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Abstract: Hyperuricemia is marked by elevated serum uric acid levels. It is the 

primary risk factor for gout and several related complications. Urate homeostasis 

involves balancing uric acid production and renal excretion. Urate transporters, such 

as urate transporter 1 (URAT1) and glucose transporter 9 (GLUT9), play crucial roles. 

Evidence suggests that dysfunction or genetic variation in these transporters 

contributes to abnormal urate accumulation and disease progression. This review 

summarises knowledge of uric acid metabolism, renal urate handling, and the 

physiological roles of URAT1 and GLUT9 in urate balance. It discusses the 

involvement of these transporters in hyperuricemia and gout, as well as therapeutic 

strategies targeting urate transporters, including uricosuric drugs and emerging 

transporter-specific inhibitors. The importance of preclinical evaluation using animal 

models and cell-based transporter assays for the discovery and development of novel 

antihyperuricemic agents is highlighted. Understanding the molecular mechanisms 

and pharmacological modulation of urate transporters may help develop more 

effective therapies for hyperuricemia and gout.  
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INTRODUCTION 

Overview of uric acid metabolism 

Uric acid is the final product of purine metabolism in humans and plays a key role in maintaining metabolic 

balance. Purines originate from endogenous nucleotide turnover and dietary sources, and their degradation 

produces uric acid through enzymatic reactions. Unlike most mammals, humans lack uricase, which converts uric 

acid into the more soluble allantoin, resulting in relatively high circulating urate levels. Dysregulation of this 

process leads to hyperuricemia, which occurs when uric acid production exceeds its elimination [1]. 

Uric acid metabolism involves hepatic production and renal excretion. Approximately two-thirds of uric acid 

is eliminated through the kidneys, while the remainder is excreted via the intestine. After glomerular filtration, urate 

undergoes reabsorption and secretion in the renal proximal tubules through transporter-mediated mechanisms. Nearly 

90% of filtered urate is reabsorbed, highlighting the importance of transporter regulation in urate homeostasis [2]. 

Disruption of these processes results in elevated serum urate levels and may lead to monosodium urate (MSU) crystal 

formation in tissues and joints, causing gout. Molecular and genetic studies have identified urate transporters, 

particularly URAT1 and GLUT9, as central regulators of serum uric acid and promising therapeutic targets [3]. 

Global prevalence and clinical significance of hyperuricemia and gout 

Hyperuricemia is a common metabolic disorder defined by serum uric acid levels above 6.8 mg/dL. It is the 

primary risk factor for gout, an inflammatory arthritis caused by MSU crystal deposition. Gout affects 
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approximately 1- 4% of adults globally, with increasing prevalence due to ageing, dietary habits, obesity, and 

metabolic syndrome [4]. 

Hyperuricemia is also associated with chronic kidney disease, hypertension, cardiovascular disease, and 

metabolic syndrome. Elevated uric acid contributes to oxidative stress, endothelial dysfunction, and inflammation, 

increasing cardiovascular and renal risk [5]. Current therapies aim to reduce uric acid production or enhance 

excretion, with growing emphasis on targeting renal urate transporters [6]. 

Importance of urate transporters in disease management 

Renal urate transporters are key determinants of serum uric acid levels and important therapeutic targets. URAT1 

(SLC22A12) and GLUT9 (SLC2A9) play central roles in urate reabsorption [7]. URAT1, located on the apical 

membrane of proximal tubular cells, functions as a urate-anion exchanger, while GLUT9 on the basolateral 

membrane facilitates urate transport into the bloodstream [2, 3]. 

Genetic studies, including GWAS, have identified SLC22A12 and SLC2A9 as major regulators of serum 

urate levels. Variations in these genes can alter transporter function and contribute to hyperuricemia [8]. 

Consequently, URAT1 and GLUT9 are key targets for urate-lowering therapies [9]. 

URIC ACID METABOLISM AND URATE HOMEOSTASIS 

Purine metabolism and uric acid production 

Uric acid is produced from purine degradation, with purines derived from endogenous and dietary sources. 

Adenine and guanine nucleotides are metabolised into intermediates such as inosine, hypoxanthine, and xanthine, 

which are converted into uric acid [10]. 

