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a  b  s  t  r  a  c  t

A  rapid,  selective  and  sensitive  ultra performance  liquid  chromatography–tandem  mass  spectrometry
(UPLC–MS/MS)  method  was  developed  to  simultaneously  determine  trantinterol  and  its  major  metabo-
lites  in  human  urine.  Waters  Oasis  HLB  C18 solid  phase  extraction  cartridges  were  used in  the  urine  sample
preparation.  The  separation  was  carried  out  on an  ACQUITY  UPLCTM BEH  C18 column  with  methanol-0.2%
formic  acid  (30:70,  v/v)  as  the  mobile  phase  at a  flow  rate  of 0.25  mL/min.  The  detection  was  performed  on
a triple  quadrupole  tandem  mass  spectrometer  by multiple  reaction  monitoring  (MRM)  mode  via  electro-
spray  ionization  (ESI)  source.  The  linear  calibration  curves  for  trantinterol,  arylhydroxylamine  trantinterol
(N-OH-trantinterol),  the  tert-butyl  hydroxylated  trantinterol  (tert-OH-trantinterol)  and  the  1-carbonyl
trantinterol  (trantinterol-COOH)  were  obtained  in the  concentration  range  of 0.414–207,  0.578–385,
0.168–84.0,  and  0.954–477  ng/mL,  respectively.  The  linear  correlation  coefficients  were  greater  than
0.990.  The  intra  and  inter-day  precision  (relative  standard  deviation,  RSD)  values  were  less  than  12%
and  the  accuracy  (relative  error,  RE)  was  6.7–11%.  The  method  herein  described  was  superior  to  previous
methods  in  sample  throughput  and  sensitivity  and  successfully  applied  to  the  human  excretion  study.

© 2015  Elsevier  B.V.  All  rights  reserved.

Introduction

Trantinterol,2-(4-amino-3-chloro-5-trifluoromethyl-phenyl)-
2-tert-butylamino-ethanol, is a novel phenylethanolamine �2
adrenoceptor agonist currently undergoing phase III clinical
trials in China. It has exhibited both a potent trachea relaxing
activity and high �2 selectivity with low cardiac side effect [1].
The arylhydroxylamine trantinterol (N-OH-trantinterol), the
tert-butyl hydroxylated trantinterol (tert-OH-trantinterol) and
the 1-carbonyl trantinterol (trantinterol-COOH) are the major
metabolites of trantinterol in vivo [2].

Few methods have been reported for the quantification of
trantinterol in biological fluids [3–5]. And only one published lit-
erature reported a LC–MS/MS method [6] for the simultaneous
determination of trantinterol and its major metabolites in rat
urine and feces. But this methods needed the long analysis time

Abbreviations: N-OH-trantinterol, arylhydroxylamine trantinterol; tert-OH-
trantinterol, the tert-butyl hydroxylated trantinterol; trantinterol-COOH, the
1-carbonyl trantinterol; RSD, relative standard deviation; RE, relative error.
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(>5.2 min) and complicated and time consuming sample pretreat-
ment procedure, which could not well meet the requirement for
high throughput and speed in biosample analysis. Here we  present
a fast, sensitive and selective UPLC–MS/MS method using solid
phase extraction for sample preparation for measuring trantin-
terol and its three major metabolites in human urine. The total run
time of the method per sample was 2.6 min. The present method
has been proved to be more efficient in analyzing large number of
samples in biological fluids.

2. Experimental

2.1. Chemicals and reagents

Trantinterol hydrochloride (of 99% purity) was  generously
supplied by the Department of Pharmaceutical Chemistry,
Shenyang Pharmaceutical University (Shenyang, China). N-
OH-trantinterol was synthesized in our laboratory. tert-OH-
trantinterol, trantinterol-COOH were isolated and purified in our
laboratory. The purities of these metabolites were above 99.0%, ver-
ified using HPLC. Clenbuterol (internal standard, IS, 99.4% of purity)
was purchased from the National Institute for Control of Pharma-
ceutical and Biological Products (Beijing, PR China). Methanol of
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HPLC grade was obtained from Tedia (Fairfield, OH, USA). Formic
acid (HPLC grade) was purchased from Dikma (Richmond Hill,
NY, USA). �-Glucuronidase were products of Sigma–Aldrich (St.
Louis, MO,  USA). Water was double-distilled and filtered through
a 0.22 �m membrane filter before use. All other reagents were of
analytical reagent grade.

2.2. Apparatus and operation conditions

2.2.1. Liquid chromatography
The analysis was carried out on an ACQUITYTM UPLC system

(Waters Corp., Milford, MA,  USA) with cooling autosampler and col-
umn  oven. An ACQUITY UPLCTM BEH C18 column (50 mm × 2.1 mm,
1.7 �m;  Waters Corp., Milford, MA,  USA) was employed for separa-
tion with the column temperature maintained at 40 ◦C. The mobile
phase was composed of methanol-0.2% formic acid (30:70, v/v). The
flow rate was set at 0.25 mL/min. The autosampler temperature was
kept at 4 ◦C and 10 �L of sample solution was injected.

