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ABSTRACT 
We describe the application of a new tool, MarkerView™ Software, that allows 
unsupervised and supervised analysis of MS, LCMS and quantitative data to an 
LC/MS metabonomics study of drug toxicity. The combination of statistical 
methods facilitates the organization of data into groups and identifies the variables 
responsible for most of the significant differences.  
 
INTRODUCTION 
With the ability of mass spectrometers to generate large amounts of data comes a 
need for tools that will allow users to obtain results in a timely fashion. In many 
cases, some apparently simple questions can be hard to answer, e.g.: are there 
differences between my samples and what are those differences? To help answer 
such questions, we have developed a program called MarkerView™ Software that 
analyzes data sets, provides links to the raw MS data (so that putative differences 
can be visually confirmed), allows variables to be excluded when they are known 
to be irrelevant, etc. This technical note demonstrates the usefulness of the 
software when applied to a study whose goal was to identify markers of drug 
toxicity. This target organ toxicological study sought to induce hepatotoxicity in rats 
with four proprietary drugs. Integral to the study was the ability to determine 
changes in the endogenous metabolites of the rat urine, not in the drug 
metabolites. In many cases, the drug metabolites are known or can be calculated.  
The ability to exclude the parent drug and its metabolites is essential for 
determining changes in the endogenous metabolites and identifying potential 
biomarkers.  
 
In this study, fifteen rats were divided into five groups of three animals each: As 
described in the table, the first four groups each received three doses of a different 
proprietary drug candidate at 24 hour intervals and the fifth group of controls 
received no dose. Urine samples were obtained before initial administration of the 
drug and at the end of the dosing schedule 96 hours later. 
 

Rat 28, Rat 29, Rat 30 Rat 13, Rat 14, Rat 15 Controls 

Rat 25, Rat 26, Rat 27 Rat 10, Rat 11, Rat 12 Drug 4 

Rat 22, Rat 23, Rat 24 Rat 07, Rat 08, Rat 09 Drug 3 

Rat 19, Rat 20, Rat 21 Rat 04, Rat 05, Rat 06 Drug 2 

Rat 16, Rat 17, Rat 18 Rat 01, Rat 02, Rat 03 Drug 1 

Post Dose Pre Dose Drug  
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MATERIALS AND METHODS 
Samples were analyzed using an Applied Biosystems/MDS SCIEX QSTAR® XL 
LC/MS/MS instrument with a TurboIonSpray® source (ISV=5600 V, TEM = 425 
°C). The mass range scanned was 75 to 1500 Da (external calibration). The urine 
samples were diluted by a factor of ten using mobile phase A. PE 200 LC pumps 
(300 mL/min; A: 0.1% HCOOH in H2O B: CH3CN) and autosampler (10 mL 
injection) were used. The gradient ran from 100% to 80% A in 4 min, then 80% A 
to 5% A in 4 min, maintained at 5% for 1 min, returned to 100% A in 1 min and 
maintained at 100% for 4 min. A Symmetry C18 3.5 µm (2.1x100mm) column was 
used.  
 
1H-NMR spectra were acquired on a Bruker Avance AV-600 spectrometer, 
operating at 14.1 T, using a 5 mm broadband inverse probe and a WET solvent 
suppression. 
 
The following procedure was used when processing LC/MS data with 
MarkerView™ Software: 

• All peaks with intensity larger than 5 counts were found for all 30 samples 
using a two-dimensional peak-finding approach. 

• Peaks were ‘aligned’ across the samples by treating peaks from two 
samples with the same m/z (with a 30 ppm tolerance) and retention time 
(with a 1.0 min tolerance) as representing the same variable. 

• The 5000 aligned peaks with largest intensity were retained. 
• For the PCA analyses, the data was Pareto scaled unless otherwise stated. 

