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Abstract

In this work, the composition of volatile compoundsin different wine
distillates was studied by GC coupled with MS detdéor, comprehensive
multidimensional gas chromatography and gas chromaigraphy with olfactometry.
The effectiveness of direct injection, headspacePBIE and liquid-liquid extraction
was compared. The studied samples originate from flerent geographical region
and were produced with different technology.

1. Introduction

Brandy is a general term for distilled product efnmiented fruits that usually
contains 40-60% ethyl alcohol by volume. The mastdus brandies are produced from
grape wines by distillation followed by ageing imeden casks. It is obvious that brandies
are a complex mixture of components representingyntdasses of organic compounds.
Many organic compounds are found in brandies winlly a few of them are specific for
given brand. The formation of overall brandy flavas influenced by several primary
parameters, such as grape cultivars, harvesting, tquality of grape cider, activity of
yeasts or fermentation. The most abundant are alsolwhile specific esters are
characteristic for overall aroma perception. Botmpound groups are formed during
fermentation. The distillation process is respdesior relative composition of volatile
compounds in final product and consequently forratt@ristic perceived odour. Other
specific aroma active compounds are extracted framod during brandy maturation.
Thus, chemical compounds that give a beveragehasacteristic flavour can be used to
classify the beverage based on geographical ovigused processing technology.

Various wine distillates are produced in Slovakiat only 4 are made by classical
technology and could be signed as brandy. Theyarpatske brandy special which can
be produced only in Little Carpathian wine regiémyucon is produced in town Kosice
from grapes harvested in eastern Slovakian win@megnd Trencianske brandy special is
produced in town Trencin located in middle partSébvakia. The raw material used for
production of this brandy is imported from other Euntries. Vinovica is produced also
by classical technology and originated from Lit@arpathian wine region the same as
Karpatske Brandy Special, but ageing time is naglenough to classify it as brandy.
Other studied wine distillates were prepared byeottechnologies and include two
products from Little Carpathian region, Karpatskearndly and Pezignac that are
characteristic by addition of honey.

Studied samples were analysed by hyphenated chographic that are able to
provide powerful analytical methods and instrumgatain order to obtain detailed
information about their chemical composition. GC-M&h various sample treatment
methods (headspace, direct injection, solid phaserosxtraction and liquid liquid
extraction) have been used to identify volatileamig compounds present in studied wine
distillates on both major and trace levels. Themaroprofile was investigated by gas
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chromatography equipped with olfactometry detectéinally, brandy samples were
analysed by comprehensive two-dimensional gas dchimgnaphy with time of light mass
spectrometry.

The aim of this work was to characterise brandymasition with various methods.
Major goal of this work was to identify organic cpounds presented in Slovakian
brandies (produced by various technologies andiffierdnt geographical regions) that
could be used like a potential markers of qualitgt sssue.

2. Experimental
2.1 Samples

In this work, 6 different wine distillates have Inestudied. The samples can be
divided into two major groups. The first group cwmts of brandies produced by
classical technology that is wine distillate agedvooden barrels for certain period of
time. The second group contains wine distillategiglfeac and Karpatske brandy that
can be considered as an imitation of classical dyaffhese are produced as wine
distillates diluted by ethanol from other sourcesl @re characterized by presence of
food additives like E150a “Plain caramel”, brandynbicator, honey.

Table 1 The list of studied samples.

Abbreviation Sample Producer Ethanol [%0]
KBS Karpatske brandy special Vitis Pezinok 40
VIN Vinovica Vitis Pezinok 40
PEZ Pezignac Vitis Pezinok 38
KB Karpatske brandy Vitis Pezinok 40
FRU Frucon Frucona Kosice 40
TBS Trencianske brandy special  Old Herold Trencin 36

2.2 Preseparation techniques

Direct injection (DI): 1 ul of raw sample has been injected directly into GC.

Headspace(HS)10 ml of sample was inserted into 25 ml head spaakand
heated at 70°C for 15 min. A50Ql of vapour sample was injected into gas
chromatograph.

Solid phase microextraction (SPME): SPME fibres coated with
polydimethylsiloxane (PDMS) of 100um, polydimethiggane/di-vinylbenzene
(PDMS/DVB) of 65um and carboxen/polydimethyl-siloea(CAR/PDMS) of 75um were
used. The fibres were conditioned prior to use bwgting in the injection port of the
chromatographic system under the conditions recamdet by the manufacturer for each
fibre coating. All analyses were performed in 15akekr glass vials and the solutions were
stirred with a PTFE-coated magnetic stir bars. &/ialere sealed with hole-caps and
PTFE/silicone septa. The temperature was contrdileHieidolph EKT 3001 system. The
adsorption of organic compound from 5 ml of sangieSPME fibre took 20 min at 45°C.
Desorption was performed in GC injector in splgl@sode at 220 °C for 10 min.

Liquid-liquid extraction with Kuderna-Danish preamn-tration (LLE):50 ml of
sample was extracted with four 12,5ml portions ichtbromethane and NaCl in separated
funnel. Collected extracts were preconcentratedeiualDanish distillation with a water
bath constantly kept at 85°C.

2.3 GC-MS

Capillary GC was performed using Agilent Technoésg6890 gas chromatograph
equipped with split-splitless and headspace injscdnd Agilent Technologies 5973 mass
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spectrometer. Helium with a flow rate 1 ml/min wased as carrier gas in all analyses.
Both, liquid or gaseous samples have been injentech 30 m DB-FFAP capillary column
(30m x 0.25 mm 1.D. x 0.25 um film thickness) v@igsplitless injector heated at 250°C.
Splitless mode was used in all experiments. The&eature program was tuned for each
sample preparation procedure depending on theicifspgequirements and expected
composition of injected sample.

The Mass Spectrometry conditions were: El ionisgati®CAN mode with a scan
frequency 1,2 scan/s and a scan range 29-350 nalt @axperiments. Data handling was
performed by means of Agilent Chemstation softwédentification of compounds was
performed by comparison of obtained MS spectra Wiley and NIST MS libraries. The
compound was considered as identified, if qualigtah more than 95 % was reached.

2.4 Enantio-GC-MS

The samples were treated by SPME procedure dedciib&C-MS. A Perkin
Elmer Clarius 500 GC-MS was used for chiral sepamatwith 25 m x 0.25 mm I.D.
capillary silica column coated with a 0.2Bn layer of permethylate@-cyclodextrin
Chirasilf3-Dex. The GC column was initially programmed at 26@ from 40°C (10 min)
to 170°C (10 min). Helium was used as the carrger & a constant flow of 1 mL/min. The
fibre desorption was carried out at 220 °C for 1ifi.nihe injector was operated in splitless
mode. MS operated in electron impact ionizationhwetectron energy of 70 eV. The
transfer and ion source temperatures were set @tC2@nd 230°C, respectively. Scan
range was 40-300 mz and acquistion mode 2 scarmdta Bcquisition from the mass
spectrometer was accomplished with the TurboMa$ e software. In all instances the
volatile compounds in the samples were mainly ifiedt by matching the obtained mass
spectra with those provided by the Wiley and NI&faries. Some peak identities were
additionally confirmed by comparison with the magsectrum and retention time data
provided by the standards run under the same ewpetal conditions.

2.5 GCxGC

An SPME 70um carbowax/divinylbenzene StableFlex fibre (CAR/DMEas used
for the extraction of volatiles from the wine dilstie. The fibre was conditioned according
to manufacturer recommendations prior to use. 1,6ample dilluted with 3,4 ml of water
and NaCl were placed in 15 mL vial, and heated 30r min at 50°C (water bath).
Following the preliminary headspace equilibrium qadure, the SPME needle was
inserted into the vial, and the fibre exposed ®hbkadspace above the sample for 30 min
at 50°C. After sampling, the fibre was thermallysolded in the GC injection port for 10
min at 220°C.

GCxGC analysis was performed using an Agilent 6890supled to a LECO
Pegasus lll time-of-flight mass spectrometer. LECBromaTOF software was used to
evaluate the GCxGC-TOFMS system. Column set cadsst a chiral permethylateit
ChirasilDex (25m x 0,25mm x 0,gB) first dimension coupled to a polar Supelcowax
(2,5m x 0,1mm x 0,1im) second dimension placed in second oven with 18fGperature
offset above the main oven. Helium carrier gadaat fL. ml/min was used for GC x GC-
TOFMS analysis. The main GC oven was temperatugrammed from 40°C (10 min) to
170°C at 2°C/min hold 10 min. The split/splitles€ @Gjector (220°C) was operated in
splittess mode for 10 min. Dual stage jet modulates used with a modulation period 6s
and temperature 30°C above the main oven temperakbe MS transfer line temperature
was 220°C and the MS source temperature was 23DHE.TOFMS was operated at
a storage rate of 100 Hz EI ionization mode (70akg data were collected over a mass
range of 35-350 m/z. Total ion chromatograms (TWeye processed using the automated
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data processing software ChromTOF, with a signaleise ratio of 50 and Wiley and
NIST spectral libraries were used for peak idecHiiion.

2.6 GC-O

Gas chromatograph Hewlett-Packard HP 5890 serieguipped with FID detector
and olfactory detector port Gerstel ODP 2 has hesead for GC-O measurements. Helium
with a flow rate 1,5 ml/min was used as carrier igasll analyses. 1ul of raw sample has
been injected through split/splitless injector kdaat 250°C into a 30 m DB-FFAP
capillary column with 0,25 mm 1.D. and 0,25 um fittickness. The column temperature
was programmed from 35°C (1 min) with a gradient386€/min to 230°C. For GC-O
experiments, the effluent of the GC column is @ute the sniffing port, where odor of
individual compounds of aroma extract is detectgchbman nose. In the sniffing port
humidified air (200 ml/min) is added. Olfactive éetion was performed by seven
panelists who have been chosen from 11 assesammsdiin sensory evaluation.

3. Results and Discussion

In the first step, a direct injection of neat saepito the GC-MS was performed.
The chromatogram obtained for sample KBS is showfig.1A. It can be seen that from
21 peaks, which are present in the chromatograrelatively high concentration levels,
only 15 have been successfully identified. Howewaglditional 99 peaks were present at
trace level. Most from the identified peaks aredéinor branched alcohols and carboxylic
acids and their ethyl esters.

In headspace injection method, only volatile comqusupresent in wine distillates
are evaporated and injected into the GC. In orddod¢us volatiles at the column head, a
suitable initial low temperature of 35°C was set dmeld 1 min; then, at 2°C/min
temperature increased to 100°C, held 5 min, an#l0&C/min to 220°C. An operating
temperature of 70°C and an equilibrium time 20 mvigre found as optimal headspace
conditions. Fig.1B shows the GC-MS chromatogranaioled for sample KBS by a static
headspace injection method. It can be seen, thhatnatogram is cleaner and poorer on
number of presented peaks compare to direct iofec®bviously, only compounds with
highest concentration, such as acetaldehyde, dthatioyl acetate, ethyl esters of
carboxylic acids, linear and branched alcohols apmmk on chromatogram. The average
numbers of compounds presented on chromatogranfissiogroup are 18.

SPME represents sorptive technique, which has bheed as a sample treatment
procedure for isolation of volatile compounds franme distillates. During optimisation of
working conditions, type of SPME fibres, sorpti@miperature and time have been studied
in details. It was found, that the best resultsaat@eved when PDMS or PDMS/DVB fibre
is inserted into gaseous phase of sample heaté@°@t for 30 min. The chromatogram
obtained for sample KBS using SPME fibre coatechv@b um layer of PDMS/DVB is
shown on Fig.1C. It is obvious that chromatogramtaims significantly higher number of
compounds compare to previous sample treatmentoaeti-rom all 186 peaks only 46
provided satisfactory quality match factor to besidered as identified. These compounds
belong to different chemical classes such as ocgacids, their various esters, linear and
branched alcohols, furan and their derivatives. oAlerpenes, likea-amorphene,
murrolene, y-cadinene, cadina-3,9-dienes-curcumene, (-)-calamenene, 6-methy
ionone, B-damascenone an@-damascone were also successfully extracted. These
compounds were not present in extracts obtainedtlhgr sample treatment procedures.
Thus, this method can provide complementary quaidaand quantitative information
about terpenes and sesquiterpenes present in vgti&ates.

The last studied sample treatment procedure, LIllIBywa to determine organic
compounds which can be extracted by organic sdaveviarious mixtures of organic
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solvents for the extraction of volatiles from wimkstillates have been described in
literature, however, the most frequently used salve dichloromethane. Fig.1D shows
chromatogram obtained for sample KBS using LLE oiekd by Kuderna-Danish
distillation. More than 240 organic compounds hbeen found in wine distillates. Slight
lower number of compounds (198) was found in samyild, which was not aged in
wooden barrels. Identified organic compounds belongjfferent organic classes e.g. ethyl
esters of carboxylic acids, linear and branchedhalls, aldehydes, carboxylic acids,
furans and their derivatives or phenolic compounds.

Table 2 shows selected compounds obtained by SPRHRMG analyses that are
unique for particular sample (potential markergebgraphical origin). Their presence or
absence in chromatogram indicates origin of rawenltand place of production. Sample
KBS could be described with presence of styreneadasgnce of rose oxide, 2-methylfuran
or 4-terpineol. For VIN, the absence of anisolexyheester of acetic acid or 1,3-
dihydroxyacetone dimmer is typical. The presence lephenylethyl acetate or
phenylmethyl ester of acetic acid, while absenttogiponents such as diethyl suberate,
ethyl orthoformate, ethyl ester 3-methylbutanoilas characteristic for TBS. The unique
compounds likgg-damascenone, tartralin, sorbic acid or glyceroteneund in FRU. In
this sample missegtfarnesene, geranyl acetate and 2,3-dihydrofarnesol
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Fig.1 GC-MS chromatograms obtained for sample KBS by di#¢ct injection, (B) headspace, (C) SPME
and (D) LLE in dichloromethane.
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Table 2 SPME-GC-MS analyses of wine distillates made lgsikcal technology.

n. compound KBS VIN TBS FRU
1 styrene X

2 2-methyl-furan X X X
3 2-nonanone X X X
4 A4-terpineol X X X
5 benzyl ester cinnamic acid X X X
6 rose oxide X X X
7 1.1-diethoxy-3-methyl-butane X X X
8 1.3-dihydroxyacetone dimer X X X
9 2.6-dihydro-3.5-dihydroxy-6-methyl-4H-pyran X X X
10  5-(ethoxymethyl)-2-furancarboxaldehyde X X X
11  anisole X X X
12 ethyl 9-hexadecenoate X X X
13 furfuryl formate X X X
14  hexyl ester acetic acid X X X
15 propyl ester octanoic acid X X X
16  ethyl ester hydroxy-acetic acid X

17  3-methybutyl ester butanoic acid X

18 a-methyl-benzenemethanol acetate X

19 B-damascenone isomer | X

20 1-phenylethanol X

21  1-phenylethyl isobutyrate X

22 butyl 2-methylbutanoate X

23 phenylmethyl ester 3-methyl-butanoic acid X

24 phenylmethyl ester acetic acid X

25  1.2-cyclopentanedione X X X
26  1.6-dimethyl-4-(1-methylethyl)-naphthalene X X X
27  diethyl suberate X X X
28  ethyl ester 3-ethoxy-propanoic acid X X X
29  ethyl ester 3-methyl-butanoic acid X X X
30 ethyl ester diethoxy-acetic acid X X X
31 ethyl orthoformate X X X
32 B-damascone isomers |, Il X
33  1.1-diethoxy-hexane X
34  2.3-butanediol X
35  butyl ester octanoic acid X
36 ethyl ester 2.4-decadienoic acid X
37 glycerin X
38  sorbic acid X
39 tatralin X
40 B-damascenone isomer Il X X X

41  2.3-dihydrofarnesol isomers |, I X X X

42 2-methylpropyl ester 2-hydroxy-benzoic acid X X X

43  geranyl acetate X X X

44 phenylmethyl ester 2-methyl-propanoic acid X X X

45  trans-B-farnesene X X X

The results obtained by LLE-GC-MS analyses of sasgroduced in Little
Carpathian region are shown in Table 3. They arelemiaom the same grapes, but
produced by different procedure. KBS and VIN cobé&lsigned like brandy (they do not
contain any additives), PEZ and KB are made froenrdw wine distillate with ethanol
dilution and addition of flavouring mixtures thatr@nce their sensory and taste properties.
Similarly, also in this group an unique compourfus ttould be considered as markers of
processing technology were identified.
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Table 3LLE-GC-MS analyses of samples from Little Carpathwine region.
n. compounds KBS VIN KB PEZ
(+/-)-diethyl ester hydroxybutanedioic acid

1-(2-furanyl)-ethanone

ethyl citrate

ethyl ester 2-oxopropanoic acid

ethyl ester 3-ethoxypropanoic acid
1-phenylethyl ester 2-methylpropanoic acid
3-methyl-1-butanol acetate

X X X X X
X X X X X

3-phenyl-2-propenyl ester 2-methylpropanoic acid

© 00 N O Ul A W NP

isoamyl laurate

=
o

benzyl benzoate
butyl 2-methylbutanoate

B
N
X X X X X X

(2,2-diethoxyethyl)-benzene
(S)-3-ethyl-4-methylpentanol
2-furancarboxylic acid hydrazide

=
w

[N
~
X X X X X X X X X X

=
&)}

limonene
2,5-furandicarboxaldehyde
ethyl 3,3-diethoxypropionate

[y
(o2}

-
]
X X X X X X

=
[ee]

ethyl vanilin X
2-furanmethanol

N
o ©

3-methyl-2-butanoic acid
ethyl ester 2-hydroxypropanoic acid

NN
N

hexyl ester acetic acid

X X X X X
X X X X X

N
w

a-methylbenzenemethanol

N
~

2-methylpropyl ester 2-hydroxybenzoic acid
2-methylpropyl ester 2-methylpropanoic acid

X X X X X X X

NN
o a

butanoic acid
3-methylbutyl ester pentadecanoic acid

NN
o ~

3-methylbutylester methoxyacetic acid
5-methyl-2-furancarboxaldehyde

ethyl dI-2-hydroxycaproate

ethyl ester butanoic acid

N
©

w

o
X X X X X X
X X X X X X
X X X X X

w
ey

Based on the previous results, where a lot of thompound were identified, next
step of the brandy characterisation was chiralysisl Chiral compounds are distributed in
the nature with various enantiomer purities. Deteation of enantiomer ratios could
provide a very valuable tool for authenticity assest. Samples were analysed with
SPME on chiral column Chiragi-Dex. For selected chiral compounds were determihat
enantiomer purities. For example limonene, this poamd was not detected in FRU and
TBS, in VIN and KBS was found with enantiomer exxds0% and 4,8%, respectively.
The lowest percentage of 2-methylbutyl ester ofieoic acid was found in TBS (12,5%)
and the highest value (15,6%) in VIN.

Comprehensive two-dimensional gas chromatograpmgushiral column in the
first and polar column in the second dimension ispawerful tool for complete
characterization of complex chiral mixtures suchhevidistillates. TOFMS detection
enables full mass spectral library comparison anaviges reliable identification of
separated compounds. Thanks to increased sepapaiigar by GCxGC the quality of
mass spetra is improved compared to one dimens®@aand therefore identification of
compounds with similar spectra is easier. Selectacal compounds were chosen for
comparison of samples content. Each wine distilfatevides different profile based on
amounts of these selected compounds.

The determination of compounds that show real oifacimpact by GC-
olfactometry (GC-O) provides beneficial informatioabout compounds that are
responsible for characteristic odor of given bramdiyjong 200 organic compounds found
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in all chromatograms only 71 have showed olfactiveperties at given concentration
level. The most of aroma active compounds elutéddn 25-30 min and 37-45 min. The
aroma descriptors found in samples by GC-O showastlynfruity, alcoholic, caramel and
smoked odor properties. The most of aroma activepounds have been found in sample
FRU, while VIN showed their minimal content. Thesidified aroma compounds belong
mostly to alcohols, lactones, furan derivatives aidehydes. The 23 aroma active
substances could not be identified, because tlogicentration was under detection limits
of MS or FID detector, while still perceived by thanelists. On the other hand, in some
cases the compound was found in chromatogram amdified by GC-MS, however it did
not show positive olfactive perception at givenaamtration level.

4. Conclusion

Wine distillate samples treated by various sampleparation methods were
analysed by GC-MS, enantio-GC-MS, enantio-GCxGC @®10O. Each from these has
some advantages and disadvantages and is suitabdémdther class of compounds. The
most powerful GC separation method is without dotdrnprehensive two-dimensional
gas chromatography. The most suitable sample tegdatiprocedure for GC analysis in
terms of the number of extracted compounds is didjiguid extraction into ChkLCl,. By
this method, more than 240 compounds have beeactadt from wine distillates produced
by classical technology. Furthermore, SPME has shaifferent selectivity, which allows
to determine compounds that could not be extrabtedther studied sample preparation
methods.

Potential markers of geografical origin or techmyyigrocedure were found for
each analysed sample. These compounds are verytanpéor the authenticity assesment
of an unknown sample.
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Abstract

Galactosemia, a metabolic disorder associated witthe intolerance to dietary
galactose due to an inherited enzymatic deficiencig indicated by heightened levels of
galactose and galactitol in urineGas chromatography (GC) with mass spectrometry
(MS) detection was evaluated for its ability to saen urinary carbohydrates,
particularly galactose and galactitol. The describé method uses trimethylsilyl
derivates of galactitol and galactose, and needs @@l of urine for a single run.
Spontaneous urine was obtained from 25 healthy subgts (classified into 5 age
groups), from 4 treated patients with classical galctosaemia. The age dependences of
galactose and galactitol excretion in urine was faud in healthy subjects and treated
galactosaemic patients by using reported method.

Recognizing the clinical need for the simultaneoumeasurement of galactitol
and galactose in urine for galactosaemic subjectsye developed the new GC/MS
method, permits for the first time, measurement inurine by an accurate and precise
single step procedure. This method does not requirerine pretreatment before the
silylation.

Keywords
Galactose; Galactitol; Carbohydrates; Inherited mletlic disease; Galactosemia

1. Introduction

Metabolism is the sum of all the continuous biocluaireactions of breakdown
and renewal of tissues of the body. Enzymes playndispensable role in facilitating the
process by serving as catalysts in the converdsimme chemical (metabolite) to another,
often extracting the energy required for the reacfrom a suitable high energy source,
such as ATP.

»Inborn metabolic disorders (IMDs)” is the term #pd to genetic disorders
caused by loss of function of an enzyme. Enzymevigctmay be low or lacking for
variety of reasons. Some IMDs produce relativelyryortant physical features or skeletal
abnormalities. Others produce serious disease aad death. Most inborn errors of
metabolism are monitored by routine blood or utass>

Traditionally the IMDs are categorized as disordefrcarbohydrate metabolism,
amino acid metabolism, organic acid metabolisnlysmsomal storage diseases.

Galactosemia was first "discovered” in 1908, whem YRuess reported on a breast-
fed infant with failure to thrive, enlargement bktliver and spleen, and "galactosuria™ in
publication entitled "Sugar Excretion in Infancyrhis infant ceased to excrete galactose
through the urine when milk products were removexinfthe diet. The toxic syndrome,
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galactosemia, is associated with an intoleranceidtary galactose as a result of certain
enzymatic deficiencie$.

Malfuctions in the following three enzymes, whiclarficipate in the normal
metabolism of galactose (Fig.1), are known to besea of galactosemia: galactose-1-
phosphate uridyltransferase (GALT), galactokinase aridine diphosphate-galactose-4-
epimerase® Inborn errors of metabolic result in defects iresd enzymes that are
categorized as Type | (classical, deficiency galsetl-phosphate uridyltransferase), Type
Il (deficiency galactokinase) and Type Il (defisey uridine diphosphate-galactose-4-
epimerase) galactose-mias, respectively.

Increased galactitol concentration is a commorufean GALT deficiency and has
been implicated in galactosaemic cataract formgtitoiton et al 2001). As conversion of
galactose to galactitol by aldose reducatase reptassts a dead — end metabolic pathway
(Weinstein and Segal 1968), galactitol removal isomfined to renal excretion. The
recently observed age — dependent decrease of emolag) galactose formation in
galactosaemic patients (Weneelal. 2002).

Classical galactosemia (GALT deficiency), an autesbrecessive disorder occurs
in the population with an incidence of approximgtel40—60 000. Galactose-1-phosphate,
a metabolite derived from ingestion of galactoseansidered to be toxic in several tissues
particularly in the liver, brain and renal tubules.

Galactose is a monosaccharide present in many guuliyarides, where the most
clinically important source is the disaccharidetdse. Lactose is the predominant
carbohydrate in human and most other animal mi&uding cow’s milk, therefore many
commercially available infant formulas contain tzss.

Monosaccharide analysis by GC (with FID or MS dibeg requires derivatization
to increase their volatility and decrease intecactvith the analytical system. The simplest
and most rapid for routine analysis is silylatiom procedure trimethylsilyl (TMS)
derivate$ GC faced problems of multiple peaks due to therare of cyclic form$and
long reactions times and multiple steps sample gregpri®*2 The multiple peak
problems were as in the early studies of Sweelegl’® prior to the derivatizationstep.
Reduction to alditols have the advantage that sagjar generate only one peak, while
trimethylsilyl (TMS) oximes give 2 peaks, but hygytamine reactions are more selective.
Alditols preparation also include cation-exchantgps and boric acid remov3lin the
TMS-oxime preparation, all reactions are carrietinwhe same vial and consecutively.

Galactose

ATP
)l Galactokinase
ADP-

Galactose-1-phosphate UDPglucose

Galactose 1-phosphate UDP-galactose
uridylyl transferase 4-epimerase
Glucose-1-phosphate UDPgalactose

Phosphoglucomutase

Glucose-6-phosphate

Glycolysis

Fig.1 Major steps in the intermediary metabolism of gadae.
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2. Experimental
2.1 Patients

Spontaneous urine was obtained from 25 healthyestgyclassified into 5 age
groups), from 4 treated patients with classicahg@misaemia.

2.2 Chemicals

All chemicals were of analytical reagent grade.l0lydrate standards (D-glucose,
D-fructose, D-mannitol) were purchased from MercBratislava, Slovakia) and
carbohydrate standards (D-galactose, D-galactitebe purchased from CMS Chemicals
(Bratislava, Slovakia). Derivatizations of carboratds were performed using
hexamethyldisilane (HMDS) with trimethyl-chlorsi{TMCS) and pyridine as catalyst,
all supplied from Sigma Aldrich (St. Louis, MO, URA

Urine samples were obtained from Department of Laiooy Medicine of
Comenius University Children’s Hospital, Bratisla@tovakia.

2.3 Sample preparation

Urine samples from patients were frozen immediad#gr collection and kept at —
20 °C untl analyzed. 100ul aliquots of each urine sample were taken and
trimethylsilylated with 3 ml silylating reagent HM® TMCS: Pyridine in the volume ratio
of 1: 1: 1 at 70 °C for 70 min. ful portion of derivatized sample (model and sample
solution) was injected to the chromatograph.

2.4 GC — MS analysis

The analysis was performed on 6890 N/5973 N GC-MfileAt Technologies
(USA) by electron ionization at 70 eV using an DBs¥in column 60 m x 25@m x 0.25
um (J&W Scientific, Folson, CA, USA). The injectoaw held at 300 °C and was operated
in splittess mode. The purge flow of 9.5 ml fhiwas started 2 min after the sample
injection. The initially column temperature was ), then the temperature was increased
to 250 °C at rate of 10 °C.minand kept at the final temperature of 250 °C fanis.
High purity helium was used as carrier gas witletiressure of 200 kPa. MS data were
obtained in SIM-mode (m/z—73, 204, 205, 217, 3192,4435, 437). Transfer line
temperature was 280 °C. Quadrupole conditions fal@ws: electron energy 70 eV and
ion source temperature 230 °C.

Compound identification was performed by comparisgin the chromatographic
retention characteristics and mass spectra of atith&andards, reported mass spectra and
mass spectral library of GC-MS data system. Com@swrere quantified SIM peak area,
and converted to compound mass using calibratioreswf galactitol and galactose.

3. Results and discussion

Fig.2 shows typical GC-MS chromatogram of fructoggcose, galactose,
mannitol and galactitol TMS derivates obtained gsinsilylation reagent
(HMDS:TMCS:Pyridine 1:1:1). Chromatographic anadysian be accomplished in less
than 16 min, without loss of resolution betweetical pairs.
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Due to thea andp configurations of the OH group on pyrano-ring giédae and
glucose yields two major GC peaks, whereas frugbosduced three GC major peaks due
to thea andp configurations of the OH group on pyrano- and arging. These isomers
are also present in urine samples and are comnsontyned to report one value. The mass
spectra of saccharide with the pyrano-ring (5C) draracterized by the fragment ion of
m/z 204 (galactopyranose as trimehtylsilyl, Fig.3) dhdrewith the furano-ring (4C) are
characterized by them/z 437 fragment ion, whereas the fragmentation ofblat
saccharides (galactitol and mannitol) are yieldntiie319 (galactitol as TMS, Fig.3).

These three fragments are used as key ions fotifidation of these two sugars as
TMS derivatives.

3.1 Calibration

Calibration of galactitol and galactose as don¢hi range 1-1000 md.| which
encompass concentrations, known to exist in urineealthy individuals. The calibrators
were treated by the same procedure as describeg.abo

Typical calibration curves of galactitol and gatess are shown in the Fig. 4.

7,E+08 -
& Galactitol m/z 319 y = 653518x - 465286

R? = 0,9997

6,E+08 | M Galactose m/z 204
5,E+08 -

4,E+08 -

Abundance

3,E+08 4
y = 183019x - 160264

2,E+08 - R? = 0,9995

1,E+08 4

0,E+00

T T T T T T T T T )
0 100 200 300 400 500 600 700 800 900 1000 mg.It

Fig.4 Calibration curves of galactitol and galactose.

Quantitation of galactose and galactitol in urirmanples from 41 subjects was
determined by application of the calibration curve.
The creatinine level of each sample was determiisety the enzymatic method.

3.2 Repeatability

Repeatability of the proposed analytical procedwas assign by the relative
standard deviation (RSD) of replicate measuremdifts.RSD values ranged from 3.61 to
9.74 %, and demonstrated reasonable repeataHiliheanethod.

Table 1 The repeatability of the analytical procedure.

RSD
1 2 3 4 5 Average (%]
Galactitol 240.5 227.9 213.9 206.9 228.6 223.6 5.9
28
Galactose 29.8 30.4 25.9 24.9 27.6 27.7 8.5
Galactitol 31.1 37.5 29.9 31.4 35.3 33.0 9.7
29 [mg.I"
Galactose 69.6 72.4 66.5 70.3 65.4 68.8 4.2
Galactitol 142.0 159.6 163.9 149.1 157.9 154.5 5.7
30
Galactose 3.2 3.2 3.5 3.2 3.2 3.3 3.6
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3.3 Age dependence

Age dependence of urine concentration of galactibotected to creatinine content
in healthy subjects is shown in Fig.5. The age ddpeces of urinary galactitol and
galactose are very similar. Urinary galactose aalhdajitol excretion in controls is age
dependent with highest concentrations at a youager

Age dependent experimental data were best fittedgionple growth-related model
assuming an exponential decrease with age untithambd. Among number of growth-
related model tested, the best fit was obtaineagusiodel

y=ae #ic

wherey is creatinine corrected concentration of galaktitdand galactosex is age in
months, and, b, care model fit parameters.
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Fig.5 Age dependence of urinary excretion of galactiohéealthy subjects. Metabolite concentrations were
calculated as concentrations corrected to creaticamtent.

Fig.6 shows a chromatogram of urine from galactosa@atient demonstrating the
presence of the two metabolites. The peaks werdifigel by their fragmentation pattern
and corresponding position of standards addedetaitiime.

Although the compounds are present in urine of thgapersons, the peak
abundances in the chromatograms are much in sampgaslactosaemia, which fact can
serve as a new way of affected patients diagnaanagmonitoring.
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Fig.6 TIC GC — MS chromatogram of untreated galactosagmiient.
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The table 2 shows the galactose and galactitol esdretions for the samples of
healthy subjects and treated galactosemic patients.

Table 2 The galactose and galactitol concentrations fostraples.

— % () — 8 o
2 2 g = 2 g S
c O 3] = Q Q [&)]
@ < < @ < < P
N © © o © © >
] o O ] o <
1 [mmol.mol™
[mg.I"] creatinine] [month]
1 8.6 136.2 1.1 436  688.0
2 17.7 190.4 1.7 57.8  622.4
3 14.1 26.2 1.2 655  121.4 0-1
4 8.2 12.9 1.0 45,5 71.6
5 5.8 12.4 1.0 32.0 68.7
6 19.4 356 2.3 469  85.9
7 11.2 1.0 1.2 51.8 4.5
8 10.3 16.4 1.4 409  65.0 1-12
9 33.0 28.7 4.6 398 347
10 11.6 10.2 1.5 431 378
11 19.8 28.5 7.1 15.5 22.3
12 5.8 2.6 1.9 17.0 7.6
13 32.2 36.3 75 23.8 26.9 1224
14 14.2 27.2 5.3 14.9 28.5
15 11.0 3.3 3.2 19.0 5.7

28 1161 156 2.2 2931  39.3
16 7.2 17.1 2.3 175 41.3
17 253 613 119 118  28.6
18 195 316 7.6 143 231
19 110 181 3.9 157 258 24 - 180
20 218 317 7.1 17.0 248
20+ 183.2 259 7.7 1322 187

30*1* 142.0 3.2 2.8 282 6
21 12.9 25.5 7.4 9.6 19.1
22 9.2 18.7 6.3 8.1 16.5

23 26.6 41.4 18.4 8.0 125 180 and
more

24 36.9 45.5 21.6 9.5 11.7

25 35.7 59.7 21.0 9.4 15.8

28*1*  240.5 29.8 10.2 131 16
* - galactosaemic treated patients
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4. Conclusion

Analysis of galactitol and galactose in spontanaause samples using a GC-MS
analytical method was demonstrated here. The reétitis study shows that GC-MS has
potential to serve as a rapid, high throughputnegre with low sample requirement for
screening and monitoring of the metabolic diseadactpsemia. The speed of analysis and
the potential throughput are particularly appealadyantages of GC over the current
techniques. Proposed GC-MS method requires a miniolame for a reliable diagnosis
(100 ul of urine for a single run). The study has provkat the analysis time can be
dramatically shortened by direct one step silytatid the aqueous carbohydrate samples
with mixture of HMDS, TCMS and pyridine.

These results indicate that GC-MS could serve asoee rapid and less costly
alternative for carbohydrate screening and momitprof urine for galactosuyemia
diagnosis.

References

[1] Clarke J.T.R.:Clinical Guide to Inherited Metabolic Diseases, PdChester,
Cambridge University Press, 2002

[2] Kavitha S.; Sarbadhikari S.N.; Ananth N.R.: of Health and Allied Sciencés(3)
(2006)

[3] http://en.wikipedia.org/wiki/Inborn-error-of-ntebolism

[4] Schadewaldt J.; Killius S.; Kamalanathan L.;nktaen H.W.; Strpburger K.; Wendel
U.: J. Inherit. Metab. Dis26 (2003), 459-479

[5] Burtis C.A.; Ashwood E.R.Tietz Textbook of Clinical Chemistry, W. B. Sausder
Philadelphia, PA, 1999

[6] Eastly C. J. et alJ. Chromatogr. A004(2003), 29-37

[7] Holton J.B.; Walter J.H.; Tyfield L.A. inThe Metabolic and Molecular Bases of
Inherited Diseases. Scriver C.R. et al. (Eds.), kaGHill, New York, 2001, p. 1553

[8] Rojas-Escudero E. et all: Chromatogr. AL027(2004), 117 — 120

[9] Martinez-Castro; Paez M.l.; Sanz J.; Garciadrads Sauracalixto F.; Garcia-Raso A.:
J. Chromatogr389(1987), 9-20

[10] Bradbury A.G.W.; Halliday D.J.; Medcalf D.Gl: Chromatogr213(1981), 146—-150
[11] Molnér-Perl I.; Morvai M..JJ. Chromatogr520(1990), 201-207

[12] Molnér-Perl I.; Morvai M.; Knausz DX. Chromatogr552(1991), 337-344

[13] Sweeley C.C.; Bentley R.; Makita M.; Wells W.\J. Am. Chem. Socie8b (1963),
2497-2508

26



4" International Student Conference: "Modern Analgti€hemistry"

VARIATIONS IN FATTY ACID COMPOSITION OF PASTURE
FODDER PLANTS AND CLA CONTENTS IN EWE MILK FAT
ACCORDING TO SEASON

Eva Pavlikovd Beata Méuchovd, Jaroslav BlasKp Robert Kubinet Jarmila
Dubravsk&, Milan Margetifi and Ladislav Sojék

# Chemical Institute, Faculty of Natural Sciencesym@aius University, Mlynska dolina, 84215 Bratislava
Slovak republic

® Grassland and Mountain Agriculture Research Inséif MladeZnicka 36, 97405 Banska Bystrica, Slovak
republic

¢ Research Institute of Animal Production in Tdiamska Tepla, Hlohovska 2, 94992 Nitra, Slovak bdigu

Abstract

The relations between fatty acids (FA) compositiorof pasture fodder plants
and the content of conjugated linoleic acid (CLA) is-9,trans-11 C18:2 in ewes” milk
fat during natural pasture season (April - Septembg were investigated. The extracts
of ewes milk fat samples as well as the pasture sples were analysed for fatty acid
composition by capillary gas chromatography- mass pectrometry (GC-MS). The
content of a-linolenic, linoleic, and palmitic acids in pastureplants predominated and
varied significantly during pasture season. The mdsabundant fatty acid compound
in pasture plants wasa-linolenic acid, its content decreased from 62 % t@9 % (of
total FA) from May to August, and subsequently inceased to the slightly lower value
(56 %) from August to September, than that at the bginning of pasture season.
Similarly the content of CLA in ewes” milk decrease from 2.4 % in May to 1.3 % in
August and subsequently increased to 2.6 % in Septder. The ratio of linoleic to a-
linolenic acids in the pasture sample increased fro 0.23 in May to 0.51 in August
and subsequently decreased to 0.32 in Septemberughto the ratio similar than that
at the beginning of pasture season. The seasonaliasions in this ratio in the pasture
reversely correlated with the corresponding contenpf CLA in milk fat. The results
confirm that the seasonal variations of CLA contentin ewe milk fat are determined
by seasonal variations inr-linolenic acid content in grass lipids.

Keywords
Botanical composition; Pasture fatty acid; Conjug@tinoleic acid; Ewe milk

1. Introduction

An increasing interest in enhancing the conjugéiterleic acids (CLA) content in
food products is connected with its potential aaticinogenic, anti-atherogenic, anti-
diabetic, anti-obesity and immu-nomodulatory fuaes found in animal models. There are
14 possible CLA positional isomers counting frommbcms 2,4- to carbons 15,17-C18:2.
Each positional isomer has four geometric isomesstrans; trans,cis; cis,cis; and
trans,trans for a total of 56 possible isomers. dbeble bond positions of CLA isomers
actually identified in rumen milk fat range fron86to 12,14-C18:2 in most of the possible
geometrical configuration for a total of 20 isomkm@ecent reports suggest that each
conjugated fatty acid isomer has different physjaal functions?

Conjugated linoleic acid occurs naturally in mangpds, however, ruminant milk
fat is the richest natural common source of CLAfandstuffs. Cow milk fat contains
approx. 0.6 % CLA of total fatty acids (FA), andncentrations of CLA in ewe milk was
found to be around 1 % of total fatty acidShe major cis-9,trans-11 C18:2 isomer, which
Is responsible for CLA anti-carcinogenic propertigowth promoting and antiatherogenic
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properties, comprises about 75-90 % of total CLAuminant milk fat. Most studies of
dairy products simply quantify the most promineelp assigned to CLA as fatty acid
methylesters (FAME) by gas chromatography (GC)sThain peak includes also minor
CLA isomers trans-7,cis-9 and trans-8,cis-10 C18Mre detailed analysis of CLA
isomers in milk fat allows high-resolution mass apescopy (MS) of 4,4-
dimethyloxazoline (DMOX) derivatives and quantigfiion by Ag+-HPLC

The presence of CLA in milk fat from ruminants telRto the isomerization and
biohydrogenation of unsaturated fatty acids by nuf&cteria as well as th®-desaturase
activity in the mammary gland-Linolenic (cis-9,cis-12,cis-15 C18:3) and linol€as-9,
cis-12 C18:2) acids are the predominant unsaturfategacids in forages. The cis-9,trans-
11 CLA in milk fat is derived from linoleic acid dm-linolenic acid as a lipid substrate of
fodder. Linoleic acid is first isomerized to thes-§,trans-11 C18:2 by cis-12,trans-11
iIsomerase and then hydrogenated by Butyrivibriodddvens to trans-11 C18:1 (VA) in
the rumen. These initial steps occur rapidly. The#hydrogenation of trans-11 C18:1 to
stearic acid appears to involve a different grotiprganisms and occurs at a slow rate. For
this reason, VA typically accumulates in the rumehis main trans FA is responsible for
the formation of the CLA isomer cis-9,trans-11, e¥hioccurs by desaturatiom\g-
desaturase) of the ruminally derived VA in the maamyngland. The pathway for the
formation of the CLA cis-9,trans-11 fromlinolenic acid in the rumen involves an initial
isomerization to a conjugated triene (cis-9,trahgi$-15 C18:3), followed by reduction of
double bond at carbons 9, 15 and 11 to yield testl1,cis-15 C18:2, trans-11 C18:1 and
C18:0 FAs, respectively, but not cis-9,trans-11 Chéintermediates.

Variation in CLA content in milk of ruminants hagdn associated with several
factors such as stage of lactation, parity anddremwever, diet is the most important
factor influencing milk CLA concentration. The Cld®oncentration is higher in milk from
animal fed pasture than those fed dry diets, amdedses with increasing growth stage of
forage or maturity.It was shown that abrupt change from indoor fegdgrass silage, hay
and beets) to grazing cows on pasture increasedmitkvfat CLA content up to 2.54 %,
what is 550 % of the original level until, d 29This may be the time required for
adaptation of the rumen microbes to the changiagal well as the physiology of milk fat
synthesis on the basis of type and quantity of Bégplied through the diet. It was also
shown that only 4d were needed to bring the mitkddbA and VA contents back to their
original level once the cows were withdrawn fronstp@e and put back on a similar total
mixed rations (TMR) diet.

The seasonal changes in CLA and VA in milk fatratated to variations in pasture
quality. Only few studies have investigated thatieh of pasture plant species consumed
by the ewes on their fatty acid composition of nidk Nuddaet al. (2005) estimated that
CLA concentration in ewe milk fat decreased asak@mh progressed and noted that it is
probably due to variation in pasture availabilitydgatty acid composition of grass lipids.
The cis-9,trans-11 CLA content declined from 2.20%.14 % from March to June.

