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a b s t r a c t

Ultra performance liquid chromatography (UPLC) provides improved resolution, speed and sensitiv-
ity compared to conventional high performance liquid chromatography (HPLC). In this study, a robust
UPLC–ESI–MS/MS method was developed for the rapid determination of nine hydroxylated polybromi-
nated diphenyl ethers (OH-PBDEs) in rat plasma. Under the optimized conditions, the OH-PBDE congeners
were eluted within 7.0 min. The limits of quantification defined at the signal-to-noise ratio of 10 were
0.17–2.78 ng/mL in rat plasma. The method provided good linearity for the calibration curves with recov-
thers
ltra performance liquid chromatography
elected reaction monitoring
harmacokinetic study

eries of 93.3–114.0% and repeatability with relative standard deviation (RSD) of 0.6–5.8% for intra-day and
3.2–10.4% for inter-day measurements. The developed method was applied for supporting the pharma-
cokinetics investigation of 6-OH-BDE-47 in two groups of Sprague–Dawley rats that received, respectively
a single dose of 0.60 mg/kg (high dose) and 0.15 mg/kg (low dose) by intravenous injection. The results
showed that plasma levels of 6-OH-BDE-47 declined bi-exponentially with elimination half-life of 71.7
and 85.6 min for lower and higher dose group, respectively. The obtained results of short elimination

-OH-B
half-life suggested that 6

. Introduction

Polybrominated diphenyl ethers (PBDEs) were widely used in
ommercial and industrial products such as textile, rubbers, high-
mpact polystyrenes, polyamides and electronic equipments for the
urpose of fire prevention [1,2]. The general chemical formula of
BDEs is C12HnBr(10−n)O and the number of possible congeners is
09. PBDEs have been of particular concern as ubiquitous contami-
ation in both biotic and abiotic environment [3–6]. The extensive
se of PBDEs and their lipophilicity and persistency properties have

ed to the increasing bioaccumulation and retention in both animals
nd humans [7–11]. The potential toxic effects of PBDEs involved
iological endpoints including thyroid hormone disruption, neu-
odevelopment deficits and cancer [12].

Hydroxylated PBDEs (OH-PBDEs) are a relative new group of
henolic compounds, which have attracted particular interests due
o their similar chemical structure to PBDEs and potential toxici-
ies. While OH-PBDEs have been detected from both anthropogenic

nd natural origins [13–16], the compounds were also identified
s metabolites of PBDEs in rat, mice and fish [17–23] as well as
uman body [24–27]. Among the reported OH-PBDE congeners, 6-
H-BDE-47 was detected with the highest level [15,27]. This might

∗ Corresponding author. Tel.: +852 34117070; fax: +852 34117348.
E-mail address: zwcai@hkbu.edu.hk (Z. Cai).

570-0232/$ – see front matter © 2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.jchromb.2011.03.024
DE-47 might not accumulate significantly in rat.
© 2011 Elsevier B.V. All rights reserved.

be due to the fact that BDE-47 was one of the major components
in commercial penta-BDE products and thus was the predominant
congener found in environment [3]. On the other hand, OH-PBDEs
could also be formed from naturally produced organohalogens by
marine organisms such as sponges [28,29], tunicates [30,31] and
algae [14]. However, very limited data of OH-PBDEs have been
reported in abiotic environmental samples. Several OH-PBDEs were
determined in surface water, rainwater and sewage, which were
probably produced through the reaction of PBDEs and atmospheric
OH radicals [16,32].