This scaling technique subtracts the mean from each variable and divides 
by the square root of the standard deviation. We have found this to be 
particularly well suited for processing mass spectral data. 
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RESULTS 
The principal components analysis (PCA) algorithm within MarkerView™ Software 
was applied to the aligned MS data set.   Figure 1 below shows the resulting plot 
after PCA analysis.    The top-left pane plots the scores for all of the samples for 
the first two principal components. Clearly, PC1 is responsible for separating the 
animals that received Drug 4. PC2 predominantly separates the pre-dose from the 
post-dose samples (although the Drug 1, pre-dose samples have somewhat 
different behavior).  The top-right pane plots the loadings for all {mass, retention 
time} variables for the first two principal components. The highlighted variables 
with large PC1 loadings are primarily responsible for the separation of the samples 
in the right portion of the scores plot (i.e. those animals which received Drug 4).  
The profile plot, shown in the bottom pane, plots the response across all animals 
for the variables highlighted in the loadings plot. These peaks, which are 
predominantly xenobiotic metabolites of Drug 4, clearly have much greater 
response for the animals that received that drug, as expected from the scores plot. 

Figure 1.  Results of the initial PCA analysis of the aligned data. 

 
 
Figure 2, shown to the right, 
contains a zoomed-in view of the 
loadings plot, making the variables 
with negative PC1 more visible.  
These variables should behave 
opposite to those with positive PC1 
loadings – the selected variables are 
in fact suppressed for the animals 
that received Drug 4.  This can be 
seen more clearly in Figure 3. 
 
 

Figure 2.  Zoomed in view of the loadings plot.
Compounds highlighted in blue appear to be
suppressed in animals the received Drug 4. 
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s that the neighboring peak is not affected, 

 

Figure 3 shows the spectra across 
all samples for the peak with m/z 
near 126.1 amu.  As is shown in 
the enlarged view in the inset on 
the right, though there is variation 
in the intensity of this peak across 
all the samples, the animals that 
received Drug 4 (shown in 
turquoise) have, by far, the lowest 
signal at m/z 126.1.  If large 
metabolites of Drug 4 were to elute 
near this compound, one might 
expect to see ionization 
suppression occurring, resulting in 
the lower intensity of the ion at m/z 
126.1.  The inset on the left show
effectively ruling out ionization suppression as a possible explanation for the 
reduced intensity of the ion at m/z 126.1 in animals receiving drug 4. 
 
 
 

Figure 3.  Spectra for all the samples for the peak
near m/z 126.1. 

 
 
 

Two views of the total ion 
chromatogram (TIC) for 
the Rat 25 sample are 
shown in Figure 4 to the 
left. Although ion 
suppression cannot be 
entirely ruled out as the 
reason for the lower 
response, there do not 
appear to be any large 
metabolites of Drug 4 in 
this region. 
 
 

 
 
 

Figure 4.  Total Ion Chromatogram for Rat 25.  As is shown in
this figure, there do not appear to be any large metabolites of
Drug 4 in this region. 
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As is shown in the top 2 panes of Figure 5 below, the animals receiving Drug 4 are 
clearly separated from the other rats.  After identifying and excluding the xenobiotic 
metabolites of Drug 4 (shown in the top right pane highlighted in blue with the open 
circles), one can more easily focus on changes due to endogenous metabolites.  
This is shown in the bottom panes of Figure 5 where the PCA has been re-run, 
without the xenobiotic Drug 4 contributions.  The animals that received Drug 1 are 
now clearly separated. 

 

Figure 5.  Exclusion of the xenobiotic metabolites of Drug 4 allows the animals
that received Drug 1 to be easily identified. 
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After excluding the 
xenobiotic metabolites of 
Drug 4 and re-running the 
PCA analysis, a variable-
by-variable t-test was 
performed comparing the 
animals that received 
Drug 1 to all controls (pre 
and post dose combined).  
The peak area response 
and raw spectra are 
shown in Figure 6 for one 
endogenous metabolite at 
m/z 193.070 Da that is 
elevated in the animals 
that received Drug 1. 

Figure 6.  Peak area response and raw spectra for one of the
endogenous metabolites that is elevated in animals that were
given Drug 1. 
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Subsequent to 
performing the t-test 
analysis, one can re-run 
the PCA, using only 
variables with greater 
than 95% chance of 
distinguishing the 
animals that received 
Drug 1 from the 
controls.   As is shown 
in Figure 7, these 
samples separate from 
the others.  Also shown 
in the bottom pane of 
Figure 7 are the XICs 
for the compound at m/z 
193.070. 

