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Palavras -chave

Resumo

Cromatografia liquida de alta eficiéncia; fluorescéncia; desenvolvimento de métodos;

bivalves; ostras; hormonas

O principal objetivo deste trabalho foi a aplicagdo de um método de cromatografia
liguida de alta eficiéncia (HPLC, sigla inglesa para High-Performance Liquid
Chromatography) acoplada a um detetor de fluorescéncia para encontrar as condi¢des
mais adequadas para a separacdo isocratica das hormonas 17B-estradiol (E2) e 17-a-
etinilestradiol (EE2), em amostras de bivalves. Foi utilizada uma coluna com uma fase
reversa (Kromasil 100 C18, 5um, 15 x 0,21 cm) e um detetor de fluorescéncia
operando a comprimentos de onda de excitacdo e de emissdao de 280nm e 305nm,
respectivamente. Obtiveram-se curvas de calibracio com bom coeficiente de
correlagdo tendo-se contudo verificado problemas de contaminacdo durante as
analises de amostras de bivalves. Estes problemas de contaminagdo tiveram origem,
principalmente, no vasilhame de vidro usado, na preparacao dos padrdes e durante o
procedimento de extragdo das hormonas E2 e EE2 das amostras. Assim, e numa
primeira fase, procedeu-se a eliminagdo dos varios fatores potencialmente na origem
dos problemas de contaminacdo de modo a ser possivel obter os menores limites de
quantificacdo possiveis para E2 e EE2, bem como proceder a respetiva quantificagdo
nas amostras de bivalves. Assim, todo o material utilizado teve de ser cuidadosamente
lavado com acetonitrilo e fase modvel utilizada na separagdo cromatografica,
posteriormente ao processo de lavagem habitualmente aplicado no laboratério.
Depois deste processo de lavagem, e a utilizagdo de uma pré-coluna no procedimento
de separagdo cromatografica, conseguiu-se identificar e quantificar a hormona E2 nos
cromatogramas obtidos para as amostras de bivalves. Obteve-se um valor médio de
24.59 ng/g para as amostra de bivalves recolhidas num local de aquacultura em

Aveiro.
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The main objective of this work was the application of an isocratic high performance
liquid chromatography (HPLC) method coupled with a fluorescence detector to find
the best conditions for the separation and quantification of 17B-estradiol (E2) and
17a-ethinyl estradiol (EE2) hormones in bivalve samples. A reversed phase column
(Kromasil 100 C18, 5um, 15 x 0.21cm), was employed with a fluorescence detector
operating at excitation and emission wavelengths of 280nm and 305nm, respectively.
A calibration curve was obtained with a good correlation coefficient for each
compound. During the chromatographic analysis of the bivalve extracts, there were
contamination problems, originated from glassware containers, E2 and EE2 standards
preparation, and during hormones extraction from the samples. Thus, in a first step, a
special attention was given to the elimination of these contamination problems in
order to obtain the lowest limits of quantification for both E2 and EE2, and achieve
their quantification in oyster samples. Therefore, after the washing process routinely
applied in the laboratory, all glassware employed in samples preparation were
washed with acetonitrile followed by the mobile phase used in the chromatographic
analysis. After this washing procedure, and the use of a pre-column in the
chromatographic separation process, the identification and quantification of hormone

E2 was successfully accomplished for the oyster samples. An average value of 24.59

ng/g was obtained for oyster samples collected at an aquaculture location in Aveiro.
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1. Introduction

In this research work, two steroid hormones hawentanalyzed in oyster samples,
to be more specific: the f+estradiol (E2) and L#ethinyl estradiol (EE2). They are
biologically active compounds synthesized from ekt@rol, which have in common a
cyclopntan-o-perhidrophenanthreno ring. The hormBR2ds a natural estrogenic steroid,
while the hormone EE2 is a synthetic steroid. Natw@strogenic steroid have higher
solubility than the synthetics. The solubility o? Eh water is of 13 mg/I at 20°C while the
water solubility of EE2 is reduced to 4.8 mg/l 8P@ according t&ing et al. (2002).

Estrogens, such as estradiol, are predominanthale hormones, being important
to the health of reproductive tissues, breasts) akid brain in human and animal. The
estrogens play an important role in their differain, development and reproduction in

wildlife. In invertebrates, the steroid controlreproduction is unclear.

Steroid hormones can enter the environment threggiage discharge and animal
waste disposal, since all humans and animals caretexthe hormones from their bodies
in different amounts, depending on gender, agée sthhealth, diet or pregnancy in the
case of the females. Animal waste and biosolidselsas recycled wastewater have been
increasingly applied to agricultural land; therefort is vital to estimate the input of
steroids and their possible movement into surfawe ground water through runoff and
leaching. These steroids have a moderate bindirggdiments and are reported to degrade
rapidly in soil and water.

Steroids have been detected in effluents of seviiagement plants (STPs) and
surface water. They may interfere with the nornuaictioning of endocrine systems, thus
affecting reproduction and development of wildl{fiebling et al., 1998). The steroids of
concern for the aquatic environment due to theitoerine disruption potential are mainly

estrogens and contraceptives, which include E2E&

E2 and EE2 are analyzed because their importamcthe environment. The
presence of E2 causes the feminization of the nmadesrding tdMetcalfe et al., (2001).



They observed gonadal intersex and high prevaleficthe female phenotype in fish
populations in urbanized areas. Environmental gette discharged in sewage treatment
plant effluents may be responsible for feminizatadrfish but many compounds with the
potential to induce these responses occur in ttheeats, including natural and synthetic

estrogen hormones.

