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Abstract 

Background: A high intake of fructose increases the risk for hyperuricemia. It has been reported that 

long-term fructose consumption suppressed renal uric acid excretion and increased serum uric acid 

level. However, the effect of single administration of fructose on excretion of uric acid has not been 

clarified.  

Methods: We used male Wistar rats, which were orally administered fructose (5 g/kg). Those rats 

were used in each experiment at 12 h after administration. 

Results: Single administration of fructose suppressed the function of ileal uric acid excretion and 

had no effect on the function of renal uric acid excretion. Breast cancer resistance protein (BCRP) 

predominantly contributes to intestinal excretion of uric acid as an active homodimer. Single 

administration of fructose decreased BCRP homodimer level in the ileum. Moreover, 

diphenyleneiodonium (DPI), an inhibitor of nicotinamide adenine dinucleotide phosphate (NADPH) 

oxidase (Nox), recovered the suppression of the function of ileal uric acid excretion and the Bcrp 

homodimer level in the ileum of rats that received single administration of fructose.  

Conclusions: Single administration of fructose decreases in BCRP homodimer level, resulting in the 

suppression the function of ileal uric acid excretion. The suppression of the function of ileal uric 

acid excretion by single administration of fructose is caused by the activation of Nox. The results of 

our study provide a new insight into the mechanism of fructose-induced hyperuricemia. 

 

Keywords: hyperuricemia, fructose, uric acid excretion, breast cancer resistance protein, oxidative 
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stress, NADPH oxidase   
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1. Introduction 

Since various soft drinks and snacks contain fructose as a sweetener, we intake a large 

amount of fructose from daily foods. It is known that intake of a large amount of fructose increases 

the risk for development of several diseases or disorders including metabolic syndrome, chronic 

kidney disease and cardiovascular disease [1-3]. The development of diseases or disorders induced 

by fructose may be associated with the activation of dinucleotide phosphate (NADPH) oxidase 

(Nox), because Nox activation induces oxidative stress, which leads to the development of several 

diseases or disorders including metabolic syndrome, chronic kidney disease and cardiovascular 

disease [4-6]. 

A high serum concentration of uric acid is one of the causes of metabolic syndrome. It is 

known that a high intake of fructose activates AMP deaminase, resulting in an enhancement of the 

rate of purine degradation. And then, serum uric acid level is increased because uric acid is a final 

product of purine metabolism in human [7]. Indeed, a high intake of fructose is known to be a risk 

factor of hyperuricemia. Hyperuricemia is classified into three types: overproduction type, 

underexcretion type and combined type. An induction of uric acid production by the stimulatory 

effect of fructose on purine degradation causes overproduction of uric acid. Moreover, it has been 

reported that long-term fructose administration suppressed renal excretion of uric acid, resulting in 

elevation of serum uric acid level [8]. However, the effect of single administration of fructose on 

excretion of uric acid is not known. Reducing serum uric acid level in the primary stage of 

hyperuricemia can prevent the development of other diseases or disorders, such as metabolic 
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syndrome, chronic kidney disease and cardiovascular disease. Therefore, it is important to reveal 

the details of the effect of fructose consumption on the uric acid excretion. 

It is known that two-thirds of uric acid is excreted from the kidney into urine and the 

remaining one-third is excreted from the intestine into feces. Renal uric acid excretion is regulated 

by several transporters. Urate transporter 1 (URAT1, also known as SLC22A12) and glucose 

transporter 9 (GLUT9, also known as SLC2A9) mediate renal uric acid reabsorption [9, 10]. 

