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INTRODUCTION
Hyperuricemia, a metabolic disease, is characterized by high uric acid levels in the blood that precipitate urate crystals in 

both the kidneys and joints. Hyperuricemia is a well-known risk factor for gout, hypertension and diabetes [1]. 

It has been demonstrated that the under-excretion of urate can result in hyperuricemia [1,2]. If urate transporters in the kidney, 
such as urate transporter 1 (URAT1), glucose transporter 9 (GLUT9) and organic anion transporter 1 (OAT1) are dysfunctional, 
they can impair the excretion of urate, resulting in hyperuricemia [2–5]. These protein transporters thus constitute essential targets 
for the treatment of hyperuricemia. Allopurinol is one commonly used agent to treat hyperuricemia and its complications, such 
as chronic gout [6] however, allopurinol has been reported to induce adverse effects, including hypersensitivity [7,8]. The most 
serious adverse effect is a hypersensitivity syndrome characterized by fever, skin rash, eosinophilia, hepatitis, and worsened renal 
function [9–11].
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ABSTRACT

Pallidifloside D, a saponin glycoside constituent from the total sap-
onins of Smilax riparia, had been proved to be effective in hyperuricemic 
control. Allopurinol is a commonly used medication to treat hyperuricemia 
and its complications. In this study, we evaluated whether Pallidifloside D 
could enhance allopurinol’s effects by decreasing the serum uric acid level 
in a hyperuricemic mouse model induced by potassium oxonate. We found 
that, compared with allopurinol alone, the combination of allopurinol and 
Pallidifloside D significantly decreased the serum uric acid level and in-
creased the urine uric acid level (both P<0.05), leading to the normalized 
serum and urine uric acid concentrations. Data on serum, urine creati-
nine and BUN supported these observations. Our results showed that the 
synergistic effects of allopurinol combined with Pallidifloside D was linked 
to the inhibition of both serum and hepatic xanthine oxidase (XOD), the 
down-regulation of renal mURAT1 and mGLUT9, and the up-regulation of 
mOAT1. Our data may have a potential value in clinical practice in the treat-
ment of gout and other hyperuricemic conditions.
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Allopurinol is a Xanthine Oxidase (XOD) inhibitor that prevents the formation of uric acid and reduces the levels of serum 
uric acid by decreasing purine synthesis [9]. Careful allopurinol dosing is critical in patient treatment, and drug adverse events 
have been attributed to dosing escalation [12–14]. Thus, it is clinically desirable to combine a compound with allopurinol therapy to 
potentiate the effects of allopurinol and to reduce the required high doses of the drug for better treatment safety [6,15].

Some natural products have been effective in hyperuricemic control and gout treatment [16–18]. Smilax riparia A. DC, belonging 
to the genus Smilax in the family Liliaceae, is a botanical widely grown in the southern and central parts of China. The roots and 
rhizomes of S. riparia have been used in a Traditional Chinese Medicine (TCM) or Chinese folk drug, “Niu-Wei-Cai”, to treat the 
symptoms of gout and hyperuricemia-related conditions, including inflammation and some malignancies [19,20]. This herb is an 
edible plant in some regions of China, indicating its safety [21]. We previously reported that Pallidifloside D, a saponin glycoside 
(Figure 1) constituent from the total saponins of Smilax riparia, was effective in hyperuricemic control [22].
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Figure 1: Structure of pallidifloside D.

In the present study, we investigated whether Pallidifloside D could potentiate allopurinol’s effects on the serum uric acid 
level in a hyperuricemic mouse model induced by potassium oxonate. We wanted to know whether combining Pallidifloside D with 
allopurinol would increase the drug’s uricosuric activities. We compared the two components alone with a combination treatment 
on uric acid excretion and on hyperuricemia-induced renal dysfunction. Our results showed that the synergistic effects were linked 
to the down-regulation of mouse renal URAT1 and GLUT9, the up-regulation of OAT1, and the inhibition of XOD. Our data suggested 
that using Pallidifloside D to enhance allopurinol’s uricosuric activity have a clinical value in patients suffering from hyperuricemia 
and its complications.