Highest contents of CLA (and VA) in milk were obged when ewes grazed fresh
pastures. A possible explanation for CLA contemt ba found in the variation of animal
diet during the survey period, particularly in thegressive variation of FAs profile as
grass matured. The main fatty acid in grass ligdslinolenic acid that decreases, both in
absolute and relative values, as grass maturef &utecrease ai-linolenic acid could
have resulted in a decrease of VA produced in tihmaen by biohydrogenation and,
consequently, in a reduction of CLA that is mostinthesized in the mammary gland
from VA by A9-desaturase. It is also possible that somethirgyaen grass enhances the
growth of particular bacteria in the rumen that eesponsible for producing CLA or
blocks the final reduction of VA to C18:0.
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Estimated daily intake of CLA in humans range iffiedlent countries from 0.015 to
1 g (Ref.4,8). These amounts are lower than those indicatqatdeide anticarcinogenic
effect in laboratory animals. The greatest potérfoa increasing the CLA intake of
humans is to consume high-CLA containing dairy ptd (milk and cheese). The
procedures aimed to increase the main conjugatéad@ecadienoic acid cis-9,trans-11
isomer as well as content aflinolenic acid in ewes” milk fat under field cotidns by
dietary means are interesting. The compositiorheffodder is very important, as already
stated in previous investigations on grass, forpgeservation, grass versus hay, silage
versus hay and botanical composition of dry foraggasture grass’ Milk and dairy
products from pasture-fed animals are naturallyched and have the higher content of
CLA than those fed by TMR. The CLA-enriching effeftpasture has been attributed to
the effects on biohydrogenation and the provisiba-linolenic acid as a lipid substrate for
the formation of VA in the rumen and its subsequgaturation to cis-9,trans-11 CLA in
the mammary gland. The dietary substrates high-limolenic acid appear to facilitate
establishment of rumen microflora that associat#ld the deposition of CLA in milk.

The aim of this work is to determine the CLA coritehewes™ milk as well as the
corresponding content ad-linolenic and linoleic acids in pasture during thasture
season. The CLA content in milk is correlated viatitanical families and individual plant
pasture species to determine whether the CLA cowofemilk fat during season is affected
by the variation of botanical composition of pasturespectively which plants could be
responsible for the occurrence of CLA in milk fat.

2. Materials and Instruments

The botanical composition of the pasture consumeddiry sheep from April till
September in the experimental farm of the Rese#rstitute of Animal Production in
Trentianska Tepla (Midwest Slovakia) was determined. aBmal composition of a
grassland sample from the farm of Liptovska Anneaor(N Slovakia) obtained in
September was also analysed for comparison. Thenioal families and main plant
species of pasture samples were determined in thestand and Mountain Agriculture
Research Institute in Banska Bystrica (Slovakia)they method of projective dominants
once a montfi' Prepared four herbage samples: mean herbage sassteles of
dominant grasses, dominant legumes, and dominalns$ inere analysed by GC-MS on the
content of individual FAs.

A flock of 350 dairy ewes in the farm of Tre@anska Tepla was kept indoors and
fed with TMR till middle of April. Subsequently,litimiddle of September the ewes
grazing natural pastures. The average ewes” milipkes, similarly as the pasture samples,
were analyzed for fatty acid composition by GC-M8agedures. The milk samples from
the farm of Liptovska Anna obtained in Septemberevadso analysed for comparison.

Lipids from milk samples were extracted using cbform- methanol mixture
(2:1), obtained extracts were filtered through altbys sodium sulfate, then dried and
stored under nitrogen at -18 °C. Lipids from drigldnt samples were extracted using
similar procedures.

GC-MS measurement of plant and milk extracts werdopmed on an Agilent
Technologies 6890 N gas chromatograph with a 59&8vbrk mass- selective detector.
Fatty acid methyl esters were separated usinglagpdolumn 60m x 0.25mm 1.D. coated
with a film thickness of 0.25 um of DB-23 statiopaphase (J&W Scientific) by
programmed column temperature of 70-240 °C.
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Identification of separated compounds was obtainadthe basis of standard
reference materials. Heptadecanoic acid was usedthas internal standard for
quantification. The quantified fatty acids in plasamples were: C10:0, C12:0, C14:0,
C15.0, C16:0, C16:1, C18:0, C18:1, C18:2, C18:3):02C22:0, and C24:0. Similarly, in
milk fat were analysed C4-C24 fatty acid methykest The measured content of CLA in
ewes” milk fat is a total content of three CLA isamsicis-9,trans-11 + trans-7,cis-9 + trans-
8,cis-10 C18:2, which are gas chromatographicalseparated.

3. Results and Discussion
3.1. Fatty acid composition of pasture plants

Significant differences were found in the compaositof botanical families as well
as of individual plant species during pasture sedsam April through September. The
investigated pasture is composed of three botaferallies: Poaceae(P), Fabaceae(F)
and Herbaceae(H). The Poaceaewas dominant botanical family in the pasture tigiou
pasture season. The variations of botanical fasmdigring pasture season for the average
pasture samples as a percentage of total numbglanf species are presented in Fig.1.
From April to August, the content &oaceaen average pasture sample increased from 52
% to 81 %, and in September it decreased to 60 Ké.cbntent oFabaceaedecreased
from 20 % in April to 7 % in August, and increaged30 % in September. The content of
Herbaceaalecreased from 28 % in April to 10 % in September.
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Fig.1 Variations in the content of botanical familiesaagercentage of total number of species durintupas
season in average pasture samptef0aceae, F- Fabaceate, H- Herbaceae.

Twenty seven plant species was identified in pastd2 species in April, 16
species in May, 15 species in June, 17 speciesugu#t and 12 species in September.
There are the pasture seasonal variations in khaitiplants. In May, the most abundant
plant species arBromus inermigP) 42 %,Trifolium repens(F) 26 % and-estuca rubra
(P) 11 %. In August the most abundant species-astuca rubraP) 46 %,Poa pratensis
(P) 16 % andromus inermigP) 12 %. In September the most abundant plamiepare
Dactylis glomeratgP) 30 %,Trifolium repeng(F) 18 % andrrifolium pratensgP) 12 %.
This composition of pasture fodder plants is pHytidifferent from that published by
Collombet al. (2002) for the alpine lowlands (altitude 600-65@urs.l.), from major plants
only Trifolium repens Dactylis glomerataand Trifolium pratensewere present in both
pastures.
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Fatty acid composition of plant species from pastiadder were established by
GC-MS. A total of 14 C10-C24 fatty acids were asaly in plant samples-Linolenic,
linoleic and palmitic acids predominated in thedgaccounting from 75 % to 93 % of
total fatty acidsa-Linolenic acid was the most abundant fatty acidllranalysed botanical
species. Fig.2 presents the seasonal variationslinblenic acid as well as linoleic acid
and palmitic acid in average pasture fodder plantdes. The content eoflinolenic acid
significantly decreased from 62 % to 39 % from My August, and subsequently
significantly increased to 56 % from August to ®epber. The content eflinolenic acid
in pasture at the end of pasture season is sionlglightly lower than that at the beginning
of pasture season.
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Fig.2 Variations in the content af-linolenoic, linoleic and palmitic acids during pa® season in average
pasture sample€18:3 n3-a-linolenoic acid, C18:2 n6- linoleic acid, C16:0almitic acid.

The established contents @finolenic acid in pasture at the beginning andehd
of pasture season are higher than published centeptesenting 48 % to 56 % of total
fatty acids® The content of linoleic acid in pasture increaseth 14 % to 20 % from April
to August, and subsequently moderate decreasefl 6 h September. There is inverse
patter of these dependencesddmolenic and linoleic acid at the beginning ahd &nd of
pasture season. The dominant saturated fatty acal iof the investigated plant species
was palmitic acid, and its content in average pastample increased from May (13 %) to
June (19 %) and subsequently decreased from Atg&&ptember (up to 14 %).

Seasonal variations in the contentéfnolenic acid in individual plant species are
presented in Fig.3. The characteristic variatioos ihdividual plant species are quite
similar, from May to August the content @flinolenic acid decreased and subsequently to
September increased. The excepEeéstuca rubrawith increasing content af-linolenic
acid from 36 % in June to 42 % in August. This plaas only in small content (6 %)
present in September pasture sample and for therttaofa-linolenic was not analysed.
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Fig.3 Variations in the content @flinolenoic acid during pasture season in individuasture plant species.

Seasonal variations in the content of linoleic amidndividual plant species are
presented in Fig.4. Generally, the content of Bobcid increased from May to June and
subsequently to September decreased, except Festuca rubra which increased from
21 % in June to 25 % in August.
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Fig.4 Variations in the content of linoleic acid duripgsture season in individual pasture plant species.
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With regard to the composition of fatty acid groupsaverage pasture fodder
sample, the content of polyunsaturated FA durirgfyra season decreased from 74 % in
April to 59 % in August, and subsequently increased 74 % in September.
Monounsaturated fatty acids during pasture seasmrased from 4 % in April, to 11 % in
August, and subsequently decreased to 5 % in SeptenSaturated even fatty acids
increased during pasture season from 18 % in Aprd6 % in August, and subsequently
decreased to 18 % in September. Saturated odddeaittyincreased during pasture season
from 0.3 % in May to 2.6 % in August and subsedqlyai¢creased to 0.4 % in September.

The fat content in analyzed average samples otipaptants increased from 3.4 %
in April up to 3.8 % in June, decreased to 3.2 %Alugust, and subsequently increased to
4.2 % in September. This trend in plants fat cantenthe beginning and end of pasture
season is similar to published in work of Dhineral. (2005).
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3.2. Content of CLA in milk fat during pasture seasn

The CLA content in milk fat can be modified by faeglthat influence the pattern
of fat precursors that the mammary gland removem fblood for fat synthesis. The
measured CLA values of ewes” milk fat during pasgaason from April to September are
presented in Fig.5.

From May to the end of July the CLA content deceelaisom 2.4 % to 1.3 % (as a
percent of total fatty acids) and subsequently éased to 2.6 % in the middle of
September. For comparison, Nudstal. (2005) published a monotony decreasing content
of CLA during ewes” pasture season from 2.2 % imdddo 1.1 % in June. The decrease
of CLA content through May- July may be due to éase in forage quantity and quality
as pasture plants mature from the vegetative toré¢peoductive stage. The increase of
CLA content in milk fat from 1.3 % in the end oflyuo 2.6 % in mid-September is
connected with a pasture regrowth including highteot of Dactylis glomerata(30 %),
which is characteristic by high content @flinolenic acid (61 %). High content ai-
linolenic acid inDactylis glomeratavas determined also by Claphairal. (2005) before.
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Fig.5 Variations in the content of CLA in ewe milk faind content oéi-linolenoic and linoleic acids during
pasture season in average pasture sam@ie8:3 n3-a-linolenoic acid, C18:2 n6- linoleic acid, C16:0-
palmitic acid.

Obtained data on variation of fatty acid compositio pasture during pasture
season were compared with the corresponding coofe@LA in milk fat of ewes, which
were fed on the studied pasture. The determinetentsof CLA in milk fat from April to
September given in Fig.5 are compared with detezthinontents ofo-linolenic and
linoleic acids in pasture during pasture seasor ddntent of CLA correlates positively
with the content ofu-linolenic acid in pasture, whereas the contentirafleic acid in
pasture correlated inversely with the content oAGh milk fat at the beginning and at the
end of pasture season. Increased CLA fat contegitbeaelated to the ratio of linoleic to
a-linolenic acids content in the pasture. The ratidinoleic to a-linolenic acids in the
average pasture sample increased from 0.23 in ®ld&31 in August and subsequently
decreased to 0.32 in September, thus to the ratidas than that at the beginning of
pasture season. The seasonal variations of the aatlinoleic toa-linolenic acids in the
pasture reversely correlated with the correspondomgent of CLA in milk fat. Follows,
that the variation of CLA content during pasturassm is substantially determined by the
content ofa-linolenic acid in pasture. It is in agreement wathservation of Dhimaet al.
(2000) that supplementatlinolenic acid increased CLA concentration in cowk when
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the ratio of linoleic toa-linolenic acids in diet was 1:1 or less. Moreovite high
concentration of soluble fiber and fermentable ssiga fresh grass may create an
environment in the rumen without lowering the ruatipH that is favorable for the growth
of the microbes responsible for CLA and VA prodouf

Some deviations in CLA content from monotony of egivdependence during
season pasture in Fig.5, e.g. as the decrease Af v@lues at the end of May, are
connected with hydro-metheorological effects (dsg)eThey are more pronounced in the
case of a shortage of fodder pasture, which wasacteaistic for studied pasture in
summer-time. The highest content of CLA about 2.5r%omilk fat obtained at the
beginning of May and in the middle of Septembemisagreement with corresponding
highest content ofi-linolenic acid in pasture in these months. ThisACtontent is
comparable with published highest CLA content ofeswmilk obtained by pasture
feeding.

Very similar results on the FA composition of pastéodder (60 % ofi-linolenic
acid) for corresponding CLA content in milk fat§26) were observed for another pasture
site in North Slovakia (Liptovska Anna) measured&aptember. Altitude of pasture site at
Trertianska Tepla (280 m a.s.l) is quite different frdmat of in Liptovskd Anna (950 m
a.s.l.), nevertheless, the contentodfnolenic acid in both pastures as well as theteon
of CLA in milk fat in September is very similar. Ui§, the CLA concentration of ewe milk
fat does not depend on altitude in this altitudegeaof both pasture sites but on pasture
feed characteristics. This is in agreement whiglults obtained by Leibet al. (2007).

4. Conclusions

The study demonstrated that during pasture seds®ncantent ofo-linolenic,
linoleic, and palmitic acids in pasture plants vaignificantly. The measured data showed
that the CLA content in ewes” milk fat was primardependent on the-linolenic acid
content of pasture fodder plants. The CLA contantilk fat during pasture season from
April to August decreased, and subsequently inecas September to the value similar to
that at the beginning of pasture season. Analogiesililts were obtained for seasonal
variation ino-linolenic acid content in pasture fodder plantse Beasonal variations of the
ratio of linoleic toa-linolenic acids content in pasture reversely datesl with the content
of CLA in milk fat. The results confirm that theas®nal variations of CLA content in ewe
milk fat are determined by seasonal variationg-lmolenic acid content in pasture fodder
plants.
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Abstract

Biosynthesis of the bumblebees males’ marking phenwone of specie®ombus
lucorum and Bombus lapidariuswas studied. Deuterated fatty acids were appliedt
the abdomen of the bumblebee’s body. After a few ga of incubation extracts of
labial glands and fat bodies were analyzed. Two diemsional gas chromatography
separation with MS detection technique has been dptised and used for analysis of
the tissue. Decarboxylation, reduction, and esterdation of applied labelled fatty
acids have been found. Prolongation of deuteratedr@cursor’s carbon chain has been
observed, too but no shortening.

Keywords
Comprehensive two dimensional gas chromatographiial gland; fat body;
Bombus lucorum, Bombus lapidarius; marking pheroenon

1. Introduction

Bumblebees belong to the social species of ingetlas to bees, ants, or termites.
Communication by means of chemical compounds coatés all aspect of their life in
colony.

This study is focused on biosynthesis of the corepts of the male marking
pheromones of speciddombus lucorumand Bombus lapidariusPremating behavior of
bumblebee males has been studied for long timelynaynSwedish authots. Majority of
bumblebee species exhibit a patrolling behaviotneyTfly around the nest or maximally
few hundred meters away from it and mark promirajects in their territories (stones,
leafs) with a pheromone secretion from the labiand"*. The marked places attract
conspecific females for matingThe composition of the secretion is species-§ipéciThe
gland secretion of specid/dombus lucoruntontains mainly ethyl esters of fatty acids,
chiefly 53% ethyl (2)-tetradec-9-enoate (R&fwhile main components of the labial gland
secretion ofBombus lapidariusare hexadecan-1-ol (31%) and (Z)-tetradec-9-eh-1-0
(52%). Biosynthesis of these components has bessustet It was suggested, that these
compounds are produced from saturated fatty agrdsidans of specific enzymes. There
are available some experimental 8dtam a recent time which show us first look on the
biosynthetic pathways of the pheromone formatiomthars applied labelled?fis]-
hexadecanoic acid into the head capsule and abdofm@re bumblebee’s body. After a
certain time of incubation in living animals hexaadracts of dissected labial glands and
fat bodies were analysed. GC/MS was used for aisalys labial glands of specieB.
lucorum 2 metabolites of the applied compounds have bemmd ethyl fHsi-
hexadecanoate and ethylHpg-hexadec-9-enoate. Analysis of fat body showed tha
labelled compounds incorporated into the triacydglpls (TAG) as acids. In case of
speciesB. lapidarius there have also been found 2 metabolites in laglahd: FHs-
hexadecan-1-ol and *H.g-hexadec-9-en-1-ol. Similary toB. lucorum precursors
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incorporated into TAG. No prolongation or shorteniof deuterated carbon chain was
found. This study follows the previous work, butuses a new analytical tool for

separation and identification of labelled compouidgo dimensional gas chromatography
with MS (TOF) detector (GC/GC-TOF) is a new methwich is used for biosynthetic

studies for the first time.

2. Experimental
2.1 Animals

The males of bumblebee specieslucorumandB. lapidariuswere obtained from
laboratory colonies from cooperating laboratory Faculty of Science of Masaryk
University in Brno.

2.2 Chemicals

Compounds labelled by deuterium have been us#d;]ftetradecanoic acid
(Aldrich), [*Hsi]-hexadecanoic acid (Aldrich),?Hlss]-octadecanoic acid (Aldrich). For
extractions of the tissue redistillated hexane Ipased from Merck was used. The same
hexane was used as a blank. Application mixt4rqig of labelled compound were
dissolved in 100ul of mixture of solvents: dimethylsulfoxide:ethavehter 7:2:1. No
mixtures of labelled precursors were done in thigg

2.3 Application/Dissection

All animals were approximately 2 days old when leaecompounds were applied.
Application dose was 2l of the application mixture per animal and theusoh was
injected into the abdomen. Labial glands and thapperal fat bodies (fat body) were
dissected after 2 or 4 days of incubation. Theediexl labial glands were extracted with
hexane: 100l per gland. All samples were stored in freeze0YE3 until their analyses.
The dissected fat body was used for further treatrffereparation of derivatives).

2.4 Preparation of Derivatives

The dissected fat body was dissolved with uD6f mixture (methanol:chloroform
1:1 + BHT (butylatedhydroxytoluene) as an antioxiglahen homogenized and next 100
ul of chloroform was added. Mixture was fractionatexd precleaned glass thin layer
chromatography plates (TLC) (75 x 59 mooated with Adsorbosil-Plus (Applied Science
Labs), layer thickness 0.2 mm, added gypsum (12%)%ing mixture
hexane:diethylether:formic acid 80:20ak a mobile phase. Spots were visualized by
spraying Rhodamine 6G solution (0.05% in ethanbliree fractions were obtained: 1.:
hydrocarbons (R= 0.91), 2.: triacylglycerols (TAG) (R= 0.59), 3.: mixture of mono and
diacylglycerols (R= 0.24). Each of the fractions was extracted \&jproximately 0.5 ml
of ether and cleaned @ilica gelcolumn. The cleaned extract was put over to theocarep
of known weight. Then the extract was dried by arflow until there was no solvent.
After that the ampoule was dried under vacuum waristant weight. Fractions of TAG
and MAG + DAG were transesterifitcind analysed as fatty acids methyl esters by
GC/GC-TOF.

2.5 Chromatographic Analyses

All analyses were done using GC/GC-TOF-MS Pegadnsfrdm LECO, Co.
(USA). This system consists of gas chromatograplieAg 6890N with split/splitless
injector. Inside the GC oven a dual-stage jet matdul and the secondary oven were
mounted. Resistively heated air was used as a meftiu hot jets, while cold jets were
supplied by gaseous nitrogen, secondary cooleddoydl nitrogen. Second part of this
system was mass spectrometer with mass analyser @frily (TOF) LECO Pegasus Il
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Separation parameterSplit (1/20); constant He column flow 1ml/min colam
inlet temperature 25C, injection volume 2ul (1 pl sample + 1ul hexane), modulation
time: 3 s (hot pulse 0.6 s); modulation temperatiffget: 36C.

First dimension columnLength 30 m, ID 25@m, film thickness 0.2%um, phase
DB-5 (J & W Scientific, USA). Temperature gradiemas applied: 4 (2 min), then
5°C/min to 326C (5 min).

Second dimension columiength 1.79 m, ID 10Qm, film thickness 0.um, phase
BPX-50 (SGE, Australia). Temperature gradient waggliad: 45C (2 min), then &/min
to 325C (5 min).

MS parametersElectron ionisation mode (-70 eV), acquisitioterd50 Hz, mass
range 29-500 amu, ion source temperaturé@20ansfer line temperature 280 detector
voltage —1750 V. ChromaTOF software (LECO, Co.) waed for the processing of
collected data.

2.6 Comprehensive Two Dimensional Gas Chromatogragh

Separation in this system is provided by two ddfdgrseparation mechanisms. After
injection a sample comes to the first column, whectisually an ordinary nonpolar column
of the same parameters as for one dimensional Gén The sample, already separated in
first column, continues to the modulator. Zonescompounds are focused by means of
timed cold and hot pulses there and injected tos#eond column (usually polar). This
column is only a few meters long, more than twoesnthinner and situated in a second
oven, which can be heated independently. This colisnconnected with MS detector with
TOF mass analyser (Fig.1). The software reconstriictt dimension of separation by
means of chromatographic data resulted from sapardtom secondary column and
visualises the whole chromatogram as a contour @a®D visualisation (Fig.2). Main
advantages of this system: 1) separation accotdiaglifferent mechanisms, 2) focusation
of the chromatographic zones in cryogenic modulatorcreasing sensitivity, 3) obtaining
true baseline — more accurate quantification.

Biological aspect of this study the will not bedalissed in this paper.

Injector Oven 2  Secondary colum
[ |
l - .
Qven 1 MS l f - *'ﬂ"u
detector i L !
i \! = = K
A A
) — S fﬁ_:ﬁﬂ
i - | —» Jat o L e
Primary column E 7’ € 1-_,,_‘__‘_1?_‘,_,;___,' //' - 15
— N — o
— &
E_ Liquid e — >
N nitrogen ‘—-——@;m ’,f*":(_/"’
e Primary Retenticn B Sacondary Hetention
Modulator Time, {g}  ——— Time. (s)
Fig.1 Schema GC/GC/MS. Fig.2 Data visualization.

3. Results and Discussion
3.1 Identification of the labelled compounds

Previous studyfound in LG and fat body (TAG) metabolites whicadhthe same
length of carbon chain coming from the labelleddamnly. Analysis by means GC/GC-
TOF-MS found much more compounds isotopically |lae(Tables 1 and 2). However,
only some of them could have been sprightly idesdifaccording their MS spectra. Full
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identification of metabolites which have partly teated carbon chain will not be
probably possible because it is very difficult ymthesise them in laboratory. In this case
identification by way of two retention indexes amdss spectra must have been sufficient.
Deuterated compounds are eluted from the first dgimmal column (non-polar) slightly
sooner then their non-deuterated (native) analdlgs.same behaviour is observed in the
second dimension (used polar column) (Fig.3).

Hydrocarbons In both species deuterated hydrocarbons were nadbe CDy-
(CD2)n-(CH2)m-CHs  where n = 12 (precursor waéHps]-tetradecanoic acid), n = 14
(precursor was?Hsi]-hexadecanoic acid) or n = 16 (precursor Wa4sd-octadecanoic
acid) and m = 1,3,5,7,9,11,..-this number depentdsnoorporation of deuterium to the
bumblebee organism and concentration of the exffée most abundant are C23 and C25
hydrocarbons in both species. But their relativsgposise in comparison to response of all
compounds in the sample was approximately 0.01 %leédlar ion could have been
observed very rarely. Typical fragments for deutstaompounds in MS spectrum are m/z
= 46 and 50 ([eDs]", [C3D]", respectively. These fragments are analogs of=n#t and
43 in native hydrocarbons. Pattern of the spectnsmsimilar but in deuterated
hydrocarbons abundance of fragment 46 is highepomparable to 50. The same situation
Is in case of unsaturated hydrocarbons. Branchdmbigachains do not appear in the tissue.
Spectrum became quite difficult if the hydrocarbemse partly deuterated and partly non-
deuterated. Then the final spectrum is a mixturbath. Then the identification by means
in comparison of retention behaviour of native gmaltly deuterated compounds is
sufficient. All compounds appeared in the analysederial consisted of long carbon chain
(10-30C) with a functional group in position 1. riteans that in the mass spectrum
fragments similar to hydrocarbonsspecially fragments 46 and 50 arise. If they both
appeared in the spectrum there was no doubt teatdmpound originated from applied
deuterated compounds.

Alcohols Acid group in labelled acid is reduced to alcogobup, which means
that methyl groups next to the hydroxyl contain foggens: CR-(CD2)m-(CHy),-OH, (m =
12 and n = 1) if {H,7)-tetradecanoic acid is applied and (m = 14 and ) ¥ [*Hsj]-
hexadecanoic acid is applied. Molecular ion wasahserved because alcohols loose DOH
by deuterium rearrangement, so mass [M-184s observed. Typical fragment of native
primary alcohols is m/z = 31 [GHO'H], if deuterated m/z = 34. Secondary and tertiary
alcohols do not appear in analyzed material. Tiaigrhent appeared in spectrum but it was
not as intensive as in the native analbigxt typical fragment in deuterated alcohols
(saturated and unsaturated) m/z = 62 J@D=CD-C'D,], which comes from m/z = 55.
Fragments 46 and 50 are also very abundant.

Esters Esters found in the analysed samples had gefeeratla as follows: Cp
(CD2)-(CH2)-COO-(CH)-CH3 (Tables 1 and 2). In cases of (MAG + DAG) and TAG
the methyl group arises from transesterificatiothef proper glycerides. In LG extracts the
ethyl group was connected by enzymatic systemeathmal.

Identification of esters is very easy. There areegy important fragments. One
comes from McLafferty rearrangement phydrogen: [C%=C(O'H)-OR], X = D if the
ester came from labelled acid which was prolonge# br more carbons. R can be methyl
or ethyl group. Second fragment arises frpbond splitting. The exact mechanism is still
unknown. The fragment is formally represented hynigda [CX.CX,=C(O)-ORJ. If the
ester was saturated intensities of these two fraggneere far the most intensive in the
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spectrum. In unsaturated ester their intensitiesewemparable with abundances of

fragments 46 and 50. Molecular ion was usually olese
For deuterated metabolites found in the tissueladées 1 and 2.

Table 1 Deuterated compounds foundB. lucorun species

B. lucorum Deuterated metabolites
Labial gland Fat body
Applied acid MAG + DAG TAG
[Ha7- EX tetradecanoate, E. M. tetradecanoate | M.€ tetradecanoate
tetradecanoic | tetradecenoaté CDs-(CD,)12-COO- | CDs-(CD,)1-COO-
acid CD3-(CD2)12-COO- CHs; CHs;
CDs-(CDy)12 CHs; M. hexadecanoate| M. “hexadecanoate
COOH Hexadecanol CD3-(CDy)12- CD3-(CD,)12-(CHy),-
8 animals CD3-(CD2)12-(CH2)3- (CHz)z-COO-CH; COO-CH
OH M.¢ octadecanoate | M. octadecanoate
Hydrocarbon” CD3-(CDy)1 CD3-(CD,)12-(CHy)a-
CDs-(CD)16(CHp)n- | (CHy)4-COO-CH; COO-CH
CHs
Tabhle 2 Deuterated comninds found irB. lanidariiis snecies
B. lapidarius Deuterated metabolites
Labial gland Fat body
Applied acid MAG + DAG TAG
[°Ha7- Hexadecanol,HexadecefAalM.¢ tetradecanoate| M. tetradecanoate

tetradecanoic acid
CDs-(CDy)12-

CDs-(CD2)14-(CHz)3-OH
Hydrocarbon®

CDs-(CD,)1-COO-
CHs

CD3-(CD,)1-COO-
CHs

COOH CD3-(CD»)14-(CH,)-CHs | M.€ hexadecanoate| M.‘hexadecanoate,
12 animals CDs-(CDy)12 M.¢ hexadecenoafe
(CH)-COO-CH; | CD3-(CDy)12
(CH,),-COO-CH,
[*Ha1]- Hexadecanol,HexadecefidlM.¢ hexadecanoate] M. hexadecanoate

hexadecanoic acid
CDs-(CD2)14-

CDs-(CDy)16-CH,-OH
Hydrocarbon®

CD3~(CD»)12-
(CH,)»-COO-CH;

M.¢ hexadecenoafe)
CD3-(CD,)14-COO-

COOH CD3~(CD»)16-(CH2)n-CHs CHs
11 animals
[*Hag)- Hydrocarbon$® M. octadecanoate, M.¢ octadecanoate,

octadecanoic acid
CDs-(CD2)1s
COOH

26 animals

CD3-(CD2)16-(CH2)n-CHs

CD3-(CD,)15-COO-
CHs

M.¢ octadecenoafe
CDs-(CD,)16-COO-
CHs;

2 position of the double bond was not determiffe@®dd carbon number only (C23 and C25 were r
abundant) ¢ Methyl,® Ethyl, ®*Two isomers with different position of double berete observed.
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Masses: 46x5+31x0.01+57x0.03

Hexadecenol
T

Hexadecanol

[*H,,]-hexadecenol — ‘ /

Saturated native n !
[’H;, ]-hexadecanol hydrocarbon

1 Saturated deuterated
hydrocarbon

DE-5 is)

Fig.3 Chromatogram of the hexan extract of the labiah@lapecie®. lapidarius([*Hsi]-hexadecanoic acid
was applicated).

4. Conclusions

Deuterated compounds were found in the all typesssfie except of hydrocarbon
fraction from fat body (Tables 1 and 2). Quantifica has not been done yet, but
correlation between abundance of native compoumds their deuterated analogs was
observed. Prolongation of deuterated precursoriborachain has been observed. No
deuterated metabolites with shorter carbon chaam tthe applied precursor have been
observed.
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Abstract

A CE method has been developed for separation andugntification of
deferiprone and its iron chelate. Experimental condions were selected to optimize
the separation of studied analytes and minimize di®ciation of the chelate.
Electrophoretic measurements were carried out using two types of background
electrolytes (borate buffer and tris(hydroxymethylaminomethane hydrochloride
(TRIS-HCI)) of different pH values (7 — 10). The dct of the applied voltage (5 — 25
kV) and the addition of anionic surfactant (SDS) orchiral selectors (native and
derivatized cyclodextrins) into the running electrdyte on the separation of
deferiprone and its chelate was investigated. Theelst separation was achieved using
10 mM TRIS-HCI, pH 7.5 with 10 mM 2-hydroxypropyl-S-cyclodextrin within 13
min, at the wavelenght of 280 nm and the applied Wage of 10 kV. The optimized
separation conditions were utilized for calibrationof the free deferiprone and its iron-
chelate.

Keywords
CZE; MEKC; separation; deferiprone; iron-chelatgatodextrin derivatives

1. Introduction

Capillary zone electrophoresis (CZE) and micellactokinetic chromatography
(MEKC) are efficient separation techniques well abished for the analysis of
biologically active compounds. Both methods can be used for analytical purpasesell
as for pharmacological studies. The separation aresim, orthogonal to high performance
liquid chromatography (HPLC), is a promising tomlsblve difficult analytical tasks.

Iron is a transitional metal, involved in redox pesses and essential for life, but
potentially toxic in excess. Iron, excessively absd from food or released from proteins,
can participate in generation of toxic oxyradicafgl in subsequent oxidative damage of
biological molecules Excess iron can be removed by chelatation.

The deferiprone (1,2-dimethyl-3-hydroxypyrid-4(tbhe), known as L1 or CP20
belongs to the group of effective iron chelatord @nclinically used for iron removal in
thalassemic patients. The iron-chelate (iron-dpferie) complex contains one to three
chelate rings (it depends on the pH value of emwirent) and iron is coordinated by two
vicinal oxygen atoms. The chelator/chelate equilibiis affected by a number of factors
and can easily be disturbed during the separatiocesses’ .

The objective of this work is to find experimentainditions for separation of the
free deferiprone and its iron complex (see Figsijjultaneously minimizing dissociation
of the created chelate. The test complex Fe(isliightly bounded above pH = 7 (réj.
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Fig.1 Structures of the studied analytes.

2. Experimental
2.1 Instrumentations
The CE measurements were carried out using & @Ectrophoretic instrument
(Agilent Technologies, Waldbronn, Germany) with i@dé array detector operated at
214 and 280 nm. An untreated fused-silica capil{@&CO s.r.o., Bratislava, Slovakia) of
Lp =55.8cm,Lc =69.4cm, i.d. =7%m and o.d. =38(im was used. The separation
voltage of 5 to 25 kV and the hydrodynamic sampjedtion at 2 kPa for 5 s were applied.
Between individual analyses, the capillary was wdstwith 1 M HCI for 5 min,
deionized water for 2 min, 1 M NaOH for 5 min, daied water for 2 min and finally
with the background electrolyte for 5 min, all Sex 100 kPa.

2.2 Chemicals

The deferiprone (L1) was provided by ApoPharma, Imoronto, Canada. Iron(lll)
(Fe(NG)3 p.a.) and Nz&B407-10 HO, p.a. were purchased from Lachema (Brno, Czech
Republic); NaOH (p.a.) and HCI (35%, p.a.) from hdder (Neratovice, Czech Republic).
Tris(hydroxymethyl)aminomethane hydrochloride (TR4EI) and sodium dodecylsulfate
(SDS) were obtained from Merck (Darmstadt, Germa@yglodextrins (hydroxypropys-
cyclodextrin, sulfateds-cyclodextrin, j~cyclodextrin and hydroxypropykcyclodextrin,)
were delivered by Fluka (Buchs, Switzerland). D&ed water was used in all
experiments.

2.3 Preparations

Two types of the background buffers — 40 mM botaiéfer, pH 6.9-10.0 and 10
mM TRIS-HCI, pH 7.5 — 9.0 — were used as constisieh background electrolyte (BGE).
The buffer pH was adjusted with 1.0 M NaOH to tequired value. The running buffer
composed of 10 mM TRIS-HCI, pH 7.5 was combinedwigclodextrins in the BGE. The
MEKC running electrolyte was prepared by mixing fftemM TRIS-HCI, pH 7.5 with 50
mM sodium dodecylsulfate (SDS).

For preparation of the iron-deferiprone complex,8amM solution of deferiprone
in 10 mM TRIS-HCI, pH 7.5 and a 2 mM solution obn(lll) in the same buffer were
mixed together at a 1:1 volume ratio. After 30 maeded for completion of the reaction,
the mixture contained the complex and the freenligdoth at the 1 mM concentration.

3. Results and Discussion
3.1 Optimization of the separation conditions

The type of buffer, its concentration and pH valised in background electrolytes
as well as the presence of an organic modifiertberothe BGE additives are the major
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factors controlling the separation properties of Bia CZE and MEKC. To find an
appropriate separation system for the mixture ¢érif@one and its iron chelate, two types
of buffers of different pH values without or withe presence of BGE additives were
studied. All the tested separation media are sumethin Table 1

Table 1 Buffer components used for preparation of the @A MEKC background electrolytes of various
pH values and voltages (\dpplied.

Background electrolyte pH V (kV)
10 mM NaB,O; -10 KO 6.9 25
7.6 25
8.0 25
8.5 25
9.9 25
9.9 20
10.0 25
10 mM TRIS-HCI 7.5 10
7.5 25
8.2 25
9.0 25
50 mM SDS in 10 mM TRIS- 7.5 10
HCI 7.5 15
7.5 20
7.5 25
10 mM hydroxypropylg- 7.5 10
cyclodextrin in 10 mM TRIS-HCI
5 mM sulfateds-cyclodextrin in 7.5 5
10 mM TRIS-HCI 7.5 10
10 mM pcyclodextrin in 10 mM 7.5 10
TRIS-HCI 7.5 5
10 mM 2-hydroxypropyly 7.5 10
cyclodextrin in 10 mM TRIS-HCI

As the first choice, the 40 mM borate buffer watested as the CZE running
electrolyte. The effect of the buffer pH (6.9 —@0on separation of the complex and the
free ligand was studied. This composition of theEBB@rovided comigrations of both
analytes and no separation was observed. Partiitgdé sp peaks corresponding to the
individual solutes appeared with increasing pH &abf the borate buffer. This peak
deformation could be caused by presence of diffecbarged forms of deferiprone and
iron-deferiprone complex. Therefore, the boratddyuivas replaced by the 10 mM TRIS—
HCI buffer that is more compatible with biologicaledia and permits application of a
higher voltage.

The effect of the buffer pH (7.5 — 9.0) and theasapon voltage (10 — 25 kV) on
migration of analytes in the TRIS — HCI buffer wetsdied. Under all tested conditions,
mixture of the complex and the ligand (Fe(L} (in a ratio of 0.5 mM/4.5 mM) migrated
with the electroosmotic flow in one peak and wasseparated (see Fig.2).
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Fig.2 Electropherogram of the mixture Fe(k/L)L in ratio 0.5 mM/4.5 mM;O mM TRIS-HCI, pH 7.5, UV
detection at 280 nm, injection 20 kPa for 5 s,agdt 10 kV, electrical current 5/A.

MEKC provides possibilities to separate chargedy&s as well as neutral ones.
The separation of neutral species requires addifosurfactants to the running buffer.
SDS is the most common anionic surfactant whichratgg toward the anode, that is
obviously in opposite direction to the EOF. To iioye the separation, the running buffer
containing 10 mM TRIS-HCI, pH 7.5 with addition 506 mM SDS (at various voltages
applied) was tested for the separation of defen@rand its iron complex. MEKC was
shown to provide a poor separation of the studiealyées. A decrease in the applied
voltage resulted in a negligible improvement ofaeafion of the test compounds (see
Fig.3).

1,00

A, mAU
A mAU

0,751

0,50

0254 o

0,00 —WMWMNWWWMJWWM

-0,25 -—FFF7—
0 2 4 6 8 10 12 14
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Fig.3 Electropherogram of the mixture Fe(k/LY in ratio 0.5 mM/4.5 mM, 1) complex, R) chelator;
50 mM SDS in 10 mM TRIS-HCI, pH 7.5, UV detectibB8) nm, injection 20 kPa for 5 s, voltage 10 kV,
electrical current 12uA.

Cyclodextrins (CDs) are mostly used as chiral geftscin chiral separations. In
some cases, (when steric arrangement plays an tampoole in separation mechanism)
they were successfully used for non-chiral sepamati Their selectivity results from
inclusion of hydrophobic portion of the solute metcavity and also from the hydrogen
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bonding to the hydroxyl moieties. CD derivatives gaovide alter selectivity and improve
detection properties or solubilization. The addiiaf 5 mM sulfategz-cyclodextrin, 10
mM hydroxypropylB-cyclodextrin, 10 mM pscyclodextrin or 10 mM hydroxypropyk
cyclodextrin into 10 mM TRIS-HCI, pH 7.5 was testéd contrast to MEKC separation
system, the use of CD derivatives as BGE constitulerought a noticeable improvement
in the separation. Among all the tested separatigsiems, the best separation of the
mixture chelate/chelator was achieved in the BGataining 10 mM TRIS-HCI, pH 7.5
with 10 mM hydroxypropyly-cyclodextrin (Fig.4).
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A, mAU
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t, min
Fig.4 Electropherogram of the mixture Fe(b/L1L in ratio 0.5 mM/4.5 mM, (1) complex, (2) chelat
10 mM 2-hydroxypropyjscyclodextrin in 10 mM TRIS-HCI, pH 7.5, UV detextat 280 nm, injection 20 kPa
for 5 s, voltage 10 kV, electrical current 58.

3.2 Calibration

The optimized separation conditions (10 mM 2-hygmwpyl-)~cyclodextrin in 10
mM TRIS-HCI, pH 7.5, 10 kV, injection 20 kPa fors) were used for quantification of
deferiprone and the iron-deferiprone complex. CGatibn dependencies of the complex
and the free ligand were determined within conegiun intervals 5-18— 5-10* mol-L*
and 4-10 — 4-10° mol-L?, respectively. Measurements at all concentratewels were
repeated four timesn(= 4) and mean values of the peak area were sedjdot linear
regression. The regression coefficients of calibra¢quations are shown in Table 2:

Table 2 Regression coefficients of the calibration depeoas.

Slope k Interceptg Correlation
Analyte mAU-s-mof'-L mAU-s coefficient,r
Fe(L1)y 68.98 48.87 0.9957
L1 137.96 -10.45 0.9763

4. Conclusion

The obtained results demonstrate that a partiedraéipn of deferiprone and its
iron-chelate and a sufficient sensitivity of the d¥tection has been achieved only in the
separation media containing derivatized cyclodesgtri The addition of 10 mM
hydroxypropyly-cyclodextrin into 10 mM TRIS-HCI, pH 7.5 has prded the best
separation condition for Fe(Lsland L1. The separation mechanism is probably base
distinct interaction of L1 and sterically bulk Fé(k with the cyclodextrin cavity. The
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optimized separation conditions were utilized falilmration of the free deferiprone and its
iron—chelate.

Influence of the temperature and the capillary teaiton on separation of the free
deferiprone and its iron—chelate is still underesiigation.
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Abstract

Molecularly imprinted polymers (MIP) were synthesizd and tested. 1-methyl-
2-piperidinoethylester of 4-decyloxyphenylcarbamicacid was used as template for
molecular imprinting. Monomers acrylamide, methacryic acid and 4-vinylpiridine
were used for MIP preparation. Methanol, acetonitrie and toluene were used as
porogens. Non-imprinted blank polymers (NIP) were pepared for each MIP. These
were used to study of nonspecific interaction betvem polymer and analyte. Prepared
polymers were used as sorbents for solid-phase eattion (SPE). In this work the
influence of polymerization mixture composition onpolymer capacity and selectivity
was studied.

Keywords
Molecularly imprinted polymers; Solid-phase extrant HPLC; Phenylcarbamic
acids

1. Introduction

Molecular imprinting (Ml) is a technique used fbetpreparation of polymers with
synthetic recognition sites having a predetermiseléctivity for a specified analyte. The
imprint is obtained by the polymerization of furetal and crosslinking monomers in the
presence of a template (target) molecule. The ta®uimprints possess a steric (size and
shape) and chemical (spatial arrangement of congi&ary functional groups) memory
for the template molecule. Removal of the templiadm the polymer matrix creates vacant
recognition sites that enable the polymer to selelst rebind the imprint molecule from a
mixture of closely related compourids

A technology, using selective solid phases basellliés in molecularly imprinted
solid-phase extraction (MISPE), is an active afei@search. Analytes can adsorb to MIPs
via selective and non-selective adsorption. Ifahalyte associate with the MIP by ionic or
hydrophobic interactions, then aqueous solutionshef analyte can be loaded directly.
Subsequently, the non-selectively bound componeats be removed by washing with
organic solvent, and the analyte of interest, ne@dion the MIP, will switch from non-
selective to selective bindihgMIP adsorbants have been used in pharmaceljtical
environmentdland food analysts

2. Experimental
2.1 Materials

1-methyl-2-piperidinoethylesters of alkoxyphenylmamic acids were synthesized
on Pharmaceutical Faculty. Acetonitrile, methantduene, methacrylic acid and
diethylamine were purchased from Merck, 4-vinyldime was obtained from Aldrich,

49



4" International Student Conference: "Modern Analgti€hemistry"

acrylamide and azobisizobutylonithrile were obtdifeom Fluka, and acetic acid was
purchased from Lachema.

2.2 HPLC analysis

An HP 1100 system (Hewlett-Packard, Germany), cbing of a pump with a
degasser, a diode-array detector (DAD) aiRidjector and a HP ChemStation were used.
Analyses were carried out on the analytical col@eparon SGX C18 (125 x 4 mmpih)
(Watrex, USA) at laboratory temperature. Mobile gdaconsisted of methanol,
acetonitrile, acetic acid and diethylamine (80:2D@2) at a flow rate of 0.5 ml/min.
Izokratic elution was used. Diode-array detectorked in the range of 190 — 400 nm and
the chromatograms were acquired at wavelength @in24.