Humans lack uricase, increasing susceptibility to hyperuricemia. Uric acid is mainly produced in the 

liver, with contributions from the intestine and vascular endothelium. Increased purine metabolism due to high 

dietary intake, rapid cell turnover, or metabolic disorders elevates uric acid production and contributes to 

hyperuricemia [12, 13]. 

Role of the enzyme xanthine oxidase 

Xanthine oxidase (XO), also known as xanthine oxidoreductase (XOR), is a key enzyme in purine metabolism. It 

catalyses the sequential oxidation of hypoxanthine to xanthine, then to uric acid. XOR exists in two forms: 

xanthine dehydrogenase (XDH), which uses NAD⁺ as an electron acceptor under normal conditions, and xanthine 

oxidase (XO), which uses molecular oxygen as an electron acceptor under pathological conditions like oxidative 

stress or inflammation. XO activity produces reactive oxygen species (ROS), including superoxide and hydrogen 

peroxide. ROS contribute to oxidative stress and tissue injury, connecting uric acid metabolism with metabolic 

and cardiovascular disorders. Elevated XOR activity is linked to obesity, insulin resistance, liver dysfunction, and 

hyperuricemia. This highlights its role in urate synthesis and the progression of metabolic diseases [14]. 

Due to its central role in uric acid production, xanthine oxidase is an important pharmacological target 

in the treatment of hyperuricemia and gout. Drugs such as allopurinol and febuxostat inhibit xanthine oxidase 

activity, thereby reducing uric acid synthesis and preventing urate crystal formation [15]. 

Balance between urate production and excretion 

Urate homeostasis depends on the balance between production and elimination. Approximately 750 mg of uric 

acid is produced and excreted daily [16]. The kidneys account for about 70% of excretion, while the intestine 

handles the remaining 30% [11]. 

Hyperuricemia develops when production exceeds excretion, most commonly due to impaired renal 

clearance. Factors such as kidney disease, genetic mutations, medications, and metabolic disorders disrupt this 

balance [16]. Maintaining this equilibrium is essential for preventing gout and related complications [17]. 

RENAL HANDLING OF URATE 

The kidney regulates urate homeostasis through filtration, reabsorption, secretion, and post-secretory 

reabsorption. Although urate is freely filtered at the glomerulus, only about 10% is excreted due to extensive 

tubular reabsorption [18]. 

Filtration of urate in the glomerulus 

Uric acid present in the bloodstream is freely filtered across the glomerular capillary membrane into the renal 

tubular lumen because it is a small, water-soluble molecule that does not significantly bind to plasma proteins. As 

a result, the concentration of urate in the glomerular filtrate is similar to that in plasma [19]. 

Following filtration, urate enters the proximal tubule, where its transport is tightly controlled by several 

membrane transport proteins. Although the entire filtered urate load initially enters the nephron, only a small 

proportion is ultimately excreted in the urine because most of the filtered urate undergoes reabsorption during 
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passage through the renal tubules. Physiologically, the fractional excretion of urate is typically 8-12% in healthy 

individuals, indicating that nearly 90% of filtered urate is reabsorbed. This reabsorption is essential for 

maintaining appropriate serum uric acid concentrations but can also contribute to hyperuricemia if transporter 

activity becomes dysregulated [18]. 

Reabsorption and secretion in renal proximal tubules 

The proximal tubule is the primary site of urate transport in the kidney, where urate undergoes both reabsorption 

from the tubular lumen into epithelial cells and secretion from the blood into the tubular fluid, with these 

bidirectional processes ultimately determining the amount of urate excreted in urine. Reabsorption occurs mainly 

in the early proximal tubule via transporters on the apical and basolateral membranes, where urate is first taken 

up from the tubular lumen into epithelial cells and then returned to the bloodstream, allowing efficient 

conservation of urate. In contrast, urate secretion involves transporters that move urate from the peritubular 

capillaries into the tubular lumen for elimination. The balance between these reabsorptive and secretory 

mechanisms governs the net renal clearance of uric acid; disturbances in this balance, such as enhanced 

reabsorption or reduced secretion, can lead to hyperuricemia, whereas increased secretion may result in excessive 

urate excretion (hyperuricosuria) [18]. 

Transporter systems involved in urate regulation 

Multiple membrane transport proteins participate in renal urate transport. These transporters belong primarily to 

the solute carrier (SLC) family and ATP-binding cassette (ABC) transporter family, which regulate the movement 

of urate across renal tubular epithelial cells [20]. 