MATERIALS AND METHODS
Reagents and Drugs

All chemicals were of analytical grade. Petroleum ether, chloroform, ethyl acetate, and n-butanol were purchased from 
Tianjin Hengxing Chemical Reagent Company (Tianjin, PR China). Xanthine and XOD were bought from Sigma Chemicals (St Louis, 
MO, USA). Allopurinol and Potassium oxonate were purchased from MP Biomedicals China (Shanghai, PR China). Assay kits of 
XOD, UA, Cr, and BUN were obtained from Boaosheng Biotech (Beijing, PR China).

Preparation of Pallidifloside D

The method of isolating the compound Pallidifloside D from Smilax riparia was according to the previous study we reported 
with a little modification [22]. Briefly, Dried roots and rhizomes of S. riparia powder were ground and extracted with 90% EtOH. The 
90% EtOH extract was suspended in water and extracted with petroleum ether, chloroform, EtOAc and BuOH, respectively. The 
BuOH layer were concentrated under reduced pressure to give the brown extract. The BuOH fraction was passed through a D101 
macropore resin (0.25–0.84 mm) and eluted successively with 30% EtOH, 50% EtOH, 70% EtOH and 90% EtOH, respectively, and 
the total saponins of S. riparia were obtained from the 70% EtOH fraction. Then the total saponin fraction was passed through a 
Sephadex LH-20 column with MeOH, the fraction eluted with MeOH was passed through silica gel column chromatography with a 
CHCl3/MeOH/H2O solvent system (10:1:0.5–5:1:0.5). Finally, the fractions eluted by CHCl3/MeOH/H2O (9:1:0.5) were subjected 
to semi-preparative HPLC (10–100 mm) to afford pallidifloside D. HPLC showed the purity of this compound were 98.5%.

Preparation of hyperuricemia mouse model and experimental protocol

Male Kunming mice (20 ± 2.0 g), eight per group, were obtained from China BK Experimental Animal Center (Beijing, 
China). We carried out all our experiments in compliance with the regulations and guidelines for the care of laboratory animals, 
and the protocol was approved by the Ethics Committee on Animal Experiments of the Tianjin Medical University. Chloral hydrate 
anesthesia was used in all surgical procedures to reduce the animals’ suffering to the minimum.

Mouse hyperuricemia was induced by potassium oxonate, a uricase inhibitor [23,24]. To induce hyperuricemia, each animal was 
given an intraperitoneal injection of 250 mg/kg potassium oxonate dissolved in 0.9% NaCl solution once daily for 7 consecutive 
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days. Mouse allopurinol and pallidifloside D doses were determined based on conversion from human clinical practice and our 
preliminary studies [25,26]. The test agents (allopurinol and pallidifloside D), alone or in combination, were dispersed in 0.3% 
carboxymethyl cellulose sodium (CMC)-Na aqueous solution and were orally administered once daily from day 1 to day 7; the 
normal control mice were treated with a solvent vehicle. After 7 days of treatment, food was removed from the cages 12 h before 
the mice were sacrificed. No adverse events were observed in the experimental animals during the 7-day observation period. 

The blood was kept clotted for 1 h at 25°C and was centrifuged at 3,000 rpm for 10 min to collect the serum. The serum and 
urine were kept at -20°C before testing [27]. The levels of Uric Acid (UA), creatinine (Cr), Blood Urea Nitrogen (BUN), and Xanthine 
Oxidase (XOD) activities in the liver and kidneys were determined by the colorimetric method using commercial kits (Beijing 
Aoboseng Bioengineering Institute, China), based on the instructions of the manufacturers. 