Sodium phosphate transporter (NPT1, also known as SLC17A1) mediates renal uric acid secretion 

[11, 12]. Intestinal uric acid excretion is also regulated by transporters. Breast cancer resistance 

protein (BCRP, also known as ABCG2), which belongs to the ATP-binding cassette (ABC) 

transporter superfamily, predominantly contributes to intestinal excretion of uric acid [13-16]. ABC 

transporters, such as P-glycoprotein (P-gp) and multidrug resistance proteins (MRPs), have an 

internally duplicated structure with two ATP-binding domains. On the other hand, BCRP has only 

one N-terminal ATP-binding domain [17]. Therefore, BCRP has to form a homodimer, bridged by a 

disulfide bond, to efflux BCRP substrates [18-20]. We previously reported that dimerization of 

BCRP was influenced by oxidative stress [21, 22]. Since fructose consumption induces oxidative 

stress by activation of Nox, it is speculated that fructose consumption may also affect the excretion 

of uric acid to the intestinal lumen. 

 In this study, to elucidate the effect of single administration of fructose on the function of 

uric acid excretion, we compared the function of uric acid excretion in rats that received single 

administration of fructose with that in sham-operated rats. We found that single administration of 
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fructose suppressed the function of uric acid excretion to the intestinal lumen. We also found that 

single administration of fructose induced the suppression of Bcrp dimerization as a result of the 

induction of oxidative stress by Nox activation.   
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2. Materials and Methods 

2.1. Chemicals 

Fructose was purchased from KANTO KAGAKU (Tokyo, Japan). Diphenyleneiodonium 

chloride (DPI) was purchased from Cayman Chemical (Ann Arbor, MI). D-[3H]-mannitol was 

obtained from PerkinElmer (Waltham, MA). All other reagents were of the highest grade available 

and used without further purification.  

 

2.2. Animals 

Male Wistar rats, aged 6 weeks, were obtained from JLA (Saitama, Japan). For the purpose 

of acclimation, the rats were allowed free access to food (Rodent laboratory diet® EQ 5L37) and 

water for at least 1 week. The housing conditions were the same as those described previously [21]. 

The experimental protocols were reviewed and approved by the Hokkaido University Animal Care 

Committee in accordance with the “Guide for the Care and Use of Laboratory Animals”. 

 

2.3. Drug administration 

 The condition of fructose single administration was the same as that described in a 

previous report [23]. Briefly, rats were orally administered fructose (5 g/kg) or water (sham 

operation), and were used in each experiment at 12 h after administration. DPI (1 mg/kg) or sterile 

saline (sham operation) was intraperitoneally injected at the same time as fructose administration. 
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2.4. Uric acid excretion study 

 Uric acid excretion was analyzed as described in the previous report [22]. To analyze uric 

acid excretion, the bladder was cannulated with polyethylene tubing (SP45; Natsume Seisakusho) 

for urine collection, and 10-cm-long intestinal loops were made at the jejunum and ileum by 

ligating at both ends. Efflux buffer (saline containing 0.3 mM potassium oxonate (Wako, Osaka, 

Japan)) was introduced into the intestinal loops and then potassium oxonate was administered at 

250 mg/kg intraperitoneally [16, 24]. Blood samples (each 0.3 mL) were collected from the jugular 

vein at designated time points (1, 2, 3, 6 and 8 h after administration of potassium oxonate) into 

tubes. Serum was prepared by allowing the blood to naturally form a blood clot and then using a 

centrifuge (1,000×g for 20 min at 4°C). At 8 h after administration of potassium oxonate, the efflux 

buffer in the intestinal loops was collected and diluted with saline. The protein contents in the 

intestinal loops were determined by the BCA protein assay. Urine was collected for 8 h after 

administration of potassium oxonate and diluted with saline. Uric acid concentration was measured 

by the method of Morin [25]. The area under the concentration-time curve (AUC) of uric acid was 

calculated using the trapezoidal rule from the concentration-time curve. The jejunal or ileal 

clearance (CL) of uric acid was calculated by the following equation: CL (jejunum) or CL (ileum) = 

D/AUC/mg protein, where D is the amount of excretion to the jejunal or ileal loop. The renal 

clearance of uric acid was calculated by the following equation: CL (kidney) = D/AUC, where D is 

the amount of excretion to urine. 
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2.5. Assessment of intestinal paracellular permeability 

