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ABSTRACT

170-methyltestosterone is used to induce the sex reversal of Tilapia sp. to obtain cultures mono-sex to an economically
viable. This practice may lead to environmental contamination and problems in human health. Therefore methods need to be
developed to detect residues of 17a-methyltestosterone in aqueous matrices. A simple high-performance liquid chro-
matographic method using ultraviolet detection (245 nm) and testosterone as internal standard has been developed for
the monitoring 17a-methyltestosterone in freshwater samples of tilapia aquaculture. The method described involves
limited sample preparation as it includes a filtration followed by a single solid-phase extraction step using C18 cartridge.
Validation data indicated that the HPLC-UV method for 17a-methyltestosterone determination in the concentration
range of 50 - 2000 pg/L provided good linearity, sensitivity, accuracy and precision. Method performance was efficiently
applied to monitoring the freshwater samples of fish ponds and the surrounding aquatic channels.
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1. Introduction

One of the most cultivated fishes of freshwater in many
developing countries is the Nile tilapia (Oreochromis ni-
loticus). Oreochromis species are characterised by a pre-
cocious sexual maturity and a high reproductive efficacy,
resulting in over population in ponds. To overcome these
negative aspects, tilapia culture has traditionally involved
all-male populations. The most common method for pro-
ducing monosex populations (all-male) is the sex reversal
of larvae with the use of feeds containing synthetic sex
hormones for 21 days. 17a-methyltestosterone (MT), 174-
hydroxy-17a-methylandrost-4-ene-3-one (Figure 1), is a
synthetic anabolic androgenic steroid, commonly used in
newly hatched tilapia fry for sex reversal at a concentra-
tion of 60 mg per one kilogram of feed [1-3].

Although it was shown that the use of hormone does
not result in the accumulation of residues in tissues of

17-Methyltestosterone (MT, I)

Testosterone (T, IT)

Figure 1. Molecular structure of 17a-methyltestosterone
(MT, 1) and internal standard (testosterone, T, I1).

in the MT-impregnated food from the masculinizing pro-
cess may accumulate in the ponds and be released into
the receiving water body when the pond water is released
or when the ponds are cleaned. The residual MT from
uneaten and unmetabolized MT-impregnated food re-

fish treated [4,5] there are still concerns about their re-
lease into the environment and the reaction of consumers.
Since it is very common to overfeed the fry, residual
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mains in the ponds and, if released, it can contaminate
the environment around the discharge points. MT is an en-
docrine disrupter at part per billion levels [6,7] and can
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interfere with normal functions of the reproductive sys-
tems of humans and animals.

Several high performance liquid chromatography
(HPLC) and liquid chromatography-mass spectrometry
(LC-MS) methods have been reported for the analysis of
MT in various biological matrices and pharmaceutical
preparations [8-17]. To our knowledge, the analysis of
MT in aqueous matrices has not been performed. The
purpose of this work was to develop a simple, effective
and sensitive method for determination of MT residues in
aqueous matrices. The work presented here used HPLC
with UV detector for the determination of MT following
a solid-phase extraction (SPE). This method was valida-
ted and used to monitor MT residues in water samples of
tilapias farming.

2. Experimental
2.1. Chemicalsand Materials

All reagents used during the extraction and analysis were
analytical reagent grade. 17a-methyltestosterone (175-
Hydroxy-17a-methyl-4-androsten-3-one, CAS n: 58-18-4,
purity 97.7%) and internal standard, testosterone (17a-
hydroxyandrost-4-en-3-one, CAS no: 58-22-0, purity 99%),
were purchased from Sigma-Aldrich (St. Louis, MO,
USA). Methanol, acetonitrile and ethanol were all HPLC-
grade and purchased from Merck (Darmstadt, Germany).
Ultrapure water was obtained in the laboratory by Milli-
Q" system (Millipore Corporation, Milford, MA, USA).
The cartridges used for, SPE were Discovery” DSC-18
um, 6 mL, 500 mg, (Supelco, USA).