The index of the fractional excretion of urate (FEUA) was generated from the following formula [28]: 

FEUA =
SCr UUA

UCr SUA
×

×

×
100

In addition, the cortex of the kidneys was quickly and precisely separated on an ice-plate and kept at -80°C for a protein 
analysis of mouse renal URAT1, GLUT9 and OAT1.

Western blot analysis of mouse URAT1, GLUT9 and OAT1 in the kidney tissue

An enhanced mice renal cortical brush-border membrane vesicle was used to analyze mURAT1, mGLUT9, mOAT1 and 
mNa+-K+ ATPase [29,30]. The immunoblotting was assayed using anti-URAT1 (1:200), mGLUT9 (1:200), mOAT1 (1:200) as well as 
mGAPDH (1:400) antibodies (Santa Cruz Biotech, Dallas, TX, USA). Molecular Analyst software (Bio-Rad Laboratories, Hercules, 
CA, USA) was used to detect the composition of the target proteins, based on the contents that were normalized/standardized by 
blottings from mNa+-K+ ATPase or mGAPDH.

Statistical analysis

Data were presented as mean ± standard error (S.E.). One-way analysis of variance (ANOVA) was applied to estimate the 
significance level. A value of P<0.05 was considered statistically significant. Statistical Analysis System (Graph Pad Prism 4, Graph 
Pad Software, and San Diego, CA, USA) was used for the data analysis of this study.

RESULTS
Effects of allopurinol, pallidifloside D and their combination on serum uric acid and urine uric acid

As shown in Figure 2, after the intraperitoneal administration of potassium oxonate for 7 days, the model group had 
a significantly higher level of serum uric acid (SUA) compared with that of normal control group (P<0.01), indicating that the 
hyperuricemic mouse model was effectively established. Compared with the model group, the SUA level was significantly reduced 
after treatment with 5 mg/kg allopurinol (P<0.05; Figure 2A). At the same time, the level of urine uric acid (UUA) increased 
significantly, suggesting increased excretion of renal uric acid (P<0.05; Figure 2B). Figures 2A and 2B also show that 5 mg/kg 
pallidifloside D triggered significant anti-hyperuricemic activity, although less than that of allopurinol. Interestingly, when allopurinol 
(5 mg/kg) and pallidifloside D (5 mg/kg) were given together to the experimental animals, the SUA level was significantly reduced 
and the UUA level was significantly increased (both P<0.01 compared to the model group). The pallidifloside D administration with 
allopurinol significantly enhanced the effects of allopurinol on SUA and UUA (both P<0.05 compared to the effects of allopurinol 
alone). The effects of the combination treatment almost normalized SUA and UUA to levels observed in the control group.
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Figure 2: Effects of allopurinol, pallidifloside D, and their combination on serum uric acid (A) and urine uric acid (B) in 
hyperuricemic mice. N=8 per group. Control, normal control; Model, model group, induced with potassium oxonate; AP, 
allopurinol (5 mg/kg); PD, pallidifloside D (5 mg/kg); AP + PD, allopurinol (5 mg/kg) plus pallidifloside D (5 mg/kg). ## P < 0.01 
compared with the normal control; *P < 0.05 and **P<0.01, compared with the model group.

Effects of allopurinol, pallidifloside D and their combination on serum creatinine and urine creati-
nine

As shown in Figure 3, we evaluated the levels of serum creatinine (SCr) and urine creatinine (UCr) in our experimental animals 
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because there is a close correlation between creatinine and uric acid synthesis in gout patients [31–33]. As expected, the model 
group had a significantly higher SCr level compared to that of the control group (P<0.01). After allopurinol alone and pallidifloside 
D plus allopurinol, the SCr levels were significantly reduced (P<0.05 and P<0.01 respectively). Pallidifloside D alone did not affect 
either SCr or UCr, but in combination with allopurinol had significant effects (both P<0.01; Figure 3A and 3B).
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Figure 3: Effects of allopurinol, pallidifloside D, and their combination on serum creatinine (A) and urine creatinine (B) 
in hyperuricemic mice. N=8 per group. Control, normal control; Model, model group, induced with potassium oxonate; AP, 
allopurinol (5 mg/kg); PD, pallidifloside D (5 mg/kg); AP+PD, allopurinol (5 mg/kg) plus pallidifloside D (5 mg/kg). ## P < 0.01 
compared with the normal control; *P<0.05 and **P<0.01, compared with the model group