Although OH-PBDEs would be less persistent compared to their
precursor PBDEs, they have more severe toxic effects as metabo-
lites [22]. Thyroxine-like and estrogen-like OH-PBDEs have been
reported to bind to transthyretin and thyroid hormone receptor
in vitro, and to be estrogen receptor ER� and ER� agonists [33–35].
Results obtained from in vitro endocrine studies on the interac-
tions with estrogen and thyroid hormone receptor systems showed
that hydroxylated metabolites were more potent than the parent
compounds [34,36–38]. 6-OH-BDE-47 was also confirmed to have
considerably higher neurotoxic potential to affect exocytosis and
calcium homeostasis in PC12 cells compared to BDE-47 [39].
Gas chromatography coupled to mass spectrometry (GC–MS)
was widely applied for the determination of xenobiotic contami-
nants, including PBDEs, polychlorinated biphenyls and polycyclic
aromatic hydrocarbons. However, GC–MS is not suitable for
the direct analysis of xenobiotic metabolites, including hydrox-

dx.doi.org/10.1016/j.jchromb.2011.03.024
http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
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lated derivatives, glucuronic acid or glutathione conjugates
ue to their high polarity [40]. LC–MS has rapidly become an

mportant analytical technique for broad analytes in various matri-
es without chemical derivatization [32]. A LC–MS/MS method
as developed for the determination of triclosan in waste and

urface waters at parts-per-billion (ppb) levels, where 2′-OH-
,4,4′-tribromodiphenyl ether (2′-OH-BDE-28) was used as internal
tandard. During the analysis of triclosan, two OH-triBDEs were also
etected in the water samples [32]. In addition, a LC–MS method
as developed and applied for the simultaneous determination of

ight OH-PBDEs in four different environmental matrices [40]. Most
ecently, Kato et al. developed a LC–APCI–MS method for the deter-
ination of OH-PBDEs and methoxylated PBDEs (MeO-PBDEs) in
arine biota [41]. Under the optimized conditions, the reported

imits of quantification ranged from 0.10 to 0.25 ng/g lipid for the
henolic analytes in tiger shark and bull shark liver samples.

Compared to the conventional high performance liquid chro-
atography (HPLC), ultra performance liquid chromatography

UPLC) provides improved resolution, speed and sensitivity. In this
tudy, a robust method of UPLC–ESI–MS/MS was developed and
pplied for the direct analysis of nine OH-PBDEs in rat plasma. The
eveloped method was applied for supporting a pharmacokinetic
tudy of 6-OH-BDE-47. This is the first report on pharmacokinetic
tudy of OH-PBDEs, to the best of our knowledge.

. Material and methods

.1. Chemicals

The OH-PBDEs were received from Dr. Michael H.W.
am (Department of Biology and Chemistry, City Univer-
ity of Hong Kong), including 3′-OH-2,4-dibromodiphenyl
ther (3′-OH-BDE-7), 6′-OH-2,2′,4-tribromodiphenyl ether
6′-OH-BDE-17), 4′-OH-2,2′,4-tribromodiphenyl ether (4′-OH-
DE-17), 2′-OH-2,4,4′-tribromodiphenyl ether (2′-OH-BDE-28),
′-OH-2,2′,4,5′-tetrabromodiphenyl ether (4′-OH-BDE-49),
-OH-2,2′,4, 4′-tetrabromodiphenyl ether (6-OH-BDE-47),
′-OH-2,3′,4,5′-tetrabromodiphenyl ether (2′-OH-BDE-68), 6-
H-2,2′,3,4,4′-pentabromodiphenyl ether (6-OH-BDE-85) and
-OH-2,2′,3,4,4′,5-hexabromodiphenyl ether (6-OH-BDE-137).
tock solutions containing all nine OH-PBDEs were prepared
n acetonitrile at three different concentrations of 1.0 mg/mL,
0.0 �g/mL and 0.1 �g/mL. 3,5-Dibromophenol (3,5-DBP) was pur-
hased from Sigma and used as internal standard. 3,5-DBP solution
as prepared in acetonitrile at concentration of 10.0 �g/mL.
cetonitrile was supplied by Tedia Company in ABSOLV grade.
imethyl sulfoxide (DMSO) in analytical grade was purchased

rom AJAX Chemicals. Water was purified by employing a Milli-Q
eagent Water System (Millipore, Billerica, USA).