2.3 Polymer preparation

The molecularly imprinted polymer was prepared atiogg to Zhanget al's
method. For synthesis of MIPs template (1-methpigeridinoethylester of
decoxyphenylcarbamic acid) was used as hydroclaxitd base, respectively. The base
was used mainly for polymers prepared in acetdmitand toluene because of better
solubility of base template in these solvents. Tamposition of polymerization mixtures
Is shown in Table 1.

Table 1 Composition of polymers.

Polymer Template Porogene Monomer
MIP1 Base Methanol Acrylamide
MIP2 Hydrochloride Methanol Acrylamide
NIP1,2 - Methanol Acrylamide
MIP3 Base Acetonitrile Acrylamide
NIP3 - Acetonitrile Acrylamide

MIP4 Base Toluene Acrylamide
NIP4 - Toluene Acrylamide
MIP5 Hydrochloride Methanol 4-vinylpyridine
NIP5 - Methanol 4-vinylpyridine
MIP6 Base Acetonitrile 4-vinylpyridine
NIP6 - Acetonitrile 4-vinylpyridine
MIP7 Base Toluene 4-vinylpyridine
NIP7 - Toluene 4-vinylpyridine
MIP8 Hydrochloride Methanol Methacrylic acid
MIP9 Base Methanol Methacrylic acid
NIP8,9 - Methanol Methacrylic acid
MIP10 Base Acetonitrile Methacrylic acid
NIP10 - Acetonitrile Methacrylic acid
MIP11 Base Toluene Methacrylic acid
NIP11 - Toluene Methacrylic acid

2.4 Evaluation of MIP

100 mg of each cartridge were packed in 3 ml palgplene cartridges. The
cartridges capacity was tested in methanol, adeileniwater and toluene. Prior to
applying the solution of p-decoxy-phenylcarbamidathe polymer was pre-equilibrated
with 5 ml of methanol and then with 5 ml of solventwhich the capacity was studied.
Aliquots (1 ml) of analyte solution (04og9/ml) were applied gradually onto the cartridge
until release was detected. In the case of tolugoletion of analyte dissolved in toluene
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was applied, the cartridge was dried, the adsodnatlte was eluted by methanol - acetic
acid mixture (95:5). Eluent was dried, resolvednethanol and measured by HPLC.

Selelectivity of MIP3, MIP 9, MIP10 and MIP11 for ster of p-
methoxyphenylcarbamic acid and of o-decoxyphenpkanic was tested. Selectivity of
MIP3 and MIP 11 in acetonitrile and of MIP9 and NMI(Pin methanol was determined.
The procedure was the same as described for dsped@ecoxyphenylcarbamic acid. The
concentration of ester of p-methoxyphenylcarbamid and o-decoxyphenylcarbamic acid
was 0.5ug/ml.

3. Results and discussion
1-methyl-2-piperidinoethylesters  of phenylcarbamiacids are potential
anaestethids Basic chromatographic parameters are describBeiitova’s articlé

+
HN—COO—(“,H—CHZ—N -cl
CH, H

OR

Fig.1 Structure of compounds used in research. R=#td GgH,, in orto and para position.

3.1 Capacity of polymers
The resultant values of polymer capacities are shiow able 2.

Table 2 Binding capacities of prepared polymeRSD = 4.5 - 13.5 %, n = 3.

Polymer Capacity (ug of analyte/100 mg of polymer)
Acetonitrile Methanol Toluene
MIP1 0.1 0 -
MIP2 0 0 -
NIP1,2 0.1 0.1 -
MIP3 2.5 0.5 -
NIP3 0.4 0.4 -
MIP4 0.7 0.1 1.2
NIP4 0.5 0 0.9
MIP5 0.2 0.1 -
NIP5 0.3 0 -
MIP6 0.5 0.2 -
NIP6 0.6 0 -
MIP7 0.7 0.1 0.4
NIP7 0.8 0.1 0.4
MIP8 3.8 2.0 -
MIP9 28.0 8.0 -
NIP8,9 4.0 1.9 -
MIP10 20.4 20.2 -
NIP10 10.7 5.9 -
MIP11 76.0 32.0 61.1
NIP11 9.7 6.2 6.6

The highest values of binding capacities were aethiusing water for sample
loading for MIPs and also for NIPs.The whole amarfribaded analyte was sorbed on the
sorbents It means that nonselective sorption tpkee. This allows to use water samples
for extraction.

The capacity in methanol is low for polymers pregamwith acrylamid and
vinylpiridine, respectively. It can be caused bysger interaction between methanol and
analyte than between polymer and analyte. Methanglolar solvent which cancel the
hydrogen bonding between analyte and monomer.sfi@sulation doesn’t fit for polymers
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prepared with methacrylic acid as functional monor®larity and functional groups of
monomer propably play important role during polyination.

Noticeable specific binding capacity can be obsgkri@ MIP3 in acetonitrile,
(prepared from acrylamide in acetonitrile). Highwes of binding capacity were obtained
on MIP9, MIP10 and MIP11 prepared with methacrgied as the functional monomer. It
can be observed, that the less polar solvent titeehibinding capacity.

3.2 Selectivity of MIPs

Selectivity of MIP3, MIP9, MIP10 and MIP11, respeety was tested. Influence
of length of alkoxy- chain was tested using by restgp-methoxyphenylcarbamic acid. The
influence of position of alkoxy- chain was investigd by measuring of MIPs” capacity for
ester of o-decoxyphenylcarbamic acid. The polynagracities of MIPs and relevant NIPs
are shown in Table 3.

Table 3 Binding capacities of prepared polymeRSD = 4.5 —-9.1 %, n =.3

Capacity (ng of analyte/100 mg of polymer)
Ester of p- Ester of p- Ester of o-
decoxyphenylcarb. acid methoxyphenylcarb. acid| decoxyphenylcarb. acid

(template)
MIP3 2.5 1.3 1.9
NIP3 0.4 0.3 0.4
MIP9 8.0 9.2 4.8
NIP9 1.9 1.9 1.8
MIP10 20.2 18.1 10.2
NIP10 5.9 3.2 6.2
MIP11 76.0 75.1 76.2
NIP11 9.7 10.2 8,0

As it is obvious from Table 3, capacity of MIP3lasver for analyte with shorter
alkoxy- chain than for template. Therefore the tang alkoxy- chain impacts the capacity
of analyte and MIP3 can recognize template moleciuan structurally related
compounds. In the case of MIPs prepared from metha@cid the influence of alkoxy
chain length wasn’t established.

The influence of alkoxy chain position was alsotéds The difference between
capacity values of the template and the analyth alikoxy chain in orto- position is not
very leap. But in the case of MIP9 and MIP10, tapacity of MIPs is two times higher for
template than for the analyte with alkoxy chaimito- position.
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Abstract

The styrene-7,8-oxide (SO) adducts with amino acidsmn human globin are
studied as potential biomarkers of the exposure tetyrene. There is a strong effort to
develop a suitable analytical method for determinabn of the SO adducts with
cysteine (SO-Cys), histidine (SO-His), and lysineéSQO-Lys). In this paper a simple
method for solid phase extraction (SPE) of the SOdaucts from human globin
hydrolysates is described.

Various SPE sorbents were tested and the extractioprocedure was then
optimized. Average recoveries for SO-Cys (~50 %),GsHis (~80 %), and SO-Lys (~90
%) adducts were obtained on cartridges Strata-X. Leels of the SO adducts in globin
samples were determined by coupling of SPE with gashromatography. Content of
the most abundant SO adducts regioisomers was ingtrange 0.4-135 pmol/g globin.

Keywords
Styrene oxide; adducts; solid phase extractiontaige; histidine; lysine

1. Introduction

Styrene-7,8-oxide is the main intermediate involuedhe metabolism of styrene,
which is used as a globally important industrialnmmer in the production of plastics,
synthetic rubbers and resfn

In humans, SO is formeth vivo by oxidation of styrene. This conversion is
catalyzed in livers by cytochromes P450. The maant pf formed SO is further
metabolized to mandelic acid and phenylglyoxylidawhich are excreted in urine. Minor
part of SO alkylates various nucleophilic sitesbltod proteins or DNA to form stable
covalent compounds, so called adducts. Determmatd the SO adducts affords
informations about internal dose of the SO or stgrebtained by people or laboratory
animals. Dosimetry of the SO adducts with globirgents several advantages over
determination of urinary metabolites, especially thng lifespan and easy availability of
the protein adducts?

Reaction of SO with a nucleophilic group (an amaoad residue) in proteins may
occur via both electrophilic epoxidic carbonsx(@ 3), giving rise to two regioisomeric
products: 2-hydroxy-1-phenylethyl (21HPE), and 2Hoxy-2-phenylethyl (22HPE)
adducts, respectively. The occurrence of the S@a&ddvith individual amino acids in the
form of two or more regioisomers was reportéd.

Various procedures have been developed to deterthengarticular types of the
SO adducts with globin. The modified Edman degiadaprocedure has been used to
determine SO adducts with N-terminal valine (SO)}V&ILevels of the SO-Val adducts in
humans profesionally exposed to styrém&ivo proved to be very low and hard to detect.
Vodicka et al. were able to determine SO-Val adducsslavel of low pmol/g globir.
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SO-Cys adducts have been determined using the Réickgl cleavage, releasing
the SO moiety in the form of phenylethanols, thatrev determined by gas
chromatography. Unexpected high background levels of phenyletisawere observed in
unexposed subjects (level ca. nmol/g globin), whideupational exposures to styrene did
not result in significant increase of the SO-Cyduad levels.

Several recent studies combined tryptic hydrolgéithe SO-modified globin with
mass spectrometry analysis of the resulting digdgttidine imidazole residues were
identified as the dominant binding sites for SOhimnman globih®. Similarly, in other
studies, histidine was confirmed to be the maimgdarof SO alkylation, followed by
cysteine and N-terminal valirté

The above mentioned methods are of limited applitalbor routine use, mainly
due to very low content of the SO adducts in globime main aim of this work was to find
a suitable system for enrichment of the SO adductsamples of human globin
hydrolysate. SPE was used for this purpose.

In the last decade, Black et al. used SPE for etxtra of the N-(2-
hydroxyethylthioethyl)histidine adducts from globitydrolysat&®. Authors were able to
determine these adducts in the samples obtainedttonan casualties of sulphur mustard
poisoning. Histidine adducts with benafgyrenediolepoxide were extracted by SPE and
determined by pHPLC/MS/MS with the sensitivity bétmethod at a level of fmol/g (ref.
15). Acrylamide adducts with valine were extracted @IRE columns Strata-X and then
assessed in another study.

Various SPE resins were tested in this study faraekon of the SO adducts from
human globin hydrolysate. The procedure was theémaged and applied to samples of
human globin treated with Si@ vitro. The levels of the SO adducts in these samples wer
then determined by gas chromatography with flanmezation detector.

2. Experimental
2.1 Chemicals

Methanol p.a. was purchased from Lachema (Czeclulitejp trifluoroacetic acid
(TFA) was from Riedel de Haén. N,N-Dimethylformamid(DMF), Ntert-
butyldimethylsilyl-N-methyl-trifluoroacetamide (MTBTFA), norleucine, and acetonitrile
p.a. were purchased from Fluka (Switzerland). Steshsl of twenty proteinogenic amino
acids were obtained from Calbiochem (USA). Stanslafdthe SO-Cys, SO-His, and SO-
Lys adducts (their structure is shown in Fig.1) endaeen synthesized as described in
previous study, as well as the preparation of the SO-modifiecbigisamples (SO-Gb)
and their enzymatic hydrolysis with pronase.

2.2 Instrumentation

GC analyses were performed on Agilent 6890N gasnshtograph equipped with
an autosampler Agilent 7693 and a flame-ionizatietector. Analyses were carried out on
a DB-5ms fused silica capillary column (length 30ird. 0.25 mm, film thickness 0.25
pum) purchased from&W Scientific. The carrier gas ¢Nlinear velocity was maintained at
30 cm/sec. Temperatures: injector 270 °C, dete2®0r °C, column temperature program
started at 70 °C for 2 min, then a gradient 12 98/no 300 °C was used and finally the
temperature was kept at 300 °C for 10 min.

Solid phase extraction was performed at a 12-peE $acuum manifold (Supelco).
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Fig.1 1. S-(21HPE)cysteine; :2S-(22HPE)cysteine; :3Nw-(21HPE)lysine;_4 No-(22HPE)lysine;_5 N=-
(21HPE)histidine; 6Nzn-(22HPE)histidine; 7Nt-(21HPE)histidine; 8Nt-(22HPE)histidine.

2.3. SPE procedures
2.3.1 Sorbent comparison

Amino acids (Ala, Val, Glu, Asp, Lys, Ser, His, TiRhe, Tyr and Trp; ¢ = 0.1
mg/ml) and the SO adducts (SO-Cys, SO-His and S€)-ty= 0.01 mg/ml) were mixed
and dissolved in phosphate buffer (pH = 8.0) tgpare a standard solution. The 3 ml-
polypropylene SPE cartridges (60 mg or 100 mg) wareined from the following
manufacturers: Strata (Phenomenex), Oasis (WatatspPiscovery (Supelco).

Prior to extraction, the cartridges were prewashid 2 ml of methanol and then
with 2 ml of distilled water. After application dhe sample (1 ml), the cartridges were
washed with 3 ml of water and dried by air flowutdn was performed with 3 ml of
organic solvent mixture (acetonitril/methanol/0.1 BeA, 45/45/10, viviv). The eluates
were evaporated in a Gyrovap vacuum concentrator stored at dry place before
derivatization.

2.3.2 Recovery assays

Samples of human control globin hydrolysate (c m@ml) were spiked with SO
adducts. The amount of the SO adducts added was:10, 50, 100 or 500 nmol/g globin.
1 ml of the sample was applied onto preconditioS&dta-X SPE cartridge (60 mg/3 ml)
and the cartridges were washed with three differattimes of water (3, 5 or 7 ml).
Retained SO adducts were eluted with 3 ml of ,oiganlvent mixture®, eluate was then
dried and derivatized.
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The same samples of globin hydrolysates spiked ®hadducts (in the range of
0-500 nmol/g globin), that were not treated withESRvere set as 100 % for recovery
studies. These samples were also used for construzt calibration curves. All samples
were analyzed in triplicates.

2.3.3 Determination of the SO adducts

16 ml of human globin hydrolysate at ¢ = 5 mg/mhftwas obtained by hydrolysis
of 80 mg of SO-Gb sample) was applied onto predmrid SPE cartridges Strata-X Giga
Tubes (1 g/12 ml). The cartridges were then washigd 48 ml of water and the SO
adducts were eluted with 24 ml of organic solventtane. Eluates were then concentrated,
dried and derivatized before GC analysis.

2.4 Derivatization and gas chromatography analysis

30 pl of internal standard (norleucine, ¢ = 0.2 mg/mBs added to each sample
before drying and derivatization. Dry samples wsuobjected to derivatization with a
MTBSTFA reagent according to a procedure describgdMawhinneyet al'®. The
solution (50pl) was then extracted by 5@ of dry heptane (5Ql), shaken and 1l of
heptane phase was injected splitless into GC.

3. Results and discussion

Analytical method described in previous sttfdg suitable for determination of the
SO adducts in biological material at a relativelghhlevel (ca.umol/g globin). On the
other hand, the level of the SO adducts in sampiteained from laboratory animals or
people exposed to styrene and 3O vivo is very low (ca. nmol-pmol/g globin).
Determination of such low levels reaches the liwit detection of commonly used
analytical methods.

So, there is a need to improve sensitivity of tsedumethods by introducing an
additional analytical step to the protocol. In tetady, the SO adducts are extracted from
the globin samples by using SPE and thus they @meentrated. The SPE procedure is
based on relatively higher hydrophobicity of the &flucts in comparison to the most of
proteinogenic amino acids. It enables good retantibthe SO adducts on unpolar SPE
sorbents, while other more polar amino acids arghed out. The desired SO adducts are
then eluted by organic solvent, concentrated anherihned.

3.1 Sorbent comparison
Various types of unpolar sorbents were chosen teerca wide range of their
chemical properties. Results of these preliminapeements are summarized in Table 1.

Good recoveries of the SO adducts (almost > 50 & wbtained on three of the
tested sorbents (Strata-X, Strata-SDB L and OakB}HThese cartridges were developed
in last decade and are composed mainly of polysesbvinylbenzene copolymer. Good
recoveries of the SO adducts on these polymerioesibs could be obtained due to polar
groups in the polymeric matrix, which increaseséfieiency of the extraction process.

Surprisingly poor recoveries 6 %) of the SO adducts were obtained on the other
tested unpolar sorbents (e.q.s3Cs, phenyl). Recoveries of the amino acids on alietks
sorbents were almost lowk (1 %) except for phenylalanine and tryptophan. ii¢hyes
Strata-X were chosen for further optimization & 8PE method.
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Table 1 Recoveries (in %) of the studied SO adducts and@@mtids on tested SPE resins.

SPE cartridge SO-Cys:_ 1 SO-His: 8/ SO-Lys: 3| Ala Tyr Phe Trp
Strata C-18 3,5 4,2 45 <0,1 <o 1,8 2,pb
Strata C-8 0,3 0,4 0,4 <01 <0 <02 <(2

Strata Ph 0,5 1,6 1,7 0,2 0,3 0,4 0,9
Strata NH2 0,3 0,9 1,2 <01 <01 <0j1 <01
Strata CN 0,2 <0,1 0,2 <01 <O <01 <01

Strata-X 53,4 67,2 83,6 0,5 1,1 5,4 235

Strata SDB-L 45,0 64,9 76,3 0,3 1,4 4,6 196

Oasis-HLB 51,2 66,9 78,3 0,4 1,2 5,9 241
Discovery DSC C-1§ 1,2 15 1,6 <0l <01 op 0J9
Discovery DSC C-8 <0,2 <0,2 <0,2 <0l <01 <0,2 0,2

Discovery DSC Ph 0,3 0,5 0,5 <0R <02 <02 <02
Discovery DSC NHZ <0,1 <0,1 <0,1 <0fp <01 ¥qQ,<0,1
Discovery DSC CN <0,1 <0,1 <0,1 <ol <01 <(Xk0,1

3.2 Recovery assays

The next step was optimization of the wash volume @covery assays of the SO
adducts. Control human globin was subjected to mang hydrolysis by pronase.
Hydrolysate was then divided into 1 ml aliquots=(& mg/ml). Each aliquot was spiked
with internal standard (norleucine) and with the &@ducts. Analysis of the globin
samples afforded linear seven-point calibratiorvedor the SO adducts, withfR 0.9997.
Relative standard deviation of the compound area<wia% for samples spiked with 100-
500 nmol of the adducts ardL0 % for other samples.

Other aliquots of globin hydrolysate, that wereksedi with SO adducts were
applied onto preconditioned SPE Strata-X cartridJéegen they were washed with three
different water volumes (3, 5 and 7 ml) to studg ihfluence of washing volume on
recovery of the SO adducts. Results are shown nteT2 N-(21HPE)lysine was almost
quantitatively recovered on all investigated waghimolumes (86-104 %). Similarly, a bit
lower recoveries were gained fortd{R2HPE)histidine (65-86 %). Recoveries of S-
(21HPE)cysteine range from 23 % to 58 %. Dependenca (21HPE)cysteine recovery
on washing volumes was observed. Higher recovési@$H8 %) of this regioisomer were
obtained when 3 ml wash volume was used. The loveestveries were obtained (23-30
%) when cartridges were washed with 7 ml of water.

It follows from the results obtained that espegi&lO-Cys adducts can be partly
removed from the sorbent Strata-X even with wdtksing washing volumes 3 ml is not
sufficient to remove the most of other amino a¢akta not shown), but on the other hand,
washing volumes 3 ml cause severe loss of the S-(21HPE)cysteidacsl.
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Table 2 Recoveries of the studied SO adducts from spikeahamu globin obtained on Strata-X SPE
cartridges.

Amount of SO | Wash Recovery (%)
adducts in sampld volume ] . -
(nmol/g) (ml H,0) S-(21HPE)cysteing M-(21HPE)lysine| Ne-(22HPE)histidine|
500 3 55 99 71
500 5 33 95 75
500 7 26 98 69
100 3 57 98 75
100 5 31 87 66
100 7 24 104 67
50 3 55 89 72
50 5 36 99 67
50 7 23 98 67
10 3 53 86 75
10 5 38 92 69
10 7 30 98 76
5 3 53 86 71
5 5 38 92 65
5 7 30 102 86
1 3 58 89 66
1 5 39 94 78
1 7 27 97 65

3.3 Determination of the SO adducts

80 mg of samples of the SO-modified human globirs wlggested by Pronase
giving rise to 16 ml pf hydrolysate. The hydrolysatas then extracted on Strata-X Giga
Tubes. The determined levels of the SO adducts e@rected in accordance with average
recoveries of the SO adducts mentioned in prevsaaesion. Determined levels of the SO
adducts in SO-Gb samples are presented in Tabl&éelevels are in the range 0.4-135
umol/g globin.

Table 3Recoveries of the studied SO adducts from sangfleeman globin modified with SO (SO-Gb) at a
molar ratio SO vs. globin: 100:1; 10:1 and 0.625:1.

. SO adduct level g mol/g globin)
Globin sample

S-(21HPE)cysteingd  N-(21HPE)lysine | Ne-(22HPE)histidine
SO-Gb 100:1 10,5 34,7 135
SO-Gb 10:1 5,80 11,0 39,3
SO-Gb R)-SO 0,625:1 0,59 0,85 1,98
SO-Gb §)-S0 0,625:1 0,42 0,83 1,30

Sensitivity of the used method of detection was #¢sted. It was ca 0.1 nmol of
SO adduct per sample. On presumption that 0.1 offrtble adducts can be isolated by SPE
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from 100 mg of the globin sample, it would be pbksto detect the SO adducts in globin
samples at the level of ca. 1 nmol/g globin.

4. Conclusion

The analytical method for solid phase extractiorthef SO adducts from human
globin hydrolysate was developed. The method is tibkelectively extract the SO adducts
from more than 99 % of proteinogenic amino acid3ESvas used in coupling with gas
chromatography and flame ionization detector amdSB® adducts in SO-modified human
globin were determined. The method will be appheddetermination of the SO adducts
in real samples of globins from laboratory anin@people exposed to styrene andiS8O
vivo.
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Abstract

Polystyrene capillary columns were synthesized irued silica capillaries. The
polymerization mixture comprised styrene and divinybenzene as the monomers,
propan-1-ol and formamide as the porogen system anazobisisobutyronitrile as the
initiator of the polymerization. The monoliths were subsequently alkylated with
linear C18 groups to improve the retention and thechromatographic resolution of
phenolic acids and flavones. Two different approads were used for the alkylation
procedure, namely the Friedel-Crafts reaction and e grafting. A new thermally
initiated grafting procedure was developed and optnized in order to speed up and
simplify the alkylation process. All the columns wee characterized with respect to
the hydrodynamic properties, porosity and chromatogaphic properties.

Keywords
Alkylatio; Monolithic columns; Polystyrene columnkiquid chromatography;
Electrochromatography

1. Introduction

Polystyrene monolithic columns can be directly ustd reversed-phase
chromatography due to the hydrophobicity of mon@né&hemical modification of the
monolithic bed is necessary for other chromatogmpimodes or capillary
electrochromatography (CEC). It can be done inrvain ways.

A change in the monomer mixture composition isfttet approach. Incorporation
of methacrylic acid increases the electroosmobwevfltherefore it is used for CEC. The
proportion 1:1 to styrene is usually us&d4-vinylbenzyl chloride can be used to introduce
reactive groups into the (co)-polymer monolithictmxa which are suitable for further
chemical reactions to prepare ion excharigem monoliths with highly hydrophilic
surface grafted to the hydrophobic polymeric skefetThe use of 4-octylstyrene instead
of styrene was investigated to improve the separaif peptides without the need of any
additional surface reaction or modificatfon

The second approach is the modification after tblgyrperization. Friedel-Crafts
reaction is used for introduction of alkyls, usyall18 chains. Polystyrene monolithsr
bead8 have been alkylated using this method. 1-chloadmtane in the presence of
different catalysts and solvents was used as thetart. The use of alkylated stationary
phases improved the separation of proteins andrmligeotides in thg-HPLC mode
because alkylation provides encapsulation. Anogossibility of the post-polymerization
change of the surface chemistry is grafting monasnbgrcovalent bonds onto the polymer
surface. The grafted products can be uncrossliggal and crosslinked (gel). Viklunet
al.? grafted polystyrene monolith with 3-sulfopropyl tiacrylate in dimethyl sulfoxide
and obtained a monolithic column suitable for aaxchange separation of a protein
mixture.
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The goal of this study was to compare the selggtaund the resolution qf-HPLC
and CEC separation of a phenolic acid mixture aiagdofhes on non-modified and
alkylated polystyrene monolithic columns. The a#tidn was carried out in two different
ways. The first one was Friedel-Crafts alkylatiosing the procedure described in
literaturé. The second approach was a newly developed gyafiiacedure using stearyl
methacrylate as a grafting reactant. The procedas optimized in the terms of the
temperature, time, the concentration of the grgfteactant and the solvent.

2. Experimental
2.1 Capillary pretreatment

The capillary wall modification procedure was cadrriout based on the results of
Courtoiset al’®. The fused silica capillary was rinsed and fillsidh 1 M NaOH. Both
ends were sealed and the capillary was left inothen for 2 h at 120°C. Subsequently,
NaOH was washed out with redistilled water and @uet The capillary was then dried in
the stream of nitrogen for 1 h and then in the owél 120°C for another 1 h. The
silanization solution contained 10% (v/v) 3-(trifexysilyl)-propylmethacrylate in
toluene. The silanization solution was degassethenstream of nitrogen for 10 min and
filled into the capillary, where the silanizatioook 2 h at room temperature. Both ends
were sealed. The solution was then washed outteltiene and the capillary was dried in
the stream of nitrogen for 1 h. The inner surfagdrbphobicity was evaluated by the
measurement of the wetting angle and only capgéashowing wetting angle greater than
70° were used for further experiments.

2.2 Column preparation

100 um 1.D. fused silica capillaries were used for alberiments. Friedel-Crafts
alkylation and preparation of the polystyrene mahslwas carried out following the
procedure presented by Huaagal’. The only difference was the use of a water bath
instead of an oven for polymerization and alkylatio

The grafting procedure employed reaction mixtureppred by mixing 25% (w/v)
of stearyl methacrylate and azobisisobutyronitfll# of the stearyl methacrylate amount)
in dimethyl formamide (DMEY. The mixture was homogenized and degassed in the
stream of nitrogen for 10 min. The column was thied with the mixture pressurizing
the vial by a nitrogen source of 0.8 MPa. The endee sealed and the column was put
into the 65°C hot water bath for 9 h.

The detection window was prepared inserting pathefcolumn into a hot tungsten
wire loop, while flushing the column with methan®he columns were then cut into the
desired total length 33.5 cm, having 25.0 cm todisiection window.

3. Results and discussion
3.1 Hydrodynamic properties

The column hydrodynamic permeability was measursdthee dependence of
methanol flow rate on the back pressure. The medspiots were linear within the range
of 5 — 25 MPa, indicating good mechanical stabitifythe monoliths. The data obtained
for non-modified column (NM) and the column alkg@dtusing Friedel-Crafts alkylation
(FC) show very similar slopes within the range heff teproducibility of the polystyrene
monoliths production (8%). On the other hand, thyelrbdynamic permeability of the
grafted column (GR) decreased of 38% comparing ht® WM column. The lower
hydrodynamic permeability is probably a consequesfdbe decrease of the flow-through
pores diameter in the monolith structure, indigatiormation of a thin polymer layer in
the pores during the grafting procedure, which eased the flow-through pores volume.
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3.2 Column porosity

Column porosity controls the hydrodynamic permegbil The inverse
size-exclusion chromatography (ISEC) was usedherdetermination of the total column
porosity, &r. The ISEC experiments were carried out with tobuand narrow distribution
polystyrene standards with molecular masses withénrange of 660 — 2,000,000 and
tetrahydrofuran as the mobile phase.

Total column porositiesgr, and the interstitial porositiesp, of NM and FC
columns were very similar (Table 1). The differemees within the measurement errors. It
could indicate that the alkyl chains were linkedb&mzene rings or remaining vinyl groups
without any significant change in the monolith sture. The results obtained for the GR
column were quite different. The total column pdyosand the interstitial porosity
significantly decreased in comparison to NM column.

Table 1 Column propertieser is the total column porosityg is the flow-through porosity ang is the
mesopore porosity.

Column NM FC GR

&r 0.706 0.702 0.655
& 0.661 0.653 0.598
g 0.045 0.049 0.057

3.3 Column efficiency inp-HPLC and CEC

The column efficiency was obtained by measuringlthied spreading of thiourea
with 5 mM phosphate buffer pH 7.5 as the mobilesghavhich is considered to be a non-
retained compound under the conditions of the exmt. The van Deemter plots
indicated greater band spreading due to the beduniarmities and mass transfer
resistance with parabolic flow profile than withugtlike profile flow (Fig.1A). The
column efficiency in CEC did not depend on the dineelocity of the mobile phase. This
behavior enables rapid separations without the Insthe resolution. Typically, plate
height increases with increasing linear velocityitflPLC. The practical consequence of
this behavior was poorer resolution of phenolicdacat higher separation velocities.
The comparison of the columns showed the heBIPLC efficiency for GR column.
Voltage-driven flow provided comparable efficierfoy all the monoliths (Fig.1B).
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Fig.1 Van Deemter plots forA) pressure-drivenu(HPLC) and B) voltage-driven (CEC) conditions.NM
columne FC column,AGR column.

3.4 Grafting procedure — separation of antioxidants

No separation of phenolic acid mixture was achiewsidg NM column in neither
u-HPLC nor CEC with purely agueous mobile phases, tduhe insufficient retention on
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the stationary phase. Friedel-Crafts alkylationreased the retention and improved the
resolution by decreasing the polarity of the mahadi polymer (Fig.2A). The effect of the
alkylation was reproducible; however the used pdaoce was time consuming. Thermally
initiated grafting was used as an alternative. ddmcentration of the C18 reactant, the
type of the solvent, the reaction temperature ame tare the factors influencing most
significantly the retention properties of the maotiot column. Chromatographic
resolution of the two least retained phenolic acidss selected at the criterion of the
procedure performance.

The type of the solvent influences the result @ thost significant way. DMF as
the solvent of stearyl methacrylate provided muekidn separation in comparison with
propan-2-ol and toluene. DMF is a poor solvent golystyrene and could enhance the
stearyl methacrylate affinity to the monolith. Astiaipated, the increase in reaction time
increased the resolution. The increase of the icratime from 6 to 9 hours improved the
resolution from 0.3 to 0.6. The column permeabibfythe grafted column decreased to
approx. 60% of the original value after 9 hoursglagrafting. The optimized content of
stearyl methacrylate was 25% w/v and the optimaftigng temperature was 65°C. The
capillaries prepared in this way provided the resoh for the phenolic acids better than
1.0, which was comparable with FC column (Fig.2B).
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Fig.2 u-HPLC separation of phenolic acids on FAQ &and GR B) column.Conditions: mobile phase, 10 mM
ammonium acetate buffer, pH 3.0; detection, UV (8@@). Sample: (1) gallic acid, (2) syringic acid) (
ferulic acid.
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Fig.3 CEC separation of antioxidant mixtures on B &nd GR B) column.Conditions (A): mobile phase,
5 mM phosphate buffer, pH 2.5; voltage, -20 ky¥=25.0 cm; injection, 3 s, -5 kV; detection, U\NL.(2nm).
Sample: (1) thiourea, (2) gallic acid, (3) vanillacid, (4) syringic acid, (5) ferulic acid. Conditis (B):
mobile phase, 20% methanol in 5 mM phosphate byifer2.5; applied voltage, -20 kV;el= 8.5 cm;
injection, 3 s, -10 kV; detection, UV (210 nm). §Em(6) rutin, (7) hesperidin.
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Both alkylated columns were also tested under C&litions. Fig.3A shows the
separation of phenolic acids on FC column and Bigo8esents the separation of two
flavones on GR column.

4. Conclusions

The alkylation is an effective tool for post-polynzation surface modification to
control the retention properties of the polystyremenolithic columns. Linear C18 chains
were linked to polystyrene monoliths using two eliint approaches — Friedel-Crafts
reaction and a newly optimized thermally initiatgdafting method. Both alkylation
procedures improved the retentivity and the regmiudf the stationary phase. The newly
introduced grafting method provided comparable ltggm of the tested phenolic acid
mixture as the Friedel-Crafts method; however baitkylated monoliths had different
structure. Friedel-Crafts alkylation did not afféiseé hydrodynamic and porous properties;
however it decreased the polarity of the stationphase. The grafting decreased
the hydrodynamic permeability of the column, thlteolumn porosity and the interstitial
porosity. As a consequence, the grafted monolibviged slower analysis.
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Abstract

Enantioselective enzyme prefers one enantiomer as &ubstrate or
preferentially forms one enantiomer over the otherin a chemical reaction. To study
implication of enantioselectivity in biomedicine aml biotechnology, we developed
chiral separation methods. Determination of variousepoxides and diols formed by
their hydrolysis were performed wusing chiral cycloeéxtrine-based gas
chromatography. Developed methods were successfulipplied for the determination
of enantioselectivity of microbial epoxide hydrolass.

Furthermore, we elucidated the basis of enantiosalve oxidation of lipid
peroxidation product trans-4-hydroxy-2-nonenal (HNE). Enzyme kinetics
measurement of oxidation of HNE enantiomers by alde/de dehydrogenases ttrans-
4-hydroxy-2-nonenoic acid (HNEA) were performed usig UV spectrometry, HPLC
and LC-MS/MS. Moreover, direct and indirect RP-HPLC methods for
enantioseparation of HNEA were developed and validad.

Keywords
Chiral separatio; HPLC; GC; enantioselectivity; Ig peroxidation; aldehyde
dehydrogenase; epoxide hydrolase

1. Introduction

Enantioselectivity is the ability of chiral envinment to distinguish between two
enantiomers. Enantioselective enzyme, receptoalysttor chiral selector preferentially
interact with or preferentially form in a chemigakction one enantiomer over the other.
Enantioselective enzymes are very useful biocadatyz allowing cheap preparation of
optically pure chemicals. Moreover, enantioselectenzymes play important role in
metabolic pathways of chiral compounds. Chiral s&@ns play crucial role in studying
of implication of enantioselectivity in biomedicia&d biotechnology.

The first part of this work is devoted to the detaration of enantioselectivity of
microbial epoxide hydrolases using chiral gas clatmgraphy (GC). Chiral epoxides
prepared by an enzyme Kkinetic resolution of racematn serve as valuable building
blocks in an organic synthekisVe tested hypothesis, that microorganisms istlfrem a
harsh industrial environment might be the promissayrce of novel enantioselective
epoxide hydrolases. In order to measure the ersahictivity, we developed methods for
analyses of chiral epoxides and their correspondings using a chiral GC on
cyclodextrine-based stationary phases.

In the second part of this study we elucidated basis of enantioselective
oxidation oftrans-4-hydroxy-2-nonenal (HNE) by brain mitochondriaNH is a cytotoxic
a,f-unsaturated aldehyde implicated in the patholo§ymultiple diseases involving
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oxidative damade Detoxification of HNE totrans-4-hydroxy-2-nonenoic acid (HNEA),
mediated by aldehyde dehydrogenases (ALDHS), igj@amnoute of metabolism in many
systems. We showed previously that HNE is detoxi@i®-enantioselectively to HNEA by
respiring rat brain mitochondfi4 Here we describe enzyme kinetics measurement of
oxidation of HNE enantiomers by ALDHs to HNEA usikky spectrometry, HPLC and
LC-MS/MS>.

Further study of the role of enantioselectivityHINE metabolism is restricted by
the fact that no method is available for the emeegparation of HNEA. Therefore, we
developed reversed-phase high-performance liquidnechtography (RP-HPLC) methods
for HNEA enantioseparation. In general, chiral casic acids can be determined
indirectly by RP-HPLC as diastereomeric amides gisiarivatization with chiral amines.
For direct enantioseparation of carboxylic acidpolysaccharide based chiral stationary
phase (CSP) Chiralpak AD-RH can be used. We emgldy&h direct and indirect
approach to separate HNEA enantiomers using RP-FIPLC

2. Experimental
2.1 Chemicals and Reagents

All reagents were of analytical reagent grade ghér purity. HNE dimethylacetal
and HNE and HNEA enantiomers were synthesized scrithed previousky

2.2 Determination of Enantioselectivity of Microbid Epoxide Hydrolases Using Gas
Chromatography

Epoxides and diols were quantified and their eloaméric excessee® determined
by GC with chiral columns on a Hewlett-Packard 589@s chromatograph equipped with
a flame ionization detector (FID) using lds carrier gadert-Butyl glycidyl ether (TBE)
and its corresponding diol were separated using@iPasil-DEX CBcolumn (Chrompack,
25 m, 0.25 mm i.d., 0.2bm film thickness) with a start temperature of 50f&€5 min,
followed by a gradient of 5 °C/min. B-DEX 225 column (Supelco, 30 m, 0.25 mm i.d.,
0.25um film thickness) at an isothermal temperature @f 1C was used for analysis of
benzyl glycidyl ether and 3-benzyloxy-1,2-propawédafter derivatization into its
acetonide. The same column at an isothermal temyeraf 71 °C was used for analysis
of allyl glycidyl ether (AGE) and the derivatizedbreesponding diol (AGD). Other
experimental details can be found elsewhere

2.3 Enantioselectivity of HNE Detoxification

Preparation of recombinant rat ALDH5A and ALDH2 gmes and measurement
of enzyme activity of ALDH5A is described elsewtere

Because of the lowKy of ALDH2 for HNE, we measured the ALDH2 enzyme
activity via monitoring the formation of HNEA bygluid chromatography — tandem mass
spectrometry (LC-MS/MS) when determiningy and Viqax parameters as described
previously with some modificationsLC-MS/MS system consisted of an Agilent 1100
series HPLC system (Agilent Technologies, SantaaCI&A) coupled to an APl 3000
electrospray (ESI) triple quadrupole mass speatem(MDS Sciex, Concord, Canada). A
10 uL portion of the sample was injected onto a chragkphic column Luna C8(2) 150
x 2.1 mm i.d., 3um, (Phenomenex, Torrance, CA). HNEA eluted at 4id im isocratic
mode in the mobile phase ACN-3® ammonium acetate, pH 3.8 (45:55, v/v), at a flow
rate of 15QuL/min.

2.4 Direct and Indirect HPLC Enantioseparation of HNEA

Derivatization of HNEA enantiomers usingS29)-(+)-2-amino-1-(4-nitrophenyl)-
1,3-propanediol (ANPAD, “dextrobase”) in the presenof the coupling agent-(3-
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dimethylaminopropylN'-ethylcarbodiimide hydrochloride (EDC) and the @ane 1-
hydroxybenzotriazole (HBT) is described elsewferadirect separation of HNEA-
ANPAD diastereomers was performed using an RP &uhbrODS2 250 mmx4.6 mm
I.D., 5 um (Waters). HNEA-ANPAD diastereomers were separasedratically in a
mobile phase consisting of MeOH-5mM ammonium aeefat 7.0 (39:61, v/v), followed
by a washing gradient program. The mobile phase flate was 1.5 mL/min and
absorbance was monitored at 211 nm. The injectodunve was 8QuL.

Direct separation of HNEA enantiomers was perforrmethg a CSP Chiralpak
AD-RH 150 mmx2.1 mm I.D., mm (Chiral Technologies, West Chester, PA, USA). The
mobile phase consisted of MeOH-ACN-5mM ammoniuntaaeepH 3.5 (52:5:43, viVIv)
and the flow rate was 0.1 mL/min. Absorbance wasitoced at 210 nm. The injection
volume was 2QuL.

3. Results and Discussion
3.1 Determination of Enantioselectivity of Microbid Epoxide Hydrolases Using Gas
Chromatography

Chiral GC-FID methods were developed and optimized determination of
various epoxides and diols (Fig.1). Highly polaolgiwere derivatized to corresponding
acetonides. Conditions for analysis were optimizéa;luding selection of CSP,
optimization of column temperature program androation of derivatization conditions
(for final conditions see experimental section).vE€leped methods were successfully
applied for the determination of enantioselectiatynicrobial epoxide hydrolases.

e | AGE
21 ¢
z BuGE
= AGD
c 16 r
=
it
"M L
| DOP
6 1 1
0 ] 10 15 20 25

Time, min

Fig.1 GC-FID separation of AGE and AGD derivatized to aisetonide (both efantiomer= 8 MM). Butyl
glycidyl ether (BUuGE) was used as an internal saethd(Gnantomer = 3.5 MM). Elution order of the
enantiomers was not determined, because opticallg AGE, AGD and BuGE were not available. 2,2-
dimethoxypropane (DOP) is derivatization and extomcagent.Chromatographic conditions are described
under experimental section.

3.2 Enantioselectivity of HNE Detoxification

Recombinant rat ALDH5A and ALDH2 containingrterminal polyhistidine tags
were prepared as described elsewhdbeiring the affinity chromatography, six histidine
tagged proteins interact with nickel immobilized mitrilotriacetic acid agarose (Ni-NTA
Agarose) stationary phase. Proteins of just ovek38 were obtained as judged by SDS-
PAGE analysis. Enzyme kinetics measurement of dwidaof HNE enantiomers by
ALDHs and by rat brain mitochondria lysate werefpened using UV spectrometry,
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HPLC and LC-MS/MS. Based on kinetic parameterswiffigd recombinant enzymes, it
was concluded, that rat ALDH5A enantioselectivelyidwed R)-HNE, whereas rat
ALDH2 was not enantioselective.

3.3 Direct and Indirect HPLC Enantioseparation of HNEA

Direct and indirect RP-HPLC methods for enantiosajian of HNEA were
developed and validated.

The indirect separation method was based on thévatigation of HNEA
enantiomers with the chiral derivatization agentP®D in a phosphate buffer—methanol
(MeOH) mixture in the presence of the coupling ageldC and the additive HBT. Various
RPs were screened for efficiency to separate HNEHRAD diastereomers. Optimal
separation conditions were achieved using a statyophase Spherisorb ODS2 and mobile
phase MeOH-5mM ammonium acetate, pH 7.0 (39:61, (®- and §-HNEA-ANPAD
eluted at 40 and 43 min, respectively, with resoiuRs = 2.26.

The direct enantioseparation of HNEA was performsithg saccharide-based CSP
Chiralpak AD-RH and ternary mobile phase MeOH-ACMM ammonium acetate, pH
3.5 (58:4:38, v/viv). ResolutioRs of (R)- and §-HNEA was 1.78. Validation parameters
of both direct and indirect separation methods wistermined, including linear range,
LOQ, precision and stability The accuracy of enantiomeric ratio of the mixt(E&) was
estimated by analyzing enantiomerically enrichedh@as containing variou€R of
HNEA. Difference inER obtained by direct and indirect separation metivad less than
0.7%, showing excellent accuracy. The indirect smpan method was applied for
determination oER of HNEA formed in rat brain mitochondria by enzymaxidation of
HNE. Oxidation of 160uM rac-HNE by aldehyde dehydrogenases present itbraih
mitochondria led toR)-enantioselective formation of HNEA.

