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ABSTRACT:  

Gout is a persistent inflammatory arthritis resulting from monosodium urate crystals deposition due 

to hyperuricemia, resulting in recurrent attacks, joint damage and serious systemic comorbidities. 

This review article offers a thorough review of the molecular and immunological pathophysiology 

of gout, focusing on purine metabolism, urate transport regulation, inflammasome activation and 

inflammatory signalling pathways. Although significant progress has been made in the field of 

arthritis, allowing for a better understanding of the disease mechanisms, the traditional treatment 

protocols have remained a source of significant challenges in terms of adverse effects and clinical 

resistance in complex patients. The article also reviews the current diagnostic methods of gout, 

including synovial fluid analysis, imaging studies and new biomarkers, in the context of evaluating 

therapeutic response and monitoring disease activity. In addition a comprehensive review of 

pharmacotherapy for acute and chronic gout attacks is offered, including the safety and efficacy 

profiles of nonsteroidal anti-inflammatory drugs, corticosteroids, colchicine, urate-lowering agents, 

biologic agents and recombinant uricases. Special attention is paid to adverse effects, possible drug 

interactions, and the limitations of treatments that impact long-term disease management. Finally, 

the review article also examines new approaches to therapy, including new xanthine oxidase 

inhibitors and plant-derived phytochemicals with anti-inflammatory and uric acid-lowering 

activities, which may provide safer alternatives or complementary approaches to traditional 

treatments. Through the integration of clinical outcomes, pharmacological mechanisms and new 

therapeutic approaches. This article provides a view on gouty arthritis to help promote personalized 

treatment approaches for gout and hyperuricemia. 

 

1. Introduction 

Gout is a type of inflammatory arthritis that occurs due 

to the deposition of monosodium urate crystals within the 

joints, usually due to hyperuricemia. The prevalence of 

gout in adults is three to four times higher than that of 

rheumatoid arthritis. One of the main clinical signs of 

gout is buildup of monosodium urate (MSU) crystals in 

and around joints, particularly the fingers, knees, and 

first metatarsophalangeal joint. The acute attack of gout 

can lead to severe pain and also impact the lifestyle of 

the patient resulting in reduced mobility and a decrease 

in the overall quality of life. Apart from the effects on 

joint health, gout also affects the healthcare system and 

can impact work productivity. Moreover, the condition is 

also associated with metabolic syndrome and has been 

recognized to increase the risk of various serious health 

conditions such as cardiovascular disease, type 2 

diabetes, chronic kidney disease and early mortality [1]. 

Prevalence of gout worldwide has been estimated to be 1 

to 4%, with an annual incidence of 0.1 to 0.3%. Gout is 

more common in men than women, with ratios of 3:1 to 

10:1. The incidence and prevalence of gout increase 
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steadily with age, and particularly in older people, the 

prevalence has been found to be 11-13% and the 

incidence 0.4% in people above 80 years of age [2].  

Uric Acid (UA) is a heterocyclic organic compound with 

the chemical formula C₅H₄N₄O₃ (7,9-dihydro-1H-purine-

2,6,8(3H)-trione) and a molecular weight of 168 Daltons. 

It is the final product of purine metabolism in the human 

body and has antioxidant properties, which can be pro- 

or anti-oxidant in nature [3]. The main form of uric acid 

under physiological conditions is the deprotonated urate 

anion, which readily forms a complex with sodium ions 

to produce monosodium urate (MSU). MSU is a weak 

acid, and the characteristic needle shape observed under 

a microscope is due to the triclinic arrangement of its 

crystals which consist of purine ring layers. In gout the 

deposition of monosodium urate (MSU) crystals in joints 

and surrounding connective tissues triggers extreme yet 

localized inflammatory reactions. The tendency for 

crystallization of monosodium urate (MSU) is due to 

high circulating levels of soluble urate, a metabolic end 

product of purine catabolism. Hyperuricemia is generally 

considered to be serum urate levels above the saturation 

point of MSU, beyond which the likelihood of crystal 

formation becomes greater. This is generally considered 

to be above 6.8 mg/dL [4]. 

Gouty arthritis is conventionally treated with 

nonsteroidal anti-inflammatory drugs (NSAIDs), 

corticosteroids, colchicine, and urate-lowering therapies 

(ULTs). While these pharmacologic therapies have been 

proven effective for most patients, they often come with 

limitations, as will be discussed in this article. 

Furthermore, despite conventional treatment, some 

patients with multiple comorbid conditions often fail to 

achieve optimal serum urate levels or continue to 

experience recurrent episodes of gout flares [5]. 

This review article offers a thorough review of the 

methods used in evaluating clinical response and 

therapeutic outcomes in the management of gout, with a 

focus on both laboratory and imaging techniques. The 

article reviews the efficacy and safety profiles of 

conventional medications, with a discussion of their 

mechanisms of action and possible side effects that may 

contraindicate their use. The article also reviews new 

treatments as alternative therapies for patients with 

refractory gout. Moreover it investigates plant-based and 

phytochemical agents as promising alternative 

treatments with fewer side effects. In general this review 

article combines conventional therapeutic approaches 

with emerging therapies to enhance clinical practice in 

the management of gout. 

2. Purine Metabolism 

Purine metabolism is a fundamental biochemical process 

responsible for synthesis, interconversion and 

degradation of purine nucleotides which are essential 

components of nucleic acids, energy metabolism and 

cellular signaling. In humans purine metabolism plays a 

crucial role in maintaining nucleotide homeostasis, 

however its dysregulation leads to pathological 

conditions such as hyperuricemia and gout. 

2.1. Purine production 

Purines including adenine and guanine are essential 

molecules that support a wide range of cellular activities. 

They form the basic building blocks of nucleic acids 

contribute to structure of key coenzymes such as NADH 

and coenzyme A and play a vital role in regulating energy 

metabolism as well as intracellular signaling pathways 

[3].  

De novo synthesis pathway and salvage pathway are two 

processes used to create purines [6] which is shown in 

Figure 1. Salvage system recycles degraded bases to 

produce the majority of cellular purine pool under 

normal physiological circumstances [7]. In the salvage 

pathway hypoxanthine-guanine 

phosphoribosyltransferase (HPRT) converts 

hypoxanthine and guanine into inosine 5′-

monophosphate (IMP) and guanosine 5′-monophosphate 

(GMP) respectively. In addition adenine reacts with 

phosphoribosyl pyrophosphate (PRPP) to form 

adenosine 5′-monophosphate (AMP) a reaction catalyzed 

by adenine phosphoribosyltransferase (APRT) [8]. 

When cells require increased amounts of purines this 

demand is fulfilled by activating de novo purine 

biosynthetic pathway [9, 10]. This conserved and energy-

intensive pathway synthesizes inosine monophosphate 

(IMP) from phosphoribosyl pyrophosphate (PRPP) 

through a sequence of ten reactions involving six 

enzymes [11]. Pathway begins with rate-limiting 

conversion of PRPP to 5-phosphoribosylamine (PRA) by 

PRPP amidotransferase. PRA is later transformed 

through a series of intermediates like FGAR, FGAM, 

AIR, SAICAR and AICAR via the coordinated action of 
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enzymes such as GART, PFAS, PAICS and ADSL. In 

the final steps AICAR is converted into IMP by the 

bifunctional enzyme ATIC. De novo purine biosynthetic 

pathway requires high amount of energy and depends on 

several amino acids and one-carbon donors during its ten 

enzymatic steps includes glutamine, ATP and formate. 

To produce a single molecule of inosine monophosphate 

(IMP) pathway consumes five molecules of ATP two 

molecules each of glutamine, formate and one molecule 

each of glycine, aspartate and carbon dioxide [8]. 

2.2. Purine catabolism 

Purine breakdown mainly takes place in liver, intestine 

and vascular endothelium[12]. In this process adenosine 

monophosphate (AMP) is converted to inosine 

monophosphate (IMP) and subsequently to 

hypoxanthine through the action of purine nucleoside 

phosphorylase[6]. The final steps of purine degradation 

in humans are controlled by the rate-limiting enzyme 

xanthine oxidoreductase (XOR). This enzyme exists in 

two interchangeable forms, xanthine dehydrogenase 

(XDH) and xanthine oxidase (XO) both of which 

catalyze conversion of hypoxanthine to xanthine and 

xanthine to uric acid [13, 14]. XDH primarily uses NAD⁺ 

as an electron acceptor and generates NADH whereas 

XO utilizes molecular oxygen and produces reactive 

oxygen species such as superoxide anion (O₂⁻) and 

hydrogen peroxide (H₂O₂) during purine catabolism [15]. 

 

Figure 1. Pathway showing the metabolism of the 

purine and the process of the formation of the uric acid 

3. Uricase Deficiency 

In mammals uricase is key enzyme responsible for 

converting uric acid into allantoin which is more water 

soluble compound [16] as shown in Figure 1. In primates 

serum urate levels are elevated because uricase activity 

gradually declined during primate evolution and became 

completely inactivated in the ancestors of humans before 

the emergence of lesser apes millions of years ago [17]. 

Specifically this results from nonsense mutation at codon 

33 in exon 2 another nonsense mutation at codon 187 and 

splice-site mutation in exon 3 [18]. In contrast animals 

that retain functional uricase generally maintain serum 

uric acid levels between 1 and 2 mg/dL whereas studies 

in apes lacking uricase show approximately doubled 

levels reaching about 3 to 4 mg/dL [19]. Additionally 

rising uric acid levels due to reduced uricase activity may 

have enhanced impact of fructose on energy metabolism 

and fat storage leading to increased fat and energy 

storages [20]. 

4. Hyperuricemia 

A blood uric acid level that is abnormally high due to 

either increased uric acid production or decreased 

excretion by body is known as hyperuricemia (HUA) 

[21] as shown in figure 2. It is most frequently seen in 

postmenopausal women and middle aged and older men 

[22]. In adults hyperuricemia is generally defined as 

blood uric acid level above 7.0 mg/dL in men and 6.0 

mg/dL in women [23]. 

4.1. Overproduction of uric acid 

Nucleic acid metabolism can be accelerated by disease 

conditions which can break down large amounts of 

purines into uric acid and ultimately cause hyperuricemia 

[24]. Overproduction of purines and their increased 

breakdown into uric acid can result from abnormalities 

in purine base synthesis such as excessively high 

glutamine levels or deficiencies in enzymes involved in 

purine reutilization. Metabolic disorders are closely 

linked to both increased purine synthesis and enhanced 

nucleic acid metabolism [25, 26]. Oxidation of xanthine 

to uric acid is catalyzed by xanthine oxidoreductase 

(XOR). It primarily displays xanthine dehydrogenase 

activity under normal physiological conditions but in 

pathological states it shifts toward increased xanthine 

oxidase activity which eventually leads to excessive uric 

acid production [27]. Guanine nucleotides are also 

converted by xanthine oxidase into xanthine which is 

subsequently further oxidized to uric acid by the same 

enzyme [23, 28]. Genetic disorder like HPRT deficiency 

and PRPP overactivity can also lead uric acid production 

[29]. Also Hyperuricemia can also be induced by diet 

including high purine rich food (alcohol, bacon, beef, 
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shellfish, organ meats, dried beans) [30–33], fructose 

(generates uric acid through the aldolase reductase route 

in the liver) [34, 35], vitamin B12 and folate [29].  

4.2. Reduced renal excretion 

In a healthy human body the average uric acid pool is 

about 1200 mg with approximately 750 mg produced 

each day and 500-1000 mg excreted daily [36]. 

Approximately two thirds of the uric acid load is excreted 

by the kidneys while the remaining third is delivered to 

the gastrointestinal tract [23]. But in hyperuricemia uric 

acid is under excreted from both kidney and gut [29]. The 

majority of uric acid is eliminated by kidneys but about 

20% is broken down in the intestine into carbon dioxide 

and ammonia. Consequently uric acid accumulates and 

hyperuricemia develops as a result of decreased uric acid 

elimination caused by kidney dysfunction [37]. Certain 

transport mechanisms involving several urate transport 

proteins that regulate serum urate levels tightly control 

how uric acid is handled by the renal tubules. Among 

these uric acid secretion is significantly influenced by 

ATP-binding cassette subfamily G member 2 (ABCG2) 

[38]. Gout and hyperuricemia can result from mutations 

in ABCG2 gene [39]. Furthermore a number of drugs can 

increase uric acid production or impede renal urate 

excretion which give rise to hyperuricemia and in certain 

situations causes gout [40].  

4.3. Genetic factor 

Genetic factors play a crucial role in development and 

progression of gout. Genes includes SLC2A9 (GLUT9), 

ABCG2 (BCRP), SLC22A12 (URAT1) and others 

(Table 1) are key regulators of urate homeostasis and 

significantly influence susceptibility to gout [41] and 

their dysfunction leads to abnormalities in urate transport 

[23]. 

4.3.1. GLUT9 (SLC2A9) 

GLUT9 (glucose transporter 9) is member of the SLC2A 

glucose transporter family is essential for the transport 

and reabsorption of urate. Urate movement is controlled 

by the GLUT9 protein which either encourages urate 

excretion into urine or facilitates its reabsorption into the 

bloodstream. Hyperuricemia can result from genetic 

variations of SLC2A9 that decrease urine urate excretion 

and increase uric acid reabsorption [42]. Notably the 

rs7442295 polymorphism in SLC2A9 has been used as a 

marker to investigate connections with blood pressure 

and cardiovascular disease and is strongly linked to 

increased serum uric acid levels, gout and altered urate 

excretion [43, 44]. Urate handling is further hampered by 

loss of function mutations affecting the urate transport 

pore which lower GLUT9 expression and transport 

activity [45]. 

4.3.2. URAT1 (SLC22A12) 

URAT1 (urate transporter 1) controls blood urate levels 

and is linked to type 1 renal hypouricemia [46, 47]. By 

downregulating URAT1 expression, glucocorticoids 

improve renal urate excretion and play a significant role 

in uric acid balance through glucocorticoid receptor 

signaling as demonstrated in kidney studies in mice [48]. 

Meta-analyses have found links between hyperuricemia 

risk and the rs3825016 polymorphism in the same gene 

as well as between the rs475688 polymorphism in 

SLC22A12 and gout susceptibility [49]. Furthermore the 

rs11726117 polymorphism in ALPK1 suppresses urate 

reabsorption which lowers the risk of gout through its 

interaction with SLC22A12 and elevated expression of 

ALPK1 decreases URAT1 expression [50]. 

4.3.3. ABCG2 (BCRP) 

ABCG2 (ATP-binding cassette subfamily G member 2) 

is an ATP-dependent efflux pump that aids in the 

excretion of urate through the intestine and kidney. 

BCRP promotes urate secretion in the renal proximal 

tubules and aids in extra-renal urate clearance in the gut. 

The risk of hyperuricemia and gout is greatly increased 

when intestinal and extra-renal urate excretion is reduced 

due to functional impairment or genetic variants of 

ABCG2 [51–53]. Especially in Polynesian populations 

the ABCG2 141K (rs2231142) variant is closely linked 

to increased serum uric acid levels and development of 

gout from hyperuricemia [54, 55]. Iron overload in 

hereditary hemochromatosis inhibits ABCG2 expression 

which results in increased uric acid accumulation, 

decreased intestinal urate elimination and onset of related 

arthritis [56]. 

  

Table 1. Genetic Factors Associated with Hyperuricemia and Uric Acid Regulation 
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S. 

No. 

Gene / Protein Encoded Protein / 

Transporter 

Primary Function in Uric 

Acid Regulation 

Effect of Dysfunction / 

Mutation 

Associated 

Conditions 

Referen

ces 

1 SLC22A11 

(OAT4) 

Organic Anion 

Transporter 4 

Sodium-independent 

transport of organic anions; 

contributes to renal urate 

handling 

Impaired urate transport Hyperuricemia [44] 

2 SLC17A1 

(NPT1) 

Sodium-dependent 

Phosphate Transporter 1 

Urate export and phosphate 

reabsorption in renal 

proximal tubules 

Altered urate and 

phosphate transport 

Hyperuricemia [57] 

3 SLC22A13 

(OAT10) 

Organic Anion 

Transporter 10 

Apical urate reabsorption 

from urine to blood 

Dysfunctional variants 

reduce serum uric acid 

Hypouricemia [58] 

4 LDHD Lactate Dehydrogenase 

D 

Regulates urate reabsorption 

via D-lactate exchange 

Excess D-lactate 

production enhances urate 

reabsorption 

Autosomal recessive 

gout, hyperuricemia 

[59] 

5 UMOD Uromodulin Maintains tubular integrity 

and supports urate handling 

Protein misfolding causes 

ER stress and impaired 

urate excretion 

FJHN, MCKD2, 

GCKDHI, 

hyperuricemia 

[60] 

6 HPRT1 Hypoxanthine-Guanine 

Phosphoribosyl 

transferase 

Purine salvage pathway; 

reduces uric acid formation 

Enzyme deficiency 

increases uric acid 

production 

Lesch–Nyhan 

syndrome, Kelley–

Seegmiller syndrome 

[61, 62] 

7 SARS2 Mitochondrial Seryl-

tRNA Synthetase 

Mitochondrial protein 

synthesis and metabolism 

Mutations disrupt systemic 

metabolism 

HUPRAS syndrome [63] 

8 G6PC Glucose-6-Phosphatase Regulates gluconeogenesis 

and glycogenolysis 

Metabolic imbalance 

increases uric acid 

Glycogen storage 

disease type I 

[64] 

9 XDH Xanthine Dehydrogenase Converts hypoxanthine and 

xanthine to uric acid 

Deficiency causes 

xanthinuria; 

downregulation reduces 

urate 

Xanthinuria, 

hyperuricemia 

[65, 66] 

10 INS Insulin Regulates glucose and lipid 

metabolism; affects renal 

urate handling 

Insulin resistance 

associated with reduced 

urate excretion 

Metabolic syndrome, 

hyperuricemia 

[67] 

11 REN Renin Regulates renal 

hemodynamics and urate 

excretion 

Reduced urate clearance 

from kidneys 

ADTKD-REN [68, 69] 

12 GPATCH8 G-Patch Domain Protein 

8 

Putative regulatory role in 

urate metabolism 

Pathogenic variants linked 

to urate imbalance 

Hyperuricemia [70] 

 

Figure 2. Factors that are responsible for the 

hyperuricemia which ultimately lead to the progression 

of gout 

5. Pathophysiology of Gout 

5.1. Monosodium Urate (MSU) Crystal development 

Monosodium urate (MSU) crystal formation and 

deposition constitute a crucial stage in development of 

gout. When serum urate levels exceed the physiological 

solubility limit, monosodium urate (MSU) crystals form 

in hyperuricemic states. Using compensated polarized 

light microscopy, MSU crystals can be easily 

distinguished by their strong negative birefringence and 

their characteristic needle-shaped appearance with 

unequal axes [71].  

5.1.1. Decreased Urate Solubility 

The solubility of urate is mainly affected by high 

concentrations of urate which is a basic prerequisite for 

all stages of monosodium urate (MSU) crystal formation 
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[72]. In vitro studies show that higher the urate 

concentration slower the rate of MSU crystal dissolution 

[73]. Urate solubility is further reduced by high sodium 

ion concentrations [74]. Another important factor is 

temperature, at physiological temperature urate 

solubility is about 0.38 mmol per L (6.8 mg per dL) and 

slight drop of 20C is enough to reduce solubility to 0.33 

mmol per L (6.0 mg per dL) [75]. The preferential 

deposition of MSU crystals in peripheral tissues where 

blood flow is lower and heat loss is higher may be 

explained by this temperature dependent effect. 

Remarkably higher ambient temperatures have also been 

linked to recurrent gout flare-ups possibly as a result of 

mild metabolic acidosis and decreased renal urate 

excretion brought on by dehydration [76]. Additionally 

experiments show that pH affects urate solubility with 

mildly alkaline conditions showing the lowest solubility 

[74]. Additionally it has been demonstrated that 

components of connective tissue specifically aggregated 

proteoglycans and protein polysaccharides derived from 

cartilage increase urate solubility [77]. 

5.1.2. Nucleation of MSU Crystals 

Monosodium urate (MSU) crystal nucleation requires 

excess urate and studies have consistently shown a 

positive association between urate concentration and 

MSU nucleation [73, 78]. Ex vivo research demonstrates 

that, independent of baseline synovial urate levels, 

synovial fluid from gout patients strongly promotes MSU 

crystal nucleation compared to synovial fluid from 

healthy controls or patients with other inflammatory 

arthritides [78]. This implies that gout synovial fluid 

contains additional pro-nucleating factors. The 

preferential involvement of joints in gout may be 

explained by the additional facilitation of MSU crystal 

nucleation by mechanical stress [79]. Furthermore it has 

been demonstrated that IgG antibodies extracted from 

gout patient’s synovial fluid stabilize MSU nuclei and 

encourage crystal formation suggesting that humoral 

factors also play a role [80]. 

5.2. Immune Cell Activation 

An important part of inflammatory reaction to 

monosodium urate (MSU) crystals in gout is activation 

of NLRP3 inflammasome priming signal that permits 

inflammasome assembly is first necessary for this 

process. In this step toll-like receptors especially TLR2 

and TLR4 are crucial because they trigger NF-κB 

signalling which causes inflammasome components to 

be expressed [81, 82]. Deletion of TLR2 or TLR4 has 

been shown to decrease cytokine expression in 

experimental gout models and the rs2149356 

polymorphism which is linked to gout and elevated IL-

1β expression in Han Chinese people provides additional 

genetic evidence for the significance of TLR4 [81–83]. 

Crucially MSU crystals by themselves cannot cause the 

release of IL-1β a strong inflammatory response requires 

an additional co-stimulatory signal such as 

lipopolysaccharide via TLR4 or free fatty acids via TLR2 

[81, 84, 85] which is shown in figure 3. 

In hyperuricemic conditions soluble urate itself causes 

inflammation. When peripheral blood mononuclear cells 

are exposed to hyperuricemia, they express less of anti-

inflammatory IL-1 receptor antagonist and more pro-

inflammatory cytokines such as IL-1β, IL-6 and tumour 

necrosis factor. Histone methyltransferase inhibition 

eliminates these effects which are mediated by 

transcriptional regulation and epigenetic histone 

modifications [86]. These results imply that soluble urate 

can enhance innate immune responsiveness to 

subsequent inflammatory stimuli such as MSU crystals 

by inducing a state of trained immunity. Furthermore it 

has been demonstrated that soluble urate inhibits 

autophagy which lessens its initial anti-inflammatory 

effects [87]. 