 A transport experiment was carried out as described in the previous report [22]. Intestinal 

sheets were mounted between NaviCyte® diffusion chambers (Warner Instruments, Hamden, CT) 

that provided an exposed area of 0.64 cm2. Considering a pH in the rat intestine under a 

physiological condition [26], Hanks’ balanced salt solution (HBSS) (137 mM NaCl, 5.4 mM KCl, 

1.0 mM CaCl2, 0.8 mM MgCl2, 0.4 mM KH2PO4, 0.3 mM NaH2PO4 and 25 mM D-glucose) 

buffered with 20 mM MES (pH 6.0) or 20 mM HEPES (pH 7.4) was added to the chambers of the 

mucosal side (pH 6.0) and serosal side (pH 7.4). The volume of bathing solution on each side was 

1.0 mL, and the solution temperature was maintained at 37°C in a water-jacketed reservoir. The 

buffer solution was bubbled with a 95:5 mixture of O2/CO2 before and during the transport 

experiment. The buffer solution in the chambers of the serosal side contained D-[3H]-mannitol. 

Samples of 0.25 mL were taken from the chambers of the mucosal side after 15, 30, 45 and 60 min 

of incubation. A scintillation spectrometer (1600TR, Packard Instruments, Meriden, CT) was used 

to measure D-[3H]-mannitol. 

 The permeation rate of D-[3H]-mannitol was expressed as an apparent permeability 

coefficient (Papp) according to the following equation: Papp=dQ/dt /SC0, where dQ/dt is the linear 

appearance rate of mass in the receiver solution, S is the exposed area (0.64 cm2), and C0 is the 

initial concentration of D-[3H]-mannitol (50 nM). 

 

2.6. Real-time PCR 
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 Quantitative real-time PCR was performed as described in previous reports [21, 27] using 

an Mx3000TM Real-time PCR System (STRATAGENE, Tokyo, Japan) with a KAPA SYBR Fast 

qPCR kit (KAPA Biosystems, Boston, MA) following the manufacturer’s protocol. PCR was 

performed using rat BCRP-specific primers and rat GAPDH-specific primers through 40 cycles of 

95°C for 15 s, 50°C for 30 s and 72°C for 30 s after pre-incubation at 50°C for 2 min and 95°C for 

15 min. Specific primers to rat BCRP and rat GAPDH were designed on the basis of sequences in 

the GenBankTM database (accession no.: AB094089 and AF106860, respectively). The sequences 

of the specific primers were as follows: the sense sequence (641-660) was 5’-GTT TGG ACT CAA 

GCA CAG CA-3’ and the antisense sequence (771-790) was 5’-TGA GTT TCC CAG AAG CCA 

GT-3’ for rat BCRP, and the sense sequence (1034-1053) was 5’-ATG GGA AGC TGG TCA TCA 

AC-3’ and the antisense sequence (1235-1254) was 5’-GTG GTT CAC ACC CAT CAC AA-3’ for 

rat GAPDH. The PCR products were normalized to amplified GAPDH, which was the internal 

reference gene (housekeeping gene). Standard curves were prepared for each target and 

housekeeping gene. The standard curve was established between the threshold cycles (Ct) and the 

log10 (copy numbers). 

 

2.7. Western blot analysis 

 Total protein extracts were prepared from the ileal mucosa of rats as previously reported 

[21, 22]. Protein concentrations of the samples in clear supernatants were determined by the method 

of Lowry et al. [28]. BCRP protein expression and the homodimer could be detected by sodium 
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dodecyl sulfate (SDS)-PAGE under reducing and non-reducing conditions, respectively [21, 22]. 