Finally, conditions for direct enantioseparation WNEA using LC-ESI-MS/MS
were optimized (Fig.2). Determination of HNEA waselr in the range of 0.4 — 25 pmol
with r? = 0.9988 for both enantiomers. As an internal daad, isotopically labeled,;-
HNEA was used.

(R)-HNEA
l
6.10" |r'i| (S)-HNEA
| .
|\. |
410 | | || |
© | |
c | |
0 '
2.10° | |
|
R
A\
0 O NV S | e ettt e
10 15 20 25 30
Time, min

Fig.2 LC-ESI-MS/MS separation oR)- and §-HNEA (both 500 nM) spiked into rat brain homogenand
purified by solid phase extraction (SPEX uL of sample was injected onto CSP Chiralpak AD-RH
150 mmx2.1 mm 1.D., am. Mobile phase ACN-0.1% acetic acid (24:76, v/aswsed with flow rate 0.1
mL/min. HNEA enantiomers were detected by tandess spectrometry in multiple reaction mode (MRM)
using 171.2/99.2 parent/daughter ions.
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4. Conclusion

Chiral separation methods were developed and used #ool for answering
emerging questions in biomedicine and biotechnal&gpreening of enantioselectivity of
epoxide hydrolases produced by various microorgasiswas performed and
enantioselective enzymes were found using chiral dBQyclodextrine-based stationary
phases. Enantioselective metabolism of lipid pefaton product HNE was studied using
enzyme kinetic measurement and chiral liquid chtography. Difference in ability to
detoxify individual HNE enantiomers by ALDHs wasufal.
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Abstract

The method for HPLC-UV analysis of antioxidant mixture (esculetin, 7-
hydroxycoumarine, scopoletin, rutin, xanthotoxin, 5methoxypsoralen and quercetin)
was developed. Ultrasonic extraction methods weresad for isolation of these
antioxidants from these plants - Mentha longifolia L., Mentha spicata Ruta
graveolens Plantago lanceolata L.and Coriandrum sativum Both of these methods,
ultrasonic probe and ultrasonic bath method, were ptimised and compared.

Keywords
Antioxidant; High-Performance Liquid Chromatograplijtrasonic Extraction

1. Introduction

The terms antioxidants, antioxidative activity afide radicals are popular for
nutritionists and other health professiohalEhe last few years it has been published a lot
of information about the role of oxidative stressising, and the potential therapeutic role
of antioxidants preventing, a number of seriouseags such certain cancerms
cardiovascular diseades

Free radicals are very reactive compodndsich are formed in human organism
owing to external environment (smoking, exhausegablV radiation and stress) and also
internal environment (purine metabolism, adrenatiyiethesis). Activity of these matters is
tied by antioxidants. These decrease probabilitired radicals creation or divert them to
less reactive or non-reactive stdtes

Antioxidants can be divided to 2 groups, synthatid natural. In almost all plants
there can be discovered natural antioxidanT®ie most important groups of natural
antioxidants are vitamin E (tocopherols), flavosoidind coumarinés Synthetic
antioxidants are usually prepared in laboratories anostly out of other chemical
components. In the food industry adding naturalioardants have appeared as an
alternative to synthetic antioxidants and thesenae generally preferred by consumers.

Ultrasonic extractions in liquid and gas environmare prejudiced by cavitation
factor and by microfluctuation or surface instailiwhich is formed on liquid-liquid or
gas-liquid interface of phases. The grinded sangpheixed with the suitable solvent and is
placed into the ultrasonic bath where the workemperature and extraction time aré%et
Also ultrasonic probe can be used. Moreover, ibvedl prejudicing the extraction by
amplitude selectiot.

2. Experimental part

Analysed plant samples were provided by Botaniaus.gOstra, Czech Republic).
Those werédvientha longifolia L. Mentha spicataRuta graveolensPlantago lanceolata L.
andCoriandrum sativumEach plant was divided to leaves, flowers anthstevhich were
dried in laboratory temperature. These were stamediark vessels in room temperature.
Samples of leaves, which were used for extractiorese powdered in grinding mortar
because of better extraction.

Plant sample amount (cca 0.75 g) was insertedglatss flask and 40 ml of solvent
(30 % ACN) was added. Then the flask was placedl ulirasonic bath. Extraction was
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carried out in the temperature 25 °C for 10 minuté® frequency was 35 kHz. Ultrasonic
bath SONOREX RK 31 from Bandelin electronic GmbHG%. KG (Berlin, Germany)
was used. Obtained extract was filtrated throughgdta PTFE 0.45um filter (Fisher
Scientific, Pardubice, Czech Republic). This extwaas analysed by HPLC-UV.

By ultrasonic probe extraction method the plant @anamount (cca 0.75 g) was
placed into glass homogenization vessel, whichtlwvae shoulders. Then 50 ml of solvent
(30 % ACN) was added. After this the ultrasoniclhigavas inserted. Extraction was 25
minutes long, the amplitude was set at 60 % (et W), without pulse changing and
without controlled temperature. Obtained extracs W#rated again trough filter paper and
Target, PTFE 0.4fqm filter. Ultrasonic probe SONOPULS HD 3200 for @D ml from
Bandelin electronic GmbH & Co. KG (Berlin, Germanwas used. It allows set
homogenization time, amplitude and pulsation. Tistrument is equipped with titan probe
(SH 70 G, 65 % maximum amplitude — 98 W) and homaggion vessel (thermostatic
KG 3 and circulation RZ 3).

Plant extracts were analysed by HPLC-UV methoduidcchromatograph GBC
LC 1445 with LC 1150 pump, ERC-3415 degasser, L601@etector and LC 1210 UV
detector (everything from GBC, Australia) were uskavas also used LiChrospfet00
CN (5 um) column with LiChrosph&100 CN (5um) guard column in LiChroC&t250-4
HPLC-Cartridge implementation from Merck (Darmsta@Germany). The results were
evaluated by WinChrom 1.35 software (GBC, Austjal@@radient was formed from 2
mobile phases, A (ACN) a B ¢g8): 0 — 20 minutes 95 % to 90 % mobile phase A- 30
minutes 90 % to 0 % mobile phase A. 1 ml/minutevflate was used. Antioxidants were
detected by UV-detector in 335 nm (esculetin, 7rbygcoumarine and scopoletin) and
235 nm (rutin, xanthotoxin, 5-methoxypsoralen, ge&n) wavelengths. Quantification
was performed by standard addition method. Injesteldme was 20ul. Antioxidant
standard mixture chromatogram is on figure 1.

HELIOS Gamma UV-Vis spectrometer (Thermo Fisheefdic, Inc., Waltham,
USA) was used for wavelength detection of eachoaiant.
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Fig.1 Chromatogram of antioxidant standartfsesculetin, 2) 7-hydroxycoumarine, 3) scopolet)mutin, 5)
xanthotoxin,6) 5-methoxypsoralen, 7) quercetin
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3. Results and discussion
Then antioxidant standard UV spectra were measurechuse of choosing

wavelengths for its detection during HPLC analysl¥. spectra were measured between
200 - 400 nm and are shown on figures 2 and 3.

Optimisation of individual extraction parameters &ach extraction method was
made. First of all suitable solvent was chosen.aBse of our previous experientethe
30 % acetonitrile has been selected. By this sol¥ke highest amount of extracted
antioxidants was obtained.
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®

esculetin

200 220 240 260 280 300 320 340 360 380 400
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Fig.2 UV spectra of esculetin, 7-hydroxycoumarine angsbetin

For UV detection of antioxidant mixture 2 waveletgyk 335 nm for esculetin, 7-
hydroxycoumarine and scopoletin and 235 nm fomyutanthotoxin, 5-methoxypsoralen
and quercetin were chosen. These were selecteglation to sufficient sensitivity of the
method.

5-methoxypsoralen
rutin quercetin

Absorbance

xanthotoxin

200 220 240 260 280 300 320 340 360 380 400
Wavelength (nm)

Fig.3 UV spectra of rutin, xanthotoxin, 5-methoxypsoradem quercetin.
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For the method with ultrasonic bath there weregreréd only the extraction time
and temperature optimisations. Extraction tempeeatptimisation was made at first.
These experiments were performed at 40 minuteg) B acetonitrile as the extraction
solvent. For temperature optimisation the value®oflaboratory temperature), 35, 40, 45
and 55 °C were tested. For this optimisation 0.48 §chyllea millefoliumdried flowers
and 40 mL of the solvent were used. In this santipderutin and quercetin antioxidants
were contained. By the evaluation of these compsthned 25 °C was chosen and used for
further experiments. As shown in the figure 4 theraction of antioxidants in the
ultrasonic bath was only slightly influenced by thelected temperature and maximum
contents were gained at room temperature.
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Fig.4 Quercetin and rutin quantity dependency on exwwadiemperature in the ultrasonic bath method.

The extraction time optimisation was performedhat aptimised temperature using
30 % acetonitrile as the extraction solvent. Tesiteeg periods were 5, 10, 15, 20, 25, 30,
40 and 60 min, respectively. The aliquot 0.75 g\ohyllea millefoliumdried leaves was
used for this optimisation, when quercetin and keticuare included in. The appropriate
peak areas were increasing until the extractiore toh25 min, which is depicted in the
figure 5. Based on these results the extractiore t#8 min was chosen for the future
experiments. After this time period no improvemaattthe peak areas of target compounds
were observed.
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Fig.5 Quercetin and esculetin quantity dependency oraetitm time in the ultrasonic bath method.
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Also by the ultrasonic probe extraction method mpgations of each factor, which
were extraction time, extraction temperature, gatogis output (amplitude) and ultrasonic
energy pulsation possibility, was made. Homogermratvessel, which has 3 shoulders,
was used, because of better sample circulatioreatection recovery. It was necessary to
change solvent volume to 50 ml, but the sample lteigs used the same as by ultrasonic
bath method. As optimised extraction time was cha®® minutes again, as optimised
temperature was chosen room temperature also.dirtra were made without pulsation
using 60 % amplitude, which equals to 90 W gene@itput.

Sample amount was chosen 0.75 g because of expeaotezkidant quantity.
Ultrasonic bath method values are shown in tablglttasonic probe values are shown in
table 2.

Table 1 Antioxidant contents in herbs extracted by ultrasdath.

Antioxidant content [mg/100 g of dried leaves]
R. graveolens C. sativum P.lanceolata M. spicata M. longifolia

esculetin < LoQ* <LoQ 441.3+8.2 <LoQ <LoQ
7-hydroxy-
coumarine < LoQ < LoQ < LoQ < LoQ < LoQ
scopoletin < LoQ < LoQ <LoQ 165.7 +8.5 45.26 +5.
rutin 1180 £ 45 24554 + 3.5 <LoQ 156.7+7.8 266t2.3
xanthotoxin 91.1+3.6 <LoQ <LoQ < LoQ < LoQ
5-methoxy-
psoralen 133.2+£5.3 < LoQ <LoQ < LoQ <LoQ
guercetin 321.8+5.1 55.67 £+ 2.6 <LoQ <LoQ <LoQ

* < LoQ ... under limit of quantification

Table 2 Antioxidant contents in herbs extracted by ultrasgrobe.

Antioxidant content [mg/100 g of dried leaves]
R. graveolens C. sativum P.lanceolata M. spicata M. longifolia

esculetin < LoQ* <LoQ 352.7£8.7 <LoQ < LoQ
7-hydroxy-
coumarine < LoQ < LoQ < LoQ < LoQ < LoQ
scopoletin <LoQ < LoQ <LoQ 101.7£8.2 39.36 5.
rutin 890 + 23 210.56 £ 8.7 <LoQ 102.3+6.2 21&x4.9
xanthotoxin 81.8+4.7 <LoQ <LoQ <LoQ <LoQ
5-methoxy-
psoralen 77.1+£2.4 <LoQ <LoQ <LoQ <LoQ
guercetin 231.1+6.3 4297 £ 2.5 <LoQ <LoQ <LoQ

* < LoQ ... under limit of quantification

Chromatogram ofRuta graveolensobtained by the ultrasonic bath method is
presented on figure 6.
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Fig.6 Ruta graveolenghromatogram gained by the ultrasonic bath mettpdutin, 2) xanthotoxin, 3) 5-
methoxypsoralen, 4) quercetin

Also detection limits (LoD) for each antioxidant eneasured and then limits of
quantification (LoQ) were counted. These formulasewsed:
LoD =3lo

LoQ =10l
o is retention time signal noise for each antioxtd&esults are shown in table 3.

Table 3 Limits of detection and quantification for eachiaxidant.

antioxidant LoD (ng/ml) LoQ (ng/ml)
esculetin 73,8 245,1
7-hydroxycoumarine 55,6 185,2
scopoletin 85,8 285,8
rutin 65,3 217,4
xanthotoxin 26,4 87,9
5-methoxypsoralen 45,5 151,6
guercetin 37,2 123,9

4. Conclusion

Antioxidant identification and quantification wasfprmed in leaves of these plants
- Mentha longifolia Mentha spicata Ruta graveolens Plantago lanceolataand
Coriandrum sativumThere were ultrasonic bath extraction and ulinasprobe extraction
methods used. Both methods were optimised. Gaixiedots were analysed by the HPLC-
UV method. Both extraction methods are simple aodldt be used for antioxidant
extractions from plants. Higher values were readhedltrasonic bath extraction method.
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Abstract

Two routine reversed-phase high performance liquid chromatography
(HPLC) methods with fluorescence detection for detenination of lincomycin
precursors in fermentation broth of Streptomyces lincolnensisand genetically
modified Streptomyces lincolnensiswere developed The first one enables
simultaneous detection and quantitation of methyltiolincosamide (MTL) and N-
demethyllincomycin (NDL), whereas the second one wsuitable for 4-propylproline
(PPL) analysis. Both methods are based on the pmlumn derivatization of MTL
and NDL with 4-chloro-7-nitrobenzofurazan (NBF) and PPL with o-
phthaldialdehyde-2-mercaptoethanol (OPA). The methods are relativelyisiple due
to the lack of fermentation broth purification step. Both methods were successfully
validated with LLOQ values of 2.50, 3.75 and 3.75o0f MTL, NDL and PPL,
respectively.

Keywords

Methylthiolincosamide; N-demethyllincomycin; prqmgline; o-phthaldialdehyde;
4-chloro-7-nitrobenzofurazan; derivatization; fllescence detection; Streptomyces
lincolnensis

1. Introduction

Lincomycin produced byStreptomyces lincolnensiand its semi--synthetic
derivative clindamycin are widely used in the dadipractice. The aglycone PPL and the
sugar moiety MTL are two basic precursors in lingoim biosynthesis. These two parts
are condensed to NDL in a reaction catalyzed by Mthetase. Finally, NDL is
converted to lincomycin A by S-adenosyl methiondependent NDL-methyltransferase.
The complete lincomycin biosynthetic pathway hasbeen described yet. At the present
time lincomycin biosynthetic genes are studied giSREDIRECT inactivation kit
Determination of PPL, MTL and NDL in mutant straimslps to elucidate single steps in
the pathway.

The complex matrix of fermentation broth includirayganic and inorganic
compounds makes the main problem in developingriethod for MTL, NDL and PPL
analysis. Within the selectivity, the other requmient of developed method is high
sensitivity, because the expected concentratiorl lef precursors is about 18y mI™.
Further, other criteria such as run time, pricejigaent and simplicity are included.

It has not been reported an analysis of neither RI’LNDL, to date. Nevertheless,
it is possible to adopt methods for determinatidnstucturally related compounds
including proline and lincomycin for PPL and NDlespectively.

Methods for analysis of proline based on the pileroa derivatization with
subsequent fluorescence detection seem to be mibagbls for PPL analysis considering
selectivity (complex matrix) and sensitivity reqmments. As far as NDL assay is
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concerned, an analysis of another lincomycin pmticr MTL - can be applied thanks to
the presence of secondary amino group in its mtdedd different approach to NDL
analysis, determination of lincomycin using UV deien and SPE purification worths
considering as well.

2. Experimental
2.1 Chemicals, standard solutions

Solvents used in HPLC were of HPLC gradient gradieetonitrile (ACN) was
purchased from J.T. Baker (Holland), methanol fréferck (Germany). All other
chemical including derivatization agents were algdi from Sigma (Germany). All
chemicals were stored according to the producericisons.

PPL, MTL and NDL standards were prepared at Institaf Microbiology,
Academy of Sciences of the Czech Republic, theuctire and purity were proved by
nuclear magnetic resonance and mass spectrométgy.stendard stock solutions were
prepared in double distilled water at a concerarakével of 1 mg mt. The solutions were
stable at 4 °C for 5 days.

2.2 Derivatization procedure
PPL

The following procedure was used to obtain optintainditions for OPA
derivatization of PPL. 100l of 20 mM solution of chloramin-T in 400 mM KB&O3 (pH
9.5) and DMSO, 4:1 (v/v) was pre-heated in a whth (70 °C) for 1 min. 100l of PPL
standard or real sample was added, the mixturemiesd and heated at 70 °C for another
minute. After that 10 of 300 mM NaBH in 600 mM LIOH was added, the mixture was
mixed, heated at 70 °C for 10 min and centrifugeti3ad00 ppm. 4hl of the mixture was
added to 1@l of derivatization agent (5 mg of OPA diluted i @ of ACN, 50ul of 200
mM NaBOs - pH 9.5 and 4ul of mercaptoethanol).

MTL, NDL

For MTL and NDL derivatization, 250 of 30 mg mi* NBF solution was mixed
with 50 ul of 1 M NaHCQ and 200ul of standard or real sample. The mixture was
vortexed for 20 s, put in a water bath (70 °C)4dr and freezed at —20°C for 20 min.

2.3 Chromatographic conditions

HPLC analyses were performed with a Waters systemipped with flow
controller 600 and autosampler 717, and Milleniutx sbftware was used for data
processing. 29 of sample mixture was loaded onto analyticay 250 x 4.6 mm i.d.;
particle size, 5um; Phenomenex) column kept at room temperaturenestiad to a
security guard g cartridge (30 x 20 mm i.d.; particle sizeu; Phenomenex).

The mobile phase consisted of solvents A: 20 mM amom formiate, pH
adjusted with NEHOH (25 %) on the value of pH 4.7; acetonitrii 1QM/v) and B:
acetonitril.

PPL

The linear gradient elution at a flow rate of 1r@bmin’is described in tab. 1, the
column effluent detected a scanning fluorescentectt® 474 Xex = 240 NM;Aerm = 417
nm) with a gain switch from 10 to 100 at 6 min a&yysis.

MTL, NDL

The linear gradient elution at a flow rate of 1mih™ is described in Table 1. The
column effluent detected a scanning fluorescendectty 474 Xex = 420 NM;Aem =
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525 nm) with gain set on the value of 100 for tHeole analysis.

Table 1 Gradient elution.

PPL MTL, NDL
Time (min) B (%) Time (min) B (%)

0 30 0 15

1 30 5 33
13 65 15 44
15 100 16 100
19 100 20 100
20 30 21 15

2.4 Method validation

Selectivity.Sample matrix without a content of PPL and sanmpdérix containing
neither MTL nor NDL was used to evaluate the metbeldctivity.

Calibration curve.Calibration curves over linear ranges from 3.78.60 ug mr*
for PPL, from 2.50 to 40.Qug mI* for MTL and from 3.75 to 40.0 for NDL were
determined. Stock solution of PPL (1 mg®br MTL and NDL (a mixture; 0.5 mg ml
of both) was spiked into a matrix without a contehthe spiked compound to required
concentrations. The applied range is sufficienbweégards to expected levels of analytes
in real samples.

Lower limit of quantificationLLOQ was determined as the lowest concentrations
of PPL, MTL and NDL quantified with precision (RSEphd accuracy lower than 20 %.
Six replicates of samples spiked with PPL (3igpml™), MTL (2.50 pg m*) and NDL
(3,75ug mrY), respectively, concentrations at which the signatoise ratio was found to
be larger than 10, were measured.

Accuracy and precisionTo evaluatethe precision and accuracy of the assay,
quality control samples were prepared at conceatraf 3.75, 40.0, 100; 2.50, 15.0, 40.0
and 3.75, 15.0, 40.Qg mi* for PPL, MTL and NDL, respectively. For precisionda
accuracy six replicates of quality control sammé®ach concentration were assayed on
the same day (intra-day assay).

3. Results and discussion
3.1 Method development
PPL

Several derivative agents including DNS-CI, FMOCQ@ and OPA were
evaluated. Following its characteristics and prpegxnents, OPA was chosen for PPL
derivatization, even though it reacts with primargino groups only and therefore PPL has
to be oxidized using chloramin-T before the deiiattort".

In order to achieve as low LLOQ as possible, sdvaeps in the derivatization
procedure were modified, concentration of chloramirNaBH, and OPA, temperature
and time of oxidative reaction, pH of MEO; solution and the amount of added sample
into the reaction. The parameters that showed asség of modification are presented
further.

Concentration of OPASolution of OPA agent on three concentration levgls,
25, 50pug mit, was tested. The volume of added mercaptoethamodined unaltered in
order not to change the rate of the amount of smlostbetween OPA and MCE. The usage
of ten times more concentrated OPA solution yiel@d&dtimes higher response. Therefore
50 mg mi* OPA solution was used for further derivative reats.

Temperature of oxidative reactionlhe influence of derivatization reaction
temperature on oxidative reaction in the interspgage 50 °C to 80 °C with 5 °C steps
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was tested. The efficiency of oxidation increaseainf 50 °C to 70 °C, after that it
stagnated or even slightly decreased. Reactiondeatype of 70 °C was determined as the
most suitable.

pH of NaBOs solution. pH condition of oxidative and derivative reactionss
tested simultaneously in the range from pH 7.0Qevith resulting pH 9.5 as optimal.

Sample volume added to the reactibhe excess of oxidative and derivative agents
was tested simultaneously. To simplify the experitné was proceeded as a dependence
of derivatized product concentration on the amoofnbdded sample into the reaction.
Sample volumes of 25, 50, 100, 125 and Lb@vere examined resulting in the optimal
volume of 100Qul.

In order to develop a suitable and relatively senphobile phase supporting
efficient separation of PPL derivate from matrixtenfierents, several buffers were
examined, potassium phosphate, natrium borate amdoaium formiate. The usage of
ammonium formiate yields the best separation &fficy expressed by the resolution. In
addition, ammonium formiate is compatible for pb&si MS experiments. It was
ascertained that the separation is independentofpnobile phase (buffer). Therefore,
ammonium formiate of pH 4.7 was selected. The vedueliable not only for PPL derivate
separation, but also for column long lifetime.Tlaanple was eluted by gradient elution,
which was modified in order to separate the andhgie the matrix.

Detection.There were compared three published wavelefigfrend as optimalex
= 336 nm andm = 425 nm was chosen. The gain of the detectorseasn the value of
10 with a switch to 100 at 6 min of the analysisatmid response overloading caused by
the matrix and to obtain maximum sensitivity forlPP

MTL, NDL

The method for lincomycin determinatibis not applicable to NDL analysis due to
matrix interference. However, NDL can be derivatath a fluorescent agent as well as
MTL in the already existing methddMoreover, application of this method for NDL
analysis enables simultaneous determination of liatbmycin precursors.

Three parameters of derivatization reaction (reactemperature, time and sample
volume added to the reaction) were optimized ta@iobthe most sufficient conditions for
MTL as well as NDL derivatization.

Reaction temperaturd.he temperature was tested in the range from 5% G °C
in 5 °C steps. It was found out that the derivaira of NDL is independent on
temperature, whereas derivatization of MTL vyieldsttér results with increasing
temperature. Therefore, the temperature of 75 °G whosen for MTL and NDL
simultaneous derivatization.

Reaction time and sample volume added to the madthe reaction was tested for
1-5 h duration in 1 h steps; the volume of addedpda was tested from 200 to 4Q0in
50 ul steps. It was shown that both parameters suffidier MTL derivatization, reaction
time of 4 h and 20Q of added sampfeare reliable for NDL as well.

Aside from potassium phosphate buffexmmonium formiate and sodium borate
were examined resulting a good efficiency of sejpamaf ammonium formiate, which is
also compatible with MS, was used. It was shown tha separation of MTL as well as
NDL derivatives is pH independent so the value ldf47 was chosen on the basis of the
buffer stability and column maintenance.

Furthermore, the elution gradient was modified &pasate analytes from the
matrix.

3.2 Method validation
Selectivity.The selectivity was performed to determine theropticonditions for
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quantification of PPL, MTL and NDL in fermentatidmoth of Streptomyces lincolnensis
Under chromatographic conditions described in 8gtigdy all three analytes were well
separated. No significant interferring componentssample matrix were detected by
fluorescence detection under chromatographic paamased. See Fig.1 and 2.

4000,0-

3000,0-

2000,0-

Fluorescence

1000,0-

200 400 600 800 1000 12,00 1400 1600 18,00
t (min)
Fig.1 Overlay of PPL (3@ig mi™) spiked in matrix (fermentation broth 8f lincolnensisand matrix itself.

8000,0;
: MTL

6000,0-

4000,0- NDL

Fluorescence

2000,0-

0107‘ L e T e B
2,00 4,00 6,00 8,00 10,00 12,00 14,00 16,00 18,00 20,00
t (min)

Fig.2 Overlay of MTL and NDL (3Qug mI*) spiked in matrix (fermentation broth of S. linaehsis) and
matrix itself.

Calibration curve and LLOQ.The calibration curves were prepared at six
concentration levels, 3.75, 7.50, 15.0, 30.0, 500m; 2.50, 5.00, 7.50, 15.0, 20.00, 40.0
and 3.75, 5.00, 7.50, 15.0, 20.0, 40cpml™* for PPL, MTL and NDL, respectively. All
characteristics of the calibration curves includingQ values are shown in table 2.
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Table 2 Parameters of calibration curves and LLOQ valoe$PL, MTL and NDL.

Analyte Retention Regression equation Correlation LLOQl
time (min) coefficient (uvg mi)
PPL 14.7 2.19.1T0-4.38.16 0.9995 3.75
MTL 7.4 2.38.16-1.55.16 0.9999 2.50
NDL  14.9 9.14 . 10— 2.64 .16 0.9998 3.75

Accuracy and precisioriThe accuracy and precision of the assays are suzedan
table 3. The accuracy for PPL ranged from 98.41®» % with the precision (RSD) from
2.6 t0 6.5 %, for MTL from 98.0 to 109 % with theepision (RSD) from 2.4 to 8.8 % and
for NDL ranged from 99.0 to 111 % with the precis(®®SD) from 1.9 to 4.9 %.

These results indicate that the presented methsdséigsfactory accuracy, precision and
reproducibility.

Table 3 Precision and accuracy of PPL, MTL and NDL in fentation broth ofStreptomyces lincolnesis
(n=6).

Spiked Measured RSD Accuracy
(gm)  (gmt) (%) (%)
PPL  3.75 3.69 6.53 98.4
40.0 44.3 2.56 111
100 112 3.68 112
MTL 2.50 2.57 8.82 103
15.0 16.4 2.40 109
40.0 39.2 4.69 98.0
NDL 3.75 3.93 4.32 105
15.0 14.8 1.94 99.0
40.0 44.3 4.87 111

4. Conclusion

Two assays for three lincomycin precursors, MTL,IN&hd PPL, are described.
The methods are selective, sensitive and reproiucitast but not least advantages of the
newly developed assays are the simplicity and kigbughput.
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Abstract

A growing interest is focused on environmental comiminants, which may
disrupt endocrine system of organisms. Estrogens arconsidered to belong to
chemicals that negatively affect the endocrine syamn, even when present in very low
concentrations. They are discharged into environmenas a result of an increasing
application of drugs, excretion of human metabolite etc. Although estrogens are
present in very low amounts, their impact on certaa fish and other wildlife and
humans is significant.

Various methods have been developed for determinath of estrogens. Due to
the fact that low detection limits are required, these methods mostly involve MS or
fluorescence detection hyphenated to a separatioadhnique (GC, LC).

This work has been focused just on the separatioWe have optimized and
compared isocratic and gradient elution systems foseparation of five estradiols,
namely estrone (E1), estriol (E3), ethinylestradioEE), mestranol (M) and 1%-
estradiol (@E2) in HPLC. The chromatographic systems have corsted of a C18
stationary phase and various mobile phases. The aptized mobile phase composition
has been acetonitrile/water 40/60v(v) in the isocratic mode. However the analysis
time of the last eluting analyte — mestranol — haveen to long under isocratic
conditions. Therefore, separation has been improvedsing gradient elution: starting
from the same basic mobile phase and employing aéar gradient between 15 and
16™ minute to 100% acetonitrile.

Keywords
Endocrine disruptors; estrogen hormones; HPLC asialy isocratic elution;
gradient elution

1. Introduction

A wide variety of artificial chemicals are currgntbeing released into the
environment subsequently contaminating preciousbajloresources with potentially
deleterious effects.Some of these chemicals, such as endocrine dissufEDCsJ, are
connected with adverse effects on reproductiveesystin wildlife and human, even when
present at very low concentratiéns

Endocrine disruptor is an exogenous substance xturei that alters function(s) of
the endocrine system and consequently, may causersadhealth effects in an intact
organism, its progeny or its (sub)populatidrSDCs may have different mechanisms of
action. They can mimic or antagonize functionstefad hormones, disrupt biosynthesis
or metabolism of steroids or alter hormone receptulations. Modification of sexual
development and reproductive function in reptildsds, amphibians, crustaceans and fish
by environmental exposure to EDCs has been repbriednammals, the evidence of
endocrine disruption is less unambiguous; howeMeC& are believed to exert similar
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effects on human reproductive health and also @am¥olved in the initiation of some
hormone-dependent cancers

The group of endocrine disruptors includes 4-nongtml (NP), which is the
biodegradation metabolite of non-ionic surfactahtg has been shown to be present in the
environment (river water, sewage sludge and fiskugs). Another representative of the
group of endocrine disruptors is bisphenol A (BRAgt is mainly used in the manufacture
of polycarbonate plastics and epoxy resins. Itfigreat concern that these materials are
used as food and beverage containers and as thg bh metal cans, from which BPA
leaches into food.Natural and synthetic hormones, such ag-dstradiol BE2), 1%-
estradiol ¢E2), estriol (E3), estrone (E1) and ethinylestra@E), which is a synthetic
contraceptive chemical, also belong to endocriseugitors. The study of the metabolism
of estrogens suggests that these compounds absioyhetestine are glucuronidated and
sulfated in liver and kidney and excreted as glanigte and sulfate by urifie

Many techniques have been developed for deterromaif estrogens in water,
sediment, tissue, plasma or human urine. Baseti@nrinciple, these techniques can be
divided into three groups. The first one is biontonng (mostly using GloFish); the
second group contains immunochemical methods ssi@mayme-linked immuno-sorbent
assay (ELISAY®® radioimmunoassay (RIA) and flow injection anady¢FIA). The last
technigues are represented by analytical separatigthods such as gas chromatography
or high-performance liquid chromatography, mostighwMS detection’*’ MS/MS'*2
UV or fluorescence detectiohs Sample preconcen-tration or derivatization isaligu
required, as very low concentrations of the estegeshould be monitored in
environmental samples.

Herein, we report a development of a simple HPLGhwa with UV detection for
analysis of estradiol analogues that will be usaddietermination of these pollutants in
natural- and wastewater samples.

2. Experimental
2.1 Reagents

Acetonitrile and methanol, both p.a., were purcdaseom Sigma-Aldrich
(Steinheim, Germany). Deionised water was usedutirout the experiments (Milli-Q
water purification system Millipore, Milford, MA, BA).

Estrone, ethinylestradiol, &ifestradiol, estriol and mestranol (M), for strueisee
Fig.1, all VETRANAL®, analytical standards, have been purchased frgma&Aldrich
(Steinheim, Germany).

2.2 Instrumentation
The HPLC equipment - the Waters Alliance system t@figa Chromatography,

Milford, MA, USA) comprised a Waters 2695 Sepamati®Module, a Waters 2996
Photodiode Array Detector, a Waters 717plus Autgdamand a Waters Alliance Series
column heater. Signal was processed and data wemdldd with the PC Empower
software from Waters Chromatography (Milford, MASH). Commercially available steel
column Supelcosil TM LC- 18-DB (250 x 4.6 mm |.dbgtadecyl bonded to silica gel,
particle size Jum) was purchased from Supelco (Bellefonte, Penasya; USA).

2.3 Separation conditions

The mobile phases consisted of water and aceten{iCN). The amount of the
organic modifier present in the mobile phase wagudaduring the method optimalization
experiments.

All the standards of estrogens (EE2, EE, E3 and M, Fig.1) were diluted in water
for optimalization process and in methanol for @D and LOQ determinations. (Higher
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concentration than 58g/mL led to the sample precipitation in water.) Td@centration
of all the stock solutions of the standards wasglnmh.. The solutions were stored at 5 °C.

The mobile phase flow rate was 1.3 mL/min. Detectiwas performed at the
wavelength of 200 nm. The measurements were caouédt the laboratory temperature
of 20 °C.

Estrone
(E1)

17a-estradiol
(aE2)

Mestranol

(M)

Estriol
(E3)

17a-ethinylestradiol
(EE)

/;“;/gi
CTwls
HO™ ™ ™

Fig.1 Structures of studied estrogen analogues.

3. Results and Discussion
3.1 Optimalization of separation conditions

Important endocrine disruptors - estrogens occumwastewaters in very low
concentrations. Therefore, a method for their aislghould involve a preconcentration
step, mostly solid-phase extraction (SPE), anditlde separation technique combined
with sensitive MS or fluorescence detections.

This work deals just with the development and oanon of a simple HPLC
method for determination of the estrogen derivativie Supelcosil TM LC-18-DB column
was used as the separation stationary phase. Théenphase contained acetonitrile and
water and the content of the organic modifier wasied. Both isocratic and gradient
elution modes were tested and compared. The fltewvas optimized as well.

When isocratic elution was performed, the optimirmedbile phase composition
found was ACN/water 40/60/{). At the flow rate 1mL/min all the estrogens (BEZ2,
E3, EE) eluted within 20 minutes except of mesttdhat had very long retention - 110
minutes. The retention time of mestranol decrease8D minutes when the flow rate was
increased to 1.3 mL/min (Fig.2).
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Fig.2 Chromatogram of separation of selected estrogestrene (E1), ethinylestradiol (EE),ct&stradiol
(0E2), estriol (E3) and mestranol (MJupelcosil TM LC-18-DB column (250 x 4.6 mm |.Enpbile phase,
ACN/water 40/60 (v/v); flow rate, 1.3 mL/min; UMelgion, 200 nm; column temperature, 20 °C.

Several types of gradient elutions can be usedrésaft in improved separation of
analytes. First of all the gradient of mobile phasemposition, i.e. organic modifier
contents, ionic strength or pH of the aqueous portcan be employed, but also
temperature or even flow rate gradients can beopedd. Linear, concave and convex
concentration gradients were tested in this woee (§ig.3). The basic mobile phase
composition was ACN/water 40/60/Y) in all cases and applying the gradient the amount
of ACN was increased up to 100 % (for the gradidetted see Table 1). The linear
gradient of ACN/water Wv) mobile phase composition was chosen from the ignad
profiles available as the next step in method ogation. ACN/water 40/60v(v) with the
linear gradient to 100 vol. % of acetonitrile apglifrom 15 to 16 minute provided
separation of all the analytes within 20 minutelse Thobile phase flow rate was kept at a
constant value of 1.3 mL/min. Chromatogram of tepasation under gradient elution is
shown in Fig.4. Shorter retention and better péwpe and efficiency were obtained when
gradient elution was employed.

Fig.3 Gradient curves available on the instrument used.

86



4™ International Student Conference: "Modern Analgti€hemistry"

M
E1
EE
aE2__ | E3
0 5 10 15 20

time [min]
Fig.4 Chromatogram of the separation of selected estegeestrone (E1), ethinylestradiol (EE),0d7
estradiol ¢E2), estriol (E3) and mestranol (M$upelcosil TM LC-18-DB column (250 x 4.6 mm [.D.);
mobile phase, ACN/water 40/60 (v/v), 0. — 15. miith a linear gradient to 100 vol. % of acetoniril
applied from 15. to 16. min; flow rate, 1.3 mL/mV detection, 200 nm; column temperature, 20 °C.

Table 1 Gradient elution conditions tested in this work.

The basic mobile phase composition: ACN/water 480, 0. — 15. min, with a linear gradient to 100.

% of acetonitrile; stationary phase, Supelcosil Tia-18-DB column (250 x 4.6 mm 1.D.); flow rate, 1.3
mL/min; UV detection, 200 nm; column temperatufe;Q.

Gradient curve correspondin . Running time
to Fig.3 P ? Gradient type of the g?adient

Nr. 6 Linear 16. - 17. minute

Nr. 6 Linear 15. - 16. minute

Nr. 6 Linear 13. - 16. minute

Nr. 2 Convex 16. - 17. minute

Nr. 10 Concave 16. - 17. minute

3.2 Calibration

Limits of detection (LOD) and limits of quantificah (LOQ) for the individual
estrogens were determined under the optimizedrlineacentration gradient conditions.
The measurements were carried out within the cdreggon range from 5.Qg/mL to 200
ug/mL. The dependence of the peak height on the/enabncentration was linear over the
whole studied range. The limits of detection andrdification were obtained from the
regression analysis as the background noise mellifdy three and ten, respectively. The
results measured for the individual estrogens amensarized in Table 2. As follows from
the Table 2, the lowest LOD and LOQ values havenbegtained for mestranol and
estrone, i.e. for the first and last eluting peiakthe gradient mode. LOD and LOQ a2,
EE and E3 have been almost eight times higherttramalues of M and E1.
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Table 2LOD and LOQ obtained for the individual estrogemrhonesConditions: Supelcosil TM LC-18-DB
column (250 x 4.6 mm 1.D.); mobile phase, ACN/wa60 (v/v) with linear gradient to 100 vol. %AEN
applied from 15 to 16 minute; flow rate, 1.3 mL/mitV detection, 200 nm.

LOD LOQ
ng/mL 10° mol/L ng/mL 10°mol/L
El 0.160 0.043 0.533 0.144
oE2 0.687 0.186 2.290 0.621
EE 0.875 0.259 2.920 0.864
E3 0.803 0.231 2.680 0.770
M 0.101 0.031 0.337 0.105

4. Conclusion

The optimized separation conditions (HPLC with Ugtettion) for the analysis of
five estrogen analogues (estradiols) were foune. dtimized mobile phase composition
was ACN/water 40/60v(v) with a linear gradient to 100 vol. % of acetafetrapplied
from 15. to 16. min. The limits of detection anahilis of quantification determined under
these optimized conditions for the individual egaos ranged between 0.26 — 0.03 mol/L
and 0.86 — 0.11 mol/L, respectively.

We plan a further improvement of the proposed ditally method in the near
future: (i) a better quality C18 column will be dsevhich could provide more symmetrical
peaks; (i) more sensitive fluorescence detectiolh e employed under the optimized
separation conditions (using gradient elution agaifii) various possibilities of
preconcentration — solid phase extraction columngil- be tested. As the final step
estrogens in real water samples will be determined.
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Abstract

Electrochemical behaviour of glassy carbon paste edtrode (GCPE) and
bismuth-modified glassy carbon paste electrode (BECPE) was compared for
cathodic reduction of 4-amino-3-nitrophenol using dferential pulse voltammetry
and HPLC with electrochemical detection. Generally,the performance of both
electrodes is similar. BIGCPE showed in DPV some Yaurable properties, eg. less
negative reduction potential of the analyte and loer sensitivity to oxygen. However,
its application is limited to acidic media due to he narrow potential window. The
presence of oxygen complicated the HPLC electrocheral detection and related
baseline fluctuation caused high detection limit.

Keywords
Carbon paste electrode, bismuth, differential pulseltammetry, HPLC,
aminonitrophenol

1. Introduction

Nowadays, mercury electrodes are less employedeictreanalysis because of
adverse effect of liquid mercury on the environmeBismuth electrodes, introduced
several years ago, offer interesting propertiestémd in their place: bismuth toxicity is
low compared to mercury, but its electrochemicapgrties are very similar, including
high hydrogen overpotential, low background curreemd high reversibility of
electrochemical reactioh.

There are several varieties of bismuth-modifiedteteles. Bismuth bulk electrodes
are rather rare because of difficult surface treatm Most common are electrodes
composed of bismuth film electrochemically depasiten glassy carbon or carbon paste
electrode. For oganic compound analysis, ex sim flating is necessary, which is
experimentally more demandingRecently introduced carbon paste electrode with
admixed bismuth powder combines modification bymhith with properties of carbon
paste electrodes, eg. easily renewable sufface.

Bismuth-based electrodes were successfuly usednfodic stripping voltammetry
of metals? Studies dealing with direct reduction of organibstances are less comnioh
and they are dealing with bismuth film electrodak/o

Aim of this study is to compare the electrochemlzathaviour of bare carbon paste
electrode and carbon paste electrode with admixsehuih powder on the instance of
cathodic reduction of 4-amino-3-nitrophenol (4A3NR)ng differential pulse voltammetry
and HPLC with electrochemical detection.

2. Experimental
2.1 Apparatus

Differential pulse voltammetry (DPV) measurementravcarried out using Eco-
Tribo-Polarograph, controlled by software Polar Pxd (both PolaroSensors, Prague,
Czech Republic). HPLC system consisted of degadsgh-pressure pump Beta 10,
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injector valve with 20pL loop, Gemini 3im C18 110A, 150x 4.6 mm column
(Phenomenex, USA) with chemically bonded C18 phds#VIS detector Saphire 800 (all
Ecom, Czech Republic) and amperometric detector @RL(Laboratorni fistroje, Czech
Republic) connected in series. The HPLC system aeasrolled via Clarity 2.3 software
(DataApex, Czech Republic) working under Windows (KRcrosoft).

Three-electrode arrangement was used both for DfeMegectrochemical detection
with platinum auxiliary electrode and Ag/AgCl (1 KICl) reference electrode RAE 113
(Monokrystaly Turnov, Czech Republic), which alktlpotential values are referred to.
Working electrodes are described below.

2.2 Working electrodes

Glassy carbon paste electrode (GCRigs prepared by mixing 250 mg of glassy
carbon micropatrticles (Alfa Aesar, Germany) witfO1 of mineral oil (Fluka).

Bismuth-modified carbon paste electrode (Bi-GCR€Je prepared by mixing 150
mg of glassy carbon microparticles and 90 mg ofmbith powder (100 mesh, Aldrich)
with 100pL of mineral oil®

The paste mixtures were packed in piston-driverdrs| with inner diameter of 3
mm. Electrode surface was renewed befor each DPAsarement and once a day in flow
detection measurements. To remove oxygen, the falten — 1.0 V was applied for 60 s
in a stirred solution prior to each measurement.

2.3 Chemicals

The stock solution (c =102 moll™) of 4-amino-3-nitrophenol (4A3NP, CAS
Number 610-81-1, Aldrich) was prepared by dissauine exact amount of the substance
in methanol (for HPLC, LachNer, Neratovice, CzedpRblic) and was kept at laboratory
temperature.

Britton-Robinson (B-R) buffers served as supporteigctrolyte for DPV, 0.01
molll™? phosphate buffer was used for preparation of reopihases in HPLC. All
chemicals used for buffer preparation were of dilly grade purity and obtained by
Lachema Brno, Czech Republic. Deionized water {pblle) was used throughout.