Effects of allopurinol, pallidifloside D and their combination on BUN and FEUA

As shown in Figure 4A, the model group had a significantly higher BUN level compared with the level in the control group 
(P<0.01), suggesting reduced urea clearance and renal dysfunction [31]. After treatment with allopurinol alone or allopurinol in 
combination with pallidifloside D, the BUN level was significantly reduced (P<0.05 and P<0.01, respectively). Accordingly, as 
shown in Figure 4B, data on the fractional excretion of urate (FEUA) supported changes in the BUN level after different treatments 
(Figure 4B).
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Figure 4: Effects of allopurinol, pallidifloside D, and their combination on blood urea nitrogen (BUN) (A) and fractional 
excretion of urate (FEUA) (B) in hyperuricemic mice. N=8 per group. Control, normal control; Model, model group, induced with 
potassium oxonate; AP, allopurinol (5 mg/kg); PD, pallidifloside D (5 mg/kg); AP+PD, allopurinol (5 mg/kg) plus pallidifloside 
D (5 mg/kg). ## P<0.01 compared with the normal control; **P<0.01, *P<0.05 compared with the model group.

Effects of allopurinol, pallidifloside D and their combination on XOD activities

Allopurinol, an XOD inhibitor, has been used to treat hyperuricemic and gout symptoms. As shown in Figure 5A, allopurinol 
had significant effects on serum XOD in hyperuricemic mice (P<0.01). Allopurinol in combination with pallidifloside D significantly 
suppressed the serum XOD level, to a level even lower than that in the control group (P<0.01; Figure 5A). We observed a similar 
synergetic effect of allopurinol in combination with pallidifloside D on the hepatic XOD level (P<0.01); pallidifloside D alone had 
only a small effect on the serum and hepatic XOD level (Figure 5A and Figure 5B). These data suggest that the enhanced effects 
of pallidifloside D on allopurinol are linked to the change in XOD activity.
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Figure 5: Effects of allopurinol, pallidifloside D, and their combination on XOD levels in the serum (A) and liver (B) of 
hyperuricemic mice. N=8 per group. Control, normal control; Model, model group, induced with potassium oxonate; AP, 
allopurinol (5 mg/kg); PD, pallidifloside D (5 mg/kg); AP+PD, allopurinol (5 mg/kg) plus pallidifloside D (5 mg/kg). ## P<0.01 
compared with the normal control; **P<0.01, *P<0.05 compared with the model group.
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Effects of allopurinol, pallidifloside D and their combination on the protein expression of mouse 
renal URAT1, GLUT9 and OAT1

The effects of allopurinol, pallidifloside D, and their combination on the renal protein levels of mURAT1, mGLUT9 and mOAT1 
in hyperuricemic mice are demonstrated in Figure 6. Significantly elevated levels of renal mURAT1 and mGLUT9 and depressed 
levels of mOAT1 were observed in hyperuricemic animals (all P<0.01), but not in the animals in the control group (Figures 6A-
6C). Allopurinol significantly down-regulated the expression of renal mURAT1 and mGLUT9 and up-regulated the expression of 
renal mOAT1 (P<0.01, P<0.01, and P<0.05, respectively; Figures 6A-6C) compared to the model group. Moreover, pallidifloside D 
further enhanced the observed changes compared with allopurinol alone, especially on mOAT1 (all P<0.01).
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Figure 6: Effects of allopurinol, pallidifloside D, and their combination on protein expression of mouse URAT1, normalized to 
mNa+-K+ ATPase (A), GLUT9, normalized to mNa+-K+ ATPase (B), and OAT1, normalized to mGAPDH (C) in the renal tissue in 
hyperuricemic mice using Western blot analysis (D). N=8 per group. Control, normal control; Model, model group, induced with 
potassium oxonate; AP, allopurinol (5 mg/kg); PD, pallidifloside D (5 mg/kg); AP + PD, allopurinol (5 mg/kg) plus pallidifloside 
D (5 mg/kg). ## P < 0.01 compared with the normal control; **P<0.01, *P<0.05 compared with the model group.

