily for 14 days. Control mice were treated
with water (vehicle) accordingly. CUR or ALL was administrated to the
mice by oral gavage 1 h after the PO treatment. On the day 15, mice
were all sacrificed after being fasted for 12 h and anesthetized by
pentobarbital sodium. Then mice blood samples were collected in 2ml
EP tubes followed by the centrifugation (3000 rpm for 10min at 4℃)
and then stored at -80℃ for biochemical assays. Kidney tissues were
quickly removed, weighted and divided into two parts, one was fixed in
4% paraformaldehyde for histopathological examination, and the other
was stored at -80℃ for further biochemical assays.

2.3. Serum and liver biochemical analysis

The levels of UA, XOD, CRE and BUN in the serum and XOD in the
liver were detected by using commercial detection kits (Jiancheng
Bioengineering Institute, China) according to the instructions of man-
ufacturers.

2.4. Histopathological examination

The kidney tissues from mice were fixed in 4% paraformaldehyde
for 24 h and embedded in paraffin. According to standard method,
tissue sections (4 μm), were stained with Hematoxylin and Eosin (HE)
for histopathological examination. Finally, kidney histological lesions
were evaluated with a light microscope (OLYMPUS, Japan) at 200×
magnifications. The kidney injury was scored according to previous
paper [15].

2.5. Antioxidant activity and cytokine levels

The activities of MDA, SOD and GSH-PX in the serum were detected
by using commercial detection kits (Jiancheng Bioengineering Institute,
China) and the levels of IL-1β and IL-18 in the serum and kidney were
measured using the enzyme-linked immunosorbent assay (ELISA) kits.
The detection method was performed according to the instructions of
manufacturers.

2.6. Immunohistochemistry (IHC) staining

The paraffin embedded kidney sections of each sample were de-
waxed and dehydrated with xylene and gradient concentrations of al-
cohol. Antigen retrieval was conducted by autoclaving at 120℃ for
15min in citrate buffer (pH 6.0), and then sections were incubated with
3% hydrogen peroxide for 5–10min to inactivate endogenous catalase.
Then, sections were blocked with 10% horse serum. And they were
incubated with IL-1β antibody (1:200, Proteintech, Wuhan, China) for
overnight at 4℃. Then, the sections were incubated with HRP-con-
jugated secondary antibody (Bioss, Beijing, China) for 1 h at room
temperature. Subsequently, the sections were incubated with strepta-
vidin HRP (Bioss, Beijing, China). The expression of IL-1β in kidney
were subjected to microscopic (Olympus, Japan) analysis and analyzed
by Image J software.

2.7. Gene expression

Total RNA of kidney samples was obtained by using RNAiso Plus
reagent (TaKaRa, Janpan) following the manufacturer’s protocol. The
concentration of protein was measured at Nanodrop 2000c (Thermo
Scientific). Then, 1 μg RNA was reverse transcribed to cDNA using a
PrimeScript™RT regent kit (TaKaRa, Janpan). The cDNA was amplified
by using the SYBR Green PCR Master Mix and specific primers in the
CFX96 Real-Time PCR Detection system (Bio-Rad, USA) and these pri-
mers were listed as follows: IL-1β forward, 5′-GCCCATCCTCTGTGAC
TCA-3′; IL-1β reverse, 5′-AGTTGTCTGATTCCAGGTCTCCAT-3′; ASC
forward, 5′-AGACATGGGCTTACAGGA-3′; ASC reverse, 5′-CTCCCTCA
TCTTGTCTTGG-3′; Caspase1 forward, 5′-TATCCAGGAGGGAATAT
GTG-3′; Caspase1 reverse, 5′-ACAACACCACTCCTTGTTTC-3′; NLRP3
forward, 5′-GTGGTGACCCTCTGTGAGGT-3′; NLRP3 reverse, 5′-TCTTC
CTGGAGCGCTTCTAA-3′; β-actin forward, 5′-GGTCATCACTATTGGCA
ACG-3′; β-actin reverse, 5′-ACGGATGTCAACGTCACACT-3′; RT-PCR
was performed in a CFX96 Real-Time PCR Detection system (Bio-Rad,
USA) and reaction conditions were performed as follows: 95℃ for 30 s,
and then 40 cycles of 95℃ for 5 s and 60℃ for 30 s. Relative mRNA
expressions of NRLP3, ASC, caspase1 and IL-1β were calculated using
the 2−△△Ct method. The β-actin was used as the housekeeping gene.
All target genes were normalized with β-actin.
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2.8. Western blot analysis