.2. Sample extraction

100 �L plasma was transferred to a plastic tube followed by
dding known amounts of OH-PBDE congeners and internal stan-
ard. After 400 �L acetonitrile was added, the sample was vortex
ixed and centrifuged at 14,000 g for 20 min. The procedure was

epeated two times and the collected supernatants were combined
nd concentrated to near dryness using a gentle flow of nitrogen gas
t room temperature. The dry residue was reconstituted in 100 �L
ethanol and the sample was centrifuged at 14,000 g for 20 min

rior to the UPLC–MS analysis.
.3. Animal experiment

Six male Sprague–Dawley rats (about 12 weeks old) were
urchased from Laboratory Animal Services Center, the Chinese
79 (2011) 1086–1090 1087

University of Hong Kong. The animal experiments were conducted
according to the guidelines established by the NIH Guide for the
Care and Use of Laboratory Animals. The procedures were approved
by the department of health, the government of the Hong Kong spe-
cial administrative region, China. The rats were divided into two
groups (n = 3 each) randomly and kept in ambient temperature and
humidity controlled room under a 12 h/12 h light/dark cycle with
free access to food and water. The dosing solution containing 6-
OH-BDE-47 was prepared in DMSO at concentration of 1.50 mg/mL.
Two groups of rats received respectively a single dose of 0.60 mg/kg
(high dose) and 0.15 mg/kg (low dose) by intravenous injection
through tail vein. Blood sample (approximate 100 �L) was collected
from each rat as control through tail vein before the dose. Serial
blood samples were obtained after the dose. Sodium heparin was
used as anticoagulant. Blood samples were centrifuged at 5000 × g
for 10 min and the collected plasma samples were prepared after
the internal standard was added with the procedure described in
the previous section and analysed by UPLC–ESI–MS/MS.

2.4. UPLC–ESI–MS/MS analysis

Separations of the OH-PBDEs and internal standard were per-
formed on an UPLC (Waters ACQUITY UPLC system, Waters
Corporation, Milford, MA) with a reversed phase Ethylene Bridged
Hybrid C18 column (1.7 �m, 2.1 mm × 50 mm). The mobile phase
composition used in the chromatographic separation was opti-
mized by binary mixtures of water (A) and acetonitrile (B). Because
the OH-PBDEs vary widely in substituted bromine numbers and
positions at two phenyl rings, a gradient elution program was
developed to obtain completely separation. The elution program
started with an initial composition of 70:30 water/acetonitrile (v/v)
and increased linearly to 5:95 water/acetonitrile (v/v) in 6.0 min,
at which point it was held at 95% acetonitrile for 1.0 min before
being returned to initial condition. The column was re-equilibrated
for another 3.0 min. The flow rate of the mobile phase throughout
the elution was 0.4 mL/min. A volume of 10 �L of each sample was
injected into the UPLC system.

The UPLC was coupled to a Waters ACQUITY TQ Detector
equipped with electrospray ionization source (Waters Corporation,
Milford). OH-PBDEs were detected by using ESI–MS/MS in negative
ion mode by monitoring their precursor–product transition ions in
selected reaction monitoring mode (SRM). The product ions of [Br]−

and [C6H3Br2O]− were selected for the analysis. For the quantita-
tive analysis, the transition ion pair consisting the deprotonated
molecular ion [OH-PBDE-H]− and product ion [Br]− was chosen
(Table 1) because its intensity was higher than that of the ion pair
[OH-PBDE-H]− > [C6H3Br2O]−. The SRM transition ion [OH-PBDE-
H]− > [C6H3Br2O]− was used as confirmation ion. MS parameters
were optimized by using 6-OH-BDE-47 standard solution at con-
centration of 20 ng/mL by adjusting capillary, cone and extractor
voltages, ESI source and desolvation gas temperatures, cone gas and
the desolvation gas flows. The optimized parameters were sum-
marized in Table 1 and described below: the capillary voltage was
2500 V; the cone and collision voltages were 30 and 40 V, respec-
tively; the dwell time was 0.05 s and the extractor voltage was 2.5 V;
temperatures of the negative ESI source and desolvation gas were
118 and 500 ◦C, respectively; the cone gas and the desolvation gas
flows were 40 and 650 L/h, respectively. Instrument operation and
data acquisition were processed by using the Waters MassLynx V4.1
SCN562 software package. Nitrogen (99.99% purity) for the ESI–MS
was provided by the on-line nitrogen generation system.
2.5. Method validation and pharmacokinetics data analysis