Steroids are also active signal transmitters iriebeates. As E2 has shown some
physiological activities in the oyster and as agtres or estrogen-like molecules can be
present in water, e Curieux-Belfond et al. (2005) have investigated the bioaccumulation
and metabolism of this estrogemvivo in the oysteiCrassostrea gigas. They concluded
that oyster is able to take in charge estradiobgsotential contaminant in seawater.
Therefore, its bioaccumulation and transformatiomo i estrone could be studied as
potential biomarker of endocrine disruption.

In this study, for the analysis of E2 and EE2 istey samples, a high performance
liquid chromatography (HPLC) coupled with a fluaresce (FL) detector was used. HPLC
is a technique for the separation of mixtures, whbe sample is normally carried in a
mobile phase through a stationary phase. The ¢oests of the sample are separated
based on their affinity between the mobile phaskthe stationary phase. There are two
different modes of mobile phase elution in HPLCismcratic elution, where the mobile
phase composition is kept constant through the evpobcedure; and b) gradient elution,
where the composition of the mobile phase can bgramed during the separation. Our
goal is to get an isocratic method for separatirggltormones E2 and EE2. In this work, a
chromatography column with a reversed phase (REQreiry phase was used for separating the
hormones. RP chromatography is any chromatograpigithod that uses a hydrophobic
(non-polar) stationary phase, and can bind quitarpoolecules. In RP chromatography,
water is usually the base solvent. Other organivests, such as methanol, acetonitrile or
tetrahydrofuran are added in fixed (isocratic el or varying proportions (gradient

elution).

More than one detection method can be used atattne sime (usually known as
hyphenated detector arrangement), in order to mbtdormation-rich detection for both
identification and quantification compared to thiging a single detector. Fluorescence is
the detection technique chosen for this researctk.wéluorescence detection is very



selective and sensitive of either natively fluoergaor derivatizable analytes. In the case of
hormones E2 and EE2, it is not necessary to de&evdhese compounds as they are
natively fluorescent. By definition, fluorescensetlie emission of light by a substance that
has absorbed light or other electromagnetic ramhati also occurs when molecules return
to ground state after being excited to higher ebewt states by energetic electron

bombardment.

The hormones E2 and EE2 have been also analyzedth®r methods. For
example,Ronan et al. (2013) used a sensitive method combining liquitbotatography
and tandem mass spectrometry, with electrospraigdataon in negative mode (LC/ESI-
MS/MS), for determining estrone (E1), E2 and EE2atcentrations between 0.07 and 60
ng/L in seawater, and between 0.4 and 200 ng/gwegght in musselsMytilus spp.).
According to the authors, this method is suitalblethe detection of E1, E2 and EE2 at
biologically relevant concentrations and, due te #pecificity offered, is not subject to
potential interferences from endogenous E1 anch&Rdften complicate the interpretation
of estrogenic biomarker assays. The method dewvelapehis report was successfully
employed for the simultaneous detection of steesttogens (E1, E2 and EE2) in water
and biota at concentrations above 0.4 to 0.9 ng/dpiota, and 0.07 to 0.14 ng/L in

seawater.

E2 an EE2 can also be analyzed by gas chromatogr@@) coupled to mass
spectrometry (GC-MS)Petrovic et al. (2001) presented an overview of the analytical
methods for target endocrine-disrupting compoundsashwater sedimenti this work,
the estrogens were Soxhlet-extracted using methandl subsequently derivatized for
further GC-MS analysis.



2. Materials and methods

2.1. Reagents and standards

The steroid hormones E2 (97.5%) and EE2 (99.5%)ewarpplied by Dr.
Ehrenstofer, in methanol at a concentration of hi)L. HPLC-plus gradient ethanol
(CH3CH,OH, EtOH) and HPLC-GOLD-ultragradient methanol @CHi, MeOH) were
obtained from Carlo Erba, HPLC gradient grade aueite (CH3;CN, ACN) from Fisher
scientific, and orthophosphoric acidsfD;) (85%) from Panreac.

Each standard solution of E2 and EE2 were furtiiated! to a stock solution of 6
ppm concentration, using methanol to analyze tlherélscence spectra and different
method of HPLC. After choosing the method, a 5 pncentration stock solution was
prepared by dilution with the mobile phase (MP) sisting of 50% (v/v) ACN to get a 1
ppm concentration to make the standard solutionthéocalibration curve.

2.2. Instrumentation and HPLC method conditions

In a first step, it was necessary to select thetnappropriate excitation and
emission wavelengtha . andAem, respectively) for detecting E2 and EE2 in the glas
extracts. This was done by recording the excitagionission matrix (EEM) fluorescence
spectra of both E2 and EE2 on a fluorescence sgeaitometer JASCO, model FP-6500.
The chromatographic analysis of both E2 and EE2 wedormed on a JASCO
chromatographic system equipped with a JASCO isiadrPLC pump (model PU-2080),
a Rheodyne injection valve (model 7725i) equippathva 20l loop, and a JASCO
fluorescence detector (FP-2020 Plus) operatinde@t / Aem = 280/305 nm. For the
separation of E2 and EE2, it was used a Kromadil @08 column (diameter 2.1 mm;
length 150 mm; particle size |m; pore diameter 100A). The mobile phase consisfed
50% (v/v) ACN, with a flow rate set at 0.4 ml/min.



2.3. Glassware washing procedures

In order to avoid contamination problems, the useroperly cleaned material is
important in any research work. These contaminataan interfere with the analysis of the
compounds of interest, thus deteriorating the tesin this research work, due to the high
sensitivity of the fluorescence detector, the glass washing process becomes even more

important.