Phagocytosis of MSU crystals provides second signal for 

NLRP3 inflammasome activation which encourages 

recruitment of adaptor protein apoptosis associated 

speck-like protein with caspase recruitment domain and 

subsequent activation of caspase-1 [81]. Inflammation is 

caused by activated caspase-1 cleaving pro-IL-1β into its 

mature active form. In experimental models colchicine a 

common treatment for acute gout inhibits this process by 

interfering with tubulin polymerisation which hinders 

inflammasome assembly and lowers IL-1β production 

[88]. Additionally gasdermins which create membrane 

holes and cause pyroptotic cell death are activated by 

caspase-1. This results in release of intracellular pro-

inflammatory mediators includes IL-1β [89]. The 

inflammatory cascade that characterises gout is further 

intensified by this process as depicted in figure 4. 
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Figure 3. Schematic illustration of MSU crystal-induced 

inflammatory processes in gout involving TLR-mediated 

priming, NLRP3 inflammasome activation, caspase-1-

mediated IL-1β secretion and downstream inflammatory 

responses promoted by soluble urate. 

5.3. Amplification of gout inflammation 

Pro-inflammatory transcription factors are activated by 

downstream signalling pathways that are triggered by 

activated IL-1β binding to its receptor on target cells. 

This signalling cascade promotes the recruitment of 

neutrophils and other immune cells to areas of 

monosodium urate crystal deposition and drives gouty 

inflammation by inducing the production of cytokines 

and chemokines [90].  

Gasdermin D (GSDMD) is also broken down by active 

caspase-1 producing amino-terminal fragments that 

oligomerize to create holes in the plasma membrane [91, 

92]. These holes allow cytosolic inflammatory mediators 

such as IL-1β which in turn causes pyroptosis an 

inflammatory cell death [93]. By releasing intracellular 

contents into the extracellular environment this process 

exacerbates local inflammation. Neutrophil extracellular 

traps (NETs) are created when recruited neutrophils 

phagocytose MSU crystals and go through NETosis a 

process that expels granule proteins and chromatin [94]. 

Furthermore independent of the inflammasome, 

neutrophil-derived serine proteases includes proteinase-

3, cathepsin G and neutrophil elastase can cleave pro-IL-

1β into its active form intensifying the inflammatory 

response in gout [95]. 

 

Figure 4. Pathophysiology of the gout 

 

Figure 5. Timeline of the gouty arthritis 

6. Drug response evaluation 

By detecting birefringent monosodium urate (MSU) 

crystals, gout can be definitively diagnosed and checked 

for drug response. Advances in imaging particularly 

dual-energy computed tomography (DECT) now allow 

direct visualization of MSU crystal deposits including 

those located at extra-articular sites [96]. 

6.1. Gold Standard: Synovial Fluid Analysis 

Analysis of synovial fluid using polarized light 

microscopy is still the gold standard for the diagnosis of 

gout because it provides direct and definitive evidence of 

the presence of needle-shaped, negatively birefringent 

monosodium urate (MSU) crystals. The differentiation of 

gout from other crystal arthropathies such as calcium 

pyrophosphate deposition disease can be made by 

identification of intracellular MSU crystals. The major 

drawbacks of this technique include its invasive nature, 

difficulty in obtaining samples from small joints and its 

dependence on the expertise of the operator with 

questionable inter-observer reliability. The practical 

limitations further restrict its use including the need for 

rapid processing of samples, availability of specialized 

equipment and its restricted use in some clinical settings. 

Moreover the crystals can be found in asymptomatic 

joints or may not be present in the early flare of gout. 
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Thus underlining the need for other or complementary 

methods of diagnosis [97, 98]. 

6.2. Serum Uric Acid Measurement 

Serum uric acid measurement is a basic part of evaluation 

of gout but it is not very specific for diagnosis. While 

hyperuricemia is a prerequisite for the onset of gout high 

urate does not by itself indicate the presence of gout as 

many patients with high urate levels never actually 

develop gout and inflammatory and uricosuric 

mechanisms can normalize or even decrease levels 

during an acute attack. Generally therapeutic goals are 

suggested to be <6.0 mg/dL or <5.0 mg/dL in the 

presence of tophaceous gout. While levels may increase 

during attacks inflammatory markers such as C-reactive 

protein (CRP) and erythrocyte sedimentation rate (ESR) 

are not very specific [99]. Chronic hyperuricemia is best 

considered in a broader sense of complex diagnostic 

algorithms and it is a very important tool in monitoring 

and managing urate-lowering therapy [97]. 

6.3. Imaging 

6.3.1. Radiographs 

Radiography is widely accessible and reasonably priced 

it is typically the initial imaging test performed on 

patients who may have gout. Early on in the illness X-

rays are frequently unremarkable or only reveal 

nonspecific soft-tissue swelling and it usually takes years 

for the disease’s distinctive bone changes to manifest. 

Distinct erosive lesions usually appear only after 5 to 10 

years of disease progression [100–103]. In established or 

chronic gout radiographs commonly reveal well-defined 

marginal and juxta-articular erosions with sclerotic 

borders and characteristic “overhanging edges,” which 

may also extend into the joint space. Smaller tophi (less 

than 5-10 mm) might not show up on an X-ray [104, 105] 

but they can manifest as dense soft-tissue masses in the 

bursal or periarticular regions occasionally with 

amorphous calcifications. These erosions frequently 

happen next to tophi indicating that they extend into the 

bone [104]. Until the disease is advanced joint space 

width and periarticular bone density are typically 

maintained. For the diagnosis of gout, conventional 

radiography has high specificity (~93%) but a relatively 

low sensitivity (~31%) [106, 107]. 

 

6.3.2. Ultrasound (US) 

High-frequency diagnostic ultrasound (≥12 MHz) is a 

useful tool for the assessment of patients with suspected 

gout [108]. It may help in diagnosis, guide joint 

aspiration or soft tissue biopsy, and assist in monitoring 

the response to treatment. The advantages of ultrasound 

include high spatial resolution, multiplanar and dynamic 

imaging, lack of ionizing radiation, ease of access, 

portability, and cost-effectiveness. However, it is highly 

operator-dependent, requiring a great deal of technical 

skill, and is mainly used for the evaluation of superficial 

joints. Typical ultrasound features in gout include joint 

effusion, synovial inflammation, monosodium urate 

(MSU) crystal deposition, tophi formation and bone 

erosions [109, 110]. 2018 meta-analysis by Lee et al. 

reported that ultrasound demonstrates high diagnostic 

specificity (about 89%) with moderate sensitivity 

(approximately 65.1%) for gout detection [111]. 

6.3.3. Computed Tomography-Conventional (CT)and 

Dual Energy (DECT) 

When assessing gout both conventional CT and dual-

energy CT (DECT) are useful imaging methods. 

Conventional CT is helpful for identifying erosions and 

tophi in chronic gout because it provides high spatial 

resolution, multiplanar imaging and excellent 

visualization of deep structures [112]. Dense intra-

articular deposits can also be observed in acute gout 

[113] and tophi usually manifest as hyperdense nodules 

(about 170 Hounsfield units). Despite being more 

accessible than DECT, CT is constrained by radiation 

exposure, expense and portability [108]. 

By directly detecting monosodium urate (MSU) crystal 

deposition using two energy levels to distinguish urate 

crystals from other calcifications through color-coded 

imaging DECT offers a more precise method [104, 105, 

114, 115]. 2015 and 2018 ACR/EULAR categorisation 

criteria for gout include DECT [116] which is 

independent of serum uric acid levels due to its direct 

visualization of MSU crystals. It makes it possible to 

map urate deposits in peripheral tissues, detect 

subclinical disease and quantify the tophus burden [117, 

118]. With reported sensitivity of ~78-100% and 

specificity of ~89-100% [100, 119], DECT exhibits high 

diagnostic accuracy. However sensitivity is lower in 

early or acute gout when crystal burden is low. Early 

disease detection can be enhanced by combining DECT 
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with traditional CT[113]. DECT is especially helpful in 

difficult cases like axial skeletal gout where tissue 

diagnosis is challenging, atypical presentations and 

uncommon sites of involvement [120, 121]. 

6.3.4. Magnetic Resonance Imaging (MRI) 

MRI is high-resolution, non-ionizing imaging 

methodology that enables detailed assessment of bone 

marrow, cartilage and periarticular soft tissues making it 

particularly useful for evaluating gout in deep or 

inaccessible regions such as the spine [112]. Its clinical 

use is limited by high cost, long acquisition times, limited 

availability, lack of portability, patient-related 

constraints and device incompatibilities. In early disease 

MRI may show joint effusions, synovitis and bone 

marrow or soft-tissue edema although direct 

visualization of MSU crystal deposition is not possible 

[104, 112]. Erosions appear as cortical defects with 

overhanging margins with acute lesions showing active 

synovitis and chronic lesions appearing well-defined and 

corticated [110]. Bone marrow edema and cartilage 

damage generally occur only in advanced stages. MRI is 

effective in defining the extent of tophus involvement 

including within tendons and bursae. Tophi typically 

demonstrate low-to-intermediate T1 signal, 

heterogeneous fluid-sensitive signal and variable post-

contrast enhancement while non-enhancing low-signal 

regions suggest calcification [109, 122]. 

6.4. Emerging Biomarkers and Novel Approaches 

New biomarkers and integrated diagnostic techniques 

have been the focus of recent research to enhance gout 

diagnosis beyond conventional techniques. Even though 

serum uric acid is still the most common laboratory 

marker its drawbacks have led to research into other as 

of yet unutilized, inflammatory and inflammasome-

related biomarkers like interleukin-1β [97, 123]. While 

they may increase during acute flares conventional 

inflammatory markers such as CRP and ESR are not 

disease specific. When compared to single methods 

studies indicate that combining imaging modalities 

specifically musculoskeletal ultrasound with serological 

markers can improve diagnostic accuracy. Although 

more research is needed before broad clinical adoption, 

technological advancements in DECT and ultrasound 

continue to enhance the detection of urate deposits, 

artificial intelligence and machine learning models have 

the potential to integrate clinical, laboratory and imaging 

data [117, 124]. 

7. Treatment and their side effects  

7.1. Treatment of Acute Gout 

7.1.1. Nonsteroidal anti-inflammatory drugs 

(NSAIDs) 

Nonsteroidal anti-inflammatory drugs (NSAIDs) are a 

foundation in the management of acute gout flares. 

Current evidence does not favor one NSAID over 

another and drug selection should therefore be 

individualized based on prior patient response, potential 

adverse effects (such as central nervous system 

intolerance with indomethacin) and comorbid 

conditions. COX-2 selective agents like celecoxib may 

be preferred in patients at higher risk of bleeding 

including those receiving anticoagulation or with 

thrombocytopenia [125] as shown in figure 6. 

Through inhibition of prostaglandin synthesis all 

NSAIDs can reduce renal perfusion, cause sodium and 

water retention, worsen hypertension and increase risk of 

acute heart failure. Effective treatment of gout flares 

usually requires relatively high doses of NSAIDs (e.g., 

naproxen 500 mg twice daily or celecoxib 400 mg twice 

daily) [126]. Therapy should be continued for the 

shortest duration necessary to achieve complete 

symptom control typically 3 to 5 days. In patients with 

significant comorbidities gradual dose tapering may be 

considered as premature discontinuation can lead to flare 

recurrence [127, 128]. An additional benefit of NSAIDs 

is their inherent analgesic effect which can provide rapid 

pain relief even before full suppression of inflammation 

[129]. 

7.1.2. Corticosteroids 

It has been demonstrated that glucocorticoids are just as 

effective as NSAIDs as anti-inflammatory drugs for 

treating acute gout flare-ups [130]. An initial oral 

prednisone dose of roughly 0.5 mg/kg is advised by 2012 

American College of Rheumatology (ACR) guidelines. 

This dose may be continued until symptoms are resolved 

or followed by a planned tapering schedule [128]. 

Similar to NSAIDs glucocorticoids should be used for 

the shortest amount of time possible because tapering off 

too quickly could cause a flare-up. Even short-term use 
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can have negative effects even though the risk of toxicity 

rises with longer or repeated courses. 

Systemic corticosteroids work by reducing 

proinflammatory cytokines like interleukin-1β, 

suppressing inflammatory cell activation and migration 

and preventing prostaglandin synthesis. Comparative 

research shows that while NSAIDs are linked to a higher 

incidence of gastrointestinal and related adverse events, 

systemic corticosteroids and NSAIDs offer comparable 

pain relief and time to symptom resolution [131, 132]. 

Acute gout can also be effectively treated with single 

intramuscular injections of corticosteroids such as 

methylprednisolone acetate or triamcinolone acetonide 

especially in severe or polyarticular attacks. Oral 

prednisone dosages typically vary from 0.5 to 1 mg/kg 

and are tapered over a period of 7 to 14 days [128, 133]. 

For severe monoarticular or oligoarticular gout, intra-

articular corticosteroid injection is a useful treatment 

option, particularly in patients with large weight-bearing 

joints or those for whom colchicine and NSAIDs are not 

recommended. In one study intra-articular triamcinolone 

acetonide (10 mg) with dosage modified based on joint 

size completely relieved pain within 48 hours without 

rebound flares or notable side effects [134]. 

7.1.3. Colchicine 

Colchicine affects leukocyte activation, intracellular 

transport and cell migration by interfering with 

microtubule assembly [135]. Colchicine also inhibits 

NLRP3 inflammasome activation and lowers 

interleukin-18 production according to in vitro research. 

However the significance of these effects at clinically 

achievable concentrations is still unknown [136]. 

Although a well-conducted study revealed that most 

patients treated with this dose despite some benefit it 

needed additional rescue medication for pain control. 

The current recommended regimen for an acute gout 

flare is 1.2 mg followed by 0.6 mg an hour later [137]. 

Patients with chronic kidney disease and those taking 

concurrent medications metabolized by the CYP3A4 

pathway such as some statins (especially atorvastatin), 

clarithromycin, some antifungal and antiretroviral 

agents, diltiazem and verapamil should use colchicine 

cautiously and adjust their dosage [138]. There have been 

reports of severe adverse reactions with clarithromycin 

and these pharmacokinetic interactions are more 

clinically significant when used chronically and when 

renal impairment is present [139]. Colchicine may be 

continued as an adjuvant therapy at a lower dose (0.6 mg 

once or twice daily) following the start of flare treatment 

in order to prevent recurrence [134].  

7.1.4. Interleukin-1 (IL-1) Inhibitors 

Interleukin-1 targeted biologic therapies used in gout 

include the monoclonal antibody canakinumab the 

soluble receptor rilonacept and recombinant receptor 

antagonist anakinra [140]. Clinical trials have shown that 

these agents are at least as effective as conventional 

treatments for both acute and chronic gout with efficacy 

demonstrated in phase II studies for anakinra [141, 142] 

and phase III studies for canakinumab and rilonacept 

[143–145]. In recent randomized, double-blind, active 

comparator trial involving 88 patients anakinra (100 mg 

daily for 5 days) was found to be non-inferior to standard 

therapies such as colchicine, naproxen or prednisone 

[146]. 

IL-1 directed therapies are generally well tolerated and 

are not commonly associated with gastrointestinal, renal 

or metabolic adverse effects making them particularly 

suitable for patients with multiple comorbid conditions. 

Although biologic agents are costly their short treatment 

duration in acute gout may limit overall expense 

especially if hospital stays are reduced. While infection 

risk is a concern with long-term biologic use this has not 

been observed with short-term therapy. Canakinumab is 

approved in Europe for acute gout but was not approved 

by the FDA due to concerns related to its long half-life. 

In contrast anakinra has a short half-life and is 

administered for only a few days and despite the lack of 

FDA approval for gout it is widely used by 

rheumatologists particularly in hospitalized patients with 

significant comorbidities [141]. 

7.2. Urate-lowering therapies 

Since persistent hyperuricemia is the primary cause of 

monosodium urate crystal formation and disease 

progression all rheumatology society guidelines concur 

that urate-lowering therapy (ULT) is necessary for the 

effective long-term management of established gout 

[127, 147, 148]. The American College of Physicians 

recommendation of a symptom based treatment approach 

which has drawn harsh criticism from gout specialists 

[149, 150]. When serum urate levels rise above about 7.0 

mg/dL patients who were previously flare free 
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experience a recurrence of gout attacks after stopping 

ULT according to evidence from observational and 

interventional studies [151]. Higher levels are linked to a 

quicker relapse. When anti-inflammatory medications 

are used exclusively to treat flare-ups without addressing 

hyperuricemia subclinical crystal deposition can 

continue putting patients at risk for more severe and 

treatment-resistant illness. Sustained urate lowering 

lowers the frequency of gout flare-ups according to more 

recent data. 

When to start ULT is still a personal choice that should 

be made in consultation with the patient. Serum urate 

concentration, comorbidities, age, flare severity and 

impact, radiographs showing tophi or joint damage and 

advanced imaging such as dual-energy CT or ultrasound 

showing urate deposition or bone involvement are all 

important factors to take into account. According to 

current ACR guidelines patients with chronic kidney 

disease or history of nephrolithiasis should start ULT 

earlier even after a single flare [147]. Conclusive 

interventional data are still scarce despite growing 

evidence that urate lowering may also improve 

cardiovascular and renal comorbidities [152, 153]. 

7.2.1. Xanthine oxidase inhibitors 

The 2012 American College of Rheumatology (ACR) 

guidelines recommend a xanthine oxidase inhibitor 

either allopurinol or febuxostat as first-line urate-

lowering therapy (ULT) [147]. However concerns 

regarding potential cardiovascular risk with febuxostat 

have led FDA to advise using allopurinol as the initial 

agent reserving febuxostat for patients who do not 

tolerate or respond adequately to allopurinol. This 

approach was reaffirmed in the 2020 ACR guidelines 

[154]. Regardless of whether hyperuricemia is caused by 

urate overproduction or more frequently impaired renal 

or gastrointestinal excretion, xanthine oxidase inhibitors 

effectively lower serum urate. With sustained and 

appropriately dosed therapy these agents can prevent 

new urate deposition and promote dissolution of existing 

crystals and tophi with the rate of crystal clearance 

corresponding to the extent of urate reduction achieved 

[155]. Co-administration with azathioprine or 6-

mercaptopurine can significantly raise drug levels and 

cause severe bone marrow suppression because xanthine 

oxidase inhibitors also prevent the metabolism of purine 

analog drugs. 

7.2.1.1. Allopurinol 

The most traditional and widely used xanthine oxidase 

inhibitor for gout is allopurinol. Its active metabolite, 

oxypurinol, competitively inhibits xanthine oxidase and 

other purine metabolism-related enzymes, acting as a 

purine analog. Allopurinol is often underdosed despite its 

effectiveness and low cost, although 300 mg/day is 

commonly regarded as standard average doses closer to 

400 mg/day are typically needed to achieve serum urate 

levels below 6.0 mg/dL, and the FDA-approved 

maximum dose is 800 mg/day. Allopurinol may help 

maintain kidney function, and there is no evidence to 

support concerns about renal toxicity. The main safety 

concern is the rare but potentially fatal allopurinol 

hypersensitivity syndrome including DRESS with risk 

increased in patients with chronic kidney disease and 

those carrying the HLA-B58:01 allele [156]. Therapy 

should be started at low doses (50–100 mg/day, or 50 

mg/day in kidney disease) and gradually titrated until the 

urate target is reached in order to reduce this risk [147]. 

In high-risk groups such as Han Chinese, Thai, Korean 

and African-American patients especially those with 

kidney disease HLA-B58:01 testing is advised [154, 

157]. In known carriers alternative agents should be 

taken into consideration [125]. 

7.2.1.2. Febuxostat 

Unlike allopurinol febuxostat is non-purine, non-

competitive xanthine oxidase inhibitor that inhibits both 

reduced and oxidized forms of enzyme without affecting 

other metabolic pathways. It is available at doses of 40 

to 80 mg in US and 120 mg in Europe for the purpose of 

lowering urate in gout patients with normal renal 

function or mild-to-moderate chronic kidney disease (up 

to stage 3). Although febuxostat is often perceived as 

more potent than allopurinol, direct comparisons have 

not consistently used optimally titrated allopurinol doses, 

and an ongoing Veterans Affairs trial is evaluating both 

agents when dosed to achieve target serum urate levels 

[125, 158]. After the phase 4 CARES study showed that 

patients with preexisting cardiovascular disease treated 

with febuxostat had greater rates of cardiovascular and 

all-cause death than those treated with allopurinol FDA 

issued a black-box warning about the safety of febuxostat 

[159]. However the results have been contested because 

of study limitations such as high dropout rates, irregular 

aspirin use, no increased risk of myocardial infarction 
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and lack of an untreated control group which makes it 

challenging to determine causality [160, 161]. Results 

from a large European trial are awaited, and subsequent 

observational studies have not consistently confirmed 

this risk [162, 163]. When allopurinol is not 

contraindicated it is typically recommended as first-line 

therapy until more definitive evidence is available. 

7.2.1.3. Topiroxostat 

After allopurinol and febuxostat topiroxostat is the third 

xanthine oxidase inhibitor created however it has only 

received approval in Japan thus far. Unlike allopurinol 

mild-to-moderate renal dysfunction has no discernible 

impact on its pharmacokinetic profile [164, 165]. 

According to a 2022 study topiroxostat reduced serum 

urate levels in 66.7% of patients with baseline 

hyperuricemia to less than 6.0 mg/dL but estimated 

glomerular filtration rate did not significantly change 

[166]. Despite these results it is still unclear if 

topiroxostat will be made available in the US or other 

foreign markets because of potential side effects. 

Nasopharyngitis, polyarthritis and increased liver 

enzyme levels are among the reported adverse effects. 

Furthermore some patients receiving concurrent warfarin 

therapy have shown increased anticoagulant effects 

which may further limit its clinical applicability [167]. 

7.2.1.4. Tigulixostat 

In a phase II study reported in 2021 tigulixostat a novel 

non-purine selective xanthine oxidase inhibitor, 

demonstrated promising urate-lowering efficacy in 

patients in the United States. At 12 weeks medication 

lowered serum uric acid levels to less than 5 mg/dL and 

mean maximum reduction in serum urate at the highest 

evaluated dose of 200 mg was roughly 66.8%. This study 

also reported that tigulixostat was well tolerated [168]. 

