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Abstract: Uric acid is the end product of purine metabolism in humans. A growing body of experimental and clinical
evidence suggests that hyperuricemia has pathogenic effects in vivo such as inducing oxidative stress, promoting
inflammatory responses, and causing endothelial dysfunction, and is involved in affecting systemic inflammatory responses
and hemodynamics by a variety of mechanisms. This review will provide an overview of the role of hyperuricemia in
oxidative stress, inflammatory response, and endothelial dysfunction.
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Introduction

Uric acid is an end product of purine metabolism and is produced by 80% of the body's cellular metabolism and 20% is
obtained from food. Most uric acid is excreted by the kidneys (65-75%) and the intestine (25-35%)!"! . Uric acid in body
fluids is a potent antioxidant, scavenging monomorphic oxygen and free radicals, and is estimated to account for
approximately 50% of the total antioxidant capacity of human biological fluids ). Intracellular uric acid, on the other hand,
is pro-oxidant and can lead to oxidative stress, induce inflammatory responses with causing endothelial dysfunction, which
can lead to cardiovascular disease and kidney disease > 4. In addition, due to the low solubility of uric acid in water, once
the concentration of uric acid exceeds 6.5 mg/dL , urate crystals are precipitated and may be deposited in joints, kidneys and
other tissues, which can lead to tissue damage 1.

Hyperuricemia is clinically defined as blood uric acid levels of >7 mg/dL (420 umol/L) in men and postmenopausal

women and >6 mg/dL (360 umol/L) in premenopausal women 61,

1. Pathogenesis of hyperuricemia

Hyperuricemia is caused by an imbalance in the production and excretion of uric acid. High purine diet, increased
purine metabolism and excessive alcohol consumption contribute to increased uric acid production. Massive cellular damage
in tumor lysis syndrome, which promotes nucleic acid metabolism, is also responsible for increased uric acid production 7.
Other rare causes of acute hyperuricemia include seizures, thabdomyolysis, and excessive exercise. Considering that purine
intake and its excretion in the gastrointestinal tract are fairly constant in most individuals, serum uric acid concentration
depends to a large extent on endogenous purine production and its renal excretion, while the renal excretion of uric acid
depends on glomerular filtration and subsequent tubular reabsorption, influenced by renal function and intrarenal

hemodynamics 1.

2. Oxidative stress induced by hyperuricemia

Once transported into cells, uric acid becomes a pro-oxidant, which increases the production of reactive oxygen species

(ROS), including superoxide anion (02-), H202, and 8-isoprostane [ !, Many studies have shown that oxidative stress
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caused by hyperuricemia affects several organs and systems, including the heart and kidneys !'!l. Pathologically, oxidative
stress associated with hyperuricemia leads to DNA damage, oxidation and inactivation of enzymes, production of
inflammatory cytokines, and apoptosis [l Mitochondria in renal tubular epithelial cells (TEC) may be severely damaged by
oxidative stress, and antioxidants are beneficial for the recovery of endothelial function, such as reduced glutathione
(131, Another important source of ROS is NADPH oxidase. It has been found that uric acid stimulates ROS synthesis via
NADPH oxidase in various cells, such as adipocytes, vascular smooth muscle cells and vascular endothelial cells 141 .

In conclusion, hyperuricemia-mediated oxidative stress directly damages multiple organs and systems, especially the

kidney, and is therefore a biotherapeutic target for uric acid-induced kidney injury.

3. Hyperuricemia promotes inflammatory response

Recent in vivo and in vitro studies have shown that UA stimulates the release of early inflammatory response factors
IL-1, IL-6, and IL-8 by binding to cellular NF-kB (nuclear factor) receptors, which subsequently causes a systemic cascade
of inflammatory responses leading to systemic multi-organ failure 31, In addition, basic studies have found that soluble UA
activates the secretion of IL-1B from NLRP3 inflammatory vesicles in macrophages and stimulates the release of CXCL12
and HMGBI1 from renal tubular epithelial cells ['® 17l HMGBI1 amplifies the inflammatory response through multiple
pathways, including promoting the secretion of pro-inflammatory cytokines by monocytes, the expression of adhesion
molecules, and inflammatory cell infiltration '8, When uric acid levels exceed 6.8 mg/dl, urate crystals can form, which can
be deposited in the joint cavity to stimulate the expression of inflammatory factor TNF-a by joint cavity monocytes and
synovial cells ['%], and also directly in the vascular wall leading to inflammatory responses and endothelial damage, which in
turn cause activation of neutrophils and platelets and release of inflammatory cytokines, chemokines, and adhesion

molecules, which contribute to the The development of cardiovascular diseases [°].

4. Endothelial cell dysfunction due to hyperuricemia

Endothelial cells can secrete a variety of vasoactive substances involved in the regulation of blood vessels and blood
circulation, which can be classified according to their function as vasodilators, vasoconstrictors and other vasoactive factors.
Examples include nitric oxide (NO), prostacyclin, endothelin, angiotensin, antithrombin 111 and fibrinogen activator 2%, Also
endothelial cells can sense changes in blood flow signals through membrane receptors and regulate blood flow dynamics.
There is growing evidence that uric acid affects endothelial function by downregulating NO production and endothelial-type
nitric oxide synthase ( eNOS ) activity, thereby decreasing NO bioavailability ?!. Serum endothelin-1 (ET-1) mainly acts in
the cardiovascular system, and studies have shown that hyperuricemia elevates ET-1 levels and decreases NO levels, leading
to vascular endothelial dysfunction, which is closely associated with cardiovascular diseases such as atherosclerosis and
hypertension 221,

Uric acid induces endothelial dysfunction through multiple pathways, and targeted therapy can improve endothelial

dysfunction 231,

Summary and Outlook

Hyperuricemia can stimulate intracellular reactive oxygen species synthesis and induce oxidative stress through
multiple mechanisms, promote the development of local or systemic inflammation through multiple pathways, and affect
vascular endothelial function primarily through downregulation of NO production and eNOS activity. In contrast, the role of
elevated blood uric acid in other inflammation-related diseases and whether uric acid-lowering therapy improves clinical

outcomes require rigorous clinical studies to be designed to verify.
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