For processing the samples, all the material washa with deionized water,
soaked in detergent (Derquim, alkaline) for a fesurls and again washed with deionized
water. The material was then immersed in sodiunrdyrde (NaOH 1M) and thoroughly
washed, first with deionized water and then witkx Blater. To finish the washing process,
the material was washed with ACN followed by the BB% (v/v) ACN) and then dried.

2.4. Extraction of E2 and EE2 from oyster samples

For E2 and EE2 extraction, 1g of homogeneous oystatple was placed into a
Teflon centrifuge tube with 20 ml MeOH and shakem & minute with a Vortex.
Afterwards, this mixture was extracted in an ulbras bath for 5 minutes. Then, the
samples were centrifuged at a speed of 4000 r/ari® iminutes. With this procedure, the
liquid and solid phases were separated, and thidlighase was transferred into a round
bottom flask. The remaining residue was subjectgaimato the solid-liquid extraction
procedure, and the obtained liquid phase was wamesf into the previous round bottom
flask. The MeOH extract was evaporated to dryness$ redissolved with 10 ml of

ultrapure water.

Sample clean-up was conducted using an Oasis hyitimlgpophilic-balanced
(HLB) extraction cartridge (6cc, 150mg). The calges were rinsed and conditioned with
10 ml MeOH and 10 ml ultra-pure water before thdioh of the sample extract. The
cartridges were then rinsed with 5 ml 5% (v/v) Me@Hultrapure water, and the adsorbed

compounds were eluted with 4 ml MeOH under a gevdleuum. The eluates were then



evaporated to dryness and redissolved in 2 ml of W& obtained sample extract was
filtered through HPLC certified syringe filters 622 um pore size before analysis by

means of the HPLC-FL method previously described.

3. Results and discussions

3.1. Selection ofkeyc and Aem

The first step entailed the selection of the magsgrepriateAexc / Aem pair for
detecting the hormones E2 and EE2. Thig/ Aem pair was selected based upon the EEM
fluorescence spectra of both hormones, dilutethenMP. The compounds were diluted to
a concentration of 0.1ppm using 55% (v/v) MeOH @586 water acidified with EPO,
(10mM). As shown in Figure 1 and Figure 2, eachrtwre has two distin@y. due to the
resonance forms that both E2 and EE2 may undeakl,emitting ake,, 305 nm. In this
study, it was decided to select thg. / Aem pair of 280/305 nm because the obtained
fluorescence peak is much better defined. Accordiingoon et al. (2003), both E2 and
EE2 are excited atlay. of 280 nm, and they emit af\a, of 310 nm. The results obtained

in this study are very similar to those reportethia literature.
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Figure 1- Excitation-emission matrix (EEM) fluorescence specf EE2 (0.1ppm).
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Figure 2- Excitation-emission matrikEEM) fluorescence spectra of E2 (0.1ppm).

3.2. Selection of the best HPLC separation conditions

Different HPLC conditions were tested in order tchiave the separation and
further quantification of the E2 and EE2 hormorniBise first tested method was that of
Yoon et al. (2003) for analyzing E2, EE2 and other compoundspowered activated
carbon. A reversed phase coluifiiromasil 100-5 C18 15cm x 4.6mm) was used for the
isocratic elution with a MP composition consistmigs5% (v/v) MeOH in 10mM KPQ,,
at a constant flow rate of 0.8 ml/min. It was decddo use a MP with MeOH instead of
ACN, which is known to be a common organic solvaeed in the chromatographic
separation of E2 and EE2. The advantages of usie@H/include the fact that it is

cheaper than ACN and it is a more ecological sdlven

As shown in Figure 3 and Figure 4, there are a tmknown peaks before a
retention time of 5 minutes, while the E2 and EERecbetween the retention time of 27
and 40 minutes. Each compound gave more than onésaassian overlapping peaks,
being impossible to identify each compound usings¢hseparation conditions. Another
drawback is that it took a long time to elute eadchmone, thus suggesting the need for

using a different MP composition in order to deseethe time of analysis.
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Figure 3- Chromatogranof EEZ (1ppm), usinga MP composition consisting of 55% (v/v) MeOH
10mM H;PO, and aflow rate of 0.8ml/min
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Figure 4- Chromatogram of a solution of E2 (1pf using in 55% (v/v) MeOHh 10 mM FPQ, and a
flow rate of 0.8mimin.



This work uses aeversed pha column, which has hydrophobic (nc-polar)
stationary phase that can bind quite polar molex Knowing this, it wa decided to use a
less polar mobile phase teduct the retention time of each hormore such, n a second
stage, the elution was performed u: aMP composition consisting &0% (v/v) EtOH at
a lower flow rate, 0.5 miin, due to the high backpressutbat could damage the colur
packing material. Figure &nd Figure 6 illustrate the obtainedromatogran, where the
retention timesof both E2 and EE were lower tharthose obtained using MeOH in t
MP. Both E2 and EE2 eluaround minute 12, almost 10 minutes |#sm those obtained
using MeOH in the MP However,ith this new MP compositioreach hormone is elute
as two partially resolvegeals, and both E2 and EE2 app@&rthe same retention tinr
which do not allow teseparate and distinguitbetween both compads in a mixtur. In
these chromatogramd alsc appearsunknown peaks before minute 10, but tido not

interfere with thechromatographic pea of compounds E2 and EE2.
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Figure 5- Chromatogram of a solution ofE2 (1ppm) using in 50% (v/v) EtOENnd a flow rate of 0.5

ml/min.



8500
7500 ﬂ
6500

5500

m
N

4500

Interferences
KV 3500

2500 \
\ A
500

_500 e

min

Figure 6- Chromatogram of a solution of E2 (1pf using in 50% (v/v) EtOHand a flow rate of O.

ml/min.