7.2.1.5. 3,4-Dihydroxy-5-Nitrobenzaldehyde 

Although its precise mode of action is still being 

investigated, 3,4-Dihydroxy-5-nitrobenzaldehyde 

(DHNB) novel time-dependent xanthine oxidase 

inhibitor seems to work similarly to allopurinol. Even at 

low dosages experimental research indicates that DHNB 

has minimal toxicity and may improve therapeutic 

efficacy when combined with allopurinol. Furthermore 

DHNB has direct antioxidant activity that limits cellular 

damage by lowering production of reactive oxygen 

species and free radicals at their source. Clinical data in 

humans are currently unavailable despite the fact that 

DHNB has demonstrated exceptional safety and efficacy 

in animal models especially in mice [169]. 

7.2.2. Uricosuric agents 

Uricosuric agents increase renal excretion of uric acid 

which lowers serum urate (SU) levels. Key renal urate 

transporters especially urate transporter 1 (URAT1) 

which is responsible for about 90% of urate reabsorption 

are modulated to produce this effect [170]. ATP-binding 

cassette transporter ABCG2, glucose transporter GLUT9 

and organic anion transporters OAT1, OAT3 and OAT4 

are additional transporters involved in urate handling 

[171]. 

7.2.2.1. Probenecid 

Probenecid introduced in 1951 is a nonspecific uricosuric 

agent that lowers serum urate (SU) primarily by 

inhibiting URAT1 as well as OAT1, OAT3 and GLUT9 

[172–175]. Its benzoic acid and sulfamoyl functional 

groups facilitate binding to URAT1 accounting for its 

uricosuric effect, while inhibition of other transporters 

contributes to reduced efficacy and clinically relevant 

drug-drug interactions [174, 175]. Probenecid has a half-

life of 4 to 6 hours and is mainly metabolized by liver 

[176]. Clinical studies show that probenecid significantly 

reduces SU levels particularly when combined with 

colchicine or allopurinol with combination therapy being 

more effective than monotherapy [177]. Although 

generally contraindicated in patients with chronic kidney 

disease (CKD) beyond stage 3 limited data suggest 

comparable urate-lowering effects in patients with 

reduced versus preserved renal function [178]. 

Probenecid is typically started at 500 mg once or twice 

daily and titrated up to 1000 mg twice daily to achieve 

target SU levels [154]. Owing to its lower efficacy, risk 

of urolithiasis and significant drug interactions it is 

considered a second-line option mainly for patients who 

cannot tolerate xanthine oxidase inhibitors or fail to 

reach urate targets with them [154, 167, 179]. Evidence 

regarding cardiovascular effects is mixed however small 

clinical and epidemiological studies suggest potential 

cardiovascular benefits or a modestly lower 

cardiovascular risk compared with allopurinol [180–

182]. Overall probenecid remains a second-line urate-

lowering therapy with greater efficacy when used in 

combination with allopurinol and limited use in patients 

with advanced CKD. 

http://www.jchr.org/


 
 

 

1720 

Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2026) 16(2), 1708-1741 | ISSN:2251-6727 

7.2.2.2. Lesinurad 

In certain patients lesinurad a stronger URAT1 inhibitor 

than probenecid, can significantly lower serum urate 

levels [183]. Its authorized use is restricted to patients 

with GFRs of 50 mL/min or greater, despite the 

possibility that it may be useful at glomerular filtration 

rates as low as 30 mL/min. Clinical trials revealed a 

higher incidence of serum creatinine elevations when 

lesinurad was used alone, most of which were temporary, 

despite the drug's sufficient potency to be used as 

monotherapy [184]. Lesinurad was only approved by the 

FDA as an add-on therapy because these renal side 

effects were rare when combined with a xanthine oxidase 

inhibitor. Lesinurad has been demonstrated to be both 

safe and effective when used in combination [185]. 

Despite this the drug’s high cost, complicated regimen 

and worries about renal safety hindered its clinical 

uptake and the manufacturer has since removed it from 

the market. 

7.2.2.3. Benzbromarone 

First approved in 1970 benzobromarone is a uricosuric 

agent that is currently mostly used in Asia and parts of 

Europe. However due to hepatotoxicity concerns it is not 

used in the United States [173]. Its chemical makeup 

makes it possible to strongly inhibit URAT1 and to a 

lesser degree, GLUT9 which effectively increases renal 

urate excretion [172, 174]. Similar to other hepatotoxic 

agents its bis-aryl-ketone structure has been linked to 

mitochondrial toxicity though the precise mechanism of 

hepatotoxicity is unknown [178, 186, 187]. By lessening 

oxidative stress brought on by uric acid benzobromarone 

also demonstrates antioxidant qualities [188]. With a 

short half-life of 3 to 5 hours and longer-acting active 

metabolite 6-hydroxy benzbromarone it is administered 

at doses of 50-200 mg/day [189]. Particularly in poor 

metabolisers its inhibition of CYP2C9 and genetic 

polymorphisms affecting this enzyme may raise plasma 

levels and the risk of harmful hepatic events [190]. 

Clinical evidence consistently shows that 

benzbromarone is very effective at reducing serum urate 

(SU) frequently outperforming allopurinol and 

febuxostat especially at standard doses [191, 192]. When 

compared to monotherapy, combination therapy with 

either febuxostat or allopurinol further improves 

treatment success and urate-lowering efficacy [192]. 

Additionally benzbromarone has demonstrated better 

tolerability and efficacy than probenecid [193]. While 

cardiovascular outcomes are still inconsistent across 

studies observational data point to possible extra 

advantages such as lower risk of type 2 diabetes and 

chronic kidney disease when compared to allopurinol 

[194–197]. Additionally in certain patients small clinical 

studies have shown improvements in inflammatory 

markers and insulin resistance without negative cardiac 

effects. The goal of ongoing research on the structure 

activity relationship is to create new uricosuric agents 

with better safety profiles that are based on the scaffold 

of benzbromarone [174, 175, 187, 198]. 

 

7.2.2.4. Dotinurad (FYU-981) 

By selectively blocking the URAT1 transporter 

dotinurad a selective urate reabsorption inhibitor (SURI) 

reduces serum urate [199]. Dotinurad was approved in 

2020 after being developed in Japan through structure 

activity optimisation of benzbromarone to increase 

efficacy and decrease toxicity [187, 200]. With a half-life 

of roughly 10 hours and glucuronidation as the primary 

metabolic pathway, structural changes enhanced URAT1 

inhibition, decreased hepatotoxic potential and produced 

favourable pharmacokinetics [187, 201]. By inhibiting 

the NLRP3 inflammasome dotinurad also demonstrates 

anti-inflammatory activity in vitro [202].  

Strong urate-lowering efficacy and good tolerability are 

shown by clinical studies. Dotinurad (0.5–4 mg/day, 

usually 2 mg/day) significantly lowered serum urate 

levels and was as effective as benzbromarone and 

febuxostat, according to phase II and III trials [203–206]. 

According to meta-analyses and comparative research, 

dotinurad has a safer profile than febuxostat and is more 

effective than benzbromarone [207]. In patients with 

mild-to-moderate chronic kidney disease (CKD) 

dotinurad effectively lowers serum urate and may slow 

or improve renal function according to observational and 

pooled data [208–210]. Although more research is 

needed combination therapy with xanthine oxidase 

inhibitors especially febuxostat may further improve 

urate lowering in certain CKD patients. Dotinurad 

monotherapy is safe and effective [173, 211–213].  

7.2.3. Uricases 

Due to the evolutionary loss of the uricase gene some 15-

25 million years ago hyperuricemia is mostly specific to 
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humans and higher primates. Urate builds up in the body 

and has the potential to crystallize when uricase is not 

present. Two recombinant uricase enzymes that can 

quickly break down urate and significantly lower serum 

urate levels are available as replacement therapies to 

address this. 

7.2.3.1. Pegloticase 

A pegylated recombinant uricase called pegloticase was 

created for patients with severe treatment resistant gout. 

For patients who were unable to tolerate intensive oral 

urate-lowering therapy, continued to experience flare-

ups or tophi or failed to reach target serum urate levels it 

is FDA-approved. In situations where rapid urate 

depletion is clinically required such as before organ 

transplantation or in cases of severe functional 

impairment it might also be regarded as off-label. When 

given intravenously every two weeks pegloticase causes 

a significant and quick drop in serum urate frequently in 

as little as 24 hours. With sustained treatment it can 

resolve tophi, lessen flares, significantly reduce total 

body urate stores and enhance quality of life [214]. 

Up to 40% of patients develop anti-PEG antibodies that 

neutralize the medication reducing its effectiveness and 

raising the risk of infusion reactions even though 

PEGylation is meant to reduce immunogenicity. While 

true anaphylaxis was uncommon in the trials these 

reactions including those classified as anaphylaxis were 

rather common and could be lessened with 

premedication with corticosteroids and antihistamines. 

Urate should be measured prior to each infusion and 

treatment should be stopped after two consecutive values 

≥6.0 mg/dL which significantly lowers adverse events 

because increasing serum urate levels indicate antibody 

formation and increased infusion risk. Remarkably even 

after early discontinuation because of partial urate 

depletion some patients experience long lasting clinical 

benefit [215]. Emerging data indicates that concurrent 

immunosuppression with medications like methotrexate 

or azathioprine may lessen the formation of anti-drug 

antibodies, improving drug persistence and tolerance. 

This strategy is presently being researched [216]. 

7.2.3.2. Rasburicase 

Rasburicase is a recombinant fungal uricase that is 

typically used to quickly lower serum urate levels in 

patients with tumor lysis syndrome. However due to its 

high immunogenicity it is typically not used in gout 

[125]. Uric acid is changed by the enzyme into the more 

soluble and inactive metabolite allantoin. Rasburicase 

can reverse hyperuricemia faster than allopurinol but it’s 

unclear if it will be clinically beneficial overall for cancer 

patients with tumor lysis syndrome, especially if they 

also have renal failure and high urate levels [217]. 

 

Table 2. Adverse drug reactions of drugs used in the treatment of the Gout 

S. 

no. 

Drug/Class Major Adverse Effects / Safety 

Concerns 

Special Concerns / Limitations Reference No. 

1 NSAIDs Renal perfusion reduction, 

sodium/water retention, hypertension, 

heart failure risk; GI toxicity; CNS 

intolerance (indomethacin) 

Avoid in patients with renal disease, 

cardiovascular disease, or high 

bleeding risk; require high doses for 

flares; short-duration use 

recommended 

[125, 126, 131, 132] 

2 Systemic Corticosteroids Systemic metabolic effects; toxicity 

with repeated use 

Rapid tapering may trigger flare 

recurrence; limit duration due to 

adverse effects 

[128, 130, 133]  

3 Colchicine Drug–drug interactions; increased 

toxicity in renal impairment 

Dose adjustment needed in CKD; 

caution with CYP3A4 inhibitors 

(clarithromycin, statins, antifungals); 

narrow therapeutic window 

[138, 139] 

4 IL-1 Inhibitors Infection risk (mainly long-term); 

biologic-related adverse effects 

High cost; limited FDA approval 

(anakinra off-label); long half-life 

concerns (canakinumab) 

[140, 141, 146] 

5 Allopurinol Hypersensitivity syndrome (AHS), 

DRESS 

Requires slow dose titration; HLA-

B58:01 screening in high-risk 

populations; often underdosed 

[154, 156, 157] 
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6 Febuxostat Possible increased cardiovascular 

mortality 

FDA black-box warning; generally 

reserved for patients intolerant to 

allopurinol 

[159–161] 

7 Topiroxostat Nasopharyngitis, polyarthritis, 

elevated liver enzymes 

Approved mainly in Japan; potential 

interaction with warfarin 

[167] 

8 Tigulixostat Limited safety data (phase II) Still investigational; long-term safety 

unknown 

[168] 

9 3,4-Dihydroxy-5-

Nitrobenzaldehyde (DHNB) 

Experimental safety only Lack of human clinical trials; 

preclinical stage 

[169] 

10 Probenecid Kidney stone risk; drug interactions Ineffective in advanced CKD; requires 

adequate renal function; second-line 

option 

[178, 179] 

11 Lesinurad Elevated serum creatinine; renal 

toxicity risk 

Only approved as add-on therapy; 

withdrawn from market; complex 

regimen 

[184, 185] 

12 Benzbromarone Hepatotoxicity, mitochondrial toxicity Not approved in USA; CYP2C9 

genetic variability affects safety 

[186, 190] 

13 Dotinurad Generally well tolerated Limited global availability; ongoing 

long-term safety evaluation 

[207] 

14 Pegloticase Infusion reactions, anti-PEG 

antibodies, anaphylaxis risk 

Reserved for severe refractory gout; 

requires IV administration and 

monitoring of urate levels 

[215, 216] 

15 Rasburicase High immunogenicity Mainly used for tumor lysis syndrome; 

not routinely used in gout 

[125] 

 

Figure 6. Mechanistic overview of drugs used in gouty 

arthritis showing inhibition of inflammatory pathways, 

including suppression of NLRP3 inflammasome 

activation, cytokine release and urate-induced immune 

responses. The figure illustrates key therapeutic targets 

that reduce inflammation, prevent crystal-induced 

signalling and improve clinical outcomes in gout 

management. 

8. Natural derived product therapy 

In order to effectively treat this difficult condition more 

potent xanthine oxidase (XOD) inhibitors with better 

safety profiles are required as the currently available 

medications are frequently linked to a number of 

negative side effects. Natural product derived XOD 

inhibitors have attracted lot of attention lately due to their 

possible effectiveness and reduced toxicity [218], some 

natural plants are mentioned in the table 3.  

 

8.1. Flavonoids 

Through a variety of mechanisms flavonoids show great 

therapeutic promise in the treatment of hyperuricemia 

and gout. By blocking the activity of xanthine oxidase 

(XO), the essential enzyme in uric acid synthesis, these 

plant-derived compounds successfully reduce serum uric 

acid levels. Flavonoids interact with XO through 

hydrogen bonds and hydrophobic interactions, causing 

structural changes that reduce catalytic activity. Beyond 

inhibiting enzymes flavonoids control the kidneys uric 

acid transporters increasing the expression of organic 

anion transporters (OAT1 and OAT3) and decreasing 

renal glucose transporter 9 (GLUT9) and urate 

transporter 1 (URAT1), which increases the excretion of 

uric acid. Furthermore, by altering the NOD-like receptor 

3 inflammasome and Toll-like receptor 4 signaling 

pathways, flavonoids lessen inflammatory reactions. 

Many flavonoid types such as kaempferol, luteolin, 

quercetin and genistein have demonstrated effectiveness 
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in animal studies making them viable natural alternatives 

for the treatment of hyperuricemia[219, 220]. 

8.2. Alkaloids 

Elevated serum uric acid levels are a hallmark of 

hyperuricemia and gout metabolic disorders linked to a 

number of chronic conditions such as obesity, 

cardiovascular disease and hypertension. Natural 

alternatives are being researched because despite their 

effectiveness conventional treatments like NSAIDs and 

glucocorticoids have serious side effects. Alkaloids in 

particular are natural phytochemicals that have shown 

promise as medicinal substances. Inhibiting uric acid 

production, decreasing intestinal uric acid secretion and 

improving renal uric acid elimination are the three main 

ways in which these bioactive compounds exhibit anti-

gout activity. The primary enzyme that catalyzes the 

conversion of xanthine and hypoxanthine to uric acid, 

xanthine oxidase (XO) is the target of alkaloids. Since 

the sixth century AD, colchicine an alkaloid derived from 

Colchicum autumnale has been used to treat gout. 

Alkaloids and other phytochemicals have been shown in 

recent studies to efficiently lower uric acid levels and 

dissolve monosodium urate crystals providing safer 

substitutes for prescription drugs [221, 222]. 

8.3. Phenolic acids 

Through a variety of mechanisms, phenolic acids are 

promising natural therapeutic agents for the treatment of 

gout and hyperuricemia. The main way that these 

substances work is by blocking xanthine oxidase (XO) 

which is the essential enzyme that turns xanthine and 

hypoxanthine into uric acid. According to Wang et al. 

(2025) certain phenolic acids such as ferulic acid, p-

coumaric acid, gallic acid and protocatechuic acid 

exhibit mixed inhibition patterns against XO mainly 

influencing the hydrophobic regions and secondary 

conformation of the enzyme through hydrophobic 

bonding. Inhibiting uric acid production, decreasing 

intestinal uric acid secretion and improving renal uric 

acid elimination are the three primary therapeutic 

pathways of phenolic acids. XO inhibition depends on 

hydroxyl groups and their substitutions on benzene rings 

according to molecular research. These compounds 

interact through π-π interactions, hydrogen bonds and 

hydrophobic interactions. With fewer adverse effects 

these natural substances provide safer substitutes for 

prescription drugs [221, 223]. 

8.4. Glycoside 

Through a variety of mechanisms, natural glycosides 

show great therapeutic promise in the treatment of gout 

and hyperuricemia. By downregulating renal glucose 

transporter 9 (mGLUT9) and urate transporter 1 

(mURAT1) and upregulating organic anion and cation 

transporters, Mulberroside A, a stilbene glycoside 

derived from Morus alba has strong uricosuric and 

nephroprotective effects and increases excretion of uric 

acid. Similarly Gnaphalium affine's luteolin-4'-O-

glucoside lowers serum uric acid levels by inhibiting 

xanthine oxidase activity and mURAT1 expression. It 

also lessens MSU crystal-induced inflammation by 

lowering TNF-α and IL-1β levels. By downregulating the 

mURAT1 and mGLUT9 proteins, pallidifloside D a 

saponin glycoside derived from Smilax riparia exhibits 

dose-dependent uricosuric effects [224, 225]. 

8.5. Triterpenoids 

In hyperuricemic mice triterpenoid acids from Inonotus 

obliquus effectively lower uric acid levels and hepatic 

XO activity due to their potent xanthine oxidase (XO) 

inhibitory activity which is mixed and reversible. By 

encouraging PI3K-AKT-mTOR-dependent autophagy 

and lowering reactive oxygen species and IL-1β 

production. The compound 3β,23-dihydroxy-12-ene-28-

ursolic acid from Cyclocarya paliurus mitigates NLRP3 

inflammasome-mediated gout. Hederagenin and 

oleanolic acid are the primary triterpenoid components 

of quinoa bran saponins which lower uric acid levels and 

renal inflammation by controlling uric acid transport 

genes and blocking PI3K/AKT/NFκB signaling 

pathways. Targeting both uric acid production and 

inflammatory processes these natural triterpenoids 

present promising substitutes for traditional therapies 

while possibly avoiding the negative side effects of 

synthetic medications [226, 227]. 

8.6. Saponins 

By blocking xanthine oxidase (XOD) activity lowering 

uric acid production and increasing urinary uric acid 

excretion, total saponins from Dioscorea species 

efficiently lower serum uric acid levels. By 

downregulating urate transporter 1 (URAT1) which 

reabsorbs uric acid and upregulating organic anion 

transporters (OAT1 and OAT3) which encourage uric 

acid excretion these substances also control renal uric 
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acid transport. Furthermore saponins have anti-

inflammatory qualities by preventing neutrophils 

stimulated by monosodium urate crystals from releasing 

inflammatory mediators. By inhibiting the 

PI3K/AKT/NFκB inflammatory signaling pathway 

quinoa bran saponins further exhibit renoprotective 

effects by lowering renal inflammation and damage 

linked to hyperuricemia. These results imply that 

saponins provide all-encompassing therapeutic 

advantages via a combination of renoprotective, anti-

inflammatory and uricosuric mechanisms [226, 228]. 

8.7. Tannins 

By lowering the production of uric acid and increasing 

uricosuric action tannins have two effects. Lowering 

xanthine oxidase activity, preventing uric acid synthesis, 

controlling uric acid transporters to facilitate excretion 

and lowering inflammatory responses are some of the 

mechanisms. The NOD-like receptor 3 inflammasome, 

Toll-like receptor 4/myeloid differentiation factor 

88/nuclear factor-κB signaling and control of urate 

transporter proteins URAT1, GLUT9, OAT1 and OAT3 

are important pathways. Plantains support the multi-

target therapeutic approach of natural compounds by 

targeting multiple pathways, such as MAPK1, RELA, 

TNF and inflammatory signaling cascades according to 

network pharmacology analysis [222, 229]. 

8.8. Stilbenoids 

Stilbenoids, especially resveratrol, have the potential to 

be used as treatment for hyperuricemia and gout by 

inhibiting xanthine oxidase (XO). Although its exact 

inhibitory mechanisms need more research resveratrol 

functions as an XO inhibitor targeting the primary 

enzyme that converts xanthine and hypoxanthine into 

uric acid. According to structural activity studies 

hydroxyl (-OH) groups and the substitutions they make 

on stilbene’s benzene rings are essential for XO 

inhibition. By interacting with XO substrates through π-

π interactions, hydrogen bonds and hydrophobic 

interactions these bioactive compounds inhibit the 

formation of uric acid as shown by molecular docking 

studies [230]. 

 

Table 3. Plants reported for the treatment of gout and hyperuricaemia with their bioactive compounds and pharmacological 

mechanisms. 

Plant / Source Major Active 

Compounds 

Main Mechanism / Target Study Model Key Findings Reference 

Plantago asiatica 

L. 

