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Abstract
Bile acids (BAs) are synthesized in the liver and can mediate homeostasis and various metabolism processes in the
human body. Their levels in the gastrointestinal tract are closely related to various gastrointestinal diseases. In
particular, farnesoid X receptor activated by free BAs is associated with overexpression of histidine decarboxylase in
tumorigenesis. Therefore, comprehensive profiling of histamine (HIST), histidine (His), and BAs in biological samples
can provide insight into the pathological mechanisms of gastrointestinal diseases. However, development of an
analytical platform to profile HIST, His, and BAs in biological samples has several challenges such as highly different
polarities between acidic and basic targets, low physiological concentrations of analytes, and high matrix
interference of biological samples. In this study, an ultra-high performance liquid chromatography-tandem mass
spectrometry (UHPLC-MS/MS) method combined with serial derivatization was developed to simultaneously
determine HIST, His, and 5 BAs (cholic acid, deoxycholic acid, chenodeoxycholic acid, ursodeoxycholic acid, and
lithocholic acid) in human gastric fluid. In serial derivatization, benzoyl chloride (BzCl) and N,Ndimethylethylenediamine (DMED) were used to selectively derivatize amino and carboxyl groups of analytes,
respectively. After serial derivatization, all target derivatives were determined using a reverse-phase C18 LC column
and positive multiple reaction monitoring (MRM) mode, with reasonable chromatographic separation and sensitive
MS detection. To accurately quantify target metabolites, 7 stable isotope-labeled internal standards were used. The
MS/MS spectra of DMED and Bz derivatives exhibited specific fragments via loss of a neutral molecule
(dimethylamine; 45 Da) and inductive cleavage (benzoyl; m/z 105) from protonated molecules, enabling selection of
appropriate MRM transition ions for selective and sensitive detection. The developed method was validated with
respect to limits of detection and quantification, linearity, precision, accuracy, stability, and matrix effect. The
established method was successfully applied to human gastric fluid samples. This method provides reliable
quantification of HIST, His, and BAs in human gastric fluid and will be helpful to understand pathophysiological
mechanisms of gastric diseases.
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Introduction
Bile acids (BAs), which are metabolized in the cholesterol cascade in the human liver and stored in the gallbladder, are important regulators of homeostasis in the
human body (Bernstein et al. 2009). In particular, as a
BA receptor, farnesoid X receptor (FXR) plays an intriguing role in inflammation, metabolic diseases, and cancer (Gadaleta et al. 2015; Wan and Sheng 2018), and is
activated by only free BAs (Makishima et al. 1999; Parks
et al. 1999). Furthermore, activated FXR by free BAs can
induce overexpression of histidine decarboxylase (HDC)
that converts histidine (His) into histamine (HIST); this
pathway might be correlated with gastric cancer (Falus
et al. 2011; Ku et al. 2014). Therefore, the profiling of
HIST, His, and BAs is crucial to understand the mechanism of stomach carcinogenesis.
Gastric fluid is produced by numerous cells (such as
parietal, chief, mucus-secreting, and hormone-secreting
cells) in the gastric glands and is composed of water,
electrolytes, hydrochloric acid, various enzymes, mucus,
and intrinsic factors (Gropper et al. 2005). Moreover,
normal human gastric fluid is a translucent liquid and
may include salivary contents via swallowing, bile by
duodenogastric reflux, and mediators of inflammation or
blood from damaged stomach walls (Lu et al. 2010). In
addition to major body fluids such as blood and urine,
gastric fluid can contain substantial information related
to metabolic state and can reflect physiological conditions especially in the stomach (Deng et al. 2012).
Hence, it is thought that biomarkers for various gastrointestinal diseases could exist in gastric fluid.
From determination of gastric acidity to sophisticated
instrumental analysis, laboratory analysis of gastric fluid
has been implemented by various means. In particular,
liquid chromatography-mass spectrometry (LC-MS) has
been employed to identify and quantify biochemicals in
gastric fluid due to its high sensitivity and selectivity. To
gather important pathophysiological information about
gastric cancer, several LC-MS methods have been developed to determine metabolites in gastric fluid. For example, to discover biomarkers for gastric cancer
diagnosis, Choi et al. (Choi et al. 2016) developed an
LC-MS/MS method to determine tryptophan and its 7
metabolites in serum and gastric fluid from patients with
gastritis or gastric cancer. Moreover, for discovery of
diagnostic biomarkers for early gastric cancer, LC-MS/
MS methods were developed to detect free and aromatic
amino acids in gastric fluid samples (Liu et al. 2018; Liu
et al. 2017). Similarly, Deng et al. (Deng et al. 2011) developed an LC-MS method to identify and validate fluorescence detection of aromatic amino acids in gastric
fluid.
Although several advanced LC-MS methods have been
introduced to determine various types of metabolites,
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these methods are still difficult to simultaneously determine acid and basic targets in biological samples. This is
because these target analytes consist of biochemicals
with different physicochemical properties (such as polar
and basic His and HIST and relatively non-polar and
acidic BAs). Most of all, common LC column could not
be properly employed to simultaneously separate HIST,
His, and free BAs. For instance, although a hydrophilic
interaction LC column has been successfully employed
to separate polar neurotransmitters including HIST and
His (Tufi et al. 2015), it could be inappropriate to directly apply non-polar BAs. Reversed-phase (RP) LC column is not suitable for obtaining high peak capacity of
His and HIST, while it was effectively used to separate
BAs (Yin et al. 2017). Meanwhile, derivatization enables
sufficient chromatographic separation as well as sensitive
and selective MS detection of acidic and basic targets via
tuning of physicochemical properties of analytes.
Furthermore, serial derivatization can minimize timeconsuming and laborious process of individual derivatization for multifunctional groups on analytes.
In this study, we developed an ultra-high performance
(UHP) LC-MS/MS method combined with serial derivatization of primary amines and carboxylic acids on analytes to simultaneously profile HIST, His, and free BAs
in gastric fluid. This developed analytical method was
successfully used to analyze human gastric fluid samples
from patients with chronic superficial gastritis (CSG).
This method is expected to be a potent analytical platform to provide reliable quantification of 5 BAs, His,
and HIST in biological samples, and it will be helpful in
the understanding of pathophysiological mechanisms of
gastric cancer and diagnosis of gastric diseases.

