
Journal of Chromatography B, 1038 (2016) 34–42

Contents lists available at ScienceDirect

Journal  of  Chromatography  B

jou rn al hom epage: www.elsev ier .com/ locate /chromb

Application  of  an  ultrahigh-performance  liquid  chromatography
coupled  to  quadrupole-orbitrap  high-resolution  mass  spectrometry
for  the  rapid  screening,  identification  and  quantification  of  illegal
adulterated  glucocorticoids  in  herbal  medicines

Shuiqing  Zhoua,1, Changchuan  Guob,1,  Feng  Shib,∗∗,  Wei  Jiangc, Lei  Wanga,∗

a Key Laboratory of Natural Products Chemical Biology, Ministry of Education, School of Pharmaceutical Sciences, Shandong University, 250012 Jinan, PR
China
b Shandong Institute for Food and Drug Control, 250101 Jinan, PR China
c School of Chemistry and Chemical Engineering, Shandong University, 250100 Jinan, PR China

a  r  t  i  c  l e  i  n  f  o

Article history:
Received 21 June 2016
Received in revised form
24 September 2016
Accepted 9 October 2016
Available online 11 October 2016

Keywords:
Orbitrap
Glucocorticoid
Illegal adulteration
Screening
Identification

a  b  s  t  r  a  c  t

In this  work,  the ultrahigh-performance  liquid  chromatography  quadrupole  orbitrap  high  resolution
mass  spectrometry  (UHPLC-Q-Orbitrap  HRMS)  was  applied  to the rapid  screening,  identification  and
quantification  of  the  illegal  adulterated  glucocorticoids  in  herbal  medicines.  The  mass  spectrometer  was
operated  in  positive  ion  mode  and Full  MS/dd-MS2 (data-dependent  MS2) mode,  where  selected  ions
were  subjected  to a dd-MS2 scan  with  given  fragmentation  energy  following  a  Full  MS  scan.  The  appli-
cation  of 70  000 FWHM  mass  resolution  and  narrow  mass  windows  (5 ppm)  effectively  improve  the
selectivity  of  the  method,  and  a single  injection  was  sufficient  to  perform  the  simultaneous  screen-
ing  and identification/quantification  of  14  glucocorticoids  in  15 min.  The  method  validation  including
selectivity,  sensitivity,  calibration  curve,  accuracy,  precision,  recovery,  matrix  effect  and  stability  were
evaluated.  The  results  of  all analytes  showed  excellent  linear  relationship  while  all  coefficient  of  determi-
nation  (r2)  were  >  0.9990  over  wide  concentration  ranges  (e.g.,  5–1000  ng/mL  for hydrocortisone  butyrate,
r2 = 1.0000).  The  recoveries  were in  the  range  of  86.1–102.7%,  while  the  matrix  effects  ranged  from
95.8%–105.8%.  Accuracies  and  precisions  were  performed.  The  intra-  and  inter-day  accuracies  ranged
from  90.6%  to 108.9%,  while  the  intra-  and  inter-day  precisions  were in  the  range  of 0.5%  to 8.5%.  Finally,
the  established  method  was  employed  to  detect  illegal  adulterated  glucocorticoids  in herbal  medicines.  It
will  provide  more  reliable  technical  basis  for the  drug  quality  supervision  department  and  ensure  public
health.

©  2016  Elsevier  B.V.  All  rights  reserved.

1. Introduction

Herbal medicines have been attracting high attention as they
are believed to be safer and healthier than synthetic drugs [1]. In
China, Traditional Chinese Medicines (TCMs) industry has devel-
oped rapidly in recent decades. Meanwhile, it has been confronted
with new challenges. In pursuit of high business profits, some com-
panies adulterated illegal chemical in TCMs, leading to series of
seriously healthy and social problem.
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Glucocorticoids are a class of corticosteroids which are used
to treat diseases caused by an overactive immune system, such
as allergies, asthma, autoimmune diseases, and sepsis, with their
effects in the treatment of pain, inflammation, fever and rheuma-
tism [2]. However, they have many pleiotropic effects including
potentially harmful side effects such as osteoporosis, immuno-
suppression, increased skin fragility, etc. [3,4]. The risk of these
side effects increases with long-term use and high doses, espe-
cially taken without medical supervision. Therefore, they are rarely
sold over the counter and have been prohibited for adulteration
into Chinese traditional medicines. Unfortunately, in the past
several years, synthetic glucocorticoids have been routinely iden-
tified in so-called “all-natural” herbal medicines declared effects
of antirheumatic and antitussive. Consequently, efficient and reli-
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2

able methods should be developed urgently for the screening and
identification of glucocorticoids.

