
UPTEC K 20006

Examensarbete 30 hp
Februari 2020

Optimization of a Methodology 
for Cell Based Untargeted     
Metabolomics with UHPLC-Q-ToF-MS 

Jens Westerinen



 

 
 
Teknisk- naturvetenskaplig fakultet 
UTH-enheten 
 
Besöksadress: 
Ångströmlaboratoriet 
Lägerhyddsvägen 1 
Hus 4, Plan 0 
 
Postadress: 
Box 536 
751 21 Uppsala 
 
Telefon: 
018 – 471 30 03 
 
Telefax: 
018 – 471 30 00 
 
Hemsida: 
http://www.teknat.uu.se/student 

Abstract

Optimization of a Methodology for Cell Based
Untargeted Metabolomics with UHPLC-Q-ToF-MS

Jens Westerinen

Metabolomics is the study of small molecules (molecular weight < 1500 Da) in a
biological system and can provide relevant information about endpoints of
biochemical pathways by establishing metabolic profiles for different sample cohorts
and comparing these through multivariate data analysis. The aim of this thesis was to
establish and test a suitable methodology for cell-based untargeted metabolomics,
utilizing UHPLC-MS. Two different system setups were established, using one C18
column and one HILIC column. Parameter optimization was carried out with a
reference solution, containing a diverse set, with regards to their physical and
chemical properties, of seven substances. Cultured HCT 116 cells were chosen as
model system. Three different sample preparation procedures were evaluated, based
on number of detected unique markers and relative degree of reproducibility. Two of
the procedures were based on liquid extraction, Dual Layer Fractionation (DLF) and
Consecutive Extraction (CE), and the third was a dilution (DI) of the cell samples. The
HILIC system did not achieve an adequate number of detected unique markers for
any of the sample preparation procedures and further optimization is required. For
the C18 system, CE proved to have the highest degree of reproducibility, while
retrieving the next greatest set of detected unique markers.
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Populärvetenskalig sammanfattning 

Att studera de kemiska slutprodukterna, metaboliterna (små molekyler), i ett biologiskt system 

kan ge värdefull information om dess tillstånd. Detta vetenskapliga fält kallas metabolomik. 

Exempel på prov som studeras inom detta område kan vara urin, blod (plasma eller serum) och 

celler. Är det sen tidigare lite känt om systemet som skall studeras kan det i vissa fall vara 

lämpligt att utföra en så kallad oriktad studie, där så mycket information som möjligt samlas in. 

Inom metabolomiken innebär detta att studera ett så vitt spann utav olika typer av molekyler som 

möjligt. 

Att utföra studier på odlade celler, istället för på cellprov från människa eller djur, ger möjlighet 

att begränsa antalet faktorer som kan påverka resultaten, vilket kan ge mer tillförlitliga resultat. 

Till exempel kan resultaten från en cellkultur som har behandlats med en substans jämföras med 

en annan, obehandlad cellkultur för att studera substansens inverkan på cellerna. Det finns även 

etiska och ekonomiska aspekter med att utföra studier på odlade celler, då det både är enklare och 

billigare, jämfört med djur- och patientstudier. 

Sammansättningen utav biologiska prov är komplex och för att underlätta analysen utav proven 

kan de förbehandlas (upparbetas). Inom metabolomiken innebär detta först att alla stora 

molekyler i provet tas bort. Efter det kan de molekyler som skall studeras utvinnas genom att till 

exempel låta de fördela sig i två olika vätskefaser (fraktionering) eller extraheras till en vätskefas 

(extraktion). Att kunna återupprepa resultaten är också av stor vikt och utformingen utav 

provupparbetningsmetod kan ha stor inverkan på detta. 

I det här arbetet har olika provupparbetningsmetoder applicerats på en typ utav odlade, mänskliga 

celler i syfta att användas i en oriktad studie. Dessa metoder har sedan utvärderats och jämförts 

med avseende på bland annat antalet unika, utvunna molekyler som har gått att detektera och 

repeterbarhet. 

Systemet som proverna analyserades på var ett så kallat Ultra-High Performance Liquid 

Chromatography Quadropole-Time of Flight Mass Spectrometer (UHPLC-Q-ToF-MS). En 

begränsning med denna typ av detektor, masspektrometer (MS), är att den inte klarar av att 

detektera en för komplex provsammansättning. Detta kan hanteras genom att låta provet passera 

genom en separationskolonn. Beroende på separationsmedia i kolonnen kommer olika typer av 

molekyler att flöda olika snabbt genom denna, beroende på deras fysikaliska och kemiska 

egenskaper, och på så sätt nå detektorn vid olika tidpunkter. 