DISCUSSION
Allopurinol is a commonly used medication for the treatment of patients with gout and other hyperuricemic conditions. 

Among patients who received allopurinol, drug-related adverse effects were often reported, including severe and fatal life events 
such as allopurinol hypersensitivity syndrome [29]. More seriously, allopurinol may cause the onset of toxic epidermal necrolysis 
and Stevens-Johnson syndrome, both of which are life-threatening dermal conditions [10]. Pharmacologically, it is possible to use 
other compounds or natural products to enhance the therapeutic effects of allopurinol while reducing the drug doses. As a result, 
the dose-related adverse events of allopurinol can be subsequently reduced. S. riparia has been used as a component in Chinese 
herbal medicine to treat gout and other hyperuricemic symptoms for hundreds of years [19,20]. As an edible plant [21] S. riparia is 
expected to be safe for use in humans, even at a high dosage. We previously reported that Pallidifloside D, a saponin glycoside 
constituent from the total saponins of Smilax riparia, was effective in hyperuricemic control [22].

In this study, we evaluated whether pallidifloside D from S. riparia would enhance the effects of allopurinol on serum uric 
acid levels using a hyperuricemic mouse model. A potassium oxonate-induced hyperuricemia is an established animal model. 
Our data showed that the effects of allopurinol could be significantly enhanced after co-administration with pallidifloside D. The 
combination of allopurinol and pallidifloside D significantly increased the urine uric acid level, accompanied by a remarkable 
serum uric acid level reduction. 

The increased levels of serum creatinine and BUN signal renal dysfunction, leading to impaired kidney function [31,33,34]. The 
combination of allopurinol and pallidifloside D reduced the serum creatinine level compared to the levels when allopurinol was 
administered alone. Moreover, the index of the fractional excretion of urate (FEUA) supported this synergistic effect.

To explore the underlying mechanisms of action, we evaluated the compound’s effects on XOD activity. The allopurinol 
and pallidifloside D combination reduced serum XOD level to a level even lower than that of the control group. Accordingly, the 
combination treatment also induced similar changes in hepatic XOD activity, suggesting that the changes contributed to the 
observed effects with combination treatment.

The levels of mouse URAT1, GLUT9 and OAT1 proteins are associated with renal uric acid excretion [2–5]. Our Western blot 
data showed that allopurinol significantly down-regulated the expression of renal mURAT1 and mGLUT9 while up-regulating the 
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expression of renal mOAT1 in the hyperuricemic mice, compared with the model group. The combined administration of the 
two compounds down-regulated and up-regulated the expression of the related proteins in the experimental animals, providing 
information about the mechanism of enhancement of allopurinol by pallidifloside D.

As an edible plant, S. riparia has a good safety record in humans. It is reasonable to consider that as a compound from 
S. riparia, pallidifloside D combined with allopurinol to reduce the clinically required high doses of allopurinol. As a result, the 
commonly reported dose-related adverse effects of allopurinol could be attenuated.

CONCLUSIONS
We investigated the possible synergistic effects of pallidifloside D and allopurinol in reducing serum uric acid levels in a 

hyperuricemic mouse model. Compared with pallidifloside D or allopurinol alone, the combination administration of the two 
components possessed better uricosuric activity. The observed results were linked to the inhibition of XOD, the down-regulation of 
renal mURAT1 and GLUT9, and the up-regulation of OAT1. Our data may have a potential value in clinical practice in treating gout 
and other hyperuricemic conditions.
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