Experimental
Chemicals and materials

All authentic standards and chemicals were analytical
grade or better. Methanol (MeOH), acetonitrile (ACN)
and formic acid were purchased from Honeywell (NJ,
USA). De-ionized water (DW) was produced using a
Millipore Direct-Q3 purification system from Millipore
Corporation (Billerica, MA, USA). Simulated gastric
fluid (SGF) was obtained from Thermo Fisher Scientific
(Waltham, MA, USA). Unconjugated bile acids (cholic
acid (CA), deoxycholic acid (DCA), chenodeoxycholic
acid (CDCA), ursodeoxycholic acid (UDCA), lithocholic
acid (LCA)), L-histidine (His), His-13C6 hydrochloride
monohydrate, histamine (HIST), benzoyl chloride (BzCl),
sodium carbonate, N,N-dimethylethylenediamine (DMED),
trimethylamine (TEA), and 2-chloro-1-methylpyridinium
iodide (CMPI) were purchased from Sigma-Aldrich (St.
Louis, MO, USA). CA-d4, DCA-d4, CDCA-d4, UDCA-d4,
LCA-d4, and HIST-d4 were obtained from CDN Isotopes
(Pointe-Claire, Quebec, Canada).
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Human gastric fluid

Twenty gastric fluid samples from patients with CSG (n
= 20) were collected using gastroduodenoscopy at Severance Hospital, Seoul, Korea. These patients were categorized by Helicobacter pylori IgG testing and gastrin level
to detect H. pylori infection. Consequently, 5 CSG gastric fluid samples with and 15 without H. pylori infection
were collected. Collected gastric fluid samples were immediately frozen in liquid nitrogen and stored at − 80 °C
until analysis. This study was approved by the ethical
committee of Severance Hospital (4-2013-0880).
Sample clean-up and extraction and serial derivatization

Fifty microliters of gastric fluid sample was thawed at
room temperature, followed by transfer into a 1.5-mL
centrifuge tube spiked with 50 μL of internal standard
solution (2 μg/mL of His-13C6 and 200 ng/mL of a mixture of HIST-d4, CA-d4, DCA-d4, CDCA-d4, UDCA-d4,
and LCA-d4). Fifty microliters of ice-cold ACN was
added to the gastric fluid sample, which was then vigorously shaken for 1 min and centrifuged at 14,000 rpm for
10 min. After centrifugation, 100 μL of supernatant was
transferred to a glass vial for derivatization.
For serial derivatization, benzoylation using benzoyl
chloride was performed to derivatize the primary amino
group on His and HIST, followed by an amide reaction
using DMED for the carboxyl group. To adjust the sample pH, 2 μL of 1 M TEA in ACN, as an HCl acceptor,
was added to the supernatant. Next, 50 μL of 100 mM
sodium carbonate buffer and 50 μL of 2% benzoyl
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chloride in ACN were added to the vial. The benzoylation reaction was conducted at room temperature for 1
min, followed by addition of 10 μL of 8 mM TEA in
ACN for a quenching reaction. Fifty microliters of 100
mM CMPI in ACN as condensation reagent and 20 μL
of 250 mM DMED in ACN were added to sample aliquots. The mixed sample was heated at 60 °C for 40 min,
followed by transfer to a deep freezer for 10 min for the
quenching reaction. The sample solution was then dried
under a gentle stream of nitrogen gas. The dried residue
was reconstituted in 50 μL of mixture of 0.01% formic
acid in DW and ACN (95:5, v/v), followed by injection
into the LC-MS/MS system. The overall analytical platform including sample preparation procedures is
depicted in Fig. 1.
UHPLC-MS/MS-MRM