Resultaten visade på att val av provupparbetningsmetod och systemparametrar kommer att främja 

detektion utav olika grupper av molekyler. Det vill säga, det är svårt att utföra en helt oriktad 

studie utan att kombinera ett flertal olika provupparbetnings- och analysmetoder. 
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1. Introduction 

Metabolomics is the qualitative and quantitative study of small molecules (molecular weight 

< 1500 Da) in a biological system, aiming to determine the metabolic profile, i.e. the entire 

metabolome in a given sample [1,2]. Metabolic profiling has been applied in a wide set of 

research fields, for example, toxicology [3] and oncology [4]. It acquires information from 

complex biological matrices, such as serum/plasma [2,5-8], urine [9,10] or tissue [11-17]. This 

information can provide biologically relevant information about the endpoints of biochemical 

pathways, such as altered enzyme activity and endogenous biochemical reactions. In a typical 

metabolic profiling study, a control group is initially defined. This usually consists of samples 

from a non-treated, normal or healthy population and is used as reference. Then results for 

samples from a treated or diseased population are compared to the results for the control group 

samples through multivariate data analysis. 

Cell based metabolic profiling emerged as a promising subfield as it offered significantly better 

reproducibility, compared to in vivo samples, and avoids complex ethical issues. The use of 

cultured cells is also less time consuming, compared to animal models, and makes various 

treatment significantly easier to conduct. It is also a relatively cost effective approach [18]. 

Metabolic profiling can be applied with a targeted (designed to study a particular set of 

metabolites) or untargeted approach. The later one aims to identify and quantify as many 

metabolites as possible, in a given system, without prior knowledge about the metabolome. The 

challenge with untargeted metabolic profiling is mostly due to the metabolites wide range of 

chemical properties, such as polarity and protolytic characteristics [19]. Thus, a sample 

preparation procedure capable of handling this diversity is crucial. The overall goal of sample 

preparation is thus to recover as many metabolites as possible, but also doing this in the most 

reproducible way. Reproducibility is an aspect of great importance; hence, a variation in the 

method greater than the variation between sample groups would conceal any biologically relevant 

difference. 

In general, protocols for metabolic profiling of cultured cell samples contain procedures for the 

cultivation and harvesting of cells and quenching of enzymatic activity. The use of detailed 

protocols throughout all procedures involved allows for representative samples and credible 

results. 

There are several different approaches to be found in the literature for extraction of intracellular 

metabolites. Steps that may be included in the extraction procedure are solvent fractionation or 

extraction, solid-phase extraction, filtration, freeze-thawing, and homogenization, or a minimal 

preparation prior to direct injection, along with other newly emerging techniques [19-21]. The 

reproducibility is favored by limiting the amount of steps involved in the sample preparation 

protocol. Though, a too complex matrix composition can influence both separation and detection 

of metabolites negatively, for example through impaired chromatography and detection through 
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ion suppression. During the preparing literature study for this thesis, most prior research had 

applied either fractionation and/or extraction, using a diverse set of solvent compositions and 

procedures, to limit these effects [2,11-13]. 

Separation prior to ionization in the mass spectrometer is crucial due to the effect the sample 

matrix has on the signal acquisition. Too many ions reaching the detector at the same time will 

cause a decrease in signal, unevenly distributed over the analytes, hence not give a representable 

result from the sample. This effect is known as ion suppression and is a comprehensive and 

complex issue in itself [11]. 

The latest advancement within the field of liquid chromatography (LC), which leads to enhanced 

throughput and increased efficiency, is called ultra-high performance liquid chromatography 

(UHPLC) and utilizes smaller particles and higher pressures in the column [12]. Silica based 

particles with octadecyl carbon chains (C18) bonded to their surfaces are the most common 

stationary phases in LC columns and is typically used for the separation of unpolar substances. 

Hydrophilic interaction liquid chromatography (HILIC) columns are a kind of normal phase 

column, but are also adequate for separation of polar compounds through the presence of un-

substituted silanol groups [6,13]. 

Detection is generally performed with either nuclear magnetic resonance (NMR) or hyphenated 

chromatography-mass spectrometry techniques, where liquid chromatography-mass spectrometry 

(LC-MS) is common [11,12]. NMR is a robust, unbiased technique with no need for extensive 

sample preparation, but with the drawback of a limit of detection at the magnitude of low 

micromolar (µM). LC-MS has a range down to low nanomolar (nM) for limit of detection 

(LOD), but on the other hand, has problem with dealing with complex matrices, mostly due to 

extensive ion suppression. The choice of which technique to apply is based on the aim for the 

study, but there are also examples where the two techniques have been combined (LC-NMR) 

with good results [22]. 

Evaluation of data is most commonly carried out through multivariate data analysis. It can 

provide with easy visualization of complex data, hence easier interpretation, enables managing of 

great sets of data and contributes to better understanding of relationships between variables and 

observations. The data is first processed through setting of various parameters, optimized for 

retraction of as many relevant markers as possible. Then there are several different unsupervised 

and supervised methods to visualize multivariate data, such as principal component analysis 

(PCA) and orthogonal projections to latent structures discriminant analysis (OPLS-DA). PCA is 

commonly used to overview data (e.g. to identify outliers, observe trends and evaluate 

reproducibility), while OPLS-DA is used to acquire information about which metabolites that 

contribute to group classifications in a significant way [23]. 

