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Abstract

Development and evaluation of sample preparation
procedure for human plasma samples in LC/MS-based
metabolomics
Niklas Kölfeldt

The aim of this master thesis project was to develop methods for sample preparation
and analysis by LC-MS suitable for global metabolomics of human plasma samples. In
this thesis six different methods was tested, based on precipitation, solid phase
extraction (SPE), and ultrafiltration. The methods differ in their mechanisms of action,
but the end goal is the same, to remove the proteins and other high molecular weight
compounds from the samples and to retain as many metabolites as possible in a
reproducible manner. The LC-MS analysis were performed on a C18 and a HILIC
type column using electrospray ionization (ESI) with both positive and negative
ionization to cover as much of the metabolome as possible.  The MarkerLynx
software was then used to extract features from the chromatograms. The coefficient
of variation (CV) was calculated and the features with CV < 30 % were removed. The
features were then used to compare the methods with each other in order to see
whether any of the methods yielded the same capture of features. The largest amount
of features was detected for precipitation with MeOH when using a C18 type column.
For HILIC type columns precipitation with MeOH with a small addition of H3PO4
resulted in most unique features detected. The ionization mode was found to be less
important, compared whit the choice of column, but more features was detected
using positive mode than negative mode.
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Populärvetenskaplig sammanfattning
När man har drabbats av en sjukdom så visar det sig oftast när den brutit ut
fullt ut. Om det skulle kunna gå att upptäcka svåra sjukdomar tidigare så skulle
man också sätta in rätt behandling snabbare. Detta skulle då kunna minska den
tid det tar  att  återhämta sig och på så sätt  spara in på både kostnader  och
lidande.  Metabolomik  (metabolomics)  är  en  gren  av  den  så  kallade  omik
familjen  (-omics)  där  man  även  hittar  genomik  (genomics)  och  proteomik
(proteomics).  Genomik  och  proteomik  är  studiumet  av  gener  och  DNA
respektive  proteiner,  inom  metabolomiken  å  andra  sidan  studerar  man  de
mindre substanser och molekyler som inte platsar i  de övriga kategorierna.
Syftet är att försöka kartlägga de molekyler som finns i kroppen, i blodet och
olika vävnader, och i vilka koncentrationer de förekommer. Tanken är man ska
kunna  få  ett  fingeravtryck  på  olika  sjukdomar  vilket  skulle  kunna  ge  en
tidigare  och  mer  träffsäker  diagnos  genom  tex  ett  blodprov.  Eftersom  att
metabolomik är ett  relativt nytt forskningsområde så finns det idagsläget inga
fasta riktlinjer för hur provupparbetning och analys ska ske. 

Syftet  med  detta  arbete  var  att  ta  reda  på  om det  finns  någon  metod  för
provupparbetning och analys som lämpar sig bättre än någon annan vad gäller
att analysera humana plasmaprover. Finns det någon metod med vilken man
kan få ut så mycket information som möjligt ur ett prov? Analyserna har gjorts
med hjälp av vätskekromatografi kopplat till en masspektrometer. Det innebär
att analyterna först separeras baserat på deras polaritet och sedan så mäter man
massan hos analyterna när de når masspektrometern. På så sätt kan man få
reda på vilka substanser som fanns i provet från början. 

Det största fokuset i det här arbetet ligger på hur många ”features” som kan
upptäckas  med  en  viss  typ  av  provupparbetning.  En  feature  kan  enklast
förklaras som en massa kopplat till en retentionstid. En feature accepteras om
intensiteten överstiger ett förutbestämt gränsvärde. Är gränsvärdet för högt så
kommer data  från svagare signaler  att  gå  förlorade,  vilket  kan  leda  till  att
intressanta signaler missas. Är det däremot för lågt så täcks visserligen alla
signaler in men risken är också att signaler som inte härrör från någon substans
utan är en del av bakgrundsbruset tas med. 

I  detta arbete  så testas sex olika upparbetningsmetoder  och antalet  features
jämförs sedan mellan dessa. Resultaten visar på att ingen av metoderna skulle
vara lämplig om syftet är att täcka in så många metaboliter som möjligt med
en  upparbetningsmetod.  Resultaten  visar  även fällning  med metanol  är  det
bästa  alternativet  då  en  kolonn  av  C18  typ  används,  medan  fällning  med
metanol och fosforsyra det bästa alternativet för en kolonn av HILIC typ. Fler
features kunde också ses vid positiv jonisering jämfört med negativ jonisering,
men typ av kolonn hade större inverkan på resultaten. Metoderna bör ses som
komplement till varandra då ingen kan sägas vara bättre generellt sett. Både
kolonn  och metod  bör  väljas  baserat  på  vilken  typ  av  substanser  som ska
studeras.  Proverna  kräver  en  viss  typ  av  upparbetning  beroende  på  vilka
substanser/grupper av substanser som ska studeras och beroende på om dessa
är polära eller opolära 
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List of abbreviations 

AcN Acetonitrile
CV Coefficient of variation
Da Dalton = Unified atomic mass unit (u) 
ESI Electrospray ionization
GC Gas chromatography
H3PO4 Phosphoric acid 
HILIC Hydrophilic interaction liquid chromatography
HLB Hydrophilic-Lipophilic balance
HPLC High pressure liquid chromatography
ID Identity
IS Internal standard
LC Liquid chromatography 
m/z Mass over charge
MeOH Methanol
min Minutes
MS Mass spectrometry
MW Molecular weight
NMR Nuclear magnetic resonance
NP Normal phase
PCA Principal component analysis
Q-TOF Quadrupole-time of flight
QC Quality control
r.t Room temperature 
RP Reversed phase
RT Retention time
SPE Solid phase extraction
TOF Time of flight
UPLC Ultra high pressure liquid chromatography
v/v Volume to volume relation
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1. Introduction 

1.1 Background 

Global metabolomics, also known as untargeted metabolomic analysis  [1], is
the study of small  molecules (metabolites) in  tissues,  cells,  or body fluids.
What counts as a small molecule differ however, the upper limit is somewhere
between 1000 Da and 1500 Da  [2–5].  The aim of global metabolomics is to
get a comprehensive view of what metabolites are present in the fluid or tissue
at a given time [6, 7], and in the end the goal is to transfer all of the data to a
database that will be able to serve as a very potent tool for e.g. diagnosis of
different diseases [8, 9]. 

The  idea  is  that  a  disease  will  cause  an  alteration  or  leave  a  trace  in  the
metabolome* that can be detected even before other signs of illness appear.
Different  diseases  may  leave  different  traces  and  therefore  they  might  be
recognised by the particular pattern the metabolites present in the sample. A
fingerprint for each disease in a sense. This is however in the future, first the
metabolome  of  a  healthy  individual  must  be  mapped  out  and  different
biomarkers must be investigated for each disease.

