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ABSTRACT: In this work, a simple and fast sample pretreatment method was proposed for determination of steroid hormones
in fish tissues by coupling dynamic microwave-assisted extraction with salting-out liquid−liquid extraction. The steroid hormones
were successively extracted with acetonitrile and water under the action of microwave energy. Subsequently, the extract was
separated into an acetonitrile phase and an aqueous phase with ammonium acetate. The acetonitrile phase containing the target
analytes was concentrated and determined by LC−MS/MS. The limits of detection for the steroid hormones were in the range of
0.03−0.15 ng g−1. This method was successfully applied to analyze seven kinds of fish tissues, and the recoveries of the steroid
hormones for the spiked samples were in the range of 75.3 ± 4.9% to 95.4 ± 6.2%. Compared with the traditional method, the
proposed method could reduce the consumption of the organic solvent, shorten the sample preparation time, and increase the
sample throughput.
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1. INTRODUCTION

Steroid hormones have been widely employed in farming and
aquaculture as growth promoters to increase the weight of
animals and improve efficiency of feed conversion. However,
the use of steroid hormones in animal feeding has been
prohibited in many countries including European Union1 and
China 2 due to their toxic effects on public health.
Numerous methods have been developed for determination

of steroid hormones in edible tissues such as immunoassay,3,4

gas chromatography−mass spectrometry (GC−MS),5,6 and
liquid chromatography−MS (LC−MS).7−10 So far, the most
common assay used for monitoring steroid hormones in
biological samples is immunoassay which is simple and fast.
However, the reliability of the obtained results has been
questioned for its lack of specificity.11 GC−MS is recognized as
a highly sensitive and suitable technique for analysis of steroid
hormones, but it requires derivatization to reduce the polarity
and thermal instability of steroid hormones.12−17 LC−MS/MS
offers a simplified and specific alternative to GC−MS, which
could dispense with the need for derivatization.18−20

A sample pretreatment procedure including extraction and
cleanup plays an essential and crucial role in the whole
analytical procedure. The extraction process provides suitable
recoveries for analytes, and the cleanup step removes some of
the coextracted compounds. In the established methods, steroid
hormones were extracted with organic solvent under
sonication, homogenization, and microwave irradiation, fol-
lowed by centrifugation, and then the extract was cleaned up by
solid-phase extraction (SPE).21−23 In recent years, lipophilic
sorbent materials such as neutral alumina, neutral silica gel, and
Florisil have been employed to remove lipid from biological
matrices.24−26

Over the past decade, pressurized microwave-assisted
extraction (PMAE) has been extensively used for the extraction
of steroid hormones in biological and environmental
samples.27−29 The sample preparation time and solvent
consumption could be reduced by PMAE; however, some
thermolabile steroid hormones would decompose under high-
temperature conditions (above 70 or 110 °C).28,29 In addition,
when the extraction was accomplished, the vessels must be
cooled to room temperature to avoid the loss of volatile
analytes, and the extract should be filtered or centrifuged, for
which the overall extraction time was increased.30 To overcome
these weaknesses, dynamic MAE (DMAE) has been developed,
which can continuously supply an extraction vessel with fresh
extraction solvent, and analytes could be transferred out of the
extraction vessel as soon as they were extracted.31−37 It was
especially important to avoid the degradation or contamination
of the analytes. Moreover, the extract could be filtered online,
and DMAE could be coupled with other sample pretreatment
techniques.
Salting-out liquid−liquid extraction (SLLE) is a classic

homogeneous liquid−liquid extraction method. An appropriate
salting-out agent is added into the sample solution to induce
phase separation of organic solvent from the bulk aqueous
phase.38 Compared with conventional LLE, substantial volumes
of organic solvents and vigorous mechanical shaking are not
required in the SLLE method to obtain higher extraction
efficiency. SLLE has been demonstrated to be useful for sample
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cleanup and analyte enrichment, which was widely applied in
HPLC and LC−MS analysis.39−42

This paper describes a rapid analytical method based on
DMAE−SLLE combined with LC−MS/MS for the determi-
nation of nine steroid hormones in fish tissues. The approach
combined benefits of DMAE and SLLE technology, and 15
samples could be simultaneously treated. Ammonium acetate, a
mass spectrometry friendly salt, was used as the salting-out
reagent in SLLE. The main experimental parameters were
studied and optimized. The proposed method was employed to
analyze seven fish tissues, and the obtained results were
compared with those provided by the conventional method.