Reabsorption transporters 

The major urate reabsorption transporters include URAT1 (SLC22A12), located on the apical membrane of 

proximal tubular cells and functioning as the primary urate–anion exchanger that reabsorbs urate from the tubular 

lumen [18]. GLUT9 (SLC2A9) is primarily located on the basolateral membrane and facilitates urate transport 

from epithelial cells back into the bloodstream [21]. In addition, OAT4 (SLC22A11) and OAT10 (SLC22A13) are 

additional transporters involved in urate reabsorption in the proximal tubule [20]. 

Secretion transporters 

Several transporters mediate urate secretion into the tubular lumen, including OAT1 (SLC22A6) and OAT3 

(SLC22A8), which are basolateral transporters responsible for moving urate from the blood into tubular epithelial 

cells. ABCG2 (BCRP) functions as an ATP-dependent efflux transporter that secretes urate into the tubular lumen. 

In addition, NPT1 (SLC17A1) and NPT4 (SLC17A3) are sodium-dependent phosphate transporters that also 

contribute to urate secretion [18]. 

Among these transporters, URAT1 and GLUT9 are considered the most important regulators of urate 

reabsorption, and dysfunction or genetic mutations affecting these proteins can significantly alter serum uric acid 

levels. Loss-of-function mutations in either URAT1 or GLUT9 have been associated with renal hypouricemia, 

whereas increased transporter activity can contribute to hyperuricemia and gout [22]. 

Understanding the coordinated activity of these transporter systems is essential for developing targeted 

therapies to regulate urate excretion. Many modern uricosuric drugs specifically inhibit URAT1 or modulate 

transporter activity to increase urinary urate excretion and reduce serum uric acid levels [19]. 

URATE TRANSPORTERS IN THE KIDNEY 

URAT1 and GLUT9 are the key transporters regulating renal urate reabsorption and serum urate levels [22]. 

URAT 1 

Structure and localization 

URAT1 is encoded by the SLC22A12 gene and belongs to the organic anion transporter (OAT) family. 

Structurally, URAT1 is a membrane protein composed of 12 transmembrane domains, which enable it to function 

as a transporter across renal epithelial cell membranes [22]. 

This transporter is predominantly expressed on the apical membrane of proximal tubular epithelial cells 

in the kidney, where it mediates the uptake of urate from the tubular lumen into epithelial cells. The molecular 

identification of URAT1 clarified the mechanism underlying renal urate reabsorption and provided important 

insights into urate homeostasis in humans [23]. 

URAT1 plays a key role in determining serum urate levels, as most of the filtered urate is reabsorbed via 

transporter-mediated processes. Mutations in the SLC22A12 gene can impair urate reabsorption and lead to renal 

hypouricemia, characterised by reduced serum uric acid levels and increased urinary urate excretion [24]. 
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Mechanism of urate reabsorption 

URAT1 functions as a urate - anion exchanger, transporting urate from the tubular lumen into proximal tubular 

epithelial cells in exchange for organic anions such as lactate, nicotinate, and pyrazinoate. This exchange 

mechanism allows efficient reabsorption of urate across the apical membrane [25]. 

After urate enters epithelial cells via URAT1, it is transported across the basolateral membrane into the 

bloodstream through other transporters such as GLUT9. Studies have demonstrated that URAT1 and GLUT9 act 

cooperatively to mediate the vectorial transport of urate from the renal tubular lumen to the blood [26]. 

Pharmacological inhibition of URAT1 significantly increases urinary urate excretion and lowers serum 

urate levels. Consequently, URAT1 is the primary molecular target of several uricosuric drugs used to treat 

hyperuricemia and gout [27]. 

Physiological role in urate balance 

URAT1 is considered the major transporter responsible for renal urate reabsorption, accounting for a substantial 

portion of renal urate handling. By regulating the reuptake of urate into the bloodstream, URAT1 maintains serum 

uric acid concentrations within physiological limits [22]. 

Alterations in URAT1 activity can significantly affect urate homeostasis. Increased URAT1 activity 

enhances urate reabsorption and contributes to hyperuricemia, whereas reduced transporter activity results in 

excessive urinary urate excretion. Genetic studies have confirmed that mutations in URAT1 are associated with 

hereditary renal hypouricemia and altered urate metabolism [28]. 