To the  present  day no single  analytical  method is  capable  of  detecting  all
metabolites  single  handed  [2,  10–12].  Instead,  to  get  the  most  information
possible  out of a sample it's  therefore common to use multiple techniques,
such as HPLC - MS, GC - MS, and NMR [2, 10, 12, 13], Each with it's own
strengths and weaknesses. This however is not an ideal approach if a rapid
screening for a disease is required. The best would be if the maximum amount
of metabolites could be extracted and analysed with one single method  in a
reproducible manner. 

1.2 Aim 

The aim of this  master  thesis  project was to develop a method for sample
preparation and analysis, that is capable of detecting as many metabolites as
possible in human plasma samples in a reproducible manner. The analyses was
carried out  using UPLC - Q-TOF with ESI ionization,  in  both positive and
negative mode, and on both RP and HILIC type columns to cover as much of
the metabolome as possible. The coefficient of variation (CV) was calculated
in order to investigate the repeatability of the analyses. Different gradients and
the composition of mobile phase was also investigated, to find out which one
was most suitable for the UPLC - MS system. 

*The metabolome is the complete set of metabolites (small molecules) present in the object, 
for instance human plasma.  
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1.3 Theory 

1.3.1 General 

Plasma is what is left when all cells have been removed from the blood. It
consists mostly of water (~ 92 % by volume),  the rest  is proteins,  glucose,
clotting  factors,  electrolytes,  and  hormones  [14].  To  be  able  to  get  a
reproducible  result  from  an  UPLC-MS  analysis  of  a  plasma  sample  the
proteins must be removed, otherwise they will clog up the column and after
some time the column can't be used any more and thus must be discarded.
Plasma also contains a high number of enzymes, making it sensitive to the
temperature at which the samples are prepared. The optimal temperature for
the enzymes is 37 °C and the activity will decrease when the temperature is
reduced. The activity is not completely inhibited until the temperature is below
- 56 °C [2]. 

There are three major techniques that are used to remove the proteins from
plasma samples,  solvent precipitation,  ultrafiltration,  and SPE,  with solvent
precipitation  being  the  most  common  one.  An  organic  solvent  such  as
methanol (MeOH) or acetonitrile (AcN), or different combinations of these is
used to precipitate the proteins [1, 2, 6, 9, 10, 12, 13, 15–21]. What solvent is
used seems to be mainly a matter of personal opinion. Some authors  [9, 18,
20] claims that MeOH is the best one to use, while others [12, 19] advocates
the use of AcN. However, MeOH seems to be the most widely used solvent for
this  purpose  [1,  2,  6,  9,  15,  16,  18,  20].  After  precipitation  the  sample  is
centrifuged so that the precipitate forms a pellet at the bottom of the test tube,
which makes the collection of the protein free sample easier and prevents that
suspended particles sediments in the MS system. 

Ultrafiltration on the other hand aims to separate the components in the sample
based on their size. The filter lets smaller molecules pass but prevents larger
molecules from doing so. As ultrafiltration a mechanical separation rather than
a chemical one there is no risk of introducing components to the sample as a
result  of chemical  breakdown.  However  there is  a risk that some traces of
residue from the manufacturing are introduced.  

SPE is an other way of extracting the analytes from the sample. The sample is
first  diluted and then loaded onto an RP-SPE column. The idea is  that the
proteins, phospholipids, and other high molecular weight compounds will be
retained on the column after the extraction. The analytes are leached from the
sample, but some of the non-polar analytes may be retained on the column as
well.  There  are  some specially  developed types  of  “kits”  available  on  the
market today such as  Oasis HLB plate and  Ostro plate (both from Waters),
which  are  specially  designed  to  handle  both  polar  and  non-polar  analytes
(Oasis) and to remove phospholipids (Ostro) [22, 23].

Whatever  technique  is  used  there  is  a  risk  of  losing  analytes  due  to  co-
precipitation when the proteins are removed. Tulipani et al. (2013) [10] uses a
small amount of concentrated phosphoric acid in an attempt to circumvent this
problem. Phosphoric acid breaks the non-covalent intermolecular interactions

7



and thereby, the recovery of strongly protein-bound metabolites increases.

1.3.2 What is a feature?

In metabolomics the term feature is commonly used. A feature can be defined
as  “a molecular entity with a unique m/z and retention time”  [24]. A feature
does not necessarily correspond to a metabolite. A metabolite can give rise to
several features as a result of the MS analysis itself. An MS spectra of a certain
compound  will  have  more  than  one  peak  as  a  result  of  ionization  and
breakdown of the compound. In metabolomics each peak will be a feature but
several features can be the result of the same metabolite.

1.3.3 Multivariate statistics

Principal component analysis (PCA) is a statistical technique which is used to
convert  a  data  set  or  a  group  of  observations  into  a  set  of  uncorrelated
principal  components  [25].  The  first  principal  component  accounts  for  as
much  of  the  variance  in  the  data  set  as  possible.  The  second  principal
component accounts for as much of the remaining variance, and so on. PCA is
used to find patterns in large data sets by reducing the number of dimensions.
When the dimensions of the data is reduced it's easier to find correlations and
patterns which otherwise would be overlooked. 

In metabolomics PCA and Orthogonal Partial Least Squares (OPLS) analysis
can be used to find differences between groups of observations  [26]. I.e.  a
PCA plot can be used to evaluate how alike two workup procedures are, while
an OPLS analysis will reveal what constitutes the difference between them.
The OPLS analysis can be viewed as an S-plot Figure 1.3.3.1. The S-plot is
used  to  compare  two  groups  of  observations  and  it  can  visualise  the
measurements that is similar in both groups (green) and the ones that accounts
for the most in difference between them (red).
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1.3.4 Validation 

In  classical  analytical  chemistry  a  known  substance  (Internal  standard)  is
added to the sample in such a manner that the final concentration is known.
This is done to correct for the loss of analyte during sample preparation or
analysis. The substance should be similar to the analyte(s) of interest regarding
polarity, charge, mass, and so on. 

In  global  metabolomics  the  aim is  to  study the  whole  metabolome  which
consists  of  thousands  of  different  compounds.  It  is  unsuitable  to  add  one
internal standard for each substance that is studied. Instead one substance from
each  class  of  substances  is  used,  the  substance  is  then  considered  to  be
representative for all the substances within that class. 