2. MATERIALS AND METHODS
2.1. Materials and Reagents. Standards of corticosterone (purity

>95.0%), estrone (purity >99.0%), estriol (purity >97.0%), medrox-
yprogesterone (purity >99.0%), progesterone (purity >99.0%), 17-α-
estradiol (purity >99.0%), 17-α-hydroxyprogesterone (purity >97.0%),
testosterone (purity >99.5%), and 19-nortestosterone (purity >99.5%)
were provided from Sigma (St. Louis, MO, USA). The structures of
the steroid hormones are shown in Figure 1. Chromatographic grade

acetonitrile was obtained from Fisher (Pittsburgh, PA, USA). Purified
water was obtained from a Millipore purification system (Billerica, MA,
USA) operating at a resistivity of 18.2 MΩ cm−1. Analytical grade
methanol, acetonitrile, ethanol, acetic acid, ammonia−water, ammo-
nium sulfate, sodium chloride, ammonium acetate, sodium sulfate, and
magnesium sulfate were purchased from Beijing Chemical (Beijing,
China). Analytical grade neutral alumina was obtained from
Sinopharm (Shanghai, China). Membrane filters (0.45 μm, nylon)
were provided from Millipore (Bedford, MA, USA).
Individual steroid stock solutions (100 μg mL−1) were prepared in

methanol and stored at −18 °C. A mixed stock solution (10 μg mL−1)
of nine steroid hormones was prepared by diluting the individual
steroid stock solutions with methanol and stored at 4 °C in a dark
glass bottle. The mixed solution should be replaced every two weeks to
prevent the decomposition of the steroid hormones.
Seven frozen fish samples belonging to crustacea (shrimp),

cephalopoda (squid), and pisces (cod, hairtail, whitebait, yellow
croaker, and mackerel) were purchased from local supermarkets. All
fish originated from the Bohai Sea, China. The skin and bones of the
fish were removed, and then the tissue was minced and kept at −18 °C

prior to analysis. Four samples showed the absence of the steroid
hormones, so we randomly selected a sample (whitebait) for recovery
studies and named it sample 1.

Spiked fish tissue samples were prepared by adding different
volumes of the steroid hormone standard solution into sample 1. The
mixture was equilibrated by stirring for 15 min and placed in the dark
for more than 24 h until methanol was completely volatilized. The
spiked samples were kept at −18 °C until analysis.

2.2. Apparatus. The DMAE−SLLE system was illustrated in
Figure 2, which was modified based on our previous work.37 The
system consisted of a vacuum pump (HPD-25, Beijing, China), a
vacuum SPE manifold (Waters, Milford, MA, USA), and a flat
countertop microwave oven (Panasonic, Shanghai, China). The
extraction vessels were polyethylene tubes (85.0 mm long, 15.0 mm
i.d.). The upper ends and the bottoms of the vessels were connected
with a solvent container and the ports of the vacuum SPE manifold by
tubes (T1 and T2) (polyethylene, 500.0 mm long, 0.5 mm i.d.),
respectively. Fifteen glass test tubes (100.0 mm long, 14.0 mm i.d.)
with a plastic plug were used as collection tubes.

2.3. Extraction Procedures. 2.3.1. Dynamic Microwave-Assisted
Extraction Coupled with Salting-out Liquid−liquid Extraction. Fish
tissue was accurately weighted (3.00 g) and thoroughly mixed with
neutral alumina (4.0 g) which was used as a degreaser and dispersant.
The mixture was placed between two absorbent cotton plugs in the
extraction vessel and then carefully compressed. Fifteen extraction
vessels were loaded by the same method and systematically arranged in
the microwave oven and then connected with the solvent container
and the vacuum SPE manifold by T1 and T2.

