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Abstract: Background: Fatty acids and other metabolites containing a carboxyl group are of high in-
terest in biomedicine because of their major role in many metabolic pathways and, particularly in the
case of oxidised fatty acids, their high biological activity. Tagging carboxylic acid compounds with a
permanent positive charge such as a quaternary ammonium compound could increase the LC-MS detec-
tion sensitivity and selectivity. This paper describes a new and novel strategy for analysing carboxyl-
containing compounds in biological samples by ESI-MS through coupling to choline.

ARTICLE HISTORY Methods: Coupling of carboxylic acid derivatives in biological samples was performed by coupling to

2-Fluoro-1, 3 dimethyl —pyridinium (FDMP). The variation in the fatty acid profile of five different
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Accepted: May 10, 2018 the samples. Orthogonal partial least squares discriminant analysis (OPLS-DA) modelling was then
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74157341 10 14666180516093353 applied to identify the fatty acids that were responsible for the variation.
Results: The test results showed that choline coupling reactions were successful in detecting fatty acids,
@ CrossMark oxidised fatty acids and other compounds containing carboxylic acid groups in biological samples. The

PCA results showed loadings of different fatty acids according to the plasma sample allowing identifi-
cation of the fatty acids responsible for the observed variation.

Conclusion: A new and easy tagging method was developed to detect carboxylic acids in plasma sam-
ples. The method proved to be precise and reproducible and can quantify fatty acid compounds to 50
ng/ml.
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1. INTRODUCTION analytical capabilities. The chemical structure of the sample
can be modified into a chemical form that provides an en-
hanced response in terms of either improved selectivity or
sensitivity. Derivatisation reactions used in MS are designed
to enhance ionisation or introduce a specific mass shift to the
sample ions that become evident in the mass spectrum. There
are many MS derivatisation methods reported in the litera-

There are many of the organic and pharmaceutical com-
pounds that possess a carboxyl group. In biomedicine, fatty
acids and other metabolites containing a carboxyl group are
of high interest because of their major role in metabolic
pathways [1]. Analysis of carboxylic compounds such as
fatty acids is gaining importance for understanding the

aetiology of many diseases and prevention of chronic disease ture [7, 8].
such as atherosclerosis, obesity-induced insulin resistance Traditional derivatisation by silylation or methylation in
and for improving cardiovascular health [2-4]. GC/MS methods has been employed in the analysis of fatty

acids [9, 10]. These days with the invention of soft ionization
techniques such as electrospray ionization HPLC/ESI-MS
has become a powerful technique in the analysis of such
compounds [11, 12]. The negative ionization of carboxylic
acids in LC/MS is best achieved in a basic mobile phase.
However, chromatographic resolution with reversed-phase
columns is better achieved at acidic pH mobile phases where
the ionization of carboxyl groups is suppressed [13]. An al-
*Address correspondence to this author at the Faculty of Medicine and ternative method is to tag carboxylic acids with a permanent
Health Sciences, Department of Pharmacy, An-Najah National University, positive charge such as by using a quaternary ammonium
Nablus, Palestine; Tel: +970595472322; E-mail: m_abualhasan@najah.edu compound. This will cause targeted carboxylic acid com-

Many instrumental techniques have been applied in the
analysis of carboxylic acids which include gas chromatog-
raphy (GC) and High-Performance Liquid Chromatography
(HPLC). However, these methods can lack sensitivity and
selectivity [5, 6]. Sample derivatisation is widely used in
analytical chemistry and instrumental analysis to improve

1875-6727/19 $58.00+.00 © 2019 Bentham Science Publishers


http://crossmark.crossref.org/dialog/?doi=10.2174/1573411014666180516093353&domain=pdf

Tagging Fatty Acids Via Choline Coupling for the Detection

pounds to have a positive charge at all pH values. This strat-
egy has been very successfully applied in the HPLC/ESI-MS
analysis of amino acids and peptides [14, 15].

Choline is chemically known as 2-hydroxyethyl(trime-
thyl)azanium. It is obtained as a quaternary ammonium salt
containing the N, N,N-trimethylethanolammonium cation. It
is chemically stable and commercially available in a reason-
able price.

