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ARTICLE INFO ABSTRACT

Bronchial asthma is one of the most common, chronic respiratory diseases, characterized by reversible airway
obstruction, eosinophil and Th2 infiltration, airway hyperresponsiveness and airway remodelling; with many
cells and mediators involved. Metabolomics is a relatively new field in “omics” sciences enabling the identifi-
cation of metabolome for better diagnostics and studying of diseases phenotype.

The aim of this study was to investigate the role of targeted metabolomics study for better understanding of
the bronchial asthma pathophysiology and finding potential biomarkers in experimental models of eosinophilic
inflammation.

Plasma level of 185 metabolites was measured with the AbsoluteIDQ™ p180 kit in guinea pigs with experi-
mentally-induced allergic inflammation (n = 15) compared to naive non-sensitised and non-challenged controls
(n = 18).

Of the 185 metabolites identified in plasma, 22 were significantly different and changed in ovalbumin sen-
sitised animals. Plasma level of 13 phosphatidylcholines with saturated and unsaturated long-chain fatty acids,
total phosphatidylcholines count, carnitine, symmetric dimethylarginine and its ratio to total unmodified ar-
ginine, and kynurenine to tryptophan ratio were found to be decreased, while phospholipase A2 activity in-
dicator, tryptophan, taurine and ratio of methionine sulfoxide to unmodified methionine were found to be
increased in sensitised guinea pigs compared to naive controls.

Targeted metabolomic analysis revealed significant differences in plasma metabolome of sensitised guinea
pigs. Our observations point to the activation of inflammatory and immune pathways, as well as the involvement
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of oxidative stress.

1. Introduction

The prevalence of allergic airway diseases is rapidly increasing
worldwide in all age groups. Allergic asthma is a respiratory disease
characterized by airway hyperresponsiveness, increased mucous se-
cretion, oedema and airway remodelling, as well as by acute and
chronic inflammation [1,2]. Management of asthma is principally di-
rected to suppress airway inflammation with inhaled corticosteroids
and to relieve bronchoconstriction using bronchodilators [3]. In spite of
relatively effective management of the treatment, there is a crucial need
to identify and better understand the underlying basis of asthma, un-
derstand the complex genetic and environmental influences, and

develop appropriate treatment strategies. However, for obvious ethical
reasons, the experiments required to distinguish accurately mechanisms
that are involved at cellular or molecular level, are not possible to do
with human subjects [4]. Thus, animal models of asthma have been
used over decades [5]. There are many animal species which have been
used in asthma models including Drosophila, mouse, rat, guinea pig, cat,
dog, sheep, horse and primate [6-8]. Guinea pigs can be considered as
an ideal model that mimics the physiological abnormalities of asthma in
humans for many reasons: developed well-characterized early and late
asthmatic reactions, the response to the treatment similar to humans,
possibility of sensitisation to allergen via inhalation and systemically,
and involvement of both eosinophils and neutrophils during the late
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asthmatic reaction [9-11].

In recent decades, the “omics” disciplines including genomics, epi-
genomics, transcriptomics and proteomics have emerged as important
tools for better understanding of pathophysiological mechanisms in
many diseases [12]. One of the youngest siblings in the “omics family”
is metabolomics — a comprehensive analysis of small molecule meta-
bolites (< 1kDa) which are intermediates or products of metabolism,
e.g amino acids, carbohydrates, fatty acids, biogenic amines and many
other classes of compounds [13]. There are two main approaches in
metabolomics; untargeted metabolomics, which is intended for a
comprehensive analysis of the all measurable analytes in a sample in-
cluding unknown chemicals, and targeted metabolomics, i.e. the mea-
surement of certain metabolites or defined groups of chemically and
biochemically annotated metabolites [14]. For both types of analyses,
two major techniques are used to gather metabolomics data, mass
spectrometry (MS) coupled with liquid chromatography (LC) or gas
chromatography (GC), and nuclear magnetic resonance (NMR; [15]).
Metabolomics studies generate large amount of data; therefore, various
types of data analysing and data processing approaches are used. Most
of metabolomics studies are interpreted using various multivariate
statistical methods to analyse and interpret metabolomics data [16].
However, for biomarker analysis it is important to use different ap-
proaches, based especially on “machine learning” methods [17].

The rising popularity of metabolomics and its applicability is ob-
served in almost every field of biomedical research and investigation of
asthma is not an exception. In recent years, there have been an in-
creasing number of studies aimed at the identification of metabolic
disturbances of asthma in experimental conditions using various animal
models, as well as in human studies [18]. The results of asthma meta-
bolomic studies performed in humans should be carefully considered
because metabolome could be influenced by many intrinsic and ex-
trinsic factors [19]. Thus, for a better understanding of pathophy-
siology, and eventually for a deeper understanding of drug actions on
metabolome, the best choice is to study metabolome in asthma animal
models. Recent animal metabolomic studies have mainly used asthma
murine models, and LC-MS employed approached for untargeted ana-
lysis of bronchoalveolar lavage fluid (BAL; [20], serum [21], plasma
[20,22], and lung tissue [23,24]).

To date, few metabolomic studies mentioned above have been
performed with asthma or asthma model, but the vast majority of them
utilized targeted approach or used the limited classes of metabolites. In
this study, targeted metabolomic analysis of plasma samples from
ovalbumin-sensitised guinea pigs (animal model of allergic asthma) and
non-sensitised naive guinea pigs was used to identify metabolomic
changes in the model of experimental allergic asthma. The targeted
metabolomic approach used in our study covers seven classes of me-
tabolites, which have a potential role in asthma pathophysiology and
are ubiquitous for human and experimental animals, so the results of
our study could be interpolated in asthma patients and after further
testing could be used for better diagnostics.

2. Material and methods
2.1. Animals

The study protocol of experiments was approved by the local Ethics
Committee of the Jessenius Faculty of Medicine in Martin, Comenius
University in Bratislava, Slovakia and by the National Veterinary Board,
Slovakia. All experiments were performed in accordance with guide-
lines for the protection of animals used for scientific-educational pur-
poses.

Male, four weeks old guinea pigs of TRIK-strain, weighing
250-350g, purchased from the Department of Experimental
Pharmacology of the Slovak Academy of Sciences in Dobra Voda
(Slovakia), were used in the study. Guinea pigs were kept in an animal
house to undergo a 7-days process of acclimation and quarantine.
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Animals had unlimited access to adequate food and water ad libitum
during the acclimation process.

Animals were randomly divided into 2 groups: control group
(n = 18; naive, non-sensitised guinea pigs) and model group (n = 18;
sensitised group).

2.2. Ovalbumin-induced airway hyperresponsiveness

The sensitisation of animals by ovalbumin was performed according
to our previously described method [25]. Briefly: ovalbumin (Sigma
Aldrich, Germany) was dissolved in aqua pro injectione at 1% con-
centration and administered on the 1st day of sensitisation in-
traperitoneally (0.5 mL) and subcutaneously (0.5mL), and on the 3rd
day intraperitoneally (1.0 mL). The sensitisation was followed by in-
halation challenge by 1% ovalbumin dissolved in saline on the 14th and
21st day. During sensitisation and allergen challenge three guinea pigs
died due to anaphylactic reaction. Thus, the final number of animals in
the model group for further testing was 15. The same procedure was
done with animals in the control group but only vehicle (aqua pro in-
jectione and saline) was administered.