The reducing condition for samples was as follows. The reducing reaction mixture contained 18 μL 

of a sample and 2 μL of 1 M dithiothreitol (DTT). The mixture was incubated for 2 h at 37°C and 

then 4.8 μL of 1 M iodoacetamide was added. The mixture was incubated for a further 30 min at 

37°C. After adding 4 μL of 200 mM NaOH, the mixture was cooled with tap water. The samples 

were denatured at 100°C for 5 min in a loading buffer containing 50 mM Tris-HCl, 12.5% SDS, 

20% 2-mercaptoethanol, 10% glycerol, 100 mM DTT, 5 mM sodium bisulfite, 0.002% 

bromophenol blue (BPB) and 3.6 M urea. The non-reducing condition for samples was as follows. 

The samples were denatured at room temperature for 5 min in a loading buffer containing 50 mM 

Tris-HCl, 12.5% SDS, 20% methanol, 10% glycerol, 0.002% BPB and 3.6 M urea. Each sample 

was separated on 4.5% stacking and 10% SDS polyacrylamide gels. Proteins were transferred 

electrophoretically onto nitrocellulose membranes at 15 V for 90 min. The membranes were 

blocked with phosphate buffered saline (PBS) containing 0.05% Tween 20 (PBS/T) and 10% 

non-fat dry milk for 1 h at room temperature. After being washed with PBS/T, the membranes were 

incubated overnight at room temperature with a mouse monoclonal antibody to BXP-21 (Santa 

Cruz Biotechnology, Santa Cruz, CA) at a dilution of 1:250 or mouse anti-actin monoclonal 

antibody (Millipore, Bedford, MA) at a dilution of 1:500 and washed three times with PBS/T for 10 

min each time. The membranes were subsequently incubated for 1 h at room temperature with 

horseradish peroxidase-conjugated goat anti-mouse secondary antibody (Santa Cruz Biotechnology) 

at a dilution of 1:2,000 and washed three times with PBS/T for 10 min each time. The bands were 
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visualized by enhanced chemiluminescence according to the instructions of the manufacturer 

(Amersham Biosciences Corp., Piscataway, NJ). 

 

2.8. Measurement of Nox activity 

 Nox activity was quantified by lucigenin chemiluminescence as described previously [29]. 

The ileal mucosa of rats was homogenized in PBS. The homogenate (500 µg protein), NADPH (0.2 

mM), NADH (0.2 mM) and lucigenin (20 µM) were combined to 200 µL with PBS. Lucigenin 

luminescence was measured after 1 min of incubation at room temperature using the multilabel 

counter Wallac 1420 ARVOse (PerkinElmer). The protein content was determined by the BCA 

protein assay. 

 

2.9. Assessment of oxidative injury 

 The extent of reactive oxygen species (ROS)-induced oxidative injury was assessed 

indirectly by measuring the level of malondialdehyde (MDA), an intermediate product of lipid 

peroxidation, as described previously [27]. The colored upper layer was placed in a glass cell for 

spectrophotometer reading at 535 nm with 1, 1, 3, 3-tetraethoxypropane (TEP) as a standard. The 

amount of MDA was corrected by protein content. The protein content was determined by the BCA 

protein assay. 

 

2.10. Statistical analysis 
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 Statistical significance was evaluated using Tukey’s test or Student’s t-test. A value of 

p<0.05 was considered significant.  
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3. Results 

3.1. Effects of fructose single administration on uric acid clearances in rats 

 There was no significant difference between the body weight of sham-operated rats and 

rats that received single administration of fructose (Table 1). Serum uric acid (Fig. 1) and AUC0-8 h 

of uric acid (Table 1) in rats that received single administration of fructose showed a tendency to be 

increased compared with those in sham-operated rats. Renal and jejunal uric acid clearances in rats 

that received single administration of fructose were the same as those in sham-operated rats (Table 

1). On the other hand, ileal uric acid clearance in rats that received single administration of fructose 

was significantly lower than that in sham-operated rats (Table 1). 

  

3.2. Effects of fructose single administration on paracellular and transcellular transport pathways 

of uric acid in the ileum of rats 

 There are two transport pathways that can function as uric acid excretion route in the 

intestine [30, 31]. One is the paracellular pathway to the lateral intercellular space via tight 

junctions between epithelial cells. Papp of mannitol, which is mainly excreted by the paracellular 

pathway, through the ileal membrane of rats that received single administration of fructose was the 

same as that in sham-operated rats (Fig. 2). 

