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Introduction
Abstract

Parkinson’s disease is characterized by dopaminergic loss as a result of oxidative 
damage to neurons of the substantia nigra and has been associated with decreased levels 
of serum uric acid (de Lau, et al., 2005). The identification of triuret and other products 
of the reaction of uric acid with reactive oxygen species could allow for pre-symptomatic 
detection of Parkinson’s disease. In this study, we seek to analyze the methods used to 
detect biomarkers in the blood of Parkinsonian animals as well as to optimize the method 
of sample collection through a study on protein precipitate solvents. We also aimed to 
identify these products of uric acid reacting with reactive oxygen species in blood of 
Parkinsonian animals so as to connect the presence of these compounds with the 
neurodegeneration associated with Parkinson’s. The product of peroxynitrite reacting 
with uric acid, triuret, was identified at elevated levels in Parkinsonian blood. These 
results provide preliminary implications for the identification of triuret as a biomarker for 
early detection of Parkinson’s disease. Furthermore, a time study is being conducted to 
determine the shifts between reactants and products in this reaction .

Introduction
Parkinson’s disease (PD) is a neurodegenerative disease characterized by the 

death of dopaminergic neurons in the substantia nigra. Uric acid (UA) is an antioxidant 
produced in response to reactive oxygen species; UA reduces oxidative stress, a 
mechanism thought to be involved in the pathogenesis of PD. The reaction of UA with 
the reactive oxygen species (ROS) superoxide, nitric oxide, or peroxynitrite produce 
identifiable reaction products of allantoin, 6-aminouracil, and triuret, respectively. Nitric 
oxide and superoxide can react to form peroxynitrite which is then transformed into 
triuret by the actions of UA, as seen in Figure 1.

Parkinson’s is not clinically diagnosable until symptoms present; at this point 
around 50% of dopaminergic neurons have died. This limitation on detection of PD 
negatively affects efficacy of existing treatments and the potential for development of 
new, more effective methods of slowing the progression of the disease. Detection of the 
products of reactive oxygen species with the antioxidant UA could provide a means of 
identifying the dopaminergic loss of PD earlier in its progression. 

Calibration of the LCMS System
Detection of the reaction products identified as allantoin, 6-aminouracil, and triuret was completed 

using a liquid chromatography system consisting of an AB Sciex 4000 Q Trap LC/MS/MS system with 
Shimadzu pumps and autosampler. Organic mobile phase consisted of 0.1% formic acid in methanol while 
aqueous mobile phase consisted of 0.1% formic acid in water. Detection of the specified compounds was 
completed using multiple reaction monitoring to identify both parent and daughter ions using previously 
determined retention times. Optimization of the method used to collect data from the system was completed 
through a series of calibration curves formed using standards containing known concentrations of each reaction 
product. Through the creation of these calibration curves, accurate quantification of the compounds allantoin, 
triuret, 6-aminouracil, and uric acid from unknown samples was ensured. One of these calibration curves, 
located in Figure 1, indicates accurate detection of compound concentrations as determined from known 
concentrations of standards.

Study of Protein Precipitate Solvent
Two solvents for precipitation of proteins from blood samples, 0.4M perchloric acid and methanol, 

were examined through applications of each to a series of blood samples that were spiked (or not spiked) with 
known concentrations of the biomarker of interest, triuret. A comparison of identical blood samples, shown in 
Figures 3 and 4, indicates the difference in analysis after treatment with the two different protein precipitate 
solvents. From this analysis, it can be determined that the use of methanol allows for a clearer analysis of the 
sample. This process allowed for optimization of the method for preparation of blood samples to be analyzed. 

Determination of Uric Acid Metabolites in Blood Samples
Through analysis of blood samples from Parkinsonian rats, elevated concentrations of metabolites of 

UA, specifically triuret, were identified. Concentrations of triuret in the blood of PINK-1 KO rats was 
significantly higher than concentrations in the blood of the wild type animal, as shown in Figure 6.. These 
increased concentrations of triuret were found to be proportional to decreasing concentrations of dopamine in 
the substantia nigra, seen in Figure 7. This relationship indicates that as dopaminergic neurons are dying in 
the substantia nigra, triuret is being produced. This shows the direct relationship between the metabolism of 
UA into its metabolites by reactive oxygen species and dopaminergic neuronal cell death, implying that 
increased concentrations of reactive oxygen species are directly proportional to increased concentrations of 
triuret and decreased dopamine. 

Time Study/Future Implications
Currently, a time study is underway to determine the actions of triuret in a blood sample over time. 

By spiking some blood samples with known concentrations of triuret, some insight may be provided about the
actions and reactions of triuret in blood over time. Blood samples were treated with methanol to remove 
proteins from the blood and were then spiked with known concentrations of triuret. Samples spiked and not 
spiked were analyzed using liquid chromatography multiple reaction monitoring and results were noted. 
These samples will now undergo a treatment of 1 month frozen at -80℃ and will be analyzed again following 
this treatment. The purpose of this study is to determine the actions of triuret over time so to gain insight into 
any potential actions of triuret in blood.
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Figure 1: Reactions of Uric Acid in the Presence of Reactive Oxygen Species

Objective
The objective of this study was to identify any novel biomarkers for PD that could be 
used for early detection of the disease. The methods of identification were made more 
precise through standardization of the detection instrument and of the protein 
precipitant solvent used. A time study will be conducted to determine the behavior of 
triuret over time. 
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Figure 6: Concentrations of Triuret in Parkinsonian and WT Blood 
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Figure 6 shows concentrations of the metabolite of 
UA, triuret, measured in blood samples of PINK1-
KO rats (Parkinsonian) and wild-type rats. There is a 
significant increase in triuret seen in blood of 
Parkinsonian animals as compared with wild-type.

Figure 7: Concentrations of Triuret Correlated with Decreasing Levels of Nigral Dopamine

Figure 7 indicates that as levels of triuret in blood 
increase, the quantity of dopamine in the substantia 
nigra decreases. This could suggest that increasing 
levels of triuret correlate with further development of 
the pathogenesis associated with Parkinson’s.

Figure 2: Calibration of Detection of UA Metabolites

Figure 2 shows the detection of known concentrations of each UA metabolite by the LCMS system as 
determined by accurate detections of concentrations when compared with the known concentrations from the 
standards.  

Figure 3: Precipitation of Blood Sample K 
with Methanol

Figure 4: Precipitation of Blood Sample K 
with 0.4M Perchloric Acid

Figures 3 and 4 show the precipitation of proteins from the same blood sample using two different solvents. 
In Figure 3, treatment with methanol has allowed for clear detection of analytes. In Figure 4, treatment with 
0.4M perchloric acid leads to a less clear and intense signal from any present analytes. Acknowledgements

Special thanks to Dr. William Church for all his support and guidance. 