The analytical methods hitherto developed for the
detection of glucocorticoids include HPLC [5–7] and liquid
chromatography–mass spectrometry (LC–MS) [8–14]. However,
HPLC methods can hardly meet the requirement of simultaneous
assay of various glucocorticoids, and its sensitivity was low. In
most of the current LC–MS methods, the liquid chromatography
is coupled with low resolution mass spectrometry (LRMS) ana-
lyzer such as ion trap (IT) [12], meanwhile, high resolution mass
spectrometry (HRMS), such as quadrupole time-of-flight (Q-TOF)
is rarely applied and mainly used in the analysis of biological
matrices [8]. When mixture or unknown ingredients have to be
identified in herbal medicines, LRMS is insufficient for unambigu-
ous identification. Different from LRMS, the high resolution mass
spectrometry (HRMS) could provide much higher mass accuracy,
which benefits the high-resolution identification.

The Orbitrap is a new member of the HRMS analysers. It
combines high speed with excellent quantification properties,
ranking favourably in many analytical applications [15].The resolv-
ing power of Orbitrap is capable of in excess of 1 000 000 FWHM
[16]. So far the Orbitrap technique has been applied for qualitative
or quantitative analysis in various fields such as doping control,
drugs of abuse, pesticide residues etc. [17–19]. This study aimed at
developing a rapid screening method for the simultaneous iden-
tification, confirmation and quantification of 14 glucocorticoids
in herbal medicines employing UHPLC coupled with Q-Orbitrap
HRMS. To the best of our knowledge, this is the first time for the
application of Orbitrap HRMS for the screening of multiple gluco-
corticoids.

2. Materials and methods

2.1. Chemicals and reagents

Prednison (98.50%), clobetasol propionate (99.8%), hydrocor-
tisone acetate (100%), cortisone acetate (99.2%), triamcinolone
acetonide (100%), hydrocortisone butyrate (100%), beclomethasone
dipropionate (100%), fluocinonide (100%), prednisolone (99.4%),
betamethasone (99.3%), triamcinolone (99.64%), hydrocortisone
(100%), prednisone acetate (99.7%) and dexamethasone (99.7%)
were purchased from National Institutes for Food and Drug Control
(Beijing, China). Herbal medicines claimed that possessed anti-
inflammatory, analgesic, anti-rheumatism or immunosuppression
effects were collected by Shandong Food and Drug Administration.
Herbal medicines without the detected fourteen glucocorticoids
were used as blank matrices. HPLC grade methanol, acetonitrile
and formic acid (FA, ≥99.0%) were purchased from TEDIA Inc. (USA).
Ultrapure water (18.2 M�)  was  obtained from a Milli-Q Advantage
A10 ultrapure water purification system.

2.2. Instrumentation

The UHPLC–HESI–Q-Orbitrap HRMS system is composed of an
Accela 1250 LC pump and an Accela open autosampler coupled with
a Q ExactiveTM high resolution mass spectrometer (Thermo Fisher
Scientific, Bremen, Germany). XCalibur 2.2 software from Thermo
Fisher Scientific (MA, USA) was used for controlling the instru-
ment and processing data, while Q Exactive 2.1 (tune application)
software (Thermo Fisher Scientific) for mass spectrometer control.
Chromatographic separation was achieved on a Hypersil GOLD C18
chromatographic column (100 × 2.1 mm,  1.9 �m)  (Thermo Fisher
Scientific). All centrifugation was performed on a Sigma 3–30 K
refrigerated centrifuge (Sigma, Steinheim, Germany). Ultrasonic
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