 The other transport pathway is the transcellular pathway across the intestinal epithelial cell 

membrane. It is known that BCRP mainly contributes to intestinal excretion of uric acid via the 

transcellular pathway [15, 16]. As shown in Table 1, single administration of fructose decreased 
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uric acid clearance in the ileum, which has abundant Bcrp expression. We therefore investigated the 

effect of fructose on ileal Bcrp expression. Single administration of fructose did not affect Bcrp 

mRNA level (Fig. 3A) or protein expression (Fig. 3B) in the ileum. On the other hand, Bcrp 

homodimer level in the ileum was significantly decreased by the administration of fructose (Fig. 

3C).  

 

3.3. Effects of fructose single administration on Nox activity and oxidative stress in the ileum 

Nox activity in the ileum of rats that received single administration of fructose was 

significantly higher than that in sham-operated rats (Fig. 4A). The level of MDA, which is a marker 

for oxidative stress, in the ileum of rats that received single administration of fructose was also 

significantly higher than that in sham-operated rats (Fig. 4B). 

 

3.4. Protective effect of DPI on suppression of the function of uric acid excretion to the ileal lumen 

 Administration of DPI had no effect on body weight of rats that received single 

administration of fructose (Table 2). Nox activation (Fig. 5A) and increase in MDA level (Fig. 5B) 

in the ileum of rats that received single administration of fructose were diminished by 

administration of DPI. The decreased Bcrp homodimer level in the ileum of rats that received single 

administration of fructose was recovered by administration of DPI (Fig. 5E) with no effect on Bcrp 

mRNA level (Fig. 5C) or protein expression (Fig. 5D). The decreased ileal uric acid clearance 

(Table 2) in rats that received single administration of fructose was recovered by administration of 
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DPI, and the increased serum uric acid (Fig. 5F) and AUC0-8 h of uric acid (Table 2) in rats that 

received single administration of fructose were diminished by administration of DPI.  
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4. Discussion 

It is well known that a high intake of fructose is associated with increasing risk for 

hyperuricemia/gout. The rapid effect of fructose consumption on serum uric acid concentration is 

attributed to hepatic fructose metabolism which leads to an increase uric acid production. Moreover, 

long-term fructose consumption was shown to suppress renal uric acid excretion, and increase 

serum uric acid level [8]. This long-term effect of fructose consumption was associated with renal 

dysfunction and/or abnormal expression of renal uric acid transporters [32]. It was recently reported 

that the change in serum uric acid following single administration of fructose was associated with 

SLC2A9/GLUT9 and ABCG2/BCRP genetic variants [33-35]. These findings suggest that fructose 

consumption rapidly affects uric acid excretion. In this study, we found that single administration of 

fructose suppressed the function of uric acid excretion in the ileum (Table 1). On the other hand, 

single administration of fructose had no effects on the function of renal and jejunal uric acid 

excretion function (Table 1). These results indicated that the onset of rapid fructose-induced 

hyperuricemia was related to suppression of the function of ileal uric acid excretion. BCRP is 

abundantly expressed in the ileum and transports uric acid to the intestinal lumen as an active 

homodimer bridged by a disulfide bond. Single administration of fructose suppressed dimerization 

of Bcrp in the ileum with no effect on Bcrp mRNA level or protein expression (Fig. 3). Moreover, 

single administration of fructose did not affect paracellular permeability in the ileum (Fig. 2). It is 

known that URAT1, GLUT9 and NPT1 are uric acid transporters. We investigated the effects of 

single administration of fructose on other uric acid transporters in the ileum. URAT1 and NPT1, 
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which mainly expresses in the kidney, did not express in the ileum (Supplementary fig. 1A). Those 

expression profiles were consistent with the previous report [36]. GLUT9 expressed in the ileum 

but GLUT9 mRNA level was not significantly changed by single administration of fructose 

(Supplementary fig. 1B). These findings indicated that suppression of the function of ileal uric acid 

excretion was caused by Bcrp dysfunction. However, there is the possibility of the contribution of 

other unknown transporters on uric acid excretion in the intestine. Indeed, the meta-analysis of 

genome-wide association scans from 14 studies suggests that some transporters are related to the 

prevalence of hyperuricemia/gout [37]. Further studies are necessary in order to conclude that the 

single administration of fructose has an influence on only BCRP.  