The aim of this thesis was to establish and test a suitable methodology for cell-based untargeted 

metabolomics, utilizing UHPLC-MS.  This work focused on the evaluation of three different 



Master Thesis Project  Jens Westerinen 

Uppsala University  Master of Science in Chemical Engineering 

 

 

7 (21) 

 

sample preparation procedures for extraction of intracellular metabolites from a human colon 

carcinoma cell line, named HCT 116. The protocols are rated based on number of features 

(metabolites) detected and observed reproducibility. Furthermore, in order to detect as many 

unique features as possible, two different types of LC columns were used – one that is suited for 

separation of unpolar metabolites (C18) and one for separation of polar metabolites (HILIC). The 

data was evaluated by multivariate data analysis, using both PCA and OPLS-DA. 

2. Materials and Methods 

2.1. Chemicals 

The chlorprothixene hydrochloride, fenofibrate (> 99 %), L-phenylalanine (BioUltra), sulindac (> 

98 %), thiamine hydrochloride (HPLC-grade), thyroxine (HPLC-grade), trehalose dehydrate (> 

99 %), ammonium formate (LC-MS Ultra) and formic acid (> 98 %), were bought from Sigma 

Aldrich (St. Louis, MO, USA). The acetonitrile (ACN) and methanol (MeOH) were from Fisher 

Scientific (Loughborough, Liecestershire, UK) and were both of LC-MS grade. HPLC grade 

dichloromethane (DCM) was bought from Scharlab (Sentmenat, Spain). 

2.2. Cell samples 

The cell samples for this study were supplied by Akademiska Sjukhuset (Uppsala, Sweden).  

They were of a human colon carcinoma cell-line, called HCT 116. Culturing of the cells was 

performed in 21.5 cm
2
 culture dishes bought from Thermo Fisher Scientific (Slangerup, 

Danmark) with medium supplement McCoy’s 5A, containing 10 % heat inactivated fetal calf 

serum, 100 µg/ml streptomycin, 100 U/ml penicillin and 2 mM glutamine. Cells were grown in 

an incubator, at 37 ºC and under 5 % CO2, until they reached a count of 5 million. The harvesting 

begun with removing the culture medium and then washing the cells, quickly, with ice cold 

phosphate buffer saline (PBS, pH 7.4) three times to remove extracellular metabolites. This was 

directly followed by quenching with 2 ml of MeOH. The cells were then detached from the 

culture dish with a rubber tipped cell scraper from TPP (Trasadingen, Switzerland), transferred to 

a 10 ml centrifuge tube, also from TPP. The cell suspensions were then frozen at -80 ºC until 

metabolite extraction. 

2.3. Apparatus 

Weighing was performed on a Sartorius research R160 P from TillQuist-Stathmos (Goettingen, 

Germany). Liquids were degased on a Branson 5510 from Branson Ultrasonics (Danbury, CT, 

USA). Measurements of pH were carried out with an Orion Star A211 from Thermo Scientific 

(Waltham, MA, USA). Analytical samples were vortexed on a MS2 Minishaker from IKA 

(Staufen, Germany) and centrifuged on a RT 6000D from Sorvall (Langenselbold, Germany). For 
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evaporation, a Speed Vac Plus SC110A from Savant Instruments Inc. (Farmingdale, NY, USA) 

was used. 

The LC-MS system constituted of an Acquity UHPLC and a Synapt G2-S (Q-ToF) and was 

operated with the software MassLynx V4.1, all from Waters (Milford, MA, USA). Columns that 

were used include Acquity UHPLC BEH C18 (1.7 µm, 2.1 x 100 mm) and HILIC BEH (1.7 µm, 

2.1 x 50 mm), which also were from Waters. 

2.4. Procedure 

2.4.1. Preparation of reference solution 
Substances were weighed, as according to Table 1, and diluted in 100 ml of MeOH to acquire a 

0.1 mM reference solution. 

Table 1. Weighed masses for substances to be included in the reference solution. 

Substance m (mg) 

Chlorprothixene 3.16 

Fenofibrate  3.61 

L-phenylalanine 1.65 

Sulindac 3.56 

Thiamine hydrochlorid  3.37 

Thyroxine  7.77 

Trehalose dihydrate  3.78 

2.4.2. Metabolite extraction 
All samples were prepared as triplicates and analyzed as such. Also, a blank sample, not 

containing any cells, was prepared with each method. 

