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Background: Eurycoma longifolia is a tropical medicinal plant belonging to
Simaroubaceae distributed in South East Asia. The stems are traditionally used for the
treatment of sexual insufficiency, fever, hypertension, and malaria. Furthermore, it has
antidiabetic and anticancer activities. Recently, it has been reported to reduce uric acid,
but the mechanism is unclear.

Hypothesis/Purpose: The aim of this study is to explore the effect and mechanism of E.
longifolia stem 70% ethanol extract (EL) and its active compounds on uric acid excretion.

Study Design and Methods: Potassium oxonate (PO) induced hyperuricemia rats
model and adenine-PO induced hyperuricemia mice model were used to evaluate the
effects of EL. Ultraperformance liquid chromatography was used to determine the levels of
plasma or serum uric acid and creatinine. Hematoxylin-eosin staining was applied to
observe kidney pathological changes, and western blot was applied to detect protein
expression levels of uric acid transporters. Effects of constituents on urate uptake were
tested in hURAT1-expressing HEK293T cells.

Results: EL significantly reduced serum and plasma uric acid levels at dosages of 100,
200, and 400 mg/kg in hyperuricemia rats and mice, increased the clearance rate of uric
acid and creatinine, and improved the renal pathological injury. The protein expression
levels of urate reabsorption transporter 1 (URAT1) and glucose transporter 9 were down-
regulated, while sodium-dependent phosphate transporter 1 and ATP-binding cassette
transporter G2 were up-regulated in the kidney after EL treatment. The quassinoids
isolated from EL showed inhibitory effects on urate uptake in hURAT1-expressing
HEK293T cells, and the effect of eurycomanol was further confirmed in vivo.
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Conclusion: Our findings revealed that EL significantly reduced blood uric acid levels,
prevented pathological changes of kidney in PO induced hyperuricemia animal model,
and improved renal urate transports. We partly clarified the mechanism was related to
suppressing effect of URAT1 by quassinoid in EL. This study is the first to demonstrate
that EL plays a role in hyperuricemia by promoting renal uric acid excretion.
Keywords: Eurycoma longifolia, eurycomanol, hyperuricemia, uric acid excretion, urate reabsorption transporter
INTRODUCTION

Hyperuricemia defined as plasma uric acid level higher than
420 μmol/L in males and 350 μmol/L in females (Johnson et al.,
2018) is the major risk factor of gout and is highly related to
fatty liver (Sandra et al., 2019), diabetes (Dehghan et al., 2008),
hypertension (Wang et al., 2014), chronic kidney damage
(Zoppini et al., 2012), and cardiovascular diseases (Martinez-
Quintana et al., 2016). Hyperuricemia is more prevalent in Asia
regions (Smith and March, 2015). National cross-sectional
survey showed that the prevalence of hyperuricemia was 8.4%
among Chinese adults in 2009–2010 (Liu et al., 2014), and
meta-analysis indicated the prevalence of hyperuricemia was
13.3% in mainland of China from 2000 to 2014 (Liu, R.
et al., 2015).

Hyperuricemia is caused by excessive production or
insufficient excretion of uric acid (Mandal and Mount, 2015;
Maiuolo et al., 2016). Uric acid is the final product of purine
catabolism due to the lack of uricase in human. Xanthine oxidase
(XOD) in the liver catalyzes the oxidation of hypoxanthine and
xanthine to uric acid (Haidari et al., 2008). Renal excretion and
intestinal excretion are the two ways for human to eliminate uric
acid to maintain blood uric acid level. Uric acid handling in the
kidney through four processes, including glomerular filtration,
tubular reabsorption, secretion, and post-secretory reabsorption.
In renal excretion way, urate transporters play an important role
on uric acid reabsorption and secretion (Lipkowitz, 2012). The
urate reabsorption transporter 1 (URAT1) and glucose
transporter 9 (GLUT9) are located at the apical and basolateral
membranes of the proximal tubular cells, respectively, which
are responsible for reabsorption of uric acid in the kidney
(Ichida et al., 2004; Dinour et al., 2010). Moreover, it was
reported that renal organic anion transporter 1-3 (OAT1-3)
located in the basolateral membrane of the kidney, sodium-
dependent phosphate transporter 1 (NPT1), NPT4, and ATP-
binding cassette transporter G2 (ABCG2) located in the apical
t; PO, Potassium oxonate; UPLC, Ultra
, Hematoxylin-eosin staining; URAT1,
Glucose transporter 9; ABCG2, ATP-
thine oxidase; OAT1-3, Organic anion
ansporter 4; OAT10, Organic anion
hosphate transporter 1; NPT4, Sodium-
Multidrug resistance-associated protein;
raphy; Cur, Clearance of uric acid; Ccr,
Saline with Tween 20.
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membrane of the kidney were involved in renal uric acid
excretion (Atsushi et al., 2002). Accordingly, reducing uric acid
production or promoting uric acid excretion may be the useful
therapeutic approached to hyperuricemia.

Currently, allopurinol and febuxostat (Pacher et al., 2006) are
used as the first-line drug for urate-lowering, reducing the
serum uric acid levels through inhibition of XOD activity.
However, some patients are intolerant to allopurinol or
cannot achieve the target serum uric acid level by taking
recommended dose of allopurinol (Keith and Gilliland, 2011).
In addition, some clinic research reported that febuxostat
showed an increased risk of cardiovascular death (Becker
et al., 2010). Therefore, XOD inhibitors treatment does not
sufficient enough to meet clinical needs. Uricosuric agents, such
as benzbromarone, interacts with multiple renal transporters to
elevate uric acid excretion and is used to improve hyperuricemia
(Reinders et al., 2009). However, long-term use of uricosuric
agents has been reported to cause serious hepatotoxicity (Shin
et al., 2011) and increase the incidence of renal urate stones.
Uricosuric agents are not first choice for gout or hyperuricemia
patient (Stamp et al., 2007; Strilchuk et al., 2019). Although high
selective URAT1 inhibitor, such as lesinurad and verinurad, is
developed as a new therapeutic agent of hyperuricemia, the
safety and true effect of treat-to-target trials are still not enough
(Tausche et al., 2017).