Chromatographic separations were performed on a Waters ACQUITY UPLC BEH C18 column (100 × 2.1 mm,
1.7 μm) using a Waters UPLC H class system (Waters
Corporation, Milford, MA, USA). Mobile phases A and
B were 0.01% formic acid in water and ACN, respectively. Gradient elution was initiated with 5% of mobile
phase B for 0.0–0.5 min, 5–35% of B for 0.5–1.0 min,
35–30% of B for 1.0–4.0 min, 30% of B for 4.0–5.0 min,
30–40% of B for 5.0–6.0 min, 40–45% of B for 6.0–8.0
min, 45–70% of B for 8.0–11.5 min, 70–100% of B for
11.5–12.0 min, 100% of B for 12.0–13.0 min, and 5% of
B for 13.1–15.0 min for re-equilibration. Injection volume of samples and flow rate were set at 10 μL and

Fig. 1 Analytical procedure for profiling of HIST, His, and BAs in gastric fluid
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300 μL/min, respectively. Applied chromatographic separation conditions were modified from a previous report
(Yin et al. 2017).
Each target metabolite was analyzed using an API
3200 triple quadrupole mass spectrometer system (Applied Biosystems Inc., Foster City, CA, USA). All analytes were detected by Turbo V electrospray ionization
(ESI) in positive ion multiple reaction monitoring
(MRM) mode. Mass spectrometric parameters were set
as follows: ion spray voltage at 5200 V, curtain gas at 20
psi, nebulizer gas at 50 psi, auxiliary gas at 50 psi,
temperature at 500 °C, and collision-activated dissociation gas at 5. Nitrogen gas was used for ion source
nebulizing and tandem MS collision. Quantifier and
qualifier MRM transition ions were selected as the most
abundant product ion and the characteristic fragment
ion, respectively. Optimized MRM conditions are shown
in Suppl. Table 1. Data acquisition and analysis were
achieved with the Analyst Software 1.5.2 by Applied
Biosystems.
Method validation

The developed UHPLC-MS/MS method combined with
serial derivatization was validated according to the bioanalytical validation method provided by the US Food
and Drug Administration (FDA) (U.S. Department of
Health and Human Services Food and Drug Administration 2018). Linearity was evaluated for each analyte over
different concentration ranges. The limits of detection
(LODs) were defined as concentration levels with a
signal-to-noise ratio > 3. The limits of quantification
(LOQs) were determined as the lowest concentration
levels with acceptable precision and accuracy. The precision and accuracy were validated with quality control
samples at high, medium, and low concentration levels
in 6 replicates within 1 day and on 6 different days. Recoveries of the developed method were calculated as
[(spiked SGF)/(standard solutions) × 100 (%)]. The
matrix effect of gastric fluid samples was investigated
using 7 corresponding stable isotope-labeled (SIL) internal standards and calculated as [(spiked gastric fluid)/
(standard solution) × 100 (%)]. The stability tests of each
compound were assessed using spiked samples at three
concentration levels under different storage and working
conditions (room temperature, 4 °C, and 3 freeze-thaw
cycles), before processing.

Results and discussion
Optimization of serial derivatization
Serial derivatization

