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An In Vitro Study on the Mechanism of Formation of Rounded

WO & H Melamine Cyanurate Crystals with Special Reference to
Melamine-Triggered Urolithiasis in the Kidney
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Melamine toxicity, which adversely affects the urinary system, has been extensively reported in
humans and animals. The consumption of melamine-adulterated foodstuffs can cause occlusion of the renal
tubules leading to kidney malfunction and failure. Melamine alone has low acute toxicity. However,
simultaneous exposure to melamine and its derivative cyanuric acid has an affect that is more toxic than
exposure to each compound individually. The compound formed by melamine and cyanuric acid, melamine
cyanurate (M-C), accumulates in renal tubules, where it causes obstruction and subsequent kidney
dysfunction.

The pathogenesis of melamine-associated renal disorder still remains unclear. Therefore, the main
purpose of this in vitro study was to investigate the mechanism of melamine-induced urolithiasis in the
kidney and to provide a potential explanation for the formation of M-C urolites in vivo.

The present thesis is divided into three chapters. The first chapter focuses on the threshold
concentrations of melamine and cyanuric acid for formation of M-C crystals, which do not form in the
presence of low concentrations of melamine and cyanuric acid. The second chapter documents the effects
of melamine, cyanuric acid and M-C on the expression of nephrin and podocin by podocytes; needle-like
M-C crystals were shown to significantly decrease the expression of both proteins. The third chapter deals

with the effects of serum proteins and an artificial macromolecule polyvinylpyrrolidone (PVP), whose



physico-chemical properties are comparable to those of high-molecular-weight serum proteins, on the
morphology of M-C crystals. Macromolecular serum proteins and PVP were found to alter the shape of
M-C crystals to a spherical form.

Based on these in vitro studies, I propose a possible mechanism for M-C crystal formation in vivo. 1)
M-C crystals may not be formed outside the urinary system. 2) Needle-like M-C crystals may cause
micro-injury of the podocyte slit diaphragm, inducing downward leakage of macromolecular serum
proteins. 3) These leaked macromolecular serum proteins may affect the formation of M-C urolites,
resulting in a rounded crystal structure.

Although further details of the mechanism involved remain to be clarified, my proposed model for the
involvement of proteins somewhere in the nephron seems to provide a potential explanation for the in vivo

pathogenesis of melamine-induced urolithiasis.
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