2.3. In vivo airway reactivity evaluation

The specific airway resistance (sRaw) was considered as a marker of
airway reactivity in in vivo conditions and was measured using double-
chamber whole-body plethysmograph for small laboratory animals
(HSE type 855; Hugo Sachs Elektronik, Germany). The method is based
on a measurement of the time delay between the pneumotachometer
signals from thoracic and nasal chambers, whereas the volume changes
in the nasal and thoracic chambers were independent. This method was
previously described by Pennock et al. [26]. The specific airway re-
sistance was calculated from a phase displacement between the two
chambers and was evaluated after 2 min inhalation of histamine (Sigma
Aldrich, Germany) at the concentration of 10~ ° mol/L in saline, which
served as a bronchoconstriction agent on the 14th and 21st day of
sensitisation, 5h after the challenge with ovalbumin. The specific
airway resistance measured after saline inhalation was used as a
benchmark. During the intervals between inhalations, fresh air was
insufflated into the nasal chamber of plethysmograph. The results of a
specific airway resistance were evaluated by special software (HSE
Pulmodyn Pennock, Hugo Sachs Elektronik, Germany). Contribution of
mucosal oedema and changes in epithelial secretion to specific airway
resistance could lead to misinterpretation of these data; therefore, tissue
samples from lungs and trachea were analysed in in vitro conditions.

2.4. In vitro airway reactivity evaluation

After sensitisation and challenge by ovalbumin, on the 22nd day of
sensitisation, the animals were overdosed by intraperitoneal adminis-
tration of the combination of following anesthetics: tiletamine and zo-
lazepam (ZOLETIL, at the dose of 20 mg/kg b.w.), and xylazine (XYL-
ARIEM, at the dose of 20 mg/kg b.w.). Subsequently, the animals were
killed by exsanguination, and trachea with lungs was excised im-
mediately. The in vitro airway reactivity was measured in organ baths
using multi-chamber tissue bath systems (Experimetria-ISO-09-TSZ8,
Hungary). Tracheal strips (approximately 15 mm long) were cut on the
opposite side of the smooth muscle. Lung tissue strips (2 X 2 X 15 mm)
were prepared from the margin of upper lobes of the left lungs. The
strips were anchored between two hooks and placed in a bath chamber
containing Krebs-Henseleit buffer (NaCl 110.00 mmol/L, KCI
4.80 mmol/L, CaCl, 2.35mmol/L, Mg,SO,; 1.20 mmol/L, KH,PO,
1.20 mmol/L, NaHCO3; 25.00 mmol/L, and glucose 10.00 mmol/L; in
distilled water). The temperature of buffer was maintained at
37.0 £ 0.5°C and aerated continuously with a mixture of 95% O, and
5% CO, to maintain pH7.5 * 0.1. One of the hooks was connected to a
force transducer (EXP, Experimetria, Hungary) and an amplifier (EXP
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CLSG-4, Experimetria, Hungary), and the tension changes were re-
corded continuously using specialized computer software (SPEL
Advanced Iso Sys v3.2, Experimetria, Hungary). The initial tension of
tissue strips was set at 4 g for 30 min (loading phase). Afterwards, the
tension of each strip was readjusted to a baseline value of 2 g for next
30 min (adaptation phase). The tissue strips were washed at 10 min
intervals with the pre-heated Krebs-Henseleit buffer during both per-
iods. The contractile response (in grams) to cumulative doses
(10781072 mol/L) of histamine was considered as a marker of in vitro
airway smooth muscle reactivity after the adaptation phase had fin-
ished.

2.5. Assessment of haematological parameters and selected interleukins

Samples of the blood were taken to EDTA K, tubes directly from the
heart after overdosing the animals with anesthetics during the ex-
sanguination phase. The blood samples were aliquoted and one aliquot
was used for haematological parameters assessment by veterinary
haematologic analyser Sysmex XT-2000i (Sysmex, Sweden). Rest of
aliquots were centrifuged at 2500 x g for 10 min at 4 °C and plasma
were stored as 100 pL aliquots at —80 °C until metabolomic analysis.
Bronchoalveolar lavage (BAL) fluid of the right lung was performed
twice using instillation and immediate suction of pre-heated saline at
37°C at a ratio 0.01 mL/g of body weight. The total leukocyte count
and differential leukocytes counts in the BAL fluid were evaluated same
as the blood samples. Standard ELISA method with commercially
available kits for guinea pigs (USCN Life Science Inc., China; Cusabio
Life Sciences, China) was used for determination of plasma concentra-
tions of selected cytokines involved in eosinophilic recruitment and
activation (interleukin (IL)-5) as well as in Th2 lymphocytes differ-
entiation (IL-4).

2.6. Targeted metabolomic analysis

For the determination of plasma metabolites, a targeted metabo-
lomics approach with the AbsoluteIDQ™ p180 kit (BIOCRATES Life
Science AG, Austria) according to the manufacturer's instructions was
used. This approach allowed the simultaneous quantification of a total
of 185 metabolites covering the following compound classes: 42 amino
acids and biogenic amines, 40 acylcarnitines, 88 glycerophospholipids
(consisted from lysophosphatidycholines-LPCs and phosphatidylcho-
lines-PCs), 14 sphingolipids and a sum of hexoses (including glucose).
The analytical system consisted of liquid chromatography ACQUITY
UPLC™ I-Class (Waters, Czech Republic), composed of flow-through-
needle sample manager (FTN-SM), binary solvent manager (BSM) pump
and column manager (CM) coupled with XEVO TQ-S triple quadrupole
mass spectrometer (Waters, Czech Republic).

Briefly, after the addition of 10 puL of supplied internal standard
solution to each well on filter spot of the 96-well extraction plate, 10 pL
of each plasma sample, quality control (QC) samples or calibration
standard were added to appropriate wells. The plate was then dried
under a gentle stream of nitrogen. Subsequently, amino acid and bio-
genic amines were derivatized with phenyl isothiocyanate (Sigma
Aldrich, Germany), and dried again. Metabolites extraction was per-
formed with 5mM ammonium acetate in methanol (Sigma Aldrich,
Germany). Final extracts were analysed after appropriate dilution by
LC-MS/MS using the ACQUITY UPLC™ BEH C18 2.1 mm X 75mm
1.7 um column fitted with an ACQUITY UPLC™ BEH C18 1.7 um
VanGuard pre-column (column and pre-column were purchased from
Waters, Czech Republic) for analysis of amino acids and biogenic
amines, and the flow injection analysis (FIA-MS/MS) for analysis of
acylcarnitines, glycerophospholipids, sphingolipids and a sum of
hexoses.