2.2. Apparatus and Chromatographic
Conditions

The method was developed on a Shimadzu HPLC system
LC-2010C HT with quaternary pumps, autosampler, co-
lumn oven, UV detector, degasser, and controlled by Shi-
madzu LC Solutions® software. The chromatographic se-
paration was achieved with a C;g reverse-phase (RP-Cyg)
column (ACE, 5 pm particle size, 250 x 4.6 mm) at 25°C.
All injections were performed automatically using 20 pl
loop on autosampler. Detection of analyte was carried
out using UV detector at 245 nm. The analyte were se-
parated by running a mobile phase consisted of ace-toni-
trile and ultrapure water (45:55, v/v) at a flow rate of 1

mL-min ..

2.3. Method and Sample Preparation

2.3.1 Sample Callection and Preparation

A total of twenty-six surface water samples were col-
lected in 200 mL PET bottles at different fish ponds and
the surrounding aquatic channels. The water samples
were frozen at —20°C. The freshwater samples of Tilapia
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farming were previously defrosted, spiked appropriate
amounts of with internal standard (testosterone, IS), fil-
tered through 0.2 um membrane filter (Schleicher & Sch-
uell) and then extracted by solid phase extraction (SPE).

2.3.2. Standard Solutions

Individual stock standard solutions (100 mg/L) were pre-
pared in methanol. The working standard solutions of 17a-
methyltestosterone were prepared through appropriated
dilutions to obtain concentrations between 50 - 2000 pg/L.
The working standard solutions of testosterone were
prepared to have the concentration of the 500 pg/L. The
stock standard solutions were stored at —20°C and the
working standard solutions were stored at 4°C for 6
months.

2.3.3. Extraction and Clean-Up

The cartridge was preconditioned sequentially with 5 mL
of acetonitrile followed by same volume of Milli-Q water.
The water samples were loaded on the preconditioned
cartridge under vacuum. The washing step was perform-
ed with Milli-Q water. Then the cartridge was eluted with
5 mL of ethanol at a flow rate of 2 mL/min. The eluate
was evaporated to dryness at 37°C - 40°C and the residue
was redissolved in 200 puL of acetonitrile. The volume of
eluate injected was 20 pL.

3. Resultsand Discussion
3.1. Optimization of HPL C Conditions

Prior to the analytical determination of 17a-methyltesto-
sterone with reversed phase HPLC/UV-Vis method the
UV region was scanned to obtain a shared absorption
wavelength for 17a-methyltestosterone and testosterone
as IS. As a result, 245 nm was selected as the optimum
wavelength for simultaneous determination of these com-
pounds. Feasibility of different solvent systems such as
acetonitrile—water and methanol—water mixtures in
different compositions, pumped at different flow rates (in
the range of 0.5 - 1.5 ml/min) at different column oven
temperatures (in the range of 25°C - 35°C) were evalu-
ated. Best results were obtained using acetonitrile-water
in the ratio of 45:55, v/v at a flow rate of 1 mL-min™
with a column oven temperature at 25°C on the analysis
of both steroids. The chromatogram in the Figure 2(a)
shows the separation of analytes obtained by the pro-
posed method.

3.2. Optimization of Extraction and Clean-Up

The clean-up efficiencies for Discovery” DSC-18 pm, 6
mL/500 mg cartridges were studies by adjusting the fol-
lowing parameters: the solvents used in the washing steps,
the eluent solvents, and the volumes for eluting 17a-
methyltestosterone from the cartridge. The polymeric
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Figure 2. (a) (b) (c) (d) Chromatogram of (a) Standard solu-
tion with MT and T (IS) with 600 pg/L respectively; (b)
Water blank sam- ple; (c) Spiked water blank with 100
po/L of MT and PI; (d) Freshwater sample of tilapia aqua-
culture containing 617.4 pg/L of MT.

reversed-phase sorbent showed no effect in the analyte.
The cartridges were washed with 5 ml of Milli-Q water
to obtain clean blank chromatograms without interferences.
The elution of 17a-methyltestosterone was study with
different solvents and volumes. Thus our results show
that 5 mL of ethanol is necessary and sufficient to elute
all 17a-methyltestosterone from cartridge. This method
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was therefore applied to monitoring 17a-methyltestos-
terone in freshwater samples of fish ponds and the sur-
rounding aquatic channels.