2.4.2.1. Direct injection (DI) 

Prior to analysis, three tubes containing cell suspension were centrifuged at 3000 rpm, for 15 

minutes, at 4 °C. Thereafter, 0.5 ml of supernatant was transferred into two vials from each tube. 

The three samples that were to be injected on the C18 BEH column were diluted with 0.5 ml of 

water and the three samples that were to be injected on the HILIC BEH column were diluted with 

0.5 ml of ACN. 

2.4.2.2. Dual-layer fractionation (DLF) 

For this procedure, a single tube of cell suspension was used and an additional amount of 6.0 ml 

of MeOH was added. The sample was centrifuged for 15 minutes, at 3000 rpm and 4 °C, after 

which 2.0 ml of supernatant was transferred to three glass tubes. To these tubes, 1.4 ml of water 

and 2.0 ml of DCM was added, to achieve a composition of 2:1.4:2 with MeOH:H2O:DCM. 

Samples were later vortexed for 60 seconds, left to settle at room temperature until the two 

phases were clearly separated and then centrifuged for 15 minutes at 3000 rpm and 4 ºC. A 

volume of 1.0 ml was sampled from each phase in new, separate glass tubes, then evaporated and 

http://structures.wishartlab.com/molecules/HMDB15369/image.png
http://structures.wishartlab.com/molecules/HMDB15173/image.png
http://structures.wishartlab.com/molecules/HMDB14743/image.png
http://structures.wishartlab.com/molecules/HMDB00235/image.png
http://structures.wishartlab.com/molecules/HMDB00248/image.png
http://structures.wishartlab.com/molecules/HMDB00975/image.png
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resuspended in 1.0 ml of water and 1.0 ml of ACN. The fraction sampled from the organic phase 

was to be injected over the C18 BEH column and the fraction sampled from the water phase was 

to be injected over the HILIC BEH column (DLF evap). Another sample set was prepared for 

evaluation of the HILIC column system through sampling of 1.0 ml of water phase, which 

consequently was diluted with 1.0 ml of ACN. 

2.4.2.3. Consecutive extraction (CE) 

A volume of 6.0 ml of DCM was added to each of three tubes containing cell suspension. The 

sample tubes were then vortexed for 60 seconds and left to settle before they were centrifuged at 

3000 rpm and 4 ºC, for 15 minutes. Thereafter, 1.0 ml of supernatant was sampled from each 

sample tube into new, separate glass tubes, evaporated and resuspended in 1.0 ml of water and 

1.0 ml of ACN. These samples were to be injected over the C18 BEH column. 

For preparation of samples for the HILIC column system, the remaining cell suspensions were 

first evaporated. The resulting cell pellet was then resuspended in 4.0 ml of water and 4.0 ml of 

MeOH, vortexed for 60 seconds and left to settle. This was followed by 15 minutes of 

centrifugation at 3000 rpm and 4 ºC. Two samples of 1.0 ml each were then transferred from each 

sample tube into new, separate glass tubes. Three of these, originating from different sample 

tubes, were then evaporated and resuspended in 1.0 ml of water and 1.0 ml of ACN (CE evap.). 

The other three samples were diluted with 1.0 ml of ACN. 

2.4.3. Preparation of mobile phases 
Mobile phases used for separation of unpolar metabolites on the C18 BEH column, A1 and B1, 

both contained 0.1 % of formic acid. They were prepared by adding 1.0 ml of 99 % formic acid 

to 1000 ml of water (A1) and 1000 ml of ACN (B1). 

Mobile phases A2 (95:5 ACN/200 mM ammonium formate, pH 3) and B2 (50:50 ACN/20 mM 

ammonium formate, pH 3) were used for separation of polar metabolites on the HILIC BEH 

column. For the preparation of these, a 0.2 M ammonium formate stock solution was made. This 

was achieved by dissolving 1.26 g of ammonium formate in 100 ml of water. Of this stock 

solution, 25 ml was taken and pH was adjusted to 3 with formic acid and 475 ml of ACN was 

conclusively added to acquire A2. To prepare B2, 25 ml of stock solution was diluted with 225 

ml of water, pH was adjusted to 3 with formic acid and then further diluted with 250 ml of ACN. 

All liquids were degased before applied in the LC-MS system. 

2.4.4. LC-settings 
Separation on the C18 column was achieved using a gradient of mobile phases A1 and B1 with a 

linear increase from 5 % B1 to 95 % B1 in 10 min, held at 95 % B1 for 5 min and followed by a 

flush with 95 % A1 for 5 min. Gradient utilized for separation on the HILIC column with mobile 

phases A2 and B2 was a linear permutation from 100 % A2 to 100 % B2 in 10 min, kept at 100 

% B2 for 5 min and followed by a flush with 100 % A2 for 5 additional min. Flow rate was 

always set to 0.5 ml/min, columns were tempered to 40 ºC and the injection volumes were 5 µl. 
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2.4.5. Mass spectrometry 
The Synapt G2-S was always operating in high resolution, positive ionization mode. Data was 

collected for 15 min at “Centroid mode”. Capillary voltage and cone voltage were set to 0.7 and 

30 V, respectively. Source temperature was set to 150 ºC. Desolvation gas (nitrogen) flow and 

temperature were set to 1000 L/h and 500 ºC, respectively, and collision gas used was argon. 