Acteoside, isoacteoside, 

1H-indolo-3-

carbaldehyde 

XOD inhibition In vitro & in vivo Strong ETSBAS 

activity; 

acteoside potent 

inhibitor 

[231] 

Tabebuia 

roseoalba 

Caffeic acid, chlorogenic 

acid 

Hepatic XOD inhibition Hyperuricaemic 

mice 

Reduced serum 

urate 

[232] 

Aster glehni Flavonoids, 

dicaffeoylquinic acids 

XOD inhibition + 

antioxidant 

Rat model Decreased urate 

level 

[233] 

Dendropanax 

morbifera 

Rutin, chlorogenic acid Antioxidant + XOD 

inhibition 

In vitro Ethanolic extract 

most active 

[234] 

Gnaphalium 

pensylvanicum 

Caffeoylquinic acids XOD inhibition + 

URAT1/GLUT9/OAT1 

modulation 

Hyperuricaemic 

mice 

Increased urate 

excretion 

[235] 

Siegesbeckia 

orientalis 

Caffeic acid analogues, 

flavonones 

XOD inhibition + anti-

inflammatory 

Rat model ~31% urate 

reduction 

[236] 

Aristolochia 

bracteolata 

Phenolics, flavonoids Uricosuric + antioxidant Hyperuricaemic 

rats 

Urate reduction 

similar to 

allopurinol 

[237] 

Cudrania 

tricuspidata 

Chlorogenic acid, rutin, 

kaempferol 

XOD inhibition In vitro Flavonoid-rich 

extract active 

[238] 

Camellia japonica Triterpenes, flavonoids Hepatic XOD inhibition Hyperuricaemic 

mice 

Significant urate 

decrease 

[239] 

Quercus acuta Vitamin E, phenolics XOD inhibition Hyperuricaemic 

mice 

Comparable to 

allopurinol 

[240] 
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Salvia plebeia Nepetin, scutellarein, 

luteolin 

Strong XOD inhibition Animal model IC50 values 

1.74–2.35 µM 

[241] 

Gnaphalium 

affine 

Phenolics URAT1 & GLUT9 

regulation + XOD 

inhibition 

Hyperuricaemic 

mice 

Enhanced urate 

excretion 

[242] 

Selaginella 

moellendorffii 

Apigenin glycosides XOD inhibition + anti-

inflammatory 

Hyperuricaemic 

mice 

Reduced 

cytokines and 

urate 

[243] 

Cordyceps 

militaris 

Bioactive compounds URAT1 down-regulation Hyperuricaemic 

mice 

Lower serum 

urate 

[244] 

Mesona 

procumbens 

Phenolics XOD suppression Cell & animal 

model 

Improved 

transporter 

expression 

[245] 

Corylopsis 

coreana 

Bergenin, quercetin, 

quercitrin 

XOD inhibition In vitro & in vivo Reduced hepatic 

XOD activity 

[246] 

Tradescantia 

albiflora 

Bracteanolide A XOD inhibition Hyperuricaemic 

rats 

Strong enzymatic 

inhibition 

[247] 

Citrus aurantium Hesperetin, 

polymethoxyflavones 

XOD inhibition In vitro Potent inhibitory 

flavanones 

[248] 

Dimocarpus 

longan 

Proanthocyanidin A2 XOD inhibition Hyperuricaemic 

mice 

Flower extract 

most active 

[249] 

Rosehip (Rosa 

canina) 

Vitamin C, flavonoids XOD inhibition Hyperuricaemic 

mice 

Functional food 

potential 

[250] 

Total saponins of 

Dioscorea 

Saponins OATP1A1 upregulation Rat model Similar to 

allopurinol 

[251] 

Paeonia lactiflora Albiflorin, paeoniflorin XOD inhibition Enzyme assay Monoterpene 

glycosides active 

[252] 

Dipterocarpus 

alatus 

(Vaticaffinol) 

Resveratrol tetramer XOD/XDH inhibition + 

transporter regulation 

Hyperuricaemic 

mice 

Improved kidney 

function 

[253] 

Chatuphalatika 

(CTPT) 

Gallic acid, ellagic acid Antioxidant-mediated XOD 

inhibition 

Hyperuricaemic 

mice 

~40% urate 

reduction 

[254] 

RuPeng15 powder Multi-herbal phenolics XOD inhibition Animal model Reduced urate 

synthesis 

[255] 

Black tea extract Polyphenols XOD + adenosine 

deaminase inhibition 

Hyperuricaemic 

mice 

Dose-dependent 

reduction 

[256] 

Green tea extract Polyphenols Adenosine deaminase 

modulation 

Hyperuricaemic 

mice 

Mild urate 

decrease 

[256] 

 

9. Dietary changes 

A complex metabolic and inflammatory route underlies 

the development of gout linked to dietary variables. It 

starts with abnormalities in purine metabolism and ends 

with inflammation triggered by monosodium urate 

(MSU) crystals. Both endogenous and exogenous 

purines are obtained by diet, and they are then broken 

down by adenosine monophosphate (AMP), inosine, 

hypoxanthine and xanthine before being converted to 

uric acid by xanthine oxidase activity. Consuming too 

much alcohol, fructose-containing carbohydrates or 

purine-rich meals speeds up the breakdown of ATP and 

the synthesis of AMP which increases the synthesis of 

uric acid and causes hyperuricemia [257]. Diet also 

affects urate excretion by changing intestinal and renal 

transport mechanisms. Consuming large amounts of 

sugar and fat can affect transporters including GLUT9, 

URAT1 and ABCG2 which lowers uric acid clearance 

and raises blood urate levels even more. Chronic 

hyperuricemia causes urate to become supersaturated 

and MSU crystals to form especially in acidic 

environments brought on by metabolic diseases or an 

acidic diet. By activating macrophages NLRP3 

inflammasome these crystals cause caspase-1 activation 

and the production of interleukin-1β which attract 

neutrophils and intensify inflammatory reactions. By 

triggering Toll-like receptor signalling and NF-κB 

pathways, diet-induced metabolic syndrome, gut 

microbiota dysbiosis and low-grade systemic 
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inflammation all contribute to this process and maintain 

chronic gouty inflammation. As a result nutritional 

imbalance accelerates the development of gout by a 

number of interrelated processes including elevated uric 

acid synthesis, poor excretion, MSU crystal formation 

and immunological activation mediated by 

inflammasomes [258]. 

Studies on metabolic pathways linked to diet have 

uncovered novel mechanisms and potential treatment 

approaches in the development of gout as depicted in 

figure 7. However instead of combining more 

comprehensive nutritional considerations with systemic 

metabolic effects the majority of dietary 

recommendations for gout concentrate primarily on 

particular food groups. Overall results may be enhanced 

by a more thorough strategy that incorporates 

pharmaceutical treatment and targeted dietary 

management, especially for patients with advanced 

illness. 

Table 4. Dietary and Lifestyle Strategies for Gout Management 

Category Examples Key Mechanism/Action Clinical Benefits in 

Gout 

Special Notes / 

Limitations 

Reference 

No. 

Purine-rich 

food restriction 

Red meat, organ meat 

(liver, kidney), shellfish, 

sardines, anchovies, 

mackerel 

Decreases purine metabolism 

and uric acid production 

Lowers serum urate and 

risk of gout flares 

Prefer lean meats, 

poultry, and plant 

proteins such as legumes 

[259] 

Alcohol 

limitation 

Beer, spirits; moderate 

wine intake 

Reduces purine intake and 

improves renal uric acid 

excretion 

Helps reduce serum 

urate levels 

Beer strongly associated 

with gout risk 

[260] 

Low-fat dairy 

intake 

Skim milk, yogurt Uricosuric effect; reduces renal 

urate reabsorption 

Decreases serum urate 

and flare frequency 

Evidence stronger for 

low-fat dairy products 

[257] 

Polyphenol-

rich foods 

Fruits, vegetables, cherries, 

berries; quercetin, 

resveratrol, EGCG 

Anti-inflammatory, antioxidant; 

NF-κB inhibition; xanthine 

oxidase suppression 

May reduce 

inflammation, oxidative 

stress, and urate 

synthesis 

Evidence mixed; optimal 

dosing unclear; more 

RCTs required 

[261, 262] 

Hydration Increased water intake (2–3 

L/day) 

Dilutes urinary urate and 

enhances renal clearance 

Reduces crystal 

formation and gout 

attacks 

Important during acute 

flares or dehydration 

[263] 

Vitamin C–

rich foods 

Oranges, strawberries, bell 

peppers, broccoli 

Uricosuric effect via reduced 

renal reabsorption 

Modest reduction in 

serum urate levels 

Approx. 500 mg/day 

intake associated with 

benefit 

[264] 

Fructose 

restriction 

Sugar-sweetened 

beverages, fruit juices, 

high-fructose corn syrup 

Reduces hepatic uric acid 

production 

Lowers hyperuricemia 

and gout risk 

Prefer whole fruits over 

juices 

[265] 

 

Figure 7. Schematic representation of the influence of 

different dietary factors on serum uric acid levels and the 

development of gout, highlighting the pro-hyperuricemic 

factors meat, seafood, fructose, and alcohol, and the 

protective factors dairy products and vitamin C. This 

schematic representation illustrates the influence of 

dietary practices on uric acid metabolism and the 

inflammatory process in gout. 

10. Future direction of the treatment 

Future directions in the treatment of gout and 

hyperuricemia include the development of targeted 

biologics, safer xanthine oxidase inhibitors and precision 

medicine approaches based on genetic and metabolic 

profiling. 
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10.1. Inflammasome and biologics 

The inflammasome and downstream pyroptosis pathway 

has emerged as a prominent target beyond IL-1β with 

ongoing and proposed therapeutic agents targeting 

NLRP3, IL-18 and gasdermin D. These strategies focus 

on mitigating cytokine release and pyroptotic cell death 

contributing to gout flares and inflammation.  

NLRP3 inhibitors have demonstrated clinical efficacy in 

gout flares with the oral NLRP3 inhibitor dapansutrile 

decreasing synovial IL-1β levels by ~72% and pain by 

approximately 50% in a phase II gout flare trial. IL-18 

modulation is an active area of development with 

recombinant IL-18 binding proteins in Phase II trials for 

related inflammasome disorders, reflecting the 

translational interest in IL-18 as a target. Gasdermin D 

inhibition has preclinical validation (e.g., disulfiram, a 

gasdermin pore inhibitor) and is proposed as a means to 

suppress pyroptosis, although infection risk and target 

specificity are concerns [266]. Anti-IL-1 biologics 

continue to accumulate controlled clinical trial data for 

flare management. New anti-IL-1β monoclonal 

antibody, firsekibart demonstrated non-inferiority and 

superiority to etoricoxib for target joint pain at 72 hours 

in a Phase II flare trial and biologic development for 

flares appears justified [267]. 

10.2. Uricosurics and dual inhibitors 

Approaches to extend urate-lowering drug classes focus 

on more potent URAT1 inhibitors and rational dual 

mechanism drugs, which integrate uricosuric and 

production-blocking properties. Genetic and transporter 

biology inform these approaches. 

Transporter biology identifies URAT1 and GLUT9 as 

key drivers of renal urate excretion and thus natural co-

targets for dual mechanism drugs. Novel URAT1 drugs 

have reached the stage of randomized controlled trials for 

refractory gout with evident urate lowering in Phase IIb 

trials, suggesting clinical utility for next-generation 

uricosurics [268]. Dual mechanism approaches (URAT1 

+ xanthine oxidase inhibition or URAT1 + GLUT9 

modulation) are suggested to offer better sUA control 

and overcome the limitations of single mechanism 

therapies. However clinical experience with dual 

mechanism agents in gout as provided in the supplied 

body of evidence is not presented and thus lacks 

sufficient evidence for mature clinical outcomes [269]. 

10.3. Innovative modalities 

In addition to small molecules and monoclonals, new 

mechanisms like enzyme therapies, nucleic acid 

strategies, and AI-assisted discovery are being explored 

as new approaches for sustained urate lowering and 

inflammasome modulation. However, the pace of 

progress is not uniform across these mechanisms in the 

current literature. 

Late-stage clinical testing of enzyme and 

immunomodulatory biologics has been achieved in 

treatment-refractory gout, with SEL-212 in Phase III as 

part of the DISSOLVE I trial and demonstrating safety 

through 12 months in this specific program context 

[270]. AI-assisted discovery is rapidly advancing the 

identification of inflammasome and gasdermin-axes 

targeting small molecules and nanocarrier formulations 

[266]. Gene therapy and mRNA-based therapeutics for 

gout or sustained urate lowering are mechanistically 

intriguing based on the monogenic transporter but the 

literature provided does not offer meaningful clinical or 

advanced preclinical data and thus there is no evidence 

of meaningful progress in this literature [271]. 

Conclusion 

In summary, the assessment of clinical response is 

crucial step in improvement of therapeutic approaches in 

gout especially with advent of new pharmacologic and 

plant-based therapies. Validated tools such as serum 

urate level monitoring, inflammatory biomarkers and 

advanced imaging modalities such as ultrasound, dual-

energy CT scans and MRI offer objective measures of 

treatment response, disease activity and joint structural 

changes. The use of these tools in clinical practice will 

enable a better monitoring of the response to therapy. 

Although conventional therapies such as NSAIDs, 

corticosteroids, colchicine and established urate-

lowering therapies are mainstay in the management of 

gout, long-term use of these therapies is often limited by 

adverse reactions and risks associated with comorbid 

conditions. The risks associated with cardiovascular 

adverse reactions, nephrotoxicity, hypersensitivity, 

hepatotoxicity and drug interactions highlight the need 

for a continuous safety assessment in the evaluation of 

treatment response. This highlights the need for safer and 

more targeted therapies. 
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The new agents like selective urate transport inhibitors, 

biologic agents for IL-1 pathway, recombinant uricases 

and phytochemical therapies have shown great potential 

by targeting both hyperuricemia and inflammation. 

Natural compounds like flavonoids, phenolic acids, 

alkaloids and triterpenoids have shown additional 

benefits due to their antioxidant, uricosuric and anti-

inflammatory properties which suggest their use as an 

adjunct or alternative therapy. However clinical 

validation on a large scale and standardized approach to 

measure clinical response are needed to establish their 

safety and efficacy. 

The future of gout management should be focused on the 

development of precision medicine strategies that 

integrate genetic testing, biomarker-driven monitoring 

and advanced imaging data analysis to provide 

personalized therapy based on specific disease 

phenotypes. Artificial intelligence and machine learning 

algorithms may also enhance the early diagnosis of gout 

and provide predictive models of treatment response to 

optimize the risk-benefit ratio of both conventional and 

novel therapies. In addition the future of gout studies 

should focus on the development of combination 

therapies that target uric acid metabolism and 

inflammation as well as the development of 

phytochemicals with better bioavailability and safety. 

Through the development of comprehensive response 

measurement systems and better treatment innovations, 

the future of gout treatment could be more personalized 

and effective. 

On a general note the integration of effective response 

measurement systems with the consideration of adverse 

reactions to drugs is an important step in the optimization 

of gout treatment. Future studies should aim at improving 

biomarker-assisted monitoring, optimizing the risk-

benefit profile of current drugs, and developing novel 

multi-target therapies that can improve efficacy with 

reduced toxicity. 

DECLARATION OF INTERESTS 

The authors declare that they have no known competing 

financial interests or personal relationships that could 

have appeared to influence the work reported in this 

paper. 

CONSENT FOR PUBLICATION 

Not applicable 

CONFLICT OF INTEREST 

The authors declare no conflict of interest, financially or 

otherwise 

ACKNOWLEDGEMENT 

The authors would like to express gratitude to 

management of Noida Institute of Engineering and 

Technology (Pharmacy Institute), India for their 

persistent assistance, facilitation, passion and immense 

expertise and knowledge.  

FUNDING 

The author(s) reported that there is no funding associated 

with the work featured in this article. 

References  

1.  Chen‐Xu M, Yokose C, Rai SK, Pillinger MH, Choi HK 

(2019) Contemporary Prevalence of Gout and Hyperuricemia 

in the United States and Decadal Trends: The National Health 

and Nutrition Examination Survey, 2007–2016. Arthritis & 

Rheumatology 71:991–999. 

https://doi.org/10.1002/art.40807 

2.  Singh JA, Gaffo A (2020) Gout epidemiology and 

comorbidities. Semin Arthritis Rheum 50:S11–S16. 

https://doi.org/10.1016/j.semarthrit.2020.04.008 

3.  Cicero AFG, Fogacci F, Di Micoli V, Angeloni C, 

Giovannini M, Borghi C (2023) Purine Metabolism 

Dysfunctions: Experimental Methods of Detection and 

Diagnostic Potential. Int J Mol Sci 24:7027. 

https://doi.org/10.3390/ijms24087027 

4.  Martillo MA, Nazzal L, Crittenden DB (2014) The 

Crystallization of Monosodium Urate. Curr Rheumatol Rep 

16:400. https://doi.org/10.1007/s11926-013-0400-9 

5.  Yao T-K, Lee R-P, Wu W-T, Chen I-H, Yu T-C, Yeh K-T 

(2024) Advances in Gouty Arthritis Management: 

Integration of Established Therapies, Emerging Treatments, 

and Lifestyle Interventions. Int J Mol Sci 25:10853. 

https://doi.org/10.3390/ijms251910853 

6.  Mileti LN, Baleja JD (2025) The Role of Purine Metabolism 

and Uric Acid in Postnatal Neurologic Development. 

Molecules 30:839. 

https://doi.org/10.3390/molecules30040839 

7.  Yamaoka T, Kondo M, Honda S, Iwahana H, Moritani M, Ii 

S, Yoshimoto K, Itakura M (1997) 

Amidophosphoribosyltransferase limits the rate of cell 

growth-linked de novo purine biosynthesis in the presence of 

constant capacity of salvage purine biosynthesis. J Biol 

Chem 272:17719–25. 

https://doi.org/10.1074/jbc.272.28.17719 

8.  Pedley AM, Benkovic SJ (2017) A New View into the 

Regulation of Purine Metabolism: The Purinosome. Trends 

http://www.jchr.org/


 
 

 

1729 

Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2026) 16(2), 1708-1741 | ISSN:2251-6727 

Biochem Sci 42:141–154. 

https://doi.org/10.1016/j.tibs.2016.09.009 

9.  Mayer D, Natsumeda Y, Ikegami T, Faderan M, Lui M, 

Emrani J, Reardon M, Oláh E, Weber G (1990) Expression 

of key enzymes of purine and pyrimidine metabolism in a 

hepatocyte-derived cell line at different phases of the growth 

cycle. J Cancer Res Clin Oncol 116:251–8. 

https://doi.org/10.1007/BF01612899 

10.  Natsumeda Y, Prajda N, Donohue JP, Glover JL, Weber G 

(1984) Enzymic capacities of purine de Novo and salvage 

pathways for nucleotide synthesis in normal and neoplastic 

tissues. Cancer Res 44:2475–9 

11.  Yin J, Ren W, Huang X, Deng J, Li T, Yin Y (2018) Potential 

Mechanisms Connecting Purine Metabolism and Cancer 

Therapy. Front Immunol 9:. 

https://doi.org/10.3389/fimmu.2018.01697 

12.  Yanai H, Adachi H, Hakoshima M, Katsuyama H (2021) 

Molecular Biological and Clinical Understanding of the 

Pathophysiology and Treatments of Hyperuricemia and Its 

Association with Metabolic Syndrome, Cardiovascular 

Diseases and Chronic Kidney Disease. Int J Mol Sci 22:9221. 

https://doi.org/10.3390/ijms22179221 

13.  Jung SW, Kim S-M, Kim YG, Lee S-H, Moon J-Y (2020) 

Uric acid and inflammation in kidney disease. American 

Journal of Physiology-Renal Physiology 318:F1327–F1340. 

https://doi.org/10.1152/ajprenal.00272.2019 

14.  Benn CL, Dua P, Gurrell R, Loudon P, Pike A, Storer RI, 

Vangjeli C (2018) Physiology of Hyperuricemia and Urate-

Lowering Treatments. Front Med (Lausanne) 5:. 

https://doi.org/10.3389/fmed.2018.00160 

15.  Yang S, Liu H, Fang X-M, Yan F, Zhang Y (2024) Signaling 

pathways in uric acid homeostasis and gout: From 

pathogenesis to therapeutic interventions. Int 

Immunopharmacol 132:111932. 

https://doi.org/10.1016/j.intimp.2024.111932 

16.  Roman YM (2023) The Role of Uric Acid in Human Health: 

Insights from the Uricase Gene. J Pers Med 13:1409. 

https://doi.org/10.3390/jpm13091409 

17.  Kratzer JT, Lanaspa MA, Murphy MN, Cicerchi C, Graves 

CL, Tipton PA, Ortlund EA, Johnson RJ, Gaucher EA (2014) 

Evolutionary history and metabolic insights of ancient 

mammalian uricases. Proc Natl Acad Sci U S A 111:3763–8. 

https://doi.org/10.1073/pnas.1320393111 

18.  Wu X, Muzny DM, Chi Lee C, Thomas Caskey C (1992) 

Two independent mutational events in the loss of urate 

oxidase during hominoid evolution. J Mol Evol 34:78–84. 

https://doi.org/10.1007/BF00163854 

19.  Johnson RJ, Titte S, Cade JR, Rideout BA, Oliver WJ (2005) 

Uric acid, evolution and primitive cultures. Semin Nephrol 

25:3–8. https://doi.org/10.1016/j.semnephrol.2004.09.002 

20.  Lanaspa MA, Sanchez-Lozada LG, Cicerchi C, Li N, Roncal-

Jimenez CA, Ishimoto T, Le M, Garcia GE, Thomas JB, 

Rivard CJ, Andres-Hernando A, Hunter B, Schreiner G, 

Rodriguez-Iturbe B, Sautin YY, Johnson RJ (2012) Uric 

Acid Stimulates Fructokinase and Accelerates Fructose 

Metabolism in the Development of Fatty Liver. PLoS One 

7:e47948. https://doi.org/10.1371/journal.pone.0047948 

21.  Su J, Wei Y, Liu M, Liu T, Li J, Ji Y, Liang J (2014) Anti-

hyperuricemic and nephroprotective effects of Rhizoma 

Dioscoreae septemlobae extracts and its main component 

dioscin via regulation of mOAT1, mURAT1 and mOCT2 in 

hypertensive mice. Arch Pharm Res 37:1336–1344. 

https://doi.org/10.1007/s12272-014-0413-6 

22.  Su H, Yang C, Liang D, Liu H (2020) Research Advances in 

the Mechanisms of Hyperuricemia‐Induced Renal Injury. 

