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ABSTRACT

Metabolomics is a study pertaining to biochemical processes involving human
metabolites under specific conditions. It is an important tool for discovery of novel biomarkers of
toxin exposure and for identifying mechanisms of toxicity. The objective of this study was to
study metabolomics in urine of subjects who had long term exposure to cadmium from living in
Cd polluted areas in the Mae Sot district of Tak province. The metabolites were analysed using a
Bruker advance DRX 400 MHz nuclear magnetic resonance spectrometer. Sodium 3-
(trimethylsilyl)-[2, 2, 3, 3-d4]-1-propionate (TSP) was used as a reference standard and the Top-
spin™ NMR software package was used for processing and analysis of NMR spectra. The
metabolites in urine were analyzed and assessed by Partial Least Square Discriminant Analysis
(PLS-DA) and Orthogonal Partial Least Squares Discriminant Analysis (OPLS-DA).

Trial subjects aged between 48-75 years were selected from Mae Sot district of Tak
province as high, low and baseline levels of cadmium exposure. Subjects from the cadmium
polluted areas were chosen for high and low exposure. Subjects living in non-polluted areas in
the District were recruited as a control group. Subjects were screened to exclude hypertension,
diabetes mellitus, urinary stones and regular smokers. The three groups each comprised four men

and six women. Group 1 (control from the non-polluted area) all had normal renal function and



urinary cadmium concentrations below the World Health Organization recommended maximum
level of 2 pg/g creatinine (Cr) (WHO, 2002). Their urinary levels of beta 2 microglobulin
(B,-MG) and N-acetyl-B-D glucosaminidase (NAG) were below 300 pg/gCr and <8 unit/gCr,
respectively. Subjects with low cadmium exposure (Group 2) all had normal kidney function and
urinary concentrations of cadmium, $,-MG and NAG <2 pg/gCr, <300 pg/gCr and <8 unit/gCr,
respectively. Subjects with high cadmium exposure (Group 3) had renal dysfunction and urinary
concentrations of cadmium, 3,-MG and NAG over 5 pg/gCr, >1,000 pg/gCr and >8 unit/gCr,
respectively.

The NMR results showed twelve metabolites that could be identified and quantified
from the urine samples of all subjects. These were threonine, lactate, alanine, N-acetylgalactosamine-4
sulphate, succinate, citrate, dimethylamine, trimethylamine oxide, taurine, glycine, phenylalanine
and hippurate.

The PLS-DA score plot clearly separated the urinary metabolites of the Group 3
subjects from those Groups 1 and 2. But only the citrate levels in urine from Group 3 subjects
were significantly lower (p<0.01) than for Groups 1 and 2. Additionally, OPLS-DA S-plot
identified citrate as significantly different from the other urinary metabolites found in all subjects.
Therefore, citrate can be used as a biomarker for renal dysfunction in people caused by long term
high exposure to environmental cadmium.

In conclusion, this study proposes low levels of urinary citrate as a biomarker of renal
dysfunction due to chronic exposure to high concentrations of cadmium. As it is involved in the
tricarboxylic acid cycle (Krebs cycle) in mitochondria, further studies should be made at the

molecular level to determine and understand the causes of citrate reduction.



