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INTRODUCTION 

Schizophrenia,  characterized  by  hallucinations,  delusions, 
inappropriate affects and bizarre or inappropriate behaviours, 
is a common, chronic and disabling neuropsychiatric disorder 
which will affect approximately 1% of the population during 
their lifetime. Current diagnosis of schizophrenia relies on a 
complicated clinical examination/interview of the patient’s 
family history, personal history, current symptoms (mental state 
examination) and the presence/absence of other disorders. 
Patients  treated at  early  onset  have the best  chance of 
recovery. An objective diagnostic test/tool for schizophrenia 
would help improve current diagnosis and aid the monitoring 
of individuals over the course of illness (treatment response, 
compliance etc.)  and may also be useful  in determining 
prognosis. The discovery of biomarkers for schizophrenia is a 
fundamental step towards a molecular diagnosis of the disease 
and the delivery of a diagnostic test. 
 
In this study we employed a UPLC exact mass, electrospray 
mass  spectrometry-based  metabonomic  approach  in 
conjunction  with  multi-variate  data  analysis  to  study  the 
metabolic profiles in post mortem brain, cerebrospinal fluid 
(CSF)   and  sera  samples  from  first-onset,  drug  naïve 
schizophrenia patients and demographically-matched controls. 
Initial studies on post mortem brain extracts showed that 
schizophrenics could  be readily differentiated from  controls. 
As CSF bathes the brain it was postulated that the metabolite 
profile would reflect that of the brain. However collection of 
CSF is a highly invasive procedure therefore sera samples, 
which can be collected more routinely, were also analysed for 
the presence of potential biomarkers of schizophrenia.  
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Figure 1. MarkerLynx Browser from non-polar (lipid) analysis of 
post mortem brain extracts obtained on the Q-Tof Premier 

For the metabolic profiling study the brain samples were 
extracted using a modified method of Radin1, CSF samples 
were analyzed neat and the sera samples were protein 
precipitated with 4 volumes of acetonitrile to 1 volume of 
sample, evaporated to dryness and reconstituted in mobile 
phase prior to analysis. 

Instrument : Waters ACQUITY UPLC™ System  
 
Polars Analysis 
 
Column:   ACQUITY™ BEH C18  
    (2.1 x 100mm, 1.7 μm particle size) 
Solvent A:  water + 0.1% formic acid 
Solvent B:  acetonitrile + 0.1% formic acid 
Gradient:  100% A for 1min 
   0 to 20%B from 1 to 5min 
   20 to 95% B from 5 to 10min 
   hold at 95% B for 1 min 
Flow:   0.6mL/min 
     
Lipids Analysis 
 
Column:  ACQUITY™ BEH C8 
   (2.1 x 100mm, 1.7 μm particle size) 
Solvent A:  10mM ammonium acetate in  
   95/5 water / methanol 
Solvent B:  10mM ammonium acetate in 
   95/5 methanol / water 
Gradient:  70 to 90% B over 5min 
   90 to 100%B from 5 to 10min 
   hold at 100%B for 7 min 
Flow:   0.4mL/m 

Instrument:  Waters LCT Premier™  
 
Mode:   ESI +ve or –ve, 10,000 resolution (FWHM)   
Acquisition range: 50-1000Da over 0.15sec and 0.05sec ISD 
Capillary voltage: 3.0kV positive, 2.6kV negative 
Cone voltage:  35V  
Lock reference:  leucine enkephalin 
Calibration:  sodium formate 
 
Instrument: Waters QT-of Premier™  
 
MSE experiments: Low energy, collision energy 4eV 
   High energy, collision energy ramped  
   From 15 to 30eV 
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RESULTS 
The metabolic profile data generated was de-convoluted and 
aligned using the MarkerLynxTM application manager within 
MassLynxTM. The table of m/z and retention time pairs with 
associated intensities generated was either analysed by 
principal components analysis (PCA) within MarkerLynx or was 
exported to SIMCA-P Version 11.0 (Umetrics, AB) for further 
multivariate statistical analysis using supervised techniques.  

CONCLUSION 
• Drug-naïve schizophrenics and healthy volunteers could be 

differentiated based on their metabolic profiles 
•  MSE acquisitions on the Q-Tof aided in identification of potential 

markers 

DISCUSSION 
The initial study of post mortem brain extracts showed clear 
differences in the metabolic profiles of the diagnosed 
schizophrenics and controls. These differences were principally 
found to be in the lipid profiles. The use of MSE acquisitions on 
the Q-Tof Premier aided in the identification of the lipids as this 
method allows fragmentation data to be obtained for all 
components eluting from the UPLC rather than using a targeted 
approach. The PCA scores plot in Figure 2 was obtained from 
the low energy MSE data. While a very similar scores plot was 
obtained from analysis of the high energy data (not shown) the 
associated loadings plot highlighted the exact mass fragments 
as well as the molecular ion of potential markers aiding in 
identification. The high energy single scan spectrum in Figure 5 
shows that exact mass fragmentation data can be collected 
from minor components.  
 
The analysis of the CSF and sera samples required the use of 
PLS-DA, a supervised multivariate data analysis technique, to 
obtain differentiation between the drug-naïve schizophrenic 
samples and the demographically matched healthy controls.  
Some of the variability in the data was found to be due to the 
origin of the samples and sampling date.  
 
Among the potential markers highlighted were lipids and fatty 
acid derivatives. Some of these have been identified and will 
be reported later while the identification of others is still 
ongoing. 
 
The use of a  pooled QC sample has proved invaluable in 
metabonomic studies to condition the system at the start of the 
analysis and to monitor the performance throughout. The QC 
samples would be expected to cluster together in the 
unsupervised PCA plot. The QC samples are then excluded 
prior to further analysis of the samples using supervised 
techniques. 

Figure 2. PCA scores plot of  Q-Tof Premier MSE  low energy 
data showing clustering of schizophrenic  brain extracts (white 
and grey matter) away from the controls. This was principally 
due to differences in the lipid profiles. The blue squares repre-
sent a pooled QC sample which was analysed at the start and 
throughout the run2. 
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Figure 3. Representative BPI chromatograms from the high  
energy (top) and low energy (bottom) MSE  acquisitions from 
grey brain matter from a diagnosed schizophrenic. 

Figure 5. A) Positive ion PLS-DA scores plot showing a differen-
tiation of sera from demographically matched schizophrenic 
patients and healthy volunteers. The samples used to build the 
PLS-DA model were randomly selected.     
B) PLS-DA scores plot showing differentiation of sera samples 
from drug-naïve schizophrenic patients and healthy volunteers 
in an independent test set. 
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Figure 4. The PLS-DA scores plots obtained from analysis of the 
polar species in cerebral spinal fluid showed  differentiation 
between the drug naïve schizophrenics and the controls in both 
positive ion (left) and negative ion (right). 

Positive ion data Negative ion data 

Figure 5. Single scan high energy spectrum and elemental 
composition report from a minor component eluting at 9.2 min. 
The characteristic product ion at m/z 184 confirms this compo-
nent to be a phosphatidyl choline. 
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The CSF and sera samples were analysed on the LCT Premier 
using pooled QC samples throughout the analyses.  Only the  
data obtained from analysis of the polar species are reported 
here. 
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