Eurycoma longifolia Jack is a medicinal plant distributed in
southeast Asia (Rehman et al., 2016) used as a traditional
medicine to treat sexual dysfunctions (Bhat and Karim, 2010).
Recently, it has been reported to reduce uric acid by inhibition of
XOD activity (Lianget al., 2018), but its inhibitory activity was
relatively weak that could not fully clarify the urate-lowering
effect in vivo. In this study, we performed a series of experiments
to determine the anti-hyperuricemic mechanism of E. longifolia
in regulating uric acid excretion.
MATERIALS AND METHODS

Materials
The stems of E. longifolia were collected from Titi, Jelebu
District, Kuala Klawang, Malaysia (2°59’58.3”N 102°04’49.7”E),
and identified by Dr. Wang Tao (Institute of Traditional Chinese
Medicine, Tianjin University of Traditional Chinese Medicine).
Voucher specimen was deposited at the Institute of Traditional
Chinese Medicine of Tianjin University of Traditional Chinese
Medicine (Voucher Number: TUTCM-17-0153).
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Seventy percent ethanol extract of stem from E. longifolia (EL)
and eurycomanol, provided by the Chinese Medicine Chemistry
Laboratory of Tianjin University of Traditional Chinese
Medicine, stored at 25°C. The compound, eurycomanone, was
purchased from Yuanye Biotechnology Co., Ltd. Shanghai,
China, and its purity [high-performance liquid chromatography
(HPLC) ≥ 95%].
Animals
Sprague-Dawley (SD) rats SPF grade, 8 weeks old, were
purchased from HFK Bioscience Co., Ltd. Beijing, China. Male
Kunming strain mice of SPF grade, weighing 18–22 g, were
purchased from Beijing Vital River Laboratory Animal
Technology Co., Ltd. All animals were allowed to have a
standard diet and drink and housed in experimental conditions
at 25 ± 2°C, humidity 60 ± 5% with a fixed 12 h artificial light
period. They were allowed at least 7 days to adapt to their living
environment before the experiments. All of animal experiments
designs were approved by Science and Technological Committee
and the Animal Use and Care Committee of TJUTCM
(No. 201610007).
HPLC Analysis of EL
Eurycomanone is a quassinoid isolated from stems of E.
longifolia and is used as quality control marker. HPLC-diode
array detection analysis of the eurycomanone content in EL was
carried out using an Agilent 1260 Infinity II system (Agilent
Technology, Santa Clara, CA) with Eclipse Plus C18 column
(Agilent Technologies, USA, 4.6 × 250 mm, 5 μm), and the
mobile phases water (A) and acetonitrile (B) were utilized in a
gradient mode (0–18 min: 91%A, 9%B; 19–35 min: 5%A, 95%B)
at ambient temperature (Li, 2017).
Potassium Oxonate Induced Acute
Hyperuricemia Rats and Mice
Potassium oxonate (PO) (Sigma-Aldrich Co., MO, USA), a urate
oxidase inhibitor, was applied to induce acute hyperuricemia.
Male SD rats were randomly allocated into the following six
groups (n = 10): (1) normal control group, (2) PO induced
hyperuricemia group, (3) PO+100 mg/kg probenecid (Sigma-
Aldrich Co., MO, USA) group, (4) PO+100 mg/kg EL group, (5)
PO+200 mg/kg EL group, and (6) PO+400 mg/kg EL group.
Animals fasted for 24 h and allowed to drink waters freely before
the experiment. PO, probenecid, and EL were suspended in 5%
acacia solution and administered at 10 ml/kg. Rats were
intragastrically administrated with PO (200 mg/kg) after 1 h of
the treatment of EL (100, 200, 400 mg/kg) or probenecid (100
mg/kg). The control rats received 5% acacia solution as a vehicle.
The blank blood was collected from infraorbital venous plexus
before administration of each group of rats, and then blood
samples were collected at 500 ml for 1, 2, 4, and 6 h after PO
Frontiers in Pharmacology | www.frontiersin.org 3
administration. The blood was allowed to clot for approximately
1 h at room temperature and then centrifuged at 4°C for 10 min
at 5,000g to separate the serum. The serum was then stored at
−20°C until analyzed.

PO-induced acute hyperuricemia mice were used for
eurycomanol act iv i ty screening . PO (300 mg/kg) ,
benzbromarone (50 mg/kg), and eurycomanol (20 mg/kg) were
suspended in 5% acacia solution and administered at 20 ml/kg.
Mice were intragastrically administrated with PO (300 mg/kg) 1
h after the treatment of eurycomanol and benzbromarone. The
blank blood was collected before administration, and then blood
samples were collected at 1, 2, and 4 h after PO administration.
The plasma was then stored at −20°C until analyzed.

Ultraperformance liquid chromatography (UPLC) was used
to determine serum and plasma uric acid levels (Wen et al.,
2019). Perchloric acid (0.3 M) 270 μl was added to 30 μl serum
or plasma sample, vortex mixing and placed in ice-water bath
for 30 min, and then centrifuged at 10,000g for 10 min at 4°C to
obtain supernatants. Supernatant (200 μl) was neutralized with
50 μl Na2HPO4 solution (0.8 M) and underwent further
centrifugation at 10,000g for 10 min at 4°C, and then the
supernatant was stocked for UPLC analysis of uric acid level.
UPLC analysis conditions are as follows: Waters ACQUITY
UPLC system H Class (Waters Co. Ltd. USA) with a quaternary
solvent manager was used to determine serum and plasma uric
acid levels. Detector: photo-diode array, column: ACQUITY
UPLC BEH Amide (1.7 μm, 2.1 × 50 mm), detect wavelength:
285 nm, mobile phase: 0.1% acetic acid water solution/
acetonitrile = 10/90, v/v, flow rate:0.3 ml/min, the column was
maintained at 30°C.
Adenine and PO Induced
Hyperuricemia Mice
In order to further verify the in vivo activity of EL, mice were
selected as experimental subjects. Hyperuricemia animal models
in mice were established by oral administration of PO and
adenine (Zhang et al., 2018) (Sigma-Aldrich Co., MO, USA).
Male Kunming mice were randomized into several groups (n =
12): normal control, hyperuricemia control, benzbromarone
control (50 mg/kg), and EL groups (100, 200 and 400 mg/kg
respectively). Benzbromarone and EL samples were suspended in
5% acacia and orally administrated with a volume of 20 ml/kg.
One hour later, mice were intragastric administration of adenine
(75 mg/kg/day, volume 20 ml/kg) and PO (200 mg/kg/day,
volume 20 ml/kg). Mice of normal and hyperuricemia control
were only administered orally the same volume of 5% acacia
solution. The treatment was applied once a day in the morning
for 21 consecutive days. Blood samples were collected 1 h after
final administration on the 7th day, 14th day and 21th day for
biochemical assays. At the end of administration, 2 and 24 h
urine samples were collected with metabolic cages, and kidney
tissues were quickly and carefully separated on ice-plate. The
single kidney tissue was fixed at room temperature in formalin
for renal histological analysis, and another kidney was stored at
December 2019 | Volume 10 | Article 1464
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−80°C for the analysis of western blot. Plasma and urine uric acid
levels were determined as previously described. Plasma and urine
creatinine levels were determined using creatinine kit (Biosino
Bio-Technology Co., Ltd.,Beijing, China) according to the
manufacturers’ instructions. Clearance of uric acid (Cur) and
creatinine (Ccr) were calculated by methods reported in the
literature (Perez-Ruiz et al., 2002) shown as following:

Cur = Uv � Uur=Sur;

Ccr = Uv � Ucr=Scr;

Sur, plasma uric acid level; Scr, plasma creatinine level; Uur,
urinary uric acid level; Uv, urine volume.
Histopathology of Renal Tissues
The removed k idney t i s sues were fixed wi th 4%
paraformaldehyde in PBS and embedded in paraffin for
histological analysis. The 5 μm-thick paraffin sections were
stained with hematoxylin and eosin (H&E), and the
pathological morphology of kidney tissue was photographed
with Axio Imager D2 (Zeiss, Oberkochen, Germany).
Western Blot Analysis
Kidney tissue blocks were homogenized with 10-folds of RIPA
Lysis Buffer (adding 1 mmol/L PMSF; phosphatase inhibitor)
under the ice bath condition, and the mixtures were centrifuged
at 12,000g for 10 min. The supernatants were collected and the
total protein concentration was determined by Cytation 5
(BioTek, Winooski, VT, USA). Samples (70 μg) were separated
by 10% SDS-polyacrylamide gel electrophoresis and transferred
electrophoretically onto PVDF membrane (Merck Millipore,
Bedford, MA). Non-specific binding sites on the membranes
were blocked with QuickBlock™ Western blocking solution
(Beyotime Institute of Biotechnology, Nanjing, China).
Afterwards, they were incubated overnight individually at 4°C
with anti-URAT1 (ProteinTech Group. Chicago, USA), anti-
GLUT9 (Millipore Co. Ltd. Bedford, MA, USA), anti-ABCG2
(Abcam plc. Cambridge, MA, USA), anti-OAT1 (Abcam plc.
Cambridge, MA, USA), anti-NPT1 (ProteinTech Group.
Chicago, USA), and b-actin (Abcam plc. Cambridge, MA,
USA) antibodies diluted in Tris Buffered Saline with Tween 20
(TBST, Beijing Solarbio Science & Technology Co. Ltd., Beijing,
China). Then the blots were washed three times with TBST and
incubated with the secondary antibodies conjugated with
horseradish peroxidase at room temperature for 1 h.
Subsequently, blots were washed three times with TBST and
then mixed with Enhanced Chemiluminescence (Millipore Co.,
Ltd. MA, USA). After that, the protein bands were visualized
with ChemiDoc MP Imaging System (Bio-Rad, Hercules, CA,
USA). The band intensities were quantified using Image J
analysis software.

RT-PCR Analysis
RNA isolation, cDNA synthesis, and real-time PCR analysis were
performed as described previously (Liu, M. et al., 2015). The
Frontiers in Pharmacology | www.frontiersin.org 4
primer sequences used for real-time PCR were shown in Table 1.
Results were presented as levels of expression relative to those of
controls after normalization to b-actin using the 2−△△CT

methods. Analysis was carried out in triplicates.
Then RT-PCR was conducted using the SYBR Green

QuantiTect RT-PCR kit (Thermo Fisher Sci. Inc., St. Austin,
TX, USA) through LightCycler 96 qPCR system (Roche, Basel,
Switzerland). The glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) acted as a control for total mRNA amount. The
results were detected using the 2−△△CT method.

Establishment of hURAT1-Expressing
HEK293T Cells
HEK-293T cells were cultured in Dulbecco’s modified Eagle’s
medium (DMEM, Thermo SCIENTIFIC, Rockford, USA)
supplemented with 10% fetal bovine serum (Thermo
SCIENTIFIC, Rockford, USA) and antibiotics (Sigma-Aldrich
Co., MO, USA) at 37°C in 5% CO2. To establish hURAT1-
expressing HEK293T cells, the cDNA of hURAT1 (GenBank
accession number AB071863) was subcloned into A pHB-CMV-
MCS-EF1-ZSgreen-puro (Hanbio Biotechnology Co., Ltd.
Shanghai, China) using restriction enzymes EcoRI (Thermo
Fisher Scientific, USA). HEK293T cells were transfected with a
hURAT1 expression vector by using Lipofiter™ according to the
manufacturer’s protocols (Hanbio Biotechnology Co., Ltd.
Shanghai, China). An empty pHB-CMV-MCS-EF1-ZSgreen-
puro vector was transfected into the HEK293T cells as a
control. After 24 h of transfection, the virus infection solution
was discarded and replaced with fresh complete medium.
Screening of cells successfully transfected with virus by
treatment of virus-transfected cells with puromycin. The
hURAT1-expressing HEK293T cells were used for a urate
uptake experiment.

Transporter Activity Assays in hURAT1-
Expressing HEK293T Cells
The hURAT1-expressing HEK293T cells were seeded in six-well
plates at a density of 1.5×105 per well in DMEM containing 10%
fetal bovine serum (Biological Industries Ltd. Kibbutz Beit
Haemek, Israel). After 48 h incubation at 37°C in a humidified
5% CO2 incubator, cell culture medium was replaced with 1 ml/
well chloride-free Hanks’ balanced salt solution (Cl–free HBSS),
and then incubated for 10 min. After 10 min incubation, the cells
were incubated in Cl−-free HBSS containing 100 μmol/L urate
(Sigma-Aldrich Co., MO, USA) with constituents (50 μmol/L) at
37°C for 30 min. RDEA3170 (1 μmol/L) (Target Molecule Co.,
Boston, USA), a URAT1 inhibitor, was used as positive control.
The urate uptake was stopped by removing the incubation buffer
and adding 500 μl of ice-cold HBSS (Cl–free HBSS) solution.
TABLE 1 | Sequences of the primers for real time RT-PCR analysis.

Forward Reverse

URAT1 TCTCCACGTTGTGCTGGTTC GGATGTCCACGACACCAATGA
GAPDH GGAGCGAGATCCCTCCAAAAT GGCTGTTGTCATACTTCTCATGG
Decembe
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The cells were lysed using 0.4 ml of 0.1 mmol/L NaOH. The urate
contents of the cells were determined by the previously described
UPLC method.

Statistical Analysis
Data are expressed as the mean ± S.E.M. Significant differences
between means were evaluated by one-way analysis of variance
(ANOVA) using SPSS 20.0 statistical software (version 20, SPSS;
IBM, Armonk, NY, USA). LSD and Dunnett’s test were used for
post hoc evaluations, and P < 0.05 was considered to represent a
statistically significant difference.
RESULTS

Eurycomanone Content Analysis in EL
Quassinoids were reported as major compounds in EL (Miyake
et al., 2009), and as a further phytochemical study, our group
reported 16 kinds of compounds including phenols and
quassinoids from EL (Ruan et al., 2019) and the structures
were identified by various spectral techniques and chemical
reactions. Determination of the content of eurycomanone in
EL by HPLC method reported previously (Li, 2017). The
calibration curve showed a good linear relationship over a
range of 0.04 to 0.40 mg/ml (Y = 15061×X-37.142, R² =
Frontiers in Pharmacology | www.frontiersin.org 5
0.9998). The HPLC chromatograms were shown in Figure 1,
and the relative content of eurycomanone in EL was 1.17%.