In this study, we administered fructose at 5 g/kg to rats as the previous report [23]. This 

amount could roughly estimate at 300 g in human. On the other hand, fructose was administered at 

65 g containing 16 g of glucose in human clinical study for single administration of fructose [34]. 

We compared the changes in biochemical parameters in the reports of single administration of 

fructose in human and rats. The changes in serum uric acid and glucose were almost same between 

those reports [23, 34]. Therefore, there is a certain degree of validity in the rat model. We take a 

large amount of fructose from daily foods. Beverages made with high-fructose corn syrup are 

known as the food contains much fructose (44.63-72.31 g/L, 0.25-0.4 M) [38].Those concentrations 

of fructose are higher than Km of intestinal fructose transporter GLUT5 (11-13 mM) [39-40]. The 

fructose concentration (500 g/L, 2.8 M) in this study was also higher than Km of GLUT5. Those 

findings suggest that fructose absorption in the intestine may be saturated state in both of 
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physiological condition and our study. Therefore, fructose may be able to absorb in the entire 

intestinal lumen under both of physiological condition and our study, though GLUT5 expression in 

the jejunum is higher than that in the duodenum or ileum [41]. Since fructose is poorly metabolized 

in the rat intestine, the absorbed fructose appears in the portal blood primarily, and then 

metabolized in the liver [42]. Fructose is known to be induced acceleration of purine degradation 

mediated through activation of AMP deaminase. The activation of AMP-deaminase resulted in the 

induction of uric acid production [7]. The induction of uric acid production was observed at 4 h 

after 5 g/kg fructose administration in rats [23]. On the other hand, serum concentration of uric acid 

was not changed at 12 h after the fructose administration in this study (Fig. 1 and Fig. 5F). 

Moreover, xanthine oxidase activities in the jejunum, ileum and liver were not induced at 12 h after 

the fructose administration (Supplementary fig. 2). These findings suggested that the effect of 

fructose on uric acid production diminished at 12 h after the fructose administration. We used 

uricase inhibitor for uric acid excretion study. Since uricase specifically expresses in the liver in rats 

[43], uric acid, which is excreted from epithelium in ileum, might be produced in the liver in our 

study. 

We previously reported that BCRP dimerization was significantly suppressed by ROS 

generated from xanthine oxidase [22]. Since fructose induces production of ROS, though they are 

generated from Nox, we speculated that ROS generated from Nox may also affect BCRP 

dimerization. In our experimental condition, single administration of fructose activated Nox and 

then induced oxidative stress in the ileum (Fig. 4). Suppression of Bcrp dimerization in rats that 
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received single administration of fructose was recovered by a Nox inhibitor (Fig. 5), and then the 

function of ileal uric acid excretion was also recovered (Table 2). In this study, we used DPI as Nox 

inhibitor though DPI is also known as endothelial nitric oxide synthase (eNOS) inhibitor [44]. It is 

well known that fructose consumption suppresses eNOS activities in various organs and tissues 

[45-47]. Thus, the inhibitory effect of DPI on eNOS might be subtle after the administration of 

fructose. These findings indicate that oxidative stress caused by Nox activation is related to 

suppression of the function of uric acid excretion caused by Bcrp dysfunction. 

The suppressive effect of single administration of fructose on the function of uric acid 

excretion observed only in the ileum. The Nox activity in the kidney was not changed by single 

administration of fructose (Supplementary fig. 3B). On the other hand, Nox activity in the jejunum 

was activated by single administration of fructose as well as in the ileum (Supplementary fig. 3A). 