In orderto solve thiselution problemwhere each hormone is eluted wo partially
resolved peaks, a neMlP composition was tested, now us acidified waterinstead of
ultrapure water. Usuallythe retention time of polar compoundBange with the pH of tF
MP. In this casethe new MP composition consistec 50% (v/v) EtGH in 10mM FPQ,,
with a pH of 2.33, and thigow ratewas set at 0.5ml/mirJsing acidified water anEtOH,
no major differences were verifidn the retention timesf both E2 and EEZzalso eluting
around minute 12, as seén Figure 7 and Figure &ach compounds eluted as two
partially resolved norsaussianpeaks. Using this MP compositiothe unknown peak

eluting before minute 16till appear in the chromatograms.
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Figure 7- Chromatogram of a solution of E (1ppm) in 50% (v/v) EtOH in0 mMH3PQO, and a flow rate
of 0.5ml/min.
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Figure 8- Chromatogram of a solution of (1ppm) in 50%{v/v) EtOH in 10 mM kPO, and a flow rate
of 0.5ml/min.
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Finally, thetypical MP compositio based on 50%v/v) ACN was used. In this
case, for analyzinghe hormone, a standard solution containifgptt E2 and EE2 was
preparedwith a concentration of 0.5 p. The flow rate was set 82 m/min because of
the high backpressurie the Kromasil100 C18 5um (15cm x 4.6mmaplumn. As seen in
Figure 9, wmder these conditio, each compound was eluted &g partially resolve
peaks which are not ompletely separatt. For this reasqgnit was decided ' replace the
columnby another similar column but wila smaller inner diameteKromasil 100 C1¢
5um (15 x 0.21cm). Aftereplacingthe column each compound eluted as one single |
(Figure 10); thgpeak with the lower retention tincorrespond tahe compound E, while
the signal of the compound EE2 appear . These peaksre well separat, which

facilitates the integratiofor subsequent analys.
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Figure 9- Chromatogram oE2 and EE2 (0.5ppm) in 50(v/v) ACN and aflow rate of 0.2ml/mii, using
Kromasil 1005 C18 (15cm x 4.6mm) colur.

12



2800 E2
|
2300
IEE2
1800
1300
Hv 800
00 1\ S N
_200 T T T T T T T T T T T T T T 1

min

Figure 10- Chromatogram oE2 and EE2 (0.5ppm) in 50(v/v) ACN anda flow rate of 0.2ml/min, usin
Kromasl 100 C18 5um (15 x 0.2m) column.

Since he flow rateuseduntil now was very low, it would be acsable to increase
the flow rate. Thereforglifferent values othe flow ratewere tested, name0.2ml/min,
0.3ml/min, 0.4ml/minand finally 0.5ml/mir The following figures Eigure 11, Figure 12
and Figure 13%how the influence cthe flow rate inthe chromatographiseparation.
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Figure 11- Chromatogram of E2 and E (0.5ppm) in 50% (v/v) ACNwnd a flow rate of 0.3ml/m.
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Figure 12- Chromatogram of E2 and E (0.5ppm) in 50% (v/v) ACNind a flow rate of 0.4ml/m.
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Figure 13- Chromatogram of E2 and E (0.5ppm) in 50% (v/v) ACNand a flow rate of 0.5ml/m.



By increasing the flow rate, the peak separatios fwand to be better and the time
of chromatographic analysis was lower, thus getiomger retention times. After analyzing
these chromatograms obtained at different flowsratevas decided to set the flow rate at
0.4 ml/min as the most appropriate for achievingriemes separation. With this flow rate,
the first compound, hormone E2, elutes after 3 mteuand only before minute 4 it
appeared the second hormone EEZ2.

The best separation conditions (best separatioweaet peaks, Gaussian peaks)
were therefore established, with the MP compositionsisting of 50% (v/v) ACN and a

flow rate of 0.4 ml/min, also was the method witlwvést RTs.

3.3. Figures of merit for the quantification of E2 and E=2

For the quantification of E2 and EE2, two calibvaticurves were obtained from
five standards of different concentrations betwBegopb and 25 ppb: 5 ppb, 10 ppb, 15
ppb, 20 ppb and 25 ppb. These standards were peefram a 1ppm stock solution, by
diluting an appropriate amount in the MP (50% (WEN).

Each standard was injected three times over thags. dt was necessary to repeat
the process to see the reproducibility and repéddyalof the acquired data. These
chromatograms were obtained using the best separatinditions previously chosen:
Kromasil 100 C18 (5um, 15 x 0.21 cm) column, MPsisiing of 50% (v/v) ACN, and a
flow rate of 0.4 ml/min. A 7 minutes chromatographgs enough, considering that the
peaks appear from minute 3 to minute 5 with thistho@. Figure 14 shows the
chromatograms of the E2 and EE2 standards, whé&edssible to see an increase in the

area of each peak proportionally to the standandeatration.
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Figure 14- Chromatogram of the differestandards in 50% (v/v) ACN aradflow rate of 0.4 mmin.

A calibration curvefor each hormone was calculated fockeaay ofanalysis, using
the average values of tipeakareas from 3 injectionsyhere the peak area wobtained
by integration. Theveragevalues of the areas were plotted agastahdarcconcentration
for obtainingthe calibration curveFirst, it was assumed that straight line calibrat
graphs take the algebraic form define shown in Equation (1)Miller & Miller, 2000):

y= a+bx 1)

whereb is the slope of the line ara is the intercept on thgaxis.Applying thisEquation
(1), and analyzig the data displayed Table 1andTable 2below, itwas possible to apply

Equation (2) becaughke confidence interval of interctincludesthe zer..

y= bx (2)

When thecalibration curve passes thrgh the origin, the value 0 within the
interval between the “lower 95%” and “upper%” values as inthis present study.
Therefore, it wagssumed that the curve cross the o, andEquation(2) was applied to

calculate thdigures of merit for each Irmone.
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Table 1- Data analysis of the calibration curve of compokh®.