EL Decreased Serum Uric Acid Levels in
PO Induced Acute Hyperuricemia Rats
As shown in Figure 2, oral administration of PO could
significantly elevate the rat serum uric acid level in 1–6 h,
indicating that the model was established successfully.
Compared to the hyperuricemia control group, the serum uric
acid of the positive control (100 mg/kg probenecid) group was
significantly decreased in the 1–4 h. Similarly, 400 mg/kg EL
treatment remarkably reduced serum uric acid levels in 1–4 h, at
6 h, 100 mg/kg EL significantly reduced blood uric acid levels
(p < 0.05) (Figure 2).

EL Reduced Plasma Uric Acid Levels and
Enhanced Uric Acid Excretion in PO and
Adenine Induced Hyperuricemia Mice
As shown in Figure 3A, the mice body weight growths were
recorded, and the control group mice showed a significant
reduction in body weight compared to the normal group.
Compared with the control group, the mice body weight was
significantly increased in 400 and 200 mg/kg EL groups. While
there was no significant difference between benzbromarone
group and control group mice.
FIGURE 1 | Content analysis of eurycomanone in EL by HPLC. (A) eurycomanone (0.4 mg/ml) standard HPLC chromatogram. (B) EL (1 mg/ml) HPLC
chromatogram; *: eurycomanone.
December 2019 | Volume 10 | Article 1464
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FIGURE 2 | Effects of EL on the levels of serum uric acid in hyperuricemic rats. Normal, normal control group; Control, PO induced hyperuricemia group; Pro-100,
positive control probenecid group; EL, E. longifolia stem extract in different dosage group. Values represent the mean ± S.E.M. of determinations; *P < 0.05, **P <
0.01, vs. hyperuricemia group, ###P < 0.001 vs. normal control group.
FIGURE 3 | EL reduced plasma urate levels and enhanced excretion of urate in adenine and PO induced hyperuricemia mice. (A) Body weight changing curve;
(B–D) plasma uric acid levels at 1, 2, 3 weeks after administration; (E–G) plasma creatinine levels at 1, 2, 3 weeks after administration; (H) Urine volume; (I) 2 h and
24 h Cur; (J) 2 h and 24 h Ccr. Normal, normal control group; Control, PO induced hyperuricemia group; Ben-50, positive control benzbromarone group;
EL, E. longifolia stem extract in different dosage group. Values represent the mean ± S.E.M. of determinations (n = 8–10); *P < 0.05, **P < 0.01, ***P < 0.001 vs.
hyperuricemia group, #P < 0.05, ##P < 0.01, ###P < 0.001 vs. normal control group.
Frontiers in Pharmacology | www.frontiersin.org December 2019 | Volume 10 | Article 14646
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Plasma uric acid levels were much higher in the PO induced
control group than normal group at 2–3weeks (p < 0.01). Oral
administration of EL at 100, 200, and 400 mg/kg could markedly
decrease plasma uric acid levels in hyperuricemia mice at 2–3
weeks, indicating the anti-hyperuricemia effects of EL. In
addition, benzbromarone (50 mg/kg) as a positive control also
significantly reduced plasma uric acid levels in hyperuricemia
mice at 1–2 weeks (p < 0.05) (Figures 3B–D).

To determine renal function, creatinine level was examined.
Plasma creatinine levels were significantly higher in the
hyperuricemia group than normal control group (p < 0.001)
Benzbromarone significantly reduced plasma creatinine levels at
3 weeks (p < 0.01). EL at 100, 200, and 400 mg/kg also
significantly reduced plasma creatinine levels in Hyperuricemia
mice at 2–3 weeks (p < 0.01) (Figures 3E–G).

To evaluate the effect of EL on uric acid excretion, Cur and
Ccr were calculated. In the hyperuricemia group, 24 h Cur and Ccr
were significantly decreased compared with normal mice (p <
0.01), while Cur and Ccr were recovered in hyperuricemia mice
treated with 200 and 400 mg/kg EL (p < 0.01) (Figures 3H–J).
EL Ameliorated Kidney Histological
Alterations in PO and Adenine Induced
Hyperuricemia Mice
As shown in Figure 4, kidney tissue sections were stained with
H&E. In the normal group, the boundary of the renal tubules was
clear and the epithelial cells were arranged neatly. PO and
adenine induced hyperuricemia mice exhibited severe renal
tubule dilation, mild inflammatory cell infi l tration,
inconspicuous of boundaries between adjacent proximal tubule
cells, renal tubules with protein casts, swelling, and proximal
Frontiers in Pharmacology | www.frontiersin.org 7
tubule necrosis. Benzbromarone and ELs treatments significantly
alleviated the hyperuricemia induced renal damage. EL at high
dose exhibited a better effect than low dose.
EL Modulated Renal Urate Transport-
Associated Proteins in PO and Adenine
Induced Hyperuricemic Mice Kidneys
The effects of EL on renal URAT1, GLUT9, ABCG2, OAT1, and
NPT1 protein expression were detected (Figure 5). Compared to
the normal group, the protein expression levels of GLUT9 and
URAT1 (p < 0.01) were significantly induced in hyperuricemia
mice. By contrast, benzbromarone and EL treatment significantly
reduced the expression levels of URAT1 and GLUT9 (p < 0.01).
In addition, compared with the normal group, the ABCG2,
OAT1, and NPT1 protein expressions were significantly
decreased in the hyperuricemia control group (p < 0.01). EL
treatment increased NPT1 and ABCG2 protein expression levels
(p < 0.01), but it had no effect on OAT1 expression.
Inhibitory Effects of Constituents in EL on
Urate Uptake in hURAT1-Expressing
HEK293T Cells
As shown in Figure 6, we identified seven major quassinoids
from EL. The isolation procedure was shown as supplement 1. By
means of comparing their chemical and spectroscopic data with
those reported in literatures, the structures were identified as
13b, 21-dihydroxyeurycomanone (1) (Morita et al., 1990),
13a(21)-epoxyeurycomanone (2) (Morita et al., 1993),
eurycomanone (3) (Morita et a l . , 1990) , 13b , 18-
dihydroeurycomanol (4) (Chan et al., 1991), D4,5,14-
FIGURE 4 | EL improved kidney histological alterations in adenine and PO induced mice. Kidney sections for H&E staining (400x). Nor, normal control group;
Ctrl, adenine and PO induced hyperuricemia group; Ben-50, positive control benzbromarone group; EL, E. longifolia stem extract in different dosage group. Black
arrow, necrotic tubular epithelial, Black triangle, tubular ectasia, Black circle, corpora amylacea, Black square, cellular infiltration
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FIGURE 5 | EL modulates renal urate transport-associated protein expression levels in kidneys of adenine and PO induced hyperuricemic mice (A) Expression of
URAT1, GLUT9, OAT1, ABCG2, and NPT1 in mice kidney. (B–F) The Western blot analysis of URAT1, GLUT9, OAT1, ABCG2, and NPT1 relative protein
expression levels. Values represent the mean ± S.E.M. of determinations; **P < 0.01, ***P < 0.001 vs. hyperuricemia group, ##P < 0.01, ###P < 0.001 vs. normal
control group.
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hydroxyglaucarubol (5) (Meng et al., 2014), 13b, 21-
dihydroxyeurycomanol (6) (Kuo et al . , 2004), and
eurycomanol (7) (Chan et al., 1991). Since URAT1 plays a key
role in urate reabsorption in kidney, hURAT1-expressing
HEK293T cells were used to determine the effects of urate
uptake regulation role of quassinoids components from EL. The
URAT1 protein and mRNA expression levels in hURAT1-
expressing HEK293T cells were significantly increased compared
to empty vector-transfected HEK293T cells (p < 0.05) (Figures 7A,
B). As shown in Figure 7C, urate absorption was significantly
increased in hURAT1-expressing cells. RDEA3170 (1 μmol/L)
and compound 4–7 (50 μmol/L) treatment could decrease the
urate uptake in hURAT1-expressing cells (p < 0.01), whereas
compound 1–3 showed comparatively low activities, which
indicated that the URAT1 inhibitory effect of EL could result
from the activity of eurycomanol type quassinoids.