3.3. Method Validation

In the validation procedure of the analytical method, the
following criteria were considered: sensitivity; linearity;
recovery; precision and evaluation of the matrix effect.

3.3.1. Linearity

The calibration curves were prepared using linear regres-
sion analysis and gave good fits over the range 50 - 2000
ng/L. The mean regression coefficients (R*) were 0.999
for 17a-methyltestosterone.

3.3.2. Stability Studies

The stability of standard solutions and sample extracts
was evaluated. The stock standard solutions were stored
at —20°C and analysed during one-month period, and the
working standard solutions stored at 4°C were analysed
during a one-week period. We did not observe any deg-
radation of 17a-methyltestosterone and testosterone in
this study period. The stability of 17a-methyltestosterone
during sample storage at —20°C was tested during one
week, and no degradation was observed.

3.3.2. Limit of Quantification and Accuracy

The limit the quantification, calculated according to the
lower concentration that provides repeatabilities lower
than 20%, was 58.3 pug/L for 17a-methyltestosterone. The
limit of detection it was 19 pg/L at a signal-to-noise of
3:1.

In order to verify the absence of potential interfering
substances around the retention time of 17a-methylte-
stosterone and testosterone, water blank samples (n = 5)
were analysed in order to assess the specificity of the
method. No interferences were observed in the region of
interest where the 17a-methyltestosterone and testoster-
one were eluted (Figure 2(b)).

The results demonstrate that real sample matrices had
no effect on the performance of the proposed method,
which is therefore suitable for analysis of trace levels of
17a-methyltestosterone in surface water of fish ponds
and the surrounding aquatic channels.

The accuracy of the method was studied by spiking
water samples at three fortification levels (100, 600 and
2000 pg/L). Figure 2(c) represents the chromatogram ob-
tained for fortification assay.

Within-day accuracy and precision data were deter-
mined by analysing, on the same day, three replicates of
spiked samples at three levels, and one blank (to check
the interferences). The between-day accuracy and preci-
sion were also determined by extracting batches of three
fortification levels and analysing them on the five con-
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Table 1. Recovery, intra-day and inter-day precision and accuracy (n = 5).

Spike level Recovery Intra-day Inter-day
(ng/L) Mean (%) CV (%) Precision (CV%)  Accuracy (%)  Precision (CV%)  Accuracy (%)
100 1039+ 1.62 0.04 0.04 1037438 0.04 105.1+3.8
600 99.3 +0.83 0.008 0.04 992442 0.02 98.0+ 1.9
2000 93.1+125 0.01 0.03 93.0+3.15 0.04 946442

secutive days. Accuracy and intra-day and inter-day pre-
cision are shown in Table 1. Recoveries for the lower
fortification level were generally greater than 100% for
17a-methyltestosterone. For the three fortification levels,
the relative standard deviation for all fortification levels
on each day for 17a-methyltestosterone was less than
12%, demonstrating good method precision.

3.4. Application of the Proposed Method

A total of twenty-six samples of water were analysed
under the conditions described, and 17a-methyltestos-
terone were detected in six samples at level higher than
the LOQ in the concentration of 59.9 > 2000 pg/L. Fig-
ure 2(d) represents the chromatogram obtained with one
of water sample fish ponds analysed.

4. Conclusion

The monitoring of 17a-methyltestosterone residues is an
important issue in order to avoid possible residues in
water systems release into the environment from Tilapia
farming. In the present study, we developed a simple
HPLC method to identify and quantify trace levels of re-
lease into the environment in real environmental sur-
face water samples from one of Tilapia farming of Thai-
land. The use of a RP-column with UV detection allows
the rapid and sensitive analysis required for this type of
analysis. The proposed HPLC method was proved to be
convenient and effective for monitoring the waters in the
fish ponds (MT unmetabolized and surplus food with MT)
and the waters at different points of discharge in the
farming.
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