Quality control (QC) samples pooled from aliquots of the samples which are
investigated can be considered as a sort of mean sample and they are used
mainly  for  two  reasons.  First  to  condition  the  column  before  the  actual
samples are run. Contrary to classical analytical chemistry, where the column
is thoroughly cleansed before use, it's vitally important in metabolomics that
the column is properly conditioned beforehand in order to gain reproducible
result [27, 28]. It usually requires 10 – 15 injections to achieve a conditioning
of  the  column  that  is  good  enough.  Secondly,  they  are  used  to  provide  a
measurement of the repeatability of the system. The QC samples is injected at
regular intervals, every ten samples or so for larger sets or at least in the start
and the end for smaller sets [29]. This is simple way of gaining information of
how stable the system is. The QC samples could be examined using e.g. PCA
to give a quick assessment of the data. Ideally the samples should be clustered
closely  together  if  the  system  is  to  be  considered  stable  over  the  whole
analysis. 

Another  common way to  validate  the  datasets  is  to  use  the  coefficient  of
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Figure  1.3.3.1:  S-plot  comparing  method  A (precipitation  MeOH)  and  B  (precipitation
MeOH + H3PO4) the marked features (red) are the ones most responsible for the difference
between A and B. The masses for these features are also displayed in the figure.



variation (CV) calculated for each feature observed, it gives a numerical value
on the repeatability of the analysis. The CV value is defined as the ratio of the
standard deviation to the mean and is usually expressed as percentage. For
metabolomics there is  no fixed guidelines regarding this  value as of today.
Instead the FDA guidelines regarding bioanalytical methods and biomarkers
are  commonly  used  and  deemed  sufficient.  These  guidelines  suggests  an
acceptance of up to 30 % of total error for targeted LC-MS analysis in the case
of biomarkers [18].

2. Experimental

2.1 Chemicals

The  solvents  used  in  this  thesis  MeOH  (99.9 %,  LC-MS grade)  and  AcN
(99.9 %, LC-MS grade)  grade was purchased from Fisher (Fisher scientific,
Leicestershire, UK), Phosphoric acid(aq)  ( > 85 %) was purchased from Merck
(Merck  KgaA,  Darmstadt,  Germany),  Ammonium  formate(S)  and  Formic
acid(aq) was both purchased from Sigma (Sigma-Aldrich, St. Louis, MO, USA),
Leucine-Enkephalin (Lockspray) was purchased from Waters (Waters, North
Kingstown, RI, USA), NaOH(S)  was purchased from Eka (Eka Chemicals AB,
Akzo  Nobel,  Bohus,  Sweden),  Thiamine  Hydrochloride(S),  Uric  acid(S), L-
Tryptophan(S),  Creatinine  Hydrochloride(S),  L-Proline(S),  L-Carnitine(S),
Isobutyric acid(l), L-Valine(S),  Stearic acid(S)  and Adenine(S)  was all  purchased
from Sigma (Sigma-Aldrich RTC, Inc., Laramie WY, USA).   The water was
purified using an Integral 3 Milli-Q water system (0.22 µm) from Millipore
(Bedford, MA, USA).

2.2 Procedures

2.2.1 General

Volumetric pipettes and volumetric flasks were used as much as possible and
in particular when stock solutions were prepared. Otherwise adjustable single-
channel  air  displacement  micropipettes  were  used.  Micropipettes  have  less
accuracy  than  volumetric  pipettes  but  are  far  more  easy  to  handle  when
dealing with small volumes (< 1 ml). All samples were prepared in triplicates
and were then injected three times. The sample run order was randomized to
avoid  any  bias.  Three  QC samples  were  injected  at  the  beginning  of  the
analytical runs, three in the middle and three at the end in order to control the
drift in the analytical system. The reconstituted samples had a concentration of
approximately half of the original concentration, assuming a 100 % yield of all
metabolites  present.  Figure  2.2.1  summarizes  the  whole  process  from  the
sampling to identification of metabolites. This thesis spans the steps 2 – 8 and
to some extent, step 11 – 12. All samples were analysed in using both a C18
and a HILIC type column and in both positive and negative mode, a total of
four runs for each sample.  
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2.2.2 Solvent Precipitation 

Two  different  types  of  solvent  precipitation  were  used.  Precipitation  with
MeOH (Method A) and precipitation  with  MeOH and H3PO4 (Method B).
Plasma samples were thawed on ice and aliquots of 350 µl were transferred
into  Eppendorf  tubes.  For  Method  B,  7 µl  of  concentrated  (85 %)  H3PO4

(~14.83 M) was added to the plasma samples. The samples were vortexed for
15 s and were then left on ice for 15 min. The samples were vortexed for 15 s
with 1050 µl (3:1, v/v) cold MeOH, and were then kept on ice for 20 min in
order to promote protein precipitation. The mixtures were then centrifuged at
4000 rpm at 4 °C, for 20 min. The resulting supernatants (1000 µl) were split
in  two  aliquots,  one  for  C18  and  one  for  HILIC  analysis  and  were  then
evaporated with a  centrifugal  vacuum evaporator  over  night  (approx 16 h),
using no heat. The dry samples was  reconstituted in 350 µl H2O/AcN (95:5,
v/v) for RP and in 350 µl AcN/H2O (90:10, v/v) for HILIC. The samples were
vortexed for 1 min and were then centrifuged at 4000 rpm at 4 °C, for 20 min,
in order to remove any undissolved residue. 200 µl were then transferred to
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Figure 2.2.1: Schematic overview of the general workflow. A blood sample is drawn from a
patient (1). The sample is centrifuged in order to separate the plasma from the erythrocytes
(2). The sample is then frozen (-80 °C) before storage and/or transportation (3). The sample
is then thawed and subjected to different workup procedures  depending on the types of
analytes  to  be  investigated  (4).  The  sample  is  then  analysed  using  UPLC-MS (5).  The
chromatogram (6) is processed and the resulting table of features (7) is used for PCA- (8)
and OPLS analysis. The OPLS analysis reveals the difference between two groups as an S-
plot (9), the features furthest from origo contributes the most to the difference between the
groups. These features are extracted (10) and a database search (11) is conducted in order
to convert  the features  into metabolites (12).  A database search will  not  give a definite
answer to if  a feature correspond to a certain metabolite,  but it  will  give a hint.  To be
certain whether a substance is present or not, a sample spiked with the authentic substance
has to analysed. An extracted ion chromatogram (EIC) with the exact mass of the suspected
metabolite is produced. A comparison of the EIC:s (sample and spiked sample) can then
show whether the metabolite is present in the sample or not (the arrows between 6 and 12). 



300 µl  vials  with  screw  caps  and  were subsequently  placed  in  the  UPLC
autosampler, which was kept at 4 °C.