2.4.6. Multivariate data analysis 
Data was processed with MarkerLynx (Masslynx V4.1) and normalized against total signal 

intensity. The results were tabulated as retention times and m/z. Initial retention time was set to 

0.5 and 0.7 min for the C18 and HILIC system, respectively. Final retention time was set to 15 

min, with a retention time window of ±0.1 min. Mass filter was set to sample between 100 and 

800 and mass window at ±0.05 Da. Peak width at 5 % height and noise elimination level were 

both set to automatic. Marker intensity threshold was 800 and deisotope filtering was activated. 

Peak-to-peak baseline noise was set to automatic.  

For the evaluation of data, the software SIMCA-P+ (Umetrics, version 12.0, Umeå, Sweden) was 

used. Data was pareto scaled prior to analysis. PCA models were utilized for analysis of overall 

differences between metabolic profiles and sample preparation reproducibility for all samples and 

OPLS-DA models for comparison between sample groups to identify contributing metabolites. 

3. Results and Discussion 

3.1. Evaluation of Results for Reference Solution 

A suitable setup for the UHPLC-MS system was to be determined by examining separation of a 

reference solution, after direct injection, on the two different columns, C18 and HILIC. The aim 

was to estimate if adequate separations of the metabolites could be achieved on the two systems, 

establishing system parameter values and deduce the order of magnitude for the limit of detection 

(LOD) for the detection. Chemical properties for the chosen substances in the reference solution 

are summarized in Table 2. These substances were chosen, with respect to their polarities, 

molecular weights and protolytic properties, so that they would represent a general metabolic 

profile and cover the wide range of properties found among intracellular metabolites. Since each 

substance represents a wide range of analytes with similar properties, the most preferable 

outcome would be to achieve adequate separation of three, or four, of these substances with one 

of the two systems and for the remaining ones on the other system. If this is not accomplished, 

there is a severe risk of ion suppression to occur, due to a too complex composition of analytes 

reaching the detector. 
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Table 2. Chemical properties for reference substances. 

Substance Chem. form. MW (g/mol) *pKa log P 

Sol. 

(mol/L) **Class. 

Fenofibrate  C20H21ClO4 360.1128 - 5.801 3.0 E-06 Ap 

Chlorprothixene C18H18ClNS 315.0848 9.05 5.211 1.9 E-05 B 

Thyroxine  C15H11I4NO4 776.6867 2.12; 8.27 4.719 1.3 E-05 Z 

Sulindac C20H17FO3S 356.0882 4.26 2.552 7.6 E-05 Ac 

Phenylalanine  C9H11NO2 165.0790 2.21; 9.20 0.235 2.5 E-01 Z 

Thiamine C12H17N4OS 265.1123 15.5; 5.54 -3.1 1.9 B 

Trehalose  C12H22O11 342.1162 12.53 -3.931 9.2 E-01 Ap 
*Predicted values; most acidic/basic. ** Ac = acidic; Ap = aprotic; B = basic; Z = zwitterionic. 

3.1.1. Evaluation of direct injection on C18 column 
Several different concentrations of the reference solution were evaluated on the C18 column 

setup, ranging from 2 µM to 10 nM, in order to estimate LOD. Four of the selected substances 

were properly resolved in the corresponding total ion chromatograms (TICs) and base peak 

intensity (BPI); sulindac, thyroxine, chlorprotixene and fenofibrate (Figure 1). All four 

substances were detected as hydrogen adducts. Furthermore, it could be concluded that the 

corresponding retention times were proportional to the log P value for the four least polar 

substances, hence sulindac eluted first and fenofibrate eluted last. The retention times varied 

between 6 and 13 minutes. Moreover, the LOD was estimated to be close to 10 nM. The other 

three, more polar substances, phenylalanine, thiamine and trehalose, could not be detected, even 

in the void volume. A possible explanation for this could be severe ion suppression in the void 

volume. 

 
Figure 1. Corresponding chromatogram for reference solution 100 nM on C18 column. 1: sulindac, 

2: thyroxine, 3: fenofibrate, 4: chlorprotixene, 5: TIC. 

http://structures.wishartlab.com/molecules/HMDB15173/image.png
http://structures.wishartlab.com/molecules/HMDB15369/image.png
http://structures.wishartlab.com/molecules/HMDB00248/image.png
http://structures.wishartlab.com/molecules/HMDB14743/image.png
http://structures.wishartlab.com/molecules/HMDB00159/image.png
http://structures.wishartlab.com/molecules/HMDB00235/image.png
http://structures.wishartlab.com/molecules/HMDB00975/image.png
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3.1.2. Evaluation of direct injection on HILIC column 
Experiments with the reference solution were continued on the HILIC system. At 2 µM, 

phenylalanine, thiamine and trehalose could not be detected, but the other four substances - 

sulindac, thyroxine, chlorprotixene and fenofibrate - were detected in the void. A concentration in 

the magnitude of mM was required for phenylalanine, thiamine and trehalose to be detectable. 