However, the BCRP expression exhibits marked differences in different regions of the intestine. 

BCRP expression in the ileum is higher than that in the duodenum, jejunum or large intestine [15, 

48]. Moreover, Nox activity in the ileum is also higher than that in the jejunum or kidney (data not 

shown). Taking those findings, we speculated that the function of uric acid excretion in the ileum 

may be sensitive against the fructose administration compared with that in the jejunum or kidney. 

Since protein disulfide is formed by an oxidative reaction, ROS may have activity for 

disulfide bond formation. Yang et al. [49] reported that over-expressed mitochondrial targeting 

catalase decreased protein disulfide contents in cells but that over-expressed catalase did not, 

suggesting that the oxidative potential required for protein disulfide bond formation is supplied by 
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intra-mitochondrial ROS but not by cytosolic ROS. This finding suggests that ROS generated 

specific intracellular compartment have activity of protein disulfide bond formation. Moreover, it is 

known that protein disulfide formation is predominantly regulated by protein disulfide isomerase 

(PDI). Since PDI has reactive cysteine residues, PDI is known to be one of the proteins that are 

most susceptible to the effect of oxidative stress [50]. Indeed, age-associated oxidative stress 

suppresses PDI function [51, 52]. These findings fortify our conclusion that ROS generated from 

Nox decrease the level of BCRP homodimer, bridged by a disulfide bond, though protein disulfide 

is formed by an oxidative reaction. However, the effect of ROS generated from Nox on PDI 

function is still unknown. Further study is needed in order to reveal the detail mechanism of the 

suppression of BCRP dimer level by ROS generated from Nox.  
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5. Conclusion 

Single administration of fructose suppresses the function of ileal uric acid excretion. This 

suppression of uric acid excretion to the ileal lumen is caused by the decrease in BCRP active 

homodimer level. The effect of single administration of fructose is recovered by inhibition of Nox 

activation, indicating that ROS generated from Nox play an important role in the acute change in 

uric acid excretion following fructose consumption. The results of our study provide a new insight 

into the mechanism of fructose-induced hyperuricemia.  
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Figure legends 

Fig. 1 Time-concentration curve of serum uric acid 

Rats received single oral administration of fructose (5 g/kg) and were used in the experiment at 12 h 

after administration. 

Each point represents the mean±S.D. of 5-6 rats. 

 

Fig. 2 Papp of D-[3H]-mannitol in the ileum  

Rats received single oral administration of fructose (5 g/kg) and were used in the experiment at 12 h 

after administration. 

Each column represents the mean with S.D. of 4 rats. 

 

Fig. 3 Bcrp mRNA level (A), Bcrp protein expression (B) and Bcrp dimer level (C) in the 

ileum 

Rats received single oral administration of fructose (5 g/kg) and were used in the experiment at 12 h 

after administration. 

Each column in Fig. 3A represents the mean with S.D. of 8 rats. 

Each column in Fig. 3B and 3C represents the mean with S.D. of 9-10 rats. 

*: significantly different from sham-operated rats at p<0.05 

 

Fig. 4 Nox activity (A) and MDA level (B) in the ileum 
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Rats received single oral administration of fructose (5 g/kg) and were used in the experiment at 12 h 

after administration. 

Each column in Fig. 4A represents the mean with S.D. of 10-12 rats. 

Each column in Fig. 4B represents the mean with S.D. of 9-10 rats. 

*: significantly different from sham-operated rats at p<0.05, **: p<0.01 

 

Fig. 5 Effects of DPI on Nox activity (A), MDA level (B), Bcrp mRNA level (C), Bcrp protein 

expression (D), Bcrp dimer level (E) and serum uric acid (F)  

Rats received single oral administration of fructose (5 g/kg) and were used in the experiment at 12 h 

after administration. 

DPI was intraperitoneally injected at the same time as fructose administration (1 mg/kg). 