When developing an analytical method to simultaneously determine BAs, His, and HIST in gastric fluid,
there are several challenges such as high matrix effect,
low physiological levels of metabolome, and different
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chemical properties between analytes. Among them, the
different chemical properties among basic HIST, amphiphilic His, and acidic BAs make it difficult to develop a
single analytical platform. Furthermore, His and HIST
are difficult to hydrophobically interact with RPLC column due to their polar nature, and rigid steroidal structures of BAs seldom produce abundant characteristic
fragments. For these reasons, it is necessary to apply a
derivatization method to tune the physicochemical characteristics of analytes. As a representative instance, derivatization of amino groups using benzoyl or dansyl
chloride has been widely used to increase sensitivity and
hydrophobicity (Lu et al. 2016; Malec et al. 2017). For
carboxyl groups, derivatization using N,N-dimethylethylenediamine (DMED) and esterification of carboxylic
acids have been employed to improve proton affinity
under positive ion ESI mode (Gao et al. 2009; He et al.
2019; Lee et al. 2017; Zhu et al. 2016).
Although several advanced derivatization processes
have been developed, it is difficult to simultaneously derivatize different functional groups. Since derivatization
procedures for primary amino and carboxyl groups demand different conditions, 2 distinct derivatization
methods should be employed, in series or in parallel
(Huang et al. 2019; Lee et al. 2020). A parallel derivatization approach to 4 different functional groups (carboxyl,
carbonyl, amine, and thiol) has been conducted to profile the comprehensive fecal metabolome of mice (Yuan
et al. 2018). On the other hand, using dimethylaminoacetyl chloride and DMED, a serial derivatization approach for amino, hydroxyl, and carboxyl groups on
organic acids and amino acids has been employed to
simultaneously detect all components of the target metabolome in human tissue samples (Huang et al. 2018b;
Huang et al. 2018a). In particular, the latter technique
enables a single analysis through use of a one-pot derivatization system. By taking advantage of clinical applications requiring high throughput, serial derivatization
enabling a one-pot derivatization system was adopted
(Suppl. Fig. 1).

Decision of derivatization reaction and order

BzCl as a derivatization reagent was used to increase retention of His and HIST on RPLC through protection of
their primary amino groups. Benzoylation has been extensively employed to increase sensitivity and selectivity
of polar amine and phenolic metabolites in biological
samples (Song et al. 2012; Wong et al. 2016; Zheng et al.
2012). At the same time, the DMED derivatization reagent was chosen to selectively label carboxyl groups on
His and BAs. Through DMED amidation, His and BAs
could be not only remarkably improved detection sensitivity in ESI positive ion mode, but also improved
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selectivity by producing specific MRM transition ions especially for BAs, as indicated in Suppl. Table 1.
As a serial derivatization method involves sequential
reactions with amino and carboxyl groups, the derivatization order had to be considered. In the preliminary experiment, benzoylation before amidation was preferred
(Suppl. Fig. 2). This may be because, when carboxyl
groups are being derivatized, they can react with amino
groups on the analytes rather than the amine reagents
(Huang et al. 2019). Therefore, derivatization of amine
analytes should precede before carboxylic acid derivatization, or excessive amine reagent should be used. Based
on individually optimized conditions of benzoylation and
amidation in previous reports (Wong et al. 2016; Zhu
et al. 2015), several conditions of a serial derivatization
method were modified and developed.
Optimization of derivatization conditions

Since benzoylation was performed as a first derivatization step, base hydrolysis of Bz derivatives of His and
HIST was a concern due to the alkaline environment
during DMED derivatization. To address this issue, concentrations of derivatization reagents were optimized.
To obtain the highest possible DMED derivatization
yields, DMED concentrations ranging from 50 to 300
mM were tested, maintaining a molar ratio of 1:1 between DMED and condensation reagent (CMPI). As
shown in Fig. 2a, the reaction yields of most DMED derivatives were highest at a DMED concentration of 250
mM, while Bz derivatives of HIST were drastically decreased at DMED concentrations higher than 100 mM.
As a catalyst, TEA concentrations from 0 to 10 mM
were also investigated. The reaction yields of all DMED
derivatives for BAs were increased up to 8 mM of TEA
(Fig. 2b). Using the different physiological concentrations for HIST, His, and BAs, derivatization conditions
were optimized according to highest derivatization yields
for BAs. Compared with previously optimized DMED
derivatization procedures (He et al. 2019; Zhu et al.
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2016; Zhu et al. 2015), excessive concentrations of derivatization reagents were necessary to optimize the DMED
derivatization yields. After benzoylation, excessive reagents to derivatize the primary amine on His and HIST
were remained during the second derivatization step.
Therefore, it was speculated that residual reagent may
have reacted with DMED derivatization reagents. Under
optimized derivatization conditions, the efficiency of a
serial derivatization method for BAs was higher than
that of individual DMED derivatization (Fig. 3).
Although the reaction conditions of a serial derivatization were optimized, it is difficult to directly apply
the method to gastric fluid due to its inherent physiological characteristics. In gastric fluid, hydrochloric
acids (HCl) secreted from parietal cells in gastric
glands are ranges in concentration from 150 to 160
mM, producing a low pH (Gropper et al. 2005; Smith
2003). These high HCl concentrations could inhibit
reactivity between derivatization reagents and analytes.
Moreover, benzoylation of primary amines should be
conducted at pH > 8, since the reactivity of amine is
dependent on its deprotonization (Huang et al. 2019).
To counter the hindrance effect of HCl, addition of
TEA, as an HCl acceptor, was investigated. The efficiency of formation of Bz derivatives with 0–50 mM
of TEA was calculated by relative peak area. Before
the benzoylation reaction, TEA was added to SGF,
which has a chemical composition and concentration
similar to human gastric fluid except for endogenous
metabolites. When 10 mM of TEA was added, benzoylation yields of His and HIST were higher than
those in SGF along (Fig. 4). However, benzoylation
yields decreased at TEA concentrations over 20 mM.
It was speculated that addition of 10 mM of TEA was
sufficient for high benzoylation of His and HIST,
since additional sodium carbonate buffer was added
for the benzoylation reaction. Therefore, in this study,
10 mM of TEA was employed as an HCl acceptor for
serial derivatization in gastric fluid.