2.4 Procedures

Differential pulse voltammograms were carried oufadlowing scan parameters:
scan rate 20 mg”, pulse amplitude 50 mV and pulse duration 80 nwutins were
prepared by exact dilution of methanolic stock 8olu by B-R buffers. Oxygen of the
solution was removed by purging by nitrogen.

Samples for injection into HPLC system were pregdng exact dilution of the
stock solutions to contain the required amounthef analyte in 50% methanol (v/v in
water). The mobile phase contained 50 % of methandI50 % of phosphate buffer pH 4
(v/v) and its flow rate was 0.5 nihin™’. Detection wavelength of 216 nm was selected
from UV spectra of the analyfe.

Calibration dependences were evaluated by leastrsg|linear regression method.

3. Results and discussion
3.1 Differential pulse voltammetry

At first, the influence of pH on voltammetric bel@aw of 4A3NP was
investigated. As can be seen in Fig.1, the maiwlaak of Bi-GCPE is narrow potential
window compared to GCPE. Potential window is lirditewards less negative potentials
by the value of approximately —250 mV (due to thxédation of bismuth) and towards
more negative potentials by value of approx. —1600 while GCPE extends to values
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higher than —1400 mV. Therefore, pH range for theasurement using Bi-GCPE is
limited to values lower than pH 7, as the peakosabservable in more alkaline solutions.

On the other hand, addition of bismuth decreasesdnsitivity of the electrode to
the oxygen. Oxygen signal, caused mainly by oxydissolved in the carbon paste, was
hardly notable in measurements carried out usinGBPE. GCPE, however, shows stable
oxygen peak in spite of reduction pretreatment.

Notable is also the potential shift of the peakd8B8NP for about 30 mV towards
less negative potentials.

’ N
/ N e
., ~
7
N
\
\
N
\
N
' 2pA
N , u

1 1 1 1
-400 -600 -800 -1000 -1200 -1400
E/mV

Fig.1 Voltammograms of 4A3NP obtained using GCPE (dadhe®) and Bi-GCPE (solid line)DPV,
supporting electrolyte B-R buffer (10 % of methanstan rate 20 mg", pulse amplitude 50 mV and pulse
duration 80 ms

For further measurements, pH 4 was chosen as dmimdecalibration dependences
were measured in the range frold* molll™ to 210° molll ™. The obtained calibration
dependences are linear in the studied concentredinge. (Fig.2) Calculated parameters of
the dependences are summarized in Table I. Quitggla intercept is caused by the
nonideal baseline shape and consequent difficaliuation.

The limits of determination were calculated as tlo@centration of the analyte,
which gave the signal equal to ten times the stahdaviation estimated from the lowest
measurable concentration. The value reach€d@®5noll ™ using Bi-GCPE and 2@0°
moll* using GCPE.
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Fig.2 Calibration dependences of 4A3NP obtained usingGBRE and GCPE supplemented by
voltammograms of the lower part of concentratiamg@DPV, supporting electrolyte B-R buffer pH 4 (10 %
of methanol), scan rate 20 n§¥, pulse amplitude 50 mV and pulse duration 80 ms

Table 1 Characteristics of the calibration dependenceBA3NP obtained using Bi-GCPE and GCPE.

Electrode  Concentration Slope Intercept Correlation Limit of
range coefficient  determination
(molm ™) (mAML ol ™) (nA) (molm ™)
Bi-GCPE  2m0° - 110* 17.8 50.4 0.9953 1.510°
GCPE 4010°%- 110* 25.3 87.1 0.9974 2.400°

3.2 HPLC with electrochemical detection

In the next step, the possibility of employing BEBE as the working electrode in
electrochemical detector was tested. Hydrodynanottammmograms were measured
(Fig.3). The potential of the wave obtained usingS&8PE is less negative than potential
obtained using GCPE in the same way as in DPV measnts. Optimal potential — 0.9 V
(Bi-GCPE) and —-1.1 V (GCPE) was chosen for calibratiependences measurement.

The obtained calibration dependences are linettrarstudied concentration range,
as can be seen in Fig.4. The parameters of thieraatin dependences are summarized in
Table Il. The presence of oxygen caused baselimeutation, which disabled the detection
for lower concentrations. Unlike in DPV, Bi-GCPEhgits the same sensitivity to the
oxygen influence as GCPE. Resulting limit of deteation, which was calculated as
concentration of the analyte, which gave the siguolal to ten times the baseline noise, is
therefore very high, reaching the value QP molll* using Bi-GCPE and 0®0°
moll™* using GCPE. In contrast, limit of determinationtasbed by spectrophotometric
measurements is ZID° mol@ ™.
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Fig.3 Hydrodynamic voltammograms of 4A3NBemini 3m C18 110A, 150¢< 4.6 mm column, mobile
phase 0,01 mdl'* phosphate buffer pH 4 : methanol (1:1, v/v), c ZQ* molir*.
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Fig.4 Calibration dependences of peak area of 4A3NP ddiaiising Bi-GCPE and GCPE, supplemented by
corresponding chromatogran@emini 3m C18 110A, 150< 4.6 mm column, mobile phase 0,01 frbl
phosphate buffer pH 4 : methanol (1:1, v/v), BIi-&EBper = -0.9 V, GCPE: e =-1.1 V.
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Table 2 Characteristics of the calibration dependenced ASNP obtained using Bi-GCPE and GCPE as
electrochemical detector in HPLC, calculated ofgihek area.

Concentratio Correlation Limit of
Slope Intercept . O
Detection n range coefficient  determination
(molm) A(mAs'mmol™®) 2 (pAsh/ (molm)
(10°AU.s*.L. mol®) (mAU.s?)

Electrochemical 5 4 5
Bi-GCPE 110° - 100 97.8 0.19 0.9972 1.100
Electrochemical 5 " 6
GCPE 110°- 130 118.6 0.31 0.9978 9.000
Spectrophoto- 6 4 s
metric 110"- 130 12.1 25.3 0.9986 2.100

#first unit reffers to electrochemical measuremesgsond to spectrophotometric measurements

4. Conclusion

The applicability of the bismuth-modified electred&r cathodic reduction of
4A3NP is limited. Bismuth film modified carbon pasklectrodes show favourable
characteristics, eg. less negative reduction ptleaind lower sensitivity to oxygen.
However, their application is limited to acidic nieedlue to the narrow potential window.
Limit of determination obtainable using developeéthnod is1.510° molll™ using Bi-
GCPE and 240° molll* using GCPE. The presence of oxygen complicatecHfPeC
electrochemical detection and related baselinetifaton caused high detection limit,
1.110° molll* using Bi-GCPE and 9M0° moll* using GCPE.
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Abstract

Modified carbon paste electrodes are a very activarea of electrochemical
research. We report the comparison of various typesf carbon pastes used as
voltammetric electrode materials. The carbon powderC), the glassy carbon micro
spheres (GCS) and multi walled carbon nanotubes (MWT) together with Nujol as
the pasting liquid were used to prepare the pasteghese pastes were modified by
chitosan (CHIT) and DNA. Individual electrode substates were characterized by
cyclic voltammetry with K3[Fe(CN)g] as a well known redox probe. Finally, the CV
responses of such electrodes were compared with thaf the screen printed carbon
paste electrode (SPCE).

Keywords
Carbon paste electrodes, glassy carbon microspherasitiwvalled carbon
nanotubes, chitosan, DNA-based biosensor, screateg carbon paste electrode

1. Introduction

DNA-based electrochemical biosensors are today rehtginterest as effective
devices for the DNA research as well as testingrafjs and other chemicals interacting
with immobilized DNA. An improvement of the biosemssignal, both its sensitivity and
specificity, belongs to tasks of numerous investoges. New construction elements and
detection schemes are permanently proposed. Asalsigiansducers, simple and
inexpensive electrode substrates are favorably.u€adbon paste electrodes typically
possess wide working potential window, low backibwurrent, simple renewal and are
widely used as bare or chemicaly modified electsdoe electroanalysis of inorganic ions,
organic compounds, polutants, pharmaceutics angjsdriBoth, glassy and vitreous
carbons (GC) as the substrates and films offerléct@analytical chemistry excellent
properties like good electrical conductivity, haeds and resistance to corrosfo®C
spheres (GCS) are obtained by atomizing polymefudtiryl alcohol containing pore
forming agents in the form of either dissolved hlghwling organics or disperse carbon
black® Thus, their porosity, pore size and surface ateauld be controlled. With the
increased temperature, the size and the voluméeofiticropores increases and the size
distribution is more narrow which enhances the hgamity of electroanalytical results.
The heterogenous rate constant for ferricyanidegher at the paste prepared with GCS
than that with CP.

Carbon nanotubes (CNT) including multiwalled carboanotubes (MWNT)
represent known nanomaterials that display attracttructural, mechanical and electronic
properties leading to improved electrochemical vétgtiof many analytes. Polymeric
materials have also been widely used at sensotsatacs, high sensitive membranes,
energy storage and others. Among them, chitos&liTCas a polysaccharide containing
free amino groups and hydroxyl groups, having gfibd-forming ability, high water
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permeability, good adhesionis perspective for biosensifig.lt is biocompatible,
biodegradable and non-toxic cationic polymer tlwatnfs polyelectrolyte complexes with
negatively charged molecules including DNA.

The anion [Fe(CN;]3"4' is a redox probe frequently used in cyclic voltastm
(CV) for testing of new types of electrode mateviddecause of its electrochemical
reversibility at many electrode substrates. Its al@yer adsorption was also reporfeat
the DNA-based biosensors, it can be used as a eimnedbx probe in the solution phase
where its voltammetric signal decreases compamnpare electrode due to electrostatic
repulsion by the immobilized negatively charged DNvackbon€. At carbon paste
electrodes, however, problems with the CV behamithe(CN);]3"4' can occur due to
insulating properties of pasting liquiSThis can be eliminated by lowering the content of
the binder in the paste.

The aim of this work is to improve the double stath DNA detection by the
[Fe(CN)5]3"4' redox probe using an effective combination of oarpaste as the electrode
material and MWNT and CHIT as the electrode modifi@he carbon substrates such as
glassy carbon microspheres (GCS), multiwalled carbanotubes (MWNT) and simple
carbon powder (CP) in mineral oil were investigdtadthis purpose.

2. Experimental
2.1 Chemicals

Calf thymus double-stranded DNA was purchased fkbenck, Germany. Its stock
solution (0.1 mg.mt) was prepared in 0.01 mol.chTris-HCI + 1 mM EDTA, pH 8.0 and
stored at —4°C. Polysaccharide CHIT of high relatimolecular mass (M= 600 000),
degree of deacetylation 85% was from Fluka, Germ#sy0.5% solution (pH 5.0) in 1%
acetic acid was filtered through a simple filtepeastrip. The CHIT solution of pH 3.3
was prepared by adjusting the pH value of CHIT phiith 1% acetic acid.

Glassy carbon spheres (GCS) of 0.4u12, type 2 (Alfa Aesar, Germany), carbon
powder, crystallic graphite gm, (Maziva Tyn, Czech Republic) were used. Multiedl
carbon nanotubes (MWNT) (OD 40-60 nm, ID 5-10 nemgth 0.5-50Qum) were obtained
from Aldrich, Germany. For their dispergation, 1.m§" pure dimethylformamide (DMF)
from Lachema Brno, Czech Republic, was used. Nwabk purchased from Fluka,
BioChimika, Germany (absorptidn= 260-280 nm, Aax = 0.6-0.9). The redox probe the
1-10° mol.dm?® K4[Fe(CN)] was prepared in 0.1 mol.dfrphosphate buffer solution pH
7.0. Deionized and double distilled water was useodughout.

2.2 Apparatus

Mini- and microelectrode system UM, three electrode set (working electrode,
silver/silver chloride/sat. KClI, reference electoand Pt wire - auxiliary electrode) were
putted into glassy electrochemical cell. SoftwacéaP5.1 (Eko-Tribo-Polarograf, version
3.0, Polaro-Sensors, Prague, Czech Republic) wed 0$ie working electrode was teflon
enclosure with slewing piston with renewable fidjin

2.3 Electrodes preparation and Procedure

The carbon material (500 mg of GCS, 250 mg of CAMBYNT) and 200ul of
mineral oil (Nujol) were mixed to the form of hon@awus paste. Finally, the cavity (d = 2
mm) of the Teflon electrode holder was filled witbrresponding paste. The modified
electrodes were prepared via renewal of carborepastface by cutting and subsequent
covering by dropp of 2 of the CHIT and DNA aqueous solutions or the dispn of
MWNT in DMF and allowing to dry.

Prior to measurement the electrode was immersedLirit0* mol.dni® Ks[Fe(CN)]
in 0.1 mol.dn® PBS pH 7.0 for 120 s under stirring. The cyclidtammograms were
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recorded within the potential range from 600 to 6-48V at scan rate 50 mV:sand
potential step 5 mVs

3. Results and Discussion
3.1 CV signals at carbon paste electrodes withoutNDA

Cyclic voltammograms of the 1-famol.dm® Ks[Fe(CN)j] redox probe at various
bare carbon paste electrodes were poorly devel¢prgdl) what is typical for many
carbon materials. Covering the CPE and GCSPE wiglyexr of MWNT dispersed in DMF
has clearly improved the CV picture, particulartyMWNT/GCSPE whereAE, of only
174 mV was observed in comparison to 572 mV at GEESPE together with an increase
in the CV peaks currents (Fig.2). This is due te #lectroconductivity of MWNT.
Therefore, the GCSPE was chosen for further ingastn.

Certain electroconductivity of chitosan is knowriherefore, its effect on the redox
probe CV picture was also tested. The CHIT solwiohpH 5.0 and 3.3 were applied to
modify the GCSPE surface. The presence of CHIT emas increase in the [Fe(GN)
current response, particularly for CHIT pH 5.0. T®¥ records at CHIT/GCSPE prepared
by using CHIT pH 5.0 exhibitAE, which varied from 69 mV for the first cycle to AV
for the eighth cycle. At CHIT pH 3.3, theE, values have varied from 153 mV for the first
cycle to 167 mV for the eighth cycle.
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Fig.1 Cyclic voltammograms of 1-f0mol.dm? Fig.2 Cyclic voltammograms of 1.0

Ks[Fe(CN)] in 0.1 mol.dn® PBS pH 7.0 at  mol.dm® K5[Fe(CN)] in 0.1 mol.drn® PBS

GCSPE (1) CPE (2) and MWNTPE (3). pH 7.0 at MWNTPE (1), MWNT/CPE (;
and MWNT/GCSPE (3).

The increased current response and small peak t@dteeparatiolAE, at both
CHIT layers could be ascribed to retaining of [R¥Jg> ions by the protonated NH
groups of CHIT similarly td where a residual redox activity from the ferriciglnions
trapped within the chitosan film at the gold elede was observed. An accumulation of
[Fe(CN)]* into the CHIT layer has been confirmed in a seeagaperiment using 5 min
electrode incubation in 1-TOM Ks[Fe(CN)] prior to the CV measurement. The Fig.3
presents consecutive CVs of the redox probe at GHHT5.0)-MWNT/GCSPE. The
mixture of MWNT in CHIT was sonificated for 5 mirefore use of this composite. It can
be seen that this modification gives very high entiresponse with rather smal, (102
mV).
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Fig.3 Eight consecutive cyclic voltammograms of 13fiol.dm? [Fe(CN)]* in 0.1 M PBS pH 7.0 as a
redox probe at CHIT(pH 5.0)-MWNT/GCSPE without poass activation of the surface.

In our previous study a good dispergation of MWNT within the chitosaatrix
deposited on a screen-printed carbon electrodedes shown. Moreover, a formation of a
polyelectrolyte complex between the negatively gedrdsDNA backbone and positively
charged protonated aminogroups of chitosan istefast for the DNA fixation. Therefore,
the effect of such a complex was tested. Summaoizatf the results obtained by cyclic
voltammetry on GCSPE is in Table 1.

In addition the mixed coverage, used at CHIT-DNASRE did not cause any
significant change in the current response in corspa to the layer-by-layer technique.
Also the double concentration of the redox probel diot affect the signal at
DNA/MWNT/GCSPE markedly.

Table 1 CV parameters of 1-T0mol.dm? K;[Fe(CN)] in 0.1 M PBS pH 7.0 at various GCSREbnditions:
the potential range from 600 to -400 mV, scan EdanV/s. CHIT solution used was of pH.5.0

Electrode Bo MV | B MV | g pA lpaltA | AE, mV | (Ipd1p0)
GCSPE -90 482 - - 572 -
MWNT/GCSPE 124 300 -4.46 4.33 174 0.97
CHIT /GCSPE (1st cycle) 206 275 -1.69 2.90 69 1.72
CHIT /GCSPE (8st cycle) 200 276 -7.56 6.23 76 0.82

CHIT/GCSPE (8st cycle) after accu-

mulation of the redox probe 196 2176 767 37 80 0.96

CHIT-MWNT/GCSPE 189 290 -20.16 15.58 102 0.77
DNA/GCSPE -95 446 -0.75 0.45 541 0.6(
DNA/MWNT/GCSPE 116 308 -4.02 3.66 192 0.91
DNA/CHIT/GCSPE 190 315 -6.29 8.61 125 1.37
DNA/CHIT-MWNT/GCSPE 192 300 -20.15 16.26 108 0.81
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An influence of the electrode surface activation @HIT-MWNT/GCSPE was
tested according to Ref It was seen, that the electrochemical activabiprCV sweeps
between 0.45 and 1.00 V at 100 mV&auses the decrease in current response and that
there is practically no influence on the peak po&tiseparation (84s87 mV).

A replacement of mineral oil with CHIT was alsotegkin order to simplify the
electrode preparation. The CHIT-GCSPE was prepasedescribed in Experimental, the
mineral oil was replaced by 250 of chitosan solution pH 5.0. However, chitosas hat
been found as a suitable “pasting liquid” for GC8&cduse the CV peaks were ill

developed.

3.2 Comparison of CV signals at various DNA modifie carbon paste materials

The voltammograms of 1-0mol.dm® Ks[Fe(CN)] in 0.1 mol.dm® PBS pH 7.0
obteined at DNA modified paste electrodes with anithout CHIT are depicted in Fig.4
and 5. Higher current response at the electrodés @HIT pH 5.0 interface should
indicate the defective immobilization of DNA ongtpolymer matrix

LT T T T T ] - T T T T 1
-0 =i} o 1] AN |m -~ T a 1] A0 an

Env Env
Fig.4 Cyclic voltammograms of 1-f0mol.dm? Fig.5 Cyclic voltammograms of 1-10
[Fe(CN)]* in 0.1 mol.dri? PBS pH 7.0 at mol.dni® [Fe(CN)]* in 0.1 mol.dni¥ PBS
DNA/MWNTPE (), DNA/CPE (2) pH 7.0 at DNA/CHIT/MWNTPE (1)
DNA/GCSPE (3). DNA/CHIT/CPE (2), DNA/CHIT/GCSPI

Cyclic voltammetry of the redox probe at CPEs (@pdstmed of carbon powder in
mineral oil) was performed. From the results thfeatfof the modifiers can be seen, Table

2.

Table 2 The CV parameters of 1xFamol.dm® [Fe(CN)]* in 0.1 mol.dr? PBS pH 7.0 at carbon powder
paste electrodes.

Modifier (2 pl) Epe MV B mV lpe LA lpa LA AE,, mV | (Ipdlpd)
CPE 150 292 -1.16 0.93 142 0.80
DNA /CPE -23 397 -0.72 0.75 420 1.04
MWNT/CPE 76 345 -1.96 1.95 269 0.99
DNA/CHIT pH S/CPE 182 275 -2.31 1.18 93 0.51
(1st cycle)
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The cyclic voltammetry on MWNTPE (paste formed oultwalled carbon
nanotubes in mineral oil) was also performed. Aftemobilization with CHIT and DNA
layers the peaks were poorly defined. Thus the eoispn with bare MWNTPE is
impossible.

4. Conclusions

According to the results obtained for the MWNTPP,ECand GCSPE electrodes it
can be concluded that the last one should be vaitalde platform for the DNA
immobilization and detection. The reduction curreasponse of the redox probe at
CHIT(pH 5.0)-MWNT/GCSPE is approximately the san that at the SPCE screen
printed electrode. However, the peak potential esldiffer and are shifted to more
positive values. The use of chitosan does not sgmtea convenient platform for the
modification of CHIT-MWNT/GCSPE by DNA compared the screen printed carbon
electrode.
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Abstract

The aim of the work was to compare voltammetric reslts obtained using a
mechanically renewed hanging mercury drop electrode (HMDE) and an
electrochemically renewed HMDE in presence of oneekected surface active organic
depolarizer and one surface inactive inorganic deparizer. The measurements were
performed in solutions containing 2-aminoantraquinme (2-AA) and Cd(NG),. They
confirmed a reasonable applicability of a purely ectrochemical renewal of the
electrode surface of HMDE for voltammetric purposes

Keywords
Voltammetry; hanging mercury drop electrode; 2-asramthraquinone

1. Introduction

Renewed hanging or stationary mercury electrod®sdH) represent a very useful
tool for voltammetric trace analy$i$ as well as electrochemical study of bioactive
specie$®. Recent development in the field of the stationasrcury-based electrodes has
brought suggestion of numerous new types of usidaigns and applications concerning,
e.g., the miniaturized electromechanically reneveéettrode§ HMDE/SMDE and the
mercury modified solid amalgd® (incl. composite amalgaimand plastic-tip or glas-
tip®!") electrodes. In the HMDEs the mercury flow is gegp by different closure
mechanisms operating, e.g., a needle valve. Inindigin to the ideally renewable
dropping mercury electrode DME the HMDE carrieshwiself its own “history” from the
beginning of its polarization. A mechanical renewélthe HMDE produces a very good
quality of its surface close to that of DME, nebetess a reproducibility (or repeatability)
of the drop-size can be limited. To a certain measiue reproducibility and the stability of
HMDE depends on the type of capillary used andhemquality of the closures.

On the other hand an electrochemical renewal of HMDE-surface could
eliminate the above-mentioned irreproducibilitytioé drop-size. Therefore, a combination
of the mechanical with purely electrochemical reaBwf the electrode surface of HMDE
seems to be useful for many electroanalytical appbns. The aim of the present
communication is to give a brief report on testing electrochemical renewal of HMDE.

2. Experimental
2.1 Chemicals

Stock solution of 1.0° mol.L™* 2-aminoanthraquinone [2-AA, (Sigma — Aldrich,
CZ)] in methanol (Lachema, CZ) and ageous 0.01 LfoCd(NQs), were prepared from
analytical reagent grade chemicals with the rdtidtiwater. They were stored at the
laboratory temperature. Working standard solutiaese prepared daily by dilution of the
stock solutions.

Britton — Robinson buffer (BrRo-buffer) was premardy mixing 0.04 M
phosphoric acid, 0.04 M acetic acid and 0.04 Mdadid (Lachema, CZ).
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2.2 Voltammetric measurements

Direct current (DCV) or differential pulse (DPV) k@mmetric measurements were
performed with the PC-controlled Eco-Tribo Polaaggr (ECO-TREND PLUS and
ROTKEV, Prague), using a three electrode configomnatThe working electrode was the
pen-type hanging mercury drop electrode (HMDE) véitdrop area of cca 0.4 MnThe
reference electrode was an Ag/AgCI/KCI (3 md)La Pt wire was used as auxiliary
electrode. The measured solutions were deaerateditbygen. The pH values were
measured using pH and conductivity meter (Jenwap48K). Parameters of DPV-scans:
scan rate 20 mV's sampling time 50 ms, pulse amplitude -50 mV, @titequency 5 Hz.

3. Results and discussion
3.1 Measurements in solutions containing a surfacective depolarizer

Using the mechanically renewed HMDE 2-AA gave shegphodic diferential
pulse (DP) voltammetric peaks at abett5 V and-0.6.V (vs. Ag/AgCl) in Britton-
Robinson buffer:methanol (1:1), pH = 6,7 (Fig.1)deanthe following parameters;p=
300 s; electrochemical pretreatmenEgt= 0 V; Eiin = —1 V; number of scanhl = 3; tgrr. =
5 s;Erest= —0.1 V; test= 600 s; initial potentiakEj,= 0 V, final potentialEs, = —1.400 V,
scan ratev = 0.02 V.&; the applied voltammetric conditions agree welthwprevious
voltammetric studies of 2-AA The curves were registered starting 0 V (vs. AZB. The
growth of the DP voltammetric (DPV) pe&Kat —0.5 V) with increasing concentratian
followed a hyperbolic dependence in the given cotregion range 0 to 20° mol.L™?
(Fig.2). It indicated presence of the adsorptiorcina@ism mixed with the faradaic process.

-100
I, nA
80| L 23
.60 L
a0l
.20 L
) P
-200 -600 1000 B MV 1404

Fig.1 DP voltammograms of 2-AA, mechanical renevialBrRo buffer:MeOH 1:1pH = 6.7; scan rate 20
mV.§', concentration 1.80° mol.L*(1); 1.510° mol.L*(2); 1.1:10°mol.L*(3); 7.010 'mol.L* (4); 2.510"
mol.L}(5).
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Fig.2 4l vs. c dependence of 2-AA, mechanical renev&dRo buffer:MeOH 1:1pH = 6.7; scan rate 20
mv.s".
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It is in accordance with DC-voltammetry registeegdrarious scan ratas(Fig.3).
As shown in Fig.4 a DCV-signallpc depends non-linearly ow°, which corresponds
with electrosorption activity of 2-AA.

-600

I, nA 1

-400 |-

-200

-200 -600 -1000 E.mV 1404

Fig.3 DC voltammogram of 2-AA (c =-40° mol.L™"), mechanical renewah BrRo buffer:MeOH 1:1pH =
6.7; scan rate 500 mV-&l), 200 mV.§(2), 100 mV.3(3), 50 mV.8(4), 20 mV.3(5), 10 mV.E(6), 5
mV.§Y(7).

-450

-350

-250

-150

-50

0 10 20 v%® (mv.sh)o®

Fig.4 Al vs. VY2 dependence of 2-AAcE 410° mol.L'™"), mechanical renewain BrRo buffer:MeOH 1:1
pH = 6.7; scan rate 5; 10; 20; 50; 100; 200; 500 ra¥/

Application of purely electrochemically pretreatétMDE produced analogous
sharp cathodic DPV-peaks at the same depolarizgimentials as mentioned above
(Fig.5). 4I-c dependence (Fig.6) was of a parabolic shape axigba more flat course
approaching the linear dependence. It is so prgbdind to a time-dependent competition
between adsorption of 2-AA and other multi-partieééctrosorption interactions in the
electrode boundary. Nevertheless, a reasonabl&isgn@nd good reproducibility (Fig.7,
8) outlined a good analytical applicability of thisocedure.
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-1400

Fig.5 DP voltammograms of 2-AA, electromechanical redewaBrRo buffer: MeOHL:1; pH = 4.6; scan
rate 20 mV.3, concentration 1.80° mol.L*(1); 1.510° mol.L* (2); 1.1:10° mol.L*(3); 7.010'mol.L* (4);
2.510" mol.L*(5).
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Fig.6 4l vs.c[2-AA] dependence, electromechanical renewaBrRo buffer:MeOH 1:1.
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-200 -600 -1000 E.mV 1400

Fig.7 DC voltammograms of 2-AAcE 410° mol.LY), mechanical renewah BrRo buffer:MeOH 1:1; pH =
6.7; scan rate 500 mV&l), 200 mV.4(2), 100 mV.3(3), 50 mV.3(4), 20 mV.3(5), 10 mV.3(6), 5
mV.§'(7).
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Fig.8 Al vs. VY2 dependence of 2-AAcE 4-10° mol.L™"), electromechanical renewi, BrRo buffer:MeOH
1:1;pH =6.7.

3.2 Measurements in solutions under a diffusion carolled process
Analogous DPV-calibration recordings of Cd(j©(Fig.9) using the mechanical

renewal of HMDE were carried oufis expected, the evaluated peak heights,

proportionally increased with concentratioFig.10). In addition, electrochemical signals
of present traces of air oxygen were observedigatfeeantly interfering with Cd-peaks.

220
I, nA

-180 |
140 |
-100 |
.60 L
-20 th_

XL’”""'V""I-—- e ——————te]

0 -200 -400 -600 800 E'MV 1000

Fig.9 DP voltammograms of Cd(N{, mechanical renewah BrRo buffer: MeOH 1:1scan rate 20 mV’s
concentration 1.202 mol.L*(1); 1.510% mol.L*(2); 1.110% mol.LY(3); 7.010%mol.L* (4); 2.510°
mol.L(5).
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Fig.10 4l vs.c[Cd(NGs),] dependence, mechanical renevilBrRo buffer: MeOH 1:1pH = 4.7.

In case of DC-voltammetry at constanan increasing scan rate caused linear rise
of the registered DC-signal of &d(Fig.11), in agreement with theory of diffusion
controlled processes.

105



4™ International Student Conference: "Modern Analgti€hemistry"

-20
71, nA a
_15 L
A
_10 L
A
A
-5 F A
A A

0

0 10 20 v%® (mv.s}®®

Fig.11 4 vs. VV?dependence of Gti(c = 410° mol.L'%), mechanical renewain BrRo buffer:MeOH 1:1
pH=46

DP-measurements using the electrochemically prtenleldMDE provided a good
voltammetric signal (Fig.12), increasing proportiiy with rising concentration of Gd

(Fig.13). Al 5. vs. v/2dependence exhibited a slightly hyperbolic coufgg.(4), that is
probably connected with “history” of polarizatiohtbe given HMDE.
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Fig.12 DP voltammograms of Cd(N{3, electromechanical renewath BrRo buffer; MeOH 1:1pH = 4.6;
scan rate 20 mV’s concentration 1.20%mol.L*(1); 1.510%mol.L*(2); 1.1:10% mol.L*(3); 7.010°mol.L*
(4); 2.510° mol.LY(5).
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Fig.13 4l vs.c[Cd(NGs),] dependence, mechanical renevimBrRo buffer: MeOH 1:1pH = 4.7.
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Fig.14 Al vs. V2 dependence of G (c = 410° mol.LY), electromechanical renewah BrRo buffer:
MeOH 1:1 pH = 4.6.

4. Conclusion

The obtained results confirmed a reasonable afplisa of a purely
electrochemical renewal of the electrode surfaceHBIDE for voltammetric purposes.
However, in distinction to the mechanically renewetMDE it brings adequate
consequences connected with the “history” of pa&ion of the electrode interface.
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POLAROGRAPHIC AND VOLTAMMETRIC DETER-MINATION OF
SELECTED GENOTOXIC FLUORENE DERIVATIVES USING
TRADITIONAL MERCURY ELECTRODES
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Abstract

The use of direct current tast polarography, diffeential pulse polarography,
differential pulse voltammetry and adsorptive stripping voltammetry for the
determination of trace amounts of selected genotaxfluorene derivatives was studied
at mercury working electrodes (2-nitrofluorene, 2,#dinitrofluorene, 9-fluorenone, 2-
nitro-9-fluorenone and 2,7-dinitro-9-fluorenone wee chosen as model substances).
The negative influence of these compounds on envimment and living organisms was
discussed. Possible practical applicability of del@ped methods in environmental
analyses was outlined.

Keywords
Genotoxicity; Fluorene nitro derivatives; Mercuryleetrodes; Polarography;
Voltammetry; Solid Phase Extraction

1. Introduction

The emissions of gasoline and diesel engines danéi significantly to the
environmental pollution. Certain part of exhaugtipalates consists of nitrated polycyclic
aromatic hydrocarbons (NPAHs). NPAHs belong amdrwgsiubstances whose occurrence
in the environment can be causally connected withirereased cancer rateDuring
eighties and nineties of the last century, the aete team around Lennart Moéller has
investigated genotoxic effects of NPAHs on livingganisms and their DNA.
Carcinogenic 2-nitrofluorene has been chosen asdehtompountiand lately, studies of
2,7-dinitrofluorene influence were realized, fodain problem in NPAHs effect on
organisms is the fact that the pernicious tumomgecan be provoked by small amount of
carcinogen and the disease can manifest itselt afteny years since the initiatory
exposition. That is why the need for extremely gamsand selective methods of NPAHSs
determination is still growing. Nitro compounds drgd) between relatively easy reducible
compounds, chemically as well as electrochemicdllyerofore, nitro group containing
chemical carcinogens are suitable candidates mafplication of modern polarographic
and voltammetric methods on mercury electrodes.piiesthe enormous and ever-
increasing importance of solid electrodes, carb@aste electrodes, screen printed
electrodes, and chemically modified electrodes, comgr electrodes are still the best
electrochemical sensors available for these pugsose

We have focused in our work on important group &?AWs — fluorene nitro
derivatives. Many nitrated fluorene derivatives éndbeen found and studied in exhaust
gas®® Concentrations of some of the fluorene and fluonennitro derivatives determined
in exhaust particulates extracts were ig&j" for 2-nitrofluorene (Ref8), 4.2ug g* for
2,7-dinitrofluorene, and 8.fig g* for 2,7-dinitro-9-fluorenone (Re®), respectively. The
main danger of these compounds should be seenismgahazard of ground-water
contamination. Therefore, we developed sensitivdarpgraphic and voltammetric
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methods for determination of these compounds ineagsi and/or methanolic-aqueous
medium.

Studied compound were chosen to cover a wide sddlaorene nitro derivatives:
2-nitrofluorene  (2-NF),  2,7-dinitrofluorene  (2,7-BIN  9-fluorenone  (9-FN),
2-nitro-9-fluorenone (2-NFN) and 2,7-dinitro-9-fiemone (2,7-DNFN). All these
compOLljonds are at present known as chemical mutagedstheir genotoxicity was
proven.

2. Experimental Part
2.1 Reagents

The stock solutions of tested substances [2-NF Oflriol LY), 2,7-DNF
(1-10*mol LY, 9-FN  (5-10 mol LY, 2-NFN (5:10 mol L") and 2,7-DNFN
(2-10% mol L'™Y); all Sigma-Aldrich, Prague, Czech Republic] inthanol (Lachema, Brno,
Czech Republic) were prepared by dissolving an rately weighed amount of pure
substance in 100 ml of the solvent. The differesrioentrations of stock solutions were
used due to their different solubility in methan®blutions with lower concentrations were
prepared daily by diluting the stock solution wittethanol. Other chemicals (boric acid,
glacial acetic acid, phosphoric acid, sodium hydiexpotassium chloride, all p.a. purity)
were supplied by Lachema, Brno, Czech Republicobeed water from Millipore, USA,
was used. All the solutions were stored in the dark

2.2 Apparatus

All polarographic and voltammetric measurementsewearried out using Eco-
Tribo electrochemical analyzer driven by PolarPrd Software (all Polaro-Sensors,
Prague, Czech Republic). The software worked uigeroperational system Microsoft
Windows XP Professional (Microsoft Corporation, USMeasurements were carried out
in a three-electrode system — platinum electrod& RPHonokrystaly, Turnov, Czech
Republic) as auxiliary electrode, silver/silver atdle reference electrode RAE 113
(1 mol L* KCI) (Monokrystaly, Turnov, Czech Republic) andpping mercury electrode
(DME) or hanging mercury drop minielectrode (HMD&S working electrode. For DCTP
and DPP techniques, work with the DME was carrietab a polarization rate of 4 mV*s
the controlled drop time was 1 s, and the modutaéimplitude in DPP was -50 mV. DPV
and AdSV measurements using HMDE (type WHJ Polaro-Sensors, Prague, Czech
Republic) were carried out at a polarization ratd@mV s', the valve opening time was
300 ms, pulse amplitude -50 mV and pulse width 80 m

2.3 Procedures

Unless stated otherwise, appropriate amount ofngsteck solution was measured
into a polarographic vessel, methanol was addéotéb requested volume and the solution
was filled up to 10.0 ml with Britton-Robinson (BRyffer of appropriate pH. All curves
were measured 3 times. Oxygen was removed frommi@sured solutions by bubbling
with nitrogen for five minutes.

3. Results and Discussion

At first the influence of pH and the compositiontbé supporting electrolyte on the
polarographic and voltammetric behaviour of thet tegbstances were investigated.
Because of the low solubility of the tested fluareaterivatives in water, a mixture of BR
buffer with methanol was used as the supportingtelyte. The influence of pH at
voltammetric behaviour of 9-NF and 2,7-DNFN is slnaw Fig.1 and Fig.2 for the sake of
illustration. The nitro group is reduced to the topdylamino group or even to the amino
group in dependence of medium pH. The carbonyl grsureduced to the —OH group.
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Detailed mechanisms of electrochemical reductiorstaflied fluorene derivatives were
satisfactorily explained-*?
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Fig.1 Selected DP voltammograms of 9-FN (c = 180l L'™Y) at HMDE in methanol — BR buffer (1:1);
resulting pH 3.3 (1), 4.9 (2), 7.6 (3), 10.6 (42,.4.(5)
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Fig.2 Selected DP voltammograms of 2,7-DNFN (c = F-ifol L") at HMDE in methanol — BR buffer
(1:2); resulting pH 2.7 (1), 4.9 (2), 7.0 (3), 943, 11.2 (5).

Optimum conditions for the determination of thet@essubstances under which the
best developed and most easily measured curvesolbtmed are summarized in Table 1,
including reached limits of quantificatiohd). Optimum conditions for AdSV were found
on the basis of investigation of the influence ofgmtial of accumulatior,.) and time of
accumulationtc) on the height and shape of the AdSV peaks.

The practical applicability of the voltammetric metls was demonstrated by the
determination of traces of 2-NFN and 2,7-DNFN adttedrinking and river water and by
monitoring the chemical destruction of the teststabces and the recovery factor of solid
phase extraction used for preconcentration. It been found that the recovery of the
extraction-voltammetric determination at conceridres around 5-I&mol L™* of 2-NFN
is cca 90% in spiked drinking watér In the case of 2,7-DNFN, the recovery at
concentrations around 5:-3@nol L of 2,7-DNFN was cca 95% in spiked drinking water
and cca 80% in spiked river wateérlt is evident that we could reach the similarutts
with the other investigated fluorene derivatives.
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Abstract

A method of silver chemical vapour generation as aample introduction
technique for analytical atomic spectrometry is preented. In principle, the analyte is
converted to volatile compounds by means of reactiowith tetrahydroborate in acidic
environment analogously to classical hydride genetian. The atomization of silver in
externally heated multiatomizer was employed. Optinzation of reaction and
atomization parameters was carried out to achieve aximum sensitivity and method
robustness. The efficiency of the chemical vapouregeration and distribution of
residual analyte were studied by means of radiotraar experiments.

Keywords
Chemical vapour generation; silver; analytical spemetry

1. Introduction

Chemical vapour generation (CVG) of transition amuble metafsas a sample
introduction method for analytical atomic spectrttpeemerged in recent years as an
extension of the classical method of hydride geir@raThe same chemical scheme, i.e.
reduction of analyte by tetrahydroborate in acieiwvironment is employéd. However,
very little is known about the actual reaction meubm and identity of the volatile metal
compounds.

The practical potential of the CVG of metals liasseparation of analyte from the
matrix and high analyte introduction efficiency whiincreases sensitivity and decreases
limits of detection. The futher advantage is thesgpmility of analyte collection and
preconcentration prior to detection by methodsaalyeestablished for volatile hydrides.
Nevetheless, this promising technique is stillt;infancy. The generation efficiericis
still relatively low ranging from single to tens qfer-cent compared to efficiencies
approaching 100 % typical for classical hydride eggation. For ilustration, by using
neutron activation analysis Ag generation efficiem@s 7 %(Ref5) and in recent studies
even over 20 % of Ag was found in the gaseous fhdse relatively low efficiency is
probably also a source of low stability and repdility of the signals. Huge
inconveniences are also caused by memory effedterefore, the improvement in the
CVG efficiency is an essential task before thidhiteque enters a stage of routine analysis.
It was found recently that surfactants in the rneactixture enhance the Ag efficiency of
the CVG process by 1-2 orders of magnitude, pogdilyl stabilization of the volatile
species, modification of surface of a gas-liquigasator or enhancing release of volatile
species from solutidh Futhermore, the enhancement can be performedebygment
reaction modifier which can be an efficient catalyzfor decomposition of
tetrahydroborate. The rate of the CVG reaction ascefficiency is thus enhanced 2-3
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times. The modification by palladium for the CVG sifver has suficient stability and
achieves permanent stabilization of sensitivity

The general aims of this study were to optimizedatons of the CVG procedure
of silver with the quartz multiatomizer- atomic aljgtion spectrometry detection, and to
assess the efficiency of generation by means obtrader experiments.

2. Experimental
2.1 Instrumentation

The detection was performed by an atomic absorptmectrometer Perkin-Elmer
503 with silver HCI lamp (Perkin-Elmer) operatediatmA. A multiple microflame quartz
tube atomizer (multiatomizérheated eletrically was employed for atomizationhwa0
ml-min* of air as outer gas.

2.2 Standards and reagents

Deionized water (Ultrapur 40, Watrex, USA) was uded preparation of all
solutions. Ag standard solutions were preparedilyioh of 1000ug-mi™ stock solution
(BDH, UK) in 0.6 M HNG (Lach-Ner, s.r.o., Czech Republic). A reducingusioh
containing 2.4% (m/v) NaBH(FLUKA, Germany) and 13g-ml*Antifoam B emulsion
(Sigma, USA) in 0.1% (m/v) KOH (Lach-Ner, s.r.oz&ch Republic) was prepared fresh
daily. 20ug-mr* Triton X-100 (Aldrich Chemical Co., USA) in 0.1MND;was used as a
reaction modifier. As a waste stabilizer 0.5M Na@blution (Lach-Ner, s.r.o., Czech
Republic) was employed.

2.3 System for CVG

A scheme of the system in flow injection (FI) madeshown in Fig.1. All reagents
were pumped by means of peristaltic pump 1 atdtesrof 0.5 ml mih. The manifold was
built from PTFE T-junctions and PTFE tubing. A sdenjs injected into a flow of 0.6 M
HNO; by a six-port injection valve with 228 sample loop volume. After mixing with
reaction modifier the mixture comes to special rgement (Fig.2). The reduction
proceeds at a tip of three concentric capillariks:two inner ones (i.d. 0.25 mm and 0.53
mm) are made of deactivated fused silica tubing aséd for a introduction of
sample/standard and reductant solutions, respégctittee outermost one (i.d. 1 mm) is
made of PTFE and served to introduce purge gasi(#re rate of 50 ml-mif). The three
concentric capillaries enter a glass gas-liquicasztpr (GLS). A miniature spray chamber
is attached to the GLS to prevent large aerosgbldte entering the multiatomizer. The
permanent modification of the generator was cardedby means of 4 ml of 10g-mi™*
Pd solution (BDH, UK) in 0.1M HN@and 20ug-mi™ Triton X-100 which formed Pd
deposits in the system after reduction by NaBH

The waste stabilizer was employed for neutralizatod the reaction mixture. It
prevents production of hydrogen gas in the wasbéngy which aids to maintain stable
liquid level within the GLS. Waste from the GLS wasmped out by peristaltic pump 2 at
variable speed to assure stable liquid level.
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Fig.2 The detailed scheme of the CVG setup

2.4 Preparation of radiotracer

A radioactive indicator**Ag (half-life 7.45 days) of high specific activityas
prepared by irradiation of palladium by thermal tnens in research nuclear reactor LVR-
15 (Nuclear Research InstitukeZ plc) by**Pd(ny)**'Pd@")*Ag process followed by
chemical separation and isolatotion of radionuclid®g on anion exchanger (as
chlorocomplex).
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2.5 111Ag radiotracer experiments

The determination of the CVG efficiency was carread by means of two tandem
syringe filter units (30 mm diameter, Quéh pore size) which captured the analyte from the
gaseous phase before the entry to multiatomizes.sGintillation y-counter Minaxi 5000
series (Packard) was used for measurements of gautindy in leachates of these filters
and other parts of the apparatus. For spatial ilbigion of activity, the image plate
autoradiography (Fuji Film Imager Plate, BAS 50@@usher) was employed.