The identification and quantification were achieved by multiple
reaction monitoring (MRM) standardized by applying spiked-in iso-
topically labelled standards (44 in total) in the positive ionisation
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mode. For calibration, a calibrator mix consisting of seven different
concentrations was used. QC samples derived from lyophilized human
plasma samples were included for 3 different concentration levels. The
intra-plate correction was achieved through QC normalization using the
QC2 sample, which was analysed in four technical replicates. The MS/
MS signals were integrated using MassLynx software version 4.1
(Waters, Czech Republic) and metabolites final concentrations were
automatically calculated in pmol using MetIDQ™ software version
Carbon (BIOCRATES Life Science AG, Austria). Lastly, glyceropho-
spholipids are differentiated according to the presence of ester and
ether bonds in the glycerol moiety. Double letters (aa = diacyl,
ae = acyl-alkyl) indicate that two glycerol positions are bound to a fatty
acid residue, while a single letter (a = acyl or e = alkyl) indicates a
bond with only one fatty acid residue. Lipid side-chain composition is
abbreviated as C x:y, where x denotes the number of carbons in the side
chain and y denotes the number of double bonds. The assay details and
the metabolite nomenclature for AbsoluteIDQ™ p180 kit have been
previously described [27].

2.7. Statistical and metabolomic data analysis

Non-metabolomic data (in vivo, in vitro, haematological parameters
and interleukins) were processed as follows: Shapiro-Wilk test of nor-
mality and quantile-quantile (Q-Q) plot with the 95% bootstrap con-
fidence interval were used to assess normality of a random variable. As
the vast majority of the variables was not Gaussian, the Wilcoxon rank-
sum test with continuity correction was used to compare medians of the
variables in the animals from control and sensitised groups.
Distribution of sRaw, as in vivo marker before sensitisation, on the 14th
day and 21st day was Gaussian, therefore; the ordinary ANOVA with
Tukey HSD post-hoc test was used to compare the means of sRaw at the
three-time points.

Using targeted metabolomic analysis, every plasma sample was
measured in duplicate, and concentrations of metabolites were aver-
aged over the duplicates. The QC2 sample was measured four times
during the experiment for evaluation of coefficient of variation (CV),
which was considered as a marker of the reliability of metabolites
concentrations (metabolites with a coefficient of variation larger than
0.3 were excluded). Limit of detection (LOD) for each metabolite was
another criterion of the reliability, and metabolites with > 30% of va-
lues under the LOD in each group were excluded. The data were sum-
marized by the mean, standard deviation, median and interquartile
range (IQR), separately for control and sensitised animals. For each
metabolite, fold change (FC) of each metabolite in the sensitised group
relative to those in control group was calculated from the means. Q-Q
plot with the 95% bootstrap confidence interval was employed to assess
normality of metabolite concentrations. Subsequently, the P-values in
the univariate analysis were calculated using the Wilcoxon test and
followed by Benjamini-Hochberg correction. The Volcano plot (com-
bination of FCs and g-values) using threshold 0.1 and 1.3 for adjusted
false discovery rate (FDR) P-values and FCs, respectively, was selected
as a conventional statistical method. Different prioritization of the
metabolites was obtained by the nested cross-validation feature selec-
tion in the Random Forest algorithm (machine learning method). The
minimal depth criterion was used, together with the medium degree of
conservativeness in the feature selection. The variable hunting was
done with the 5-fold cross-validation and variable importance plot was
used to visualize the ranked metabolites. The final set of metabolites
was obtained as an intersection of metabolites selected by Volcano plot
and Random Forest. To obtain a realistic estimate of the predictive
ability of the selected metabolites, these were fed into the Random
Forest to obtain the Out-of-Bag based receiver operating characteristic
(ROCQ). The optimal cut-off was selected to minimize the misclassifica-
tion error. Finally, partial least squares discriminant analysis (PLS-DA)
plot was generated to confirm if they produce visually distinct clusters
of samples that correspond to studied groups of animals (the
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Fig. 1. Specific airway resistance (sRaw) measured after inhalation of an
aerosol of histamine (10-6 mol/L; 2 min) measured before, on the 14th and 21st
day of sensitisation. Data are expressed as a box and whisker plots. Ordinary
ANOVA with Tukey HSD post-hoc test was used to compare the mean of sRaw
at the three-time points. ****P < 0.0001.

concentrations were log-transformed and Pareto scaled). A custom
program written in R software version 3.5.2, applying the various li-
braries was used for statistical analyses and prioritization of metabolites
(Supplementary table 1). The MetaboAnalyst software was used for
performing Volcano plot and PLS-DA [28,29]. In vivo and in vitro data
were plotted in a graph using GraphPad Prism version 8.0.0 for Win-
dows (GraphPad Software, San Diego, California USA; www.graphpad.
com).

3. Results

As a marker of in vivo airway responsiveness, sRaw measured after
inhalation of histamine at the concentration of 10 ~°mol in the whole
body double chamber plethysmograph was used. After the sensitisation
and challenge of animals by allergen (ovalbumin) in the sensitised
group, a significant increase of sRaw on the 14th as well as on the 21st
day was observed. There were no changes of sRaw during both mea-
sured days in the control group (Fig. 1).

The in vitro testing of the tracheal and lung smooth muscle tissue
showed that tissues obtained from the sensitised group are more prone
to constriction after cumulative doses of histamine compared to the
control group, and increased contractility was observed mainly at lower
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concentrations of histamine (10~8-10~®mol/L) (Fig. 2).

The eosinophilic inflammation in the sensitised group was observed
and verified as a significant increase in total leukocyte count in the
blood and in differential counts of eosinophils in the blood and BAL
fluid, as well as elevated plasma concentrations of IL-4 and IL-5 com-
pared with the naive control group (Table 1).

Plasma concentration of 185 metabolites of each guinea pig was
measured using the Biocrates AbsoluteIDQ™ p180 kit. As a result, 127
out of 185 metabolites were used for further statistical evaluation based
on QCs and LODs criteria. In addition to the information gained from
individual metabolites, 17 ratios and sums were selected for their ca-
pacity to provide detailed insight into biological functions and nutri-
tional information. Finally, 144 features (127 metabolites, 17 ratios and
sums) were used for statistical evaluation (Supplementary table 2).

For comparison of the metabolites concentrations in naive control
and sensitised groups, the Wilcoxon rank test with Benjamini-Hochberg
correction was used. Using FDR-adjusted P values and FCs of metabo-
lites, Volcano plot was created with threshold 0.1 and 1.3 for adjusted
FDR P-values and FCs, respectively, and only 40 metabolites met the
threshold requirements. Another set of 38 metabolites was selected by
Random forest algorithm. For hypothesis-generating we used metabo-
lites obtained by intersection of above-mentioned methods. As a result,
22 metabolites were selected as an important; four out of them were
increased, on the contrary 18 were decreased in sensitised group
(Table 2 and Fig. 3).

The result of ROC curve analysis showed that the panel of the 22
selected potential biomarkers had an area under a curve (AUC) value
0.87, and the sensitivity and specificity of the metabolites panel were
94.4% and 73.3%, respectively, at the best cut-off value (Fig. 4). Using
PLS-DA method, as one of the most well-known classification proce-
dures in chemometrics, we could observe the separation of groups with
slight overlap, what confirmed result of ROC analysis and presence of
differences between both groups of animals (Fig. 5).