Subsequently, the vacuum pump was activated, and 5 mL of
acetonitrile and about 5 mL of water were successively passed through
the extraction vessels at the flow rate of 1.0 mL min−1. When the
extraction vessel was properly filled with acetonitrile, microwave
heating was started with the power of 800 W, and the extract was
directly transferred into the collection tube. When the volume of the
extract in the collection tube was 9 mL, the rate control valve was
stopped. Once the extraction of 15 samples was completed, the
vacuum pump and the microwave irradiation were stopped.

Finally, 2.0 g of ammonium acetate was added to the collection
tube, and then the extract was separated into the acetonitrile phase and
aqueous phase after 6 min. The acetonitrile phase (about 1.2 mL) was
transferred to a conical vial with a syringe and evaporated to dryness at
40 °C under a stream of N2. The residue was reconstituted with 0.3
mL of acetonitrile and filtered through a 0.45 μm membrane. An
aliquot of 20 μL was injected into the LC−MS/MS system for analysis.

2.3.2. Traditional Liquid Extraction. Traditional liquid extraction of
steroid hormones from fish tissues was performed according to the
Chinese national standard.43 Fish tissue (5.00 g) was placed in a 50
mL centrifuge tube, and then 3 mL of sodium carbonate solution (0.1
g mL−1) and 25 mL of methyl tert-butyl ether were added into it. The
mixture was homogenized for 30 s and shaken for 10 min and
subsequently centrifuged at 6000 rpm for 10 min. The supernatant was
added into a 100 mL heart-shaped flask. The other 25 mL of methyl
tert-butyl ether was added into the centrifuge tube, and the previous
treatment was repeated. The supernatants were combined and
evaporated to dryness on a rotary evaporator at 40 °C. The residue
was reconstituted with 2 mL of acetonitrile aqueous (50%, v:v).
Subsequently, the extract was frozen for 30 min and centrifuged at 17
000g for 5 min. Then the solution was filtered through a 0.22 μm
membrane, and a 20 μL aliquot was injected into the LC−MS/MS
system for analysis.

2.4. LC−MS/MS Analysis. Liquid chromatography was performed
on an Agilent Series 1100 HPLC system (Palo Alto, CA, USA)
equipped with a degasser, a quaternary pump, an autosampler, and a
heated column compartment. Nine steroid hormones were separated
by a Zorbax Eclipse C18 column (150 mm × 4.6 mm i.d., 3.5 μm,
Agilent, USA). A gradient elution solvent containing acetonitrile as
mobile phase A and water as mobile phase B was applied. The mobile-
phase gradient profile was as follows: t0, A = 40%; t5min, A = 40%;
t15min, A = 85%; t16min, A = 40%. The flow rate was 0.8 mL min−1. The
eluate from the HPLC column was split and then introduced into the

Figure 1. Chemical structures of nine steroid hormones.
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Figure 2. Sketch of the DMAE−SLLE setup. A, solvent (acetonitrile or water) container; B, microwave oven; C, extraction vessel; D, vacuum pump;
E, vacuum valve; F, collection tube; G, vacuum SPE manifold; H, rate control valve.

Table 1. Optimum Conditions for LC−MS/MS Analysis of Steroid Hormones

analyte retention time (min) precursor ion (m/z) product ions (m/z) DP (V) EP (V) CEP (V) CE (eV) CXP (V)

estriol 2.6 287.2 [M − H]− 171.0a −50 −10 −42 −40 −4
159.1 −50 −10 −40 −40 −6

corticosterone 4.7 345.3 [M − H]− 123.1a −50 −10 −42 −40 −4
241.2 −55 −8 −40 −38 −4