Biomed Res Int 2020:. 

https://doi.org/10.1155/2020/5817348 

23.  Maiuolo J, Oppedisano F, Gratteri S, Muscoli C, Mollace V 

(2016) Regulation of uric acid metabolism and excretion. Int 

J Cardiol 213:8–14. 

https://doi.org/10.1016/j.ijcard.2015.08.109 

24.  Zhang T, Liu W, Gao S (2024) Exercise and hyperuricemia: 

an opinion article. Ann Med 56:. 

https://doi.org/10.1080/07853890.2024.2396075 

25.  Li C, Hsieh M-C, Chang S-J (2013) Metabolic syndrome, 

diabetes, and hyperuricemia. Curr Opin Rheumatol 25:210–

216. https://doi.org/10.1097/BOR.0b013e32835d951e 

26.  Borghi C, Agabiti-Rosei E, Johnson RJ, Kielstein JT, Lurbe 

E, Mancia G, Redon J, Stack AG, Tsioufis KP (2020) 

Hyperuricaemia and gout in cardiovascular, metabolic and 

kidney disease. Eur J Intern Med 80:1–11. 

https://doi.org/10.1016/j.ejim.2020.07.006 

27.  Tsuchihashi T (2021) Which is more important, xanthine 

oxidase activity or uric acid itself, in the risk for 

cardiovascular disease? Hypertension Research 44:1543–

1545. https://doi.org/10.1038/s41440-021-00724-z 

28.  Gherghina M-E, Peride I, Tiglis M, Neagu TP, Niculae A, 

Checherita IA (2022) Uric Acid and Oxidative Stress—

Relationship with Cardiovascular, Metabolic, and Renal 

Impairment. Int J Mol Sci 23:3188. 

https://doi.org/10.3390/ijms23063188 

29.  Li L, Zhang Y, Zeng C (2020) Update on the epidemiology, 

genetics, and therapeutic options of hyperuricemia. Am J 

Transl Res 12:3167–3181 

30.  Kan Y, Zhang Z, Yang K, Ti M, Ke Y, Wu L, Yang J, He Y 

(2019) Influence of d-Amino Acids in Beer on Formation of 

Uric Acid. Food Technol Biotechnol 57:418–425. 

https://doi.org/10.17113/ftb.57.03.19.6022 

31.  Jakše B, Jakše B, Pajek M, Pajek J (2019) Uric Acid and 

Plant-Based Nutrition. Nutrients 11:. 

https://doi.org/10.3390/nu11081736 

32.  Choi HK, Liu S, Curhan G (2005) Intake of purine-rich 

foods, protein, and dairy products and relationship to serum 

levels of uric acid: the Third National Health and Nutrition 

Examination Survey. Arthritis Rheum 52:283–9. 

https://doi.org/10.1002/art.20761 

http://www.jchr.org/


 
 

 

1730 

Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2026) 16(2), 1708-1741 | ISSN:2251-6727 

33.  Villegas R, Xiang Y-B, Elasy T, Xu WH, Cai H, Cai Q, 

Linton MF, Fazio S, Zheng W, Shu X-O (2012) Purine-rich 

foods, protein intake, and the prevalence of hyperuricemia: 

the Shanghai Men’s Health Study. Nutr Metab Cardiovasc 

Dis 22:409–16. 

https://doi.org/10.1016/j.numecd.2010.07.012 

34.  Sanchez-Lozada LG, Andres-Hernando A, Garcia-Arroyo 

FE, Cicerchi C, Li N, Kuwabara M, Roncal-Jimenez CA, 

Johnson RJ, Lanaspa MA (2019) Uric acid activates aldose 

reductase and the polyol pathway for endogenous fructose 

and fat production causing development of fatty liver in rats. 

J Biol Chem 294:4272–4281. 

https://doi.org/10.1074/jbc.RA118.006158 

35.  Russo E, Leoncini G, Esposito P, Garibotto G, Pontremoli R, 

Viazzi F (2020) Fructose and Uric Acid: Major Mediators of 

Cardiovascular Disease Risk Starting at Pediatric Age. Int J 

Mol Sci 21:. https://doi.org/10.3390/ijms21124479 

36.  Desideri G, Castaldo G, Lombardi A, Mussap M, Testa A, 

Pontremoli R, Punzi L, Borghi C (2014) Is it time to revise 

the normal range of serum uric acid levels? Eur Rev Med 

Pharmacol Sci 18:1295–306 

37.  Kielstein JT, Pontremoli R, Burnier M (2020) Management 

of Hyperuricemia in Patients with Chronic Kidney Disease: 

a Focus on Renal Protection. Curr Hypertens Rep 22:102. 

https://doi.org/10.1007/s11906-020-01116-3 

38.  Ristic B, Sikder MOF, Bhutia YD, Ganapathy V (2020) 

Pharmacologic inducers of the uric acid exporter ABCG2 as 

potential drugs for treatment of gouty arthritis. Asian J Pharm 

Sci 15:173–180. https://doi.org/10.1016/j.ajps.2019.10.002 

39.  Yin H, Liu N, Chen J (2022) The Role of the Intestine in the 

Development of Hyperuricemia. Front Immunol 13:. 

https://doi.org/10.3389/fimmu.2022.845684 

40.  YONETANI Y, IWAKI K (1983) Effects of uricosuric drugs 

and diuretics on uric acid excretion in oxonate-treated rats. 

The Japanese Journal of Pharmacology 33:947–954. 

https://doi.org/10.1254/jjp.33.947 

41.  Major TJ, Takei R, Matsuo H, Leask MP, Sumpter NA, 

Topless RK, Shirai Y, Wang W, Cadzow MJ, Phipps-Green 

AJ, Li Z, Ji A, Merriman ME, Morice E, Kelley EE, Wei W-

H, McCormick SPA, Bixley MJ, Reynolds RJ, Saag KG, 

Fadason T, Golovina E, O’Sullivan JM, Stamp LK, Dalbeth 

N, Abhishek A, Doherty M, Roddy E, Jacobsson LTH, 

Kapetanovic MC, Melander O, Andrés M, Pérez-Ruiz F, 

Torres RJ, Radstake T, Jansen TL, Janssen M, Joosten LAB, 

Liu R, Gaal OI, Crişan TO, Rednic S, Kurreeman F, Huizinga 

TWJ, Toes R, Lioté F, Richette P, Bardin T, Ea HK, Pascart 

T, McCarthy GM, Helbert L, Stibůrková B, Tausche A-K, 

Uhlig T, Vitart V, Boutin TS, Hayward C, Riches PL, Ralston 

SH, Campbell A, MacDonald TM, FAST Study Group, 

Nakayama A, Takada T, Nakatochi M, Shimizu S, 

Kawamura Y, Toyoda Y, Nakaoka H, Yamamoto K, Matsuo 

K, Shinomiya N, Ichida K, Japan Gout Genomics 

Consortium, Lee C, Asia Pacific Gout Consortium, Bradbury 

LA, Brown MA, Robinson PC, Buchanan RRC, Hill CL, 

Lester S, Smith MD, Rischmueller M, Choi HK, Stahl EA, 

Miner JN, Solomon DH, Cui J, Giacomini KM, Brackman 

DJ, Jorgenson EM, GlobalGout Genetics Consortium, Liu H, 

Susztak K, 23andMe Research Team, Shringarpure S, So A, 

Okada Y, Li C, Shi Y, Merriman TR (2024) A genome-wide 

association analysis reveals new pathogenic pathways in 

gout. Nat Genet 56:2392–2406. 

https://doi.org/10.1038/s41588-024-01921-5 

42.  Vitart V, Rudan I, Hayward C, Gray NK, Floyd J, Palmer 

CNA, Knott SA, Kolcic I, Polasek O, Graessler J, Wilson JF, 

Marinaki A, Riches PL, Shu X, Janicijevic B, Smolej-

Narancic N, Gorgoni B, Morgan J, Campbell S, Biloglav Z, 

Barac-Lauc L, Pericic M, Klaric IM, Zgaga L, Skaric-Juric 

T, Wild SH, Richardson WA, Hohenstein P, Kimber CH, 

Tenesa A, Donnelly LA, Fairbanks LD, Aringer M, 

McKeigue PM, Ralston SH, Morris AD, Rudan P, Hastie 

ND, Campbell H, Wright AF (2008) SLC2A9 is a newly 

identified urate transporter influencing serum urate 

concentration, urate excretion and gout. Nat Genet 40:437–

42. https://doi.org/10.1038/ng.106 

43.  Kobylecki CJ, Vedel-Krogh S, Afzal S, Nielsen SF, 

Nordestgaard BG (2018) Plasma urate, lung function and 

chronic obstructive pulmonary disease: a Mendelian 

randomisation study in 114 979 individuals from the general 

population. Thorax 73:748–757. 

https://doi.org/10.1136/thoraxjnl-2017-210273 

44.  Wang Z, Cui T, Ci X, Zhao F, Sun Y, Li Y, Liu R, Wu W, Yi 

X, Liu C (2019) The effect of polymorphism of uric acid 

transporters on uric acid transport. J Nephrol 32:177–187. 

https://doi.org/10.1007/s40620-018-0546-7 

45.  Ruiz A, Gautschi I, Schild L, Bonny O (2018) Human 

Mutations in SLC2A9 (Glut9) Affect Transport Capacity for 

Urate. Front Physiol 9:476. 

https://doi.org/10.3389/fphys.2018.00476 

46.  Sakiyama M, Matsuo H, Shimizu S, Nakashima H, 

Nakamura T, Nakayama A, Higashino T, Naito M, Suma S, 

Hishida A, Satoh T, Sakurai Y, Takada T, Ichida K, Ooyama 

H, Shimizu T, Shinomiya N (2016) The effects of 

URAT1/SLC22A12 nonfunctional variants, R90H and 

W258X, on serum uric acid levels and gout/hyperuricemia 

progression. Sci Rep 6:20148. 

https://doi.org/10.1038/srep20148 

47.  Enomoto A, Kimura H, Chairoungdua A, Shigeta Y, Jutabha 

P, Cha SH, Hosoyamada M, Takeda M, Sekine T, Igarashi T, 

Matsuo H, Kikuchi Y, Oda T, Ichida K, Hosoya T, Shimokata 

K, Niwa T, Kanai Y, Endou H (2002) Molecular 

identification of a renal urate anion exchanger that regulates 

blood urate levels. Nature 417:447–52. 

https://doi.org/10.1038/nature742 

48.  Li G, Han L, Ma R, Saeed K, Xiong H, Klaassen CD, Lu Y, 

Zhang Y (2019) Glucocorticoids Increase Renal Excretion of 

Urate in Mice by Downregulating Urate Transporter 1. Drug 

Metab Dispos 47:1343–1351. 

https://doi.org/10.1124/dmd.119.087700 

49.  Zou Y, Du J, Zhu Y, Xie X, Chen J, Ling G (2018) 

Associations between the SLC22A12 gene and gout 

http://www.jchr.org/


 
 

 

1731 

Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2026) 16(2), 1708-1741 | ISSN:2251-6727 

susceptibility: a meta-analysis. Clin Exp Rheumatol 36:442–

447 

50.  Kuo T-M, Huang C-M, Tu H-P, Min-Shan Ko A, Wang S-J, 

Lee C-P, Ko Y-C (2017) URAT1 inhibition by ALPK1 is 

associated with uric acid homeostasis. Rheumatology 

(Oxford) 56:654–659. 

https://doi.org/10.1093/rheumatology/kew463 

51.  Stiburkova B, Pavelcova K, Zavada J, Petru L, Simek P, 

Cepek P, Pavlikova M, Matsuo H, Merriman TR, Pavelka K 

(2017) Functional non-synonymous variants of ABCG2 and 

gout risk. Rheumatology (Oxford) 56:1982–1992. 

https://doi.org/10.1093/rheumatology/kex295 

52.  Kannangara DRW, Phipps-Green AJ, Dalbeth N, Stamp LK, 

Williams KM, Graham GG, Day RO, Merriman TR (2016) 

Hyperuricaemia: contributions of urate transporter ABCG2 

and the fractional renal clearance of urate. Ann Rheum Dis 

75:1363–6. https://doi.org/10.1136/annrheumdis-2015-

208111 

53.  Ichida K, Matsuo H, Takada T, Nakayama A, Murakami K, 

Shimizu T, Yamanashi Y, Kasuga H, Nakashima H, 

Nakamura T, Takada Y, Kawamura Y, Inoue H, Okada C, 

Utsumi Y, Ikebuchi Y, Ito K, Nakamura M, Shinohara Y, 

Hosoyamada M, Sakurai Y, Shinomiya N, Hosoya T, Suzuki 

H (2012) Decreased extra-renal urate excretion is a common 

cause of hyperuricemia. Nat Commun 3:764. 

https://doi.org/10.1038/ncomms1756 

54.  Wrigley R, Phipps-Green AJ, Topless RK, Major TJ, 

Cadzow M, Riches P, Tausche A-K, Janssen M, Joosten 

LAB, Jansen TL, So A, Harré Hindmarsh J, Stamp LK, 

Dalbeth N, Merriman TR (2020) Pleiotropic effect of the 

ABCG2 gene in gout: involvement in serum urate levels and 

progression from hyperuricemia to gout. Arthritis Res Ther 

22:45. https://doi.org/10.1186/s13075-020-2136-z 

55.  Horváthová V, Bohatá J, Pavlíková M, Pavelcová K, Pavelka 

K, Šenolt L, Stibůrková B (2019) Interaction of the p.Q141K 

Variant of the ABCG2 Gene with Clinical Data and Cytokine 

Levels in Primary Hyperuricemia and Gout. J Clin Med 8:. 

https://doi.org/10.3390/jcm8111965 

56.  Ristic B, Sivaprakasam S, Narayanan M, Ganapathy V 

(2020) Hereditary hemochromatosis disrupts uric acid 

homeostasis and causes hyperuricemia via altered 

expression/activity of xanthine oxidase and ABCG2. 

Biochem J 477:1499–1513. 

https://doi.org/10.1042/BCJ20190873 

57.  Chiba T, Matsuo H, Kawamura Y, Nagamori S, Nishiyama 

T, Wei L, Nakayama A, Nakamura T, Sakiyama M, Takada 

T, Taketani Y, Suma S, Naito M, Oda T, Kumagai H, 

Moriyama Y, Ichida K, Shimizu T, Kanai Y, Shinomiya N 

(2015) NPT1/SLC17A1 Is a Renal Urate Exporter in Humans 

and Its Common Gain‐of‐Function Variant Decreases the 

Risk of Renal Underexcretion Gout. Arthritis & 

Rheumatology 67:281–287. 

https://doi.org/10.1002/art.38884 

58.  Higashino T, Morimoto K, Nakaoka H, Toyoda Y, 

Kawamura Y, Shimizu S, Nakamura T, Hosomichi K, 

Nakayama A, Ooyama K, Ooyama H, Shimizu T, Ueno M, 

Ito T, Tamura T, Naito M, Nakashima H, Kawaguchi M, 

Takao M, Kawai Y, Osada N, Ichida K, Yamamoto K, Suzuki 

H, Shinomiya N, Inoue I, Takada T, Matsuo H (2020) 

Dysfunctional missense variant of OAT10/SLC22A13 

decreases gout risk and serum uric acid levels. Ann Rheum 

Dis 79:164–166. https://doi.org/10.1136/annrheumdis-2019-

216044 

59.  Drabkin M, Yogev Y, Zeller L, Zarivach R, Zalk R, Halperin 

D, Wormser O, Gurevich E, Landau D, Kadir R, Perez Y, 

Birk OS (2019) Hyperuricemia and gout caused by missense 

mutation in d-lactate dehydrogenase. J Clin Invest 129:5163–

5168. https://doi.org/10.1172/JCI129057 

60.  Köttgen A, Hwang S-J, Larson MG, Van Eyk JE, Fu Q, 

Benjamin EJ, Dehghan A, Glazer NL, Kao WHL, Harris TB, 

Gudnason V, Shlipak MG, Yang Q, Coresh J, Levy D, Fox 

CS (2010) Uromodulin levels associate with a common 

UMOD variant and risk for incident CKD. J Am Soc Nephrol 

21:337–44. https://doi.org/10.1681/ASN.2009070725 

61.  Chavarriaga J, Ocampo M, Fakih N, Silva Herrera J (2019) 

Kelley-Seegmiller Syndrome: Urolithiasis, Renal Uric Acid 

Deposits, and Gout: What is the Role of the Urologist? Urol 

Int 102:233–237. https://doi.org/10.1159/000494360 

62.  Agrahari AK, Krishna Priya M, Praveen Kumar M, Tayubi 

IA, Siva R, Prabhu Christopher B, George Priya Doss C, 

Zayed H (2019) Understanding the structure-function 

relationship of HPRT1 missense mutations in association 

with Lesch-Nyhan disease and HPRT1-related gout by in 

silico mutational analysis. Comput Biol Med 107:161–171. 

https://doi.org/10.1016/j.compbiomed.2019.02.014 

63.  Linnankivi T, Neupane N, Richter U, Isohanni P, Tyynismaa 

H (2016) Splicing Defect in Mitochondrial Seryl-tRNA 

Synthetase Gene Causes Progressive Spastic Paresis Instead 

of HUPRA Syndrome. Hum Mutat 37:884–8. 

https://doi.org/10.1002/humu.23021 

64.  Saeed A, Hoogerland JA, Wessel H, Heegsma J, Derks TGJ, 

van der Veer E, Mithieux G, Rajas F, Oosterveer MH, Faber 

KN (2020) Glycogen storage disease type 1a is associated 

with disturbed vitamin A metabolism and elevated serum 

retinol levels. Hum Mol Genet 29:264–273. 

https://doi.org/10.1093/hmg/ddz283 

65.  Chen C, Lü J-M, Yao Q (2016) Hyperuricemia-Related 

Diseases and Xanthine Oxidoreductase (XOR) Inhibitors: An 

Overview. Med Sci Monit 22:2501–12. 

https://doi.org/10.12659/msm.899852 

66.  Pang M, Fang Y, Chen S, Zhu X, Shan C, Su J, Yu J, Li B, 

Yang Y, Chen B, Liang K, Hu H, Lv G (2017) Gypenosides 

Inhibits Xanthine Oxidoreductase and Ameliorates Urate 

Excretion in Hyperuricemic Rats Induced by High 

Cholesterol and High Fat Food (Lipid Emulsion). Med Sci 

Monit 23:1129–1140. https://doi.org/10.12659/msm.903217 

http://www.jchr.org/


 
 

 

1732 

Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2026) 16(2), 1708-1741 | ISSN:2251-6727 

67.  Han T, Lan L, Qu R, Xu Q, Jiang R, Na L, Sun C (2017) 

Temporal Relationship Between Hyperuricemia and Insulin 

Resistance and Its Impact on Future Risk of Hypertension. 

Hypertension 70:703–711. 

https://doi.org/10.1161/HYPERTENSIONAHA.117.09508 

68.  Devuyst O, Olinger E, Weber S, Eckardt K-U, Kmoch S, 

Rampoldi L, Bleyer AJ (2019) Autosomal dominant 

tubulointerstitial kidney disease. Nat Rev Dis Primers 5:60. 

https://doi.org/10.1038/s41572-019-0109-9 

69.  Zivná M, Hůlková H, Matignon M, Hodanová K, Vylet’al P, 

Kalbácová M, Baresová V, Sikora J, Blazková H, Zivný J, 

Ivánek R, Stránecký V, Sovová J, Claes K, Lerut E, Fryns J-

P, Hart PS, Hart TC, Adams JN, Pawtowski A, Clemessy M, 

Gasc J-M, Gübler M-C, Antignac C, Elleder M, Kapp K, 

Grimbert P, Bleyer AJ, Kmoch S (2009) Dominant renin 

gene mutations associated with early-onset hyperuricemia, 

anemia, and chronic kidney failure. Am J Hum Genet 

85:204–13. https://doi.org/10.1016/j.ajhg.2009.07.010 

70.  Kaneko H, Kitoh H, Matsuura T, Masuda A, Ito M, Mottes 

M, Rauch F, Ishiguro N, Ohno K (2011) Hyperuricemia 

cosegregating with osteogenesis imperfecta is associated 

with a mutation in GPATCH8. Hum Genet 130:671–83. 

https://doi.org/10.1007/s00439-011-1006-9 

71.  Narang RK, Dalbeth N (2020) Pathophysiology of Gout. 

Semin Nephrol 40:550–563. 

https://doi.org/10.1016/j.semnephrol.2020.12.001 

72.  Chhana A, Lee G, Dalbeth N (2015) Factors influencing the 

crystallization of monosodium urate: a systematic literature 

review. BMC Musculoskelet Disord 16:296. 

https://doi.org/10.1186/s12891-015-0762-4 

73.  Perrin CM, Dobish MA, Van Keuren E, Swift JA (2011) 

Monosodium urate monohydrate crystallization. 

CrystEngComm 13:1111. 

https://doi.org/10.1039/c0ce00737d 

74.  Kippen I, Klinenberg JR, Weinberger A, Wilcox WR (1974) 

Factors affecting urate solubility in vitro. Ann Rheum Dis 

33:313–317. https://doi.org/10.1136/ard.33.4.313 

75.  Loeb JN (1972) The influence of temperature on the 

solubility of monosodium urate. Arthritis Rheum 15:189–

192. https://doi.org/10.1002/art.1780150209 

76.  Neogi T, Chen C, Niu J, Chaisson C, Hunter DJ, Choi H, 

Zhang Y (2014) Relation of Temperature and Humidity to 

the Risk of Recurrent Gout Attacks. Am J Epidemiol 

180:372–377. https://doi.org/10.1093/aje/kwu147 

77.  Perricone E, Brandt KD (1978) Enhancement of urate 

solubility by connective tissue. Arthritis Rheum 21:453–460. 

https://doi.org/10.1002/art.1780210409 

78.  Tak H, Cooper SM, Wilcox WR (1980) Studies on the 

nucleation of monsodium urate at 37°C. Arthritis Rheum 

23:574–580. https://doi.org/10.1002/art.1780230509 

79.  Wilcox WR, Khalaf AA (1975) Nucleation of monosodium 

urate crystals. Ann Rheum Dis 34:332–339. 

https://doi.org/10.1136/ard.34.4.332 

80.  Kam M, Perl‐Treves D, Caspi D, Addadi L (1992) 

Antibodies against crystals. The FASEB Journal 6:2608–

2613. https://doi.org/10.1096/fasebj.6.8.1592211 

81.  Martinon F, Pétrilli V, Mayor A, Tardivel A, Tschopp J 

(2006) Gout-associated uric acid crystals activate the NALP3 

inflammasome. Nature 440:237–241. 

https://doi.org/10.1038/nature04516 

82.  Liu‐Bryan R, Scott P, Sydlaske A, Rose DM, Terkeltaub R 

(2005) Innate immunity conferred by toll‐like receptors 2 and 

4 and myeloid differentiation factor 88 expression is pivotal 

to monosodium urate monohydrate crystal–induced 

inflammation. Arthritis Rheum 52:2936–2946. 

https://doi.org/10.1002/art.21238 

83.  Qing Y-F, Zhou J-G, Zhang Q-B, Wang D-S, Li M, Yang Q-

B, Huang C-P, Yin L, Pan S-Y, Xie W-G, Zhang M-Y, Pu 

M-J, Zeng M (2013) Association of TLR4 Gene rs2149356 

Polymorphism with Primary Gouty Arthritis in a Case-

Control Study. PLoS One 8:e64845. 

https://doi.org/10.1371/journal.pone.0064845 

84.  Joosten LAB, Netea MG, Mylona E, Koenders MI, Malireddi 

RKS, Oosting M, Stienstra R, van de Veerdonk FL, 

Stalenhoef AF, Giamarellos‐Bourboulis EJ, Kanneganti T, 

van der Meer JWM (2010) Engagement of fatty acids with 

toll‐like receptor 2 drives interleukin‐1β production via the 

ASC/caspase 1 pathway in monosodium urate monohydrate 

crystal–induced gouty arthritis. Arthritis Rheum 62:3237–

3248. https://doi.org/10.1002/art.27667 

85.  Giamarellos-Bourboulis EJ, Mouktaroudi M, Bodar E, van 

der Ven J, Kullberg B-J, Netea MG, van der Meer JWM 

(2009) Crystals of monosodium urate monohydrate enhance 

lipopolysaccharide-induced release of interleukin 1β by 

mononuclear cells through a caspase 1-mediated process. 