Eurycomanol Inhibited Plasma Uric Acid
Levels Increasing in PO Induced
Hyperuricemic Mice
Further, we tested the in vivo activity of eurycomanol, which
showed better activity on URAT1 inhibition. As shown in Figure
7D, compared to the normal group, oral administration of PO
could significantly elevate the plasma uric acid in 2–4 h (p <
0.05). However, eurycomanol significantly reduced plasma uric
acid levels at doses of 20 mg/kg in 4 h (p < 0.05). These results
further confirm that eurycomanol type quassinoids were the
active compounds in EL on hyperuricemia.
DISCUSSION

Hyperuricemia is caused either due to excessive production or
insufficient excretion of uric acid. Notably, current literature
indicate that about 60% of hyperuricemia with lower urinary
urate excretion states (Campo et al., 2003). Uric acid handling by
kidney can be divided into four processes, involving glomerular
Frontiers in Pharmacology | www.frontiersin.org 9
filtration, tubular reabsorption and secretion, and post-secretory
reabsorption. This process is mediated by renal transporters
(reabsorptive and secretory transporters) in the proximal
tubule of the kidney (Sakhaee et al., 2002), including re-
absorptive urate exchangers URAT1, organic anion transporter
4, 10 (OAT4 and OAT10), GLUT9, and secretory exchange
transporters ABCG2, multidrug resistance-associated protein
(MRP4), NPT1, and NPT4. The plasma urate can be almost
freely filtered by the glomerulus to the renal tubules, and then
90% of the filtered urate is reabsorbed back into blood
(Hyndman et al., 2016). Among these, URAT1 and GLUT9
contribute most on the reabsorption of uric acid, are the main
aiming targets of anti-hyperuricemia during the new
drug development.

As a potential URAT1 inhibitor, lesinurad was developed by
AstraZeneca in 2012. In vitro research revealed that lesinurad
significantly affected URAT1 with IC50 of 7.18 μmol/L (Cai et al.,
2018), but clinic trials were not optimistic. With lesinurad
monotherapy, patients did not achieve individualized serum
urate target of <5 mg/dL, serum creatinine increased of
unknown origin, and renal side effects occurred in a significant
percentage and thus prompted AstraZeneca to stop for market
authorization of monotherapy lesinurad 400 mg (Jansen
et al., 2018).

The above evidence suggested that a selective inhibitor
monotherapy is difficult to achieve the desired therapeutic
target. Uric acid excretion is a complex transport system
involving multifactorial of molecular events, and integrative
multi-target drug intervention is considered more efficient in
modulating networks than targeting a single macromolecule with
a high-affinity ligand.

EL is a traditional herbal medicine used in southeast Asia. The
alcohol or hot water extract was used for health care, such as
aches, persistent fever, malaria, and sexual insufficiency (Bhat
and Karim, 2010). In this study, we found that EL significantly
decreased serum uric acid levels and increased Cur and Ccr.
Previously, our in-house data showed that EL and its major
FIGURE 6 | The structure of compounds 1–7.
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compound eurycomanol and eurycomanone have no significant
inhibitory activities on XOD, which indicated that the effect of
EL on hyperuricemia is not due to inhibition of uric acid
production. We focused our attention on uric acid excretion.

Subsequently, protein analysis revealed that oral
administration of EL remarkably decreased renal URAT1 (0.78
folder vs. control) and GLUT9 (0.81 folder vs. control)
expression levels. Increased renal NPT1 (1.1 folder vs. control)
as well as ABCG2 (2.5 folder vs. control) expressions. These
results indicated that EL enhanced uric acid excretion and
reduced its re-absorption.

URAT1 is a key carrier for uric acid re-absorption. Genotype
analysis revealed that mutations in the URAT1 and GLUT9
genes are a causative factor of renal hypouricemia linked to
hyperuricemia and gout (Vazquez-Mellado et al., 2007; Matsuo
et al., 2008). In renal urate-handling processes, firstly, as a key
UA carrier, URAT1 transfers UA from basolateral membrane to
proximal tubular cell, and then, GLUT9 is responsible for
exchange urate from the cell to the peritubular interstitium
(Atsushi et al., 2002). In hyperuricemia patient, URAT1
Frontiers in Pharmacology | www.frontiersin.org 10
activity is significantly increased and more responsive renal re-
absorption of uric acid (Tan et al., 2016).

In present study, we found that EL significantly reduced
serum UA level and significantly decreased renal URAT1 and
GLUT9 expressions. We hypothesize that this effect may be due
to reduce of URAT1 activity. As a further study, seven
compounds of EL were screened using a cell model with
overexpressed URAT1. Among them, quassinoids exhibits
inhibition of urate uptake in vitro, suggesting that quassinoids
may be the main active components of EL. Subsequently, we
confirmed the activity of eurycomanol in vivo, which reduced
serum uric acid level in PO induced hyperuricemia mice.