4. Discussion

In asthma pathogenesis, many signalling molecules and cells in-
cluding eosinophils are involved [30]. Nowadays, the term “eosino-
philic asthma” is used for an asthma phenotype with a prevalence of
eosinophils in airways and in peripheral circulation [31,32]. Due to
ethical problems using human clinical studies, which might clear up
pathophysiology of eosinophilic asthma, several animal models have
been developed [33]. One of the most popular animal models is the
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Fig. 2. In vitro airway reactivity of tracheal (left panel) and lung (right panel) tissue strips to cumulative concentrations of histamine in control and ovalbumin
sensitised guinea pigs. Data are expressed as means; error bars express SD. Wilcoxon rank-sum test with continuity correction was used. *P < 0.05, **P < 0.01,

***p < 0.001.
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Table 1
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Absolute and relative counts of leukocytes in the blood and bronchoalveolar lavage (BAL) fluid in control and sensitised group. Leu, absolute number of leukocytes;
Lym, lymphocytes; Neu, neutrophils; Mon, monocytes; Eos, eosinophils; IL-4, interleukin 4; IL-5, interleukin 5; Mon-Mac, monocytes-macrophages; BAL, bronch-
oalveolar lavage fluid. Data are expressed as means (SD). Wilcoxon rank-sum test with continuity correction was used.

Blood BAL
Leu (x10°/L)  Lym (%) Neu (%) Mon (%) Eos (%) IL-4 (pg/mL) IL-5 (pg/mL) Mon-Mac (%) Neu (%) Eos (%)
Control group 2.0 (0.39) 58.2 (7.0) 37.2 (4.7) 3.4(23) 1.2(0.8) 115.3 (30.2) 183.5 (69.2) 95.1 (1.5) 3.67 (1.0)  1.3(0.7)
Sensitised group 3.1 (1.21) 52.7 (14.1)™ 409 (12.4)" 4.3 (3.8)" 2.0 (0.9) 196.1 (25.4)  822.6 (66.5) 58.4 (6.4) 7.8 (3.8) 33.7 (6.6)
" P > 0.05.
" P < 0.01.
P < 0.001.
" P < 0.0001.
Table 2 concentrations of total amount of PCs, carnitine, symmetric dimethy-

List of metabolites with significantly changed concentrations in a sensitised
group of guinea pigs. Trp, tryptophan; Met-SO, methionine sulfoxide; Met,
methionine; PC, phosphatidylcholine; PLP A2, phospholipase A2; SDMA, sym-
metric dimethylarginine; Arg, arginine; Trp, tryptophan; FC, fold change (ratio
of means in sensitised group relative to control group). The Wilcoxon test fol-
lowed by Benjamini-Hochberg correction (g-value) was used.

Metabolite q-Value (FDR) FC Depth of Production
[¥10~2] tree change

Carnitine 1.55 0.74 2161 Down
Kynurenine/Trp  7.46 0.74 2.302 Down
Met-SO/Met 9.14 1.41 2.287 Up
PC aa C34:1 4.85 0.75 2.304 Down
PC aa C34:2 1.42 0.66 2.230 Down
PC aa C34:3 2.73 0.59 2.233 Down
PC aa C34:4 1.92 0.59 2221 Down
PC aa C36:2 1.42 0.68 2.277 Down
PC aa C36:6 1.42 0.61 2.159 Down
PC aa C38:6 0.80 0.62 2171 Down
PC aa C40:6 1.42 0.74 2.169 Down
PC ae C36:0 1.92 0.73 2211 Down
PC ae C38:0 2.29 0.75  2.297 Down
PC ae C38:3 2.63 0.71 2.280 Down
PC ae C38:6 3.11 0.57 2.301 Down
PC ae C40:1 1.92 0.66 2.295 Down
PLA2 activity 0.48 1.34 2.078 Up
SDMA 8.97 0.65 2.294 Down
SMDA/Arg 5.22 0.54 2.253 Down
Taurine 6.95 1.35 2.232 Up
Total PC 2.29 0.71 2.314 Down
Trp 5.22 1.31 2.289 Up

sensitisation of guinea pigs by ovalbumin [34].

In this study, we present the first results using a targeted metabo-
lomic platform for studying and better understanding of the detectable
alterations in plasma metabolome of ovalbumin sensitised guinea pigs
compared to naive controls. The sensitisation of guinea pigs was con-
firmed by sRaw as an in vivo marker of airway reactivity, contraction of
tracheal and lung tissue strips as an in vitro marker of airway reactivity,
and by changes in white blood cells in the blood and BAL, as well as
changes in concentrations of IL-4 and IL-5. The sensitisation by oval-
bumin led to significantly increased airway reactivity; increased abso-
lute counts of leukocytes elevated relative counts of eosinophils in the
blood and BAL, and to increased concentrations of interleukins. These
observations are in accordance with phenotype of allergic asthma
[35,36], and with our previous studies with the ovalbumin sensitised
guinea pigs [25,37].

The LC-MS/MS and FIA-MS/MS analyses were used for targeted
metabolomic analysis using commercially available kit — AbsoluteIDQ™
p180. For data processing, a combination of conventional and advanced
data analysis methods were used. In our study, 22 metabolites were
significantly changed in plasma of ovalbumin sensitised guinea pigs.
We identified decreased plasma concentrations of 13 PCs with saturated
or unsaturated long-chain fatty acids as well as decreased

larginine (SDMA), ratio of SMDA to total unmodified arginine (SDMA/
Arg), and ratio of kynurenine to tryptophan (Kynurenine/Trp).
Contrary, the increased concentrations of tryptophan (Trp), taurine, a
ratio of methionine sulfoxide to total unmodified methionine (Met-So/
Met), and a ratio of total LPCs to total PCs as an indicator of phos-
pholipase A2 (PLA2) activity has been observed.

The PCs are class of glycerophospholipids and one of the major
components of biological membranes. Their molecules have diverse
fatty acids combinations of differing length (16-, 18-, and 20-carbons
fatty acids are the most common) and saturation, which are attached at
the sn-1 and sn-2 positions and a phosphocholine moiety at the sn-3
position of glycerol [38]. PCs might be hydrolyzed to LPCs and fatty
acids by PLA2 family of enzymes [39]. It is well known that PCs are
essential elements of cell membranes and lipoproteins which play
crucial roles in membrane structure and cellular signalling. Further-
more, PCs and lysoPCs serve as reservoirs and transporters of glycer-
ophospholipid components: fatty acids (e.g arachidonic acid-AA, doc-
osahexaenoic acid), phosphate, glycerol, and choline. AA and related
polyunsaturated fatty acids (PUFA) are precursors of eicosanoids; lo-
cally active signalling lipids that regulate a diverse set of homeostatic
and inflammatory processes linked to numerous diseases [40,41], and
consider as the key mediators of the asthma pathology [42,43]. De-
creased concentration of PCs with long-chain fatty acids, as well as
increase in indicator of PLA2 activity were observed in present study,
which might indicate increased turnover of PCs for synthesis of pro- and
anti-inflammatory eicosanoids as a result of induced inflammation. Our
findings are consistent with previous metabolomic studies of ovalbumin
sensitised mice [20-23], and asthma patients [44-46]. However, in the
vast majority of those studies the untargeted metabolomic approach
was used; therefore, the quantitative cross-comparison is not possible.

