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Fig. 6 Highlighted pathways in
this study. Highlighted
pathways contain specific
metabolites showing differences
between the subject groups
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E. Change by numbers of freeze-thaw cycles

F biliverdin

As for the changes by freeze—thaw cycles, heme deg-
radation was the only pathway common between plasma
and serum (Fig. 6e). Biliverdin and bilirubin were
decreased and increased, respectively, by repeated freeze—
thaw cycles. While it remains unclear as to whether bili-
verdin reductase is released into plasma or serum, the
enzyme may be activated during freeze—thaw cycles and
then catalyze biliverdin to bilirubin. On the other hand,
peptides and several types of lipids were increased by more
freeze—thaw cycles only in plasma, possibly due to the
breakdown of much larger proteins and/or lipids by phos-
pholipases and/or proteases, which may be removed from
serum during the coagulation process.

Metabolites whose levels are not highly sensitive to
differences in age or gender may have potential as bio-
markers. In addition, biomarkers that are easy to detect and
show low inter-individual variations might have even
greater utility. In this study, we identified a subset of bio-
chemicals sharing the following three -characteristics

- 2
} Decreased l

(Supplemental Fig. 1a): ease of detection (average filled
value, more than 80 %), low gender- or age-associated
differences (less than 50 % changes and without statisti-
cally significant level differences), and low inter-individual
variations (RSD, 0.5 or less). Among 297 metabolites
detected in this study, 124 passed all three criteria in
plasma and/or serum (Supplemental Fig. 1b; Supplemental
Table 7). Of these 124 metabolites, 103 were shared by
both plasma and serum; therefore, we suggest that these
103 metabolites are well-controlled in healthy adults and
may be primary candidates for biomarkers. Alternatively,
metabolites whose levels are drastically modulated by
diseases or drugs could overcome the limitations of these
background variations and serve as biomarkers. In the
present study, Caucasians who had an overnight fast were
employed as experimental subjects. It has been reported
that nutrients and ethnicity also affect the metabolic pro-
files. For example, it was suggested that fruits and vege-
tables intake are strongly associated with the levels of
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glycerophospholipids and sphingomyelines (Menni et al.
2013). Comparison of northern and southern Chinese
populations using an NMR spectroscopy-based metabolo-
me-wide association approach also demonstrated different
levels of several amino acids and carbohydrates (Yap et al.
2010). Nevertheless, the differences associated with nutri-
ents and/or ethnicity should also be taken into consider-
ation for the exploration of biomarkers.

5 Concluding remarks

The discovery of biomarkers capable of forecasting disease
states and efficacy/toxicity of therapeutic drugs is clinically
important. While metabolomics has been applied to many
research studies to identify such biomarkers, fundamental
information regarding the metabolite profiles of different
blood matrices and subject backgrounds is still limited. The
findings of this study clearly suggest that plasma and serum
are both useful matrices for exploring biomarkers among
low-molecular-weight biochemicals and that the metabo-
lites were more stable in serum than plasma. In addition,
our results also show that several metabolites were scarcely
detectable, had large age- and gender-associated differ-
ences, and possessed high RSD values, all of which are
characteristics that should be taken into consideration when
selecting biomarker candidates. Taken together, our pres-
ent study provides useful fundamental information for
exploring and selecting biomarkers in future clinical stud-
ies and may also help establish the regulatory standards for
these studies.
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