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Abstract

Urolithiasis, the formation of urinary stones, is a prevalent disorder with significant health implications. The etiology
of urolithiasis involves various factors, including genetic predisposition, dietary habits, and environmental exposure to
heavy metals. This study aimed to investigate the quantification of heavy metals in renal tissue samples obtained from
patients in the state of Yucatan, Mexico, and explore their association with urolithiasis.

Renal tissue samples were collected from patients diagnosed with urolithiasis undergoing surgical intervention, and
control samples were obtained from non-urolithiasis patients during unrelated surgeries. Inductively Coupled Plasma-
Mass Spectrometry was utilized to quantify the concentrations of selected heavy metals, including lead, cadmium,
mercury, and arsenic, in the renal tissue samples. Statistical analyses, including t-tests and correlation analyses, were
performed to determine the differences in heavy metal levels between urolithiasis and control groups and to assess
their potential associations with urolithiasis.

Preliminary results demonstrated significantly elevated levels of Pb, Cd, and Hg in renal tissue samples from
urolithiasis patients compared to control samples. Moreover, a positive correlation was observed between the
concentrations of these heavy metals and the size and composition of urinary stones in the urolithiasis group. However,

no significant difference in as levels was observed between the two groups.
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Introduction

Urolithiasis, commonly known as kidney stone disease, is a
prevalent disorder characterized by the formation of solid deposits
in the urinary tract. It affects a significant proportion of the global
population and poses substantial health burdens due to associated
pain, complications, and recurrence. The pathogenesis of urolithiasis
is multifactorial and involves complex interactions between genetic,
environmental, and lifestyle factors.

The deterioration of renal function may be unilateral and in many
cases induces nephrectomy. Among the most important causes that
induce nephrectomy are hydronephrosis, tumors, and dysplasia. In the
United States, a very low percentage of nephrectomy is related to UL.
In contrast, in Yucatan, an average of 199 nephrectomies is performed
per year, out of which 59.6% are related to UL and to a lesser extent
related to tumors, malformations, and other syndromes; 15% of the
total cases of nephrectomy are associated with diabetes mellitus and/
or hypertension [1].

Environmental exposure to heavy metals has been recognized as a
potential risk factor for various diseases, including kidney disorders.
Heavy metals such as lead, cadmium, mercury, and arsenic are
widely distributed in the environment and can enter the human body
through multiple sources, including contaminated water, air, food, and
occupational exposure. Once absorbed, these metals can accumulate
in different organs, including the kidneys, and exert toxic effects on
cellular function and tissue integrity [2].

The state of Yucatan in Mexico, known for its unique environmental
conditions, has reported a relatively high prevalence of urolithiasis. The
region's geological characteristics, agricultural practices, and industrial
activities may contribute to increased exposure to heavy metals

among its population. However, limited research has been conducted
to investigate the association between heavy metal exposure and
urolithiasis in this specific population.

Understanding the potential link between heavy metal exposure
and urolithiasis in the Yucatan population is crucial for several reasons.
Firstly, it can provide insights into the contribution of environmental
factors to the development of kidney stones. Secondly, identifying
specific heavy metals associated with urolithiasis can aid in developing
targeted prevention strategies. Lastly, investigating the relationship
between heavy metals and stone composition can offer valuable
information for tailored treatment approaches [3].

Therefore, the present study aimed to quantify the levels of selected
heavy metals, including Pb, Cd, Hg, and As, in renal tissue samples
obtained from urolithiasis patients in the state of Yucatan. By comparing
these levels to control samples from non-urolithiasis individuals,
we sought to determine any significant differences and assess their
potential association with urolithiasis. The findings of this study may
contribute to a better understanding of the role of heavy metals in
urolithiasis development and inform future preventive measures and
treatment strategies for this condition in the Yucatan population [4].

Discussion

The present study investigated the quantification of heavy metals in
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renal tissue samples from urolithiasis patients in the state of Yucatan,
Mexico, and explored their potential association with urolithiasis. The
findings revealed elevated levels of lead, cadmium, and mercury in renal
tissue samples from urolithiasis patients compared to control samples.
These results suggest a potential link between heavy metal exposure
and the development of urolithiasis in the Yucatan population.

The observed elevation in Pb, Cd, and Hg levels in renal tissue
samples is consistent with previous studies implicating these heavy
metals in kidney stone formation. Pb has been shown to interfere with
renal calcium reabsorption and promote the formation of calcium-
based stones. Cd, a known nephrotoxic metal, can accumulate in
the kidneys and disrupt various renal functions, including calcium
homeostasis and crystal formation. Hg, another toxic metal, can impair
kidney function and contribute to stone development. The elevated
levels of these heavy metals in renal tissue support their potential
involvement in the pathogenesis of urolithiasis [5].

The positive correlation between heavy metal concentrations and
the size and composition of urinary stones further strengthens the
association between heavy metal exposure and stone formation. Larger
stone sizes and the presence of specific stone compositions, such as
calcium-based stones, have been linked to a higher risk of complications
and recurrent stone formation. The positive correlation suggests that
heavy metal exposure may influence stone growth and composition,
potentially exacerbating the severity of urolithiasis [6].

Interestingly, no significant difference in arsenic levels was observed
between the urolithiasis and control groups. This finding suggests that
arsenic may not play a prominent role in urolithiasis development in
the Yucatan population or that the levels of as in the renal tissue were
within a range that did not contribute significantly to stone formation.
Further research is necessary to explore the potential involvement of
arsenic in urolithiasis and its relevance in the Yucatan population [8].

The findings of this study have important implications for urolithiasis
prevention and management strategies in the Yucatan population.
Understanding the association between heavy metal exposure and stone
formation can aid in the development of targeted interventions and
preventive measures. Efforts to reduce environmental contamination,
improve occupational safety, and promote awareness regarding heavy
metal exposure can help mitigate the risk of urolithiasis [9].

It is essential to acknowledge some limitations of this study. The
sample size was relatively small, and the results may not be generalizable
to the entire Yucatan population. Further large-scale studies involving
diverse demographic groups are needed to validate these findings.
Additionally, this study focused on heavy metal quantification in renal
tissue, and the specific mechanisms underlying the interactions between
heavy metals and stone formation require further investigation. Future
studies incorporating comprehensive molecular and cellular analyses
are warranted to elucidate the precise pathways involved [10].

Conclusion

This study investigated the quantification of heavy metals in renal
tissue samples from urolithiasis patients in the state of Yucatan, Mexico,
and explored their potential association with urolithiasis. The results

demonstrated elevated levels of lead, cadmium, and mercury in renal
tissue samples from urolithiasis patients compared to control samples,
suggesting a potential link between heavy metal exposure and the
development of urolithiasis in the Yucatan population.

The positive correlation between heavy metal concentrations
and the size and composition of urinary stones further supports the
association between heavy metal exposure and stone formation.
However, no significant difference in arsenic levels was observed
between the urolithiasis and control groups.

These findings have important implications for urolithiasis
prevention and management strategies in the Yucatan population.
Understanding the role of heavy metals in stone formation can aid in
the development of targeted interventions and preventive measures.
Efforts to reduce environmental contamination and promote awareness
regarding heavy metal exposure may help mitigate the risk of
urolithiasis. It is crucial to acknowledge the limitations of this study,
including the small sample size and the need for further research to
explore the underlying mechanisms of heavy metal interactions in
stone formation.
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