Fig. 2 Influence of derivatization conditions including a DMED concentrations and b TEA concentrations
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Fig. 3 Comparison of individual and serial derivatization

After application of a developed protocol, the derivatization efficiencies for HIST, His, and BAs were evaluated
by relative response of derivatives and non-derivatized
forms. As shown in Suppl. Table 2, while overall yields
for DMED derivatives of BAs were higher than 95.27%,
derivatization yields of HIST-Bz derivative and His-Bz
DMED derivatives were 78.23% and 65.51%, respectively.
No by-product for HIST and BAs was found after serial
derivatization reactions. During serial derivatization of
His, side products such as His-Bz and His-DMED were
found at small amounts below 5% level. However, relative responses of two side products were negligible.
Therefore, it was speculated that Bz derivatives of His
and HIST formed by first step derivatization were gradually degraded throughout DMED derivatization procedure. Nevertheless, this derivatization method enabled
not only highly reproducible reactions for all derivatives
of target analytes, but also sensitive detection of all target metabolites in gastric fluids.

UHPLC-MS/MS

Without derivatization, His and HIST are eluted at/near
void volume due to their highly polar imidazole ring and
primary amine when they are separated on a traditional

Fig. 4 Comparison of derivatization efficiencies in SGF: influence of
HCl acceptor (TEA)
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RPLC column (Gornischeff et al. 2018). In analysis of
biological samples, matrix-related ion suppression is
mainly observed in the front region of chromatograms,
which corresponds to the void volume of the column
(Annesley 2003; Dams et al. 2003). Moreover, polar and
small molecules such as His and HIST are susceptible to
ion suppression, which can affect quantitative profiling
(Annesley 2003). To minimize ion suppression, it is necessary to apply the derivatization method to increase of
hydrophobicity and molecular weight. Therefore, after
application of the developed derivatization method, derivatives of His and HIST were well retained and separated on an RP C18 column (Suppl. Fig. 2(B) and 3).
On the other hand, although non-polar BAs are well
retained on a RPLC column, BAs are difficult to separate
on a conventional column. This is because BAs have a
similar chemical structure (steroid nucleus), and some
BAs are isomers. For this reason, UDCA:CA and CDCA:
DCA were still not separated after derivatization (Suppl.
Fig. 2(B)). Furthermore, CDCA and DCA exhibited similar MS/MS fragmentation patterns and shared MRM
transitions. Therefore, chromatographic separation conditions had to be optimized to separate the overall analytes, especially CDCA and DCA. Fortunately, an
extraordinary gradient elution program to separate unconjugated BAs was reported (Yin et al. 2017), and in
this study, an LC method was optimized and modified
based on that previous report. Under optimized chromatographic conditions, without support of ion-pairing reagents or hydrophilic interaction LC, all derivatives
including polar His and HIST exhibited reasonable separation on an RPLC column using conventional mobile
phases: mobile phase A, de-ionized water with 0.01%
formic acid additive; mobile phase B, acetonitrile (Suppl.
Fig. 3). In particular, derivatives of His and HIST were
well retained on the RPLC column, avoiding elution in
the void volume.
In addition, since BAs have a rigid steroid nucleus and
carboxylic acid side chain, neither MRM detection using
characteristic fragment ions nor determination of protonated molecules ([M + H]+) in positive ion mode is
easy to perform (García-Cañaveras et al. 2012). Similarly,
to apply positive ion MRM detection, it is necessary to
introduce an appropriate derivatization method providing characteristic MRM transition ions and the high proton affinity of BAs. After application of the developed
derivatization method, the DMED derivatives of BAs
and the derivatives of HIST and His showed improved
detection sensitivity and selectivity in positive ion MRM
mode since both benzoylation and DMED amidation
can produce characteristic fragment ions (benzoyl fragments; m/z 105) and neutral loss fragments (dimethylamine neutral fragments; 45 Da) (Wong et al. 2016; Zhu
et al. 2016). Therefore, the derivatization method
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supported development of a sensitive and selective
MRM detection method for quantification and/or qualification (Suppl. Table 1). Based on reasonable LC separations and selective MRM determination, the analytical
method could be used to quantitatively profile all target
analytes in gastric fluid.
Method validation