Each column in Fig. 5A represents the mean with S.D. of 8-9 rats. 

Each column in Fig. 5B represents the mean with S.D. of 9 rats. 

Each column in Fig. 5C represents the mean with S.D. of 6-7 rats. 

Each column in Fig. 5D and 5E represents the mean with S.D. of 7-9 rats. 

Each point in Fig. 5F represents the mean with S.D. of 5 rats. 

**: significantly different from sham-operated rats at p<0.01 

†; significantly different from received single oral administration of fructose at p<0.05, ††; p<0.01. 

N.S: not significant 
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Supplementary fig. 1 Expression of URAT1, GLUT9 and NPT1 in the ileum (A) and effect of 

fructose on GLUT9 mRNA level (B) 

(A) cDNAs were prepared as describe in the material and method section. RT-PCR was performed 

with a KAPATaq Extra PCR kit (KAPA Biosystems, Boston, MA) following the manufacturer’s 

protocol. Kidney sample was used as positive control. 

(B) Rats received single oral administration of fructose (5 g/kg) and were used in the experiment at 

12 h after administration. 

Each column in Supplementary fig. 1B represents the mean with S.D. of 9 rats. 

 

Supplementary fig. 2 Xanthine oxidase activity in the jejunum, ileum and liver 

Xanthine oxidase activity was measured by a fluorometric assay with a Xanthine Oxidase 

Fluorometric Assay Kit (Cayman Chemical Company, Michigan, USA) as recommended [21]. 

Each column in Supplementary fig. 2 represents the mean with S.D. of 3 rats. 

**: significantly different from sham-operated rats at p<0.01 

 

Supplementary fig. 3 Nox activity in the jejunum and kidney 

Nox activity was measured as describe in the material and method section. 

Each column in Supplementary fig. 2A represents the mean with S.D. of 9-10 rats. 

Each column in Supplementary fig. 2B represents the mean with S.D. of 14 rats. 

*: significantly different from sham-operated rats at p<0.05 
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Table 1 Body weight, AUC0-8 h and clearances of uric acid in the jejunum, ileum and kidney 

  
Before 

administration 

12 h after 

administration 

AUC0-8 h  

(mg/dL•h) 

CL (jejunum) 

(µL/h/mg protein) 

CL (ileum) 

(µL/h/mg protein) 

CL (kidney) 

(mL/h) 

Sham 221.3±21.87 g 231.5±18.56 g 60.6±10.7 5.46±2.86 11.3±1.98 5.10±1.27 

Fructose 216.2±19.80 g 229.6±10.29 g 70.1±20.4 4.41±2.92 7.72±3.15 4.70±2.06 

Rats received single oral administration of fructose (5 g/kg) and were used in the experiment at 12 h  

after administration. 

Each value represents the mean±S.D. of 5-6 rats. 

*; significantly different from control at p<0.05. 

* 
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Table 2 Effect of DPI on Body weight, AUC0-8 h and clearances of uric acid in the jejunum, 

ileum and kidney 

  
Before 

administration 

12 h after 

administration 

AUC0-8 h  

(mg/dL•h) 

CL (jejunum) 

(µL/h/mg protein) 

CL (ileum) 

(µL/h/mg protein) 

CL (kidney) 

(mL/h) 

Sham 238.5±22.86 g 252.8±23.15 g 54.9±11.0 2.46±0.931 7.43±1.32 4.91±2.39 

Fructose 240.9±25.11 g 256.2±27.11 g 81.2±9.46 1.30±1.06 3.56±1.33 4.04±0.750 

Fructose+DPI 238.6±17.16 g 253.6±19.42 g 62.4±6.06 2.05±0.696 6.24±1.42 5.16±1.06 

Rats received single oral administration of fructose (5 g/kg) and were used in the experiment at 12 h  

after administration. 

Each value represents the mean±S.D. of 5 rats. 

**; significantly different from control at p<0.01. 

†; significantly different from rats received single oral administration of fructose at p<0.05. 

** 
† 

** 
† 
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