Kidney tissues were homogenized in 0.1% phenylmethylsulfonyl
fluoride RIPA buffer (Beyotime, China) and centrifuged at 12,000g for
10min at 4 °C. Then the supernatant was collected and protein con-
centrations were detected by BCA protein assay kit (Beyotime, China).
Protein samples and loading buffer were mixed at the ratio of 4:1 and
boiled for 6min. The mixture was separated in 8%–10% SDS-PAGE
electrophoretic gel and transferred to PVDF membrane (Bio-Rad, USA)
for 1.5 h. The membranes were blocked in 5% non-fat milk dissolved in
TBST for 1 h at room temperature and incubated with antibodies
against NLRP3(Abcam, USA), ASC (CST, Danvers, USA), caspase1
(Abcam, USA) and IL-1β (Proteintech, Wuhan, China) at a dilution of
1:1000 respectively overnight at 4℃. Then, these membranes were
incubated with secondary antibody for 1 at room temperature after
washing with TBS-Tween for 3 times. The membranes were imaged
with ECL kit (Beyotime, China), and densitometric analysis was per-
formed by Image J software (National Institutes of Health, USA).

2.9. Statistical analysis

Data is expressed as means ± S.E.M and all data analysis were
using SPSS version 13.0 software. Differences between groups were
determined using analysis of variance (ANOVA). When the F ratios
were significant, post hoc comparisons were made using the LSD post
hoc test. P values< 0.05 was considered statistically significantly.

3. Results

3.1. CUR decreased the levels of UA, CRE and BUN in serum

UA, an important indicator of hyperuricemia, which is produced by
the liver and excreted by the kidney. Underexcretion of UA can cause
kidneys damage [16]. As shown in Fig. 1A, PO treatment caused a

significant elevation in serum level of UA compared with the control
group (P<0.01), and CUR at doses of 20, 40 mg/kg also markedly
decreased the levels of UA in serum, indicating that CUR could alleviate
PO-induced hyperuricemia. CRE and BUN also are important indicators
to reflect kidney injury. We found that the levels of CRE and BUN in-
creased significantly in PO group (P<0.01, Fig. 1B–C). ALL or CUR
treatment obviously inhibited the elevation of CRE and BUN (P<0.05
or P<0.01) induced by PO, suggesting that CUR could effectively
improve PO-induced kidney injury in mice, which has similar effect as
compared to ALL.

3.2. CUR decreased the levels of XOD in serum and liver

The key enzyme XOD is closely related to the production of UA [17].
As shown in Fig. 2A–B, the PO group had a significantly higher XOD
level in serum and liver as compared to those levels in the control group
(P<0.01). However, administration with ALL or CUR could sig-
nificantly reduce the serum and hepatic levels of XOD (P<0.05 or
P<0.01), suggesting that the effect of CUR on reducing the production
of UA is closely related to inhibit XOD level.

3.3. CUR improved PO-induced kidney histopathological changes in mice

In clinical trials, the inflammation status and some organizational
structure changes were observed as an obvious pathological char-
acteristic of hyperuricemia [18]. The inflammatory cells infiltration and
tissue damage of PO-induced hyperuricemia were translated into a
histological severity score [15]. Kidney histological changes of control
mice and experimental mice were depicted in Fig. 3A–B. The renal
tissues in control mice showed a normal morphology with no evidence
of inflammation. While PO-treated mice exhibited several characterized
histologic alterations, including inconspicuous boundaries between
adjacent proximal tubule cells, swelling and proximal tubule necrosis.
Compared with PO group, tubulointerstitial and glomerular lesions

Fig. 1. Eff ;ects of CUR on hyperuricemia and kidney injury in hyperuricemic mice. (A) The level of serum UA. (B) The level of serum CRE. (C) The level of serum
BUN. Data are showed as mean ± S.E.M of 6–8 mice in each group.
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were ameliorated in the low-dose treatment group (CUR 20mg/kg) or
the positive control group (ALL, 5mg/kg) treated groups, and with
regulated proximal tubule cells and the cytoplasm were relatively clear.
High-dose CUR (40mg/kg) treatment alleviated PO-induced patholo-
gical lesions.