Standard
Coefficients Error t Stat P-value Lower 95%  Upper 95%
Intercept 88.37 433.60 0.20 0.85 -1291.55 1468.29
X Variable 1 1339.35 26.15 51.22 1.64E-05 1256.14 1422.56

Table 2- Data analysis of the calibration curve of compok2d

Standard
Coefficients Error t Stat P-value Lower 95%  Upper 95%
Intercept -96.26 508.77 -0.19 0.86 -1715.39 1522.88
X Variable 1 1431.08 30.68 46.64 2.17E-05 1333.44 1528.72

The calibration curves obtained for each compourdsaiown in Figure 15 and
Figure 16. Figure 15 shows the calibration curveioled for EE2 and Table 3 shows the
statistical data obtained for this calibration @r®n the other hand, Figure 16 shows the
calibration curve obtained for E2 and Table 4 sunwea the statistical data obtained for
this calibration curve. The obtained calibratiomves have a good regression coefficient

(R?), apart from the calibration curve we obtain a Istandard deviation (STD) as it is

shows in these figures (Figure 15,Figure 16).

Table 3- Data analysis of the calibration curve of compo&f®

Regression Statistics

Multiple R 0.9999
R Square 0.9998
Adjusted R Square 0.7498
Standard Error (Sg) 360.5057
Observations 5
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y = 1344,2x
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Figure 15- Calibration curve obtained for the compound EEZlensecond day (Orange and blue lines are
the STD of the calibration curve).

Table 4- Data analysis of the calibration curve of the compl E2.

Regression Statistics

Multiple R 0.9999
R Square 0.9997
Adjusted R Square 0.7497
Standard Error (Sg) 422.6015
Observations 5
y = 1425,8x
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Figure 16- Calibration curve obtained for the compound E2tte second day (Orange and blue lines are
the STD calibration curve).
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For each hormone, the calibration curve did noy vanch from one day to another,
as shown by the slope values in Table 5 and TablEehé average value of the slope as

well as the standard deviation and relative stahdaviation are presented in these tables.

Table 5-  Slope values obtained for EE2 in the three daysbibration.

Slope Slope mean STD RSD
value
1* Day 1354.99
2nd Day 1344.17 1344.30 10.63 0.79
3 Day 1333.73

Table 6- Slope values obtained for E2 in the three daysablbration.

Slope Slope mean STD RSD
value
1% Day 1431.96
2" Day 1425.83 1421.53 13.12 0.92
3" Day 1406.80

The retention time of each hormone is another vale got from the
chromatograms, which are summarized in Table 7Taide 8 for the hormone EE2 and
hormone E2, respectivelfeach table also shows the average of the reteniias
obtained for each standard and the standard dewiadis seen, the chromatographic peaks
appear at similar retention times for the differections, which is supported by the low
value of the RSD. This feature helps to identifgrenormone when analyzing the samples.
As such, EE2 is the first compound appearing in ¢theomatogram with an average

retention time of 3.12 minutes, while E2 appears @tention time of 3.99 minutes.
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Table 7- Retention times (RT) obtained for EE2 during threé days of analysis

RT of EE2 (min) RT
EE2 mean STD RSD
concentration 1 Day 2" Day |3YDay | value of (min) (%)
EE2
(min)
5ppb 4.19 3.93 3.88
10ppb 4.22 3.86 3.91
15ppb 4.23 3.86 393 | 3.99 0.17 4.23
20ppb 4.23 3.86 3.86
25ppb 4.20 3.81 3.86

Table 8- Retention times (RT) obtained for E2 during thee¢hdays of analysis.

RT of E2 (min) RT
E2 mean STD RSD
concentration 1*'Day 2"Day | 39Day | value of (min) (%)
E2 (min)

5ppb 3.24 3.09 3.06

10ppb 3.26 3.03 3.07

15ppb 3.27 3.03 311 | 3.12 0.10 3.38
20ppb 3.28 3.03 3.04

25ppb 3.25 3.00 3.04

The limits of detection and quantification werectddted for each compound. The
limit of detection (LOD) is the concentration whiajives an instrumentation signal
significantly different from the blank or backgralrsignal, being calculated with the

following equation:

LOD= 3.5/Slope 3
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The LOD is calculated as three times the valudefstandard error £pdivided by
the slope value. The values of &d slope were obtained from the statistical daglysis
of the calibration curve. Moreover, the limit ofaqiification (LOQ) is the concentration at
which quantitative results can be reported withighhdegree of confidence and was
calculated with Equation (4). LOQ is ten timesddvided by the slope value. The values
of LOD and LOQ obtained for EE2 and E2 are in T&bénd Table 10, respectively.

LOQ= 10. $/Slope (4)

For EE2, the obtained LOD were between 0.81ppbG8dppb, while the LOQ
were between 2.68ppb and 3.26ppb. In the case ofhEe2obtained LOD were between
0.89ppb and 1.33ppb, while the LOQ were betweed@hB and 4.44ppb.

Table 9- Limits of detection and quantification obtained Ef2 on the three days of analysis.

