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Dosing: 
 
Human volunteers were given a single 
400 mg dose of ibuprofen prior to sleep. 
Urine samples were obtained 8 hours af-
ter dosing.  The control samples were ob-
tained from each volunteer just prior to 
dosing. 
 

Multivariate statistical methods have 
typically been used in metabonomic/
metabolomic studies to study endoge-
nous metabolite patterns and how they 
are altered after some perturbation of a 
biological system.  In this work we pre-
sent a method for identification of xeno-
biotic metabolites in a complex biologi-
cal matrix using advanced statistical 
methods and exact mass data filters.   
 
Data from control and dosed animals is 
first filtered using an exact mass data 
filter to remove much of the endoge-
nous background.  Exact mass data fil-
ters exploit the mass sufficiency/
deficiency of the parent drug and its po-
tential metabolites and require that the 
data be collected using accurate mass 
measurement.  
 
The resulting filtered data is then ana-
lyzed by orthogonal projection on latent 
structure (OPLS).  OPLS is a modifica-
tion of the common partial least squares 
method which allows filtering of con-
founding variations from the analysis re-
sulting in an easier to interpret dataset. 
This enhances our ability to detect me-
tabolites (differences between control 
and dosed samples related to the parent 
drug) which might not be easily pre-
dicted.   

Methods 

LC/MS Methodology: 
 
Mass Spectrometer: Q-Tof PremierTM 

 
MS scan range: 70-900 Da 
Mode of Operation: +/-ve ion mode ESI 
V-mode, pDRE (dynamic range en-
hancement) 

MSE Methodology: 
 
The Q-Tof Premier was operated in a 
parallel data acquisition mode with a 
wide band RF mode in Q1(Figure 1). 
Thus, allowing all ions in the collision 
cell.  This resulted in one single injec-
tion in which data was collected under 
one single data file with two functions. 
These were;  
 
Function 1) Low energy acquisition 
(5eV) which contained the unfrag-
mented compounds 
 
Function 2) High energy or MSE acquisi-
tion (15eV-30eV ramp) which contained 
all of the fragmented ions 

LC conditions: 
 
ACQUITY UPLCTM 

 

ACQUITY UPLC BEH C18 Column  
100 x 2.1 mm id, 1.7 µm 
 
Mobile phase A: 0.1 % formic acid 
Mobile phase B: Acetonitrile 
Flow rate: 0.6 mL/min 
Gradient: 0 min 98% A,  
0-10 min 20% A,  
10-11 min 0% A 
Injection volume: 10 µL 

DATA EXTRACTION AND  
EXACT MASS DATA FILTERS 

The data from an LC/MS or GC/MS 
analysis must be in a tabular format be-
fore it can be mined using multivariate 
statistics.  This is accomplished using 
the MarkerLynx™ Application Manager. 
MarkerLynx will process the samples 
and create a data matrix with all exact 
mass, retention time pairs (EMRT’s) ob-
served in all the samples and the meas-
ured area from their XICs listed. 
 
Since we are interested in only those  
EMRT pairs which are parent drug re-
lated we can apply an exact mass data 
filter to remove a significant amount of 
the chemical background from our ma-
trix.  Exact mass data filters use the 
decimal portion of the parent mass, in 
the case of ibuprofen m/z 205.1234, we 
are concerned with only 0.1234.  If we 
hydroxylate ibuprofen we add oxygen 
which would change the fractional por-
tion of the m/z to 0.1184 which is a de-
crease of 5.1 mDa.  This decrease will 
be the same for the mono-hydroxylation 
of any compound.  So it is possible for 
us to create an hydroxylation filter 
which would reject any m/z  with deci-
mal values which are not 5.1 mDa below 
our parent compound, the result being 
the elimination of chemical noise from 
our analysis.  In practice we would set a 
window to include the parent and other 
common metabolic transformations us-
ing our knowledge of the decimal por-
tion of these transformations as a guide 
(see Table 1). 

Elemental Composi-
tion shift  

Mass shift  Δ values for calculation 
of exact mass data filters 

Nominal 
mass  

Accurate mass  

+O  +16  + 15.9949   - 0.0051  

+O2  +32  + 31.9898   - 0.0102  

-H2  -2  -  2.0157   - 0.0157  

-CH2  -14  - 14.0157   - 0.0157  

-Cl+O  -18  - 17.9662   +0.0338  

+C2H2O  +42  + 42.0106   +0.0106  

+SO3  +80  + 79.9568   - 0.0432  

+C6H8O6  +176  +176.0321   +0.0321  

+C6H8O ７  +192  +192.0270   +0.0270  

+C2H5NO2S  +107  +107.0042   +0.0042  

+C10H15N3O6S  +305  +305.0682   +0.0682  

Table 1.  Some common biotransformation and their 
associated  Δ values for calculation of exact mass 
data filters. 