These concentrations are remarkably high, since endogenous levels of metabolites are expected to 

be orders of magnitudes lower. Even though, separation was achieved between all three of them. 

Trehalose and phenylalanine were detected as sodium adducts, while thiamine was detected as 

M+. The reason for the low responses, even at such high concentrations, may be attributed to 

adduct formation not accounted for, e.g. with formic acid [24]. To try to explain the order in 

which the compounds elute with respect to their properties – e.g. log P and pKa – would be very 

difficult, due to different HILIC columns giving rice to different order of elution for the same set 

of substances. Several different mobile phase compositions and pH values were evaluated, but no 

improvements were achieved. Capillary voltage was also changed, but without any significant 

effect. 

3.1.3. Conclusions for reference solution experiments 
Conclusively, sufficient separation was achieved on both systems, with reference substances 

distributed evenly between the two – the four less polar substances separated on the C18 column 

and the three more polar substances separated on the HILIC column. Although, an LOD at about 

10 nM was acquired in the C18 system, remarkably high concentrations (mM) of three of the 

reference substances were required for them to be detectable on the HILIC system. This problem 

may be attributed to adduct formation not accounted for, insufficient ionization, or a combination 

of both. In the case of the latter, this may not be a problem in a more complex matrix, like cell 

extracts, since more ions are present. This is supported by the other four substances being 

detectable at low concentrations in the void volume with the HILIC system. These results are 

considered to show that the systems fulfill the required criteria to move on with experiments with 

the cell cultured samples. 

3.2. Evaluation of sample preparations for cell culture samples 

As stated earlier, the goal of an untargeted metabolomic study is to retrieve as many unique 

markers as possible, representing the metabolic profile of the biological system of interest. The 

first step towards achieving this is to apply a sample preparation procedure that recovers as much 

of the metabolome as possible for further analysis. Hence, the development of a sample 

preparation able to do this is crucial. In this work, three different sample preparation methods 

were evaluated and compared to each other – direct injection (DI), dual layer fractionation (DLF) 

and consecutive extraction (CE). These methods were applied on cultured cell samples, 

containing a human colon carcinoma cell line, named HCT 116. 
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3.2.1. Experiments on C18 column system 

3.2.1.1. Markers 

The number of markers acquired by each sample preparation, applied on the HCT 116 cell 

samples and analyzed on the C18 system, can be seen in Table 3. In multivariate data analyses, 

one assumption is made and that is that only a part of the data contains useful information and the 

“noice level” is a measure of how much of the acquired data that is of use. I.e. 55 % of the 

acquired data was significant for DLF. In the case of a high percentage of noise, as for CE and 

DI, importing of markers with low intensity, which are common across all samples and hence 

does not contribute to any underlying trends, or many background ions has been made. In this 

case, where a lot of markers are common in all samples – due to preparation of the same analytes 

with comparable methods – the noise level is expected to be high and therefor, does not cause a 

problem. All sample preparations were prepared as triplicates. A total of seven cell samples were 

available. For DI and CE, three different samples were used for each method, while one sample 

was divided into three fractions for the DLF. 

Table 3. Total number of unique markers acquired by each of the three evaluated sample preparations and 

obtained noise level. 

 

 

 

The DI method is the least comprehensive (samples are only diluted before injection over the LC 

column) among the three sample preparation procedures applied in this work and can therefore be 

thought to retrieve the greatest set of markers. Though, it is noticeable in Table 3 that both the 

DLF and CE method generates a greater set of unique markers than the DI. Since the DLF and 

CE are more comprehensive methods, this outcome could be explained by severe contaminations, 

or ion suppression for the DI. Since CE applies extraction of the dry cell pellet with one liquid 

phase present, in contrast to liquid-liquid extraction, as in DLF, CE was expected to acquire the 

greatest set of markers between the two methods. But, as it can be seen in Table 3, this was not 

the outcome. This could be explained by CE also suffering from problems with contaminations, 

or ion suppression. However, it is not only the number of unique markers that defines if a sample 

preparation is suitable for a metabolomic study, but also the reproducibility is of great 

importance. 

Method Markers Noise level (%) 

DLF 5308 45 

CE 4151 83 

DI 3733 81 
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Figure 2. PCA plot showing the whole set of samples for each sample preparation method, including 

blanks (Bl). 