A series of rat plasma samples spiked with OH-PBDE congeners
and 3,5-DBP were analysed to determine the linear calibration
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Table 1
MS/MS parameters for the quantification of OH-PBDE congeners.

Compound Precursor ion Q1 (m/z) Product ion Q3 (m/z) Cone voltage (V) Collision energy (V)

3,5-DBP 250.9 78.9 30 40
3′-OH-BDE-07 342.9 78.9 30 40
6′-OH-BDE-17 420.8 78.9 30 40
4′-OH-BDE-17 420.8 78.9 30 40
2′-OH-BDE-28 420.8 78.9 30 40
4′-OH-BDE-49 500.7 78.9 30 40
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tion of UPLC conditions. The gradient solvent elution program was
optimized with an initial composition of 70:30 water/acetonitrile
(v/v). Under the optimized conditions, all OH-PBDE congeners and
3,5-DBP were separated completely within 7.0 min (Fig. 2).
6-OH-BDE-47 500.7 78.9
2′-OH-BDE-68 500.7 78.9
6-OH-BDE-85 578.6 78.9
6-OH-BDE-137 658.5 78.9

anges. Limit of quantification (LOQ) of each compound was cal-
ulated at a signal-to-noise ratio of 10. To evaluate the precision of
he method, the intra-day variations were assessed with six con-
ecutive injections of the spiked samples and inter-day variations
ere determined by measuring the spiked samples with six injec-

ions on three consecutive days. Method recovery was determined
ased on the comparison of the results form the analysis of spiked
amples with those from the standard solution containing the same
mount of the target analytes.

Matrix effects were examined to evaluate effects of coextracted
ontaminants from the plasma samples for the analysis of OH-
BDEs. The potential spectral interference caused by coextracted
ontaminants was evaluated with the analysis of blank plasma sam-
le by monitoring the SRM ions. In addition, triplicate samples with
H-PBDEs added in the blank plasma sample extract were analysed
nd compared with the corresponding OH-PBDEs standard solu-
ion in order to evaluate the possible alternation of signal response
esulted from matrix effects.

Calculation of pharmacokinetic parameters was carried out
y non-compartmental assessment of data using the computer
rogram PK solutions 2.0. The maximum plasma concentration
Cmax) was determined from the plasma concentration–time plot
ith extrapolation time to zero. The area under the plasma

oncentration–time curve from time zero to the time of the last
ample (AUC0−t) was calculated by the linear trapezoidal method.
he elimination rate constant (ke) was determined from the
erminal portion of the concentration–time curve, and the corre-
ponding elimination half-life (t1/2) was then calculated as follows:
1/2 = 0.693/ke. Systemic clearance (CLs) is based on observed data
oints (AUC0−t).

. Results and discussion

.1. Optimization of UPLC and MS parameters

PBDEs have become world wide contaminants due to their
otential toxicities and pervasiveness in the environment and
uman body. OH-PBDEs are a relative new group of phenolic
ompounds which have attracted particular interests. The hydroxy-
ated metabolites would be less persistent and more water-soluble
ompared to their precursor PBDEs. Even though the forma-
ion of OH-PBDEs was considered to facilitate the excretion of
BDEs through P450-dependent phase I metabolism, hydroxylated
etabolites also resulted in the bioactivity of the precursor PBDEs

ecause of the more potential toxicity related to OH-PBDEs. There-
ore, it is important to develop a fast, sensitive and selective method
or the analysis of OH-PBDE metabolites at relative low concentra-

ion in biological samples.