2.2.3 Ultrafiltration

For ultrafiltration (Method C) Nanosep 3K Omega (PALL Corporation, MI,
USA)  was  used.  Prior  to  use  the  filters  were  cleaned  in  accordance  with
instructions from the manufacturer. 500 µl 0.05 M NaOH(aq)  were centrifuged
(13400 rpm,  15 min  at  r.t)  through  the  filter  followed  by  2×500 µl  H2O.
Plasma samples were thawed on ice and aliquots of 160 µl were transferred
into test tubes. 320 µl H2O was added to the tubes, plasma/H2O (1:2, v/v). The
plasma samples were loaded onto the filters and the samples were centrifuged
(13400 rpm, 40 min at r.t). The filtrate was split into two aliquots, one for C18
and  one  for  HILIC  analysis  and  was  subsequently  evaporated  with  a
centrifugal  vacuum evaporator  over  night,  using  no heat.  The dry samples
were  reconstituted  in  160 µl  H2O/AcN  (95:5,  v/v)  for  RP  and  in  160 µl
AcN/H2O  (90:10,  v/v)  for  HILIC.  The  samples  were  vortexed  for  1 min.
100 µl  was  then  transferred  to  300 µl  vials  with  screw  caps  and  were
subsequently placed in the UPLC autosampler, which was kept at 4 °C.

2.2.4 Solid Phase Extraction (HLB)

For method D and E solid phase extraction were carried out on an Oasis HLB
96-well plate (30 µm, 30 mg, Waters Corporation,  Wexford, Ireland). Sample
preparation and extraction is essentially the same as suggested by Waters in
the care and use manual [25]. The plate was fixed on the vacuum manifold on
top of a 96-well  collection plate.  The plate was conditioned with 2×400 µl
MeOH and then with 2×400 µl  H2O. The wells on the collection plate were
then emptied. Plasma samples were thawed on ice and were then mixed with
acid (1:1) or base (1:1).  In method D 600 µl plasma was mixed with 600 µl
0.57 M  H3PO4(aq) and  in  method  E  600 µl  plasma  was  mixed  with  600 µl
0.57 M  NaOH(aq).  The diluted samples  were loaded onto the plate and were
drawn through. The plate was then washed with 2×400 µl  H2O/MeOH (95:5,
v/v) and then eluated with 2×450 µl MeOH. The combined eluates from load,
wash and elution were separated in two aliquots and were then transferred into
new Eppendorf tubes. The samples were evaporated with a centrifugal vacuum
evaporator over night, using no heat. The dry samples were reconstituted in
600 µl H2O/AcN (95:5, v/v) for RP and in 600 µl AcN/H2O (90:10, v/v) for
HILIC. The samples were vortexed for 1 min. 200 µl was then transferred to
300 µl  vials  with  screw  caps  and  were  subsequently  placed  in  the  UPLC
autosampler, which was kept at 4 °C.

2.2.5 Solid Phase Extraction (C18)

Method F, plasma samples were thawed on ice and aliquots of 350 µl  were
transferred into test tubes. 1050 µl H2O was added to the tubes, plasma/H2O
(1:3, v/v). SPE was conducted on Isolute C18 (EC) cartridges (3 ml, 200 mg,
Biotage AB, Uppsala, Sweden). Prior to extraction the columns were activated
with  2×2 ml  MeOH  and  then  equilibrated  with  2×2 ml  H2O.  The  diluted
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plasma samples were loaded onto the cartridges and were drawn through under
vacuum. The cartridge was then washed with 2×500 µl H2O and then eluated
with 2×500 µl AcN. The combined eluates from load, wash and elution were
separated in two aliquots and were then transferred into new Eppendorf tubes.
The  samples  were  evaporated  with  a  centrifugal  vacuum  evaporator  over
night, using no heat.  The dry samples were reconstituted in 350 µl H2O/AcN
(95:5, v/v) for RP and in 350 µl AcN/H2O (90:10, v/v) for HILIC. The samples
was vortexed for 1 min. 200 µl was then transferred to 300 µl vials with screw
caps and were subsequently placed in the UPLC autosampler, which was kept
at 4 °C.

2.2.6 QC samples 

Quality control samples (QC) were prepared by combining aliquots of 60 µl
from all the samples prepared by the same method. The aliquots were taken
after reconstitution of the samples. 

2.2.7 Recovery

99.99 mg Uric  acid  was dissolved in  5 ml  H2O (118.96 mM).  20.16 mg L-
Tryptophan was dissolved in 10 ml H2O (9.87 mM). 19.96 mg Creatinine was
dissolved in 10.00 ml H2O (17.65 mM). 100.01 mg L-Proline was dissolved in
10 ml H2O (86.87 mM). 19.96 mg L-Carnitine was dissolved in 10.00 ml H2O
(10.10 mM).  100 µl  Isobutyric  acid  was diluted  to  10.00 ml  with  H2O and
subsequently 100 µl was diluted to 10.00 ml with H2O (1.07 mM) 100.12 mg
L-Valine was dissolved in 10.00 ml H2O (85.46 mM). 100.02 mg Stearic acid
was  dissolved  in  10.00 ml  MeOH  (35.16 mM).  10.06 mg  Adenine  was
dissolved in 100.00 ml H2O (0.75 mM). 100.25 mg L-Thiamine was dissolved
in 5 ml H2O (59.45 mM). A table with the same information can be found in
appendix, Table A1.

A standard  mixture  was  prepared  by adding  670 µl  Uric  acid,  1340 µl  L-
Tryptophan, 1260 µl Creatinine, 580 µl L-Proline, 1280 µl L-Carnitine, 640 µl
Isobutyric  acid,  820 µl  L-Valine,  120 µl  Adenine  and  710 µl  L-Thiamine
solutions to a 10.00 ml round bottomed flask and adding H2O until the 10 ml
mark  was  reached  (solution  x30).  6.67 ml  of  the  standard  mixture  was
transferred  to  a  10.00 ml  round  bottomed  flask  and  H2O was  added  until
reaching  the  10.00 ml  mark  (solution  x20).  5.00 ml  of  solution  x20  was
transferred to a new 10.00 ml round bottomed flask and H2O was added until
reaching the 10.00 ml mark (solution x10). 