EED Limit of Detection (LOD) Limit of Quantification (LOQ)
(ppb) (Ppb)
1% day 0.97 3.23
2" day 0.81 2.68
3" day 0.85 2.83

Table 10- Limits of detection and quantification obtained E on the three days of analysis.

£5 Limit of Detection (LOD) Limit of Quantification (LOQ)
(Ppb) (ppb)
1% day 1.06 3.53
2" day 0.89 2.96
3 day 1.33 4.44
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3.4. Contamination problems

3.4.1. Flaskscontamination

The problems with contamination becwhen injecting thestandards for obtaini
the calibration curve. The firstandard injected was that 5 ppb concentratic, followed
by that of B ppb concentratic. The chromatogram of th&5 ppb standard exhibit
unknown peaks that despite not interfwith the peaks of interesbul may cause some
analytical problem$y the proximity(Figure 17).This situation was not verified 1 the 5
ppb standard, and Wwas assumed that the 25 pstandardwas contaminate. A new
standardof 25 ppb was prepar, but when this new standardias injected, the

contamination reappeared.
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Figure 17- Chromatograms of E2 and EE2 ppb), using MP consisting of 50% (v/v) ACN and astant

flow rate of 0.4ml/mir

Afterwards, another EE2 and E2 stand was injected tocheck if these
interferences are onlerified for the 25 ppb standard or if it ispaoblerr common to all

standards. The 15 ppdtandard was therefore analyzed, and the obtaihexmatogran
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also exhibits a similar interfering problem thaedeps the peaks of E2 and EE2, as seen
in Figure 18.
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Figure 18- Chromatogram of E2 and EE2 (15ppb) showing anrferieg peak, obtained with a MP

consisting of 50% (v/v) ACN and a constant floweraf 0.4ml/min

Being a general contamination problem, it couldjioate from any material or
product that had been used in standard prepardiimst, the MP was checked, getting the
chromatogram of Figure 19. This chromatogram doets show the huge signal that
appears in the previous chromatograms of the stdaddhis results suggests that the
contamination does not come from the MP. As thadsieds solutions contains MP and
stock solution of 1ppm, it was necessary to chebktter or not the stock solution was
contaminated. For this, the stock solution of lppas injected, and as seen in the

chromatogram of Figure 20, the stock solution was from contaminations.
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Figure 19- Chromatogram of the MP consisting of 50% (v/v) AGMd acquired at a cctant flow rate of
0.4ml/min.
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Figure 20- Chromatogram of E2 and EE2 (1ppm stock solutioimgua MP consisting of 50% (v/v) ACI

and acquired at a constant flow rate of 0.4ml/

Sincethe contamination did not come from istandard stockolution, the materi
used in the laboratory for this stuhad to be analyzedhe first one to be analyzed w

the 5ml micro reaction vessels used to preparestardard. Therefore, the MP we

24



transferred into these flasks and analyzed ancchinematograms obtained is shown in
Figure 21, meaning that interferences came frorsettilasks. Considering these results it
was decided to test different flasks (4ml). Therefdwo flasks of 4ml were cleaned by
different procedures: one was washed with NaOH (aw) HCI (25%), whereas the other
was washed only with NaOH. Figure 22 and Figurslt&3v the chromatograms of the MP
after being stored in these two flasks.
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Figure 21- Chromatogram of the MP after being stored in a Snigro reaction vessels.
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Figure 22- Chromatogram of the MP after being stored in & #ask washed with NaOH (1M)
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Figure 23- Chromatogram of the MP after being stored in a #lagk washed with NaOH (1M) and HCI
(25%).

The chromatogram of the solution stored in the tikewsks exhibit a signal at a
retention time near 1 minute, which do not intexfevith the signals of the hormones.
Although it could be concluded that the contamoraticame from the flasks, the
chromatogram of the solution stored in those flabks were not washed with acid exhibit

a similar profile, which hinders any conclusion abthe source of the contamination.

However, it was further observed a contaminatiosame of the 4 ml flaks that
interfere with the compounds of interest as showirigure 24. Considering this, it was
decided to clean all the flask with ACN and MP Iladter being washed with NaOH and
acid. Several flasks were tested and for this, dinthe MP was transferred into the flasks
and stored before being injected. An example diraroatogram obtained is illustrated in
Figure 25 As can be observed in the chromatogram, the condimindecreased using this

procedure.
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Figure 24- Chromatogram of the MP after being stored in a #lask with some interferences.
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Figure 25- Chromatogram of the MP after being stored in a flask washed with acid, ACN and the MP.

Washing the flasks with ACN followed by the MP, cese drastically the signal
of the potential interferences in the chromatograhis result suggests that all the material
has to be washed with ACN and MP after the firsshiag process. In the Figure 26, the
chromatograms of EE2 and E2 (25ppb) exhibitingedéht levels of interference are
compared; the interfering signal does not disappearpletely for the new standard, but
do not overlap the signal of the hormones.
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Figure 26- Chromatograms of E2 and El25ppb) with interference and without interferenasing MP

consisting of 50% (v/v) ACN and a constant floweraf 0.4ml/min

3.4.2. Contamination problemsin the extraction procedure

Once thecalibration curves were obtain the replicates of the oyster sple were
analyzed, and a nemroblem of contaminatic emergedIn light of these results, it we

decided to make recovery studies of the SPE praoes

Two spike (SPK)solutions were prepared with a concentration op@b for both
EE2 and E2,and each sution was injected twice. The obtainetiromatogramsare
illustrated in Figure 27and Figure 28. As it can be seen these chromatogral, the
intensity of the peakf thehormone E2, which has the lower retention , is higher than
that of the 25ppb standard i it might overlap the EE2 peak. Tdeeresults suggest that
SPK solutions could alsbe subjected - contamination problem&his situatiol affects
mostly the gynal of hormone E2which explains why the percentages of recoveryEd
are much higher than 100‘On the other hand, th@ercentages of recovery fEE2 are in
the range of 93-10%, as shown Table 11.
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Figure 27- Chromatograms of the first SPK solution (25ppbxéamparison with a chromatogram of E
and E2 standard (25ppb), using a MP consistingd8b %v/v) ACN and acquired at a const
flow rate of 0.4ml/mir
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Figure 28- Chromatogram of the second SPK solution (25pplkepimparison with a chromatogram of E
and E2 standard (25ppb), using a MP consistingd8b %v/v) ACN and acquired at a const
flow rate of 0.4ml/mir
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Table 11- Percentages of recoveries for E2 and EE2 in the Sfiions.