Carnitine, highly polar molecule, plays an essential role in the
transfer of long-chain fatty acids from the cytoplasm into the mi-
tochondria, where f-oxidation takes place [47]. Furthermore, carnitine
is involved in the transport of peroxisomal f-oxidation products into
mitochondria for completion of oxidation via tricarboxylic acid cycle
(TCA cycle), storage of energy in the form of acetylcarnitines [48],
decreasing leukotriene synthesis through inhibition of lipoxygenase
enzyme [49], and scavenging of reactive oxygen species (ROS) to pre-
vent oxidant injury [50]. Carnitine is a chiral molecule, found in L- and
D-isomeric forms, but only its L-isomeric form is biologically active
[50]. In this study, plasma level of carnitine was decreased in the
sensitised guinea pigs, which may indicate utilization of carnitine to in
mitochondrial fatty acid metabolism. Bronchial asthma is associated
with a higher level of oxidative stress leading to the production of ex-
cessive amount of ROS [51,52], confirmed also in animal models of
asthma [5,53,54]. As carnitine is also ROS scavenger, this might also
contribute to its lower plasma concentrations. Our findings are in ac-
cordance with previous studies which found lower level of carnitine in
asthma, and reduced risk of asthma attack, improved bronchocon-
striction and bronchial inflammation after its supplementation [55-58].
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function). Each boxplot is overlaid by a swarm plot of the data.

In spite of the fact that many studies have been focused on association
between carnitine and asthma, it is still unknown if the lower carnitine
concentration is the cause or the consequence of asthma.

Methionine (Met), a sulfur amino acid, is one of the major targets of
ROS, resulting in the formation of methionine sulfoxide (Met-So; [59]).
Therefore, higher Met-So levels can be related to increased production

(=)}

of ROS and the ratio of Met-So/Met is considered as a marker of oxi-
dative stress in in vivo conditions [60]. During our experiments, a
higher ratio of Met-So/Met in sensitised guinea pigs was observed
which might reflect higher ROS production.

Taurine is another metabolite that was significantly increased in the
sensitised group of guinea pigs. As a ubiquitous sulfur-containing amino



M. Kertys, et al.

1.00 - |7

0.75 + .
rd
e
— 7
M o
[= 9} ,’
) 7
20.50- e
> Vs
.: 7
- — 7 d
wv
5 -
73
2] 7
e
0.25- )<
'
. AUC =0.87
o
=
&
v d
7/
&
0.00- ,
e L} 1 1 1 1
0.00 0.25 0.50 0.75 1.00

1 - Specificity (FPR)
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of the classifier. The corresponding area under the curve (AUC) value is shown.
The x-axis and y-axis show the false-positive rate (FPR; 1-specificity) and true-
positive rate (TPR; sensitivity), respectively. The diagonal dashed line indicates
no discriminatory power.

acid, taurine is widely distributed in animal tissues, and it is involved in
maintaining of an intracellular osmotic pressure, has antioxidant ac-
tivity, plays an important role in the development of the brain of certain
animals, and acts as a neurotransmitter [61]. There are only a few
studies focusing on taurine plasma level and asthma and the results are
ambiguous. Cortijo et al. [62] and Santangelo et al. [63] found in-
creased taurine concentration in BAL fluid and oral taurine supple-
mentation showed beneficial effects in in vivo and in vitro model of
experimental asthma. Contrary, Zinellu et al. [64] assessed selected
possible markers of oxidative stress in asthma and chronic obstructive
pulmonary disease including taurine, with no changes in plasma taurine
concentrations. Finally, Comhair et al. [65] found out higher levels of
plasma taurine in asthma patients compared to healthy controls with a
positive correlation with plasma levels of arachidonic acid. Mechanisms
of these changes can only be speculated.

Production of nitric oxide (NO) from L-arginine by the NO synthase
family of isoenzymes plays an important role in the maintenance of
airway tone [66]. Asymmetric and symmetric dimethylarginine (ADMA
and SDMA, respectively) are arginine post-translational modifications
products. The biological role of ADMA as an endogenous inhibitor of
NO synthase is well known, while less attention has been paid to SDMA
[67]. In this present study, we observed lower plasma levels of SDMA
and lower ratio SDMA/Arg in the sensitised group and no changes in
ADMA. This is in contrast with previous works, where Tajti et al. [68]
and Bediwy et al. [69] described an increased level of ADMA in asthma
patients. Scott et al. [70] found increased lung concentrations of ADMA
and SDMA in a murine model of asthma and asthma patients, respec-
tively. On the other hand, SDMA concentration in sputum was de-
creased, suggesting differences in SMDA metabolism and transport
between compartments. Therefore, further investigations are necessary
to understand the possible role of SDMA in asthma pathophysiology.

Tryptophan is the least abundant of the essential amino acids, with
the main role in the human body as a constituent of protein synthesis.
Tryptophan is also the precursor of two important metabolic pathways,
kynurenine synthesis (accounts for approximately 90% of tryptophan
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catabolism) and serotonin synthesis [71]. There is growing evidence
that the tryptophan metabolic process plays an important role in the
development of allergic diseases [72]. In a present study, increased
plasma levels of tryptophan and a reduced ratio of kynurenine/tryp-
tophan in the sensitised group were observed. A ratio of kynurenine to
tryptophan is widely used as a marker of indoleamine 2,3-dioxygenase
(IDO) activity, an enzyme that metabolizes tryptophan to kynurenine
[73]. Some studies have demonstrated an association between IDO
activity and the pathogenesis of pollen allergy, allergic asthma and
allergic rhinitis [74-76]. Hu et al. [77] found lower expression of IDO
in the airways of children with asthma. van der Slujis et al. [78] showed
lower activity of IDO in pulmonary compartments and higher systemic
levels of tryptophan and downstream metabolites of IDO-mediated
tryptophan degradation in patients with allergic asthma. Our results
bring additional evidence of decreased activity of IDO in asthma, but
underlying causes of these observations still remains to be elucidated.

There are some limitations concerning our study which should be
recognized. The metabolite panel used in our study contains only se-
lected metabolites from seven classes with interesting biological ac-
tivity. However, they do not cover the whole metabolome. In addition,
some metabolites were not specific enough (mainly the detailed struc-
ture of PCs) which should be explored in more detail. We admit that the
number of animals recruited was relatively small, and our findings
cannot be fully extrapolated to human asthma patients as only a model
of allergic asthma was chosen here. Moreover, the plasma level of se-
lected metabolites has been compared with the plasma profile of
healthy humans (male, aged 19-22 years). Unfortunately, direct com-
parison of our results and their interpolation to human asthma patients
is not possible due to discrepancy between reference metabolome of
naive control guinea pigs and human metabolome (differences vary
from 5% for SDMA to > 2000% for PC aa 34:1). Therefore, further
investigations are necessary to determine the same changes as were
observed in guinea pig model of allergic asthma in human asthma pa-
tients.

5. Conclusion

In summary, we identified alterations in the PCs profiles, carnitine
level and metabolites involved in inflammation and oxidative stress in
ovalbumin sensitised guinea pigs. The majority of these metabolites
have been associated with asthma or allergy. Moreover, we identified
the change in the plasma levels of SMDA that has not yet been noticed
in asthma and allergy-related diseases. In spite of the limitations of
targeted metabolomic studies, we believe that this technology has huge
potential to investigate possible candidate markers and underlying
pathophysiology of asthma.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.bbadis.2019.165572.
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Supplementary table 2: List of 144 metabolites used for statistical evaluation.