This paper describes a new and novel strategy for
analysing carboxyl-containing compounds in biological
samples by ESI LC-MS using hydrophilic interaction
chromatography (HILIC) after being coupling the fatty acids
to choline. The quaternary ammonium part of the coupled
choline makes the derivatised compound permanently ion-
ized in both acid and basic mobile phases and the positive
charge allows the derivatives to retain in HILIC columns
promoting an orthogonal selectivity to the commonly used
reversed phase chromatography.

2. EXPERIMENTAL
2.1. Chemical and Materials

Acetonitrile (ACN), Tetrahydrofuran (THF) and formic
acid were HPLC, 2-Fluoro-1, 3 dimethyl —pyridinium p-
toluene sulfonate (FDMP), triethyl amine (TEA), N,N'-
icyclohexylcarbodiimide (DCC), 4-(dimethyl amino)pyridine
(DMAP), fatty acid standards : Palmitic acid, dodecanoic
acid, myristic acid, oleic acid, cis-vaccenic acid and choline
chloride were purchased from Sigma-Aldrich Dorset UK.
HPLC grade water was produced by Direct-Q 3 Ultrapure
Water System from Millipore, UK.

2.2. Plasma Sample Collection

Samples of pooled plasma were obtained from the Blood
Transfusion Service to support a previous study.

2.3. LC-MS Analysis

Measurements of samples and standards were carried out
on an Accela HPLC system combined with an Orbitrap Ex-
active mass spectrometer (Thermo Fisher Scientific, Hemel
Hempstead, UK), resolution. 60,000 at m/z 400 at a scan rate
of 1 Hz over the range 75-1200 amu. The column used was
ZIC -HILIC column (150x 4.6mm, S5pm Hichrom, Reading,
UK).

Mobile phase A consisted of 0.1% v/v formic acid in wa-
ter and mobile phase B consisted of 0.1% v/v formic acid in
ACN. The gradient used was as follows: 0 min 10% A, 10
min 20% A, 16 min 80% B, 21min 90% A followed by col-
umn re-equilibration for 5 min before the next injection. The
flow rate was 300ul/min. ESI interface was operated in posi-
tive ion mode with a spray voltage of 4.5kv. The temperature
in ion transfer capillary was 275°C and the flow rate of the
sheath and auxiliary gases were 50 and 17 arbitrary units.
Some of the samples were also run on an LTQ Orbitrap
under the same conditions in order to obtain MS/MS spectra
using a collision energy of 35 V. The acquired data was pro-
cessed by Xcalibur™ Software.
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2.4. Preparation of Plasma Solution, Reagents and
Standard Fatty Acid Solutions

An aliquot of plasma (100 pl) was transferred to an Ep-
pendorf tube. Protein precipitation (PP) was performed by
addition of ACN (Iml) to the sample which was then vor-
texed for two minutes and centrifuged at 9000 rpm for 10
minutes. After centrifuging, the supernatant solution was
taken to perform the coupling reaction [16].

Fatty acid standard stock solutions were prepared at a
concentration of 1ug/ml in THF and stored at room tempera-
ture. Choline chloride solution was prepared in ACN at a
final concentration of 0.12mg/ml. DMAP and DCC coupling
reagents were prepared using ACN at a final concentration of
0.1mg/ml and 0.2mg/ml respectively.

2.5. Coupling of Choline to Fatty Acids:
2.5.1. Reaction Procedure using Steglich Esterification

The coupling of choline to the fatty acid was performed
by using the Steglich esterification procedure with little
modification [17]. Fatty acid solution (100pL) was taken and
DMAP solution (100 pL) was added to it. Choline chloride
solution (100uL) was then added to the mixture and this was
vortexed for 1 minute. DCC solution (100 pl) was then add-
ed to the vortexed solution and the volume was complete to
Iml with ACN. The final solution was shaken at room tem-
perature for 3 hours. The reaction is shown in Fig. (1).

2.5.2. Reaction Procedure Using FDMP Coupling Rea-
gents

Choline esterification to the fatty acid was performed us-
ing FDMP coupling agent [18]. The fatty acid sample
(100pul) was mixed with 100puL of choline solution
(0.1mg/ml). 100uL of the FDMP solution (Img/ml in ACN)
were added to the mixture. Then 6uL of TEA was added to
the mixture and it was heated to 40° for 30 minutes. The
final volume was adjusted to 1 ml with ACN before it was
injected into the LC-MS.

