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Reagents: Acetonitrile (LC-MS grade), formic acid (FA, LC-MS 
grade) heptane (MS grade), N,O-bis(trimethylsilyl)trifluoroacet-
amide (BSTFA) with 1% (v/v) trimethylchlorosilane (TMCS), O-
methoxyamine, and pyridine were purchased from Sigma-Aldrich 
(Germany). Methanol (LC-MS grade) was acquired from JT Baker 
(Mexico).

Three untargeted metabolomic analytical platforms were used, 
focusing on the profiles of low weight (m/z < 1500) ionizable mol-
ecules which were present in at least 50% of the sample of each 
group.

Metabolomics sample preparation: Sample pre-treatment in-
volved protein precipitation using 200 µL of homogenized gastric 
fluid and 600 µL of methanol. The content was mixed in an ultra-
sound bath (Quimis, Brazil) using a mixing vortex (Quimis, Brazil) 
and kept overnight at -20°C. The precipitate was then separated 
by centrifugation (Universal 320R, Hettich, Germany) for 15 min-
utes at 17,000g at -4°C, and 250 µL of the supernatant was used for 
metabolomic analyses. Quality Control (QC) samples, a pool of all 

studied samples, were prepared by mixing 200 µL of each super-
natant. A blank solution was prepared, using deionized water and 
cold methanol, according to the procedures described above. For 
LC-MS analyses, samples were directly injected into the system. 
For GC-MS analyses, blank, samples and QCs were evaporated to 
dryness using a SpeedVac (Thermo Scientific SPD1010, U.S.A.) at 
40°C and submitted to a derivatization protocol [1]. In brief, 10 µL 
of O-methoxyamine (15 mg mL-1) in pyridine was added to each of 
the dried samples. The mixed solution was maintained in the dark 
at room temperature for 90 min, after which 10 µL of BSTFA + 1% 
TMCS (v/v) was added. The mixed solution was maintained in a 
thermostatic bath (ECO SILVER RE 1225, Lauda, Brazil) at 40°C for 
30 minutes. The derivatized samples were finally resuspended in 
100 µL of heptane prior to GC-MS analyses.

LC-MS acquisition: LC-MS analysis was performed on a nano-
flow High-Performance Liquid Chromatography system (Thermo-
Fisher Scientific, MA, U.S.A.) coupled to a Q Exactive Hybrid Quad-
rupole-Orbitrap Mass Spectrometer (ThermoFisher Scientific, MA, 
U.S.A.) via electrospray ionization. A reversed phase C18 column 
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(Hypersil Gold, 100 mm × 2.1 mm i.d, 1.9 µm particles; Thermo-
Fisher Scientific) maintained at 40°C was used. The mobile phase 
consisted of (A) deionized water acidified with 0.1% (v/v) FA, and 
(B) acetonitrile acidified with 0.1% (v/v) FA. The separation meth-
od was adapted from Saric., et al [2]. The gradient elution, for posi-
tive and negative modes of ionization, was: 0.1% B for 2 minutes, 
0.1 - 25% B for 6 minutes, 25 - 80% B for 10 minutes, 80 - 90% B 
for 12 minutes and 90 - 99.9% B for 21 minutes. The flow rate was 
400 µL/min. The MS acquisition was in profile mode and operated 
at 3.2 kV in the positive mode and 2.6 kV in the negative mode. The 
capillary temperature was 350°C and the spray voltage was 4.00 
kV; sheath gas was 30 units and auxiliary gas flow rate was 10 units. 
Full scan data in both ionization modes used 35,000 mass resolu-
tion and a scan range of m/z 100 to 1500 was chosen. The system 
was operated using Thermo Xcalibur software (Thermo Scientific).

GC-MS acquisition: GC-MS analysis was performed in a Gas 
Chromatography system coupled to a Single Quadrupole Mass 
Spectrometer (Agilent Technologies, CA, U.S.A.). An HP-5 ms col-
umn (30m length, 0.25 mm i.d., with a 0.25 mm film composed of 
95% dimethyl and 5% diphenylpolysiloxane; Agilent Technolo-
gies) was used. The separation method was as previously used [1] 
in which He at 1.0 mL/min flow rate was the carrier gas, and the 
GC injector was maintained at 250°C. Samples were injected with a 
1:10 split, using He at 10 mL/min. The temperature gradient was as 
follows: initial oven temperature of 60°C maintained for 1 minute, 
increased to 300°C at 10°C/min rate. The run time was 25 minutes. 
The detector transfer line, filament source, and the quadrupole 
were maintained at 290, 230 and 150°C respectively. The electron 
ionization source used -70 eV energy, and the MS was operated in 
scan mode in the range of 50 - 600 m/z. The system was operated 
using Mass Hunter B.07.01 software (Agilent Technologies).

Data treatment and statistical analysis: Metabolomics data 
processing was performed using the XCMS software package (ver-
sion 1.24.1) [3] running on R platform (3.2.3 version, R Founda-
tion for Statistical Computing), using a matched filter method for 
peak detection, peak alignment, and retention time correction. GC-
MS raw data files were converted into *.mzData using Qualitative 
Analysis Mass Hunter software (B.05.00, Agilent Technologies), 
and LC-MS raw data files (positive and negative modes) were con-
verted into *.mzXML using ProteoWizard software [4]. For GC-MS 
data, the XCMS parameters were: fwhm (full width at half maxi-
mum of model peak) = 3, snthresh (signal-to-noise cutoff) = 1, max 
(maximum number of groups to identify in a single m/z slice) = 40; 
first grouping with bw (bandwidth) = 4 and second grouping with 
bw = 2, mzwid (width of overlapping m/z slices) = 0.5, and min-
frac (minimum fraction of samples necessary in one group to be a 
valid group) = 0.5. Other parameters were kept at default values. 