A dilution of Stearic acid was performed in similar fashion.  4.91 ml Stearic
acid  (35.16 mM)  was  transferred to  a  5.00 ml  round  bottomed  flask  and
MeOH  was  added  until  reaching  the  5.00 ml  mark  (Stearic  acid  mix  III,
34.53 mM).  3.33 ml  from SIII  was  transferred  to  a  new 5.00 ml  flask  and
MeOH  was  added  until  reaching  the  5.00 ml  mark  (Stearic  acid  mix  II,
23.00 mM).  2.50 ml  from SII  was  transferred  to  a  new 5.00 ml  flask  and
MeOH  was  added  until  reaching  the  5.00 ml  mark  (Stearic  acid  mix  I,
11.52 mM). 
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Plasma samples were spiked with 1, 2 and 3 times the expected concentration
in a normal sample (x1, x2 and x3) [30]. Four plasma samples were prepared
by mixing 2510  µl plasma with 280 µl  solution x30, x20, x10 or H2O and
10 µl SIII, SII, SI or MeOH. x30 and SIII are associated with each other as is
x20 with SII, x10 with SI, and H2O with MeOH. Thus yielding the desired
concentrations for each substance. A reference sample was prepared by adding
280 µl solution x20 and 10 µl SII to 2510 µl AcN/H2O (90:10, v/v) or 2510 µl
H2O/AcN (95:5, v/v).  An overview table with the final concentrations can be
found in appendix, Table A2.  

All  the  samples,  except  the  reference  sample,  were  then  processed  using
method A, C and E, described in detail  above in section  2.3.2 – 2.3.4.  The
reference  sample  was  instead  diluted  (50/50,  v/v)  with  500 µl  AcN/H2O
(90:10, v/v) or 500 µl H2O/AcN (95:5, v/v) to compensate for the decrease in
concentration due to splitting of the samples into HILIC/C18 fractions. QC
samples were prepared by mixing 60 µl of the reconstituted samples with the
lowest  concentration  of  added  compounds  (plasma  mixed  with  H2O  and
MeOH) from A, C and E. 60 µl of all other reconstituted plasma samples were
mixed to form a QC sample to use for preconditioning of the column.  The
analyses were carried out on both C18 and HILIC in positive mode. 

2.2.8 UPLS-MS 

The analyses were performed on an Synapt G2S from Waters (Waters, North
Kingstown, RI,  USA).  Analysis  in RP mode was performed on an Acquity
UPLC BEH C18 (1.7 µm, 2.1×50 mm) column at 50 °C. Mobile phase A: H2O
with 0.1 % formic acid and B: AcN with 0.1 % formic acid. Analysis in HILIC
mode were performed on an Acquity UPLC BEH Amide (1.7 µm, 2.1×50 mm)
column  at  50 °C.  Mobile  phase  A:  AcN/H2O  (90:10,  v/v)  with  10  mM
ammonium formate and 0.125 % formic acid and B: AcN/H2O (50:50, v/v)
with  10 mM  ammonium  formate and  0.125 %  formic  acid.  The  injected
volume was  10 µl  and the  flow rate  was  0.4  ml/min  in  both  set-ups.  The
gradients  used  are  listed  in  Table  2.2.8.1  and  2.2.8.2  below.  The  ESI
parameters are listed in Table 2.2.8.3. 

Table 2.2.8.3: ESI parameters.
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Table 2.2.8.1: C18 gradient.
Time 
(min)

Flow 
(ml/min)

% A % B 

0.0 0.4 98 2

2.0 0.4 98 2

5.0 0.4 85 15

15.0 0.4 2 98

21.0 0.4 2 98

21.1 0.4 98 2

23.0 0.4 98 2

Table 2.2.8.2: HILIC gradient.
Time 
(min)

Flow 
(ml/min)

% A % B 
 

0.0 0.4 100 0

1.0 0.4 100 0

12.0 0.4 0 100

14.0 0.4 0 100

14.1 0.4 100 0

17.00 0.4 100 0



Source Positive Negative

Capillary (kV) 1.0 1.5 

Sampling cone 30 25

Source offset 50 60 

Source ( °C) 120 120

Desolvation ( °C) 500 450

Cone gas (l/h) 50 50 

Desolvation gas (l/h) 800 800

Nebuliser 6.0 6.0

2.2.9 Data Processing and analysis 

MassLynx MS Software (v. 4.1, Waters) was used to collect the data. All data
were processed  with  MarkerLynx  (v. 4.1,  Waters)  in  order  to  obtain  the
features from each sample. A cutoff value of 3000 counts and a peak with of
5 ppm  was  used.  The  list  of  features  was  then  exported  to  Excel  (2007,
Microsoft) and the CV % value was calculated. All features with CV < 30 %
were then exported to Simca (v. 13.0.0.0, Umetrics) for PCA analysis. 

3. Results and discussion

The aim of this  master  thesis  project was to develop a method for sample
preparation and analysis, capable of detecting as many metabolites as possible
in  human  plasma  samples  in  a  reproducible  manner.  In  total  six  different
methods for sample preparation and workup was tested, these are summarized
in Table 3.1 below.

Table 3.1: Methods for sample preparation and workup.
Name Type Solvent

Method A Precipitation MeOH

Method B Precipitation MeOH + H3PO4

Method C Ultrafiltration -

Method D SPE HLB MeOH + H3PO4

Method E SPE HLB MeOH/NaOH

Method F SPE C18 AcN

3.1 Features

The number of features detected are listed in Table 3.1.1. The largest amount
of features was detected when the samples was prepared using method A, B
and E. This was the case for both HILIC and C18 type columns. More features
was detected with positive ionization than with negative ionization in general.
Method A seems to be more favourable to use in combination with C18 type
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columns. Method B on the other hand seems to be better suited in combination
with HILIC type columns. 

Table 3.1.1: The total amount of features detected for each method, column
and ionization mode with an intensity cutoff value of 3000. 

C18 neg C18 pos HILIC neg HILIC pos 

Method A 4009 4461 1910 4627

Method B 3910 5450 4007 7617

Method C 242 1261  302* 765*

Method D 237 1541  700* 809*

Method E 1557 6029  1055* 2228*

Method F 244 1277 677* 518* 

* The samples were hard to reconstitute completely after evaporation.

The number of detected features drops as expected when the CV value is taken
into consideration, see Table 3.1.2, but the number of features is still high with
almost  all  of  the  tested  methods.  There  was  some  trouble  with  the
reconstitution of the C, D, E and F samples for the HILIC runs (marked with *
in table 3.1.1). These samples were centrifuged briefly after the reconstitution
and  the  supernatant  was  injected  into  the  MS.  The  trouble  with  the
reconstitution most certainly effect the number of detected features and these
methods (C, D, E and F) will need to be tested again to gain a more reliable
result. For the C18 runs the reconstitution wasn't a problem to the same extent,
making the results from the C18 runs more reliable. 

Table 3.1.2: Table showing the number of features detected for each method, 
column and ionization mode with an intensity cutoff value of 3000. Only the 
values with a CV value below 30 %. 