17-α-estradiol 9.2 271.2 [M − H]− 145.0a −50 −8 −40 −42 −4
239.1 −50 −10 −40 −40 −6

estrone 10.6 269.3 [M − H]− 145.0a −50 −8 −42 −40 −4
159.1 −50 −10 −42 −40 −4

17-α-hydroxyprogesterone 10.9 329.4 [M − H]− 285.2a −45 −10 −40 −38 −4
301.3 −50 −10 −40 −40 −4

medroxyprogesterone 12.8 343.4 [M − H]− 299.2a −50 −10 −42 −40 −4
315.2 −50 −10 −44 −42 −4

19-nortestosterone 5.5 275.3 [M + H]+ 109.1a 55 10 32 40 4
145.2 50 10 40 42 4

testosterone 6.1 289.3 [M + H]+ 97.0a 50 10 36 40 4
109.1 55 10 32 40 6

progesterone 9.7 315.3 [M + H]+ 97.1a 55 10 32 40 4
109.1 55 10 40 40 4

aThe product ion used for quantification.

Table 2. Calibration and Statistical Validation Parameters

solvent standard matrix-matched standard

steroid hormones
linearity range (ng

g−1) calibration equation
correlation

coefficient (r2) calibration equation
correlation

coefficient (r2)
LOD (ng

g−1)
LOQ (ng

g−1)

estriol 0.5−100 y = 1213x + 1126 0.9990 y = 1342x + 1403 0.9979 0.13 0.44
corticosterone 0.5−100 y = 1422x + 1275 0.9981 y = 1676x + 1724 0.9957 0.15 0.47
17-α-estradiol 0.5−100 y = 1299x + 1313 0.9988 y = 1407x + 1583 0.9974 0.12 0.39
estrone 0.2−100 y = 2044x + 3122 0.9984 y = 2118x + 3371 0.9988 0.04 0.14
17-α-
hydroxyprogesterone

0.2−100 y = 2229x + 2671 0.9991 y = 2290x + 2892 0.9958 0.03 0.11

medroxyprogesterone 0.2−100 y = 1961x + 2870 0.9983 y = 2084x + 3026 0.9983 0.05 0.17
19-nortestosterone 0.2−100 y = 2395x + 3268 0.9982 y = 2643x + 3265 0.9979 0.07 0.23
testosterone 0.2−100 y = 1897x + 2673 0.9997 y = 2044x + 2789 0.9997 0.05 0.16
progesterone 0.2−100 y = 2059x + 2084 0.9993 y = 2251x + 2227 0.9993 0.06 0.20
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MS detector at the flow rate of 0.25 mL min−1. The injection volume
was 20 μL.
A Q-Trap mass spectrometer (Applied Biosystems/MDS Sciex,

Concord, ON, Canada) interfaced with the HPLC system was used for

the measurement of the steroid hormones. Optimization of the ion
source and MS/MS settings was performed by the automatic
optimization function of the MS software (Analyst 1.4.1, Applied
Biosystems) assisted by manual optimization. The ESI−MS/MS

Figure 3. Optimization of DMAE−SLLE conditions on the recoveries of the steroid hormones (n = 3): (a) microwave power; (b) kinds of
extraction solvent; (c) acetonitrile concentration; (d) volume of receiving extract; (e) mass−volume ratio; (f) pH value; (g) kinds of salt; and (h)
addition of ammonium acetate. Steroid: 1, estriol; 2, corticosterone; 3, 19-nortestosterone; 4, testosterone; 5, 17-α-estradiol; 6, progesterone; 7,
estrone; 8, 17-α-hydroxyprogesterone; 9, medroxyprogesterone. The time of microwave irradiation was about 9.5 min.
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detection was performed in the positive mode, and the source-
dependent parameters were as follows: curtain gas, N2 (30 psi);
collision gas, N2 (high); gas 1, N2 (30 psi); gas 2, N2 (50 psi); ion
spray voltage, 5200 V; temperature, 400 °C. The base peaks selected
for quantitation of six steroid hormones corresponded to the
deprotonated molecule [M − H] −, whereas the progesterone,
testosterone, and 19-nortestosterone are detected as protonated
molecules [M + H]+. The data acquisition was performed in the
multiple reaction monitoring (MRM) mode which records the
transitions between the precursor ion and the two most abundant
product ions for each target analyte. MRM transitions as well as the
corresponding declustering potential (DP), entrance potential (EP),
collision energy (CE), collision cell entrance potential (CEP), and
collision cell exit potential (CXP) are shown in Table 1. All transitions
were recorded in one single retention time window with a dwell time
of 100 ms.