Under optimized instrumental and derivatization conditions, the developed analytical method was evaluated by
the bioanalytical validation method provided by the US
FDA (U.S. Department of Health and Human Services
Food and Drug Administration 2018). The validation results for the analysis of SGF spiked with authentic chemical standards were corrected using the corresponding 7
SIL internal standards and are presented in Table 1.
Calibration curves were constructed within different
concentration ranges through analysis of 6 replicate
samples. The determination coefficients for linearity (r2)
were above 0.9938 for all investigated calibration curves,
indicating that they were linear over dynamic ranges.
The LODs, which were determined by the signal-tonoise ratios for all target analytes higher than 3, ranged
from 2.32 to 182.97 ng/mL. The LOQs were determined
as the lowest calibration concentrations detected with
acceptable precision (2.87–14.29%) and accuracy (92.26–
116.75%) and were in the range of 25–250 ng/mL. The
developed method showed sufficient detection sensitivity
for overall analytes of interest to enable trace-level profiling of gastric fluid samples with diverse physiological
conditions. Precision and accuracy were investigated by
analyzing different samples with low, medium, and high
concentrations of analytes. Overall precision and
accuracy of all target analytes were 1.89–13.04% and
87.34–113.31%, respectively. As shown in Table 1, the
recoveries of all targets ranged from 85.75 to 107.07%.
The stability and matrix effect of HIST, His, and BAs
are summarized in Table 2. The stability for all analytes
ranged from 74.06–105.73% at room temperature and
75.79–109.64% at 4 °C. The freeze-thaw stability for 3 cycles was in the range of 70.83–99.22%. While His and
HIST were more susceptible to degradation during sample preparation and instrumental analysis, BAs (CDCA,
DCA, and LCA) were relatively susceptible to repeated
freeze-thawing. Therefore, in this study, profiling of all
gastric fluid samples was performed within 24 h after
thawing. The matrix effects by use of 7 SIL internal standards were in the range of 93.50–113.92%. These results
showed that influences of residual derivatization reagents and interference materials in sample matrices
were negligible. The validation results verified that the
established method can provide reliable and accurate
quantification data for HIST, His, and 5 BAs in gastric
fluid samples.
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Application to human gastric fluid

With this method, quantitative profiling of HIST, His, and
BAs in human gastric fluid was performed. To precisely
and accurately quantify and identify target analytes in gastric fluid samples, 7 SIL internal standards corresponding
to all targets were employed and could compensate for
signal distortion of analytes in each sample. The MRM
chromatograms of 5 BAs, His, HIST, and their internal
standards were reconstructed as shown in Fig. 5, and the
individual MRM chromatograms showed that the analytes
in human gastric fluid were sensitively and selectively detected without matrix interference. Concentration levels
of target metabolites in gastric fluid were calculated by
peak area ratios of targets to ISs. Calculated concentrations of all target analytes in human gastric fluid are summarized in Table 3. To the best of our knowledge,
physiological levels of BAs and His in gastric fluid have
not been reported all together, while concentrations of
HIST in human gastric fluid from healthy subjects have
been reported in the range of 0.9–4.2 (mean; 2.3) ng/mL
(Haimart et al. 1985; Robert et al. 1983). Concentrations
of HIST in gastric fluid from patients with CSG obtained
with our method were higher than those of previous reports. It was speculated that HIST release in gastric fluid
of patients with gastritis was more highly stimulated than
in that of healthy subjects (Queiroz et al. 1991).
Moreover, it has been reported that the gastric BA
concentrations are correlated with H. pylori infection
(Kawai et al. 2001; Mathai et al. 1991). For instance, it
was reported that since high BA concentrations in gastric fluid inhibit adherence and growth of H. pylori in
early stages of infection, H. pylori positive patients had
lower gastric BA levels than H. pylori negative patients
(Kawai et al. 2001). On the other hand, it was reported
that patients with H. pylori-associated gastritis can have
high intragastric BA concentrations, because H. pylori
infection may induce duodenogastric reflux, which is
well recognized as a cause of gastritis and even gastric
cancer (Ladas et al. 1996; Sobala et al. 1993). Interestingly, latter findings are consistent with our findings that
gastric BA levels in CSG patients with H. pylori infection
are significantly higher than that without H. pylori infection, except for LCA (Table 3). For LCA, it was speculated that since most of LCA cannot be recycled by
enterohepatic circulation and is removed via defecation,
gastric LCA concentrations did not have significant correlation between H. pylori positive and negative groups.
In conclusion, this method is suitable to simultaneously
determine HIST, His, and 5 free BAs in human gastric
fluid samples.