In the current study, nine OH-PBDE congeners with the num-
er of bromine atoms ranging from 2 to 6 were selected for
he method development using UPLC separation. These OH-PBDE
ongeners included 3′-OH-BDE-7, three OH-triBDE isomers (6′-
Fig. 1. Chemical structures of the studied OH-PBDE congeners. The full names of
OH-PBDE congeners are given in Section 2 according to the IUPAC nomenclature
used for PCBs.

OH-BDE-17, 4′-OH-BDE-17, 2′-OH-BDE-28), three OH-tetraBDE
isomers (4′-OH-BDE-49, 6-OH-BDE-47, 2′-OH-BDE-68), 6-OH-BDE-
85, and 6-OH-BDE-137 (Fig. 1). Standard solution containing all
testing congeners at concentration of 20 ng/mL and the internal
standard at 100 ng/mL was prepared and used for the optimiza-
Fig. 2. SRM chromatograms from the UPLC–ESI–MS/MS analysis of OH-PBDEs at
20 ng/mL and the internal standard at 100 ng/mL. (1) 3,5-DBP, (2) 3′-OH-BDE-7, (3)
6′-OH-BDE-17, (4) 4′-OH-BDE-17, (5) 2′-OH-BDE-28, (6) 4′-OH-BDE-49, (7) 6-OH-
BDE-47, (8) 2′-OH-BDE-68, (9) 6-OH-BDE-85, and (10) 6-OH-BDE-137.
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Table 2
Results of method validation for the determination of the OH-PBDEs.

Compound Retention time
(min)

LOQ ng/mL
(n = 3)

Recovery (n = 3) Linearity
ng/mL (R2)

Intra day RSD (n = 6) Inter day RSD (n = 6)

10 ng/mL 100 ng/mL 10 ng/mL 100 ng/mL 10 ng/mL 100 ng/mL

3′-OH-BDE-07 3.63 1.72 ± 0.55 98.7 ± 7.1 93.3 ± 4.4 4–400 (0.9950) 4.6 4.5 8.5 6.9
6′-OH-BDE-17 4.24 2.13 ± 0.62 94.8 ± 3.7 106.0 ± 1.6 4–400 (0.9949) 3.7 3.1 7.4 10.4
4′-OH-BDE-17 4.47 1.57 ± 0.10 102.3 ± 2.4 105.97 ± 4.25 4–400 (0.9983) 0.6 2.0 3.5 6.6
2′-OH-BDE-28 4.72 2.78 ± 0.33 105.4 ± 6.1 104.7 ± 3.9 4–400 (0.9988) 3.9 5.8 8.4 7.7
4′-OH-BDE-49 5.62 1.71 ± 0.35 94.4 ± 3.9 99.4 ± 6.9 4–400 (0.9978) 1.1 2.3 7.4 4.9

.7 ± 7

.0 ± 3

.4 ± 5

.3 ± 5
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6-OH-BDE-47 5.93 1.38 ± 0.18 100.9 ± 6.6 97
2′-OH-BDE-68 6.14 1.22 ± 0.30 105.1 ± 9.0 114
6-OH-BDE-85 6.40 0.49 ± 0.12 98.6 ± 10.1 113
6-OH-BDE-137 6.80 0.17 ± 0.04 109.6 ± 10.9 113

Previous studies indicated conventional HPLC lacked efficient
eparation of OH-PBDE congeners because of peak overlapping
nd long analysis time. For example, severely overlapping peaks
ere observed from the separation of OH-triBDE isomers as well

s OH-tetraBDE isomers [40]. Three OH-tetraBDE isomers were sep-
rated with retention time up to 25 min [42]. Thus, UPLC provided
mproved resolution and short analysis time compared to the con-
entional HPLC.