C18 neg C18 pos HILIC neg HILIC pos 

Method A 3014 3578 1400 3410

Method B 2408 3649 2012 4394

Method C 181 1101 123 514

Method D 100 1045 386 319

Method E 1072 3405 639 924

Method F 172 924 471 140

Figure 3.1.1 is a graphic representation in the of Venn diagrams of the detected
features  (intensity  greater  than  3000  and  a  CV value  below 30 %).  These
diagrams show the  number  of  features  detected  for  each method and how
many of these features that are unique for that particular method. The number
in the middle is how many of the features that are found in all samples. This
number is very low for all modes and that was unexpected. Each feature was
given a new ID by combining the retention time and the m/z for each of them
in the form of 0.00_000. Where the firs  numbers is  RT in minutes and the
second  numbers  is  the  m/z without  the  decimals.  These  IDs  were  then
compared between the methods to give number of equal features. The shaving
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of  the  RT.  and  m/z is  quite  harsh,  and  furtherer  shavings  might  have  a
disadvantageous effect as more of the features will be counted as the same
even  though  they  have  a  large  difference  in  reality.  In  the  end  the  Venn
diagrams  shows  us  that  there  is  a  large  difference  between  the  methods
regarding the features detected.

As seen in the Venn diagrams there is only a very small overlap between the
different  methods.  The  PCA plots  of  the  different  methods  (Figure  3.1.2)
shows the same thing. The PCA plots show that all samples from each method
cluster together, indicating a similar composition of metabolites retained and
there is three or four distinguished groups. A, B, and C+D+E+F for HILIC
negative mode, A+B, C+E and D+F for C18 negative mode and A, B, C+E,
and D+F for  C18 and HILIC positive  mode.  Partially zoomed version  are
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Figure 3.1.1: Venn diagrams showing the number of features for the 6 different methods in
C18 negative  mode  (I),  C18  positive  mode  (2),  HILIC  negative  mode  (III)  and  HILIC
positive mode (IV). A) Precipitation with MeOH. B) Precipitation with MeOH and H3PO4.
C) Ultrafiltration. D) SPE (HLB) with MeOH and H3PO4. E) SPE (HLB) with MeOH and
NaOH.  F) SPE (C18)  with AcN.  The number  in  the  parenthesis  is  the total  number  of
features for each method. All features have a CV value < 30 %.



found in the appendix (Figure A3). This demonstrates the same thing as the
Venn diagrams, that there is a big difference between the methods regarding
the ability to capture small molecules. The Venn diagrams doesn't show this
but there is a high probability that the overlap between C and E, and D and F is
quite large, at least in positive mode, since they cluster very tightly in the PCA
plots.  The largest amount of features was detected when method A, B and E
was used for sample preparation. Precipitation with MeOH (A), precipitation
with MeOH and H3PO4 (B) and SPE HLB with NaOH (E). Method B and E
seems to  be  more  suitable  to  use  with  HILIC columns whereas  method A
seems to yield more features in combination with C18 type columns. Using
H3PO4 might  however  result  in  degradation  and  breakdown  of  fragile
substances.
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Figure 3.1.2: PCA plots showing all methods (A-F) in C18 negative mode (I), C18 positive
mode (2),  HILIC negative mode (III) and HILIC positive mode (IV).  The colours  are as
follows: A (red), B (purple), C (blue), D (green), E (yellow) and F (orange).  



3.2 Gradients

The graphic display of the different gradients used in other related publications
(Figure 3.2.1) was used in order to serve as a starting point for setting up
suitable gradients. The gradient used follows the general trend but is prolonged
in an attempt to separate the analytes furtherer and by doing so reduce the
possibility for peaks to overlap. Figure 3.2.2 shows the distribution of features
over the whole time of the analysis. The distribution was used to evaluate the
gradients. The graph clearly shows that the gradients isn't optimal for either of
the two columns. The time of the analysis can be shortened significantly, the
distribution should ideally display a linear correlation similar to that of x = y.
The time frame of this thesis didn't allow any other gradients to be tested and
evaluated but a proposed new gradient for both HILIC and C18 can be found
in appendix (Figure A1). 
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Figure 3.2.1: Different C18 and HILIC gradients found in the literature, these were used to
estimate a gradient to use in this thesis. For C18 (t) a 23 min gradient was used (dark red).
And for HILIC (b) a 17 min gradient was used (yellow).



3.3 Recovery

Since the methods are very different in the way that they operate, the idea was
to investigate if any of them were better suited to use regarding different types
of compounds. Three methods were tested for this purpose one of each major
type, precipitation, ultrafiltration and SPE. Plasma and water (blank) samples
were spiked with known concentration of 10 compounds in four levels, Table
A2 in appendix. Figure 3.3.1 shows the EIC for all of the compounds found in
HILIC positive mode. 
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Figure  3.2.2:  Cumulative  distribution  of  identified  features  (CV < 30 %).  Displayed  as
percentage of the total number of features detected at a specific time.



There  is  a  clear  difference  between the  reference  sample  (no  workup,  just
substances added to 90:10 AcN/H2O) and a processed sample. In the reference
sample no peak for L-Valine could be detected, and in the processed sample
the L-Tryptophan peak is much smaller. This was the case for all samples. The
samples  were processed  using  method  A,  C,  and  E.  The  logarithm of  the
intensity  for  each  substance  was  plotted  against  the  added  concentration
(original conc. in the plasma samples was unknown), Figure 3.3.2. The smaller
peak for  L-Tryptophan may be a  result  of ion suppression due to  the vast
number of substances in a human plasma. The appearance of a peak for L-
Valine in the processed sample have no simple explanation. It may be an error
(misreading), or similar. The concentration of L-Valine in the sample doesn't
seem to  affect  the  appearance  of  the  peak,  as  it  is  found in  all  processed
samples, just not in the reference sample. It might be a result of an error in the
spiking of the sample, but the same mixture was used for spiking one of the
test samples. All points toward a misreading, but no conclusions can 
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Figure 3.3.1: Extracted Ion Chromatograms (EIC) for the tested substances in HILIC positive
mode. For both a  reference sample (I) (substances dissolved in water/MeOH at a conc. two
times the normal conc.) and a real sample (II) (Method E, added conc. is three times the
normal conc. for each substance). The x-axis is cropped at 5 min since all of the substances
are eluated at that point. The y-axis starts at 10 % intensity to minimize the noise and provide
a clearer EIC.



be made unless the recovery samples are re-examined or remade.
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Figure 3.3.2: Plots showing the intensity vs. added conc. for each of the tested methods in
HILIC positive mode. With the intensity from the reference samples in the same plots. Ref. L-
Proline is not visible as it's concealed by Ref. L-Tryptophan.



The data from two times the normal concentration samples displayed a very
different behaviour than the others (Figure A4, in appendix). Again pointing
toward that something is suspicious about that spiking mixture.  These data
points were excluded and linear regression was made for the remaining points.
The recovery for each substance (Table 3.3.1) was then calculated by first
calculating a new value for two times the normal conc., using the equation
given by the linear regression. This value was then compared to the value from
the reference sample. 