Because of its central role in urate homeostasis, URAT1 has become a major therapeutic target for the 

management of hyperuricemia. 

GLUT 9 

Isoforms and tissue distribution 

GLUT9, encoded by the SLC2A9 gene, is a member of the facilitative glucose transporter family but functions 

primarily as a urate transporter rather than a glucose transporter. Two main isoforms of GLUT9 have been 

identified: GLUT9a (long isoform) and GLUT9b (short isoform) [29]. 

These isoforms differ mainly in their N-terminal sequences and cellular localisation. GLUT9a is 

primarily located on the basolateral membrane of proximal tubular epithelial cells, whereas GLUT9b is found on 

the apical membrane of renal tubular cells. GLUT9 is also expressed in several other tissues, including the liver, 

intestine, and placenta, suggesting that it plays an important role in systemic urate metabolism beyond the kidney 

[30]. 

Role in urate transport and regulation 

GLUT9 functions as a high-capacity urate transporter that facilitates urate transport across cell membranes. 

Studies have demonstrated that SLC2A9-mediated urate transport occurs at rates significantly higher than glucose 

transport, highlighting its specialised role in urate handling [31]. 

In renal physiology, GLUT9 primarily mediates the transport of urate from proximal tubular epithelial 

cells into the bloodstream following apical uptake through URAT1. This coordinated action between URAT1 and 

GLUT9 ensures efficient urate reabsorption and maintenance of serum urate homeostasis [26]. 

Genetic studies have shown that mutations in the SLC2A9 gene significantly influence serum uric acid 

levels. Loss-of-function mutations reduce urate reabsorption and cause renal hypouricemia, whereas increased 

transporter activity has been associated with hyperuricemia and gout [32]. Therefore, GLUT9 is considered a 

crucial regulator of urate transport and a potential therapeutic target for the development of novel urate-lowering 

agents. 

ROLE OF URAT1 AND GLUT9 IN HYPERURICEMIA AND GOUT 

Urate transporters play a fundamental role in maintaining serum uric acid homeostasis. Among the various renal 

transport proteins involved in urate handling, urate transporter 1 (URAT1) and glucose transporter 9 (GLUT9) are 

considered the most important mediators of urate reabsorption in the kidney. Dysfunction or altered regulation of 

these transporters can significantly affect urate levels, leading to hyperuricemia and gout. Genome-wide 

association studies (GWAS) and molecular analyses have consistently demonstrated that genetic variations in the 

genes encoding these transporters - SLC22A12 for URAT1 and SLC2A9 for GLUT9 - strongly influence serum 

urate concentrations and susceptibility to gout [33]. 
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Fig 1: Mechanism of renal urate reabsorption in the proximal tubule. (Created with BioRender.com) 

Transporter dysfunction and urate accumulation 

URAT1 and GLUT9 regulate the reabsorption of urate from the renal tubular lumen back into the bloodstream. 

URAT1, located on the apical membrane of proximal tubular cells, facilitates urate uptake from the tubular lumen 

into epithelial cells, while GLUT9 on the basolateral membrane transports urate from epithelial cells into the 

circulation. Together, these transporters mediate the majority of renal urate reabsorption [33]. 

When the function or expression of these transporters becomes dysregulated, excessive urate 

reabsorption may occur, leading to elevated serum urate levels. Increased reabsorption reduces urinary urate 

excretion, contributing to urate accumulation in the blood. Chronic hyperuricemia can result in supersaturation of 

urate and formation of monosodium urate crystals, which deposit in joints and tissues and initiate inflammatory 

responses characteristic of gout [34]. 

Experimental and clinical studies have also shown that metabolic factors such as insulin resistance can 

increase URAT1 activity, further enhancing urate reabsorption and aggravating hyperuricemia. Increased 

phosphorylation and surface expression of URAT1 have been observed under hyperinsulinemic conditions, 

suggesting that metabolic signalling pathways regulate transporter activity and influence urate levels [35]. 

Genetic variations affecting transporter activity 

Genetic polymorphisms in SLC22A12 and SLC2A9 significantly influence urate transporter activity and serum 

uric acid concentrations. Numerous genetic studies have identified variants in these genes that alter transporter 

function and modify susceptibility to hyperuricemia and gout [33]. 