As a summary, our findings revealed that EL significantly
reduced blood uric acid levels and prevented pathological
changes of kidney in PO induced hyperuricemia animal model,
improved renal urate transports. We partly clarified the
mechanism was related to URAT1 inhibition by quassinoids in
EL. EL and eurycomanol are useful substances for prevention or
treatment on hyperuricemia through increasing uric
acid excretion.
FIGURE 7 | Eurycomanol treatment reduced the uric acid levels in vitro and in vivo. (A) The protein levels of URAT1 in hURAT1-expressing HEK293 cells. (B) The
mRNA levels of URAT1 in hURAT1-expressing HEK293 cells. (C) Effects of constituents on uric acid uptake in hURAT1-expressing HEK293 cells. (D) Plasma uric
acid levels in hyperuricemic mice. Values represent the mean ± S.E.M. of determinations; *P < 0.05, **P < 0.01, ***P < 0.001 vs. hyperuricemia group, #P < 0.05,
##P < 0.01, ###P < 0.001 vs. normal control group.
December 2019 | Volume 10 | Article 1464

https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles


Bao et al. Eurycoma Promote Uric Acid Excretion
DATA AVAILABILITY STATEMENT

All datasets generated for this study are included in the article/
Supplementary Material.
ETHICS STATEMENT

The animal study was reviewed and approved by Science and
Technological Committee and the Animal Use and Care
Committee of TJUTCM.
AUTHOR CONTRIBUTIONS

RB, ML, YZha, and TW contributed to experimental design. RB,
DW, SW, HY and YZho contributed to the acquisition and
Frontiers in Pharmacology | www.frontiersin.org 11
analysis of data. ML, DW and ZL reviewed the manuscript. TW
obtained the funding. RB and TW wrote the manuscript.
FUNDING

This research was supported by Important Drug Development
Fund, Ministry of Science and Technology of China
(2018ZX09735-002) and National Natural Science Foundation
of China (81173524; 81673688).
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fphar.2019.
01464/full#supplementary-material
REFERENCES

Atsushi, E., Hiroaki, K., Arthit, C., Yasuhiro, S., Promsuk, J., Seok Ho, C., et al.
(2002). Molecular identification of a renal urate anion exchanger that regulates
blood urate levels. Nature 417 (6887), 447–452. doi: 10.1038/nature742

Becker, M. A., Schumacher, H. R., Espinoza, L. R., Wells, A. F., MacDonald, P.,
Lloyd, E., et al. (2010). The urate-lowering efficacy and safety of febuxostat in
the treatment of the hyperuricemia of gout: the CONFIRMS trial. Arthritis Res.
Ther. 12 (2), R63. doi: 10.1186/ar2978

Bhat, R., and Karim, A. A. (2010). Tongkat Ali (Eurycoma longifolia Jack): a
review on its ethnobotany and pharmacological importance. Fitoterapia 81 (7),
669–679. doi: 10.1016/j.fitote.2010.04.006

Cai, W., Wu, J., Liu, W., Xie, Y., Liu, Y., Zhang, S., et al. (2018). Systematic
structure-activity relationship (SAR) exploration of diarylmethane backbone
and discovery of a highly potent novel uric acid transporter 1 (URAT1)
inhibitor. Molecules 23 (2), E252. doi: 10.3390/molecules23020252

Campo, C., Ruilope, L. M., Segura, J., Rodicio, J. L., Garcia-Robles, R., and Garcia-
Puig, J. (2003). Hyperuricemia, low urine urate excretion and target organ
damage in arterial hypertension. Blood Press 12 (5-6), 277–283. doi: 10.1080/
08037050310019418

Chan, K. L., Lee, S. P., Sam, T. W., Tan, S. C., Noguchi, H., and Sankawa, U. (1991).
13b,18-Dihydroxyeurycomanol, a quassionoid from Eurycoma longifolia.
Phytochemistry 30 (9), 3138–3141. doi: 10.1016/S0031-9422(00)98272-4

Dehghan, A., van Hoek, M., Sijbrands, E. J., Hofman, A., and Witteman, J. C.
(2008). High serum uric acid as a novel risk factor for type 2 diabetes. Diabetes
Care 31 (2), 361–362. doi: 10.2337/dc07-1276

Dinour, D., Gray, N. K., Campbell, S., Shu, X., Sawyer, L., Richardson, W., et al.
(2010). Homozygous SLC2A9 mutations cause severe renal hypouricemia.
J. Am. Soc. Nephrol. 21 (1), 64–72. doi: 10.1681/ASN.2009040406

Haidari, F., Rashidi, M. R., Keshavarz, S. A., Mahboob, S. A., Eshraghian, M. R.,
and Shahi, M. M. (2008). Effects of onion on serum uric acid levels and hepatic
xanthine dehydrogenase/xanthine oxidase activities in hyperuricemic rats. Pak
J. Biol. Sci. 11 (14), 1779–1784. doi: 10.3923/pjbs.2008.17791784

Hyndman, D., Liu, S., and Miner, J. N. (2016). Urate handling in the human body.
Curr. Rheumatol. Rep. 18 (6), 34. doi: 10.1007/s11926-016-0587-7

Ichida, K., Hosoyamada, M., Hisatome, I., Enomoto, A., Hikita, M., Endou, H., et al.
(2004). Clinical and molecular analysis of patients with renal hypouricemia in
Japan-influence ofURAT1 gene on urinary urate excretion. J. Am. Soc.Nephrol. 15
(1), 164–173. doi: 10.1097/01.ASN.0000105320.04395.D0

Jansen, T. L., Perez-Ruiz, F., Tausche, A. K., and Richette, P. (2018). International
position paper on the appropriate use of uricosurics with the introduction of
lesinurad.Clin.Rheumatol.37 (12), 3159–3165.doi: 10.1007/s10067-018-4306-9

Johnson, R. J., Bakris, G. L., Borghi, C., Chonchol, M. B., Feldman, D., Lanaspa,
M. A., et al. (2018). Hyperuricemia, acute and chronic kidney disease,
hypertension, and cardiovascular disease: report of a scientific workshop
organized by the national kidney foundation. Am. J. Kidney Dis. 71 (6), 851–
865. doi: 10.1053/j.ajkd.2017.12.009

Keith, M. P., and Gilliland, W. R. (2011). Improving the use of allopurinol in
chronic gout: monitoring oxypurinol levels to guide therapy. Clin. Pharmacol.
Ther. 90 (3), 363–364. doi: 10.1038/clpt.2011.146

Kuo, P. C., Damu, A. G., Lee, K. H., and Wu, T. S. (2004). Cytotoxic and
antimalarial constituents from the roots of Eurycoma longifolia. Bioorg. Med.
Chem. 12 (3), 537–544. doi: 10.1016/j.bmc.2003.11.017

Li, H. L. (2017). Chemical composition separation and research of extraction and
purification process of the active ingredient eurycomanone from eurycoma
longifolia jack. dissertation/master’s thesis. Zhejiang (China): Zhejiang University.

Liang, P., Zhu, L. B., Chen, Y., Long, X. Y., Chen, W., Zhou, W., et al. (2018).
Experimental study on anti-hyperuricemia in different extracts of Tongkat Ali.
Chin. Pharm. 21 (02), 224–227.