E2 recovery (%) EEZ2 recovery (%)
SPK-A_R1 173 96
SPK-A_R2 173 95
SPK-B_R1 292 110
SPK-B_R2 285 109

All the material used in this study was analyzed dssessing the presence of
sources of contamination. For this, the procedaofesolid-liquid extraction and SPE were

assessed using blank samples.

The blanks of the solid-liquid extraction part warealyzed after transferring 20 ml
of MeOH to a centrifuge tube, shake it with a verter 1minute, and transferred into a
round bottom flask. All this process was repeatedd, storing 40ml of MeOH in the
round bottom flask. Then, the MeOH was evaporated dryness, re-dissolved with 2ml
of MP and injected after being filtered. Figure2®ws the obtained chromatogram, and it
can be concluded that the extraction procedureinatig signals that interfere with the

signals of the compounds.

To prepare blanks of the SPE procedure, the cgesigvere rinsed and conditioned
with 10 ml MeOH and 10 ml ultrapure water before #udition of the sample, in this case
10ml of ultrapure water. The cartridges were thesed with 5 ml 5% (v/v) MeOH, and
the samples were eluted in 4 ml MeOH under a gerdl®ium. The sample was then
reduced to dryness and re-dissolved in 2 ml of W solution was injected after being
filtered with a glass syringe. The SPE proceduse akiginates signals that interfere with
the signals of the compounds, as shown in Figure 30
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Figure 29- Chromatogram of a blank sample of the solid-ligextraction procedure.
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Figure 30- Chromatogram of a blank sample of the SPE proeedur

Both solid-liquid extraction and SPE proceduregiogte contamination signals. In
the SPE, the cartridges are likely to be respoasibl originating such signals. The
cartridges used were made of plastic, so the contdion could come from this material,
such cartridges were used because those of glasswrh more expensive. In the solid-
liquid extraction procedure, the contamination doatiginate from the centrifuge tube or
from the round bottom flask, and therefore theséenws were tested separately. To test
the centrifuge tube, 5ml of MeOH were transferma ithe tube, shaken in a Vortex for 1

minute, and then transferred to a flask and drida final residue was dissolved with 2ml
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of MP and injected after being filtered. As showrFigure 31, the centrifuge tubes did not
give any contamination signal; the contaminatioth ot come from this material. These

centrifuge tubes were made of Teflon, so it waskehf to be the cause of contamination.
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Figure 31- Chromatogram of a blank sample of the centrifugeetusing a MP consisting of 50% (v/v)

ACN and acquired at a constant flow rate of 0.4rnm/m

The next step entailed testing the round bottorskfia For this, 40ml of MeOH
were transferred directly into the round bottonsklaand evaporated until dryness. The
final residue was dissolved with 2ml of MP andefitd before being injected. As shown in
the chromatogram of Figure 32, the round bottorskBaoriginated signals which interfere
with both E2 and EE2. Afterwards, new round bottasks were tested, after being
appropriately washed. These blank samples werdettem the same way as above

described. With the new round bottom flasks, th&a@mination still appears (Figure 33).
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Figure 32- Chromatogram of a blank sample of a round bottaskfl using a MP consisting of 50% (v/v)

ACN and acquired at a constant flow rate of 0.4nm/m
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Figure 33- Chromatogram of a blank sample of a new round boflask, using a MP consisting of 50%

(v/v) ACN and acquired at a constant flow rate @fn@l/min.

As MeOH was used in this process, these new rowotidrh flasks were cleaned
using complete washing process, plus a final stégh WleOH. However, with this
procedure, the intensity of the interference insesaeven further, as shown in Figure 34.
This result suggests that MeOH could actually be slource of contamination, thus
pointing to the fact that future efforts should devoted to the use of fluorescence grade
MeOH.
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Figure 34- Chromatogram of a blank sample using a new rouritbin flask after being washed with
MeOH. The MP consists of 50% (v/v) ACN and the flate was 0.4ml/min.

3.5. Recovery studies of the extraction procedure

SPK solutions were prepared using E2 and EE2 stdsdeth a concentration of
10 ppb; they were designated as blank SPK. Thieael$PK solutions were prepared and
each solution was injected three times. As showigure 35, only the peak of E2 could
be integrated to obtain the corresponding areduidher estimative of its concentration.
The percentage of recoveries of E2 obtained fordifferent replicates of SPK solutions
are shown in Table 12; the recoveries were betWéém and 103%.
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Figure 35- Chromatogram of a SPK solution (10ppb) in comparigdth a chromatogram of EE2 and

pattern (10ppb), in 50% acetonitrile and 50% wat@bile phase at a constant flow rate

0.4ml/min

Table 12- Percerdge of recoveries obtained for E2 in the analysth® SPK solutions (10ppb standa