Figure 7.  PCA Plot and XIC of variables that, according to  t-test, 
have greater than 95% chance of distinguishing the animals that
received Drug 1 from the controls. 

 
 

After determining that the compound at m/z 193.070 is a potential biomarker, the 
KEGG ligand database was queried for compounds near m/z 193.070 Da.  One 
possibility is phenylacetylglycine as shown in Figure 8.  The product spectrum for 
this potential biomarker, also shown in Figure 8, is consistent with the assignment 
of phenlyacetylglycine. 

 
 
 
 
 
 
 
 

Figure 8. A query of the KEGG Ligand
database for compounds near 193.070 Da
returned phenylacetylglycine as a potential
hit.  The MS/MS spectrum for the potential
biomarker is also shown and is consistent
with the assignment of phenlyacetylglycine. 
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Subsequent to analysis 
by mass spectrometry, 
the same samples were 
analyzed by NMR using a 
bin size of 0.04 ppm (with 
shifts for water and urea 
excluded).  The resulting 
NMR data was analyzed 
by PCA (shown in Figure 
9) using the 
MarkerView™ Software 
with mean centered 
scaling.   The results 
show that the animals that 
received Drug 3 clustered 
together in the upper left 
corner of the scores plot.  
From the loadings plot, it 
appeared that there were 
several peaks (2.42, 2.54, 
2.70 ppm) that were 
suppressed in the animals receiving Drug 3.  As confirmation, profile plots for these 
peaks are shown in the bottom pane of Figure 9, again showing suppression of 
these peaks.  The peaks in question correspond to the known chemical shifts for 
citrate. 

 
 

In addition to running PCA 
for the MS and NMR data 
separately, the two data 

Figure 9. NMR data for these samples was acquired and
processed through the MarkerView™ Software.  Shown here are
the Scores, Loadings and Profile plots from the PCA analysis
illustrating suppression of several peaks (identified as citrate) in
the animals receiving Drug 3. 

MS & NMR Combined NMR Only MS Only 
www.appliedbiosystems.com 

sets were combined and 
the PCA analysis repeated 
as shown in Figure 10. 
The NMR data was scaled 
by a constant factor so that 
the average response of 
the scaled data was equal 
to that for the MS data. 
Using PC1 and PC2, the 
clustering of the post dose 
samples for a given drug 
appears to be better for the 
combined data than for the 
MS or NMR on its own. 

Figure 10.  Comparison of the PCA results obtained via MS, NMR, or
MS and NMR combined.  As is shown in this figure, the combination of
MS and NMR appears to provide better clustering than either
technique alone.
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CONCLUSIONS 
The MarkerView™ Software described here proved very useful for discerning 
potential biomarkers. The ability to quickly view raw spectra and mass 
chromatograms was essential for excluding potential false positive markers, 
particularly those existing at very low levels. 
 
Although the data presented here was not sufficient to definitively establish 
phenylacetylglycine as a statistically valid marker of the effects induced by Drug 1, 
the initial data from this cursory study design indicates this as a likely possibility. 
 
The combination of the t-test evaluation to ‘cherry pick’ suitable variables followed 
by PCA of the reduced data set can be revealing as segregation of the samples 
amongst the known groups typically results. This process removes extraneous 
sources of variation (instrument drift over time, etc.), yet this needs to be done with 
care, realizing that any potential markers need to be carefully validated. 
 
In this study, phenylacetylglycine and citrate were identified by MS and NMR, 
respectively, as two potential biomarkers, exemplifying the complimentary 
information obtained from the two techniques and the need for software capable of 
processing data from different analysis techniques. This result is consistent with 
previous literature [1, 2] which has cited these compounds as biomarkers of 
phospholipidosis. The concept of combining the MS and NMR data into a single 
data set shows promise. Future work will likely focus on how to best scale the two 
data sets so that they can be combined to greatest advantage.  
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