Data Analysis 

Multivariate Data Analysis (MVA) ex-
tracts the information from large data 
sets and presents the results as inter-
pretable plots based on the mathemati-
cal principle of projection.  Even data 
characterized by thousands of variables 
can be reduced to just a few informa-
tion rich plots.  Basically we are sepa-
rating signal from noise in data with 
many variables and presenting the re-
sults in a graphical format.  Any large 
complex table of data can be easily  
transformed into intuitive plots summa-
rizing the essential information.  The 
First step in analyzing samples from a 
xenobiotic metabolism study is to de-
termine if the data show a difference 
between the control and dosed groups.  
This is accomplished by examination of 
the scores plot, created using SIMCA-P 
version 11.5 from Umetrics, shown in 
Figure 2.  Here we can clearly see that 
the dose samples are, as we would ex-
pect, different from the control.   

-100

-80

-60

-40

-20

0

20

40

60

80

100

-130 -120 -110 -100 -90 -80 -70 -60 -50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110 120 130

t[2
]

t[1]

Control

Control

Control

Control
Control

DoseDose
Dose

DoseDose
Dose

Figure 2.  PCA scores Plot, showing dose and control 
groups. 

The second step is to examine the load-
ings plot (Figure 3) and from it deter-
mine which compounds, described as 
EMRT pairs, which are responsible for the 
difference between the dosed animals 
and the controls.  The EMRT pairs  which 
are the most significant in separating the 
groups, are those furthest from the ori-
gin of the loading plot.  Ibuprofen and/or 
its metabolites will be among these.  Us-
ing this approach we can extract our sig-
nal from the chemical noise in the sam-
ples.   

Figure 1. MSE data acquisition mode 
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Figure 3. PCA Loadings plot. 

Introduction 

ADVANCED STATISTICAL 
 METHODS 

One of the problems with this approach is 
that often the loading plot is difficult to in-
terpret and it does not provide us with in-
formation about the confidence limits of 
our measurements.  Orthogonal projection 
on latent structure (OPLS) is a novel new 
technique which allows us to compare two 
groups and orthognalizes the results such 
that the variance between the groups is 
aligned with the x- axis (Figures 4) and 
loading can be more easily interpreted. 

-60

-40

-20

0

20

40

60

-200 -100 0 100 200

t[2
]

t[1]

Cpos HDpos

Cpos

CposCpos

Cpos

Cpos

HDpos

HDpos

HDpos

HDpos

HDpos

-60

-40

-20

0

20

40

60

-200 -100 0 100 200

t[2
]O

t[1]P

Cpos HDpos

Cpos

CposCpos

Cpos

Cpos

HDpos

HDpos

HDpos

HDpos

HDpos

           PLS                                               OPLS 

Figure 4. PLS plot compared to an OPLS plot showing the 
effect of orthoganlization. 

If we plot the weight of  the variable  
along the x-axis against a parameter 
which describes the analytical reliability of 
the loading we obtain the S-Plot.  The S-
Plot is superior to the normal loadings 
scatter plot because of its two dimensional 
nature. It allows us to easily extract even 
subtle differences in data sets and pro-
vides an easy way to visualize both weight 
and reliability of the measured variables 
(Figure 5 and 6). 
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Figure 5. S-Plot from the OPLS analysis.  

The S-Plot is very easily interpreted. The 
further along the x-axis from the origin the 
larger the contribution to the variance be-
tween the  groups.  The further along the 
y-axis from the origin the higher the reli-
ability of the data.  Thus the blue dots in 
the upper right quadrant are those EMRT 
pairs  which are high in the dosed sample 
and potential metabolites of Ibuprofen .  

Figure 6.  Possible metabolites of Ibuprofen and their 
relative concentrations. 
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IDENTIFICATION OF  
METABOLITES 

Taking the list of potential metabolite 
EMRT’s back to MarkerLynx and search-
ing against a database of known and 
proposed ibuprofen metabolites we can 
quickly identify the biotransformations 
that have occurred (Table 2). 

Table 2.  Proposed metabolites of Ibuprofen. 

If we desire to examine the effect of 
dosing ibuprofen on endogenous me-
tabolism we need only highlight and ex-
clude the EMRT pairs from our table and 
repeat the statistical analysis.  However, 
this approach is also an effective way to 
conduct a xenobiotic metabolism study.  
From our list of metabolites in Table 2 
we propose the structures shown Table 
3. 

Table 3.  Structures of proposed metabolites of Ibupro-
fen. 

Of interest is structure 9 in tTable 3, an 
oxidized –tetra-hydroxy ibuprofen glu-
curonide.  This metabolite has not been 
previously reported in the literature, yet it 
was found and identified using this ap-
proach.   
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Conclusions 

The ability to mine a complex matrix 
like urine and generate a list of 40 to 50 
EMRT pairs, with no user bias, and then 
from that list further mine for potential 
metabolites using a combination of ana-
lytical tools, like neutral losses and 
common fragment ions along with 
knowledge of metabolism, comprises a 
practical and effective approach to iden-
tify and/or remove xenobiotic metabo-
lites in a metabolomic study. 
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