E2 recovery (%) STD RSD
SPK 1 96.2 11.4 11.8
SPK 2 103 9.02 8.78
SPK 3 98.5 16.3 16.6

3.6. Sample &traction

The sample treatment was based on an ¢ published byRonan and McHugh
(2013) and on thapplication not (Zhai & Zou, 2009). Thdreatment consis in two parts,
the solid-liquid extraction of the hormones from the oysteissuesand the (SPE)
purification. Three blanlsamples together wita bivalve sampleollected & Aveiro (2
replicates) werexdracted using the procedure descriin Materials and methods section,
and analyzed undéne HPLC conditionpprevious developed.he chromatogram obtain:
for one of theblank sampls is shown in Figure 36, whil&igure 37 shows the

chromatogram obtained fthe oyster sample and that of a 5ggdindar for comparison.
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Figure 36- Chromatogram of thédlank sampleobtained with a MP consisting &0% (v/v) ACN at a

constant flow rate of 0.4ml/rr.
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Figure 37- Chromatogram of the oyster sample and of the 5pguidard obtained with a MP consisting
50% (v/v) ACN at a consta flow rate of 0.4ml/min.

It was expected that t chromatogram of the blank sample Figure36, should be
free fromany type of signal, but the chromatogrirevealmany unknown peak These
peaks are likely tonterfere with thechromatographipeaks of E2 and EEas these elute
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between 3 and 5 minutes. For the oyster sampleu(@&ig7), there are also several of
unknown peaks that interfere with those of E2 a&2,fpreventing their quantification in

the sample. also shows the chromatogram of the Sggidard in order to assist in the
identification of both compounds in the chromatograf the oyster sample. The
chromatographic peak of the E2 can be identifiethéxchromatogram of the sample but it
is partially overlapped by unknown peaks, while geak of EE2 is totally overlapped.
This interference can originate from a contamimaooblem, being therefore extremely
important to find the source of contamination iderto eliminate or reduce this problem,

so it does not interfere with the quantificatiorboth E2 and EE2.

After these analyses, and to prevent any damagfgedflPLC analytical column, a
pre-column was added into the HPLC instrumentatiamch increased the backpressure
of the analytical column and also the retentionesnof the compound#fter adding the
pre-column, the sample was re-analyzed (Figure BB)this case, the EE2 was also
completely overlapped and it was impossible to tifemnd quantify this hormone in the
sample. In the case of E2, it was possible to ifleand integrate the chromatographic
peak, which allowed the estimative of the conceiomaof this hormone in the oyster
samples from AveiroThe average concentration obtained for the oyst@iptes was 24.59
ng per gram of sample (Table 13). To ensure thatdéntified peak really corresponds to
the E2 hormone, a 15ppb standard was added toattmpls extract (Figure 39By
increasing the concentration of E2, the chromafdycapeak intensity also increases, thus

confirming that the identified peak really belorigghe E2 hormone.

Table 13- Concentrations of E2 obtained in the oyster sanipdes Aveiro.

Sample Concentration of Average STD RSD
E2 (ng/g) concentration of
E2(ng/g)
AV-A 22.11 24.59 3.51 14.29
AV-B 27.08
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Figure 38- Chromatogram ofhe oystersample from Aveirabtained with a MP consisting 50% (v/v)

ACN ata constant flow rate of 0.4ml/min, after addingre-column.
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Figure 39- Comparison betweethe chromatogram of the oysteample and a chrortogram of the oyster
sample after the addition of 15 | standard. The MP consists of 5¢¥v) ACN and theflow

rate was 0.4ml/minThe chromatograms were obtairafterinstalling thepre-column.
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4. Conclusions

In this research, an HPLC-FL system was used ttyzmdhe hormones E2 and
EE2 in oyster samples. The fluorescence detectorvely sensitive, demanding a
thoroughly cleaning procedure of all the matersedifor preparing the standards and the

samples.

The problems with contamination decreased drabtiedier washing the material
with ACN. After being washed with detergent (Demuialkaline) and NaOH, all the
material had to be washed with ACN and MP. Withts throcedure, the contamination
problems disappeared from all the material, exéapthe round bottom flasks and micro
reaction vessels (5ml). When the round bottom Haskre used, the contamination signal
interfered with the signal of EE2. This contamioatcould originate from the MeOH used
in the extraction process. It should be checkedthdreor not the contamination comes
from this organic solvent by using fluorescenceadgrisleOH.

The calibration curves obtained for both E2 and E#2e good and the peaks
appeared properly separated, thus enable integratio the peaks area. For the
chromatograms of the samples extracts, it was osdiple to integrate the peak of the EE2
due to the interference of unknown signals. Howefgarthe hormone E2, it was possible
to calculate its concentration in the oyster saspldlected at Aveiro. Although we were
able to estimate the concentration of E2, additiestimates should be performed to
confirm the obtained value. Blank SPK solutions Iéfppb were analyzed, but this
procedure should be applied to blank SPK solutieitis other concentration levels. Also,

oyster samples with addition of SPK solutions std@léo be analyzed.

In conclusion, the LOD calculated for the EE2 sdonbt be considered a true
value, because it was not possible to calculatetrtiee concentration of EE2 in both the
SPK solutions and oyster samples. The contamindtianhinders a proper quantification
of this hormone has to be eliminated or has teebeced until the peak of EE2 is free from
interferences. In this research, it was possiblguantify the concentration of E2 in the
oyster samples collected in Aveiro using a HPLCdyktem and a MP consisting of 50%
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(v/v) ACN at a constant flow rate of 0.4ml/min. Taeerage concentration of E2 obtained
for the oyster samples was 24.59 ng/g.
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