3.2.1.2. Reproducibility 

A feature of crucial importance of a method is the reproducibility. Hence, a too great variation 

within the method can conceal biologically relevant variation among samples. The 

reproducibility for these methods depends on both the variation in the sample preparation and the 

analysis. A suitable way to obtain an estimate of the difference in variation between the methods 

is by evaluating the data with a PCA plot. In principal, a PCA plot is a multidimensional 

correlation plot that is collapsed into a two-dimensional one, which enables a simplified visual 

interpretation of a multivariate data set. The separation of the data points along the two axes is of 

different importance and the separation in the horizontal direction is of greater importance than in 

the vertical direction. Moreover, the closer together the data points representing a method is 

clustered in the plot, the greater reproducibility the method has. 

Looking at the PCA plot for the whole set of samples analyzed on the C18 system, Figure 2, 

several distinct characteristics can be distinguished. First, all preparations of blank samples are 

grouped together in the upper right quadrant of the plot, with the exception for one outlier. This is 

beneficial; hence, this shows that what contribute to the separation of the sample preparations in 

the plot is not derived from the solvents, mobile phases or instrumental variability, but from each 

method acquired metabolomic profile. Secondly, the DI samples are grouped together in the 

lower left quadrant, separated from the two other methods. This is expected since the preparation 

of these samples differs noticeably from the DLF and CE procedures. Moreover, the points for 
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the latter two are clustered together, in the upper left corner, which is also expected since these 

workup procedures are fundamentally similar. Though, the points representing the DLF are a lot 

more scattered in the plot and therefore these results indicate that the DLF possesses a lower 

degree of reproducibility, compared to both CE and DI. Even though CE is the most 

comprehensive sample preparation method, it has the closest grouped together set of data points 

in the plot and this shows that it obtains the greatest degree of reproducibility among the 

evaluated methods. These conclusions become even more prominent when only the data for the 

three sample preparations is shown in a separate PCA plot, Figure 3. 

Conclusively, the evaluation of the PCA analysis resulted in that the relative degree of 

reproducibility between the sample preparation methods evaluated in this work followed the 

order CE > DI > DLF. 

 
Figure 3. PCA plot showing the whole set of samples for each sample preparation method, blanks 

excluded. 

3.2.1.3. Comparison 

In order to acquire information about which group of substances that is favored by a certain 

sample preparation, supervised multivariate techniques can be used (e.g. OPLS-DA). Such an 

approach enables the identification of markers that contribute significantly to the difference 

between two, or more, groups. Briefly, the model is given information about the presence of two 

groups and then attempts to maximize the difference between samples, with respect to group 

belonging, when generating the model. As such, the x-axel in an OPLS plot represents the 

difference in metabolic profile between the sample groups, while the y-axel gives information 
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about the variation within the groups. In order to identify significantly contributing metabolites, a 

so called S-plot is commonly generated. The further to the upper right or the lower left the 

markers are situated in the S-plot, the greater impact they have on the model. 

OPLS plots were generated in order to study the difference in metabolic profile between DI 

samples and samples prepared by either CE or DLF. The plots indicated that the intra group 

variation (e.g. reproducibility) for DI was slightly larger than for CE. Moreover, the clear 

horizontal separation in the multivariate space indicates that there are predominating differences 

in metabolic profile between these two groups of samples. The corresponding S-plot is displayed 

in Figure 4. Table 4 presents the top 19 masses, with their corresponding retention time, that 

contribute most significantly to the difference in metabolic profile for DI samples when 

compared to samples prepared by CE. 

 
Figure 4. DI and CE samples compared in an S-plot with the 19 most peripheral masses seen as red 

diamonds. 
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Table 4. Mass and retention time for the 19 most peripheral data points (red diamonds) in Figure 4. 

Mass Retention Time (min) 

282,280 8,36 

368,426 8,61 

413,267 9,90 

437,194 5,35 

439,133 9,00 

439,202 12,88 

453,168 5,35 

471,105 9,48 

663,453 12,88 

685,435 12,88 

706,538 11,69 

726,501 10,86 

728,520 11,69 

732,553 11,70 

752,519 10,89 

754,535 11,70 

760,584 12,98 

780,550 11,71 

782,567 12,98 

 

Corresponding values for periphery markers in S-plots from comparison between DLF and DI 

and DLF and CE can be seen in Table 5. 

Table 5. Mass and retention time for the outermost data points in S-plots (not shown) for comparison 

between DLF and DI or CE samples. 