3. RESULTS AND DISCUSSION

3.1. Calibration. Calibration curves were constructed at six
concentration levels by appropriately diluted standards with
solvent and blank fish tissue extract. Both solvent and matrix-
matched standard calibration curves showed good linearity in
the studied range (0.5−100 ng g−1 for estriol, corticosterone,
and 17-α-estradiol and 0.2−100 ng g−1 for the rest of the
steroid hormones) with the correlation coefficients in the
ranges of 0.9981−0.9997 and 0.9957−0.9997 for solvent and
matrices, respectively (Table 2).

3.2. Evaluation of the Homogeneity of the Spiked
Fish Tissue Sample. Before the optimization study of the
extraction process, the homogeneity of the spiked samples was
assessed. Six spiked fish tissue samples (3 g) were extracted by
the standard method described in Section 2.3.2. Average
recoveries were 82.7, 78.2, 80.3, 88.6, 90.1, 92.4, 84.1, 85.0, and
89.9% for estriol, corticosterone, 17-α-estradiol, estrone, 17-α-
hydroxyprogesterone, medroxyprogesterone, 19-nortestoster-
one, testosterone, and progesterone, respectively, and relative
standard deviations (RSDs) were in the range of 5.2−7.6%. The
results show that the spiked fish tissue samples were considered
to be homogeneous when sample amounts were equal to or
larger than 3 g.

3.3. Optimization of DMAE Conditions. 3.3.1. Effect of
Microwave Power. The effect of microwave power on the
recoveries of the steroid hormones in the spiked sample was
studied by varying the power between 0 and 1000 W. Figure 3a
shows that the recoveries of the steroid hormones increased
with the change of the microwave power from 0 to 800 W and
then decreased from 800 to 1000 W which might be caused by
the partial decomposition of steroid hormones under high
temperature.44 Thus, 800 W was selected as the best microwave
power.

3.3.2. Effect of Extraction Solvent. Aqueous solutions of
methanol (50%, v/v), ethanol (50%, v/v), and acetonitrile
(50%, v/v) were evaluated as the extraction solvent (Figure

Figure 4. LC−MS/MS chromatograms of blank fish tissue extract spiked with 0.5 ng g−1 of steroid hormones.
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3b). The results demonstrated that methanol aqueous and
acetonitrile aqueous provided the higher recoveries of the
steroid hormones than ethanol aqueous. The possible reason is
that methanol and acetonitrile have a relatively higher dielectric
constant than ethanol (the dielectric constants of methanol,
acetonitrile, and ethanol were 33, 38, and 25, respectively),
which means that, compared with ethanol, methanol and
acetonitrile could be polarized more easily with an electric
field.45 Moreover, when adequate salt was added, the
acetonitrile aqueous could be separated faster than methanol
aqueous into two distinct phases. In addition, acetonitrile could
induce protein precipitation and release steroid hormones from
the fish matrix.12 So acetonitrile aqueous was chosen as the
extraction solvent.
Subsequently, the effect of acetonitrile concentration in the

extraction solvent was investigated. The experiments were
performed with 12 mL of acetonitrile aqueous at various
concentrations (30−60%, v/v), and the results were shown in
Figure 3c. The recoveries of the steroid hormones increased
with increasing acetonitrile concentrations from 30 to 50% and
then remained relatively constant when the acetonitrile
concentration was higher than 50%.
Lastly, the volume of receiving extract was investigated. It can