For example, several single-nucleotide polymorphisms (SNPs) in the SLC2A9 gene, which encodes 

GLUT9, have been strongly associated with serum urate levels. Variants such as rs16890979 and rs3733591 have 

been linked to altered urate transport activity and differences in gout risk across populations [36]. 

Similarly, mutations in SLC22A12, which encode URAT1, can significantly affect urate transport. 

Functional studies have demonstrated that some variants reduce URAT1-mediated urate uptake, while others may 

enhance urate reabsorption. Rare variants causing loss of transporter function can lead to renal hypouricemia, a 

condition characterised by low serum urate levels and increased urate excretion [28]. 

Population-based genetic analyses have further revealed that combinations of polymorphisms in urate 

transporter genes contribute to the variability in serum urate levels among individuals. In some cases, certain 

variants may even provide protective effects against gout by reducing urate reabsorption [33]. 

Contribution to disease pathogenesis 

The dysfunction of URAT1 and GLUT9 plays a critical role in the pathogenesis of hyperuricemia and gout. 

Increased transporter activity enhances urate reabsorption and reduces renal excretion, resulting in persistent 

elevation of serum uric acid levels. Over time, excessive urate accumulation leads to crystal formation in synovial 

fluid and tissues, triggering inflammatory responses mediated by immune cells and inflammatory cytokines [34]. 

Genetic predisposition also contributes significantly to disease development. Variations in urate 

transporter genes can interact with environmental and lifestyle factors such as diet, alcohol consumption, and 

metabolic disorders to influence disease susceptibility. Studies have shown that individuals carrying specific risk 
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alleles in SLC2A9 or SLC22A12 may be at higher risk of developing hyperuricemia and gout, especially when 

combined with metabolic risk factors such as obesity or insulin resistance [35]. 

Furthermore, research has suggested that rare variants in URAT1 account for a substantial portion of the 

genetic contribution to serum urate regulation. Functional analyses indicate that several nonsynonymous variants 

significantly alter URAT1 transport activity and explain part of the “missing heritability” of urate levels observed 

in population studies [37]. 

Overall, the combined effects of transporter dysfunction, genetic variability, and environmental 

influences determine the risk of developing hyperuricemia and gout. Understanding these mechanisms is essential 

for identifying high-risk individuals and developing targeted therapies to modulate urate transporter activity. 

THERAPEUTIC TARGETING OF URATE TRANSPORTERS 

Targeting renal urate transporters has emerged as an important therapeutic strategy for the treatment of 

hyperuricemia and gout. Since the majority of uric acid is reabsorbed in the renal proximal tubules through 

transporter-mediated mechanisms, pharmacological inhibition of these transporters can significantly enhance 

urate excretion and reduce serum uric acid levels. Among the various transport proteins involved in urate handling, 

urate transporter 1 (URAT1) is considered the primary pharmacological target for uricosuric drugs. Recent 

advances in medicinal chemistry and molecular pharmacology have also led to the development of novel 

transporter-targeted therapies to improve efficacy and safety in the management of hyperuricemia [38]. 

Uricosuric drugs targeting URAT1 

Uricosuric drugs lower serum urate concentrations by inhibiting renal urate reabsorption, thereby increasing 

urinary uric acid excretion. The main molecular target of most uricosuric agents is URAT1, which mediates the 

uptake of urate from the tubular lumen into renal epithelial cells. Inhibition of URAT1 prevents urate reabsorption 

and promotes urate elimination through urine [39]. 

Historically, several uricosuric agents such as benzbromarone, sulfinpyrazone, and probenecid have been 

used to enhance urate excretion. These drugs interact with URAT1 and related organic anion transporters, thereby 

reducing serum urate levels. However, earlier uricosuric agents often lacked selectivity and were associated with 

drug - drug interactions and adverse effects [38]. 

The identification of URAT1 as a key transporter in urate homeostasis has enabled the development of 

more selective inhibitors. Structural and pharmacological studies have demonstrated that URAT1 inhibitors bind 

to specific transmembrane regions of the transporter and block urate exchange activity, thereby reducing urate 

reabsorption [40]. 