SRM in negative mode with six functions was applied for the
nalysis of 3,5-DBP, 3′-OH-BDE-7, OH-triBDE isomers, OH-tetraBDE
somers, 6-OH-BDE-85 and 6-OH-BDE-137. Analysis time for each
unction was optimized according to retention time of the OH-
BDEs to eliminate cross-over between function channels and to
educe the background noise. The ESI–MS/MS parameters were
ptimized, including capillary, collision energy and cone voltages,
SI source and desolvation gas temperatures, cone gas and the des-
lvation gas flows. Collision energy and the cone voltages were
ound to be the most influential parameters for signal intensity.

.2. Method validation using rat plasma

To evaluate the performance of the UPLC–ESI–MS/MS method,
ecovery, calibration linear range, sensitivity, inter-day and intra-
ay variations were investigated. Good method recoveries were
chieved in the range from 93.3 to 114.0% at the spiked levels of 10.0
nd 100.0 ng/mL for the tested compounds (Table 2). Calibration
urve was obtained with internal standard method. Linear calibra-
ion ranges from 5.0 to 400.0 ng/mL for 3′-OH-BDE-7, OH-triBDEs
nd OH-tetraBDEs, and from 2.0 to 200.0 ng/mL for 6-OH-BDE-85
nd 6-OH-BDE-137 in plasma were achieved with the correla-
ion coefficients (R2) from 0.9753 to 0.9988. The repeatability was
xamined by assessing the inter-day and intra-day deviations. The
btained results indicated that intra-day deviations represented by
elative standard deviation (RSD) were in the range of 0.6–5.8%.
he RSD for inter-day deviations ranged from 3.2 to 10.4%. LOQ
efined as the minimum concentration with signal to noise ratio of
0 ranged from 0.17 to 2.78 ng/mL for the analysis of the OH-PBDEs.
igher sensitivity was achieved from the detection of 6-OH-BDE-85
nd 6-OH-BDE-137, which was consistent with results in previous
eport [40]. The achieved better LC–MS response of the more acidic
ongeners 6-OH-BDE-85 and 6-OH-BDE-137 might be due to the
tabilization of the deprotonated molecular ions.

Matrix effects with contaminants coextracted from the plasma
atrix might alter the signal response and cause the spectral inter-

erence for the analysis of OH-PBDEs. Results from the analysis of
he rat blank plasma sample under the same UPLC–MS/MS condi-
ions indicated that the matrix background did not cause interfering

roblem for the SRM analysis of the targeted OH-PBDEs and inter-
al standard. The analytical data of the blank plasma sample extract
piked with 10 ng/mL of OH-PBDEs were compared with those of
tandard solution at the same OH-PBDEs concentration in order
o evaluate the alteration of signal response caused by coextracted
.8 4–400 (0.9766) 2.0 0.6 3.5 6.6

.3 4–400 (0.9972) 1.9 1.9 3.2 3.8

.0 2–200 (0.9987) 4.8 4.9 6.6 6.8

.4 2–200 (0.9753) 2.4 2.5 4.8 6.6

contaminants. The obtained results from triplicate analysis showed
the alteration of OH-PBDEs signal responses in the range from 94.0%
to 117.0%, indicating that the interference caused by coextracted
contaminants from the plasma matrix was insignificant for the
quantification of OH-PBDEs in rat plasma.