be seen from Figure 3d that 9 mL of the receiving volume offers
the satisfying recoveries of the steroid hormones (above 80%).
When receiving volume was above 9 mL, the increase of the
volume did not result in any noticeable improvement on the
recoveries of the steroid hormones. It is worth noting that a
great deal of tiny bubbles was generated when the acetonitrile
aqueous (50%, v/v) was passed through the fish tissue sample.
To solve this problem, acetonitrile and water were successively
passed through the extraction vessel. The results demonstrated
that the recoveries of the steroid hormones were increased
(from 72.8 ± 5.4%−86.1 ± 4.9% to 79.0 ± 4.6%−93.4 ± 5.8%),
and the bubble was avoided. Thus, 5 mL of acetonitrile and
about 5 mL of water were used as the extraction solvent, and
the volume of the receiving extract was 9 mL.

3.3.3. Effect of Mass−Volume Ratio. The effect of mass−
volume ratio on the recoveries of the steroid hormones in the
spiked sample was studied by varying the ratio between 1:9 and
1:1.5 g/mL. Figure 3e shows that the recoveries of the steroid
hormones did not significantly change when the mass−volume
ratio was changed from 1:9 to 1:3 g/mL. From 1:3 to 1:1.5 g/
mL, the recoveries of the steroid hormones significantly
decreased. Hence, the mass−volume ratio of 1:3 g/mL was
chosen.

3.3.4. Effect of Extraction Solution Flow Rate. The effect of
the extraction solution flow rate from 0.5 to 2.5 mL min−1 on
the recoveries of the steroid hormones was investigated. The
results indicated that the flow rate in the range of 1.0−2.0 mL
min−1 had no significant effect on the recoveries of the steroid
hormones. The recoveries were decreased when the flow rate
was higher than 2.0 mL min−1. On the contrary, the overall
extraction time was prolonged when the flow rate was lower
than 1.0 mL min−1. In this study, approximately 1.0 mL min−1

of the extraction solution flow rate was chosen.
3.4. Optimization of SLLE Conditions. The optimization

of SLLE conditions was carried out in 10 mL of fish tissue
extract spiked with the steroid hormones at the concentration
of 0.5 ng mL−1. The effects of pH were examined in the range
of 4−9 on the recoveries of the steroid hormones. Figure 3f
shows that the recoveries of the steroid hormones were not
affected significantly by the pH of the extract in the selectedT
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range. The pH of the obtained extract was 6, and pH
adjustment was not required.
Series of salts (ammonium sulfate, sodium chloride,

ammonium acetate, sodium sulfate, and magnesium sulfate)
were screened as possible salting-out reagents. It was found that
all salts could induce phase separation, but ammonium acetate
was the most suitable one because it was a mass spectrometry
friendly salt and could provide the highest recoveries (80.4 ±
4.1%−93.7 ± 3.6%) (Figure 3g). Additionally, the presence of
ammonium acetate minimizes the formation of the sodium
adduct and thus enhances the MS response.42 Therefore,
ammonium acetate was selected as the salting-out reagent in
this work.
Subsequently, different amounts of ammonium acetate (0.5−

2.5 g) were added into the extract. Figure 3h shows that the
recoveries of the steroid hormones were improved as the
amounts of salt addition increased from 0.5 to 2.0 g and were
approximately constant in the range of 2.0−2.5 g. So 2.0 g of
ammonium acetate was added into the extract.
As a result of compromising, the best DMAE−SLLE

conditions were as follows: microwave power, 800 W;
extraction solvent, acetonitrile and water; receiving extract
volume, 9 mL; mass−volume ratio, 1:3 g/mL; extraction
solvent flow rate, 1.0 mL min−1; ammonium acetate addition,
2.0 g.
3.5. Validation of the Method. Numerous studies have

revealed that the MS response signal of the analytes in a
complex matrix can be greatly affected by competitive effects
due to the presence of matrix components.46,47 Matrix effects
can affect the ionization efficiency of analytes, leading to
suppression or enhancement of signal depending on the
analyte/matrix combination.
To evaluate the matrix effects, calibration curves were