Absolutel DQ™ p180 g-value| Fold
annotation Biochemical name Control (n=18) Sensitised (n=15) p-value| (FDR) |change |Sensitised/control
Acetylcarnitines Mean (umol/L) SD Mean (umol/L) | SD

Cco Carnitine 32.89 7.31| | 24.42 3.84|0.0008 |0.0155 |0.7424 Down
Ci14.1 Tetradecenoylcarnitine 0.02 0.01| | 0.03 0.02|0.0530 |0.1316 |1.4776 Up
Cl6 Palmitoylcarnitine 0.04 0.03| | 0.02 000446 |01191 |0.4615 Down
C16-OH 2-hydroxyhexadecanoylcarnitine | 0.01 0| [0.01 003747 105252 |1.2100 Up
ci18:1 Elaidic carnitine 0.04 0.03| | 0.01 0.01|0.0300 |0.0982 |0.3944 Down
c2 Acetylcarnitine 5.46 6.87| | 1.55 1.08|0.8142 |0.8648 |0.2840 Down
C31 Propenoylcarnitine 0.01 0| [0.01 0|0.0673 10.1494 |1.4399 Up
C4-OH (C3-DC) Hydroxybutyrylcarnitine 0.06 0.03| | 0.07 0.02|0.3289 |0.4833 |1.0855 Up
C3-OH Hydroxypropionylcarnitine 0.01 0| [0.01 0|0.0213 |0.0765 |1.4301 Up
C5-OH (C3-DC-M) Methylmalonylcarnitine 0.06 0.01| | 0.05 00101745 |02939 |0.8957 Down
C9 Nonanoylcarnitine 0.02 0.01| | 0.02 0.01|0.3852 |05333 |1.0991 Up
Absolutel DQ™ p180 Fold
annotation Biochemical name Control (n=18) Sensitised (n=15) p-value| g-value|change | Sensitised/control
Amino acids Mean (umol/L) sD Mean (umol/L) | SD

Ala Alanine 192.06 89.07| |159.03 46.4410.4695 |0.6261 |0.8280 Down
Arg Arginine 38.09 22.82| |53.16 38.21|0.4477 |0.6081 |1.3959 Up
Asp Aspartate 5.35 234|483 21504211 |0.5775 |0.9035 Down
Cit Citrulline 49.69 24.15| | 64.14 1749/ 00569 |0.1366 |1.2908 Up
GIn Glutamate 394.3 151.95| | 352.8 64.27]0.1335 [0.2529 |0.8947 Down
Glu Glutamine 74.59 23.32| | 73.08 1594110000 |1.0000 |0.9799 Down
Gly Glycine 718.06 150.35| | 667.03 73.25/0.0794 |0.1683 |0.9289 Down
His Histidine 74.12 18.96| | 69.05 20.23|0.3615 |0.5153 | 0.9316 Down
lle Isoleucine 103.39 30.72| | 104.98 349509567 |0.9777 |1.0154 Up
Leu Leucine 150.52 43.54| |141.16 4749105800 |0.7197 |0.9378 Down
Lys Lysine 167.97 32.81| |178.93 4332|0458 |06171 |1.0652 Up
Met Methionine 18.67 5.37| | 1557 6.4110.0734 |0.1602 |0.8341 Down
Orn Ornithine 72.44 51.09| | 83.23 30.75/0.1639 |0.2878 |1.1490 Up
Phe Phenylalanine 50.13 11.58| | 48.58 9.29/05035 |0.6361 |0.9692 Down




Pro Proline 97.66 39.09| | 98.13 29.34|10.6908 |0.8023 |1.0049 Up
Ser Serine 150.34 47.46| |143.49 26.69(0.7176 | 0.8074 |0.9544 Down
Thr Threonine 96.79 39.2| | 106.66 39.94|0.4860 |0.6304 |1.1019 Up
Trp Tryptophan 46.62 14.24| 161.13 13.7310.0114 |0.0522 |1.3113 Up
Tyr Tyrosine 40.91 10.82| | 48.37 17.34102586 |0.4004 |1.1823 Up
Val Valine 188.83 67.25| | 201.96 66.04 06048 |0.7197 |1.0695 Up
Absolutel DQ™ p180 Fold
annotation Biochemical name Control (n=18) Sensitised (n=15) p-value| g-value| change | Sensitised/control
Biogenic amines Mean (umol/L) sD Mean (umol/L) | SD
ADMA Asymmetric dimethylarginine 0.69 011 |0.63 0.09|0.0826 |0.1725 |0.9177 Down
alpha AAA Alpha-Aminoadipic acid 18 0.64| |19 0.78|0.6254 |0.7375 |1.0583 Up
Carnosine Carnosine 0.23 0.14] /1 0.24 012]0.7891 |0.8480 |1.0408 Up
Creatinine Creatinine 21.13 2.85| |22.71 229101036 |0.2044 |1.0747 Up
Kynurenine Kynurenine 3.17 0.87| |3.08 102| 06000 [0.7197 |0.9726 Down
Met.SO Methionine sulfoxide 4.06 2.53| |4.64 2.05/03073 |0.4658 |1.1434 Up
Sarcosine Sarcosine 6.12 515| |13 0.44|0.0795 |0.1683 |0.2119 Down
SDMA Symmetric dimethylarginine 0.64 0.27| | 042 0.07|0.0262 |0.0897 |0.6535 Down
Serotonin Serotonin 011 0.13] |0.23 02100478 |0.1251 |2.0388 Up
t4.0H.Pro Trans 4-Hydroxyproline 26.48 8.45| | 20.51 5.5/0.0553 |0.1350 |0.7745 Down
Taurine Taurine 237 12.86| | 32.05 1303|0.0179 |0.0695 |1.3523 Up
Absolutel DQ™ p180 Fold
annotation Biochemical name Control (n=18) Sensitised (n=15) p-value| g-value| change | Sensitised/control
Glycerophospholipids Mean (umol/L) sD Mean (umol/L) | SD
L ysophosphatidylcholine acyl
lysoPC a C16:0 C16:0 571 118|569 132108167 |0s8648 |09957  |Down
L ysophosphatidylcholine acyl
lysoPC a C16:1 C16:1 0.22 0.04/1019 004100027 |01880 |08836 | Down
L ysophosphatidylcholine acyl
lysoPC a C17:0 C17:0 0.55 0.13|10.58 011104860 |06304 |10589 | Up
L ysophosphatidylcholine acyl
lysoPC a C18:0 C18:0 7.94 16| 782 1861457080 |0.8074 |0.9842 Down
L ysophosphatidylcholine acyl
lysoPC a C18:1 C18:1 284 064 287 09108725 |09171 | 1.0093 Up