Probenecid 

Probenecid is one of the earliest uricosuric drugs used for the treatment of gout. It lowers serum urate levels 

primarily by inhibiting URAT1 and other organic anion transporters involved in urate reabsorption. Clinically, 

probenecid is typically initiated at 500 mg once or twice daily and can be titrated to 2 g per day to achieve target 

urate levels. Although probenecid is effective in increasing urate excretion, it is considered a second-line therapy 

because of limitations such as potential drug - drug interactions and the risk of uric acid kidney stones 

(urolithiasis). These effects occur because probenecid can influence the renal excretion of several drugs, including 

penicillin, methotrexate, and diuretics [38]. 

Lesinurad 

Lesinurad is a more selective URAT1 inhibitor developed specifically for the treatment of hyperuricemia 

associated with gout. It acts by inhibiting URAT1 and OAT4 in the renal proximal tubule, thereby increasing the 

fractional excretion of uric acid and reducing serum urate levels. Clinical studies have demonstrated that a single 

200 mg dose of lesinurad can significantly increase uric acid excretion and reduce serum urate levels by 

approximately 33% within several hours [41]. 

Lesinurad was approved in 2015 as an adjunct therapy to xanthine oxidase inhibitors such as allopurinol 

or febuxostat for patients who do not achieve adequate urate control with monotherapy. However, due to limited 

clinical use and market considerations, the drug was later discontinued by its manufacturer, although not because 

of safety concerns [38]. 

Emerging transporter-targeted therapies 

Recent research has focused on developing next-generation urate transporter inhibitors with improved potency, 

selectivity, and safety. Verinurad is a highly potent and selective URAT1 inhibitor that significantly lowers serum 

urate levels and increases urinary urate excretion, with reductions of up to 60% reported in clinical studies [42]. 

Dotinurad is another selective urate reabsorption inhibitor (SURI) that effectively targets URAT1 and has shown 

strong urate-lowering effects in both experimental and clinical studies [43]. 
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In addition, novel small-molecule compounds targeting both URAT1 and GLUT9 are being developed. 

These dual inhibitors may enhance therapeutic efficacy by blocking multiple pathways of urate reabsorption and 

have shown promising results in preclinical models [44]. 

Overall, transporter-targeted therapies represent a promising strategy for improving the treatment of 

hyperuricemia and gout, with ongoing research aimed at developing safer and more effective uricosuric agents. 

PRECLINICAL EVALUATION OF ANTIHYPERURICEMIC AGENTS 

Preclinical evaluation is a crucial step in developing new therapies for hyperuricemia and gout. Before clinical 

trials, compounds are tested to assess efficacy, mechanism of action, and safety. Studies focus on targeting key 

pathways such as xanthine oxidase (XO) and urate transporters, including URAT1 and GLUT9. These evaluations 

combine in vitro assays, cell-based models, and animal studies to analyse drug-target interactions, 

pharmacodynamics, and toxicity [45]. 

Importance of preclinical testing in drug development 

Preclinical testing validates drug candidates by evaluating their ability to reduce serum uric acid through inhibition 

of production or enhancement of excretion. Cell-based assays expressing urate transporters are commonly used 

to assess inhibition of URAT1 and GLUT9, allowing measurement of potency and selectivity. These systems have 

identified several effective URAT1 inhibitors with favourable pharmacokinetic properties [46]. 

Animal studies are essential for assessing safety, including potential hepatotoxicity, nephrotoxicity, and 

metabolic effects. Pharmacokinetic studies further evaluate drug absorption, distribution, metabolism, and 

excretion, guiding dosage selection and clinical trial design. 

Screening of natural products 

Natural products are important sources of antihyperuricemic agents, often acting by inhibiting XO or modulating 

urate transporters. Compounds such as flavonoids, alkaloids, terpenoids, coumarins, and stilbenes have 

demonstrated URAT1 inhibitory activity. Flavonoids, in particular, show strong potential due to structural features 

that enhance transporter interaction [47]. 

Some natural compounds act through multiple mechanisms. For example, piperine from Piper nigrum 

reduces serum uric acid, improves renal function, and inhibits URAT1 and GLUT9 expression in experimental 

models [48]. Advances in screening technologies have accelerated the identification of such bioactive compounds. 

Screening of synthetic compounds 

Synthetic compounds are widely studied to develop potent urate-lowering agents. Techniques such as structure-

activity relationship (SAR) analysis help optimise drug properties. Recent studies have identified synthetic 

inhibitors targeting URAT1 and GLUT9, including thienopyrimidine derivatives with strong activity in 

experimental models [44]. 