2.6. Coupling of the Fatty Acids and its Oxidised Deriva-
tives in Plasma Samples

Choline chloride solution (100ul) was added to the plas-
ma prepared solution as described above. Then 100 pL of the
coupling agent FDMP was added. The combined solution
was mixed well and 6 pL of TEA was added to it. The mix-
ture was vortexed for two minutes and heated using a water
bath at 50° C for 30 minutes. The heated mixture was then
evaporated using nitrogen gas. ACN (1ml) was then added
and mixed well-using vortex before the solution was ready
for LCMS analysis.

2.7. Chemometrics

MS data were processed using MZmine software version
2.21 [19]. Ion features were detected with a minimal signal
of 10* for the Mass spectrometry data, followed by retention
time alignment with the random sample consensus (RAN-
SAC) aligner, gap-filling was performed using the “peak
finder” routine with retention time correction and a retention
time tolerance of 0.5 min. FA and oxidised fatty acids were
identified using a self-generated library of 155 possible fatty
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acids and their oxidised derivatives. The final data tables
consisting of the columns and rows representing respectively
different samples and areas of each detected component were
exported to Excel spreadsheets and then to SIMCA -14 soft-
ware (Umetrics, Umea, Sweden) for multivariate statistical
analysis. All variables were Pareto scaled to induce normali-
ty and standardize the range of independent X-variables (de-
tected components). In order to detect sample clustering in
the measured data, as a dimensional reduction technique,
principle component analysis (PCA) was firstly applied for
non-supervised visualization of all the three groups based on
linear combinations of shared features [20]. Afterwards, a
discriminant model using the orthogonal partial least
squares-discriminant analysis (OPLS-DA) was implemented
in order to extract the systematic variation and find the po-
tential biomarkers which were selected according to Variable
Importance in the Project (VIP) value, the loading plot and
the S-plot [21].

3. RESULTS

Fatty acids at a concentration of 1pug/ml were coupled us-
ing both of the coupling procedures and the results showed
that both saturated and unsaturated long fatty acid were suc-
cessfully coupled with choline and the exact mass of the
coupling was detected as shown in (full data is shown in
supporting data file 1).

The results showed that the peak area and shape were
comparable when the coupling was performed using the
FDMP or when using DCC/DMAP coupling agents. Howev-
er, using FDMP requires only 30 minutes to complete the
reaction while DCC/DMAP required 3 hours to get the same
result and the DCC creates more of a reagent residue in the
sample, thus all further couplings were performed by using
FDMP coupling agent.

A calibration curve was constructed by performing serial
dilution of palmitic acid in the range 0.25-1pg/ml, the area of
the peak was plotted against its concentration and the cali-
bration curve was constructed. The calibration curve showed
linearity with R?=0.9983 and the regression equation was y
=2e+07x + 329368.
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The limit of quantification (LOQ) was found to 50 ng/ml,
LOQ was calculated based on the standard deviation of the
response (Sy) and the slope of the calibration curve (S) ac-
cording to the formula: LOQ = 10(Sy/S). The standard de-
viation of the response was determined based on the standard
deviation of y-intercepts of regression lines. The values of
Sy and slope was obtained form the LINEST function [22]

Plasma test results showed that choline coupling reac-
tions were successful in detecting fatty acids and their
oxidised metabolites. The MS data of aliquots of plasma
samples were processed using the MZmine program. The
results showed an identification of 56 fatty acids and their
oxidised derivatives out of 155 compounds in the generated
library. Some of the identified compounds have the same
molecular weight but in different oxidation structure form
(full data is shown in supporting data file 2).

In order to overview the variation of fatty acids and its
metabolites abundance between plasma samples; PCA plot
was produced as illustrated in Fig. (2). The pooled plasma
samples group into three clear clusters pooled plasma
samples represented by different coloured dots.