L ysophosphatidylcholine acyl

10.82

9.54

3.25

lysoPC a C18:2 C18:2 0.2022 |0.3236 |0.8812 Down
lysoPC a C20:4 gg?ghosphandyl cholineecy 0.54 0.19/ 04 0.08/60620 |0.1431 |0.7459 Down
lysoPC a C24:0 gi?ghosphandyl cholineecy 0.08 0.02 1 0.09 002162057 03571 | 11312 Up

lysoPC a C28:1 g?a?i)hosphandyl cholineecy 0.03 0.011 003 001167040 |08074 |0.9653 Down
PC aa C28:1 Phosphatidylcholine diacyl C28:1 | 0.09 0.03| |0.07 0.02]/0.1382 |0.2584 |0.8146 Down
PC aa C30:0 Phosphatidylcholine diacyl C30:0 |0.46 012} |0.43 0.09]0.3757 |0.5252 |0.9322 Down
PC aa C30:2 Phosphatidylcholine diacyl C30:2 |2.12 08| | 177 0.36/0.1694 |0.2938 |0.8337 Down
PC aa C32:1 Phosphatidylcholine diacyl C32:1 | 0.64 021} 044 0.11]0,0035 |0.0273 |0.6920 Down
PC aa C32:2 Phosphatidylcholine diacyl C32:2 |0.73 0.23| | 0.56 022100331 |0.0993 |0.7756 Down
PC aa C32:3 Phosphatidylcholine diacyl C32:3 | 0.17 0.08| |0.13 0.06|0.0858 [0.1765 |0.7243 Down
PC aa C34:1 Phosphatidylcholine diacyl C34:1 | 10.16 2.71) | 7.59 2.76/0,0088 |0.0485 |0.7469 Down
PC aa C34:2 Phosphatidylcholine diacyl C34:2 | 36.94 10.87| | 24.45 8.15/0.0005 |0.0142 |0.6619 Down
PC aa C34:3 Phosphatidylcholine diacyl C34:3 | 2.47 109|145 0.55]0.0036 |0.0273 |0.5897 Down
PC aa C34:4 Phosphatidylcholine diacyl C34:4 | 0.2 0.09] |0.12 0.04/0,0012 |0.0192 |0.5869 Down
PC aa C36:0 Phosphatidylcholine diacyl C36:0 | 0.77 0.16| | 0.62 014100051 |0.0325 |0.8111 Down
PC aa C36:1 Phosphatidylcholine diacyl C36:1 | 11.23 29| 1877 3.89/0.0227 |0.0798 |0.7814 Down
PC aa C36:2 Phosphatidylcholine diacyl C36:2 |87.74 22.43| | 59.96 19.83/0.0005 |0.0142 |0.6834 Down
PC aa C36:3 Phosphatidylcholine diacyl C36:3 | 12.58 4.53| [9.23 304/00188 |0.0711 [0.7331 Down
PC aa C36:4 Phosphatidylcholine diacyl C36:4 | 9.61 313| |7.44 3.06|0.0360 |0.1047 |0.7746 Down
PC aa C36:5 Phosphatidylcholine diacyl C36:5 | 1.47 054 |1.02 043]0.0114 |0.0522 |0.6927 Down
PC aa C36:6 Phosphatidylcholine diacyl C36:6 |0.12 0.05| |0.07 0.02]0,0006 |0.0142 |0.6072 Down
PC aa C38:0 Phosphatidylcholine diacyl C38:0 |0.28 0.11| |0.19 0.05/0.0052 |0.0325 |0.6733 Down
PC aa C38:3 Phosphatidylcholine diacyl C38:3 | 2.56 0.73] | 191 0.57]0.0139 |0.0574 |0.7456 Down
PC aa C38:4 Phosphatidylcholine diacyl C38:4 | 9.38 294 /6.22 1.78|0.0024 |0.0229 |0.6635 Down
PC aa C38:5 Phosphatidylcholine diacyl C38:5 |1.68 0.55| | 1.06 0.31]/0.0009 |0.0155 |0.6338 Down
PC aa C38:6 Phosphatidylcholine diacyl C38:6 |1.23 0.39| |0.76 0.2/0.0001 |0.0080 |0.6155 Down
PC aa C40:2 Phosphatidylcholine diacyl C40:2 |0.08 0.02| | 0.08 0.02]0.7862 |0.8480 |0.9805 Down
PC aa C40:3 Phosphatidylcholine diacyl C40:3 | 0.08 0.02] |0.07 0.02]0.1749 |0.2939 |0.8702 Down
PC aa C40:4 Phosphatidylcholine diacyl C40:4 | 0.56 0.16| | 0.42 012100084 |0.0484 |0.7404 Down
PC aa C40:5 Phosphatidylcholine diacyl C40:5 |1.01 0.26| | 0.69 02100017 |0.0199 |0.6827 Down
PC aa C40:6 Phosphatidylcholine diacyl C40:6 |1.33 0.26| | 0.98 0.21]/0,0003 |0.0142 |0.7371 Down
PC aa C42:1 Phosphatidylcholine diacyl C42:1 | 0.04 0.01] 0.04 0.01]0,0410 [0.1135 |1.2085 Up




PC aa C42:2 Phosphatidylcholine diacyl C42:2 | 0.09 0.02| |0.08 0.02]0,1992 |0.3236 |0.8754 Down
PC aa C42:4 Phosphatidylcholine diacyl C42:4 |0.04 0.01] |0.03 00105031 |0.6361 |0.9398 Down
PC aa C42:5 Phosphatidylcholine diacyl C42:5 0.04 0.01| |0.03 0.01]0.0508 |0.1285 |0.8466 Down
PC ae C30:0 Eg%?ghatfdylcmlfne oAt fon 0.04| J0.1 004104807 |06304 |09147 |Down
PC ae C30:1 Eg%?hatfdylcml I rescyalldl ooz 0.02| J0.01 001102319 |03630 |06551 | Down
PC ae C30:2 Eg%?ghat?dylcml I el 002 0.01) 10.02 001579 |02807 |0.8241 | Down
PC ae C32:1 Eggﬁhmfdyl ol I nes Al o2 0.1] 1024 008100500 |01285 |08120 |Down
PC ae C32:2 Eggfghmfdyl ol I reeoyalol 02 0.08| 10.2 00811448 |02673 |08429 | Down
PC ae C34:0 Eg(z)t?mfdyl ol I neealol oo 0.17] 1055 014100437 |01187 |08070  |Down
PC ae C34:1 Eg(ﬁhmfdyl ol I nesoalol 168 0.49| [1.46 044101088 |02473 |08690 | Down
PC ae C34:2 Egﬁhat?dyl ChOITne S 1.74] 451 L7l00674 |01494 |08264 | Down
PC ae C34:3 Egi?ghatfdylcml I eyl 122 0.55| ]0.96 042101088 |0.2473 |07878  |Down
PC ae C36:0 Egcéﬁghatfdylcml I eyl os 0.13| ]0.36 007100015 |00192 |07291 | Down
PC ae C36:1 Eg%?hatfdylcml I nescyalll 14 0.36) | 1.25 039100626 |01431 |08473  |Down
PC ae C36:2 Eg%?ghatfdylcmlfne oAl oo 191|532 16/00164 |00655 |0.7712 | Down
PC ae C36:3 Eg%?ghatfdylcml I nescyalldl oz 08| |187 062100620 |01431 |08022  |Down
PC ae C36:4 Eg%ﬁhat?dylcml I oAl 205 09] |14 041100126 |00533 |06805 | Down
PC ae C36:5 Eg(e)s?ghmfdyl ol I neso Al oss 03] 1038 013100331 |00993 |06604 |Down
PC ae C38:0 Eggéghmfdyl ol I res Al o023 0.06| 10.17 004100024 |00229 |0753 | Down
PC ae C38:1 Eggﬁhmfdyl ol I ree Al ost 0.13) 10.39 012100118 |00522 |07627 | Down
PC ae C38:2 Eg(f)s?hmfdyl ol I neso Al 260 0.82| [1.9 065100027 |00244 |07041 | Down
PC a2 C38:3 Eg%?ghat?dyl ol I nescalsl s 0.19/ 1049 012150031 |00263 |07135 | Down
PC ae C38:4 Eg%ﬁhatfdylcml I nescyalldl is 0.66| | 1.27 033100106 |00522 |07077  |Down
PC ae C38:5 capvicrolineecylaligl g 5 0.7] 1086 021100331 |00993 |06473 |Down
PC ae C38:6 Phosphatidylcholine acyl-alkyl 0.59 031|034 0.1/0.0045 |0.0311 |0.5722 Down