3. Results and discussion

The signal of FI measurements are shown in Figl8¢hvpresents a comparison of
signals at the different reagent flow rates. Thghbst peak area response was gained at the
rates of acid, reaction modifier and reductant ®l2min*, however, the peak was too
broad. Therefore the flow rate 0.5 ml-ftiof reagents was employed for futher analysis. It
is also very important to ensure the decrease @fstgnal to the baseline at the end of
measurement time. In general, the reproducibilitpeak area response was about 4 % at
100 ng-mif level.

0164 23

0,14-
0,12—-
0,10-
0,08—-

0,06

Absorbance, A.u.

T I T I T
0 100 200 300

Time, s

Fig.3 The optimalization of reagents flow rate— 0.6 ml-miff, 2 — 0.5 ml-mif, 3 — 0.4 ml-mid, 4 — 0.3
ml-min?, 5 — 0.2 ml-mift (100 ng-mf* Ag).

As shown in Fig.4, higher atomization temperaturereases sensitivity. On the
other hand, severe corrosion of quartz was obserpesbably due to high aerosol
carryover to the atomizer at high temperature. @0@/as chosen as a compromise. The
atomization temperature dependence along with atbsults, such as little influence of
outer gas introduction, imply the mechanism of itir decomposition of analyte in the
multiatomizer. This contrasts with the hydrogenicadmechanism proven in atomization
of “classical” hydrides.

Relative and absolute limits of detections(32811 sample loop) measured at
optimized conditions were determined as 3.5 ng-arld 0.8 ng, respectively.
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Fig.4 The atomization temperaturE90 ng-mt* Ag.

The *'Ag radiotracer experiments were employed for deiration of the CVG
efficiency and the spatial distribution of residtdAg in the apparatus. It was found that
23 % of analyte was converted to the gaseous plsgever, only 8 % was found in
filters placed at the entrance to the atomizer. fids was lost on the way to the filters,
especially in the spray chamber. About 40 % of @wealemained in the waste liquid, the
rest was deposited on the wall of apparatus: 156 #%e waste conduit, 12 % on the wall of
the GLS and about 4 % on the tip of the cappilaviiere sample is mixed with the
reductant.

4. Conclusion

The CVG procedure for silver was optiomized in orde achieve maximum
sensitivity and method robustness. The optimaitpatof atomization temperature
indicates the thermal decomposition of analyte he tultiatomizer. The radiotracer
experiments proved that 23% of analyte is convettethe gaseous phase, but 8 % of
analyte actually enters the atomizer which candmsicered as the intoduction efficiency.
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Abstract

The construction and optimization of new types of nmiaturized flow-through
electrolytic cells for electrochemical hydride genation in atomic absorption
spectrometry (HG-AAS) were studied in this work. The aim of this work was to
achieve comparable or higher generation efficiencwhile inner volume suppression.
This is important for minimization of zone disperson by connection of
electrochemical hydride generation with chromatograhic techniques (HPLC) in
speciation analysis. The contribution of the miniatrized electrolytic cells to the signal
dispersion should by minimal.

Five different types of miniaturized flow-through dectrolytic cells with lead
cathode and platinum anode were constructed in thisvork. In these cells the ion-
exchange membrane was not used and therefore themas only one carrying
electrolyte used for both of electrode chambers. Fotwo of these cells higher
sensitivity and better limit of detection for selefum determination with HG-AAS
technigue and electrochemical generation of selemuhydride were obtained then for
classical thin-layer flow-through cell.

Keywords
Atomic absorption spectrometry; electrochemical egation; volatile hydride;
efficiency; miniaturization; electrochemical ceditomization

1. Introduction

Electrochemical generation (EcHG) is an alternatimethod of generation of
volatile compountl This method eliminates many complications coupléth classical
method of chemical generation (CHG). For exampie ahalyte reduction electric current
with electrolyte which consists of high pure miresagids is used instead of alkaline
solution of NaBH needed in chemical generation.

The electrochemical generation of volatile compourdhnique is used as a
derivatization technique in connection of separatechniques (HPLC) with detection by
element selective spectroscopic method. This expgarial formation is often applied in
the speciation analysis to determine each formnoélemert The important requirement
for this formation is minimal inner volume, espédigidor electrolytic cell. On the other
hand, the efficiency should not be declined witlerdasing inner volume of electrolytic
cell. However, both of these requirements, higlciegiicy and minimal inner volume, are
contradictory and it is necessary to find compranis

Nowadays the thin-layer models of electrolytic t&llusually designed from
plexiglass, teflon or polypropylene, are often usedl therefore they are sufficiently
examined and exist in various modificatioAsThere are ion-exchange Nafion membranes
used for separation cathode and anode chambersel@ctiolytes. In the separated
compartments there are electrodes of differentdyplapes and materials (lead, carbon or
platinum).

The aim of this work was construction and optim@atof new types of flow-
through electrolytic cells for electrochemical higdr generation with minimal inner
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volume and high efficiency, which are operatedh@ mode of continual-flow analysis and
flow-injection analysis.

2. Experimental
2.1 Construction types of the cells

Five types of miniaturized flow-through electrobyttells were constructed in this
work (see Fig.1). All of these new types of celtsmisist only of one piece of plexiglass
with appropriate electrode chambers inside. SireeNafion membrane is incorporated,
there is only one carrying electrolyte which is enam to both electrode chambers.

Cell A

Cell E

CellC Cell D

Fig.1 New flow-through electrolytic cells.
1 — cathode chamber, 2 — anode chamber, 3 — catholder, 4 — anode holder, 5,6 — electrolyte irffaire
or containing analyte), 7 — outlet to gas-liquicbaeator, 8 — waste outlet

At first cells A and B were constructed. The elelsttic chambers are V-shaped. In
the cathode chamber there is a lead-wire cathodeirathe anode chamber there is a
platinum-wire anode. There is only one electrolytiet coming to the cathode chamber,
through witch the electrolyte flows into the céL first pure electrolyte flows through this
inlet into the cell and is distributed into eackattolytic chambers. Afterwards electrolyte
containing analyte flows into the cell. The produot reaction on the platinum anode are
transported out of the cell into waste. Flow volumeanodic chamber is controlled by
peristaltic pump so that anode is submerged anctrelgte mainly flows through the
cathode chamber. The gaseous and liquid produats the cathode are transported by
carrying gas (Ar) to the hydrostatic gas-liquid aepor, where volatile compound of
analyte (hydride in this case) is separated frajuidi matrix and then transported into the
externally heated quartz atomizer placed directlgpectral axis of the atomic absorption
spectrometer (see Fig.2).
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QL

10

(

Fig.2 Instrumental setup for ECHG-AAS with cell E.
1 — catholyte, 2 — anolyte, 3 — flow-through elelstte cell (type E), 4 — peristaltic pump, 5 — ¢arrmgas, 6 —
flow meter, 7 — electric current supply, 8 — gagiid separator, 9 — quartz tube atomizer, 10 - wast

In the following phase cells C and D were consedciThe electrode chambers are
situated in parallel in these cells, they are cotetw by horizontal tube and there are two
electrolyte inlets — one to transport pure elegtminto the anode chamber and the other
transport pure electrolyte/electrolyte with analyo the cathode chamber. As in the
previous cells (A, B), there is peristaltic pumpctntrol anode flow volume.

Finally cell E was constructed. This cell is a camaltion of both previous groups
of cells. Cell E is very small with miniature elesde chambers which are V-shaped and
there are two electrolyte inlets.

To confront inner volume of newly constructed c&lith comparative classic thin-
layer cell (TL) see Table 1.

2.2 Instrumentation

For working parameters optimization and determoratof basic characteristics
spectrometer Pye Unicam 939 AA with Sb hollow cdthéamp (8 mA, 196.0 nm, spectral
interval 1.0 nm) was used. For electrolyte transperistaltic pump MasterFIEXL/S was
used.

2.3 Reagents

All working selenium solutions of required concexion were prepared from
analytical grade purity chemicals and standard30@+ 0.002 g.di Se). For all dilution
deionized distilled water purified with a Milli-QRLS system was used. All electrolytes
(H2SOy, HCI and HPOy) were of high analytical purity. Ar of the 99.998ptirity was
used as the carrier gas.
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3. Results and discussion

Selenium was used as the model element to optiamdeprove new type of flow-
through electrolytic cells. Optimized working pareters and basic characteristics for each
cell were confronted with reference thin-layer fltlwough cell.

Working parameters optimizations

For each newly constructed cell was necessary tone working parameters
including shape and material of electrode, type @rttentration of electrolyte, electrolyte
flow rate, carrier gas flow rate, maximum genermatarrent, anodic flow rate etc. In all of
these cases the received signal correspondingd®itiy.dm?* Se solution was studied.

At first flow rate in anodic chamber was optimizédwas necessary to establish
hydrostatic balance between influent and effluéetteolyte and gaseous products formed
by electrode reactions using peristaltic pump totid anode flow rate. If anode flow rate
was slow, the electrolyte was thrust from the andeimber by gaseous products and after
the electrolyte level fell under the end of eled&dhe electrolysis stopped. On the other
hand, if the anode flow rate was fast, the sam#asan was observed in the cathode
chamber. To ensure continual electrolysis in tleeteblytic cells it was necessary to find
optimized anode flow rate different for each cell.

When HCI (typical electrolyte used in classicalnthayer cells) was used as the
electrolyte, there was no signal observed. Theoreaghy no signal was observed is
probably gaseous chlorine generated on the anodlec@amsequently infiltrating into the
cathode chamber and interfering with generatechsete hydride. Then PO, was tested,
but also without signal. Finally 40, was used and the signal was observed. Therefore
H,SO, of concentration 1.0 mol.dfwas used for further experiments.

In these cells it was impossible to integrate eargas (Ar) before inlet into the
cell, because small bubble of flowing carrier gaerrupted electrolyze. Due to this, it was
necessary to integrate the carrier gas betweerogglut and gas-liquid separator to speed
up transport of selenium hydride into the quartaratzer. Typical optimal gas flow rate
was approximately 10.0 ml.min

The dependence of the absorption signal on thedrelgie flow rate is not so
significant. This flow rate value has only lowanit when electrolyze is interrupted.

The dependence curve of the absorption signal engdmneration current has
characteristic shape for each electrolytic celk. 6w current values low absorption signals
were obtained. From 0.15 to 0.35 A (for cell D) #ignal rocketed and after 0.35 A the
signal increased gradually and further on decreasletly. For continual hydride
generation it is better to use lower current thaaximum value because the electrolyte
does not get so warm and the lifetime of the gdiwra&ells is prolonged.

Finally the concentration of electrolyte (acid) waptimized. The dependence
curve of absorption signal on the electrolyte com@ion is downward sloping. As a
consequence of this it would seem better to usg ler electrolyte concentration to obtain
the high signal. But in low concentration electtelythere is low concentration of particles
able to conduct electric current and it is necgsgause high electric voltage and thus the
electrolyte gets very warm. The optimal workinggraeters and inner volume of all cells
are given in Table 1 and are compared with thiriagfectrolytic cell (TL).

Table 1 Optimal working parameters and inner volume.

Electrolytic cells E D TL C B
Maximal generation current (A) 0.50 0.70 1.20 0.25 0.40
Carrier gas flow rate (ml-mih 10.0 20.0 20.0 10.0 10.0
Electrolyte flow rate (ml-min) 25 2.5 2.0 2.0 25
Electrolyte concentration (mol-d 1 1 1 1 1
Anode flow rate (ml-mit) 5.3 7.0 3.5 1.6
Inner volume (mr) 214 353 999 339 318
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Finding basic characteristics of selenium determin@on by EcHG-AAS using new
types of electrolytic cells

Using optimal working parameters, the calibratioralues for selenium
determination by EcHG-AAS for low (0 - 2Qg.dni®) and high (0 - 250ug.dm?®)
concentrations were measured for cells B, C, Dnét thin-layer cell. Basic characteristic
of selenium determination, including limit of detiea, limit of determination, sensitivity,
repeatability, correlation coefficient, linear dyma range and other parameters were
obtained by processing these calibrations. For samyrof these characteristics see Table
2.

Table 2Basic characteristics.

Electrolyte cells D E TL C B

Limit of detection g-dm®) 0.32 0.52 0.60 1.50 2.23
Limit of determination (g-dm?) 1.06 1.73 2.01 5.20 7.44
Sensitivity - 16 (dnP-pg™?) 7.32 4.14 4.86 2.76 1.53
Repeatability (%) 0.56 0.53 0.62 1.78 1.40
Correlation coefficient 0.9988 0.9992 0.9995 098 0.9982
Linear dynamic rangau(-dm®) 1.06-100 1.73-100 2.01-100 5.20-100  7.44-100

4. Conclusion

New designs of flow through electrochemical cellerevconstructed and tested.
These electrochemical cells enable to obtain geitgitvhich is comparable (or higher) to
original thin-layer cell at markedly lower geneaatielectric current value. Thanks to their
low inner volume (and minimal signal zone dispemyicompared to classical thin-layer
flow-through cell it is possible to use these mimiezed cells as derivatization units after
HPLC separation in speciation analysis of As or Se.
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Abstract

This work represents an improvement of current metlod of speciation
analysis for determination of tri- and pentavalent inorganic, mono-, di- and
trimethylated arsenicals using atomic absorption spctrometry (AAS) as a detector.
The selective hydride generation based on pre-redtion is applied for differentiation
of tri- and pentavalent arsenicals whereas the sepgion and preconcentration of
arsine, methylarsine, dimethylarsine and trimethylasine is carried out by means of
cryotrapping. Presented study shows that 2% (m/v) tcysteinecurrently used for pre-
reduction of pentavalent arsenicals can be substited by 1% (m/v) thioglycolic acid
suitable for an on-line pre-reduction. Much fasterreduction of pentavalent arsenicals
(1-2 min) at 25C with equal sensitivities as in the case of L-cyaine is achieved. The
on-line pre-reduction is accomplished in a reactiorcoil where sample zone merges
with thioglycolic acid. The suppression of axial dipersion and better mixing are
achieved by means of air segments added to the sdmpmnd carrier flows. The
standard calibrations measured with or without on-lne pre-reduction indicate
uniform and equal sensitivities. The possibility ostandardization by water standards
of single species (e.g. iAY for quantification of all other As forms in urine is
demonstrated in the recovery study. The limits of dtection for all methylated
arsenicals range between 30 and 50 pg-fnand for iAs" and iAs’ were between 100
and 140 pg-mi-.

Keywords
HG-AAS; arsenic; on-line pre-reduction; speciatidhioglycolic acid

1. Introduction

Tri- and pentavalent inorganic, mono-, di- and &thylated arsenicals are required
to be determined at ultra trace levels due to thigih toxicity and mutagenic, teratogenic
and carcinogenic effe¢td The human metabolism of inorganic As (iAs) cotssisf the
reduction of pentavalent arsenicals and the oxidatethylation of trivalent species that
yields methylated arsenicélsThe conversion of species such as arsenité' iAsrsenate
(iAsY), methylarsonite (MAS), methylarsonate (MAJ, dimethylarsinite (DMAS),
dimethylarsinate (DMAY) and trimethylarsine oxide (TMA®) to their corresponding
arsines by means of sodium tetrahydroborate (NgBiHan underlying technique of the
hydride generation (HG). The association of the k\&h cryotrapping and gas
chromatography (HG-CT) using atomic absorption spetetry (AAS) for sensitive
detection allows to separate arsines generated fAsn MAs, DMAs and TMASO
according to their boiling points and chromatogiapproperties of the trap. The
distinguishing between tri- and pentavalent arsdsids provided by the selective HG
which can be based on the presence or absence-oéguctant with —SH group, namely
L-cysteine (L-cys) is commonly us&tf. Hydrides of trivalent arsenicals and TM&S are
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selectively generated from T#4Cl buffer (pH 6), whereasrsines of both tri- and
pentavalent arsenicals are generated after prestiedifrom the same medidm

Nowadays an automatization of the analytical meshentd a minimum sample pre-
treatment are required. Therefore, replacement hef time-consuming off-line pre-
reduction by the method with integrated pre-reductstep (on-line pre-reduction) is
desirable No loss of sensitivities, low consumption of alagents and simplicity are the
main requirements. The general limiting factorhie teaction rate of a pre-reduction agent
with As species.

L-cys is not suitable for on-line pre-reduction éese it needs about 1 hour to
complete the reaction with iXs MAs' and DMAS at room temperatuté’. The
application of thioglycolic acid (TGA) for on-lingre-reduction was sugested in Ref.[11]
for its short reaction time with inorganic and mgtited pentavalent As species, but its
application has not been reported yet.

The general aims of this study were to confirmghgormance of TGA for the off-
line pre-reduction of As species in comparisondmmonly used L-cys and to develop a
setup for the on-line pre-reduction integrated wite HG-CT system. Flow injection (FI)
arrangement with batch separation and the multi®mi for atomization of arsines were
chosen. The validation of the method is presentgedAls speciation in human urine
samples.

2. Experimental
2.1 Instrumentation

The detection was performed by an atomic absorptmectrometer Perkin-Elmer
503 without background correction with arsenic EREmp System | (Perkin-Elmer)
operated at 8 W. A multiple microflame quartz tattemizerf? heated eletrically to 90TC
with 40 ml-min™ of air as outer gas was employed for atomization.

2.2 Standards and reagents

Deionized water (Ultrapur, USA) was used for prepan of all solutions.
Working standards were prepared for individual sgedoy serial dilution of stock
solutions. Human urine diluted with deionized watérl) spiked with As species was
employed for recovery study.

A reducing solution containing 1% (m/v) NaBHFLUKA, Germany) in 0.1%
(m/v) KOH (Lach-Ner, s.r.o., Czech Republic) wagpared fresh daily. For analysis of
urine samples 0.2 ml of 1% (m/v) solution of Anéifa B emulsion (Sigma, USA) per 100
ml of the reducing solution was added to preveatrfmg. A 0.75 M TRIS-HCI buffer was
prepared from a reagent grade Trizma®hydrochlor{@eis(hydroxymethyl)amino-
methane hydrochloride, Sigma, Germany). L-cystdnydrochloride monohydrate (L-
cys-HCI-HO) (Merck, Germany) for off-line pre-reduction atidoglycolic acid (Fluka,
Germany) for both off-line and on-line pre-reduntivere used as pre-reduction agents.

2.3. Systems for HG
2.3.1 FI mode with off-line pre-reduction

A scheme of the system is shown in Fig.1a. All esdg were pumped by means of
peristaltic pump (PP1) at the rates 1 mlThiThe manifold was built from PTFE T-
junctions and PTFE tubing. A sample was injected fflow of deionized water by a six-
port injection valve with 597 sample loop volume. A plastic GLS with forced lett
capable to handle overpressure caused by resis@neeU-tube was employed. The
cryogennic trap device consisted of the 305 mm Iglags U-tube with 2.5 mm i.d.
wrapped with a wire Ni80-Cr20 (0.6 mm o.d.; 5.XZ6n%; 15Q total resistance; Omega
engineering, inc., USA) for gradual heating andedil with 0.92 g Chromosorb WAW-
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DMCS 45/60, 15 % OV-3 (Supelco, USA). About ¥ of td-tube was immersed into the
1.5 | Dewar flask with a liquid nitrogen during prang of hydrides, while in the release
phase the U-tube was heated by means of curréht?rof30 V). The flow rates of carrier
He (75 ml-min?%) and H (20 ml-min?) were employed in the whole course of analysis.

He, Hz
PP1

NaBH4 REACTION
COIL

GLS
CRYO-UNIT
TRISHCI \\ [ ]
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Fig.1 Experimental setups of HG-CT-AAS with off-line preduction (a) and with on-line pre-reduction
(b,c)INJ — injection valve (0.6ml sample loop); GLS sjguid separator; PP1-4 — peristaltic pumps

2.3.2 FI mode with on-line pre-reduction

The experiments with on-line pre-reduction of pgatant arsenicals were carried
out using the system displayed in Fig.1b. A peltistaump (PP3) was added to pump 5%
(m/v) TGA at the rate 0.25 ml-min(1% in each liquid segment after mixing, see Sec.
3.1). To form segmented flow of liquid (SFA), anetiperistaltic pump (PP4) was added
to pump air into the manifold at the rate 0.15 nth(Fig.1c). Both additional channels
were built from PTFE T-junctions and PTFE tubingarMus pre-reduction coils were
made from 1/16"" o.d. PTFE tubing: 0.75 mm i.d.@d6 to 2.4ml coils and 1 mm i.d. for
2.9 and 3.5ml caoils.

2.4 Procedure

Off-line pre-reduction Pre-reducing agent was added to the standardglsarat
least 1 hour prior to analysis. U-tube was imensgd liquid N, before the beginning of
the cycle. It was started off by switching on tHeélPand after 3 s sample was manually
injected by means of injection valve into a carffiewv (deionized water). The PP1 was
switched off after 90 s; another 90 s was allonea@dmplete the reaction and transport
arsines from the GLS to the U-tube. Then, the Deflask with liquid nitrogen was
manually removed and volatilization stage couldibe&imultaneously, the heating of
resistance wire was switched on and recording griadi (60s read window) started after
10s delay. At the end of the measurement, the P&2switched on and the waste liquid
was removed from the GLS; the heating was leftamB0 s to dry the moisture from the
U-tube. Total time of the procedure was 343 s.
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On-line pre-reduction:The HG setup of Fig.1b,c was used. The whole phaee
was similar to the procedure with off-line preretioic. The PP3 pumping TGA solution
was running for 60 s only to cover the sample muaty, while the PP4 had been running
3 s before and in the course of the whole HG steenwSFA was performed (Fig. 1c). The
duration of the HG step depends on the pre-reduc®l volume: the time was 230 and
330 s for 2.4 and 3.5ml pre-reduction coils, reipely, when on-line pre-reduction
without SFA was employed, and 90; 90; 120; 150;;18D; 210; 240 and 270 s for O;
0.06; 0.5; 1; 1.4; 1.9; 2.4; 29 and 3.5ml pre-ctaun coils, respectively, for
measurements with SFA. The rest of the cycle wastidal to the off-line pre-reduction.

3. Results and discussion
3.1 Off-line pre-reduction - comparison of L-cys ad TGA

The performance of commonly used L-cys and propd¥8é as prereductants/
reaction modifiers in TRIS-HCI buffer reaction medor HG of sum of both tri- and
pentavalent arsenicals in terms of sensitivity sgpkatibility was compared. It was found
that L-cys can be used for off-line pre-reductinraiconcentration range between 1 % and
3 % (m/v) of L-cys-HCI-BEO added to a sample which provides the completequhection
of iAsY, MAs' and DMAS. 2 % (m/v) of L-cys-HCI-HD was used for further
experiments.

In the case of TGA, it was found that 0.5 % (mA/sufficient for complete pre-
reduction. 1% (m/v) TGA in a sample solution wasrfd optimal and used in experiments
with on-line pre-reduction.

0,7 F -
MAs"

DMAs"
0,6

0,5

0,4

Absorbance, A.u.

0,3
0,2

0,1

0,0

0,1 . 1 . 1 . 1 . 1 . 1 .
0 10 20 30 40 50 60

Time, s

Fig.2 The typical chromatogram of arsenic species with(8%) L-cys-HCI-HO treatment2 ng-mi* As for
each species

The typical chromatogram of a mixed standard oftgeadent species obtained by
means of off-line L-cys pre-reduction is ilustratedFig.2. No change in sensitivities or
repeatabilities (RSD) using TGA instead of commoua$ed L-cys was found: The peak
area responses of arsenicals treated with TGA nggpect to signals measured with L-cys
pre-reduction were 98.9 +3.0 % for 14s100.2 + 3.1 % for MAS, 101.0 = 2.3 % for
DMAs”.
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3.2. On-line pre-reduction
3.2.1 Preliminary investigation

To achieve the optimum concentration of 1 % (mAJGA in the sample/standard
solution (see Section 3.1), the concentration 0AT%% (m/v) at the flow rate of 0.25
ml-min? in the separate channell was used. The on-linegahection was tested with 2.4
and 3.5ml pre-reduction coils (Fig.1.b), but th&écefncies didn’t reach 100 % for all
pentavalent arsenicals. The disadvantages werenjslete pre-reduction of MAseven in
the larger coil, long time of pre-reduction, andremsed content of total iAs in the blanks.

In the case when TGA is pumped only to the zonehef sample, the axial
dispersion can cause that the whole zone may notaico optimum concentration of
prereductant, as well as prolong the time neces&arpurging a sample from the pre-
reduction coil. The suppression of an axial disperend a better mixing can be achieved
using SFA by means of air segments added to a saen carrier flow (Fig.1.c). Air
segmentation allowed to add TGA solely to the sangune. The efficiencies of pre-
reduction by SFA with 3.5ml pre-reduction coil asmpared with off-line pre-reduction
results for iA€, MAs” and DMAS' were 97.4 + 2.6 %; 100.1 + 2.0 % and 99.4 + 2.5 %.
Therefore the setup with SFA was applied for fuingestigation.

3.2.2 Pre-reduction coil volume

The optimal pre-reduction coil volume (and corresting reaction times of iAs
MAs' and DMAS with TGA) were studied. Fig.3 shows that YAs fully reduced in
about 45 s, while complete pre-reduction of MAmsd DMAS' requires 115 s. Therefore
the 2.4ml coil was found sufficient for completepeduction with SFA.
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I T I T I T I T I T I T I T I
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Fig.4 The dependence of the signal on the pre-reductibhvolume; 1 — iAs, 2 — MAS, 3 — DMAY
(2 ng-mt* As each)

3.2.3 Calibrations and LODs

Calibration graphs were tested for all forms. Thamparison of slopes of
calibrations shows good uniformity of sensitivitiésr iAs" with and without pre-
reduction, and iAS MAs', DMAs" after pre-reduction (Table 1). These results engis

127



4™ International Student Conference: "Modern Analgti€hemistry"

use of single species standardi-zation for quaatibn of all As form® using on-line
setup. Lower sensitivity of TMA® with the pre-reduction is probably caused by
production of trimethylarsine at earlier stage. Wrsufficient separation from liquid phase
in the GLS and also transport losses of volatilepound before the GLS can play a role.

The limits of detection for iAS and iAS' (Table 1) were caused by non-specific
absorption and iAS content in the blanks. The relative LODs couldftséer improved
using greater sample loop volume, and in the cds\®" and iAS also by use of
background correction.

Table 1 Slopes of calibrations, relative sensitivities gtetl to iA§' sensitivity measured with on-line pre-
reduction) and LODs 8 597ul sample);
concentration 0.25; 0.5; 1; 2 ng-ThiAs each.

. _ Relative 1

As species Slope, ml-sTg sensitivity, % LOD, pg-ml LOD, pg
iAs" @ 0.420 92.1+0.8 107 64
iAs" ® 0.456 100.0 + 0.8 131 78
iAsY ® 0.450 98.7+0.9 133 79
MAs" ® 0.447 98.0+1.1 44 26
DMAs" ® 0.465 102.0+1.1 48 29
TMAs'O ® 0.432 94.7+1.0 30 18
TMAs'O ® 0.395 86.6+1.5 45 27

& Without pre-reduction (DIW instead of TGA was pathfp assure identical reaction time)
®On-line pre-reduction

3.2.4 Recoveries of As species in urine matrix

A validation of the HG-CT method with on-line preduction by TGA was carried
out in human urine samples (diluted 1:1 by deicthineater) spiked with inividual As
forms. The recoveries of arsenic species (Tableve2jfy the possibility using water
standards of single specie for quantification &l forms even in this matrices.

Table 2 Recoveries study — relative sensitivities (%) of ggecies in real biological matrix (urine and
deionized water, 1:1) compared to water standatasdard addition concentration 0; 1; 2 ng-hAs each
form.

iAs™ iAsY MAs DMAs" TMAS'O
Without 99.0+ 25 0 0 0 93.5+16
pre-reduction
On-line
102.6+2.9 103.0+1.0 100.1+2.0 97.3+3.3 n.d.

pre-reduction

4. Conclusion

The selective HG procedure based on off-line pderxcgon by TGA acid is capable
of resolution and quantification of inorganic anckthylated arsenicals. TGA provides
much faster reaction with all pentavalent arsesi¢ai2 min) compared to commonly used
L-cys (30-60 min) which makes it suitable for ondipre-reduction at room temperature.
The standard calibrations measured with or withardine pre-reduction indicated the
uniform and equal sensitivities. The possibility sthndardization by water standards of
single species (e.g. iA§ for quantification of all other As forms in urinevas
demonstrated in the recovery study. Despite thdysisabeing prolonged by 2 mins as
compared with off-line procedure, on-line pre-reitut simplifies sample pretreatment
and increases sample throughput. This setup ofgaheetion should be also applicable for
an automated system for the oxidation state spegpieciation of inorganic and methylated
arsenicals by selective hydride generation-cryqiragp-AAS.
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Abstract

Chiral recognition of bilirubin and biliverdin by p oly(L-lysine), poly(D-lysine),
and poly(L-arginine) and its micelles with dodecanate ions at different pH was
studied using a combination of vibrational and eleitonic circular dichroism. These
systems were studied as the physiologically impomé& model of the binding sites of
the pigments and serum albumin. It was shown thatibverdin is more sensitive than
bilirubin to pH in the complexes with polypeptides.lts conformation becomes more
“closed” at acidic pH in the complexes with micella systems with polylysine. Partial
flattening and chiral self-association of bilirubin molecules takes place at higher
pigment concentration in pigment-polypeptide systes The inversions of ECD
signals for the both pigments were observed in theystems with PLA at pH 8.5.

Keywords
Bilirubin; Biliverdin; Circular dichroism; Polypepde; Chiral recognition

1. Introduction

Bilirubin (BR) and biliverdin (BV), toxic metabobs of heme in mammals are
transported to the liver by serum albumin (SA)ftother metabolism. In their most stable
conformations, BR adopts folded ridge-tile molecygaometry whereas BV has a helical,
lock-washer shape (Fig.1). In isotropic solvente thoth pigments exist as racemic
mixtures of isoenergetic M- and P- helical conforshe

Interestin the bilirubin-SA interaction arose when it be@usiear that high blood
concentration of bilirubin is toxic to all tissuesid causes irreversible brain danfage
These findings provided the motivation of stumly the BR-SA binding mechanism for
many years, making it one of the mesidied of the SA-ligand interactions. The complex
BV-SA is less studied but may be useful for underding of the binding mechanism. One
of the moot points are the lysine or arginine resglin SA binding sites involved in the
complexation with the COQ@roups of the pigments.

Both the pigments exhibit optical activity in theepence of SA and it makes
possible to use the circular dichroism techniquegHeir investigation.

In current study, we have employed the electromautar dichroism (ECD) and for
the first time vibrational circular dichroism (VCRpproaches in order to characterize the
interaction of BR and BV with poly(L-lysine) (PLLpoly(D-lysine) (PDL), and poly(L-
arginine) (PLA), which were chosen as simplifieddais of SA binding sités The goal of
these experiments was to monitor how pH influertbespigments conformations in the
complexes with the lysine and arginine residues.
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Bilirubin Biliverdin

HC o

Fig.1 Bilirubin-IX o ridge tile and biliverdin-IXa helical conformations showing intramolecular hygkn
bonds.

2. Experimental
2.1 Reagents

Poly(L-arginine) hydrochlorideM,=35000 g mal"), poly(L-lysine) hydrobromide
(Myw=44000g/mol), poly(D-lysine) hydrobromideM{=48000g/mol), dodecanoic acid
(>98.0%), sodium hydroxide, hydrochloric acid, angD (99.9% D) were supplied by
Sigma/Aldrich and used as received.

Bilirubin-1Xa and biliverdin-1Xa hydrochloride (bbtFrontier Scientific) were used
as salts.

2.2 Measurements by electronic circular dichroism

Double distilled water was used as a solvent foDE@asurements. Salts of BR or
BV were added to the polypeptide solutions at pH0=8, concentration of the pigments
was 1.5-10 and 6-10> mol L™. Nanoparticles were prepared according to the oueth
described in Ref 4. Concentration of the poly(anmawigl)s in solution were 3-Tamol L™
All measurements were performed at room temperanck under nitrogen atmosphere.
The ECD spectra were recorded on the Jasco J-&drepolarimeteusing a quartz cell
with a path length of 0.01 — 1 citihe samples were flushed with dry ultrapurifiedogen
before and during the experiments. A slit progrdrat tafforded wavelength accuracy
better than 0.5 nm and integration time of 2 sdach spectral point was used. The results
are presented as mean molecular ECD intensitieh wéspect to total pigment
concentration.

2.3 Measurements by vibrational circular dichroism

Solutions in DO were used through all the VCD experiments. ForDVC
measurement, the pigments solution was added teollaéon of peptide to achieve desired
values of amount ratios. The concentration of mlestiwas kept at 0.24 mol™L
Complexes were prepared at temperature less the@ Hhd the pH of the solutions was
adjusted to 10.8 using NaOD. The final concentregtiof the pigments were kept at 0.024,
0.034, and 0.048 mol'tfor BR and at 0.034 moltfor BV. For the micelle systems,
polypeptides were mixed with sodium dodecanoatg) (@t the room temperature and
intensively shaken at pH=10.5. Concentration ofGheions was 5-10mol L™.

All samples were allowed to equilibrate for 30 ntemsibefore the measurements
and the stability of the samples was proved by ampn of the infrared absorption
spectra recorded before and after each VCD measmte™CD spectra were recorded in
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the 1800—1350 crhregion at room temperature with a resolution ofi8" using a Fourier
transform infrared spectrometer IFS-66/S (Brukererm@any) equipped with a
VCD/IRRAS module PMA 37 (Bruker) by a proceduretthas been described in ref 5. A
demountable cell with the Calwindows and Teflon spacer of a fén pathlength was
used.

3. Result and discussion

The measurements for poly-lysine matrices were nadeH >10 to achieve the
transition from the random coil to helical confotioa. Taking into account that pigments
form stereoselective complexes only with polypeptith the helical conformatidr
recognition of BV and BR by PLA was not studieddref since the polypeptide PLA does
not adopt helical conformational in agueous soatutiRef. 4reports onnanoparticles of
polypeptides with salt of dodecanoic acid{Gadopting their chains into predominandly
helix conformation. In present study we use sudtesys where the uncomplexed parts of
polypeptides provided potential binding sites fog bile pigments.

Biliverdin

Fig.2 shows ECD spectra of the BV complexes. Panshows complexes with
neat PLL and PDL. BV interacting with PDL exhibitwo broad ECD patterns with
opposite signs typical to the P-heliditfhe BV spectrum induced by PLL is opposite.
Panel B shows ECD spectra of BV complexes withRhe-C;, nanoparticles at pH 5-10.
ECD spectra of the BV complexes on the micelletediform the BV complexes which
were formed on pure PLL (c.f. panels A and B). ©hserved difference, the bisignate CD
signals in the both UV and VIS regions, originatesn conformational changes of the
pigment accompanied by stabilizing a flatter oreper helix type of chromophore. This
fact can be interpretexs indication of a reduction of the torsion angléhie chromophore
double bonds when the PLL:Cis used. BV adopts more “closed” conformation hist
case than in complexes with pure PLL. In neutral alkaline medium, the conformation
of the pigment become more “opened” but it is sks opened than in its usual
conformation. As for PDL-¢ system, the spectra show the analogous behayect(a
not shown); the only difference is the oppositensa all patterns. This fact confirms that
the observed ECD of the BV complexes is inducethkychirality of polylysine matrix.

Nanoparticles formed by PLA-g produce stereoselective complexes with BV in
the pH 5 — 11 and their spectra are shown in p@nét pH 6.1 and 7.4, ECD spectra are
very similar to the spectrum of the BV complexeshwieat PLL (cf. panels A and C),
chromophore has adopted a left-handed M-helicitypA > 9, the entire ECD spectrum
inversed the signs. Right-handed P-helicity is gnadfle in the complexes at these
conditions.

Fig.3 shows VCD of BV and its complexes. BV alomg 8V-C;, do not provide
VCD spectra. High concentrations required for VGialde to use only polylysine with the
chain not longer than ~ 25 amino acid residues (M®OUO) for the experiments without
nanoparticles (panel A, full line). In this cadee tmatrix was in random coil conformation
mainly. The negative VCD signal at 1570 ¢ris assigned to asymmetric COSretching
vibrations of BV. This signal has been observedubyin VCD spectra of the complex
formed by M-helical conformer of BV Similarly as in the ECD study, :&was used to
stabilize the helical conformation of PLL, PDL aRtA. VCD spectra of BV-PLL-& and
BV-PDL-C;, are shown in panel B. The signal at ~ 1570 cassigned to the COO
stretching vibration is used as a marker for tHecie sense of the pigment.
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Fig.2 ECD spectra of the biliverdin and bilirubin andcithcomplexes with (A) poly(L-lysine) (PLL) and
poly(D-lysine) (PDL), BR/Lys = 1/20 (full lines) anBR/Lys = 1/5 (broken lines), (B) nanoparticles
composed of dodecanoate ionsJJGand poly(L-lysine), (C) nanoparticles composeddotiecanoate ions
(Cy2) and poly(L-arginine)The numbers indicate pH of the systems.

According these data, PLL forms a complex with Mide# conformer of BV
which is in the agreement with the interpretatib&GD data. As for complexes with PLL-
Ci2 and PDL-G» particles, we can say that most probably BV adoptbelical
conformation with PLL-G and M-helices with PDL-G.

Panel C shows VCD spectra of PLA-BMALLomplex at pH = 9.8. VCD spectrum
induced by non-covalent interaction of PLA@ith BV shows and it is in agreement with
ECD study a preference for the P-helicity.

Bilirubin

ECD spectra of pure BR and BR in complex with Pldd &#DL are presented in
Fig.2. High intensity of ECD spectra for BR/Lys #15suggest that the chiral self-
association of BR molecules takes place. We ing¢rgne observed enhanced of BR
internal optical activity and the change of spdcpattern at higher concentration as a
consequence of a partial flattening of BR in corafiee interactions between the pigment
ligands fixed on the matrix in close vicinity toosaother (oligomeric effect).

The ECD signal of BR with PLL-{Z (panel B) has a form of negative couplet, i.e.
opposite to the situation for PLL. It means tB&R adopts M-helicies in the system with
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PLL-Cs, in whole range of studied pH. BR-PLALpossesses the ECD patterns of the
same sign as in the case of BR-PLL-@anel C), therefore M-helical conformation is

preferable in the pH range 5-8. When pH > 8.5 B® spectra inverts their signs and P-
helical conformation is stable.
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Fig.3 (left) VCD spectra of the biliverdin and bilirubin compés.(A) complex of BV with poly(L-lysine) at
pH = 9.6 (full line), pure poly(L-lysine) (brokeimk), complex of BV with3-cyclodextrin (dotted line), (B)
complex of BV-PLL-G, and BV-PDL-G, (gray line) at pH = 10.5, (C) complex BV-PLA:Cat pH = 9.8;
(right) complexes of BR with poly(L-lysine) at BR/Lys ragi 1/10,1/7,1/5 (pH =10.8), and complex of BR
with PLL-C;,at pH =10.5 (broken line).

VCD spectra of complexes with BR at molar ratiogl10G/1, and 5/1 are shown in
Fig.3. The VCD band at 1560 €nis assigned to asymmetric COSiretching vibrations
for the BR-cyclodextrin complex®sThe corresponding VCD signal for BR-polylysine
was observed at the 1565 ¢nThe assignment of this band to the BR vibratioprisved
by the increase of its intensity in with the growathBR concentration. The opposite VCD
spectra were obtained when PDL was used as a nigp@ctrum is not shown). Compared
to the complex BR-PLL, in the complex with;Cthe asymmetric COOstretching
vibration was inverted. These observations arehenagreement with ECD data: the M-
helical conformer is more preferable in this case.

PLA forms complexes with P-helicies, stereoselectiecognition is weaker in this
system and only small changes were observed at §&otrum (spectrum not shown).
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4. Conclusion

Both studied pigments stereoselectively bind toitpady charged lysine and
arginine residues. Moreover, self-association psogas observed in the case of BR.
Dianions of BR associated along the polypeptidansharobably and the angle between
two chromophores decreased according to analysisGid data. The complexation is a
function of pH and concentration. Addition of dodmoate ions to the systems provides
opposite complexation in the case of PLL and PLABVY. The inversions of ECD signals
for the both pigments were observed in the systgitisPLA at pH 8.5.
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Abstract

Chiral noncovalent complexes composed dkerc-butyl-carbamoil-quinine or
terc-butyl-carbamoil-quinidine and two enantiomers of 35-dinitrobenzoyl-leucine
were studied via vibrational and electronic circula dichroism spectroscopy. VCD
and IR absorption spectra of pure selectands and &etors were measured and their
absorption bands were assigned. The formation of th favorable or unfavorable
selectand-selector pairs leads to distinctly diffent ECD and VCD spectra. Some
bands in VCD spectrum can be considered as the imtetion markers typical of
favorable pairs. These markers relate to the geomst changes of corresponding
functional groups that intermediate the binding of selectand and selector. VCD
spectroscopy can provide highly detailed structural information about the
selectand-selector complex while ECD spectroscopy fieasible for rapid preliminary
scans.

Keywords
VCD; ECD; Chiral complex; Chiral recognition; Diasteomeric complex;
Quinine, Quinidine

1. Introduction

The development of novel stationary phases foratlHPLC is very interesting
field as the determination of enantiomeric purgycrucial for pharmacology and many
sectors of modern chemistry. Cinchona alkaloidsigei and quinidine are chiral natural
substances easily available. The possibility ofrtderivatization and relative low price
makes them suitable selectors applicable in ensep@ration methods like
enantioselective liquid-liquid extractibnchiral HPLCG, chiral electrophoredid® or
chiral electrochromato-graphy*2

H
o. _N O,N
il \f 0
0]

=

Iz

N O,N COOH
A) B)

Fig.1 Structure of A) QN (8S, 9R) and QD (8R, 9S) selextand B) DNB-L-Leu and DNB-D-Leu
selectands.
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Tercbutyl-carbamoil-quinine  (QN) andterc-butyl-carbamoil-quinidine (QD)
(Fig.1A) are the most employed cinchona alkaloidvdgives. They exhibit high affinity to
2,4-dinitrobenzoyl (DNB) amino acids, especially Bileu (Fig.1B). QN and QD
selectors are diastereoisomers with opposite cordtgpn of binding center and therefore
opposite configurational selectivity for chiral dtas. Due to the geometry of selectand
and selector, QN interacts strongly with DNB-L-Laad creates ,favorable” complex
while the interaction of QN and DNB-D-Leu is weakand leads to formation of
Lunfavorable® complex. The opposite selector Qleratts strongly with DNB-D-Leu and
its interaction with DNB-L-Leu is weak. High stabjl of the favorable complex is caused
by the following types of weak interaction: hydragbond between amidic group of
selectand and carbamate group of selector, ioningaibetween carboxyl group of
selectand and quinuclidine group of selector mad interaction between aromatic groups
of selectand and selector (Fig.2).