The s-plot combined the modelled covariance and
modelled correlation from the OPLS-DA model in a scatter
plot, this plot looks like an S (Fig. 3). All the dots represent
fatty acids and their oxidative metabolites which look like
the S shape. The S-plot was used to identify the chemical
markers according to their contributions to the separation of
clustering. The variable of importance in the projection
(VIP) values reflected variable the importance of a particular
value to the model, a variable with VIP >1 was considered as
an important loading in the model [23]. The potential chemi-
cal makers were selected according to VIP value mentioned.
To ensure the accuracy of the final result, the established
OPLS-DA model was evaluated and all the models were
proper and all the analysis for its fitness and prediction of the
model. According to the criterion established above, 9 fatty
acids were identified and selected as markers to distinguish
significant differences among two plasma samples (p24 and
p28) as an example. (full data is shown in supporting data

file 3)
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Fig. (2). PCA plot of detected fatty acids and its metabolites from duplicate analysis five different pooled plasma samples. (4 higher resolu-
tion / colour version of this figure is available in the electronic copy of the article).

New_19_10.M5 (OPLS-DA)

0.5

p(corn)[1]

-0.5

21144
176

@
@@+ @ @

459

-1.5 T T T T

52581

-03 -0.2 -0.1

0

y

T T T T

0.1 0.2 0.3 0.4

pl1]
R2X[1] = 0.688

SIMCA 14 - 24/10/2016 09:59:32 (UTC+1)

Fig. (3). The S-plot plot of fatty acids and their oxidation products in the tested plasma samples. (4 higher resolution / colour version of this

figure is available in the electronic copy of the article).

MS/MS study was also done for marker fatty acids and
the results of MS fragmentation give the main peak at m/z of
the coupled fatty acid losing the tertiary methyl nitrogen
(-59) and a very minor peak representing the molecular ion
of the non-fragmented fatty acid. Fig. (4) shows the MS?
data of stearic acid coupled to choline showing the main
fragment at m/z of 311.3310 and a minor peak for the non-
fragmented coupled stearic acid at m/z of 370.481. The Pro-
posed fragmentation pattern is illustrated in supplementary
file 4. From the MS” spectrum, it can be seen that the tagged
derivative has good potential for producing a high sensitivity
MS/MS with much of the ion current being carried by the
dominant fragment ion.

4. DISCUSSION

The coupling procedure using FDMP coupling reagent
was selected as-as it took less time (30 min) compared to the
procedure using DCC which required at least three hours for
the reaction to complete and produced more reagent residue.
Moreover, there is a common problem associated with DCC

residue in LC-MS as it sticks to the MS electrospray capil-
lary [24]. The method has the potential to increase the sensi-
tivity of the detection of fatty acids and other carboxylic acid
containing compounds since detection limits of compounds
in negative ion mode tend to be higher than in positive ion
mode [18]. For the current procedure, the method was linear
in the range of 0.25pg /ml to Ipg/ml and the derivatives
were detectable to at least 50 ng/ml. The coupling can be
applied to many other metabolites that have carboxylic acid
moiety such as prostaglandin. The prostaglandins (9,11-Di-
deoxy-110,90-epoxy methano prostaglandin F2a) and (F,,
Tromethamine) were coupled with choline before being test-
ed by the LC-MS. The masses of these prostaglandins were
detected which prove the capability of our method to detect
other metabolites with bearing carboxylic acid (Fig. 5) in
addition the method would be applicable to the determina-
tion of bile acids.

The commercial availability of the stable-isotope choline
chloride-(trimethyl-d9) would make it possible to better de-
fine metabolic shifts by using a standard pooled sample
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Fig. (5). The detected mass of the prostaglandin F2a coupled with choline. (4 higher resolution / colour version of this figure is available in

the electronic copy of the article).

derivatised with the labelled tagging agent which could be
spiked into a set of samples as an internal standard. In addi-
tion, commercially available mixtures of fatty acids could be
tagged with the deuterated choline to act as internal stand-
ards. The current study is a proof of concept study and sub-
sequent use of the method has proved that it is robust and the
favourable fragmentation in MS” gives an indication that this
method could be the basis of a highly sensitive MS/MS
method using selected reaction monitoring for the determina-
tion of low level oxidised fatty acids such as prostaglandins
or leukotrienes. Tagging the fatty acids with choline allows
the use of HILIC chromatography which provides orthogonal
selectivity which could be useful in the separation of com-
plex mixtures of isomers.

CONCLUSION

A new derivatisation method was developed for detecting
fatty acids and prostaglandins in biological samples. The
method was found to be linear over the range 0.25 to 1pug/ml
and was capable of detecting palmitic acid to 50 ng/ml. The
PCA analysis results showed that the developed method was
capable of showing variation in fatty acids and oxidised fatty
acids between different plasma samples.
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