Ann Rheum Dis 68:273–278. 

https://doi.org/10.1136/ard.2007.082222 

86.  Crișan TO, Cleophas MCP, Oosting M, Lemmers H, 

Toenhake-Dijkstra H, Netea MG, Jansen TL, Joosten LAB 

(2016) Soluble uric acid primes TLR-induced 

proinflammatory cytokine production by human primary 

cells via inhibition of IL-1Ra. Ann Rheum Dis 75:755–762. 

https://doi.org/10.1136/annrheumdis-2014-206564 

87.  Crişan TO, Cleophas MCP, Novakovic B, Erler K, van de 

Veerdonk FL, Stunnenberg HG, Netea MG, Dinarello CA, 

Joosten LAB (2017) Uric acid priming in human monocytes 

is driven by the AKT–PRAS40 autophagy pathway. 

Proceedings of the National Academy of Sciences 114:5485–

5490. https://doi.org/10.1073/pnas.1620910114 

88.  Misawa T, Takahama M, Kozaki T, Lee H, Zou J, Saitoh T, 

Akira S (2013) Microtubule-driven spatial arrangement of 

mitochondria promotes activation of the NLRP3 

inflammasome. Nat Immunol 14:454–460. 

https://doi.org/10.1038/ni.2550 

89.  He W, Wan H, Hu L, Chen P, Wang X, Huang Z, Yang Z-H, 

Zhong C-Q, Han J (2015) Gasdermin D is an executor of 

http://www.jchr.org/


 
 

 

1733 

Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2026) 16(2), 1708-1741 | ISSN:2251-6727 

pyroptosis and required for interleukin-1β secretion. Cell Res 

25:1285–1298. https://doi.org/10.1038/cr.2015.139 

90.  Dalbeth N, Gosling AL, Gaffo A, Abhishek A (2021) Gout. 

Lancet 397:1843–1855. https://doi.org/10.1016/S0140-

6736(21)00569-9 

91.  So AK, Martinon F (2017) Inflammation in gout: 

mechanisms and therapeutic targets. Nat Rev Rheumatol 

13:639–647. https://doi.org/10.1038/nrrheum.2017.155 

92.  Kim S-K (2022) The Mechanism of the NLRP3 

Inflammasome Activation and Pathogenic Implication in the 

Pathogenesis of Gout. Journal of rheumatic diseases 29:140–

153. https://doi.org/10.4078/jrd.2022.29.3.140 

93.  Wu Y, Zhang J, Yu S, Li Y, Zhu J, Zhang K, Zhang R (2022) 

Cell pyroptosis in health and inflammatory diseases. Cell 

Death Discov 8:191. https://doi.org/10.1038/s41420-022-

00998-3 

94.  Schauer C, Janko C, Munoz LE, Zhao Y, Kienhöfer D, Frey 

B, Lell M, Manger B, Rech J, Naschberger E, Holmdahl R, 

Krenn V, Harrer T, Jeremic I, Bilyy R, Schett G, Hoffmann 

M, Herrmann M (2014) Aggregated neutrophil extracellular 

traps limit inflammation by degrading cytokines and 

chemokines. Nat Med 20:511–7. 

https://doi.org/10.1038/nm.3547 

95.  Netea MG, van de Veerdonk FL, van der Meer JWM, 

Dinarello CA, Joosten LAB (2015) Inflammasome-

independent regulation of IL-1-family cytokines. Annu Rev 

Immunol 33:49–77. https://doi.org/10.1146/annurev-

immunol-032414-112306 

96.  Ahmad MI, Masood S, Furlanetto DM, Nicolaou S (2021) 

Urate Crystals; Beyond Joints. Front Med (Lausanne) 8:. 

https://doi.org/10.3389/fmed.2021.649505 

97.  Newberry SJ, FitzGerald JD, Motala A, Booth M, Maglione 

MA, Han D, Tariq A, O’Hanlon CE, Shanman R, Dudley W, 

Shekelle PG (2017) Diagnosis of Gout: A Systematic Review 

in Support of an American College of Physicians Clinical 

Practice Guideline. Ann Intern Med 166:27–36. 

https://doi.org/10.7326/M16-0462 

98.  Araujo EG, Manger B, Perez-Ruiz F, Thiele RG (2016) 

Imaging of gout: New tools and biomarkers? Best Pract Res 

Clin Rheumatol 30:638–652. 

https://doi.org/10.1016/j.berh.2016.10.010 

99.  Suresh E, Das P (2012) Recent advances in management of 

gout. QJM 105:407–417. 

https://doi.org/10.1093/qjmed/hcr242 

100.  Low E, Ouellette H, Munk PL (2020) Tophaceous Gout. Ann 

Acad Med Singap 49:931–933. 

https://doi.org/10.47102/annals-acadmedsg.2020125 

101.  Dalbeth N, Merriman TR, Stamp LK (2016) Gout. Lancet 

388:2039–2052. https://doi.org/10.1016/S0140-

6736(16)00346-9 

102.  Glazebrook KN, Kakar S, Ida CM, Laurini JA, Moder KG, 

Leng S (2012) False-Negative Dual-Energy Computed 

Tomography in a Patient With Acute Gout. JCR: Journal of 

Clinical Rheumatology 18:138–141. 

https://doi.org/10.1097/RHU.0b013e318253aa5e 

103.  Abhishek A, Roddy E, Doherty M (2017) Gout – a guide for 

the general and acute physicians. Clinical Medicine 17:54–

59. https://doi.org/10.7861/clinmedicine.17-1-54 

104.  Teh J, McQueen F, Eshed I, Plagou A, Klauser A (2018) 

Advanced Imaging in the Diagnosis of Gout and Other 

Crystal Arthropathies. Semin Musculoskelet Radiol 22:225–

236. https://doi.org/10.1055/s-0038-1639484 

105.  Davies J, Riede P, van Langevelde K, Teh J (2019) Recent 

developments in advanced imaging in gout. Ther Adv 

Musculoskelet Dis 11:1759720X19844429. 

https://doi.org/10.1177/1759720X19844429 

106.  Suh YS, Cheon Y, Kim JE, Kim J, Kim S, Lee W, Yoo W, 

Lee S, Kim H (2016) Usefulness of plain radiography for 

assessing hypouricemic treatment response in patients with 

tophaceous gout. Int J Rheum Dis 19:1183–1188. 

https://doi.org/10.1111/1756-185X.12921 

107.  Rettenbacher T, Ennemoser S, Weirich H, Ulmer H, Hartig 

F, Klotz W, Herold M (2008) Diagnostic imaging of gout: 

comparison of high-resolution US versus conventional X-

ray. Eur Radiol 18:621–30. https://doi.org/10.1007/s00330-

007-0802-z 

108.  Weaver JS, Vina ER, Munk PL, Klauser AS, Elifritz JM, 

Taljanovic MS (2021) Gouty Arthropathy: Review of 

Clinical Manifestations and Treatment, with Emphasis on 

Imaging. J Clin Med 11:166. 

https://doi.org/10.3390/jcm11010166 

109.  Girish G, Glazebrook KN, Jacobson JA (2013) Advanced 

imaging in gout. AJR Am J Roentgenol 201:515–25. 

https://doi.org/10.2214/AJR.13.10776 

110.  Taljanovic MS, Melville DM, Gimber LH, Scalcione LR, 

Miller MD, Kwoh CK, Klauser AS (2015) High-Resolution 

US of Rheumatologic Diseases. Radiographics 35:2026–48. 

https://doi.org/10.1148/rg.2015140250 

111.  Lee YH, Song GG (2018) Diagnostic accuracy of ultrasound 

in patients with gout: A meta-analysis. Semin Arthritis 

Rheum 47:703–709. 

https://doi.org/10.1016/j.semarthrit.2017.09.012 

112.  Girish G, Melville DM, Kaeley GS, Brandon CJ, Goyal JR, 

Jacobson JA, Jamadar DA (2013) Imaging appearances in 

gout. Arthritis 2013:673401. 

https://doi.org/10.1155/2013/673401 

113.  Lee SK, Jung J-Y, Jee W-H, Lee JJ, Park S-H (2019) 

Combining non-contrast and dual-energy CT improves 

diagnosis of early gout. Eur Radiol 29:1267–1275. 

https://doi.org/10.1007/s00330-018-5716-4 

114.  Schwabl C, Taljanovic M, Widmann G, Teh J, Klauser AS 

(2021) Ultrasonography and dual-energy computed 

tomography: impact for the detection of gouty deposits. 

Ultrasonography 40:197–206. 

https://doi.org/10.14366/usg.20063 

http://www.jchr.org/


 
 

 

1734 

Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2026) 16(2), 1708-1741 | ISSN:2251-6727 

115.  Carotti M, Salaffi F, Filippucci E, Aringhieri G, Bruno F, 

Giovine S, Gentili F, Floridi C, Borgheresi A, De Filippo M, 

Masciocchi C, Barile A, Giovagnoni A (2020) Clinical utility 

of Dual Energy Computed Tomography in gout: current 

concepts and applications. Acta Biomed 91:116–124. 

https://doi.org/10.23750/abm.v91i8-S.9942 

116.  Richette P, Doherty M, Pascual E, Barskova V, Becce F, 

Castaneda J, Coyfish M, Guillo S, Jansen T, Janssens H, 

Lioté F, Mallen CD, Nuki G, Perez-Ruiz F, Pimentao J, Punzi 

L, Pywell A, So AK, Tausche A-K, Uhlig T, Zavada J, Zhang 

W, Tubach F, Bardin T (2020) 2018 updated European 

League Against Rheumatism evidence-based 

recommendations for the diagnosis of gout. Ann Rheum Dis 

79:31–38. https://doi.org/10.1136/annrheumdis-2019-

215315 

117.  Gamala M, Jacobs JWG, van Laar JM (2019) The diagnostic 

performance of dual energy CT for diagnosing gout: a 

systematic literature review and meta-analysis. 

Rheumatology 58:2117–2121. 

https://doi.org/10.1093/rheumatology/kez180 

118.  Chou H, Chin TY, Peh WCG (2017) Dual‐energy CT in gout 

– A review of current concepts and applications. J Med 

Radiat Sci 64:41–51. https://doi.org/10.1002/jmrs.223 

119.  Bayat S, Baraf HSB, Rech J (2018) Update on imaging in 

gout: contrasting and comparing the role of dual-energy 

computed tomography to traditional diagnostic and 

monitoring techniques. Clin Exp Rheumatol 36 Suppl 

114:53–60 

120.  Abdellatif W, Ding J, Khorshed D, Shojania K, Nicolaou S 

(2020) Unravelling the mysteries of gout by multimodality 

imaging. Semin Arthritis Rheum 50:S17–S23. 

https://doi.org/10.1016/j.semarthrit.2020.04.009 

121.  Wang JX, Ng B, Bak H, Spencer D, Manolios N, Wong PKK 

(2020) The utility of dual energy computed tomography in 

the management of axial gout: case reports and literature 

review. BMC Rheumatol 4:22. 

https://doi.org/10.1186/s41927-020-00119-6 

122.  McQueen FM, Doyle A, Reeves Q, Gao A, Tsai A, Gamble 

GD, Curteis B, Williams M, Dalbeth N (2014) Bone erosions 

in patients with chronic gouty arthropathy are associated with 

tophi but not bone oedema or synovitis: new insights from a 

3 T MRI study. Rheumatology (Oxford) 53:95–103. 

https://doi.org/10.1093/rheumatology/ket329 

123.  Parthasarathy P, Vivekanandan S (2018) Urate crystal 

deposition, prevention and various diagnosis techniques of 

GOUT arthritis disease: a comprehensive review. Health Inf 

Sci Syst 6:19. https://doi.org/10.1007/s13755-018-0058-9 

124.  Zong X, Liu L, Yang M, Li J, Yuan P, Cao J (2026) 

Integrating Musculoskeletal Ultrasound and Serological 

Markers to Optimize Acute Gouty Arthritis Diagnosis. Int J 

Rheum Dis 29:. https://doi.org/10.1111/1756-185x.70564 

125.  Pillinger MH, Mandell BF (2020) Therapeutic approaches in 

the treatment of gout. Semin Arthritis Rheum 50:S24–S30. 

https://doi.org/10.1016/j.semarthrit.2020.04.010 

126.  SCHUMACHER HR, BERGER MF, LI-YU J, PEREZ-

RUIZ F, BURGOS-VARGAS R, LI C (2012) Efficacy and 

Tolerability of Celecoxib in the Treatment of Acute Gouty 

Arthritis: A Randomized Controlled Trial. J Rheumatol 

39:1859–1866. https://doi.org/10.3899/jrheum.110916 

127.  Richette P, Doherty M, Pascual E, Barskova V, Becce F, 

Castañeda-Sanabria J, Coyfish M, Guillo S, Jansen TL, 

Janssens H, Lioté F, Mallen C, Nuki G, Perez-Ruiz F, 

Pimentao J, Punzi L, Pywell T, So A, Tausche AK, Uhlig T, 

Zavada J, Zhang W, Tubach F, Bardin T (2017) 2016 updated 

EULAR evidence-based recommendations for the 

management of gout. Ann Rheum Dis 76:29–42. 

https://doi.org/10.1136/annrheumdis-2016-209707 

128.  Khanna D, Khanna PP, Fitzgerald JD, Singh MK, Bae S, 

Neogi T, Pillinger MH, Merill J, Lee S, Prakash S, Kaldas M, 

Gogia M, Perez‐Ruiz F, Taylor W, Lioté F, Choi H, Singh 

JA, Dalbeth N, Kaplan S, Niyyar V, Jones D, Yarows SA, 

Roessler B, Kerr G, King C, Levy G, Furst DE, Edwards NL, 

Mandell B, Schumacher HR, Robbins M, Wenger N, 

Terkeltaub R (2012) 2012 American College of 

Rheumatology guidelines for management of gout. Part 2: 

Therapy and antiinflammatory prophylaxis of acute gouty 

arthritis. Arthritis Care Res (Hoboken) 64:1447–1461. 

https://doi.org/10.1002/acr.21773 

129.  Theken KN (2018) Variability in analgesic response to non-

steroidal anti-inflammatory drugs. Prostaglandins Other 

Lipid Mediat 139:63–70. 

https://doi.org/10.1016/j.prostaglandins.2018.10.005 

130.  Rainer TH, Cheng CH, Janssens HJEM, Man CY, Tam LS, 

Choi YF, Yau WH, Lee KH, Graham CA (2016) Oral 

Prednisolone in the Treatment of Acute Gout. Ann Intern 

Med 164:464–471. https://doi.org/10.7326/M14-2070 

131.  Schlesinger N (2014) Treatment of Acute Gout. Rheumatic 

Disease Clinics of North America 40:329–341. 

https://doi.org/10.1016/j.rdc.2014.01.008 

132.  Khanna PP, Gladue HS, Singh MK, FitzGerald JD, Bae S, 

Prakash S, Kaldas M, Gogia M, Berrocal V, Townsend W, 

Terkeltaub R, Khanna D (2014) Treatment of acute gout: A 

systematic review. Semin Arthritis Rheum 44:31–38. 

https://doi.org/10.1016/j.semarthrit.2014.02.003 

133.  Zhang Y-K, Yang H, Zhang J-Y, Song L-J, Fan Y-C (2014) 

Comparison of intramuscular compound betamethasone and 

oral diclofenac sodium in the treatment of acute attacks of 

gout. Int J Clin Pract 68:633–638. 

https://doi.org/10.1111/ijcp.12359 

134.  Sidari A, Hill E (2018) Diagnosis and Treatment of Gout and 

Pseudogout for Everyday Practice. Primary Care: Clinics in 

Office Practice 45:213–236. 

https://doi.org/10.1016/j.pop.2018.02.004 

135.  Slobodnick A, Shah B, Krasnokutsky S, Pillinger MH (2018) 

Update on colchicine, 2017. Rheumatology 57:i4–i11. 

https://doi.org/10.1093/rheumatology/kex453 

http://www.jchr.org/


 
 

 

1735 

Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2026) 16(2), 1708-1741 | ISSN:2251-6727 

136.  Pope RM, Tschopp J (2007) The role of interleukin‐1 and the 

inflammasome in gout: Implications for therapy. Arthritis 

Rheum 56:3183–3188. https://doi.org/10.1002/art.22938 

137.  Terkeltaub RA, Furst DE, Bennett K, Kook KA, Crockett RS, 

Davis MW (2010) High versus low dosing of oral colchicine 

for early acute gout flare: Twenty‐four–hour outcome of the 

first multicenter, randomized, double‐blind, placebo‐

controlled, parallel‐group, dose‐comparison colchicine 

study. Arthritis Rheum 62:1060–1068. 

https://doi.org/10.1002/art.27327 

138.  Terkeltaub RA, Furst DE, DiGiacinto JL, Kook KA, Davis 

MW (2011) Novel evidence‐based colchicine dose‐reduction 

algorithm to predict and prevent colchicine toxicity in the 

presence of cytochrome P450 3A4/P‐glycoprotein inhibitors. 

Arthritis Rheum 63:2226–2237. 

https://doi.org/10.1002/art.30389 

139.  Finkelstein Y, Aks SE, Hutson JR, Juurlink DN, Nguyen P, 

Dubnov-Raz G, Pollak U, Koren G, Bentur Y (2010) 

Colchicine poisoning: the dark side of an ancient drug. Clin 

Toxicol 48:407–414. 

https://doi.org/10.3109/15563650.2010.495348 

140.  Crittenden DB, Pillinger MH (2013) New Therapies for 

Gout. Annu Rev Med 64:325–337. 

https://doi.org/10.1146/annurev-med-080911-105830 

141.  Liew JW, Gardner GC (2019) Use of Anakinra in 

Hospitalized Patients with Crystal-associated Arthritis. J 

Rheumatol 46:1345–1349. 

https://doi.org/10.3899/jrheum.181018 

142.  Saag KG, Khanna PP, Keenan RT, Ohlman S, Osterling 

Koskinen L, Sparve E, Åkerblad A, Wikén M, So A, Pillinger 

MH, Terkeltaub R (2021) A Randomized, Phase II Study 

Evaluating the Efficacy and Safety of Anakinra in the 

Treatment of Gout Flares. Arthritis & Rheumatology 

73:1533–1542. https://doi.org/10.1002/art.41699 

143.  Schlesinger N, Alten RE, Bardin T, Schumacher HR, Bloch 

M, Gimona A, Krammer G, Murphy V, Richard D, So AK 

(2012) Canakinumab for acute gouty arthritis in patients with 

limited treatment options: results from two randomised, 

multicentre, active-controlled, double-blind trials and their 

initial extensions. Ann Rheum Dis 71:1839–1848. 

https://doi.org/10.1136/annrheumdis-2011-200908 

144.  Schumacher HR, Evans RR, Saag KG, Clower J, Jennings 

W, Weinstein SP, Yancopoulos GD, Wang J, Terkeltaub R 

(2012) Rilonacept (interleukin‐1 trap) for prevention of gout 

flares during initiation of uric acid–lowering therapy: Results 

from a phase III randomized, double‐blind, placebo‐

controlled, confirmatory efficacy study. Arthritis Care Res 

(Hoboken) 64:1462–1470. https://doi.org/10.1002/acr.21690 

145.  Mitha E, Schumacher HR, Fouche L, Luo S-F, Weinstein SP, 

Yancopoulos GD, Wang J, King-Davis S, Evans RR (2013) 

Rilonacept for gout flare prevention during initiation of uric 

acid-lowering therapy: results from the PRESURGE-2 

international, phase 3, randomized, placebo-controlled trial. 

Rheumatology 52:1285–1292. 

https://doi.org/10.1093/rheumatology/ket114 

146.  Janssen CA, Oude Voshaar MAH, Vonkeman HE, Jansen 

TLThA, Janssen M, Kok MR, Radovits B, van Durme C, 

Baan H, van de Laar MAFJ (2019) Anakinra for the treatment 

of acute gout flares: a randomized, double-blind, placebo-

controlled, active-comparator, non-inferiority trial. 