The interaction of selectand and selector can béiedd via common methods like
HPLC™! infrared absorption spectroscdpl’ and NMR’ but more specialized
techniques directly sensitive to the chirality cha also employed. Electronic and
vibrational circular dichroism spectroscopy utiBzethe phenomenon of different
absorption coefficient of chiral molecules for lefthd right circularly polarized light.
Circular dichroism (CD) spectrum of a molecule ifedence of absorbance of left and
right circularly polarized light depending on waseght of incident light Two
enantiomers have identical IR absorption specttalifierent CD spectra; their spectra are
symmetrical along the zero line. Achiral molecudasibit zero CD signal. The differences
between electronic circular dichroism (ECD) andratlonal circular dichroism (VCD)
spectroscopy are the same as for their parent itpods — UV-VIS and IR absorption
spectroscopy. Broad and low resolved peaks aredlypi ECD spectroscopy, it measures
electronic transitions of molecular orbitals antates to the geometry @fhole molecule.
On the contrary VCD spectroscopy takes advantageighf resolved peaks that can be
assigned to specific function groups in moleculee Tact that the sign and intensity of
VCD band depends strongly on the geometry of cpoeding group makes this technique
very sensitive to small geometry changes in theemdé. This ability makes VCD method
suitable to study interactions of chiral selectaptector systems.

O,N
0

COOH
4

_~ion pairing

#5

Fig.2 Weak interactions between the selectand and seliecthe favorable complex.
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2. Experimental
2.1 Reagents

The terc-butyl-carbamoil-quinine (QN)terc-butyl-carbamoil-quinidine (QD), 2,4-
dinitrobenzoyl-L-leucine (DNB-L-Leu) and 2,4-dimtoenzoyl-D-leucine (DNB-D-Leu)
were synthetized® by prof. Lindner’s group (Vienna, Austria). For BEGneasurements,
methanol of analytical reagent grade (Penta) wad as solvent. For VCD measurements,
deutered methanol (MeOH-d4, 99,8 atom.% D, ISOSA&) used.

2.2 ECD measurements

All ECD measurements were carried out on a JasgtOJspectropolarimeter using
quartz cuvette with 0,1 mm optical pathlength. RFeaters of the measurement: scanning
speed 100 nm/min, band width 1 nm, standard seitgjtil0 accumulations, room
temperature.

2.3 VCD measurements

VCD and IR absorption spectra were recorded usif@wier transform infrared
spectrometer IFS-66/S equipped with a VCD/IRRAS anied®PMA 37 (Bruker, Germany)
by a procedure described elsewh&r&CD spectra were obtained as an average of 21
blocks, each block consisting of 2260 scans medswith spectral resolution of 4 ¢t
and a zero filling factor of 4. For all measurenseatdemountable cuvette A145 with GaF
windows and 50um optical patlength was used. The band assignmesst done using
charts with infrared characteristic group frequesgi

3. Results and discussion
Spectra of pure components

Fig.3A shows VCD and IR absorption spectra of DNB-&u and DNB-L-Leu.
These substances are enantiomers and thereforadentecal IR absorption spectra. The
most intensive absorption bands at 1549'@nd 1348 cim were assigned to asymmetric
and symmetric vibration of nitro group, respectiveV/CD spectrum in the region of
vibration of asymmetric nitro group could not beasered due to high noise level. Two
types of carbonyl group are presented in DNB-Leuboxyl group and amide group. The
vibration band at 1655 chis assigned to the amide group, the band at 1720 is
assigned to vibration of non-dissociated carboxglug and bands at 1592 ¢nand 1388
cm™ are assigned to asymmetric and symmetric vibratibdissociated carboxyl group,
respectively. Intensity of concerned bands showstmarboxyl groups are presented in
non-dissociated form. The bands of £Bisymmetric vibration at 1476 ¢mand CH
scissors vibration at 1432 ¢mare overlapped by amide II vibration (in-plane DN-
deformation vibration mixed with stretching C-N xakion).
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Fig.3VCD and IR absorption spectra of both selectandssatectors in MeOH-d4

Fig.3B shows VCD and IR absorption spectra of QN @b selectors. QN and QD
are diastereoisomers, so small difference betwéeir iR absorption spectra can be
observed. The band at 1707 tiis assigned to the carbonyl group vibration. Augrof
bands at about 1600 ¢hand the band at 1512 €nbelongs to various modes of quinoline
ring deformation vibration. The bands at 1475'camd 1459 cr are assigned to the GH
asymmetric vibration and the GHdcissors vibration, respectively. The stretchirges of
quinoline group are manifested by several bandbatt 1370 cf. The vibration band at
1245 cni* is assigned to the ether connected to the aromuatig.

Spectra of complexes

Fig.4A shows VCD spectra of both favorable and wofable complexes in
comparison with the pure components. Unfavorabléespaomposed of selectand
DNB-D-Leu and selector QN or selectand DNB-L-Lew alector QD have noisy VCD
spectra with bands of low intensity. On the othemd VCD spectra of favorable
complexes composed of DNB-L-Leu selectand and Qbcs® or DNB-D-Leu selectand
and QD selector exhibit VCD spectra with strong V@&hds. This difference corresponds
with the character of favorable and unfavorable glexy the geometry of favorable
complex is fixed by three interactions holding stded-selector system in rigid chiral
formation generating strong VCD signal with low é¢wof noise, on the contrary in
unfavorable complex, all these interactions are anatilable due to steric reasons, the
selectand-selector system is more flexible and g¢ee noisy VCD spectrum of low
intensity.

Some VCD bands in the spectrum of favorable commiax be considered as
interaction markers, these bands of high intensity present in the spectra of favorable
pairs only. The first interaction marker at 1621 tim assigned to deformation vibration of
quinoline ring and is therefore the markemeft interaction of selectand and selector. The
second interaction marker at 1581 tis assigned to asymmetric vibration of dissociated
carboxyl group interacting with protonated quindoie group and is the marker of
ion-pairing interaction. The last interaction markeabout 1410 cihis unassigned so far.
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Final assignment could be possible using ab-imtdculation of vibrational modes or
using homologic series of selectands and seleatadgheir influence on the spectrum.
Fig.4B shows ECD spectra of pure selectands argttees in comparison with
favorable and unfavorable complexes. Again, ECxspef unfavorable complexes have
the bands of low intensity, in fact the spectrumunfavorable pair can be considered as
the superposition of the corresponding selectand s@lector spectrum. Spectra of
favorable complexes have intensive ECD bands ti/picarganized chiral structure.
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Fig.4 A) VCD and IR absorption and B) ECD and UV-VIS aljgion spectra of favorable and unfavorable
selectand-selector complexes in comparison witketsp@f pure components.

4. Conclusion

VCD and ECD techniques were proved to be feasibtdstto study cinchona
derivative — DNB-Leu selectand-selector system. ddmaplex chiroptical study combines
advantages of rapid measurement and low samplaiegi®n typical of ECD with high
spectral resolution and conformational sensitivafy VCD. Favorable complex exhibit
intensive CD bands in ECD spectrum allowing to tse spectroscopic method for rapid
preliminary test of complex formation. VCD turnstda be a powerful method capable of
detecting selectand-selector interaction and logafunctional groups involved in the
interaction.

Acknowledgement

This work was supported by the research grants filoenMinistry of Education,
Youth and Sports of the Czech Republic (OC135, @&8137307).

140



4" International Student Conference: "Modern Analgti€hemistry"

References

[1] Kellner K. H.; Blasch A.; Chmiel H.; LammerhafeéM.; Lindner W.: Chirality 9
(1997), 268-273

[2] Czerwenka C.; Lammerhofer M.; Maier N. M.; Risen K.; Lindner W.Anal. Chem.
74 (2002), 5658-5666

[3] Czerwenka C.; Lammerhofer M.; Lindner Wl: Pharmaceut. Biomed0 (2003),
1789-1800

[4] Czerwenka C.; Lammerhofer M.; Lindner W.:Sep. Sci26 (2003), 1499-1508

[5] Gyimesi-Forras K.; Kokosi J.; Szasz G.; Gerg@ly Lindner W.:J. Chromatogr. A
1047(2004), 59-67

[6] Gyimesi-Forras K.; Leitner A.; Akasaka K.; Lindr W.: J. Chromatogr. A1083
(2005), 80-88

[7] Kacprzak K. M.; Maier N. M.; Lindner WTetrahedron Letterd7 (2006), 8721-8726
[8] Piette V.; Lammerhofer M.; Lindner W.; Crommé&nChirality 11 (1999), 622-630

[9] Piette V.; Fillet M.; Lindner W.; Crommen J.. Chromatogr. 875(2000), 353-360
[10] Piette V.; Lammerhofer M.; Lindner W.; CromménJ. Chromatogr. 287 (2003),
421-427

[11] Lammerhofer M.; Lindner W.J. Chromatogr. /829 (1998), 115-125

[12] Lammerhofer M.; Lindner W.J. Chromatogr. 839(1999), 167-182

[13] Lammerhofer M.; Maier N. M.; Lindner WAm. Lab.30(1998), 71-75

[14] Lammerhofer M.; Franco P.; Lindner W.:Sep. ScRk9 (2006), 1486-1496

[15] Lesnik J.; Lammerhofer M.; Lindner WAnal. Chim. Acta#01(1999), 3-10

[16] Wirz R.; Burgi T.; Lindner W.; Baiker AAnal. Chem76 (2004), 5319-5330

[17] Maier N. M.; Schefzick S.; Lombardo G. M.; z2M.; Rissanen K.; Lindner W.;
Lipkowitz K. B.: J. Am. Chem. Sott24(2002), 8611-8629

[18] Mandl A.; Nicoletti L.; Lammerhofer M.; Lindméw.: J. Chromatogr. A858 (1999),
1-11

[19] Urbanova M.; Setnicka V.; Volka KChirality 12 (2000), 199-203

[20] Socrates G.infrared and Raman Characteristic Group Frequenci&ables and
Charts Chichester, 2001

141



4™ International Student Conference: "Modern Analgti€hemistry"

PREPARATION AND CHARACTERIZATION OF NANOPARTICLES

PavelRezankaKamil Zaruba and Vladimir Kral

Institute of Chemical Technology Prague, Dept. naljtical Chemistry, Technicka 5, Prague 6, 166 28,
Czech Republic; e-mail: pavel.rezanka@vscht.cz

Abstract

Several methods of size-controlled gold nanoparties preparation are
presented. Using different amount of reducing agentthe particle size can be
controlled in the range between 6 and 80 nm. Prepad nanoparticles were modified
by three different ways and characterized by varios techniques.

Keywords
Gold nanoparticles; preparation; modification; createrization; porphyrin

1. Introduction

Metal nanoparticles play important roles in diffgrédranches of science, such as
nanoelectoronics, nonlinear optics, biological lafge oxidation catalyst, etc
Nanoparticles themselves also provide a pragmaipraach to multiscale engineering,
functioning as ’'building blocks’ of regular shapadasize for the fabrication of lager
structures. Combination of synthetic design withecdied assembly of nanoparticles into
organized ensembles provides the direct contrgblofsicochemical properties from the
molecular to the macroscopic level. In this regéudgctionalization of metal nanoparticles
is a prerequisite to fabrication 2- and 3-dimenalatructures.

Gold nanoparticles (GNP) are in the field of instréue to their unique properties,
namely plasmon resonance and surface-enhanced Rsoatirring (SERS) efféctThe
plasmon resonance is the result of collective laimhs of GNP surface electrons upon
interaction with visible light of a suitable wavetgh. The extinction coefficients of GNPs
are nominally in the range of 30" dm® mol* cm® (ref. 2), so it becomes an
increasingly important colorimetric reporter to refy the events associated with
interacting modified GNPs with analyfesSERS effect is caused by enhancement- (10
10°) of the Raman signal and enables to study compotimat are immobilized on the
surface of metal nanoparticles in low concentrétion

The goal of this work is to develop methods of aregion of functional gold
nanoparticles with different diameter, their mochfion and characterization.

2. Experimental
2.1 Reagents

All reagents were of analytical reagent grade ghér purity. Water used in all
experiments was obtained from Merck (HPLC Lichrgg&plR =1 MQ).

2.2 UV-Vis Spectroscopy

UV-Vis spectra were recorded on Varian Cary 400 SICAJV-Vis
spectrophotometer (USA). Solvents spectra wereractied from all spectra. Data were
collected from 200 nm to 900 nm with 1 nm resolatio

2.3 Transmission Electron Microscopy
TEM measurements were performed on a JEOL JEM-3f@oscope (Japan)

operated at 300 kV. Samples were prepared by depp$ pL of the solution of the
nanoparticles onto a carbon-coated copper gridtaen allowed to air-dry before analysis.
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2.4 Raman Spectroscopy

Raman spectra were collected using a Fourier wamshear-infrared (FT-NIR)
spectrometer Equinox 55/S (Bruker, Germany) equppigh a FT Raman module FRA
106/S (Bruker). A focused laser beam (100 mW) bidaYAG laser (1064 nm, Coherent)
was used to excite the Raman effect. Samples wademp in glass vials and placed on a
motorized X-Y-Z sample stage. The scattered light was collectedguai backscattering
geometry. Interferograms were obtained using atguagam splitter and a Ge detector
(liquid N, cooled). Typically, 1024 separate interferogrameyevaccumulated and then
processed by Fourier transformation using Blackidamds 4-term apodization and a
zerofilling factor of 8 in order to obtain individuUFT Raman spectrum.

2.5 Procedures
Preparation of Gold Nanoparticles
. Used method is based on the reduction of"Awith citrate according to Turkevich
et. al:

Method A: 1 mL of 1% aqueous solution of the potassium ¢dloaurate(lll)
and 2.5 mL of 1% aqueous solution of the trisodicitrate dihydrate were added to 100
mL of the boiling water (under reflux). Heating waentinued for 10 minutes during
which time the solution had changed color from pa#dow to gray-blue, to purple, and
then to wine-red. After that, the reaction vessa$\allowed to cool to room temperature.

Method B: 50puL of 1% aqueous solution of the trisodium citratbydrate and
20 uL of 1% aqueous solution of the potassium tetradaorate(lll) were added to 2 mL
of the boiling water in a closed vial. Heating wamtinued for 10 minutes during which
time the solution had changed color from pale yellm gray-blue, to purple, then to
brightly red. After that, reaction vessel was akalito cool to room temperature.

Method C: 20puL of 1% aqueous solution of the potassium tetracaorate(lll)
and 8.4uL of 1% aqueous solution of the trisodium citratieydrate were added to 2 mL
of the boiling water in a closed vial. Heating wamtinued for 10 minutes during which
time the solution had changed color from pale yelto gray-blue, to purple, and then to
dark red. After that, the reaction vessel was atldwo cool to room temperature.

Method D: 20puL of 1% aqueous solution of the potassium tetracaorate(lll)
and 4pL of 1% aqueous solution of the trisodium citratieydrate were added to 2 mL of
the boiling water in a closed vial. Heating wastamned for 10 minutes during which time
the solution had changed color from pale yellovgtay-blue, to purple, and then to dark
red. After that, the reaction vessel was alloweddol to room temperature.

Method E: 300pL of 1% aqueous solution of the potassium tetradaorate(lll)
and 110uL of 1% aqueous solution of the trisodium citraiieydrate were added to 30 mL
of the boiling water (under reflux),. Heating waantnued for 30 minutes during which
time the solution had changed color from pale yello gray-blue and then to brown. After
that, the reaction vessel was allowed to cool tmréemperature.

Modification of Gold Nanoparticles

Thiol derivatization: The solution of 3-mercaptopropanoic acid (MPA, L3 in
H,O (1 mL) was added to the 100 mL of gold nanoplersolution. The flask was capped
and left to stand for 3 days in the dark.

One-step porphyrin derivatization: The solution of porphyrin-brucine conjugate
(Por-Bru, 10 mg, Fig.1) in MeOH (2 ml) was addedthe 100 mL of gold nanoparticle
solution. The flask was capped and left to stam@Bfdays in the dark.
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Fig.1 Structure of porphyrin-brucine conjugate.

Two-step porphyrin derivatization: The solution of 3-mercaptopropanoic acid
(6.3uL) in H,O (1 mL) was added to the 100 mL of gold nanoplersolution. The flask
was capped and left to stand for 3 days in the.ddrkn, the solution of porphyrin-brucine
conjugate (10 mg, Fig.1) in MeOH (2 ml) was add€de flask was capped and left to
stand for 3 days in the dark.

Cleaning of Gold Nanoparticles

Unbound species and reaction byproducts were rethovehe supernatant after
centrifugation. The nanoparticles were repeateellijspersed in water or methanol.

Characterization of Gold Nanopatticles

Modified nanoparticles were characterized by UV-¥gectro-scopy, TEM and
Raman spectroscopy.

3. Results and discussion

Gold nanoparticles were prepared by modified pracesl originally published by
Turkevich and characterized by various techniques, namely T&hd UV-Vis. A
monodisperse colloid solution of circle shaped GM&s prepared by method A. Their
average diameter was 14.7 nm (Fig.2) with the marinof absorbance at 518 nm, which
corresponds with TEN

N
o

Distribution (%)
= N w
o o o o

11 12 13 14 15 16 17 18
Diameter (nm)

20 nm

Fig.2 TEM image and size distribution of gold nanop&escprepared by method Aize distribution was
obtained by measuring of 500 nanopatrticles in dpitearily chosen area of a TEM image.
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Comparing diameters obtained from TEM for nanopbesi prepared by methods
B, C, D and E with wavelengths of the maximum abaoce (Fig.3), it is possible to
determine approximately the diameter of new preparanoparticles only by measuring
UV;VE;S spectra. Experimental results are in theeagrent with the previously published
data ™.
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Fig.3 Dependence of wavelength of the maximum absorbandke diameter of gold nanoparticles.

Immobilization of porphyrin derivative (Fig.1) wasarried out by addition of
porphyrin derivative solution in methanol to GNPnéestep method) or to GNP
premodified with 3-mercaptopropionic acid (MPA) ¢@wtep method). Successful
modification was confirmed by UV-Vis spectroscoi@pectra of modified GNP showed
the red shift of the maximum absorbankg,() of 2-40 nm (ref10).
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Fig.4 Raman spectra of gold nanoparticles modified witRAVI(A), MPA and porphyrin derivative (B),
citrate (C, freshly prepared GNP) and porphyririddive (D).
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Analysis of the Raman spectra (Fig.4) confirmed wbitization added compounds
on the surface of gold nanoparticles. After additcd MPA or porphyrin derivative to the
prepared GNP (spectrum C) and centrifugation, spesignificantly changed (spectra A
and D). After addition porphyrin derivative to t@NP modified with MPA (spectrum A)
and centrifugation, the spectrum didn’t changeadifizantly (spectrum B) but UV-Vis
spectra confirmed immobi-lization of the porphyderivative.

4. Conclusions

In the present work the preparation of gold nantigdas with various diameter has
been presented. Prepared nanoparticles were nubdiitd porphyrin derivative by one-
and two-step methods and modified nanoperticle weharacterized by UV-Vis
spectroscopy, SERS spectroscopy and TEM.

For the future development of sensor applicationasfoparticles, the possibility of
using SERS to determination of immobilized compaundncentration on the surface of
gold nanopatrticles will be studied.
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Abstract

The voltammetric behavior of 2-nitrophenol (2-NP) vas investigated by
differential pulse voltammetry at boron-doped diamand film electrode (BDDFE). The
electrochemical reduction and oxidation has been dlied in Britton-Robinson buffer
over a pH range of about 2 — 12. Optimum condition®ave been found at pH 4 for
reduction and pH 11 for oxidation. Limits of detecton were 6.10° mol.L™ for
electrochemical oxidation of 2-NP and 4.I0mol.L* for electrochemical reduction.

Keywords
Boron-doped diamond film electrode, Differential Igau voltammetry, 2-
Nitrophenol

1. Introduction

Boron doped diamond is a novel and versatile eldetrmaterial, which have
gained popularity in a variety of electrochemicpblications'™ The use of conductive
diamond films as an electrode material in electenaistry has been reviewed by Fujishima
et al’ Nowadays, there are several commercial supplieBDDFE, including Element
Six (UK), Windsor Scientific (UK), Adamant Techngjles (Swiss), Condias (Germany),
Sumitomo (Japan) and sp3 Diamond Technologies (USA)

Nitrophenols are nitroaromatic derivatives presansome industrial wastewaters
as they are widely used as intermediates in inghgssuch as pesticides, herbicides, dyes
and manufacturing solvents. They are considereddopotentially carcinogenic and
mutageni® Pesticides based on simple nitrophenols are giénerat allowed today but
some of than are still used as growth stimulatoragriculture’. US EPA has restricted the
concentration of 2-nitrophenol, 4-nitrophenol and-@initrophenol in natural water to be
less than 1Qwg/L.° Moreover, this substance is a suitable model t&tgid explosives.

2. Experimental

Voltammetric measurements were carried out using-H®o Polarograph with
software PolarPro version 5.1 (Polaro-Sensors, Ugragczech Republic) in a three-
electrode system — platinum wire electrode (Monstaly, Turnov, Czech Republic) as
auxiliary electrode, Ag/AgCl reference electrode RAL3 (1 mol.[* KCI, Monokrystaly,
Turnov, Czech Republic) and boron-doped diamonectedde (3 mm diameter, Windsor
Scientific, UK) as working electrode.

The polarization rate 20 mV:sthe pulse +50 mV and the modulation amplitude
80 ms were used in differential pulse voltammebV).

The stock solution of 2-NP 1.Eamol.L™ (Sigma-Aldrich, Prague, Czech Republic)
was prepared by dissolving an accurately weigheduatnof the pure substance in 100 ml
of redestilled water.

The required amount of the stock solution was mlacel0 mL volumetric flask
and was diluted to the mark with a Britton-Robing®@R) buffer of appropriate pH.
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Oxygen was removed from the measured solutions uipblng with nitrogen for five
minutes.

Prior use in electrochemical measurement and alsehewing electrode’s surface
BDDFE was activated by cycling the potential ingarously stirred aqueous 1M HNO
between -2.5 and +2.5 V vs. SCE until a stableadigras detected (5-10 cycles with 0.1
V.s'scan rate).

3. Results and discussion
3.1 Electrochemical reduction

First, the influence of pH on DPV curves of I*1tol.L™* 2-NP at BDDFE was
investigated in BR buffer of appropriate pH (Figadd 2). All curves were measured 5
times. First measurement always gave higher peattghais was not evaluated. The best
developed and highest peak was obtained in BR buyiff¢ 4 (Fig.1). The calibration
measurements were carried out for concentratiam .10 to 1.10"° mol.L* 2-NP. The
calibration dependence in (2-10)®ol.L ™ range is depicted in Fig.3. The concentrations
lower than 2.10 were not detectable. The parameters of calibrattamves are sumarized
in Table 1.

-1000

I, nNA

-500

-1000 -500 0
E, mV

Fig.1 Selected DP voltammograms of 2-NP (c = T.hiol.L™") using electrochemical reduction at BDDFE
in BR buffer, pH 2-7The values of pH are at each curve.
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Fig.2 Selected DP voltammograms of 2-NP (c = T.hiol.L™") using electrochemical reduction at BDDFE
in BR buffer, pH 7-12The values of pH are at each curve.
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Fig.3 DP voltammograms and calibration dependence fP21sing electrochemical reduction at BDDFE
in BR buffer pH 4c(2-NP): 0 (1), 2.16 (2), 4.10° (3), 6.1C° (4), 8.10°(5), 10.10° (6) mol.L™.

3.2 Electrochemical oxidation
First, the influence of pH on DPV curves of I*1fhol.L* 2-NP at BDDFE was

investigated in BR buffer with corresponding pHgBi and 5). All curves were measured
5 times. During electrochemical oxidation becamédewt passivation of electrode’s
surface and thus the peak was decreasing withasicrg number of measurements. For
evaluation of pH dependence the second measureraftatsactivation were used. The
best developed and highest peak for electrocheroiadhtion was obtained in BR buffer
pH 11 (Fig.5). The calibration measurements werdezhout for concentration ranges (2-
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10).10° (Fig.6) and (2-10).1®@mol.L™. However, the calibration dependence in (2-10J.10
mol.L* range was not linear due to passivation of eldefsurface. The concentrations
lower than 2.18 were not detectable. The parameters of calibrataamves are sumarized
in Table 1.

1500 | | | |
<
[
1000} 1
7
500 | 1
6.
5 4 2
0 1 1 1 1 1 1
0 500 1000 1500

E, mV
Fig.4 Selected DP voltammograms of 2-NP (c = T.hibl.L™") using electrochemical oxidation at BDDFE
in BR buffer, pH 2-7The values of pH are at each curve.
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Fig.5 Selected DP voltammograms of 2-NP (c = T.hibl.L™") using electrochemical oxidation at BDDFE
in BR buffer, pH 7-12The values of pH are at each curve.
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Fig.6 DP voltammograms and calibration dependence fP24sing electrochemical oxidation at BDDFE
in BR buffer pH 11¢(2-NP): 0 (1), 2.16 (2), 4.1¢° (3), 6.10° (4), 8.10°(5), 10.1¢° (6) mol.L ™.

Table 1 Parameters of the calibration straight lines far determination of 2-NP by DPV at BDDFE in B-R
buffer pH 4 (reduction) and pH 11 (oxidation).

Concentration Slope Intercept Correlation Lo
[mol.L™] [NA.mol™.L] [nA] coefficient [mol.L™]
(2 - 10).1¢ (0x) 2.6.16 0.6 0.9985 6.16
(2 — 10).10 (red) -4.9.168 6.4 0.9981 -
(2 = 10).10 (red) -6.6.18 2.3 0.9961 -
(2 — 10).10 (red) -1.9.16 -0.2 0.9962 4.16

4. Conclusion

It can be concluded that BDDFE can be used to whter a wide variety of
inorganic and organic compounds using electrocha@&mécluction and oxidation. Limits of
detection were 6.19mol.L™ for electrochemical oxidation of 2-NP and 4/1®ol.L™ for
electrochemical reduction. It can be expected th&t aproach can be used for the
detection of trace amounts of nitrated explosivewall.
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Abstract

Determination of 6-aminoquinoline (6-AQ) by differential pulse voltammetry
(DPV) and direct current voltammetry (DCV) at carbon film electrode (CFE) was
developed.

Keywords
Differential Pulse Voltammetry, Direct Current Vattmetry, Carbon Film
Electrode, 6-Aminoquinoline

1. Introduction

Development of methods for monitoring of variougrideental biological active
substances in environment is one of the most impbrtasks of modern analytical
chemistry. Electrochemical methods are especialialsle for this purpose and represent
very effective tool for analysis of electrochemigalctive substances. These methods are
very sensitive, inexpensive and represent an inubgre alternative to prevalent
spectrometric and separative methods. Modern eldoemical methods are well described
in monograph’s?

The studied substance, 6-aminoquinoline (6-AQ)dwa®toxic effects and belongs
to dangerous pollutants of environmight On the other hand, derivatives of
aminoquinolines including 6-AQ are connected wittiraalarial and potential anticancer
agent3”’. Thanks to presence of amino group, 6-AQ is eaghgrminable on the basis of
anodic oxidation.

The aim of this study was to find out optimal cdrmais for determination of 6-AQ
using modern voltammetric methods, namely diffdeénulse voltammetry (DPV) and
direct current voltammentry (DCV) at a carbon fikectrode (CFE) and to set the limit of
quantification.

In present we are testing a newly developed typ8RE. The idea of this concept
consists in covering of any solid electrode’s stefdoy a film that is composed of
conductive microparticles and nonconductive polym®8uch electrode has properties
similar to material that microparticles are madenfr so it is an elegant way how to
reversibly change the potential window of origirdéctrode. Conductive microparticles
provide the electric contact between analyzed swluand conductive part of electrode.
Carbon, resp. graphite is material with wide patmindow which is suitable for anodic
oxidations. Problem with passivation of the filnsarface can be solved very simply by
wiping the old film off with a filter paper and imersing the electrode’s surface into
conductive ink solution to form a new film. Howeyaevhen a suitable electrochemical
pretreatment of the film electrode is applied, agne film can be used for reproducible
measurements for several days.

We use for measuring silver solid amalgam electr@figSAE) covered by a
carbon film (CF-AgSAE). We have chosen this combambecause AGSAE’s properties
are very similar to mercury electrodes and we asstimat a film electrode will be used
only for anodic oxidations whereas AgSAE would extbe used for cathodic reductions.
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So when it is necessary to carry out measuremerntherbasis of cathodic reduction it
suffices to wipe the film off and original AQSAEtae used.

2. Experimental Part
2.1 Reagents

The stock solution of 6-aminoquinoline (98%, Aldri€hem. Co.) in deionized
water (¢ = 110° motL™) was prepared by dissolving 0.01442 g of the sutzst in
100 ml of deionized water. More diluted solutionsrev prepared by exact dilution of the
stock solution with deionized water. All solutiovgere kept in dark at laboratory
temperature and in glass vessels. Other chemidadsic( acid, glacial acetic acid,
phosphoric acid, sodium hydroxide, potassium ctigriall p.a. purity) were supplied by
Lachema Brno, Czech republic. Deionized water frighiflipore, USA, was used. The
conductive carbon ink solution was prepared by ngx0.01 g of polystyrene, 0.09 g of
carbon powder (crystalline graphite [Zn, CR 2 Maziva Tyn, Czech Republic). The
mixture was thoroughly homogenized by intensiveadgin and sonication for 3 minutes.

2.2 Apparatus

Voltammetric measurements were carried out usingt BE®o Polarograph driven
by software PolarPro version 5.1 (Polaro-Sensaegu®). The software worked under the
operational system Microsoft Windows XP (MicrosGfirp.).

All measurements were carried out in a three-adeetisystem. Platinum wire as an
auxiliary electrode, silver/silver chloride refecenelectrode RAE 113 (1 mbI* KCI,
Monokrystaly Turnov, Czech republic) and CFE (AgSAlisk diameter 0.55 mm, covered
by carbon ink film) as a working electrode weredise

The scan rate 20 m¥", the pulse amplitude 50 mV and pulse width 80 nesew
used unless stated otherwise.

Better reproducibility of determinations at CFE wassured by a suitable
electrochemical regeneration of CFE. Optimal resulére obtained by the application of
50 potential jumps between -200 mV and +600 m\OfGrs.

2.3 Procedures

Appropriate amount of 6-AQ stock solution or moreiteéd solution (0.02 — 1 mL)
was measured out into a voltammetric vessel atetifilp to 10 mL with Britton-Robinson
(BR) buffer of appropriate pH. All curves were mat@sl 3 times. The parameters of
calibration curves (e.g. slope, intercept, limit @dtermination) were calculated using
statistic software Adstat. This software uses aw@fce bandsu(= 0.05) for calculation of
the limit of determination (§). It corresponds to the lowest signal for whiclatige
standard deviation is equal to QRef.9).

3. Results and Discussion
3.1 Differential Pulse Voltammetry at a Carbon FilmElectrode

The dependence of height of peaks on pH was imgastl. From DP
voltammograms follows that 6-AQ gives one well deped anodic peak in the whole
investigated pH region (Fig.1). Other strongly weesible and badly developed peak was
observed at less positive potential and is notyaically useful. The best developed peak
was obtained in BR buffer pH 5 medium, which washer used for measuring calibration
curves. Parameters of calibration curve are sunz@@rin Table 1. DP voltammograms
and calibration plot corresponding to the lowesaiaed concentration range are for the
sake of illustration depicted in Fig.2. Becausé¢hef problems with electrode passivation in
higher concentration range the calibration curve wat linear and the points were more
scattered. Therefore, those results are not givdrable 1.
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Fig.1 Differential pulse voltammograms of 6-AQ (c =1@* molL™) at CFEin BR buffer, pH 2.0 (1), 3.0
(2), 4.0 (3), 5.0 (4), 6.0 (5), 7.0 (6), 8.0 (7)098), 10.0 (9), 11.0 (10) and 12.0 (11).
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Fig.2 DP voltammograms and calibration plot of 6-AQ @&ECin BR buffer pH 5 medium at the lowest
attained concentrations(6-AQ) = 0 (1), 210° (2), 410°(3), 610° (4), 810° (5), and 110° (6) molL™.

Table 1 Parameters of calibration straight line for DPMedmination of 6-AQ at CFEn BR buffer pH5
medium

Concentration Slope Intercept  Correlation Lo
mol-L* HA-mol™-L HA coefficient ~ mol-L*
(2 - 10)10° 4.7310° -1.8 0.9978 30°
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3.2 Direct Current Voltammetry at a Carbon Film Electrode

6-AQ gives one anodic wave in the whole investidgiél region (see Fig.3). The
best developed wave was obtained in BR buffer pHeslium. This medium was further
used for measuring of calibration curves. Parametsr calibration dependence is
summarized in Table 2 and voltammograms connectéith whe lowest attained
concentration range is shown in Figure 4 for ilason.
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Fig.3 Differential pulse voltammograms of 6-AQ (c =1@* motL™) at CFEin BR buffer, pH 2.0 (1), 3.0
(2), 4.0 (3), 5.0 (4), 6.0 (5), 7.0 (6), 8.0 (70 98), 10.0 (9), 11.0 (10) and 12.0 (11)
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Fig.4 DP voltammograms and calibration plot of 6-AQ &EJn BR buffer pH 5 medium at the lowest
attained concentrations. c(6-AQ) = 0 (1)18° (2), 610°(3), 810° (4) and 1610° (5) molL™.

Table 2 Parameters of calibration straight line for DCVatatination of 6-AQ at CFEn BR buffer pH 5
medium

Concentration Slope Intercept  Correlation Lo
mol-L™ pA-moltL HA coefficient ~ mol-L™
(4 - 10)10° 4.7410° -3.4 0.9991 40°
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4 Conclusion

By DP Voltammetry at CFE, the limit of quantificati of 6-AQ equal to
3-10° molL™ was reached. By DC Voltammetry at CFE, the linfigoantification of 6-
AQ equal to 40°mol-L™ was reached. It is obvious that DPV is the metbbdhoice
because the peaks are better developed and maseesasuable.
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Abstract

Surface enhanced Raman scattering (SERS) is a poviertechnique of signal
detection at a low concentration. One of the maineguirements for the substrate to be
SERS-active is the proper roughness of its surfacBifferent SERS-active Au and Ag
substrates suitable for spectral mapping were prepad using procedures consisted of
electrochemical deposition of metal layer and rougening with oxidation-reduction
cycles (ORC). The nanostructures of the surfaces weetested using Atomic Force
Microscopy (AFM). Monolayers formed both by covalen and non-covalent linkages
to the metal surface were detected and Raman speatrmaps were measured. The
relations among the nanostructures, optimal rougheimg, type of linkage of the
analyte to the surface and the Raman signal enhanoent were studied.

Keywords
SERS-active substrate, AFM, nanostructure, spenieg

1. Introduction

SERS is one of the methods which can give molelgutgrecific information about
adsorbate-surface interactions. It demonstratagased sensitivity over its non-enhanced
counterpart and it has been used for the deteatfomolecules. SERS-active metals
enhance the intensity of the signal and allow thalysis of very thin (even submono-
molecular) layers. Commercially fabricated surface® based on vacuum thermal
evaporatiof or sputtering coatingof gold particles onto proper material, plasmon
treatmerit, laser depositiohbut all these procedures require expensive ingnisa In this
work SERS-active substrates are fabricated on tiiace of massive platinum targets
using different electrochemical procedures.

The essential factor which influences the enhanoénsethe proper morphology
(roughness) of the SERS-active surface on the mambsre level. One of the techniques
used for the monitoring of the nanostructures isMit Force Microscopy, which is ideal
for quantitative measurements of nanometer scafaciroughnegsThe other important
parameter of signal enhancement is an analyte piiisorto the surface. Depending on
chemical structure of the species several mechanisould be responsible for the
interaction of an analyte with the surface: direttemical bonding with covalent
interactions (self-assembled monolayers (SAM) cduddformed), physical sorption or
non-covalent interactiols SAMs can be used for (bio-) chemical sens8tor in
molecular recognitioft.

This study was aimed at testing of different waygreparation of SERS-active
gold and silver substrates with large surface angta monolayers of the analyte on their
surface, monitoring of surface nanostructure by ARhnique and Raman spectral
mapping of prepared surfaces in scale up to seweillimeters. The main goal is the
achievement of optimal enhancement of the signdlitsnrelation with the morphology of
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the surface in nanoscale. All substrate prepargirocedures were adjusted to formation
of uniform surface in “macroscopic” (comparablewihe size of the target) scale.

2. Experimental
2.1 SERS-active surfaces fabrication

All experiments were performed on massive platintamgets (diameter 10 mm,
thickness 2 mm), which were then coated by goldilwer layer. Platinum targets were
firstly polished with metallographic paper, alumeyad calcium carbonate consecutively to
obtain clean surface. Polished targets were imrders® the “piranha solution” for 30
minutes and finally washed with redistiled wateAfter the pretreatment the
electrochemical procedure of gold or silver depositfollowed. Both procedures were
performed in the electrochemical cell, where flalidgor silver electrode was used as anode
and platinum target was a cathode. The solutioK[@&u(CN),] mentioned in [11] was
used for gilding procedure. Silver coating was perfed from prepared bath which
contained [Ag(NH)2]" prepared from AgD by dissolution in 30% ammonia.

2.2 ORC treatment

For some substrates oxidation-reduction cycles (PtR€tment on both gold and
silver surfaces was performed in a three-compartroeth This was made using EG&G
Princeton potentiostat/galvanostat. Gold or silveated target, a thin platinum wire and
silver/silver chloride (Ag/AgCl) were employed asomking, counter and reference
electrodes, respectively. Typically, gold coatedgeéd was cycled in a deoxygenated
aqueous solution of 0.1M KCI from -0.28 to +1.2/8tsus Ag/AgCl at 50 mV sfor 50
scans without any duration at the cathodic and ianeertex. Silver coated target was
typically cycled in a deoxygenated aqueous solutd®.1M KCI from -0.3 to +0.3 V
versus Ag/AgCl at 5 mV'Sfor 5 scans also without any duration at the agdith@nd
anodic vertex. Table 1 shows details of the defwsfirocedures.

2.3 Deposition of organic substances

Compounds A, B and C (Fig.1), which could servespacers for the selective
receptors, were deposited. Deposition processes performed from solutions of A, B
and C in the volatile alcohols (either methanoktranol). Concentration range from™10
to 10° mol.L™* was tested. Fabricated SERS-active substratemmsglised into the sample
solution, usually for 24 hours. After that the ttrgvas took out of the solution and
thoroughly rinsed with solvent and redistilled watepeatedly.

2.4 FT-Raman spectroscopy

FT-Raman spectra of samples were collected on R&mMan spectrometer (Bruker
Optics). A 4-cn spectral resolution was used for data accumulatiéi-Raman
spectrometer was equipped with a TLC mapping st@geker Optics).
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Fig.1 Compounds used in the study.

2.5 Spectral mapping

Spectral mapping was performed on above descripedtrometer. The mapping
area on the surface was selected from 10 x 10 go@isition points) up 27 x 27 (729
acquisition points). The distance between points s&t at 50um. Each single spectrum
from the map was measured with 128 scans. Duriagptbcessing of spectral mapping
results different procedures were used to obtauersé types of maps. The first type, so
called ,chemical* mapping, where the map was careséd on the base of intensity of one
or several bands in the spectra, was performedous@Bruker Optics) software. Maps of
the second type were based on correlation coafticé individual spectra and selected
template (usually the mean spectrum) and on P@hcmmponent Analysis (PCA) and
were made in Matlab 6.5 software (The MathWorks, IBSA).

2.6 Atomic force microscopy

The samples were imaged by atomic force microsddtegra (NT-MDT, Russia)
in the tapping mode. Silicon tips NSG10 (NT-MDT, €Ria) with typical resonant
frequency of 255 kHz, force constant of 11.5 N/nd &arvature radius of 10 nm were
used. Scanning by sample configuration was seledied scanning of larger areas the
scanner with maximal range 100 x 100 um and fonrsiog of smaller areas the scanner
with maximal range 5 x5 um were used. The roughnsas evaluated using Nova
software.

3. Results and discussion
3.1 Gold SERS - active substrates preparation

Due to the fact that all imperfections of the soefgshould be flattened by covering
with metal layer and because of big size of thgats the metal coating process lasted for
at least 20 minutes. The duration of the first @owurrent) and second (higher current)
step of coating was optimized from the point ofwief nanostructure of the substrate
surface and the enhancement of the compound siigrveds found that gold SERS-active
substrate prepared according to procedure G1 {ThAjewas not suitable for the
detection of the analytes and spectral mappingauseethe signal of compound was very
weak (Fig.2a) and there was low S/N ratio levetlinspectra. On the contrary, when the
procedure G2 was used, the signal of compoundsmuesh higher and spectra showed
high S/N ratio level (Fig.2b). AFM images of sulaséts showed that gold layer on the
surface consisted of small gold nanoparticles @AY. which are responsible for the
surface enhancement of Raman bands observed. éiffsize of gold nanoparticles causes
the differences in morphological properties of drdie in nanoscale range. Gold
nanoparticles prepared according to G1 were mouad®ed (diameter 200 — 300 nm),

160



4" International Student Conference: "Modern Analgti€hemistry"

while on the substrate G2 they had oval shape (G00@0 nm in length). The average
roughness of the surface was 47 £ 3 nm for G1 dnfl Z nm for G2. The current density
applied during the gold coating process and thatdur of particular step affects the size
of individual gold nanoparticles and the nanomotpgp of the surface. With higher

current and longer time the size of gold particteseases.
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Fig.2 Details of FT-Raman spectra of compound C¥1@ol-L) measured on the surface of gold

SERS-active substrateSpectra were measured on Au substrate preparedrdiogpto procedure G1 (a),
G2 (b) and G3 (c)
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Fig.3 AFM images of gold SERS-active substrates prepacedrding to the procedure (A) G2 and (B) G3.

Images were scanned over the area 3Qx80
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Fig.4 AFM images of silver SERS-active substrates pmgaccording to the procedure (A) S2 and (B) S4.
Images were scanned over the area 7Qxm0

Gold substrate prepared according to G2 was seitédnl the detection of the
analyte and spectral mapping but when concentratfasrganic solution lower than 0
mol-L* was applied there was only weak signal of the dégdsompound with very low
level of S/N ratio in measured spectra, which wast acceptable for spectral mapping.
After gold coating procedure G3, which included OR€atment, had been applied, it was
found that substrate was suitable not only for tetection of deposited analyte at
concentration 18 mol-L* (Fig.2c) but also up to 0mol-L* and spectra from collected
maps showed high intensity of all Raman bands anggr S/N ratio. AFM images of
these substrates showed that the size of gold eatdps was bigger (700 — 900 nm in
length) than in case of G2 and their shape chari§gd3B). After ORC treatment the
particles became like long rollers. Average rougsn@6 + 1 nm) was also higher.