Conclusion
In this study, a UHPLC-MS/MS method combined with
serial derivatization to simultaneously profile HIST, His,
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99.17 ± 4.08

250
800

100.09 ± 7.09

800
50

94.92 ± 10.90
101.91 ± 10.72

99.13 ± 9.54

800
50

98.91 ± 3.39

250

250

99.79 ± 8.07

99.43 ± 5.86

800
50

106.04 ± 5.16
97.57 ± 6.19

99.60 ± 12.09

800
50

104.19 ± 5.78

250

250

87.34 ± 13.04

101.09 ± 8.26

800
50

109.56 ± 10.08
98.69 ± 3.01

100.41 ± 7.32

8000
50

98.05 ± 4.88

2500

250

109.45 ± 10.70

Intra-day assay* (%)

500

Spiked concentration
(ng/mL)

99.46 ± 12.10

102.64 ± 6.58

90.93 ± 9.74

99.66 ± 7.14

106.79 ± 2.83

88.59 ± 7.73

102.68 ± 7.79

102.43 ± 10.56

103.04 ± 8.87

97.73 ± 2.30

98.58 ± 5.45

96.03 ± 11.41

100.59 ± 2.78

93.61 ± 2.40

113.31 ± 11.67

98.00 ± 2.11

99.77 ± 2.18

92.66 ± 1.89

99.80 ± 2.85

98.65 ± 2.32

104.31 ± 2.20

Inter-day assay* (%)

101.12 ± 7.21

95.94 ± 9.46

88.63 ± 7.88

101.23 ± 12.37

85.85 ± 12.10

91.26 ± 14.49

99.63 ± 7.92

87.17 ± 9.94

92.35 ± 14.08

107.07 ± 12.47

97.28 ± 14.61

85.75 ± 12.97

99.25 ± 4.44

106.96 ± 6.42

87.86 ± 13.18

104.13 ± 5.32

102.04 ± 6.04

91.36 ± 7.56

93.32 ± 8.78

91.47 ± 10.22

90.51 ± 11.03

Recovery* (%)
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Table 2 Stability and matrix effect of HIST, His, and 5 BAs in spiked gastric fluid sample
Analytes

His

HIST

UDCA

CA

CDCA

DCA

LCA

Conc.
(ng/
mL)