Lipkowitz, M. S. (2012). Regulation of uric acid excretion by the kidney. Curr.
Rheumatol. Rep. 14 (2), 179–188. doi: 10.1007/s11926-012-0240-z

Liu, H., Zhang, X. M., Wang, Y. L., and Liu, B. C. (2014). Prevalence of
hyperuricemia among Chinese adults: a national cross-sectional survey using
multistage, stratified sampling. J. Nephrol. 27 (6), 653–658. doi: 10.1007/
s40620-014-0082-z

Liu, M., Pan, Q., Chen, Y., Yang, X., Zhao, B., Jia, L., et al. (2015). Administration of
Danhong Injection to diabetic db/db mice inhibits the development of diabetic
retinopathy and nephropathy. Sci. Rep. 5, 11219. doi: 10.1038/srep11219

Liu, R., Han, C., Wu, D., Xia, X., Gu, J., Guan, H., et al. (2015). Prevalence of
hyperuricemia and gout in mainland China from 2000 to 2014: a systematic
review andmeta-analysis. BioMed. Res. Int. 2015, 762820. doi: 10.1155/2015/762820

Maiuolo, J., Oppedisano, F., Gratteri, S., Muscoli, C., and Mollace, V. (2016).
Regulation of uric acid metabolism and excretion. Int. J. Cardiol. 213, 8–14.
doi: 10.1016/j.ijcard.2015.08.109

Mandal, A. K., and Mount, D. B. (2015). The molecular physiology of uric acid
homeostasis. Annu. Rev. Physiol. 77, 323–345. doi: 10.1146/annurev-physiol-
021113-170343

Martinez-Quintana, E., Tugores, A., and Rodriguez-Gonzalez, F. (2016). Serum
uric acid levels and cardiovascular disease: the Gordian knot. J. Thorac. Dis. 8
(11), E1462–E1466. doi: 10.21037/jtd.2016.11.39

Matsuo, H., Chiba, T., Nagamori, S., Nakayama, A., Domoto, H., Phetdee, K., et al.
(2008).Mutations inglucose transporter 9 geneSLC2A9cause renal hypouricemia.
Am. J. Hum. Genet. 83 (6), 744–751. doi: 10.1016/j.ajhg.2008.11.001

Meng, D., Li, X., Han, L., Zhang, L., An, W., and Li, X. (2014). Four new
quassinoids from the roots of Eurycoma longifolia Jack. Fitoterapia 92, 105–
110. doi: 10.1016/j.fitote.2013.10.009

Miyake, K., Tezuka, Y., Awale, S., Li, F., and Kadota, S. (2009). Quassinoids from
Eurycoma longifolia. J. Nat. Prod. 72 (12), 2135–2140. doi: 10.1021/np900486f
December 2019 | Volume 10 | Article 1464

https://www.frontiersin.org/articles/10.3389/fphar.2019.01464/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2019.01464/full#supplementary-material
https://doi.org/10.1038/nature742
https://doi.org/10.1186/ar2978
https://doi.org/10.1016/j.fitote.2010.04.006
https://doi.org/10.3390/molecules23020252
https://doi.org/10.1080/08037050310019418
https://doi.org/10.1080/08037050310019418
https://doi.org/10.1016/S0031-9422(00)98272-4
https://doi.org/10.2337/dc07-1276
https://doi.org/10.1681/ASN.2009040406
https://doi.org/10.3923/pjbs.2008.17791784
https://doi.org/10.1007/s11926-016-0587-7
https://doi.org/10.1097/01.ASN.0000105320.04395.D0
https://doi.org/10.1007/s10067-018-4306-9
https://doi.org/10.1053/j.ajkd.2017.12.009
https://doi.org/10.1038/clpt.2011.146
https://doi.org/10.1016/j.bmc.2003.11.017
https://doi.org/10.1007/s11926-012-0240-z
https://doi.org/10.1007/s40620-014-0082-z
https://doi.org/10.1007/s40620-014-0082-z
https://doi.org/10.1038/srep11219
https://doi.org/10.1155/2015/762820
https://doi.org/10.1016/j.ijcard.2015.08.109
https://doi.org/10.1146/annurev-physiol-021113-170343
https://doi.org/10.1146/annurev-physiol-021113-170343
https://doi.org/10.21037/jtd.2016.11.39
https://doi.org/10.1016/j.ajhg.2008.11.001
https://doi.org/10.1016/j.fitote.2013.10.009
https://doi.org/10.1021/np900486f
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles


Bao et al. Eurycoma Promote Uric Acid Excretion
Morita, H., Kishi, E., Takeya, K., Itokawa, H., and Tanaka, O. (1990). New
quassinoids from the roots of Eurycoma longifolia. Chem. Lett. 19 (5), 749–
752. doi: 10.1246/cl.1990.749

Morita, H., Kishi, E., Takeya, K., Itokawa, H., and Iitaka, Y. (1993). Highly
oxygenated quassinoids from Eurycoma longifolia. Phytochemistry 33 (3), 691–
696. doi: 10.1016/0031-9422(93)85475-7

Pacher, P., Nivorozhkin, A., and Szabo, C. (2006). Therapeutic effects of xanthine
oxidase inhibitors: renaissance half a century after the discovery of allopurinol.
Pharmacol. Rev. 58 (1), 87–114. doi: 10.1124/pr.58.1.6

Perez-Ruiz, F., Calabozo, M., Erauskin, G. G., Ruibal, A., and Herrero-Beites, A. M.
(2002). Renal underexcretion of uric acid is present in patients with apparent
high urinary uric acid output. Arthritis Rheum. 47 (6), 610–613. doi: 10.1002/
art.10792

Rehman, S. U., Choe, K., and Yoo, H. H. (2016). Review on a traditional herbal
medicine, eurycoma longifolia jack (Tongkat Ali): its traditional uses,
chemistry, evidence-based pharmacology and toxicology. Molecules 21 (3),
331. doi: 10.3390/molecules21030331

Reinders, M. K., van Roon, E. N., Jansen, T. L., Delsing, J., Griep, E. N.,
Hoekstra, M., et al. (2009). Efficacy and tolerability of urate-lowering drugs in
gout: a randomised controlled trial of benzbromarone versus probenecid after
failure of allopurinol. Ann. Rheum. Dis. 68 (1), 51–56. doi: 10.1136/
ard.2007.083071

Ruan, J., Li, Z., Zhang, Y., Chen, Y., Liu, M., Han, L., et al. (2019). Bioactive
constituents from the roots of Eurycoma longifolia. Molecules 24 (17), 3157.
doi: 10.3390/molecules24173157

Sakhaee, K., Adams-Huet, B., Moe, O. W., and Pak, C. Y. (2002). Pathophysiologic
basis for normouricosuric uric acid nephrolithiasis. Kidney Int. 62 (3), 971–
979. doi: 10.1046/j.1523-1755.2002.00508.x