Mass Retention Time (min) DLF vs DI DLF vs CE 

200,201 5,94 X 

 282,280 8,36 X 

 471,105 10,25 X 

 728,520 11,69 X 

 732,553 11,70 X 

 754,535 11,70 X 

 782,567 12,98 X 
 

437,194 5,35 

 

X 

453,168 5,35 

 

X 

471,105 10,25 

 

X 

471,105 9,48 

 

X 

663,453 12,88 

 

X 

668,618 9,93 

 

X 

685,435 12,88 

 

X 
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In conclusion, since different markers explain the differences in the models depending on which 

sample preparation methods that are being compared, the methods can be assumed to favor 

retraction of different classes of molecules. If so, identification of these markers can render which 

one of these methods that is most suitable for a certain targeted metabolomics study. 

3.2.2. Experiments on HILIC column system 
For the sample preparation evaluation on the HILIC system, two additional sample types were 

prepared, DFL evap. and CE evap. (as described in 2.4.2.2-3), compared to the C18 system 

experiments. Through this, a sample solvent composition more alike the initial mobile phase 

composition in the chromatographic system is achieved for the DLF/CE evap. samples, compared 

to the samples that were not evaporated and still containing 25 % MeOH. 

Due to the polar nature of the cell cytoplasm, polar substances are assumed to predominantly 

constitute its molecular constituents. Thereby, more unique markers can be expected to be 

identified when analyzing cell lysates on a HILIC system, compared to a C18 system. This 

assumption has also been confirmed through reported results, where the number of markers 

acquired by a system utilizing a HILIC column, after a sample preparation where a fractionation 

has been performed, exceeds the number of a C18 system [5,12]. 

However, the experiments performed during this thesis show the contrary, when results in 

Table 3 and Table 6 are compared. Although, the remarkably low total number of detected unique 

markers indicate that the difference more likely is due to insufficiency of the HILIC system, 

rather than the hypothesis regarding the cell cytoplasm composition being inaccurate. 

Table 6. Total number of unique markers acquired by each of the five evaluated sample preparations and 

obtained noise level. 

 

 

 

 

 

The insufficiency of the HILIC system might be caused by different factors, and most likely a 

combination of several. One plausible explanation is ion suppression through matrix effects and a 

too complex composition of analytes reaching the detector due to insufficient separation. This is 

also strengthened by the hypothesis regarding the content of the cell cytoplasm. Salts have been 

shown not only to elute in the void volume, but also at low retention times and by that causing 

signal suppression [12]. Also, during the evaluation of the HILIC system with the reference 

solution, a concentration in the magnitude of mM was required to enable sufficient detection of 

the reference substances. This was assumed to be caused by adduct formation not accounted for 

and/or insufficient ionization, and to be resolved when analyzing cell lysates. However, this is 

Method Markers Noise level (%) 

DLF 196 79 

DLF evap. 119 63 

CE 59 80 

CE evap. 46 80 

DI 27 37 
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contradicted by the remarkably low number of unique markers detected. The results and expected 

outcome, based on assumptions made, implies that further optimization of the system is required 

to achieve detection of a higher number of unique markers. 

4. Conclusions 

The initial part of the thesis aimed to optimize conditions and system parameters for a C18 and 

HILIC system, in order to be able to detect an as wide range of different metabolites as possible 

in a biological system. To enable this, a reference solution containing carefully chosen 

substances, with a wide range of chemical and physical properties, was constructed. Parameters 

chosen, by which substances were differentiated from each other, was molecular weight, 

protolytic properties (pKa), polarity (log P) and solubility. 

The system parameters established for the two systems enabled sufficient separation of the 

reference substances, distributed evenly between the two – the four less polar substances 

separated on the C18 column and the three more polar substances separated on the HILIC 

column. LOD for detection of the reference substances on the C18 system was in the range of 

low nM, while in the mM range for the HILIC system. 

The cultured cell line named HCT 116, human colon carcinoma cells, was chosen as model 

system for the further evaluation of the chromatographic systems. Three different sample 

preparation procedures (DI, DLF and CE) were evaluated. For the C18 system, DLF retrieved the 

greatest number of detected unique markers. However, in a PCA data analysis, the CE procedure 

proved to inherit the highest degree of reproducibility, which is favorable in a metabolomics 

study, while only retrieve a slightly lower number of unique markers detected compared to DLF. 

A consecutive OPLS-DA data analysis showed that different masses explain the differences 

between the retrieved metabolic profiles for the three evaluated sample preparation procedures, 

when compared to each other two-and-two. This may infer that different sample preparation 

procedures favor retraction of different classes of molecules and hence, if these masses were to 

be identified, could be used to deduce the suitable procedure for a certain targeted metabolomics 

study. Hence, a more comprehensive untargeted study is more likely to be achieved with a 

complementary set of analyses.  

For the analysis of the cell lysates on the HILIC system, two additional sample types were 

prepared in order to achieve a sample solvent composition more alike the initial mobile phase 

composition. Remarkably low numbers, reaching from a few tenths to a couple of hundreds, of 

unique markers was detected for all five sample preparation procedures. This implies that further 

optimization of the system is required in order to enable an increase of the number of unique 

markers detected. 
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