Dual-target inhibitors that block both XO and URAT1 show enhanced efficacy by reducing urate 

production and reabsorption simultaneously [45]. Computational methods such as molecular docking and virtual 

screening have further improved the identification of high-affinity inhibitors [49]. 

Significance of preclinical screening 

Preclinical evaluation is essential for identifying safe and effective antihyperuricemic agents. By integrating 

biochemical assays, cellular models, and animal studies, researchers can determine drug efficacy, safety, and 

mechanisms. Both natural and synthetic compounds provide valuable leads targeting URAT1, GLUT9, and related 

pathways. Continued advances in drug discovery are expected to support the development of improved therapies 

for hyperuricemia and gout. 

EXPERIMENTAL MODELS FOR HYPERURICEMIA 

Experimental models are essential for studying the pathophysiology of hyperuricemia and gout and for evaluating 

potential therapies. Since humans lack uricase, leading to higher urate levels, various pharmacological, genetic, 

and dietary animal models have been developed to mimic human conditions. These models are widely used in 

preclinical studies to investigate urate metabolism, assess transporter function, and screen antihyperuricemic 

agents [50]. 

Table 1: experimental animal model for hyperuricemia 

Experimental 

model 
Method Purpose Reference 

Potassium 

Oxonate–Induced 

Administration of 

potassium oxonate (uricase 

Inhibits conversion of uric acid to 

allantoin, resulting in elevated serum uric 
50 
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Hyperuricemia 

Model 

inhibitor) in rodents, 

usually intraperitoneally or 

orally 

acid levels and mimicking human 

hyperuricemia. Commonly used to evaluate 

antihyperuricemic drugs due to its rapid 

and reproducible effect. 

Diet-Induced 

Hyperuricemia 

Model 

Feeding animals a high-

purine diet containing 

compounds such as yeast 

extract or hypoxanthine 

Increases uric acid production and helps 

study metabolic regulation of urate and 

drug responses. 

51 

Genetic 

Hyperuricemia 

Model 

Uricase-deficient mice 

Closely mimics human urate metabolism 

because humans naturally lack uricase. 

Animals often develop severe 

hyperuricemia, renal dysfunction, and 

metabolic disturbances. 

51 

Combined 

Hyperuricemia 

Model 

Co-administration of 

potassium oxonate with 

hypoxanthine or adenine 

Simultaneously increases urate production 

and blocks uric acid metabolism, producing 

sustained hyperuricemia and renal 

pathological changes. 

52 

Monosodium Urate 

MSU) Crystal-

induced Gout 

Model 

Intra-articular injection of 

MSU crystals into animal 

joints 

Simultaneously increases urate production 

and blocks uric acid metabolism, producing 

sustained hyperuricemia and renal 

pathological changes. 

53 

Combined 

Hyperuricemia and 

Gout Model 

Potassium oxonate-

induced hyperuricemia 

combined with MSU 

crystal injection 

Reproduces both metabolic hyperuricemia 

and inflammatory responses such as joint 

swelling, immune cell infiltration, and 

cytokine release. 

54 

Cell-Based 

Transporter Assays 

Cultured cells expressing 

urate transporters 

(URAT1, GLUT9, OAT1, 

ABCG2) 

Used to study urate transport mechanisms 

and screen potential inhibitors affecting 

transporter activity. 

55 

HEK293 

Transporter 

Expression System 

Human embryonic kidney 

(HEK293) cells 

transfected with urate 

transporter genes 

Allows quantitative measurement of urate 

transport kinetics and drug–transporter 

interactions. 

56 

URAT1 Screening 

Assays 

 Cell lines expressing 

URAT1 transporter 

Used to identify compounds that inhibit 

URAT1 and enhance urate excretion by 

blocking renal reabsorption. 

57 

Together, animal models and cell-based assays provide complementary approaches to investigate the 

mechanisms underlying hyperuricemia and gout and to evaluate novel therapeutic strategies targeting urate 

metabolism. 

SIGNIFICANCE OF PRECLINICAL STUDIES IN DRUG DEVELOPMENT 

Preclinical studies are a vital stage in drug development, providing key insights into the pharmacological activity, 

safety, and translational potential of therapeutic agents. In hyperuricemia and gout research, these studies focus 

on compounds targeting urate transporters such as URAT1 and GLUT9. Using in vitro assays, animal models, and 

pharmacokinetic analyses, preclinical testing helps identify promising drug candidates before clinical trials. 