compared between solvent and blank fish tissue extract in a
concentration range of 0.5−100 ng g−1 for estriol, cortico-
sterone, and 17-α-estradiol and 0.2−100 ng g−1 for the rest of
the steroid hormones (Table 2). The results showed that the
slopes of calibration curves obtained for matrix-matched
standard were higher than those obtained for solvent standard,
which indicated the signal enhancement of the steroid
hormones. In this work, the matrix-based calibration curves
were used for the reliable quantification. Limits of detection
(LODs) and limits of quantification (LOQs) were estimated as
the analyte concentration, producing a signal/noise ratio of 3
and 10, respectively. The details of the calibration curves,
correlation coefficients, LODs, and LOQs of the proposed
method were shown in Table 2. LC−MS/MS chromatograms
of spiked fish tissue extract (0.5 ng g−1) are shown in Figure 4.
The precision of the method was evaluated by measuring

intra- and interday RSDs. Intraday precision was performed by
analyzing spiked sample 1 five times in one day at three
different fortified concentrations of 0.5, 5, and 50 ng g−1. The
mean values of RSDs (%) were in the range of 3.3−5.0%. The
interday precision was performed over five days by analyzing
spiked sample 1 at three different fortified concentrations of
0.5, 5, and 50 ng g−1. The mean values of RSDs (%) were in the
range of 3.5−5.6%. In addition, microwave energy distribution
for 15 samples was evaluated. Fifteen spiked samples (5 ng g−1)
were simultaneously treated by the proposed method. The
recoveries of the steroid hormones for 15 spiked samples were
in the range of 78.9−94.3%, and the RSDs were in the range of
5.9−7.4%.

The accuracy of the method was evaluated by the analysis of
seven fish tissues spiked with the steroid hormone standards at
the levels of 0.5 and 5 ng g−1, respectively. The spiked samples
were equilibrated by stirring for 15 min and placed in the dark
for more than 24 h. The recoveries of the steroid hormones
obtained by the proposed method were in the range of 75.3 ±
4.9%−92.1 ± 6.6% and 82.0 ± 5.1%−95.4 ± 6.2% for the two
concentrations, respectively.

3.6. Application of the Proposed Method. To
demonstrate the applicability of the proposed method, several
fish samples collected from local supermarkets in Changchun
(China) were analyzed. Testosterone was detected with the
concentration of 0.45 ± 0.03 ng g−1 in the yellow croaker. 17-α-
Estradiol and 19-nortestosterone were detected with the
contents of 0.39 ± 0.03 and 0.30 ± 0.01 ng g−1 in the shrimp.
Corticosterone, 17-α-estradiol, and 17-α-hydroxyprogesterone
were found in the hairtail at levels of 0.57 ± 0.03, 0.44 ± 0.02,
and 0.26 ± 0.01 ng g−1, respectively. The result obtained by the
proposed method was compared with that obtained by the
standard method which was described in Section 2.3.2, and the
obtained results by the two methods were similar.
The proposed method was compared with the methods used

in the literature for analyzing steroid hormones (Table 3). It is
obvious that the proposed method reduces the consumption of
the organic solvent, shortens the sample preparation time, and
increases the sample throughput. The entire sample pretreat-
ment procedures including extraction, salting-out, and evapo-
ration can be accomplished within 20 min, which is suitable for
the analysis of trace steroid hormones in fish tissues.
In conclusion, the proposed method of DMAE−SLLE

coupled with LC−MS/MS could be employed to analyze
nine steroid hormones in fish tissues. The method combined
advantages of the DMAE and SLLE technique, and the total
pretreatment time of 15 samples was about 20 min. DMAE−
SLLE was an effective technique in reducing the sample
preparation time and solvent consumption. In addition,
extraction, cleanup, and enrichment were completed in one
step, and the sample pretreatment process became simple.
Ammonium acetate was used as the salting-out reagent, which
is suitable for LC−MS/MS analysis. The proposed method was
successfully applied to the analysis of seven fish tissues. It is
envisioned that the DMAE−SLLE will become an alternative
sample preparation approach for the analysis of trace organic
compounds in fish tissues.
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