3.4. CUR inhibited the production of cytokines in serum and kidney tissues
and the oxidative stress injury in serum in hyperuricemic mice

After pathological observation of kidney, we further investigated
the levels of inflammatory cytokines IL-1β and IL-18 in serum and renal
tissue in PO-induced hyperuricemic mice. As shown in Fig. 4A–D, the
PO group significantly elevated the levels of IL-1β and IL-18 in both
serum and kidney compared to control mice (P<0.01). CUR (20,
40mg/kg) and ALL (5mg/kg) treatment significantly reversed the
elevations of IL-1β and IL-18 in serum and kidney tissues (P<0.01),
indicating that CUR could inhibit the inflammatory response to protect
against the kidney damage induced by PO. Moreover, we analyzed the
levels of prominent antioxidant enzymes (SOD and GSH-Px), MDA in

serum. As shown in Fig. 4E–G, compare to control group, the levels of
SOD and GSH-Px in PO group were remarkably lower in serum
(P<0.01), and the MDA level was significantly increased in PO group
(P<0.01). However, administration with ALL or CUR could sig-
nificantly increase the levels of SOD and GSH-Px (P<0.05 or P<0.01)
and reduce the level of MDA (P<0.05), suggesting that CUR may re-
duce oxidative stress in PO-induced hyperuricemic mice. In addition,
the expression of inflammatory cytokine IL-1β in kidney also indicated
that the positive staining of IL-1β was significantly increased in PO-
induced hyperuricemic mice (Fig. 4H–I). Treatment with CUR (20,
40mg/kg) and ALL (5mg/kg) could markedly reduce expression of IL-
1β.

3.5. CUR improved kidney inflammation by suppressing the NLRP3
inflammasome activation in hyperuricemic mice

In the above results, CUR could reduce the expression levels of in-
flammatory cytokines IL-1β and IL-18 in PO-induced hyperuricemia
mice, both of which are downstream products of NLRP3 inflammatory

Fig. 2. Eff ;ect of CUR on the level of XOD in serum and liver. (A) The level of XOD in serum. (B) The level of XOD in liver. Data are showed as mean ± S.E.M of 6–8
mice in each group.

Fig. 3. Eff ;ect of CUR on kidney pathological changes for PO-induced hyperuricemic mice. (A) The representative pictures of kidney histopathology (200×). (B)
Affected renal (%) (n= 3).
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pathway [19]. On this basis, we further investigated the effect of CUR
on NLRP3 inflammasome signal pathway. We found that the mRNA
expressions of IL-1β, NLRP3, ASC and caspase1 were significantly in-
creased in the kidney tissues after PO treatment compared to the con-
trol group (Fig. 5A–D). Interesting, CUR treatment could dose-depen-
dently reduce the mRNA expressions of IL-1β, NLRP3, ASC and
caspase1 (Fig. 5A–D). Next, we explored the effect of CUR on regulating
the protein expressions of NLRP3 inflammasome signal pathway. Con-
sistent with the results of mRNA, the protein levels of NLRP3, ASC,

caspase1 and IL-1β in kidney tissues of PO-induced hyperuricemic mice
were dose-dependently reduced after treatment with CUR (Fig. 5E–I),
suggesting that CUR could inhibit the activation of NLRP3 inflamma-
some to reduce kidney inflammation.

4. Discussion

The increasing trend of hyperuricemia has been noted in the past
decades. Patients with hyperuricemia have higher levels of UA, which

Fig. 4. Eff ;ects of CUR on the levels of pro-inflammatory cytokines. (A) The level of IL-1β in serum. (B) The level of IL-1β in kidney. (C) The level of IL-18 in serum.
(D) The level of IL-18 in kidney. (E) The level of MDA in serum. (F) The level of SOD in serum. (G)The level of GSH-Px in serum (H) The representative IHC pictures of
IL-1β in kidney (200×). (I) The expression of IL-1β in kidney (n= 3). Data are showed as mean ± S.E.M of 6–8 mice in each group.