Advances in urate transporter biology have further highlighted their importance in developing effective urate-

lowering therapies [58]. 

Evaluation of efficacy and safety 

A major goal of preclinical research is to assess the efficacy and safety of candidate antihyperuricemic agents. 

Cell-based assays are used to evaluate inhibition of URAT1 and GLUT9, providing data on potency and selectivity 

[58]. Animal models further assess pharmacodynamic effects, including reduction in serum uric acid and increased 

urate excretion. For example, novel URAT1 inhibitors have shown strong urate-lowering effects in hyperuricemic 

models with favourable safety profiles [46]. 

Safety evaluation is equally important, as earlier uricosuric drugs were associated with toxicity. Animal 

studies help identify adverse effects, determine safe dosage ranges, and evaluate metabolic pathways, reducing 

risks in clinical trials [59]. 
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Translational relevance to clinical trials 

Preclinical studies bridge laboratory research and clinical application by clarifying drug mechanisms and 

predicting therapeutic outcomes. In hyperuricemia, these studies examine how URAT1 and GLUT9 inhibitors 

influence urate transport and systemic homeostasis, guiding clinical trial design and dosing strategies. 

Pharmacokinetic and pharmacodynamic analyses provide essential data on drug absorption, distribution, 

metabolism, and excretion (ADME), supporting clinical development [27]. 

Preclinical models also aid in identifying biomarkers such as serum urate levels and inflammatory 

markers, which can be used in clinical trials to monitor treatment response. 

Identification of novel urate-lowering therapies 

Preclinical research has enabled the discovery of new urate-lowering agents through advanced screening and drug 

design approaches. Novel small-molecule inhibitors targeting URAT1 and GLUT9 have shown strong activity in 

experimental models. Dual-target inhibitors that block both urate production and reabsorption may offer improved 

efficacy [45]. 

Compounds such as CDER167 have demonstrated potent inhibition of URAT1 and GLUT9 and significant 

urate reduction in animal studies [60]. Additionally, structural studies of urate transporters have provided insights into 

drug-binding mechanisms, supporting the rational design of safer and more effective therapies [27]. 

FUTURE PERSPECTIVES 

Advances in molecular pharmacology, genomics, and structural biology have improved understanding of urate 

transport in hyperuricemia and gout, particularly the roles of URAT1 and GLUT9. This has enabled the 

development of more selective and effective urate-lowering therapies. Recent studies report novel small-molecule 

inhibitors with enhanced activity, including modified versions of lesinurad showing improved efficacy [44]. 

Structural insights from cryo-electron microscopy have further supported the design of targeted inhibitors [61]. 

Additionally, multi-target compounds and advanced drug delivery systems are being explored [62]. 

Genetic studies, including GWAS, have identified key genes such as SLC22A12 and SLC2A9 that 

regulate urate levels, with variants influencing disease risk [32]. Structural and computational analyses of GLUT9 

have also revealed targets for drug development [63]. 

Overall, integrating structural biology, pharmacogenomics, and precision medicine may lead to more 

effective and personalised treatments for hyperuricemia and its complications. 

CONCLUSION 

Hyperuricemia is a common metabolic disorder that is most commonly associated with gout․ An abundance of 

other systemic complications have also been linked to hyperuricemia․ The renal urate transporters URAT1 and 

GLUT9 have recently been implicated in urate homeostasis․ Impairment or mutation of these urate transporters 

leads to altered serum uric acid levels and ultimately the development of the associated disorders․ Elucidation of 

the molecular mechanisms mediating urate transport has therefore become an area of interest in the discovery of 

new hyperuricemia therapies․ 

Urate transporter inhibitors and transporters are also of great interest for development as urate-lowering 

drugs․ Experimental models as well as urate transporter assays are useful tools for preclinical drug efficacy‚ safety, 

and mechanism studies․ Further developments in the field of molecular characterization‚ pharmacogenomics‚ and 

drug discovery will allow the design of more selective and stronger transporter-targeted treatments for 

hyperuricemia and gout‚ with additional benefits for prevention and treatment․ 
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