For LC-MS data, XCMS parameters were: first and second group-
ing with bw = 10 and mzwid = 0.0025, peak picking and retention 
time correction (retcor) were used at default values. For GC and LC 
data treatment, after second grouping, the fillPeaks tool was used 
to integrate areas of missing values.

Statistical analysis was carried out using multivariate and uni-
variate methods. In multivariate analyses, PCA (Principal Compo-
nent Analysis) and PLS-DA (Partial Least Squares Discriminant 
Analysis) were performed in SIMCA P+ software (12.0.1 version, 
Umetrics, CA, U.S.A.) and the MetaboAnalyst platform [5]. Discrimi-
nant entities were selected based on the Variable Importance Pro-
jection (VIP score > 1.0) from PLS-DA models in SIMCA P+ soft-
ware. Univariate analysis was performed in Statistica 13 software 
(StatSoft, OK, U.S.A.) using Mann-Whitney U test (p-value < 0.05) 
after checking data normality with the Lilliefors test, and False 
Discovery Rate (FDR < 0.05) using Benjamini and Hochberg pro-
cedure.

Metabolite annotation: Putative metabolite identification 
for LC-MS data (positive and negative modes) was performed by 
searching for significant mass-to-charge ratios (m/z) in Human 
Metabolome Database, HMDB (http://www.hmdb.ca/). For posi-
tive ionization mode, [M+H]+, [2M+H]+, and [M+Na]+ were selected 
as possible adducts, and for negative ionization mode, [M-H]-, [2M-
H]- and [M-2H]2- were chosen; 5 ppm was used for both modes as 
the maximum allowed error. Metabolite identification for GC-MS 
data was performed using AMDIS 2.69 (Automated Mass Spectral 
Deconvolution and Identification System) software with Fiehn RTL 
Library (FiehnLib) [6]. Retention time and mass spectra fragmen-
tation pattern, after retention index and retention time correction, 
were used to peak assignment, greater than 700 and 85 respec-
tively.

Patient’s 
code Preoperative Postoperative

A 1 - 2 2 - 3
B 5 - 6 6 - 7
C 4 7 - 8
D 8 - 9 4
E 8 - 9 7 - 8
F 7 - 8 4
G 4 6 - 7
H 5 - 6 7 - 8
I 2 - 3 2 - 3
J 5 - 6 4

Table S1: Gastric pH of obese women before and 3 months after 
Roux en-Y gastric bypass.
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Representative path-
ways Count % p value Benjamini

Influenza A 5 5,6 1,0E-2 6,8E-1
TNF signaling pathway 4 4,5 1,5E-2 5,7E-1
Complement and co-
agulation cascades 3 3,4 4,5E-2 8,2E-1

Rheumatoid arthritis 3 3,4 6,9E-2 8,7E-1
Proteoglycans in cancer 4 4,5 4,7E-2 8,2E-1
Toll-like receptor sig-
naling pathway 3 3,4 9,5E-2 8,5E-1

Table S2: Top signaling pathways activated in the ES tissue, 3 
months after RYGB, according to the KEGG database.

Gene Fold Change
PPARGC1A

IL-1β

CYP2C8

OLFM4

SECTM1

RSAD2

PTPRS

MUC17

GCNT3

B3GALT5

GAST

ITLN1

IGFR1

GPC3

IGFBP5

CDK6

EphB3

CDH2

SERPINB5

SERPINB7

PTPRR

SLC16A7

*MLH1

1.4 (M)

1.2 (M)

1.8 (M) 2.8 (V)

1.4 (M)

1.2 (M)

1.6 (M)

1.0 (M)

1.2 (M)

1.2 (M) 1.3 (V)

1.4 (M)

1.5 (M)

1.7 (M) 3.3 (V)

1.1 (M) 2.1 (V)

1.3 (M) 1.2 (V)

1.4 (M) 1.8 (V)

1.0 (M)

1.0 (M)

1.4 (M) 1.6 (V)

1.2 (M)

2.2 (M)

1.3 (M)

1.2 (M)

0.2 (M) 0.8 (V)

Table S3: Differentially expression genes involved directly or indi-
rectly with the canonical pathway identified in the ES after RYGB.

Upregulated genes are in red, while downregulated genes are in 
green (p < 0.05). M, microarray (n = 3); V, RT- PCR validation (n = 

6).

*Not significant.

Figure 1: Flowchart showing patient assessments. Factors impair-
ing overall sample analysis: *Intracavitary adhesions and fixed 
angulations; anatomical changes, such as stenosis and extrinsic 
compression; increased peristalsis after intravenous sedation. 

**Inadequate amount and/or quality of extracted RNA. RT-PCR, 
Reverse transcription polymerase chain reaction.
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Figure 2: Principal Component Analysis (PCA) of the metabolomic profile of gastric fluid from the ES of obese women before and 3 
months after RYGB. Analysis was performed in 10 patients by using (A) GC-MS acquisition, (B) LC-MS positive mode acquisition, and (C) 

LC-MS negative mode acquisition. Pre, preoperative time point; Pos, 3-month postoperative time point; QC, quality control.
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Figure 3: Enriched metabolic pathways identified in ES-gastric fluid after RYGB. Analyses were performed from metabolites found to be 
significantly altered after RYGB by using the Metaboanalyst 4.0 software.
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