3.3. Method application for supporting pharmacokinetic study

Recently, PBDEs have received increasingly concerns due to
their ubiquitous present in both biotic and abiotic environment, as
well as their potential toxicity. Although OH-PBDEs are much less
persistent compared to their parent PBDEs, they showed greater
biological effects. OH-PBDE metabolites and their biological effects
have been examined through in vitro endocrine studies, with the
major focus on 6-OH-BDE-47. The results indicated that hydrox-
ylated metabolites of PBDEs were more potent than their parent
compounds [34,36–38]. The effect of 6-OH-BDE-47 on exocytosis
and calcium homeostasis in PC12 cells further confirmed that the
bioactivation by oxidative metabolism might add considerably to
the neurotoxic potential of PBDEs [39]. Pharmacokinetic study is
often applied for the evaluation of biological or toxic effects of
drug or toxicant. Understanding of the kinetics of not only PBDE
but also OH-PBDE congeners is essential for assessing the risk of
these contaminants. However, no report has been published on
the pharmacokinetic study of OH-PBDEs so far, to the best of our
knowledge.

The developed analytical method was applied for supporting a
preliminary pharmacokinetic study of 6-OH-BDE-47 that was intra-
venously dosed to male Sprague–Dawley rats. The concentration
of 6-OH-BDE-47 was determined by using UPLC–ESI–MS/MS with
the established calibration curve. When the concentration of 6-
OH-BDE-47 was over the highest calibration point, the sample was
diluted with acetonitrile and reanalysed. The obtained plasma con-
centrations from 3 rats were averaged for each sample collection
point. Fig. 3 shows the plasma 6-OH-BDE-47 concentrations from
5 min to 180 min after the intravenous administration at 0.15 and
0.60 mg/kg. The obtained pharmacokinetic parameters of 6-OH-
BDE-47 are summarized in Table 3. Plasma levels of 6-OH-BDE-47
declined bi-exponentially for both high and low doses, with ini-
tial distribution of 1.6 and 3.3 min, and elimination half-life of
71.7 and 85.6 min, respectively. No significant difference in these
half-lives as a function of the dosing levels was observed. There
were also no significant differences in the systemic clearance of
6-OH-BDE-47 as a function of the dosing levels. It was reported
that BDE-47 has terminal half life of 664 days in humans, 31 days
in rats and approximately 30–40 days in mice [43]. The results
obtained from the present study indicated that 6-OH-BDE-47 was

much less persistent compared to its parent compound BDE-47.
Although 6-OH-BDE-47 was unlikely to accumulate significantly
in the rats given the short elimination half-life, it is important to
further investigate differential pharmacokinetic parameters asso-
ciated with other OH-PBDE congeners.
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Fig. 3. Mean plasma concentration-time profile of 6-OH-BDE-47 after intravenous
administration at 0.15 mg/kg (a) and 0.60 mg/kg (b).

Table 3
Pharmacokinetics data of 6-HO-BDE-47 after the intravenous doses at 0.15 mg/kg
and 0.60 mg/kg.

Dose (mg/kg)

0.15 0.60

Cmax (�g/mL)a 90.6 775.5
t1/2, �1 (min)b 3.3 1.6
t1/2, �2 (min)c 71.7 85.6
AUC (�g × min/mL)d 627.5 3049.5
Cls (mL/min)e 0.239 0.197

a Plasma concentration extrapolated to time zero.
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d Area under the plasma concentration–time curve.
e Systemic clearance.

. Conclusion

A UPLC–ESI–MS/MS method was developed for the determi-
ation of OH-PBDE congeners in rat plasma. Advantages of the
stablished method included relative short analysis time, improved
hromatographic resolution and the simple sample preparation
rocedure. The developed method with good recovery, accuracy
nd precision was applied to support pharmacokinetic study of
-OH-BDE-47 in male Sprague–Dawley rats after the intravenous
dministrations. The obtained results showed the short elimina-
ion half-life of 6-OH-BDE-47, indicating that the compound was
nlikely to accumulate significantly in the rats. It should be pointed
ut, however, that different OH-PBDE congeners might have differ-
nt pharmacokinetic parameters. The application of the developed
ethod could be extended for supporting the pharmacokinetic

tudy of other OH-PBDE congeners. Moreover, the method might
lso be applied for the determination of hydroxylated metabolites
f PBDEs in both in vitro and in vivo metabolism studies.
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