Sandra, S., Lesmana, C. R. A., Purnamasari, D., Kurniawan, J., and Gani, R. A.
(2019). Hyperuricemia as an independent risk factor for non-alcoholic fatty
liver disease (NAFLD) progression evaluated using controlled attenuation
parameter-transient elastography: lesson learnt from tertiary referral center.
Diabetes Metab. Syndr. 13 (1), 424–428. doi: 10.1016/j.dsx.2018.10.001

Shin, H. J., Takeda, M., Enomoto, A., Fujimura, M., Miyazaki, H., Anzai, N., et al.
(2011). Interactions of urate transporter URAT1 in human kidney with
uricosuric drugs. Nephrol. (Carlton) 16 (2), 156–162. doi: 10.1111/j.1440-
1797.2010.01368.x

Smith, E., and March, L. (2015). Global prevalence of hyperuricemia: a systematic
review of population-based epidemiological studies. Arthritis Rheumatol. 67,
2690–2692.

Stamp, L. K., O’Donnell, J. L., and Chapman, P. T. (2007). Emerging therapies in
the long-term management of hyperuricaemia and gout. Intern. Med. J. 37 (4),
258–266. doi: 10.1111/j.1445-5994.2007.01315.x
Frontiers in Pharmacology | www.frontiersin.org 12
Strilchuk, L., Fogacci, F., and Cicero, A. F. (2019). Safety and tolerability of
available urate-lowering drugs: a critical review. Expert Opin. Drug Saf. 18 (4),
261–271. doi: 10.1080/14740338.2019.1594771

Tan, P. K., Ostertag, T. M., and Miner, J. N. (2016). Mechanism of high affinity
inhibition of the human urate transporter URAT1. Sci. Rep. 6, 34995. doi:
10.1038/srep34995

Tausche, A. K., Alten, R., Dalbeth, N., Kopicko, J., Fung, M., Adler, S., et al. (2017).
Lesinurad monotherapy in gout patients intolerant to a xanthine oxidase
inhibitor: a 6 month phase 3 clinical trial and extension study. Rheumatol.
(Oxf.) 56 (12), 2170–2178. doi: 10.1093/rheumatology/kex350

Vazquez-Mellado, J., Jimenez-Vaca,A.L.,Cuevas-Covarrubias, S.,Alvarado-Romano,
V., Pozo-Molina, G., and Burgos-Vargas, R. (2007). Molecular analysis of the
SLC22A12 (URAT1) gene in patients with primary gout.Rheumatol. (Oxf.) 46 (2),
215–219. doi: 10.1093/rheumatology/kel205

Wang, J., Qin, T., Chen, J., Li, Y., Wang, L., Huang, H., et al. (2014). Hyperuricemia
and risk of incident hypertension: a systematic review and meta-analysis
of observational studies. PloS One 9 (12), e114259. doi: 10.1371/journal.pone.
0114259

Wen, S., Zhang, Z., Chen, X., Liu, J., Yu, H., Han, L., et al. (2019). An improved
UPLC method for determining uric acid in rat serum and comparison study
with commercial colorimetric kits. Acta Chromatogr. 31, 201–205.

Zhang, Y., Jin, L., Liu, J., Wang, W., Yu, H., Li, J., et al. (2018). Effect and
mechanism of dioscin from Dioscorea spongiosa on uric acid excretion in
animal model of hyperuricemia. J. Ethnopharmacol. 214, 29–36. doi: 10.1016/
j.jep.2017.12.004

Zoppini, G., Targher, G., Chonchol, M., Ortalda, V., Abaterusso, C., Pichiri, I.,
et al. (2012). Serum uric acid levels and incident chronic kidney disease in
patients with type 2 diabetes and preserved kidney function. Diabetes Care 35
(1), 99–104. doi: 10.2337/dc11-1346

Conflict of Interest: Yi Zhong was employed by Global Education Network
Sdn.Bhd.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Copyright © 2019 Bao, Liu, Wang, Wen, Yu, Zhong, Li, Zhang and Wang. This is
an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.
December 2019 | Volume 10 | Article 1464

https://doi.org/10.1246/cl.1990.749
https://doi.org/10.1016/0031-9422(93)85475-7
https://doi.org/10.1124/pr.58.1.6
https://doi.org/10.1002/art.10792
https://doi.org/10.1002/art.10792
https://doi.org/10.3390/molecules21030331
https://doi.org/10.1136/ard.2007.083071
https://doi.org/10.1136/ard.2007.083071
https://doi.org/10.3390/molecules24173157
https://doi.org/10.1046/j.1523-1755.2002.00508.x
https://doi.org/10.1016/j.dsx.2018.10.001
https://doi.org/10.1111/j.1440-1797.2010.01368.x
https://doi.org/10.1111/j.1440-1797.2010.01368.x
https://doi.org/10.1111/j.1445-5994.2007.01315.x
https://doi.org/10.1080/14740338.2019.1594771
https://doi.org/10.1038/srep34995
https://doi.org/10.1093/rheumatology/kex350
https://doi.org/10.1093/rheumatology/kel205
https://doi.org/10.1371/journal.pone.0114259
https://doi.org/10.1371/journal.pone.0114259
https://doi.org/10.1016/j.jep.2017.12.004
https://doi.org/10.1016/j.jep.2017.12.004
https://doi.org/10.2337/dc11-1346
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles

	Effect of Eurycoma longifolia Stem Extract on Uric Acid Excretion in Hyperuricemia Mice
	Introduction
	Materials and Methods
	Materials
	Animals
	HPLC Analysis of EL
	Potassium Oxonate Induced Acute Hyperuricemia Rats and Mice
	Adenine and PO Induced Hyperuricemia Mice
	Histopathology of Renal Tissues
	Western Blot Analysis
	RT-PCR Analysis
	Establishment of hURAT1-Expressing HEK293T Cells
	Transporter Activity Assays in hURAT1-Expressing HEK293T Cells
	Statistical Analysis

	Results
	Eurycomanone Content Analysis in EL
	EL Decreased Serum Uric Acid Levels in PO Induced Acute Hyperuricemia Rats
	EL Reduced Plasma Uric Acid Levels and Enhanced Uric Acid Excretion in PO and Adenine Induced Hyperuricemia Mice
	EL Ameliorated Kidney Histological Alterations in PO and Adenine Induced Hyperuricemia Mice
	EL Modulated Renal Urate Transport-Associated Proteins in PO and Adenine Induced Hyperuricemic Mice Kidneys
	Inhibitory Effects of Constituents in EL on Urate Uptake in hURAT1-Expressing HEK293T Cells
	Eurycomanol Inhibited Plasma Uric Acid Levels Increasing in PO Induced Hyperuricemic Mice

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