All the samples from two times the normal conc. differed very much from the
expected value.  This  suggests that something must have happened to these
samples. Since the plasma is from the same pool and the substances likewise
something must be wrong with the concentration for these samples. Since the
reference samples were spiked with the substance mix from the same pool, the
recovery for the substances may be affected.

Table  3.3.1:  Table  showing the  recovery  (%)* for  each substance  with  all
tested methods. HILIC positive mode. 

L-Tryptophan Creatinine L-Proline L-Carnitine L-Valine Adenine

Method A 11.6139 61.8864 18.4879 25.9251 139.5774 33.8289

Method C 11.1320 61.9106 18.4198 25.6229 139.8765 34.3510

Method E 11.4645 61.5415 17.5868 25.8591 138.0187 33.2875

*The recovery is calculated as predicted intensity/ref. intensity. 

The recovery study was made in order to evaluate if any of the three chosen
methods  (A,  C  and  E)  showed  any  signs  of  favouring  a  certain  type  of
substance. If any method displayed a higher recovery for any of the chosen
substances.  The  result  of  the  recovery  study  can  best  be  described  as
inconclusive. Furtherer study of the recovery is needed in order to make any
choices regarding the best method for any given type of compound.

5. Conclusions
Six different types of sample workup methods have been tested successfully.
This  thesis  shows that  there  is  a  large  difference  regarding the  number  of
features  that  can  be  found  using  these  methods  and  that  the  features  are
different depending on what sample workup method was used. The tests have
been performed using both C18 and HILIC type columns in both positive and
negative mode. 

The total number of features detected for each method drops as the CV value
is taken into consideration, as expected. The overall loss of features is larger
for  negative  mode  than  for  positive  mode  when  the  CV value  criteria  is
applied.  Possibly  due  to  some  error  in  the  setup  of  the  analysis,  ion
suppression or clogging of the column.

The largest amount of features with a CV value less than 30 % was detected
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when method A, B and E where used for sample preparation. This suggest that
precipitation is be the best choice for global untargeted metabolomics. Method
B (MeOH + H3PO4) and E (SPE HLB + NaOH) seems to be more suitable to
use with HILIC columns whereas method A (MEOH) yielded more features in
combination with C18 type columns. The ionization mode was less important,
compared whit the choice of column, but more features was detected using
positive mode than negative mode. 

To  cover  as  much  as  possible  of  the  metabolome  both  NP  and  RP
chromatography should be used and it should also be in positive as well as in
negative mode.  The best  would perhaps be to  focus on a specific  class  of
compounds one at the time and to use other techniques, such as NMR, as well
as a complement to MS. 

6. Future investigations
The recovery for each method still needs to be investigated as the result from
this  thesis  is  inconclusive.  Other  sample  workup  methods  might  also  be
investigated  but  with  focus  on classes  of  compounds instead  of  the  whole
metabolome.

Acknowledgements
First  of  I  would  like  to  thank  my  supervisors  Jakob  Haglöf and  Mikael
Engskog for all the help and support during this project. I would also like to
thank Curt Pettersson and Torbjörn Arvidsson for valuable advice and ideas, it
is  easy  to  get  stuck  in  the  same  thinking  and  different  people  may  have
different approaches to the same problem. Furthermore, I would like to thank
Ida Erngren, the other student making her master thesis at the department.  I
would  also  like  to  thank  Axel  Rydevik  for  your  help  whenever  I  had  a
question. I would like to thank my subject reader Ulf Bondesson as well and
the staff on the department as a whole. 

25



References

[1] Zelena, E., Dunn, W. B., Broadhurst, D., Francis-McIntyre, S., Carroll, 
K. M., Begley, P., O’Hagan, S., Knowles, J. D., Halsall, A., 
HUSERMET Consortium, Wilson, I. D., Kell, D. B., Anal. Chem., 
2009, 81, 1357–1364. 

[2] Dunn, W. B., Broadhurst, D. I., Begley, P., Zelena, E., Francis-
McIntyre, S., Anderson, N., Brown, M., Knowles, J. D., Halsall, A., 
Haselden, J. N., Nicholls, A. W., Wilson, I. D., Kell, D. B., Goodacre, 
R., Nat. Protoc., 2011, 6, 1060–1083. 

[3] Psychogios, N., Hau, D. D., Peng, J., Guo, A. C., Mandal, R., Bouatra, 
S., Sinelnikov, I., Krishnamurthy, R., Eisner, R., Gautam, B., Young, N.,
Xia, J., Knox, C., Dong, E., Huang, P., Hollander, Z., Pedersen, T. L., 
Smith, S. R., Bamforth, F., Greiner, R., McManus, B., Newman, J. W., 
Goodfriend, T., Wishart, D. S., PLoS One, 2011, 6, e16957. 

[4] Vuckovic, D., Anal. Bioanal. Chem., 2012, 403, 1523–1548. 

[5] Villas-Bôas, S. G., Mas, S., Åkesson, M., Smedsgaard, J., Nielsen, J., 
Mass Spectrom. Rev., 2005, 24, 613–646. 

[6] Nordström, A., Want, E., Northen, T., Lehtiö, J., Siuzdak, G., Anal. 
Chem., 2008, 80, 421–429. 

[7] Lawton, K. A., Berger, A., Mitchell, M., Milgram, K. E., Evans, A. M., 
Gou, L., Hanson, R. W., Kalhan, S. C., Ryals, J. A., Milburn, M. V., 
Pharmacogenomics, 2008, 9, 383–397. 

[8] Álvarez-Sánchez, B., Priego-Capote, F., Luque de Castro, M. D., Trends
Anal. Chem., 2010, 29, 111–119. 

[9] Want, E. J., O’Maille, G., Smith, C. A., Brandon, T. R., Uritboonthai, 
W., Qin, C., Trauger, S. A., Siuzdak, G., Anal. Chem., 2006, 78, 743–
752. 

[10] Tulipani, S., Llorach, R., Urpi-Sarda, M., Andres-Lacueva, C., Anal. 
Chem., 2013, 85, 341–348. 

[11] Duportet, X., Aggio, R., Carneiro, S., Villas-Bôas, S., Metabolomics, 
2012, 8, 410–421. 

[12] Theodoridis, G., Gika, H. G., Wilson, I. D., Trends Anal. Chem., 2008, 
27, 251–260. 

[13] Whiley, L., Godzien, J., Ruperez, F. J., Legido-Quigley, C., Barbas, C., 
Anal. Chem., 2012, 84, 5992–5999. 