Fig. 5. Eff ;ects of CUR and ALL on NLRP3 inflammasome signaling pathways expressions in PO-induced hyperuricemic mice. The mRNA expression of IL-1β (A),
NLRP3 (B), ASC (C) and caspase1 (D) in kidney tissue were detected by RT-PCR. The protein expressions of NLRP3, ASC, caspase1 and IL-1β(E) were detected by
Western blot in kidney tissue. The protein expressions of NLRP3 (F), ASC (G), caspase1 (H) and IL-1β (I) were quantitated by Image software. Data are showed as
mean ± S.E.M of 3–5 mice in each group.
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affected kidney excretion and then caused kidney damage. Although
ALL has been frequently used for patients with hyperuricemia, less than
half of them could achieve of goal of controlling their serum UA levels.
Hence, there is no doubt that more effective anti-hyperuricemic medi-
cines with fewer side effects are needed. CUR, as a natural polyphenol
compound, has been demonstrated for its anti-inflammatory in various
disorders. In the present study, we confirmed that CUR can alleviate
hyperuricemia and promote nephroprotective effects in PO-induced
hyperuricemic mice.

It has been now widely accepted that UA level is the representative
hallmark of hyperuricemia [20]. Hyperuricemia occurs when UA is
overproduced or under excreted due to disorders of the modulating
system of UA [21,22]. CRE and BUN levels are the most important
biochemical indexes to detect abnormal renal function [23]. The pre-
sent study revealed that CUR reduced UA, CRE and BUN levels in
serum, indicating that CUR could alleviate PO-induced hyperuricemia,
which might be a therapeutic strategy in renal injury.

XOD is a key enzyme involved in conversion of xanthine and hy-
poxanthine to UA [24]. The higher XOD activity can lead to excessive
synthesis of UA [25]. Treatment with CUR (20, 40mg/kg) could sig-
nificantly inhibit XOD activities in serum and the liver, suggesting that
the effect of CUR on decreasing UA might be due to the inhibitory effect
on XOD level.

Genome-wide association studies were consistent with the fact that
about 90% of patients suffer from the underexcretion type in hyper-
uricemia [26]. The kidney plays an important role in UA excretion, with
more than half of urate excretion through the renal pathway [27].
Meanwhile, histological examinations of renal tissues exhibited severe
inflammatory cell infiltration in PO-treated mice, while these char-
acteristics effectively attenuated by CUR or ALL. We further detected
the levels of inflammatory cytokines in serum and kidney. Our results
also confirmed that CUR significant reversed the elevated production of
pro-inflammatory cytokines in serum and renal tissues, demonstrating
that the nephroprotective effects of CUR might be due to its anti-in-
flammatory effect, which is similar to previous studies [28,29].

It has been reported that increased expressions of IL-1β and IL-18 is
closely associated with activation of the NLRP3 inflammatory pathway.
The previous studies also found that UA could induce activation of
caspase 1 and release of IL-1β [30]. Moreover, hyperuricemia-induced
NLRP3 activation in macrophages is used as the contributors to the
progression of diabetic nephropathy [32]. In addition, accumulating
evidence have demonstrated that oxidative stress can increased oxida-
tive enzyme to induce the increase of ROS, which could activate NLRP3
inflammasome signal pathway to up-regulate the expressions of pro-
inflammatory cytokines [10]. In this study, we found that CUR could
reduce oxidative stress and inhibit the expressions of pro-inflammatory
cytokines IL-1β and IL-18, suggesting that CUR may be regulate NLRP3
inflammasome signal pathway to alleviate kidney injury in PO-induced
hyperuricemic model mice. Further studies also evidence that CUR
could significantly inhibit the activation of NLRP3 inflammasome
signal pathway.

5. Conclusions

In conclusion, our findings confirmed that CUR could decrease the
UA level in PO-induced hyperuricemia model and ameliorate renal
damage. Further studies showed that the therapeutic effect of CUR on
alleviating renal injury and inflammation were closely related to the
inhibition on NLRP3 inflammasome activation in hyperuricemic mice.
Thus, our results suggest that CUR might be used as a new potential
drug or supplement in protecting against hyperuricemia-caused renal
injury.
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