C38:6
Phosphatidylcholine acyl-alkyl
PC ae C40:1 C40:1 0.15 0.05) 101 003150014 |00192 |0.6595 Down
Phosphatidylcholine acyl-alkyl
PC ae C40:2 C40:2 0.14 0.04 1012 003151532 | 02793 | 0.8650 Down
Phosphatidylcholine acyl-alkyl
PC ae C40:3 C40:3 0.16 0.04 1013 003/50376 |0.1062 |0.8233 Down
Phosphatidylcholine acyl-alkyl
PC ae C40:4 C40:4 0.49 0.15) J0.37 009100120 |00522 |07467 | Down
Phosphatidylcholine acyl-a kyl
PC ae C40:5 C40:5 0.59 0.24| ]0.38 008100060 |00360 |06399 | Down
Phosphatidylcholine acyl-a kyl
PC ae C40:6 C40:6 0.43 0.18) ]0.27 006100045 |00311 |06319  |Down
Phosphatidylcholine acyl-a kyl
PC ae C42:2 C42:2 0.04 0.01] 10.03 001100328 |00993 |08351 |Down
Phosphatidylcholine acyl-a kyl
PC ae C42:3 c42:3 0.04 0.01) J0.03 001100108 |00522 |07808 | Down
Absolutel DQ™ p180 Fold
annotation Biochemical name Control (n=18) Sensitised (n=15) p-value| g-value| change | Sensitised/control
Spingolipids Mean (umol/L) sD Mean (umol/L) | SD
SM (OH) C14:1 Hydroxysphingomyeline C14:1 0.54 0.19] |0.52 01506048 |0.7197 |0.9555 Down
SM C16:1 Sphingomyeline C16:1 0.58 0.19] | 0.64 0.16]/0.3289 |0.4833 |1.0990 Up
SM (OH) C22:1 Hydroxysphingomyeline C22:1 0.55 0.22] |06 0.2/06048 |0.7197 |1.0925 Up
SM (OH) C22:2 Hydroxysphingomyeline C22:2 0.2 0.08| |0.22 00702904 |0.4449 |1.1072 Up
SM C24:1 Sphingomyeline C24:1 0.09 0.03] |01 00304919 |0.6324 |1.1278 Up
SM C16:0 Sphingomyeline C16:0 9.16 312| 8.9 2/0.8993 |0.9316 |0.9717 Down
SM C16:1 Sphingomyeline C16:1 0.34 011} |031 0.08]0.3428 |0.4986 |0.9041 Down
SM C18:0 Sphingomyeline C18:0 1.21 041] |1.23 03307177 |0.8074 |1.0197 Up
SM C18:1 Sphingomyeline C18:1 0.21 0.07] |0.21 0.05/0.7449 |0.8188 |1.0090 Up
SM C20:2 Sphingomyeline C20:2 0.03 0.01| |0.02 0.01|0.7446 |0.8188 |0.9026 Down
SM C24:0 Sphingomyeline C24:0 151 038| |1.54 044109712 |0.9848 |1.0191 Up
SM C24:1 Sphingomyeline C24:1 1.27 05] |1.34 04105629 |0.7049 |1.0557 Up
SM C26:0 Sphingomyeline C26:0 0.02 0.01| |0.02 0.01/03109 |0.4663 |1.1303 Up
SM C26:1 Sphingomyeline C26:1 0.02 0.01 |0.02 0.01|05871 |0.7197 |1.0615 Up
Absolutel DQ™ p180 Fold
annotation Biochemical name Control (n=18) Sensitised (n=15) p-value| g-value| change | Sensitised/control
Sums and ratios Mean (umol/L) ‘ Sh) Mean (umol/L) ‘ SD




ADMA/Arg Ratio of ADMA to Arg 0.06 0.1| |0.03 0.06 | 0.2022 |0.3236 0.5381 Down
BCAAs Branched-chain amino acids 442,74 131.81| | 448.1 1459208850 |0.9235 1.0121 Up
Cit/Arg Ratio of Citto Arg 6.88 12.79| | 3.29 6.42|0.1776 10.2939 |0.4786 Down
ESS AA Essential amino acids 897.03 225.11| | 928.01 252.89|07347 108188 1.0345 Up
Gluc AA Selected glucogenic amino acids | g4 45 244,69 | | 969.55 107.78

(Ala, Gly, Ser) 01004 |0.2009 |0.9143 Down
Kynurenine/Trp Ratio of kynurenineto Trp 0.08 0.04| | 0.06 0.04 | 0.0202 |0.0746 0.7410 Down
MetSO/Met Ratio of metso to Met 0.22 0.14| | 0.31 0.12|0.0273 |0.0914 1.4052 Up
NESS AA Non essential amino acids 1673.26 426.73| | 1546.77 2099101552 |0.2793 |0.9244 Down
PLA2 Act Phospholipase A2 activity 0.13 0.02| |0.17 0.03|0.0000 |0.0048 |1.3381 Up
Serotonin/Trp Ratio of Serotoninto Trp 0 0| |0 0/03615 |0.5153 1.3458 Up
SMDA/Arg Ratio of SMDA to Arg 0.04 0.05| | 0.02 0.04|0.0118 |0.0522 0.5390 Down
TotLPs Sfugpﬂ]:)tsgtr?latidylcholines 28.74 6.21) | 2721 717107801 |o8480 |09798  |Down
Tot PCs Sum of total phosphatidylcholines | 229.32 58.95| | 162.18 50.25(06300 |0.7375 |0.9468 Down
Tot SMs Sum of total sphingolipids 13.76 4.47| |13.59 32100024 |0.0229 0.7072 Down
TOT AA Sum of total amino acids 2730.5 686.92| |2675.31 500.35|09858 | 09927 |0.9880 Down
Total DMA/Arg Efgo of total dimethylargininesto | ; 0.15 |0.05 01| g oses lotosr 0535 | Down
C2/Cco Ratio of C2to CO 0.16 0.2] |0.07 0.05|0.9574 |0.9777 |0.4144 Down
H1 Sum of hexose 8092.58 4352.6| |9680.3 3736901776 10.2939 |1.1962 Up
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