26



[14] Blood Components www.redcrossblood.org/learn-about-blood/blood-
components (date accesed 2014-02-06). 

[15] Yuan, M., Breitkopf, S. B., Yang, X., Asara, J. M., Nat. Protoc., 2012, 7,
872–81. 

[16] Dunn, W. B., Broadhurst, D., Brown, M., Baker, P. N., Redman, C. W. 
G., Kenny, L. C., Kell, D. B., J. Chromatogr. B., 2008, 871, 288–298. 

[17] Crews, B., Wikoff, W. R., Patti, G. J., Woo, H.-K., Kalisiak, E., 
Heideker, J., Siuzdak, G., Anal. Chem., 2009, 81, 8538–8544. 

[18] Michopoulos, F., Lai, L., Gika, H., Theodoridis, G., Wilson, I., J. 
Proteome Res., 2009, 8, 2114–2121. 

[19] Fukui, Y., Itoh, K., Open Anal. Chem. J., 2010, 4, 1–9. 

[20] Bruce, S. J., Jonsson, P., Antti, H., Cloarec, O., Trygg, J., Marklund, S. 
L., Moritz, T., Anal. Biochem., 2008, 372, 237–249. 

[21] Bruce, S. J., Tavazzi, I., Rezzi, S., Kochhar, S., Guy, P. A., Anal. Chem., 
2009, 81, 3285–3296. 

[22] [Care and Use Manual] Oasis HLB Cartridges and 96-well Plates 
http://www.waters.com/webassets/cms/support/docs/715000109.pdf 
(date accesed 2014-03-12). 

[23] [Care and Use Manual] Ostro Sample Preparation Plate 
http://www.waters.com/webassets/cms/support/docs/720003672en.pdf 
(date accesed 2014-04-15). 

[24] Metablogomics http://metablogomics.blogspot.se/2010/10/after-four-
years-working-on-numerous.html (date accesed 2014-05-07). 

[25] Wikberg, J. E. S., Eklund, M., Willighagen, E. L., Spjuth, O., Lapins, 
M., Alvarsson, J., Introduction to Pharmaceutical Bioinformatics, 2nd 
ed., Oakleaf Academic, Stockholm, 2010, pp. 237–241. 

[26] OPLS vs PLSDA VS PLS 
http://fiehnlab.ucdavis.edu/staff/kind/Statistics/Concepts/OPLS-PLSDA
(date accesed 2014-10-03). 

[27] Want, E. J., Wilson, I. D., Gika, H., Theodoridis, G., Plumb, R. S., 
Shockcor, J., Holmes, E., Nicholson, J. K., Nat. Protoc., 2010, 5, 1005–
1018. 

[28] Want, E. J., Masson, P., Michopoulos, F., Wilson, I. D., Theodoridis, G.,
Plumb, R. S., Shockcor, J., Loftus, N., Holmes, E., Nicholson, J. K., 
Nat. Protoc., 2013, 8, 17–32. 

[29] Van der Kloet, F. M., Bobeldijk, I., Verheij, E. R., Jellema, R. H., J. 

27



Proteome Res., 2009, 8, 5132–5141. 

[30] HMBD http://www.hmdb.ca/metabolites (date accesed 2014-04-15). 

28



Appendix 

Table A1: Dissolution of reference compounds for recovery study. 

Substance Class
MW

(g/mol)
Amount Conc.

Volume 
(µl) to
10 ml

Uric acid Organic acid 168.11 99.99 mg in 5 ml H2O
118.9578
mM

686

L-Tryptophan Other 204.23 20.16 mg in 10 ml H2O
9.8712
mM

1337

Creatinine Amino acid 113.12 19.96 mg in 10 ml H2O
17.6450
mM

1260

L-Proline Vitamins 115.13 100.01 mg in 10 ml H2O
86.8670
mM

580

L-Carnitine
Cholesterol 
and 
fatty acids

197.66 19.96 mg in 10 ml H2O
10.0981
mM

1277

Isobutyric acid Amino acid 88.11 100 µl in 10 ml H2O then
100 µl in 10 ml H2O

1.0728
mM

643

L-Valine Amino acid 117.15 100.12 mg in 10 ml H2O
85.4631
mM

818

Stearic acid Other 284.48
100.02 mg in 10 ml 
MeOH

35.1589
mM

-

Adenine
Almost 
vitamins

135.13 10.06 mg in 100 ml H2O
744.4683
µM

121

L-Thiamine Other 337.27 100.25 mg in 5 ml H2O
59.4479
mM

707

Table A2: Added concentration of the compounds in the final plasma samples. 
Substance Normal conc. 

(µM) *
x3† 

(µM)
x2

(µM)
x1

(µM)
Ref. sample

(µM)

Uric acid 271.95 ± 43.13 815,85 543,90 271,95 543,90

L-Tryptophan 44.00 ± 7.00 132,00 88,00 44,00 88,00

Creatinine 74.12 ± 10.91 222,36 148,24 74,12 148,24

L-Proline 168.0 ± 60.00 504,00 336,00 168,00 336,00

L-Carnitine 43.00 ± 26.50 129,00 86,00 43,00 86,00

Isobutyric acid 2.30 ± 1.85 6,90 4,60 2,30 4,60

L-Valine 233.00 ± 43.00 699,00 466,00 233,00 466,00

Stearic acid 41.12 ± 5.52 123,36 82,24 41,12 82,24

Adenine 0.30 ± 0.10 0,90 0,60 0,30 0,60

L-Thiamine 140.00 ± 33.00 420,00 280,00 140,00 280,00
*Concentrations  as  listed on  www.HMDB.ca (2014-05-14)  when looking at  blood,  adult,  both  sexes and during
normal conditions.  

† x3 is the result of the addition of solution x30 and Stearic acid mix III to plasma as they are diluted. x2 and x1 are
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prepared in the same manner with the corresponding x20/x10 and Stearic acid mix II/I.
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Figure A1: New suggested gradients for HILIC and C18 based on the look of Figure 3.2.2.

Figure  A2:  PCA plot  showing how the  QC conditioning  samples  starts  to  cluster  at  a
specific point i.e. the samples becomes more similar. The conditioning of the column gets
better the more the samples cluster together. This particular PCA plot is from a C18 positive
mode run, with a cutoff value of 10000 for the feature detection. 
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Figure  A3:  Zoomed  in  versions  (the  interesting  region)  of  the  PCA plots  showing  all
methods (A-F) HILIC negative mode (t) and HILIC positive mode (b). The colours are as
follows: A (red), B (purple), C (blue), D (green), E (yellow) and F (orange). 
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Figure A4: Figure showing all the collected data points from the recovery study. The picture
indicates that there is something odd with the 2 x conc. samples. 
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