Rheumatology 58:1344–1352. 

https://doi.org/10.1093/rheumatology/key402 

147.  Khanna D, Fitzgerald JD, Khanna PP, Bae S, Singh MK, 

Neogi T, Pillinger MH, Merill J, Lee S, Prakash S, Kaldas M, 

Gogia M, Perez‐Ruiz F, Taylor W, Lioté F, Choi H, Singh 

JA, Dalbeth N, Kaplan S, Niyyar V, Jones D, Yarows SA, 

Roessler B, Kerr G, King C, Levy G, Furst DE, Edwards NL, 

Mandell B, Schumacher HR, Robbins M, Wenger N, 

Terkeltaub R (2012) 2012 American College of 

Rheumatology guidelines for management of gout. Part 1: 

Systematic nonpharmacologic and pharmacologic 

therapeutic approaches to hyperuricemia. Arthritis Care Res 

(Hoboken) 64:1431–1446. https://doi.org/10.1002/acr.21772 

148.  Yamanaka H, Metabolism TGRCOJSOGANA (2012) 

Essence of the revised guideline for the management of 

hyperuricemia and gout. Japan Med Assoc J 55:324–9 

149.  Qaseem A, Harris RP, Forciea MA (2017) Management of 

Acute and Recurrent Gout: A Clinical Practice Guideline 

From the American College of Physicians. Ann Intern Med 

166:58–68. https://doi.org/10.7326/M16-0570 

150.  Dalbeth N, Bardin T, Doherty M, Lioté F, Richette P, Saag 

KG, So AK, Stamp LK, Choi HK, Terkeltaub R (2017) 

Discordant American College of Physicians and international 

rheumatology guidelines for gout management: consensus 

statement of the Gout, Hyperuricemia and Crystal-

Associated Disease Network (G-CAN). Nat Rev Rheumatol 

13:561–568. https://doi.org/10.1038/nrrheum.2017.126 

151.  Perez-Ruiz F, Herrero-Beites AM, Carmona L (2011) A two-

stage approach to the treatment of hyperuricemia in gout: The 

“dirty dish” hypothesis. Arthritis Rheum 63:4002–4006. 

https://doi.org/10.1002/art.30649 

152.  Gupta MK, Singh JA (2019) Cardiovascular Disease in Gout 

and the Protective Effect of Treatments Including Urate-

Lowering Therapy. Drugs 79:531–541. 

https://doi.org/10.1007/s40265-019-01081-5 

153.  Richette P, Latourte A, Bardin T (2018) Cardiac and renal 

protective effects of urate-lowering therapy. Rheumatology 

57:i47–i50. https://doi.org/10.1093/rheumatology/kex432 

154.  FitzGerald JD, Dalbeth N, Mikuls T, Brignardello‐Petersen 

R, Guyatt G, Abeles AM, Gelber AC, Harrold LR, Khanna 

D, King C, Levy G, Libbey C, Mount D, Pillinger MH, 

Rosenthal A, Singh JA, Sims JE, Smith BJ, Wenger NS, Bae 

SS, Danve A, Khanna PP, Kim SC, Lenert A, Poon S, Qasim 

A, Sehra ST, Sharma TSK, Toprover M, Turgunbaev M, 

Zeng L, Zhang MA, Turner AS, Neogi T (2020) 2020 

American College of Rheumatology Guideline for the 

http://www.jchr.org/


 
 

 

1736 

Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2026) 16(2), 1708-1741 | ISSN:2251-6727 

Management of Gout. Arthritis & Rheumatology 72:879–

895. https://doi.org/10.1002/art.41247 

155.  Perez-Ruiz F, Dalbeth N (2019) Combination urate-lowering 

therapy in the treatment of gout: What is the evidence? Semin 

Arthritis Rheum 48:658–668. 

https://doi.org/10.1016/j.semarthrit.2018.06.004 

156.  Somkrua R, Eickman EE, Saokaew S, Lohitnavy M, 

Chaiyakunapruk N (2011) Association of HLA-B*5801 

allele and allopurinol-induced stevens johnson syndrome and 

toxic epidermal necrolysis: a systematic review and meta-

analysis. BMC Med Genet 12:118. 

https://doi.org/10.1186/1471-2350-12-118 

157.  Stamp LK, Barclay ML (2018) How to prevent allopurinol 

hypersensitivity reactions? Rheumatology 57:i35–i41. 

https://doi.org/10.1093/rheumatology/kex422 

158.  Timilsina S, Brittan K, O’Dell JR, Brophy M, Davis-Karim 

A, Henrie AM, Neogi T, Newcomb J, Palevsky PM, Pillinger 

MH, Pittman D, Taylor TH, Wu H, Mikuls TR (2018) Design 

and Rationale for the Veterans Affairs “Cooperative Study 

Program 594 Comparative Effectiveness in Gout: 

Allopurinol vs. Febuxostat” Trial. Contemp Clin Trials 

68:102–108. https://doi.org/10.1016/j.cct.2018.03.015 

159.  White WB, Saag KG, Becker MA, Borer JS, Gorelick PB, 

Whelton A, Hunt B, Castillo M, Gunawardhana L (2018) 

Cardiovascular Safety of Febuxostat or Allopurinol in 

Patients with Gout. New England Journal of Medicine 

378:1200–1210. https://doi.org/10.1056/NEJMoa1710895 

160.  Choi H, Neogi T, Stamp L, Dalbeth N, Terkeltaub R (2018) 

New Perspectives in Rheumatology: Implications of the 

Cardiovascular Safety of Febuxostat and Allopurinol in 

Patients With Gout and Cardiovascular Morbidities Trial and 

the Associated Food and Drug Administration Public Safety 

Alert. Arthritis & Rheumatology 70:1702–1709. 

https://doi.org/10.1002/art.40583 

161.  Kang EH, Choi HK, Shin A, Lee YJ, Lee EB, Song YW, Kim 

SC (2019) Comparative cardiovascular risk of allopurinol 

versus febuxostat in patients with gout: a nation-wide cohort 

study. Rheumatology 58:2122–2129. 

https://doi.org/10.1093/rheumatology/kez189 

162.  MacDonald TM, Ford I, Nuki G, Mackenzie IS, De Caterina 

R, Findlay E, Hallas J, Hawkey CJ, Ralston S, Walters M, 

Webster J, McMurray J, Perez Ruiz F, Jennings CG (2014) 

Protocol of the Febuxostat versus Allopurinol Streamlined 

Trial (FAST): a large prospective, randomised, open, blinded 

endpoint study comparing the cardiovascular safety of 

allopurinol and febuxostat in the management of 

symptomatic hyperuricaemia. BMJ Open 4:e005354. 

https://doi.org/10.1136/bmjopen-2014-005354 

163.  Zhang M, Solomon DH, Desai RJ, Kang EH, Liu J, Neogi T, 

Kim SC (2018) Assessment of Cardiovascular Risk in Older 

Patients With Gout Initiating Febuxostat Versus Allopurinol. 

Circulation 138:1116–1126. 

https://doi.org/10.1161/CIRCULATIONAHA.118.033992 

164.  Hosoya T, Ogawa Y, Hashimoto H, Ohashi T, Sakamoto R 

(2016) Comparison of topiroxostat and allopurinol in 

Japanese hyperuricemic patients with or without gout: a 

phase 3, multicentre, randomized, double‐blind, double‐

dummy, active‐controlled, parallel‐group study. J Clin 

Pharm Ther 41:290–297. https://doi.org/10.1111/jcpt.12391 

165.  Girardet J-L, Miner JN (2014) Urate Crystal Deposition 

Disease and Gout—New Therapies for an Old Problem. pp 

151–164 

166.  Tamiya E, Yamashita H, Takabe T, Matsumoto T, Kajihara 

J, Yamamoto S, Kanoh T, Koide H, Minamino T (2022) 

Evaluation of the Effect of Topiroxostat on Renal Function 

in Patients with Hyperuricemia: STOP-C Study, a 

Retrospective Observational Cohort Study. Drugs Real 

World Outcomes 9:299–306. 

https://doi.org/10.1007/s40801-022-00291-w 

167.  Strilchuk L, Fogacci F, Cicero AF (2019) Safety and 

tolerability of available urate-lowering drugs: a critical 

review. Expert Opin Drug Saf 18:261–271. 

https://doi.org/10.1080/14740338.2019.1594771 

168.  Terkeltaub R, Lee J, Min J, Shin S, Saag KG (2023) Serum 

Urate-Lowering Efficacy and Safety of Tigulixostat in Gout 

Patients With Hyperuricemia: A Randomized, Double-Blind, 

Placebo-Controlled, Dose-Finding Trial. Arthritis 

Rheumatol 75:1275–1284. https://doi.org/10.1002/art.42447 

169.  Cicero AFG, Fogacci F, Cincione RI, Tocci G, Borghi C 

(2021) Clinical Effects of Xanthine Oxidase Inhibitors in 

Hyperuricemic Patients. Medical Principles and Practice 

30:122–130. https://doi.org/10.1159/000512178 

170.  Tan PK, Farrar JE, Gaucher EA, Miner JN (2016) 

Coevolution of URAT1 and Uricase during Primate 

Evolution: Implications for Serum Urate Homeostasis and 

Gout. Mol Biol Evol 33:2193–2200. 

https://doi.org/10.1093/molbev/msw116 

171.  Sun H, Wu Y, Bian H, Yang H, Wang H, Meng X, Jin J 

(2021) Function of Uric Acid Transporters and Their 

Inhibitors in Hyperuricaemia. Front Pharmacol 12:. 

https://doi.org/10.3389/fphar.2021.667753 

172.  Jenkins C, Hwang JH, Kopp JB, Winkler CA, Cho SK (2022) 

Review of Urate-Lowering Therapeutics: From the Past to 

the Future. Front Pharmacol 13:. 

https://doi.org/10.3389/fphar.2022.925219 

173.  Li Y-J, Chen L-R, Yang Z-L, Wang P, Jiang F-F, Guo Y, 

Qian K, Yang M, Yin S-J, He G-H (2023) Comparative 

efficacy and safety of uricosuric agents in the treatment of 

gout or hyperuricemia: a systematic review and network 

meta-analysis. Clin Rheumatol 42:215–224. 

https://doi.org/10.1007/s10067-022-06356-z 

174.  Du C, Yin H, Xie A, Yu J, Wang Y, Yao F, Zhang S, Zhang 

Y, Liu L, Wang P, Dong J, Xu X (2025) Virtual screening 

and biological evaluation of natural products as urate 

transporter 1 (URAT1) inhibitors. J Biomol Struct Dyn 

43:10008–10021. 

https://doi.org/10.1080/07391102.2024.2331101 

http://www.jchr.org/


 
 

 

1737 

Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2026) 16(2), 1708-1741 | ISSN:2251-6727 

175.  Cai W, Wu J, Liu W, Xie Y, Liu Y, Zhang S, Xu W, Tang L, 

Wang J, Zhao G (2018) Systematic Structure-Activity 

Relationship (SAR) Exploration of Diarylmethane Backbone 

and Discovery of A Highly Potent Novel Uric Acid 

Transporter 1 (URAT1) Inhibitor. Molecules 23:252. 

https://doi.org/10.3390/molecules23020252 

176.  Robbins N, Koch SE, Tranter M, Rubinstein J (2012) The 

History and Future of Probenecid. Cardiovasc Toxicol 12:1–

9. https://doi.org/10.1007/s12012-011-9145-8 

177.  Yang D-H, Chen H-C, Wei JC-C (2023) Early urate-lowering 

therapy in gouty arthritis with acute flares: a double-blind 

placebo controlled clinical trial. Eur J Med Res 28:10. 

https://doi.org/10.1186/s40001-022-00982-8 

178.  Pui K, Gow PJ, Dalbeth N (2013) Efficacy and Tolerability 

of Probenecid as Urate-lowering Therapy in Gout; Clinical 

Experience in High-prevalence Population. J Rheumatol 

40:872–876. https://doi.org/10.3899/jrheum.121301 

179.  Li S, Yang H, Guo Y, Wei F, Yang X, Li D, Li M, Xu W, Li 

W, Sun L, Gao Y, Wang Y (2016) Comparative efficacy and 

safety of urate-lowering therapy for the treatment of 

hyperuricemia: a systematic review and network meta-

analysis. Sci Rep 6:33082. 

https://doi.org/10.1038/srep33082 

180.  Kang EH, Kim SC (2019) Cardiovascular Safety of Urate 

Lowering Therapies. Curr Rheumatol Rep 21:48. 

https://doi.org/10.1007/s11926-019-0843-8 

181.  Rubinstein J, Woo JG, Garcia AM, Alsaied T, Li J, Lunde 

PK, Moore RA, Laasmaa M, Sammons A, Mays WA, 

Miyamoto SD, Louch WE, Veldtman GR (2020) Probenecid 

Improves Cardiac Function in Subjects with a Fontan 

Circulation and Augments Cardiomyocyte Calcium 

Homeostasis. Pediatr Cardiol 41:1675–1688. 

https://doi.org/10.1007/s00246-020-02427-7 

182.  Kim SC, Neogi T, Kang EH, Liu J, Desai RJ, Zhang M, 

Solomon DH (2018) Cardiovascular Risks of 

Probenecid Versus Allopurinol in Older Patients With Gout. 

J Am Coll Cardiol 71:994–1004. 

https://doi.org/10.1016/j.jacc.2017.12.052 

183.  Deeks ED (2017) Lesinurad: A Review in Hyperuricaemia of 

Gout. Drugs Aging 34:401–410. 

https://doi.org/10.1007/s40266-017-0461-y 

184.  Terkeltaub R, Saag KG, Goldfarb DS, Baumgartner S, 

Schechter BM, Valiyil R, Jalal D, Pillinger M, White WB 

(2019) Integrated safety studies of the urate reabsorption 

inhibitor lesinurad in treatment of gout. Rheumatology 

58:61–69. https://doi.org/10.1093/rheumatology/key245 

185.  Pérez-Ruiz F, Jansen T, Tausche A-K, Juárez-Campo M, 

Ravichandra KG, Richette P (2019) Efficacy and safety of 

lesinurad for the treatment of hyperuricemia in gout. Drugs 

Context 8:1–11. https://doi.org/10.7573/dic.212581 

186.  Felser A, Lindinger PW, Schnell D, Kratschmar D V., 

Odermatt A, Mies S, Jenö P, Krähenbühl S (2014) 

Hepatocellular toxicity of benzbromarone: Effects on 

mitochondrial function and structure. Toxicology 324:136–

146. https://doi.org/10.1016/j.tox.2014.08.002 

187.  Uda J, Kobashi S, Miyata S, Ashizawa N, Matsumoto K, 

Iwanaga T (2020) Discovery of Dotinurad (FYU-981), a New 

Phenol Derivative with Highly Potent Uric Acid Lowering 

Activity. ACS Med Chem Lett 11:2017–2023. 

https://doi.org/10.1021/acsmedchemlett.0c00176 

188.  Muraya N, Kadowaki D, Miyamura S, Kitamura K, 

Uchimura K, Narita Y, Miyamoto Y, Chuang VTG, Taguchi 

K, Maruyama T, Otagiri M, Hirata S (2018) Benzbromarone 

Attenuates Oxidative Stress in Angiotensin II‐ and Salt‐

Induced Hypertensive Model Rats. Oxid Med Cell Longev 

2018:. https://doi.org/10.1155/2018/7635274 

189.  Jansen TLt, Tanja G, Matthijs J (2022) A historical journey 

of searching for uricosuric drugs. Clin Rheumatol 41:297–

305. https://doi.org/10.1007/s10067-021-05930-1 

190.  Alrajeh KY, Roman YM (2022) Pharmacogenetic 

Perspective for Optimal Gout Management. Future 

Pharmacology 2:135–152. 

https://doi.org/10.3390/futurepharmacol2020011 

191.  Wu F, Chen L, Du Y (2024) Comparison of the efficacy and 

safety of benzbromarone and febuxostat in gout and 

hyperuricemia: a systematic review and meta-analysis. Clin 

Rheumatol 43:1745–1754. https://doi.org/10.1007/s10067-

024-06933-4 

192.  Ohta Y, Ishizuka A, Arima H, Hayashi S, Iwashima Y, 

Kishida M, Yoshihara F, Nakamura S, Kawano Y (2017) 

Effective uric acid-lowering treatment for hypertensive 

patients with hyperuricemia. Hypertension Research 40:259–

263. https://doi.org/10.1038/hr.2016.139 

193.  Kydd AS, Seth R, Buchbinder R, Edwards CJ, Bombardier C 

(2014) Uricosuric medications for chronic gout. Cochrane 

Database of Systematic Reviews 2014:. 

https://doi.org/10.1002/14651858.CD010457.pub2 

194.  Lai S-W, Liao K-F, Kuo Y-H, Hwang B-F, Liu C-S (2023) 

Comparison of benzbromarone and allopurinol on the risk of 

chronic kidney disease in people with asymptomatic 

hyperuricemia. Eur J Intern Med 113:91–97. 

https://doi.org/10.1016/j.ejim.2023.04.025 

195.  Kang EH, Park EH, Shin A, Song JS, Kim SC (2021) 

Cardiovascular risk associated with allopurinol vs. 

benzbromarone in patients with gout. Eur Heart J 42:4578–

4588. https://doi.org/10.1093/eurheartj/ehab619 

196.  Lai S-W, Liao K-F, Kuo Y-H, Lin C-L, Liu C-S, Hwang B-

F (2021) A Head-To-Head Comparison of Benzbromarone 

and Allopurinol on the Risk of Type 2 Diabetes Mellitus in 

People With Asymptomatic Hyperuricemia. Front Pharmacol 

12:. https://doi.org/10.3389/fphar.2021.731370 

197.  Eun Y, Han H, Kim K, Kang S, Lee S, Kim H, Lee J, Koh E-

M, Cha H-S (2022) Cardiovascular risk associated with 

allopurinol or benzbromarone treatment in patients with gout. 

Ther Adv Musculoskelet Dis 14:. 

https://doi.org/10.1177/1759720X221116409 

http://www.jchr.org/


 
 

 

1738 

Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2026) 16(2), 1708-1741 | ISSN:2251-6727 

198.  Tian H, Liu W, Zhou Z, Shang Q, Liu Y, Xie Y, Liu C, Xu 

W, Tang L, Wang J, Zhao G (2016) Discovery of a Flexible 

Triazolylbutanoic Acid as a Highly Potent Uric Acid 

Transporter 1 (URAT1) Inhibitor. Molecules 21:1543. 

https://doi.org/10.3390/molecules21111543 

199.  Taniguchi T, Ashizawa N, Matsumoto K, Saito R, Motoki K, 

Sakai M, Chikamatsu N, Hagihara C, Hashiba M, Iwanaga T 

(2019) Pharmacological Evaluation of Dotinurad, a Selective 

Urate Reabsorption Inhibitor. J Pharmacol Exp Ther 

371:162–170. https://doi.org/10.1124/jpet.119.259341 

200.  Kuriyama S (2020) Dotinurad: a novel selective urate 

reabsorption inhibitor as a future therapeutic option for 

hyperuricemia. Clin Exp Nephrol 24:1–5. 

https://doi.org/10.1007/s10157-019-01811-9 

201.  Kumagai Y, Sakaki M, Furihata K, Ito T, Inoue K, Yoshida 

T, Matsumoto S, Furuno K, Hagino A (2020) Dotinurad: a 

clinical pharmacokinetic study of a novel, selective urate 

reabsorption inhibitor in subjects with hepatic impairment. 

Clin Exp Nephrol 24:25–35. https://doi.org/10.1007/s10157-

019-01816-4 

202.  Taufiq F, Li P, Kuwabara M, Kurata Y, Hamada T, Takami 

A, Miake J, Tsuneto M, Shirayoshi Y, Ichida K, Ninomiya 

H, Miyazaki S, Mizuta E, Ohtahara A, Sugihara S, Ogino K, 

Kato M, Yamamoto K, Yamamoto T, Hisatome I (2020) 

Novel inhibitory effects of dotinurad, a selective urate 

reabsorption inhibitor, on urate crystal-induced activation of 

NLRP3 inflammasomes in macrophages. Vascular Failure 

3:59–67. https://doi.org/10.30548/vascfail.3.2_59 

203.  Hosoya T, Sano T, Sasaki T, Fushimi M, Ohashi T (2020) 

Clinical efficacy and safety of dotinurad, a novel selective 

urate reabsorption inhibitor, in Japanese hyperuricemic 

patients with or without gout: randomized, multicenter, 

double-blind, placebo-controlled, parallel-group, 

confirmatory phase 2 study. Clin Exp Nephrol 24:53–61. 

https://doi.org/10.1007/s10157-019-01818-2 

204.  Hosoya T, Sano T, Sasaki T, Fushimi M, Ohashi T (2020) 

Clinical efficacy and safety of dotinurad, a novel selective 

urate reabsorption inhibitor, in Japanese hyperuricemic 

patients with or without gout: an exploratory, randomized, 

multicenter, double-blind, placebo-controlled, parallel-group 

early phase 2 study. Clin Exp Nephrol 24:44–52. 

https://doi.org/10.1007/s10157-019-01802-w 

205.  Hosoya T, Sano T, Sasaki T, Fushimi M, Ohashi T (2020) 

Dotinurad versus benzbromarone in Japanese hyperuricemic 

patient with or without gout: a randomized, double-blind, 

parallel-group, phase 3 study. Clin Exp Nephrol 24:62–70. 

https://doi.org/10.1007/s10157-020-01849-0 

206.  Hosoya T, Furuno K, Kanda S (2020) A non-inferiority study 

of the novel selective urate reabsorption inhibitor dotinurad 

versus febuxostat in hyperuricemic patients with or without 

gout. Clin Exp Nephrol 24:71–79. 

https://doi.org/10.1007/s10157-020-01851-6 

207.  Lee YH, Song GG (2022) Comparative efficacy and safety 

of dotinurad, febuxostat, and benzbromarone in 

hyperuricemic patients with or without gout: A network 

meta-analysis of randomized controlled trials . Int Journal 

of Clinical Pharmacology and Therapeutics 60:159–166. 

https://doi.org/10.5414/CP204097 

208.  Takahashi T, Beppu T, Hidaka Y, Hosoya T (2021) 

Comparative study of a novel selective urate reabsorption 

inhibitor “dotinurad” among patient groups with different 

stages of renal dysfunction. Clin Exp Nephrol 25:1336–1345. 

https://doi.org/10.1007/s10157-021-02115-7 

209.  Yanai K, Hirai K, Kaneko S, Mutsuyoshi Y, Kitano T, 

Miyazawa H, Ito K, Ueda Y, Ookawara S, Morishita Y 

(2023) The Efficacy and Safety of Dotinurad on Uric Acid 

and Renal Function in Patients with Hyperuricemia and 

Advanced Chronic Kidney Disease: A Single Center, 

Retrospective Analysis. Drug Des Devel Ther Volume 

17:3233–3248. https://doi.org/10.2147/DDDT.S416025 

210.  Amano H, Kobayashi S, Terawaki H (2024) Dotinurad 

restores exacerbated kidney dysfunction in hyperuricemic 

patients with chronic kidney disease. BMC Nephrol 25:97. 

https://doi.org/10.1186/s12882-024-03535-9 

211.  Okui D, Sasaki T, Fushimi M, Ohashi T (2020) The effect for 

hyperuricemia inpatient of uric acid overproduction type or 

in combination with topiroxostat on the pharmacokinetics, 

pharmacodynamics and safety of dotinurad, a selective urate 

reabsorption inhibitor. Clin Exp Nephrol 24:92–102. 

https://doi.org/10.1007/s10157-019-01817-3 

212.  Qu Y, Yu Y, Pan J, Li H, Cui C, Liu D (2023) Systematic 

review and model-based analysis to identify whether renal 

safety risks of URAT1 inhibitors are fully determined by uric 

acid-lowering efficacies. Semin Arthritis Rheum 63:152279. 

https://doi.org/10.1016/j.semarthrit.2023.152279 

213.  Yamada T, Sakai Y, Kurihara O, Kashiwagi T, Iwabu M 

(2024) Effect of Dotinurad on Serum Uric Acid 

Concentration in Chronic Kidney Disease Patients Treated 

with Febuxostat. Journal of Nippon Medical School 

91:JNMS.2024_91-403. 

https://doi.org/10.1272/jnms.JNMS.2024_91-403 

214.  Mandell BF, Yeo AE, Lipsky PE (2018) Tophus resolution 

in patients with chronic refractory gout who have persistent 

urate-lowering responses to pegloticase. Arthritis Res Ther 

20:286. https://doi.org/10.1186/s13075-018-1782-x 

215.  Pillinger MH, Fields TR, Yeo AE, Lipsky PE (2020) 

Dissociation Between Clinical Benefit and Persistent Urate 

Lowering in Patients with Chronic Refractory Gout Treated 

with Pegloticase. J Rheumatol 47:605–612. 

https://doi.org/10.3899/jrheum.190161 

216.  Berhanu AA, Krasnokutsky S, Keenan RT, Pillinger MH 

(2017) Pegloticase failure and a possible solution: 

Immunosuppression to prevent intolerance and inefficacy in 

patients with gout. Semin Arthritis Rheum 46:754–758. 

https://doi.org/10.1016/j.semarthrit.2016.09.007 

217.  Martens KL, Khalighi PR, Li S, White AA, Silgard E, Frieze 

D, Estey E, Garcia DA, Hingorani S, Li A (2020) 

Comparative effectiveness of rasburicase versus allopurinol 

http://www.jchr.org/


 
 

 

1739 

Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2026) 16(2), 1708-1741 | ISSN:2251-6727 

for cancer patients with renal dysfunction and hyperuricemia. 