2.2.2. Mass spectrometric conditions
A triple quadrupole tandem mass spectrometer (Micromass®

Quattro microTM API mass spectrometer, Waters Corp., Milford,
MA,  USA) equipped with an electrospray ionization (ESI) inter-
face was used for analytical detection. The ESI source was  set
in positive ionization mode. Quantification was performed using
MRM  of the transitions of m/z  311 → m/z  238 for trantinterol, m/z
327 → m/z  254 for N-OH-trantinterol, m/z 327 → m/z 238 for tert-
OH-trantinterol, m/z  325 → m/z 252 for trantinterol-COOH and m/z
277 → m/z 203 for IS, with scan time of 0.10 s per transition. The
optimal MS  parameters were as follows: capillary voltage 1.0 kV,
source temperature 110 ◦C and desolvation temperature 450 ◦C.
Nitrogen was used as the desolvation and cone gas with a flow
rate of 500–30 L/h, respectively. Argon was used as the collision
gas at a pressure of approximately 0.258 Pa. The optimized cone
voltage and collision energy for trantinterol, N-OH-trantinterol,
tert-OH-trantinterol, trantinterol-COOH and IS was 15, 15, 12, 15,
12 V and 15, 14, 12, 18, 12 V. All data collected in centroid mode
were acquired and processed using MassLynxTM NT 4.1 software
with QuanLynxTM program (Waters Corp., Milford, MA,  USA).

2.3. Preparation of standards and quality control samples

Stock solution of N-OH- trantinterol was prepared in 0.2% formic
acid solution to give concentration of 77.0 �g/mL. The solution was
then serially diluted with 0.2% formic acid-methanol (80:20) to pro-
vide working standard solutions of desired concentrations (series I
standard solutions). The mixed stock solution of trantinterol, tert-
OH-trantinterol and trantinterol-COOH was prepared in methanol
to give concentration of 41.4, 16.8 and 95.4 �g/mL. The mixed stock
solutions were then serially diluted with water-methanol (80:20)
to obtain the desired concentrations (series II standard solutions).
Internal standard working solution (124 ng/mL) was prepared by
diluting the 124 �g/mL stock solution of clenbuterol hydrochloride
with water.

Calibration standards were prepared daily by spiking 25 �L of
standard solutions (series I and II) and 100 �L 6.5% ascorbic acid
solution to 500 �L of blank urine. The quality control (QC) samples
were prepared with blank urine at LLOQ, low, middle and high con-
centrations and stored aliquot at −80 ◦C after preparation. One set
of standards and quality controls were analyzed on each analysis
day with the same procedure for urine samples as described below.

2.4. Urine sample preparation

An 80 �L IS solution, 25 �L 0.2% formic acid-methanol (80:20)
solution, 25 �L water-methanol (80:20) and 100 �L water were

added to 500 �L aliquot of urine sample in a 10 mL glass tube suc-
cessively. Then, the mixture was loaded onto a Waters Oasis 10 mg
HLB solid-phase extraction (SPE) cartridge with flow rate of about
0.5–1 mL/min. All processing was performed on a SPE vacuum man-
ifold. The SPE cartridge was  preconditioned with 2 mL  of methanol
and 2 mL  of water successively. Care was taken that the cartridges
should not run dry. The SPE cartridge was rinsed with 1 mL of water,
and the analytes were eluted with 2 mL  of methanol. The eluate
was evaporated under a nitrogen stream at 40 ◦C. The residue was
reconstituted in 100 �L mobile phase, and an aliquot of 10 �L was
injected into UPLC–MS/MS system for analysis.

To determine total trantinterol, N-OH-trantinterol and tert-OH-
trantinterol (free plus conjugated trantinterol, N-OH-trantinterol
and tert-OH-trantinterol), 100 �L �-glucuronidase enzyme solu-
tion (24000 units/mL in 0.05 mol/L KH2PO4 buffer, pH 5.0) was
added to a 500 �L aliquot of human urine. The mixture was incu-
bated in a water bath at 37 ◦C for 16 h. After enzymatic hydrolysis,
the mixture was treated as described above. Those urine samples
whose concentrations were higher than the highest calibration
point were diluted appropriately with blank human urine in order
to make the concentration within the range of the standard curve
before sample preparation.

2.5. Method validation

The method was validated for selectivity, linearity, precision,
accuracy, extraction recovery, matrix effect and stability according
to the FDA guideline for validation of bioanalytical methods [7].

2.5.1. Selectivity
The selectivity was evaluated by comparing the chromatograms

of six different batches of blank urine obtained from six subjects
with those of corresponding standard urine samples spiked with
analytes, IS and urine sample obtained after oral dose of 15 mg
trantinterol hydrochloride.

2.5.2. Linearity and LLOQ
The calibration curves of trantinterol, N-OH-trantinterol, tert-

OH-trantinterol and trantinterol-COOH were both constructed
using standard urine samples at seven concentrations with
weighted (1/x2) least squares linear regression in the range
of 0.414–207 ng/mL, 0.578–385 ng/mL, 0.168–84.0 ng/mL, and
0.954–477 ng/mL. The LLOQ is defined as the lowest concentra-
tion on the calibration curve at which an acceptable accuracy (RE)
within ±20% and a precision (RSD) below 20% can be obtained.

2.5.3. Precision and accuracy
The intra-day precision and accuracy were evaluated by deter-

mining a replicate analysis of QC samples on the same day. The run
consisted of a calibration curve and five replicates of each LLOQ,
low, mid, and high concentration QC samples. For determining the
inter-day accuracy and precision, analysis of three batches of QC
samples was  performed on different days.

2.5.4. Extraction recovery and matrix effect
The extraction efficiency of trantinterol and its metabolites

was determined by analyzing five replicates of urine samples at
low, mid, and high QC concentration levels for each of analytes.
The extraction recovery was  calculated by comparing the peak
areas obtained from extracted samples spiked with known con-
centrations of the analytes with those of spiked post-extraction at
corresponding concentrations. To evaluate the matrix effect, the
analytes at low, mid, and high QC concentration levels were added
to the extract of 0.5 mL  of blank urine, dried and reconstituted with
100 �L of 0.2% formic acid–methanol (80:20). The corresponding
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