Stability* (%)
Room temperature

4 °C

3 freezethaw cycle

24 h

48 h

72 h

24 h

48 h

72 h

250

86.38 ± 5.42

75.61 ± 7.63

74.06 ± 3.65

84.00 ± 4.99

81.05 ± 6.71

82.21 ± 2.35

96.32 ± 4.68

500

78.13 ± 0.84

77.19 ± 3.86

77.71 ± 4.97

80.20 ± 5.18

77.55 ± 4.29

84.71 ± 4.32

91.82 ± 3.69

2500

75.09 ± 2.11

82.36 ± 3.69

81.97 ± 3.36

85.96 ± 5.79

85.92 ± 4.53

87.85 ± 6.08

97.57 ± 4.11

25

89.07 ± 4.09

83.60 ± 6.05

87.31 ± 3.25

76.98 ± 6.24

86.51 ± 2.78

82.79 ± 4.26

97.49 ± 1.87

50

76.82 ± 2.91

76.13 ± 2.49

80.55 ± 3.72

75.79 ± 6.13

82.68 ± 1.76

82.40 ± 4.00

89.14 ± 5.43

250

79.60 ± 4.57

87.67 ± 2.69

89.50 ± 1.52

83.82 ± 3.11

91.10 ± 1.07

90.02 ± 1.78

98.31 ± 2.39

25

94.89 ± 3.47

87.33 ± 5.82

88.31 ± 1.72

89.91 ± 3.04

96.95 ± 3.44

88.43 ± 4.11

99.22 ± 5.23

50

82.35 ± 1.91

84.52 ± 2.92

84.54 ± 2.45

92.50 ± 3.34

91.04 ± 1.72

87.98 ± 1.78

84.03 ± 8.11

250

86.26 ± 1.90

85.97 ± 7.65

91.48 ± 1.27

93.68 ± 2.55

97.69 ± 2.33

91.94 ± 2.01

87.18 ± 5.47

25

96.08 ± 5.76

85.92 ± 4.79

87.62 ± 4.87

88.88 ± 4.44

90.85 ± 4.44

88.05 ± 2.63

98.29 ± 5.47

50

83.21 ± 4.03

86.54 ± 5.39

88.81 ± 0.78

95.93 ± 6.86

88.62 ± 3.82

87.83 ± 4.07

88.17 ± 5.68

250

84.75 ± 1.06

86.20 ± 4.46

91.26 ± 2.32

91.91 ± 2.36

91.77 ± 2.00

89.53 ± 2.54

95.27 ± 3.48

25

95.78 ± 3.83

84.95 ± 3.26

91.83 ± 3.14

91.36 ± 3.29

101.14 ± 4.88

84.76 ± 5.28

75.61 ± 7.91

50

87.57 ± 3.66

95.49 ± 5.48

92.60 ± 7.03

104.88 ± 2.04

94.61 ± 5.82

91.13 ± 3.96

70.77 ± 10.45

250

94.50 ± 2.36

91.40 ± 9.45

103.28 ± 2.14

108.03 ± 1.95

107.31 ± 1.46

100.74 ± 5.11

70.42 ± 6.12

25

97.79 ± 5.06

92.93 ± 1.43

96.25 ± 6.98

96.85 ± 5.17

103.98 ± 4.02

91.67 ± 3.48

85.75 ± 4.44

50

90.06 ± 1.98

97.35 ± 3.94

95.48 ± 4.81

107.31 ± 3.66

95.47 ± 5.17

91.59 ± 2.95

74.61 ± 6.28

250

91.50 ± 3.48

97.22 ± 9.01

98.24 ± 1.16

105.35 ± 1.59

106.21 ± 2.83

95.09 ± 4.32

72.67 ± 6.78

25

98.08 ± 3.26

103.03 ± 3.45

104.43 ± 2.37

107.03 ± 1.78

105.87 ± 3.71

104.61 ± 3.06

87.37 ± 1.46

50

93.41 ± 5.14

104.34 ± 1.18

104.08 ± 2.49

107.77 ± 3.97

107.37 ± 3.10

100.29 ± 4.77

76.51 ± 6.28

250

104.65 ± 3.50

101.39 ± 5.81

105.73 ± 7.50

99.73 ± 0.95

109.64 ± 3.94

97.68 ± 4.40

70.83 ± 9.21

Matrix effect*
(%)

96.60 ± 5.68

110.62 ± 9.98

93.50 ± 7.52

113.92 ± 11.87

104.82 ± 10.00

104.15 ± 10.44

103.47 ± 10.18

*Stabilities and matrix effects were determined in triplicate

and 5 BAs in gastric fluid from humans was described.
The developed serial derivatization method enabled (1)
one-pot derivatization of multifunctional groups on
analytes with different physicochemical properties, (2)
reasonable RPLC separation by increasing the hydrophobicity of highly polar compounds, and (3) sensitive and
selective MRM detection using characteristic fragment

ions and neutral losses. This UHPLC-MS/MS-MRM
method provided sufficient detection sensitivity and selectivity to quantitatively profile trace levels of HIST,
His, and BAs in biological samples. The investigated validation results of this method were within acceptable
values. The established analytical method was successfully applied to gastric fluid from patients with CSG with

Fig. 5 MRM chromatograms of HIST, His, 5 BAs, and their corresponding internal standards in human gastric fluid
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Table 3 Concentrations of HIST, His, and 5 BAs in gastric fluid of patients with CSG with or without H. pylori infection
Compound name

CSG with H. pylori infection (n = 5)

CSG without H. pylori infection (n = 15)

His

2479.68 ± 1402.26

2197.68 ± 2573.37

p value*
0.315

HIST

75.77 ± 6.78

75.35 ± 7.16

0.694

CA

43.11 ± 8.08

38.86 ± 3.64

0.026

UDCA

5057.53 ± 8788.92

878.84 ± 2340.94

0.032

CDCA

533.56 ± 848.97

68.83 ± 91.20

0.026

DCA

169.15 ± 266.17

43.59 ± 33.41

0.040

LCA

37.62 ± 9.48

33.06 ± 1.98

0.206

(Mean ± S.D. ng/mL)
*P values were determined with a Mann-Whitney U test

or without H. pylori infection. Therefore, this method is
expected to be a useful tool to observe the metabolic alterations of HIST, His, and 5 BAs in biological samples
and will be helpful for understanding the etiological
mechanisms of gastric cancer and to identify potential
biomarkers to diagnose gastric diseases in clinical
applications.
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