Leuk Res 89:106298. 

https://doi.org/10.1016/j.leukres.2020.106298 

218.  El-Tantawy WH (2021) Natural products for the 

management of hyperuricaemia and gout: a review. Arch 

Physiol Biochem 127:61–72. 

https://doi.org/10.1080/13813455.2019.1610779 

219.  Liu F, Bai Y, Wan Y, He J, Li Q, Xie Y, Guo P (2024) 

Mechanism of flavonoids in the treatment of gouty arthritis 

(Review). Mol Med Rep 30:132. 

https://doi.org/10.3892/mmr.2024.13256 

220.  Putri DP, Putra KWR (2024) FLAVONOIDS FOR ANTI-

HYPERURICEMIA: A LITERATURE REVIEW. Nurse 

and Health: Jurnal Keperawatan 13:109–126. 

https://doi.org/10.36720/nhjk.v13i1.635 

221.  Ullah Z, Yue P, Mao G, Zhang M, Liu P, Wu X, Zhao T, 

Yang L (2024) A comprehensive review on recent xanthine 

oxidase inhibitors of dietary based bioactive substances for 

the treatment of hyperuricemia and gout: Molecular 

mechanisms and perspective. Int J Biol Macromol 

278:134832. https://doi.org/10.1016/j.ijbiomac.2024.134832 

222.  Wu J, Alhamoud Y, Lv S, Feng F, Wang J (2023) Beneficial 

properties and mechanisms of natural phytochemicals to 

combat and prevent hyperuricemia and gout. Trends Food Sci 

Technol 138:355–369. 

https://doi.org/10.1016/j.tifs.2023.06.021 

223.  Wang X, Su D, Luo X, Chen B, Bhullar KS, Liu H, Wang C, 

Zhang J, Wang L, Yang H, Zhou W (2025) Inhibition of 

Xanthine Oxidase by Four Phenolic Acids: Kinetic, 

Spectroscopic, Molecular Simulation, and Cellular Insights. 

Foods 14:3404. https://doi.org/10.3390/foods14193404 

224.  Wu X-H, Ruan J-L, Zhang J, Wang S-Q, Zhang Y-W (2014) 

Pallidifloside D, a saponin glycoside constituent from Smilax 

riparia, resist to hyperuricemia based on URAT1 and GLUT9 

in hyperuricemic mice. J Ethnopharmacol 157:201–205. 

https://doi.org/10.1016/j.jep.2014.09.034 

225.  Lin Y, Liu P-G, Liang W-Q, Hu Y-J, Xu P, Zhou J, Pu J-B, 

Zhang H-J (2018) Luteolin-4′- O -glucoside and its aglycone, 

two major flavones of Gnaphalium affine D. Don, resist 

hyperuricemia and acute gouty arthritis activity in animal 

models. Phytomedicine 41:54–61. 

https://doi.org/10.1016/j.phymed.2018.02.002 

226.  Lin X, Zhou Q, Zhou L, Sun Y, Han X, Cheng X, Wu M, Lv 

W, Wang J, Zhao W (2023) Quinoa ( Chenopodium quinoa 

Willd) Bran Saponins Alleviate Hyperuricemia and Inhibit 

Renal Injury by Regulating the PI3K/AKT/NFκB Signaling 

Pathway and Uric Acid Transport. J Agric Food Chem 

71:6635–6649. https://doi.org/10.1021/acs.jafc.3c00088 

227.  Lou D, Zhang X, Jiang C, Zhang F, Xu C, Fang S, Shang X, 

Zhang J, Yin Z (2022) 3β,23-Dihydroxy-12-ene-28-ursolic 

Acid Isolated from Cyclocarya paliurus Alleviates NLRP3 

Inflammasome-Mediated Gout via PI3K-AKT-mTOR-

Dependent Autophagy. Evidence-Based Complementary and 

Alternative Medicine 2022:1–15. 

https://doi.org/10.1155/2022/5541232 

228.  Liu S-M, Liu Y, Zhou Q, Yu D-H (2015) Total saponins from 

Discorea nipponica makino ameliorate urate excretion in 

hyperuricemic rats. Pharmacogn Mag 11:567. 

https://doi.org/10.4103/0973-1296.160442 

229.  Liu P, Xu H, Shi Y, Deng L, Chen X (2020) Potential 

Molecular Mechanisms of Plantain in the Treatment of Gout 

and Hyperuricemia Based on Network Pharmacology. 

Evidence-Based Complementary and Alternative Medicine 

2020:. https://doi.org/10.1155/2020/3023127 

230.  Chen J, Chen J, Feng B, Ning M, Wu W, Zou S (2025) 

Investigation of resveratrol as a xanthine oxidase inhibitor: 

Mechanistic insights and therapeutic implications for gout 

and hyperuricemia. Biotechnol Appl Biochem 72:695–708. 

https://doi.org/10.1002/bab.2690 

231.  Zeng J-X, Wang J, Zhang S-W, Zhu J-X, Li M, Huang W-H, 

Wan J-Y, Yao H-Q, Wang C-Z, Yuan C-S (2018) Antigout 

Effects of Plantago asiatica: Xanthine Oxidase Inhibitory 

Activities Assessed by Electrochemical Biosensing Method. 

Evid Based Complement Alternat Med 2018:1364617. 

https://doi.org/10.1155/2018/1364617 

232.  Ferraz-Filha ZS, Ferrari FC, Araújo MC de PM, Bernardes 

ACFPF, Saúde-Guimarães DA (2017) Effects of the 

Aqueous Extract from Tabebuia roseoalba and Phenolic 

Acids on Hyperuricemia and Inflammation. Evid Based 

Complement Alternat Med 2017:2712108. 

https://doi.org/10.1155/2017/2712108 

233.  Park J-E, Yeom Z, Park K-T, Han EH, Yu HJ, Kang HS, Lim 

Y-H (2018) Hypouricemic Effect of Ethanol Extract of Aster 

glehni Leaves in Potassium Oxonate-Induced Hyperuricemic 

Rats. Clin Nutr Res 7:126–135. 

https://doi.org/10.7762/cnr.2018.7.2.126 

234.  Choi H-J, Park D-H, Song S-H, Yoon I-S, Cho S-S (2018) 

Development and Validation of a HPLC-UV Method for 

Extraction Optimization and Biological Evaluation of Hot-

Water and Ethanolic Extracts of Dendropanax morbifera 

Leaves. Molecules 23:650. 

https://doi.org/10.3390/molecules23030650 

235.  Jiang Y, Lin Y, Hu Y-J, Song X-J, Pan H-H, Zhang H-J 

(2017) Caffeoylquinic acid derivatives rich extract from 

Gnaphalium pensylvanicum willd. Ameliorates 

hyperuricemia and acute gouty arthritis in animal model. 

BMC Complement Altern Med 17:320. 

https://doi.org/10.1186/s12906-017-1834-9 

236.  Nguyen TD, Thuong PT, Hwang IH, Hoang TKH, Nguyen 

MK, Nguyen HA, Na M (2017) Anti-Hyperuricemic, Anti-

Inflammatory and Analgesic Effects of Siegesbeckia 

orientalis L. Resulting from the Fraction with High Phenolic 

Content. BMC Complement Altern Med 17:191. 

https://doi.org/10.1186/s12906-017-1698-z 

237.  Li Y-P, Wu S, Ran A, Xu D-Y, Wei J-M, Zhao Z-L (2017) 

ARISTOLOCHIA BRACTEOLATE RETZ. 

ATTENUATES HYPERURICEMIA IN A METABOLIC 

http://www.jchr.org/


 
 

 

1740 

Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2026) 16(2), 1708-1741 | ISSN:2251-6727 

ARTHRITIS RAT MODEL. Afr J Tradit Complement 

Altern Med 14:180–187. 

https://doi.org/10.21010/ajtcam.v14i4.21 

238.  Song S-H, Ki S, Park D-H, Moon H-S, Lee C-D, Yoon I-S, 

Cho S-S (2017) Quantitative Analysis, Extraction 

Optimization, and Biological Evaluation of Cudrania 

tricuspidata Leaf and Fruit Extracts. Molecules 22:1489. 

https://doi.org/10.3390/molecules22091489 

239.  Yoon I-S, Park D-H, Kim J-E, Yoo J-C, Bae M-S, Oh D-S, 

Shim J-H, Choi C-Y, An K-W, Kim E-I, Kim G-Y, Cho S-S 

(2017) Identification of the biologically active constituents of 

Camellia japonica leaf and anti-hyperuricemic effect in vitro 

and in vivo. Int J Mol Med 39:1613–1620. 

https://doi.org/10.3892/ijmm.2017.2973 

240.  Yoon I-S, Park D-H, Bae M-S, Oh D-S, Kwon N-H, Kim J-

E, Choi C-Y, Cho S-S (2017) In Vitro and In Vivo Studies 

on Quercus acuta Thunb. (Fagaceae) Extract: Active 

Constituents, Serum Uric Acid Suppression, and Xanthine 

Oxidase Inhibitory Activity. Evid Based Complement 

Alternat Med 2017:4097195. 

https://doi.org/10.1155/2017/4097195 

241.  Kim JK, Kim WJ, Hyun JM, Lee JS, Kwon JG, Seo C, Song 

M-J, Choi CW, Hong SS, Park K, Kim P, Sung H, Lee JK, 

Choi Y (2017) Salvia plebeia Extract Inhibits Xanthine 

Oxidase Activity In Vitro and Reduces Serum Uric Acid in 

an Animal Model of Hyperuricemia. Planta Med 83:1335–

1341. https://doi.org/10.1055/s-0043-111012 

242.  Zhang H-J, Li L-N, Zhou J, Yang Q-Q, Liu P-G, Xu P, Liang 

W-Q, Cheng L, Zhang Y-Q, Pu J-B, Hu Y-J (2017) Effects 

of Gnaphalium affine D. Don on hyperuricemia and acute 

gouty arthritis. J Ethnopharmacol 203:304–311. 

https://doi.org/10.1016/j.jep.2017.03.057 

243.  Zhao P, Chen K-L, Zhang G-L, Deng G-R, Li J (2017) 

Pharmacological Basis for Use of Selaginella moellendorffii 

in Gouty Arthritis: Antihyperuricemic, Anti-Inflammatory, 

and Xanthine Oxidase Inhibition. Evid Based Complement 

Alternat Med 2017:2103254. 

https://doi.org/10.1155/2017/2103254 

244.  Yong T, Zhang M, Chen D, Shuai O, Chen S, Su J, Jiao C, 

Feng D, Xie Y (2016) Actions of water extract from 

Cordyceps militaris in hyperuricemic mice induced by 

potassium oxonate combined with hypoxanthine. J 

Ethnopharmacol 194:403–411. 

https://doi.org/10.1016/j.jep.2016.10.001 

245.  Jhang J-J, Ong J-W, Lu C-C, Hsu C-L, Lin J-H, Liao J-W, 

Yen G-C (2016) Hypouricemic effects of Mesona 

procumbens Hemsl. through modulating xanthine oxidase 

activity in vitro and in vivo. Food Funct 7:4239–4246. 

https://doi.org/10.1039/c6fo00822d 

246.  Yoon I-S, Park D-H, Ki S-H, Cho S-S (2016) Effects of 

extracts from Corylopsis coreana Uyeki (Hamamelidaceae) 

flos on xanthine oxidase activity and hyperuricemia. J Pharm 

Pharmacol 68:1597–1603. 

https://doi.org/10.1111/jphp.12626 

247.  Wang W-L, Sheu S-Y, Huang W-D, Chuang Y-L, Tseng H-

C, Hwang T-S, Fu Y-T, Kuo Y-H, Yao C-H, Kuo T-F (2016) 

Phytochemicals from Tradescantia albiflora Kunth Extracts 

Reduce Serum Uric Acid Levels in Oxonate-induced Rats. 

Pharmacogn Mag 12:S223-7. https://doi.org/10.4103/0973-

1296.182171 

248.  Liu K, Wang W, Guo B-H, Gao H, Liu Y, Liu X-H, Yao H-

L, Cheng K (2016) Chemical Evidence for Potent Xanthine 

Oxidase Inhibitory Activity of Ethyl Acetate Extract of 

Citrus aurantium L. Dried Immature Fruits. Molecules 

21:302. https://doi.org/10.3390/molecules21030302 

249.  Sheu S-Y, Fu Y-T, Huang W-D, Chen Y-A, Lei Y-C, Yao C-

H, Hsu F-L, Kuo T-F (2016) Evaluation of Xanthine Oxidase 

Inhibitory Potential and In vivo Hypouricemic Activity of 

Dimocarpus longan Lour. Extracts. Pharmacogn Mag 

12:S206-12. https://doi.org/10.4103/0973-1296.182176 

250.  Kikuchi H, Kogure S, Arai R, Saino K, Ohkubo A, Tsuda T, 

Sunaga K (2017) Rosehip inhibits xanthine oxidase activity 

and reduces serum urate levels in a mouse model of 

hyperuricemia. Biomed Rep 6:539–544. 

https://doi.org/10.3892/br.2017.888 

251.  Chen Y, Chen X-L, Xiang T, Sun B-G, Luo H-X, Liu M-T, 

Chen Z-X, Zhang S-J, Wang C-J (2016) Total saponins from 

dioscorea septemloba thunb reduce serum uric acid levels in 

rats with hyperuricemia through OATP1A1 up-regulation. J 

Huazhong Univ Sci Technolog Med Sci 36:237–242. 

https://doi.org/10.1007/s11596-016-1573-z 

252.  Wang J, Shi D, Zheng M, Ma B, Cui J, Liu C, Liu C (2017) 

Screening, separation, and evaluation of xanthine oxidase 

inhibitors from Paeonia lactiflora using chromatography 

combined with a multi-mode microplate reader. J Sep Sci 

40:4160–4167. https://doi.org/10.1002/jssc.201700690 

253.  CHEN Y-S, CHEN C-J, YAN W, GE H-M, KONG L-D 

(2017) Anti-hyperuricemic and anti-inflammatory actions of 

vaticaffinol isolated from Dipterocarpus alatus in 

hyperuricemic mice. Chin J Nat Med 15:330–340. 

https://doi.org/10.1016/S1875-5364(17)30053-5 

254.  Sato VH, Sungthong B, Rinthong P-O, Nuamnaichati N, 

Mangmool S, Chewchida S, Sato H (2018) Pharmacological 

effects of Chatuphalatika in hyperuricemia of gout. Pharm 

Biol 56:76–85. 

https://doi.org/10.1080/13880209.2017.1421235 

255.  Yiying K, Yongfang L, Husai M, Wangyu L, Ruilian L, 

Zhancui D (2016) Uric acid lowering effect of Tibetan 

Medicine RuPeng15 powder in animal models of 

hyperuricemia. Journal of Traditional Chinese Medicine 

36:205–210. https://doi.org/10.1016/S0254-6272(16)30028-

0 

256.  Zhu C, Tai L-L, Wan X-C, Li D-X, Zhao Y-Q, Xu Y (2017) 

Comparative effects of green and black tea extracts on 

lowering serum uric acid in hyperuricemic mice. Pharm Biol 

55:2123–2128. 

https://doi.org/10.1080/13880209.2017.1377736 

http://www.jchr.org/


 
 

 

1741 

Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2026) 16(2), 1708-1741 | ISSN:2251-6727 

257.  Danve A, Sehra ST, Neogi T (2021) Role of diet in 

hyperuricemia and gout. Best Pract Res Clin Rheumatol 

35:101723. https://doi.org/10.1016/j.berh.2021.101723 

258.  Zhang Y, Chen S, Yuan M, Xu Y, Xu H (2022) Gout and 

Diet: A Comprehensive Review of Mechanisms and 

Management. Nutrients 14:3525. 

https://doi.org/10.3390/nu14173525 

259.  Yokose C, McCormick N, Choi HK (2021) The role of diet 

in hyperuricemia and gout. Curr Opin Rheumatol 33:135–

144. https://doi.org/10.1097/BOR.0000000000000779 

260.  Choi HK, Curhan G (2004) Beer, liquor, and wine 

consumption and serum uric acid level: the Third National 

Health and Nutrition Examination Survey. Arthritis Rheum 

51:1023–9. https://doi.org/10.1002/art.20821 

261.  Rudrapal M, Khairnar SJ, Khan J, Dukhyil A Bin, Ansari 

MA, Alomary MN, Alshabrmi FM, Palai S, Deb PK, Devi R 

(2022) Dietary Polyphenols and Their Role in Oxidative 

Stress-Induced Human Diseases: Insights Into Protective 

Effects, Antioxidant Potentials and Mechanism(s) of Action. 

Front Pharmacol 13:806470. 

https://doi.org/10.3389/fphar.2022.806470 

262.  Sirše M (2022) Effect of Dietary Polyphenols on 

Osteoarthritis—Molecular Mechanisms. 12:436. 

https://doi.org/10.3390/life12030436 

263.  Helget LN, Mikuls TR (2022) Environmental Triggers of 

Hyperuricemia and Gout. Rheumatic Disease Clinics of 

North America 48:891–906. 

https://doi.org/10.1016/j.rdc.2022.06.009 

264.  Juraschek SP, Gaziano JM, Glynn RJ, Gomelskaya N, Bubes 

VY, Buring JE, Shmerling RH, Sesso HD (2022) Effects of 

vitamin C supplementation on gout risk: results from the 

Physicians’ Health Study II trial. Am J Clin Nutr 116:812–

819. https://doi.org/10.1093/ajcn/nqac140 

265.  Jamnik J, Rehman S, Blanco Mejia S, de Souza RJ, Khan TA, 

Leiter LA, Wolever TMS, Kendall CWC, Jenkins DJA, 

Sievenpiper JL (2016) Fructose intake and risk of gout and 

hyperuricemia: a systematic review and meta-analysis of 

prospective cohort studies. BMJ Open 6:e013191. 

https://doi.org/10.1136/bmjopen-2016-013191 

266.  Jatuworapruk K, Louthrenoo W (2024) Emerging therapeutic 

options for refractory gout. Nat Rev Rheumatol 20:73–74. 

https://doi.org/10.1038/s41584-023-01066-5 

267.  Fadipe DP, Sonoiki OH, Bankole EA, Iwuala LC, Adedeji 

SJ, Ezeah CG, Oyortey R (2025) Drugging the 

Inflammasome Gasdermin Axis: Toward Precision Control 

of Pyroptosis. Journal of Medical Science, Biology, and 

Chemistry 2:169–179. 

https://doi.org/10.69739/jmsbc.v2i2.856 

268.  Du L, Zong Y, Li H, Wang Q, Xie L, Yang B, Pang Y, Zhang 

C, Zhong Z, Gao J (2024) Hyperuricemia and its related 

diseases: mechanisms and advances in therapy. Signal 

Transduct Target Ther 9:212. 

https://doi.org/10.1038/s41392-024-01916-y 

269.  Kivitz A, Singhal A, Patel A, Ayesu K, Sobierska J, Santin-

Janin H, Dehaan W, Azeem R, Traber P, Baraf HSB (2024) 

POS0244 LONG-TERM IMPROVEMENTS IN SERUM 

URIC ACID LEVELS, GOUT SYMPTOMS, AND 

SAFETY UP TO 12-MONTHS WITH SEL-212 IN GOUT 

REFRACTORY TO CONVENTIONAL THERAPY: 

RESULTS FROM THE DISSOLVE I PHASE 3, DOUBLE-

BLIND, PLACEBO-CONTROLLED CLINICAL TRIAL. 

Ann Rheum Dis 83:405–406. 

https://doi.org/10.1136/annrheumdis-2024-eular.2875 

270.  Karantas ID, Miliotou AN, Siafaka PI (2024) An Updated 

Review For Hyperuricemia and Gout Management; Special 

Focus on the Available Drug Delivery Systems and Clinical 

Trials. Curr Med Chem 31:5856–5883. 

https://doi.org/10.2174/0929867331666230809143758 

271.  Mancino C, Franke M, Greco A, Sontam T, Mcculloch P, 

Corbo C, Taraballi F (2025) RNA therapies for 

musculoskeletal conditions. Journal of Controlled Release 

377:756–766. https://doi.org/10.1016/j.jconrel.2024.11.057 

  

http://www.jchr.org/