3.2 Silver SERS - active substrates preparation

Silver substrates compared to the gold ones hadrbethancement of the signal.
This can be caused by completely different morpdickd properties of the surface. From
AFM imaging it was found that individual silver piates are of ca. 10 times bigger in
surface roughness dimension than in case of gdistsates, i.e. ca. 500 - 800 nm for silver
and ca. 45-90 nm for gold. The procedure S1 was $estable for the detection and
spectral mapping than the S2, which is analogicalG2 in gold coating. Average
roughness of S1 and S2 substrates was 454 + 28min548 + 42 nm, respectively.
Procedure S3 was also tested, where only constargnt was applied during the whole
process. AFM image showed that in this case sipagticles were even bigger than in S2
(up to 5um) {Fig.4A} and average roughness was 902 + 28 But the surface was
uniform neither in nanoscopic nor in macroscopialscso this procedure was further
rejected. When silver substrate prepared accor@ggwas further treated with ORC
(procedure S4 in Table 1B), its surface became moréorm: silver particles had
comparable size and there were no visible diffezeno surface morphology (Fig.4B).
Average roughness was 479 + 17 nm. Section prdfilesurface morphologies of samples
are shown in Figure 4 as well. When layer was pexpdy S2, particles clustered and
formed non-uniform domains, whereas in case ofl&#&r was less rugged and patrticles
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were distributed uniformly. The detection of analydeposited from the solution with
concentration 1® mol-L* was made on this substrate. The quality of speafiavs
evaluation of spectral maps.

3.3 Spectral mapping

Spectral maps were measured on the substratese Wiespectrum of the analyte
showed adequate S/N ratio. The S/N ratio is ctifeetor for spectral mapping, because an
increase of the individual spectrum accumulationeticaused dramatic extension of the
whole map collection time. As long as there weralatectable interferences in the spectra
of surface of substrate prior the deposition of poonds, all Raman bands detected on the
surface after deposition were caused by the layérs. integration method for chemical
mapping was selected depending on the compoundsilegoStrong bands typical for the
individual functional groups were chosen for thisrgmse in order to compare spectral
information in different points of the substraterfage. Fig. 5 shows spectral maps
measured on silver SERS-active substrate prepacedrding to S4 (Table 1) with
compound A on its surface deposited from the smiutvith concentration I®mol-L™.
Mapping area was 10x10 points. First two maps BAg5B) are constructed with the use
of integration method based on the comparison tehsity of two bands of pyridine: in-
plane deformation vibrations of pyridine ring and@and C=N ring stretching vibrations.
The integration of the spectra from the third mag.6C) was made in terms of the bands
of C-N stretching vibrations of secondary amideshle fourth map (Fig.5D) bands of ¢H
group stretching vibrations were compared. As it ba seen from Fig.5, all these maps
show the same features of spectral homogeneity ide vrea of examined substrate
surface. There are some differences in map on Bigdmparing to three previous maps,
which can be caused by changes in orientationrgd Eliphatic chains of the molecule in
different points of the surface. The band selectian help to compare the information in
terms of different functional groups but the enteament factor for the whole molecule is
affected only by nanostructure of the substratéfel@nt approaches were used to prepare
maps 5E and 5F. Map 5E is based on correlatiomdividual spectra with a central
spectrum of the whole area. Some differences aibleibut the similarity of most points
of the map is apparent. In the case of PCA map (BiSed on the value of a selected
principal component more differences among indigldpoints can be seen, because
complete spectral information is used and the fest principal components describe a
majority of variance.
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Fig.5 Comparison of various Raman spectral maps of rsERS-active substrate with deposited compound
A on the surface. Maps of intensity of characteri®aman bands (A-D) {See Results and discussion},
correlation map based on the correlation with tleamspectrum (E) and PCA map based on the intewisity
second principal component (F) are showed.

Table 1 Conditions of SERS-active surfaces preparation
ORC treatment was always performed as the thirg, stenditions for both gold and silver substratesrev
defined in Experimental

A) Gold substrates

Procedure Step No. Used current (mA) Time (min) Qre@tment
Gl ; 175 255 no
G2 ; 175 ;g no
63 . i5 2 yes

B) Silver substrates

Procedure Step No. Used current (mp\) Time (min) Qre@tment
s1 . - 1 o
2 . 5 5 ro
S3 1 15 15 no
S4 ; 5 10 yes
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4. Conclusions

Methods of preparation of gold and silver SERSvactsubstrates with large
surface area were optimized for deposition of coumgs on the surface and
“macroscopic” Raman mapping. The substrates matthreguirements of proper
morphology of the surface in hanoscale and itsaumifty in macroscale. Combination of
Raman spectroscopy with AFM could be used for phigose.

Different methods of spectral maps generation basedomparison of intensity of
several Raman bands of the deposited compound wepéed. The comparison of
“chemical” maps and correlation or PCA maps for thenitoring of homogeneity of
compound layer on the surface and the dissimiariitn interaction of the compound with
the surface in different points was showed.
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Abstract

This work presents a high performance liquid chrom#&ography HPLC method
with UV detection to determine the status of estrom during mouse sperm
capacitation in vitro. The proposed method enables to ascertain a frestene, and
the estrone bound to the bovine serum albumin in gecitation medium. A reversed-
phase separation mode using a Symmetry C18 columntiva mobile phase composed
of acetonitrile, methanol and water at the ratio 2834/53 (v/v/v) was applied.

Keywords
HPLC; endocrine disruptors, estrone; sperm; capetain

1. Introduction

Endocrine-disrupting chemicals (EDCs) are knowimdsistrial and environmental
contaminants, and can be found in the water of mawsers, lakes, seas, etc. EDCs
interfere with the function of the endocrine systefrboth wildlife and humaris It was
reported that these compounds affect ecosystems,feaminization of wild fish living
downstream from wastewater efflutnEDCs detected in environmental waters derive
from factory effluent, from wastewater of plantatment, and from residential wastewater.
Some environmental estrogens have a natural origip-Estradiol (E2) and its main
metabolites - estriol (E3) and estrone (E1) - alevith their conjugates are naturally
present at higher levels in females than in nfaMgtabolism of estrone and progesterone
mainly takes place in the liver. The lipophilic retel hormones are conjugated with
glucuronic acid or sulfate, which increases theatexr solubility. They are excreted as
glucuronide and sulphate into the urine. Therefam@ary estrogens may be a good
marker to estimate the exposure level to these@mviental estrogefis

Environmental estrogens can also simulate the behaf/natural hormones due to
binding to their receptots Estrogens can block the bond of hormones to tecemr
simply block synthesis of certain hormones. They @dso prevent the transport of
hormones in the blood stream or alter their exoretirom the body. Among others,
environmental hormones are known to be respons$ibbldecreasing the number of sperm
in men. Pesticides are one source of these emgswimich stay in the food chain for
decades. Hence, estrogenous compounds, presewobd) plastic wrapping and water
bottles represent potentially harmful substancdakeédealth of man.

A recent studyin vivo reported an important genetic difference in seérisjtto
estrones between various kinds of mice. Environaleestrogens bind to estrogen
receptors and mimic the actions of estrone, indgdiinhibition hypothalamic
gonadotropin-releasing hormone secretion, whichredeses follicle-stimulating hormone
(FSH) and luteinizing hormone (LH) secretion, tlgrdeading to a lower testicular
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function. Estradiol and several estrogenic xenatsalso act towards an increase of germ
cell apoptosis and a sperm count decrease. Capawciia the key event in the study of
sperm behavior prior to fertilization. Only capat#d sperm are sufficiently active and are
able to fertilize.In vivo location of capacitation occurs in the uterus emdlucts and it is
facilitated by substances of the female genitadtirkor obvious reasons it is difficult to
study these evenia vivo. Thereforein vitro experiments precisely simulating amvivo
environment are crucial for closer understandingth&f process, when sperm gain the
ability to fertilize an ovum. However, in order study the effects of hormones such as
estrone on sperm during vitro capacitationit is crucial to find out how much of the free
estrone is available for cells in the sample. Tleges how much of estrone is bound to
bovine serum albumin (BSA) present in M2 capaatatnedium due to a strong binding
of estrone to BSA

Specific alternative methods using antibodies suels enzyme-linked
immunosorbent assay (ELISA) with a simple solidgghaxtraction (SPE) were developed
for the analysis of estrone in an aquatic enviramifite The limits of detection dropped
down to a tenth, and in some cases, to a thousaridithmicrogram per liter. Among the
analytical techniques, gas chromatography-masstrspeetry®*? and high-performance
liquid chromatography-mass spectromé&try were commonly used for determining
estrones in wastewater and soil. High-performaigpeid chromatography (HPLC) with
ultraviolet (UV) or fluorescence detection werecadleveloped for determining estrones in
real water samples (limit of detectiorug-L™)*®.

The aim of this work is to develop the HPLC methedh UV detection for
determining free estrone available to cells (seellyiin a specific biological sample, in our
case sperm. The freshly collected mouse spermatweoa capacitatesh vitro within the
presence of estrone. The residual concentratioestbne during and after capacitation
was monitored on an experimental time scale.

O

HO

Fig.1 The structure of estrone (E1)

2. Experimental
2.1 Instrumentation

The HPLC equipment (Pye Unicam, Cambridge, UK) cosegl of a PU 4015
pump, a PU 4020 UV detector and a Rheodyne injectadve Model 7725i (Cotati, CA,
USA) with a 20ul sample loop. The samples were injected with a Hfamsyringe (Reno,
Nevada, USA). Signal was processed and data waddthwith the CSW 32 PC software
(DataApex, Prague, Czech Republic). A commercialrgilable steel column Symmetry
Cis (150 x 4.6 mm |.D., octadecyl bonded to silica, garticle size Jum) was purchased
from Waters (Milford, Massachusetts, USA).

The concentration of spermatozoa in 1 ml was asdess a haemocytometer
chamber according to a standard protocol underQx I@agnification. The motility of
spermatozoa was checked under a light microscopisgZCzech Republic), and viability
was evaluated under a fluorescence microscope (@IgnCzech Republic).
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2.2 Reagents and Experimental Conditions

Methanol (MeOH) and acetonitrile (ACN), both of thea HPLC grade purity,
were purchased from Sigma-Aldrich (Chromasolv, i8teem, Germany). Ethanol and
paraffin oil were obtained from P-LAB (Czech RepaolhlM2 laboratory mousén vitro
fertilizing medium was delivered by Sigma-Aldriclstienheim, Germany). Deionized
water (Milli-Q water purification system MilliporeMilford, MA, USA) was used in all
experiments. For viability a check-up, sperm weyeddusing a life-dead sperm staining
kit (Molecular Probes, Invitrogen, Czech Republic).

The stock solution of estrone (10g.ML (Sigma Aldrich, Czech Republic) was
prepared by the dilution of an appropriate amouistandard E1 in ethanol and was stored
at 5 °C. The individual concentrations of estrome €alibration measurements were
obtained by the adding of an appropriate amoustarfk solution into the M2 medium.

The experiments were carried out at laboratory sratpre (22 £ 2 °C). The UV
detection was performed at the wavelength of 200 fihe mobile phase consisted of
methanol, acetonitrile, and water was sonicated®@min prior to use. The mobile phase
flow rate was 1mL-min.

2.3 Sperm Capacitationin vitro

Laboratory BALB/c mice, purchased from Velaz (PrgCGzech Republic), were
maintained and housed at the animal facilities lndé taculty of Science, Charles
University, Prague. All animal procedures were iedrout in strict accordance with the
Animal Scientific Procedure, Art 1991, and subjdct® review by the local ethics
committee.

Mouse spermatozoa were recovered from dhada epididymididy placing its
very distal region into a M2n vitro fertilizing medium containing 0.4% bovine serum
albumin for 10 minutes at 37 °C in 5% &i® air. Sperm stock was diluted for the required
concentration (5 x T&perm .mLY) into the 10QuL drop of M2 medium under paraffin oil
in 35 mm Petri dishé§ Each drop contained estron of the concentraidt pg.L*. The
motility of the sperm population was checked thitoug the whole experiment by a light
inverted microscope with a thermostatically conealistage at 37 °C. Spermatozoa were
capacitated for up to 90 minutes. At time 0 anchthfter 30, 60 and 90 min of incubation
a drop with spermatozoa was collected, and ceggdufor 5 min at 10 000 rpm.
Individual supernatants were further investigated fhe remaining amounts of free
estrone. Parallel controls without presence ofoestrwere run throughout the whole
experiment to check whether sperm viability andilitptvas not altered by an addition of
estrone.

3. Results and Discussion
3.1 Optimization of separation conditions

Based on the results reported for the separati@siwbne and estradiol (contained
in drug preparations) in the literatdfethe separation system consisted of;@stationary
phase and methanol, acetonitrile and water as m@bidse constituents were selected for
determining estrone in a specific biological sampleM2 medium supernatant after
centrifugation of capacitated sperm. The M2 medisna complex mixture, containing
inorganic and organic components, which especiBBA (4%) can cause difficulties
during the separation process. To attain the sefficresolution between estrone and the
other constituents of M2 media, various volumeosatf MeOH, ACN and water were
tested as mobile phase compositions. As the compeoamong analysis time, resolution
and peak symmetry, the mobile phase composed ofHV&ON/water 34/23/53 Wv/V)
was selected for the determining and subsequenttifjoation of estrone in the M2
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medium. The chromatograms of the M2 medium itselt the M2 medium spiked with
estrone are shown in Figs.2 and 3, respectively.

1200 l’
800 A

400

T
1
b

Absorbance

t [min]

Fig.2 Chromatogram of M2 medium (Insert: enlarged sectb chromatogram); ¥perimental conditions:
Symmetry G column, mobile phase composition - 34/23/53 (vMe&DH/ACN /water; flow rate 1 mL-min

A=200nm

40

20
El

Absorbance

0 2 4 6
t [min]

Fig.3 Chromatogram of separation of 20§ L™ estrone in M2 medium;>®@erimental conditions: Symmetry
Cis column, mobile phase composition - 34/23/53 (vIMeDH/ACN /water; flow rate 1 mL -nmipt = 200

nm

3.2 Calibration of estrone
At optimized separation conditions (described abothe calibration of estrone in

M2 medium was carried out. With respect to thedgadal purpose (see section 2.3), the
highest measured concentration of estrone in M2iumeavas 200ug-L™. The calibration
curve was measured over a concentration range 5tbto 200ug-L™". Measurements at all
concentration levels were repeated four times aeditean values of the peak areas were
subjected to linear regression (see Fig.4). A featiery fit between the experimental
points and linear calibration curve was observed.
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Fig.4 Calibration curve of estrone;xperimental conditions: Symmetry;sC column, mobile phase
composition - 34/23/53 (v/viv) MeOH/ACN /waterwfloate 1 mL -min, A = 200 nm

3.3 Determining of the residual concentration of ésone in M2 medium after sperm
capacitationin vitro

Supernatants collected (see para. 2.3) at time00,68 and 90 min of sperm
capacitationin vitro were investigated for the residual concentratidnEd. Under
optimized separation conditions, the residual @strooncentrations were monitored at
each experimental time. In order to eliminate inmacies caused by manipulation with
samples, appropriate controls (E1 + M2) withoutrsp&ere prepared in parallel. Fig.5
shows the separation of supernatant collectednat @ min of sperm capacitatiamvitro.

It is obvious by comparing Fig.4 and 5 that botmoomatograms are almost the
same.

40 1

20 1

Absorbance

t [min]

Fig.5 Chromatogram of supernatant (20§ L E1 + M2 + sperm) at time 0 minxRerimental conditions:
Symmetry G column, mobile phase composition - 34/23/53 (vMeDH/ACN /water; flow rate 1 mL-min
A =200 nm
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The analysis of estrone in the samples (superrgtards performed in triplicates.
The mean peak areas (A) of estrone in experimamighiparallel control samples are listed
in Table 1.

Table 1 Average values of the peak aréd ¢f estrone in supernatants
Experimental conditions: Symmetry ;sC column, mobile phase composition - 34/23/53 (vIVIv)
MeOH/ACN/water; flow rate 1 mL -minl = 200 nm

Time of capacitation A[mAU s]
[min] Experimental sample Control sample
0 49.25 48.60
30 48.64 48.66
60 47.28 48.70
90 43.91 48.68

Experimental sample — supernatant 2@0L" of E1 + M2 + sperm
Control sample — supernatant 206-L" of E1 + M2 without sperm added

Mean peak areas of the experimental samples wealemnented into a calibration
equation (see Fig.5) for the calculation of residuncentrations of estrone after the time-
dependent capacitation of spemmnvitro. Dependency of the residual concentration of E1
on the time elapsed from capacitation of spermegiaded in Fig.6. The attained results
clearly demonstrate the almost parabolic decredseéloconcentration in experimental
samples within this time.

205

200

195

190

185

concentration [pg L]

180

175 ; , ; . ; . ; . ; .
0 20 40 60 80 100

t [min]
Fig.6 Dependency of a residual concentration of estomthe time of sperm capacitationvitro.

4. Conclusion

The proposed analytical method proved to be swtdbt the detection and
quantification of the residual concentration ofresé in sperm capacitation medium
containing BSA. Our results show that the levefrek estrone available for cells in the
medium can be determined throughout the ongoingaitgtion of mouse spermatoziva
vitro. Comparing experimental samples with controls, antjityaof the E1 bound to the
BSA can also be ascertained. Therefore, in cormydiPLC method with UV detection
represents an important tool to determine the amotienvironmental estrogens, in our
case estrone, bound to sperm cells at a spedcifie ¢if capacitatiom vitro.
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VOLTAMMETRIC DETERMINATION OF EPINEPHRINE AT A
MODIFIED MINIATURIZED CARBON PASTE ELECTRODE

Zuzana Jemelkovditi Zima and Ji Barek

Charles University in Prague, Faculty of SciencepBrtment of Analytical Chemistry, Albertov 6, 128
Prague 2, Czech Republic; e-mail: Zuzana.Jemelk®ez@am.cz

Abstract

Nowadays, the application of electrochemical meth@lhas been evolving in
pharmaceuticals determination area and the need fohigh sensitivity and selectivity
for the biomolecules has been increasing. In thisrticle, a modified miniaturized
carbon paste electrode (miniCPE) is proposed for #voltammetric determination of
epinephrine. The solution of epinephrine was measead in the concentration range
1-10° - 1-10° mol-dm* and the limit of detection of epinephrine at a bae miniCPE
was 5-10 mol-dm™. For the decrease of limits of detection a poly lechrome black
T) chemically modified carbon paste electrode wagsted. The solution of epinephrine
was measured in the concentration range 8-70 1-10° mol-dm?®. Using differential
pulse voltammetry the anodic peak of epinephrine dained with modified miniCPE
was approximately 3 times higher than peak of epimgrine obtained with bare
carbon paste electrode and the limit of detectionetreased to 2-106mol-dm?.

Keywords
Epinephrine; voltammetry; modified carbon pastectlzde

1. Introduction

In the end of 1950’s the team of Professor Adantdved carbon paste electrode
(CPE) as a new electrode matériah following years the modifications of carbonspa
were performed. An effort to extend the usage oE @#ads to preparation of new carbon
paste, which contained not only carbon powder aastepliquid but also chemical or
biological modificator. Nowadays, the scientistsleavour to do miniaturization of known
electrodes. The miniaturized carbon paste electrgdaiCPE) is suitable for the
determination of low amounts of solutions.

Epinephrine is an adrenal medulla hormone. It cccalso in sympathetic
postganglionic terminal and in some parts of cémmvous system. It is sympathicus
activator and humoral transmitter of sympatheticitexnent to target tiss@ieEpinephrine
falls into the catecholamines group. The principatecholamines are norepinephrine,
epinephrine and dopamine. Catecholamines inclugepoands with a dihydroxyphenyl
group and an amino group. By electrochemical oxtatcatecholamines are easily
converted into quinone speciesThere are a number of disorders involving
catecholamines, including neuroblastoma, pheochecgtoma, chemodectina, familial
paraganglioma syndrome, dopamine-3-hydroxalasecidefly, and tetrahydrobiopterin
deficiency. So the efficient methods are necesiarthe determination of catecholamines.

Methods for epinephrine assay and study are HPLEapillary electrophoresié
and flow injection analysis™. Very often used detection methods are fluoresgenc
chemiluminescence and mass spectrometry.
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2. Experimental
2.1 Reagents

All reagents were of analytical-reagent grade dhdadutions were prepared with
water obtained from a Millipore Q-plus System (Nhidre, Bedford, MA, USA).
Epinephrine was purchased from Zentiva (Prague,ciCzRepublic) as a solution
containing epinephrini hydrochloridum 1.2 mg (eginenum 1 mg) in 1 crhof injection
solution. Carbon paste was prepared by mixing 2§0Mmcarbon powder “CR2” (crystal
graphite 2um, Maziva Tyn s.r.0., Tyn nad VitavomdaD.1 cni of mineral oil Nuijol
(Fluka, Buchs). All experiments were carried out Bmitton-Robinson (B-R) buffer
solution prepared by mixing 0.2 ni@™ sodium hydroxide with acidic solution (0.4
mol-dm® each of boric acid, phosphoric acid and acetid acill p.a., Sigma Aldrich,
USA). Eriochrome black T for modification of CPE svabtained from Lachema Brno,
Czech Republic.

2.2 Apparatus

A 4330 Conductivity & pH Meter (Jenway Ltd., EssadK) fitted with the
combined glass electrode was employed to measergkhof the solutions. Differential
pulse voltammograms were obtained with PalmSensn(festruments BV) controled by
PalmSensPC software (lvium Technologies, Nethejlappropriate measurements were
carried out in the three-electrode system congjstinworking carbon paste electrode and
miniaturized carbon paste electrode, respectivddgthl Vyvojové dilny, Univerzita
Pardubice, Czech Republic), silver/silver chlori@moldm?® KCI reference electrode
RE-5B (BASi, USA) and a platinum wire as the awi electrode (Monokrystaly,
Turnov, Czech Republic). Instrumental parametersewapplied potential range 0 to
+1000 mV; scan rate 20 mV&spulse amplitude +50 mV, pulse time 0.070 s.

2.3 Procedures

Techniques used for voltammetric determination hehrine were differential
pulse voltammetry (DPV) and adsorptive strippingltasmmetry (AdS DPV). DPV
measurements were performed in an unstirred anddeederated B-R buffer at a
laboratory temperature. Accumulations were perfarnmethe stirred, not de-aerated B-R
buffer solution. 1-10 mol-dm® stock solution was prepared diluting 0.183 *cof
epinephrini hydrochloridum in B-R buffer of appraie pH. The prepared stock solution
was kept in cold and dark. The detection limitsavealculated as the concentration of an
analyte which gave a signal three times the backgiamoise $/N= 3).

The miniaturization of CPE led to decrease of cam#ion of analyte and other
chemicals. In case of classical CPE, the volummeésured solution is 10 énl cn? of
solution is enough for determination with miniCPE.

For the decrease of limits of detection it is ajppiate to use the accumulation of
analyte on the surface or to the bulk of carbortepasd to modify the carbon paste. The
eriochrome black T was used to modify the miniCPE.

3. Results and Discussion
3.1 Bare carbon paste

The influence of pH on voltammetric behaviour oingphrine in Britton-Robinson
(B-R) buffer pH 2 — 12 was studied (Fig.1). Concation of measured epinephrine
solution was 1-1®mol-dm®. DPV at CPE was used as a measuring techniquB-Rn
buffer media pH 2 - 7 was obtained one peak of egginne, that broadened in more
alkaline media. In B-R buffer pH 11 and 12, no peélkpinephrine was recorded and the
potential window narrowed down. For the followinglibration measurements, B-R buffer
pH 6 was chosen based on the peak shape and pghk he
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Fig.1 The pH dependency of epinephrine; voltammogranis 18° mol-dm?® epinephrinemeasured by DPV
at CPE in B-R buffer media pH 2 — 12. The numhadcate pH of base electrolyte.

The curves of epinephrine were measured in theerasfgconcentration [0’
- 1110° moldm™®. In lower concentration it was impossible to ewddu the peak of
epinephrine. Curve parameters and correlation woeft for dependency of epinephrine
peak height on epinephrine concentration obtaingdgulinear regression method are
shown in Table 1.

Table 1 The dependency of peak height of epinephrine ereliminating step of modification of miniCPE.

range slope intercept correlation
(moldm™) (MA-umordm®)  (nA) coeficient
CPE 810" - 110° 0.0195 +0.0018 0.997
miniCPE 1M10° - 110° 0.0179 +0.0087 0.998
modified 7 5
MiniCPE 810" - 110 0.0164 +0.0155 0.996

One of the advantages of voltammetric methodsagtssibility to accumulate the
compound on the electrode surface or in the bulkthaf electrode. This results in
significantly lower limits of detection for the c@ound. An AdS DPV at CPE was used as
a measuring technique for the determination of eggimine. Fig.2 shows the dependency
of peak heights and areas on accumulation potdffiaith the time of accumulation 60 s.
It is evident, that epinephrine did not accumulatethe carbon paste, because different
accumulation potentials gave very similar values pelk heights. The influence of
accumulation time on peak heights and areas usingnaulation potential 350 mV was
negligible too so that epinephrine does not accateubn the surface of the carbon paste
and AdS DPV can not be used for lowering the eginep limit of detection.
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Fig.2 Dependency of peak heighis(nA e) and areas\s (nA-V o) on accumulation potential,EmV); B-R
buffer pH 6; time of accumulation 60 s, ¢ (epnepéi)i = 1-10° mol-dn.

The same procedure was used in measurements engployniCPE. The influence
of pH on voltammetric behaviour of epinephrine vgasdied in Britton-Robinson (B-R)
buffer pH 2 — 12 (Fig.3). Concentration of measuregdinephrine solution was
1-10°mol-dm®. DPV at CPE was used as a measuring technique.bBfer pH 6 was
chosen for the following calibration measurements.

600 T T T T
I, NA

400

200

Fig.3 The pH dependency of epinephrine; voltammogranis t8° mol-dm® epinephrinemeasured by DPV
at miniCPE in B-R buffer media pH 2 — 12. The numlredicate pH of base electrolyte.

The curves of epinephrine were measured in theerafgconcentration [10°
- 110° moldm?®. Curve parameters and correlation coefficient ftependency of
epinephrine peak height on epinephrine concentratibtained using linear regression
method are shown in Table 1. An AdS DPV at miniCR&s used as a measuring
technique for the accumulation of epinephrine. Tésults obtained using miniCPE are
compared with those obtained with classical CPB.4ji
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Fig.4 Dependency of peak heights(nA) of epinephrine on accumulation potentigl(&V); B-R buffer pH
6; time of accumulation 60 s, ¢ (epnephrinei) =A1° inol-dn?, working electrode CPEaj, miniCPE 6):

3.2 Modified carbon paste

For the decrease of limits of detection the modtfan of carbon paste was tested.
A poly (eriochrome black T) chemically modified ban paste electrode was prepared by
cycling the potential between -0.4 and +1.5 V ia giesence of 0.01M NaOH containing
0.5mM eriochrome black T. Than the film was washetth deionised water. To eliminate
untreated eriochrome black T the cycling of potnbetween -0.2 and +0.8 V in the
presence of Britton-Robinson buffer was used.

The DP voltammograms of epinephrine in the medi&mtton-Robinson buffer,
pH 2 — 12, were measured (Fig.5). In acidic metthere was another peak, which belongs
obviously to EBT. This peak was decreasing towdtds neutral media. But in basic
media, pH > 8, also the peak of epinephrine wasatb¢ to evaluate. The solution of
epinephrine was measured in the Britton-RobinsdfehuyH 7 in the concentration range
8-10" - 1-10° mol-dm®. Curve parameters and correlation coefficientdependency of
epinephrine peak height on epinephrine concentratibtained using linear regression
method are shown in Table 1. The accumulation afegghrine to the bulk of electrode
was tested, but either employing the modificatat dot lead to better results (Fig.6).
When the accumulation time higher than 60 s wad,ube peak was divided in two. Then
it was unable to evaluate separate peaks becauleiotovering.
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Fig.5 The pH dependency of epinephrinejtammograms of 1-10mol-dr? epinephrine; measured by DPV
at miniCPE in B-R buffer media pH 2 — 12. The numlredicate pH of base electrolyte.
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Fig.6 Dependency of peak heights (nA) of epinephrine on accumulation timg.{s); B-R buffer pH 6;
potential of accumulation -0,1 V, ¢ (epnephrinei} 2.0° mol-dnf.

4. Conclusion

The miniaturized CPE was made to allow the measanésnin lower amount of
solution and to decrease the consumption of aliniteds. At a bare miniCPE the 5710
mol-dm? limit of detection was achieved and the epineghdid not accumulate neither
on the surface nor in the bulk of the carbon pastee EBT was tested as a suitable
modificator of carbon paste for determination ofnephrine. Using differential pulse
voltammetry the anodic peak of epinephrine obtaingth modified miniCPE was
approximately 3 times higher than peak of epineghobtained with bare miniCPE and
the limit of detection decreased to 2/I@ol-dn®. Using of AdS DPV method did not lead

to lower limits of detection, because epinephrirterbt accumulate either in the modified
carbon paste.
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Abstract

A differential pulse voltammetric (DPV) method was developed for the
determination of 4-nitrophenol (4-NP) at a silver analgam paste electrode (AgA-PE)
in Britton-Robinson buffer pH 3.0. The experimental parameters, such as pH of
Britton-Robinson buffer and activation and regenerdion potential of electrode
surface were optimized. The reduction peak currentswere linear with the
concentration of 4-NP from 2x10’ to 1x10 mol.I"with the correlation coefficient of
R= 0.9997. The method showed reproducible resultsith R.S.D (n= 45) 1.7%. The
limit of quantification (LOQ) was 3.2x10° mol L™ The method was successfully
applied for the direct determination of 4-NP in drinking water.

Keywords
Voltammetry; 4-Nitrophenol; Silver amalgam pastecéiode; Drinking water

1. Introduction

Phenol and substituted phenols are known to be spr@ad as components in
natural and industrial waste mostly from petrolelgas, wood, textile, pharmaceutical,
papermaking, insecticide, and dyestuff industriese toxicity of these compounds have
been well understood to humans, animals and plamy, give an undesirable taste and
odor to drinking water, even in very low concentmat For these reasons, many of the
phenols have been included in the environmentaslign. In particular 4-NP is one of
the nitrophenols in the U.S. Environmental Protetthgency List of Priority Pollutants.
4-NP is a hazardous substance which can causehaehygronmental impact due to its
toxicity and persistence. The origin of contamioatcomes from manufacturing, chemical
industry and agricultural practices Moreover, organophosphorus pesticides yield
nitrophenols as major degradation prodtigdBonsequently, monitoring of nitrophenols is a
matter of concern for environmental control. Simylathere is an ever increasing demand
for electrochemical determination of trace amouwftsitrated explosives for which new
types of electrodes are actively sought.

The determination of nitrophenols is usually accbsmed by means of
chromatographic separation with spectrometric dietecDue to easy instrumentation and
low eqgiupments costs, however, voltammetric thempes are particularly usefull for the
analysis of a wide variety of organic compouhdgarious electroanalytical techniques
have been proposed for the determination of niteopls, mainly polarography, cyclic
voltammetry (CV), differential pulse voltammetry PD) and adsorptive stripping
voltammetry (AdSV) at different type of electrofié%

Non toxic solid amalgam electrodes were found tosh#able sensors for the
determination of nitrophenols in watgrRecently, a silver amalgam pastectrode (AgA-
PE) as an active electrode material for the redaocprocesses has been developed by
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research group of PragiieDue to easily renewable surface, good mechanteilisy,
high rate of electrode processssmple handling with regeneration of the surfageab
electrochemical pretreatment in the same solutibaralyte, the AgA-PE is the most
suitable material for the electrochemical measuremd& herefore, the present study aimed
to investigate a differential pulse voltammetricP) method for the determination of
trace amounts of toxic 4-NP in drinking water usemgion-toxic silver amalgam paste
electrode and to compare the results at this el@etrto those at mercury meniscus
modified silver solid amalgam electrode (m-AgSAEgdaclassical hanging mercury drop
electrode (HMDE).

2. Experimental
2.1 Reagents and solution

All reagents were of analytical grade. A stock siohs of 1.10° mol.I* 4-NP was
prepared by dissolving 0.0139 g of the substanceA(GS. Registry Number: [100-02-7];
98%, Sigma-Aldrich, Germany) in 100 mL deionizedi@vaBritton—Robinson buffer was
used as a supporting electrolyte. De-ionized wates produced by a Milli-Q plus system.
Other chemicals were obtained from Lachema Brnae¢@zRepublic) in p.a. purity. All
the chemicals were used without any further puatfan.

2.2 Apparatus

DPV experiments were performed using computer ollett Eco-Tribo
Polarograph with Polar Pro software, version 5A1\4ndows XP (both Polaro-Sensors,
Prague, Czech Republic) in combination with a tgptbree electrode system: a platinum
foil as an auxiliary electrode and silver/silvetaide (1M-KCI) RAE 113 (Monokrystaly,
Turnov, Czech Republic) as a reference electrodee Working electrode was silver
amalgam paste electrode (AgA-PE) with 10% silver.

The way of preparation of AgA-PE was described rievjpus papers. A mixture
of mercury and 10 % of fine silver powder (partidze 2 — 3.5um, Aldrich) was
vigorously mixed for 60 s in dental amalgams prapan unit Dentomat compact
(Degussa, Brazil). A small amount of the amalgastgavas put inside the pipette tip and
an electrical connection with the steel wire waslenand then the surface was smoothed
on glass surface.

2.3 Procedure

Before starting the experiment, as well as aftectebde passivation or every pause
longer than one hour, the electrochemical activatibAgA-PE was carried out in 0.2 M
KCI at -2200 mV under stirring of the solution 890 seconds followed by rinsing with
distilled water. Where not stated otherwise, woithvAgA-PE was carried out at a scan
rate of 20 mVg, pulse amplitude of -50 mV, pulse duration of 108, sampling time of
20 ms beginning 80 ms after the onset of the pamskinterval between pulses of 100 ms.
A short electrochemical regeneration of AgA-PE itagtabout 30s preceded each
measurement. For regeneration study the appropédies of the potential and the time of
regeneration were inserted in the program of thedl Lomputer-controlled instrument so
that the regeneration of AgA-PE was always cardetiautomatically. The voltammetric
measurements were carried out by taking appropaisieunt (1-1000 pL) 4-NP from the
stock solution (c = 0.1 mmofY) and added into a10-mL volumetric flask, which iied
up to the mark with corresponding Britton-Robindmsffer in deionized water and then
transferred into an electrochemical cell. Oxygers weamoved from measured solutions by
purging with nitrogen for 5 minutes under stirrifithe calibration curves were measured
in triplicate and evaluated by the least squaresali regression method. The limits of
determination were calculated as the tenfold stahddeviation from 12 analyte
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determinations at the concentration correspondinthé lowest point on the appropriate
calibration straight lin¥. All the measurements were performed at laboratemperature.
Determination of 4-NP in drinking water was carr@d by calibration plot method.

3. Results and discussion
3.1 Activation and regeneration of AgA-PE

Voltammetric measurements were performed at 1®emdifft new surfaces of AgA-
PE for each 5 repeated measurements without aotivand regeneration procedure in
Britton-Robinson buffer pH 6.0 were carried outonaler to observe the reproducibility of
current signal after renovation of electrode. Ttaistical results are shown in the Table 1.
It can be seen from the table that the currenteglare practically the same and the
reproducibility is better than 10% for all diffetecombinations, which means that each
new AgA-PE showed reproducible results.

Table 1 Voltammetric measurements of 4-NP at differentfaxies of AgA-PE without activation and
regenerationin Britton-Robinson buffer pH 6.0, C(4-NP) = 43fnol.I*, given values are peak currents in
nA.

No.of
electrode 1 2 3 4 5 6 7
used
Measur: 1 -35.39 -37.18 -30.62 -26.71 -24.07  -28.70-40.33
= 2 -34.26 -39.73 -31.15 -33.70 -30.62-29.30 -38.35
= 3 -30.96 -39.22 -30.70 -35.63 -32.34-29.66 -41.24
= 4 -28.34  -39.10 -30.84 -35.53 -33.80 30.83 -42.69
= 5 -27.48 -39.72 -30.21 -35.75 -33.66 29.84 -43.24
Averg -31.29 -38.99 -30.70 -33.46 -30.89 -29.67 .14l
St.dev 3.13 0.94 0.31 3.46 3.60 0.70 1.75
No.of
electrode 8 9 10 11 Averg St. dev
used
Measur: 1 -29.37 -45.50 -44.05 -30.58 -33.86 7.14
= 2 -31.87 -38.76 -43.48 -29.17 -34.58 4.80
= 3 -32.17 -35.91 -43.30 -28.06 -34.47 5.00
= 4 -33.07 -33.43 -42.71 -28.37 -34.43 5.13
= 5 -33.43 -32.71 -41.60 -28.71 -34.21 5.32
Averg -31.98 -37.26 -43.03 -28.98 -34.31 4.93
St.dev 1.42 4.63 0.83 0.88 - -

After the reproducibility of each new surface of@ltode has been confirmed, the
electrochemical activation study was performedhatdame surface of AgA-PE in 0.2 M
KCI at -2200 mV under stirring of the solution 890 seconds followed by rinsing with
distilled water. The statistical results obtained 12 activation cycles of each 7 repeated
measurements are shown in the Table 2. These rthagahctivation improved the current
signal up to 2 activation cycles and then the dipeaame stable after employing further
activation cycle with a relative standard deviatexual to 7%. Thus before starting the
experiment or after passivation, activation is iseeey for each new surface of AgA-PE to
get optimum results.
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Table 2 Activation of AgA-PE using the same surfaite0.2 M KCI, C(4-NP) =4.10mol.I*, activation
potential = -2200 mV and activation time = 300s/aji values are peak currents in nA.

No. Of without  Actv-1 2 3 4 5 6 7
activation | actv.
Meas: -17.41  -66.43 -97.06 -102.20 -95.01 284. -93.60 -94.53

1

2 -31.10 -72.58 -95.04 -98.95 -93.91-92.68 -90.52 -92.48
3 -43.58 -68.62 -90.68 -94.76 -91.12 90.34 -88.25 -89.57
4 -43.34  -67.87 -87.24 -92.99 -88.73 88.93 -86.96 -89.26
5 -42.49  -66.50 -88.21 -92.19 -87.32 90.13  -86.07 -88.37
6 -42.08 -66.49 -84.20 -91.46 -87.53 88.77 -85.50 -87.79
7 -41.78  -65.81 -82.92 -91.26  -87.50 87.71 -84.47 -87.40

Averg -37.39  -67.75 -89.34 -94.83 -90.16 -90.387.91 -89.91
St.dev(%) 26% 3% 6% 4% 4% 3% 4% 3%
No. Of 8 9 10 11 12 Aveg St .dev
activation
Meas: 1 -88.59 -89.98 -108.2 -107.70 -103.297.66 7%
= 2 -87.62 -90.44 -108 -107.00 -97.91-95.87 7%
= 3 -83.71 -90.60 -104.7 -104.40 -95.8393.09 7%
= 4 -82.60 -85.57 -102.7 -101.20 -94.2290.95 7%
= 5 -85.95 -85.97 -101.9 -99.88 -93.83-90.89 6%
= 6 -84.44 -85.45 -101.4 -99.75 -91.70-89.81 7%
= 7 -81.91 -84.64 -101.1 -98.39 -92.08-89.03 7%

Averg -84.97 -87.52 -104  -102.66 -95.54 -92.47 7%
St.dev(%) 3% 3% 3% 4% 4% - -

3.2 The influence of pH on voltammetric behavior o#f-NP

The influence of pH on the differential pulse vattmograms of tested 4-NP is
represented by Fig.1. It can be seen from the diglniat at pH 3 the highest, well developed
and therefore most easily evaluated peak was aatain

Repeated measurements revealed quite pronounced/gias of the electrode,
probably by products of the electrode reactionultesy in decreasing peaks moving
toward more negative potentials. Effect of passwabf the electrode surface was reduced
by the above described electrochemical activatiohdettings of regeneration potentials
have strong impact on signal stability and, thexefoptimal regeneration potentials had to
be found for 4-NP. The best results were obtainga;) = -1050 mV and (EBg2) = 200
mV with R.S.D of about 1.7 % after 45 repetitiveaserements, see Table 3.

Using optimum experimental conditions linear califivn curves were obtained in
high and low concentration ranges (depicted in Ejd@ and 4) in Britton-Robinson buffer
pH 3.0 with pulse amplitude and scan rate -50mV 20mVs' , respectively and ) =
-1050 mV and (kg) = 200 mV. The parameters of thus obtained cdiimacurves are
summarized in Table 4.
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Fig.1 Differential pulse voltammograms of 4-NP at AgA-PBBritton-Robinson buffer pH 2 to 12 (humbers
above curves correspond to given pH), c(4-NP) % mol.L™.

Table 3 Experimentally found optimal values of regeneratmotentials of AgA-PE for 4-NBEn Britton-
Robinson buffer pH 3.0. Concentration of 4-NP K0f.mol.I*and scan rate is 20mVs

No. of  Serial No. of Ereg1 Eeg2  lpimeas lpzmeas  lpasmeas I p Min Ip Max Rel.  Avegrage
electrode measurement [mV] [mV] [nA] [nA] [nA] [nA] [nA] st. dev.  [nA]
1 1 -1000 200 -119.6 -1176 -105.00 -101.3 -119.63.5%  -108.01
1 1 -1000 100 -1449 -161.3 -140.50 -140.5 -161.84.4%  -151.08
1 2 -1000 100 -52.64 -51.32 -50.25 -41.44 -52.64 496  -47.31
1 1 -1050 100 -69.39 -70.02 -77.47 -69.39 -77.47 5%2. -73.56
1 2 -1050 100 -85.89 -86.79 -80.85 -69.87 -87.68 1%b. -81.44
1 3 -1050 100 -75.40 -76.44  -80.40 -7450 480. 1.6% -78.32
1 1 -1050 0 -104.9 -104.4 -97.04 -94.74 -104.9 .49 -98.73
1 1 -1050 200 -98.39 -98.71 -93.31 -90.29 -99.50 9%l. -95.83
2 2 -1050 200  -155.7 -156.3 -151.80 -150.8 -156.7 .1%1 -153.53
3 3 - 1050 200 -149.4 -150.2 -142.20 -1355 -150.22.1%  -142.28
120
7 80 -
|, nA
-120 + "ol
I, NA 0 : : :
0 3 6 9
-80 ¢, 10° moll™

-250 -500 E, mV -750

Fig.2 Differential pulse voltammograms of 4-NP at AgA-RE Britton-Robinson buffer pH 3.0 in the
concentrations of (1) 0.19 (2) 1.10° (3) 2.10°, (4) 4.10°, (5) 6.10°, (6) 8.1C°, (7) 1.10* mol.I*.The pulse
amplitude and scan rate are 50mV and 20tYsespectively. Regeneration potentialc¢ is -1050 and
(Ereg) is 200mV,
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Fig.3 Differential pulse voltammograms of 4-NP at AgA-RE Britton-Robinson buffer pH 3.0 in the
concentrations of (1) 0.10 (2) 2.10° (3) 4.10°% (4) 6.10°, (5) 8.1C°, (6) 1.10° mol.I*. The pulse amplitude
and scan rate are 50 mV and 20 mY.espectively. Regeneration potential.f§ is -1050 and (kg is
200 mV.

0 2 4
¢, 10° mol.l ™

Fig.4 Differential pulse voltammograms of 4-NF at AgA-RiE Britton-Robinson buffer pH 3.0 in the
concentrations of (1) 0.10 (2) 2.10" (3) 6.10', (4) 1.1¢°, (5) 2.1¢°, (6) 3.10°, (7) 5.10° mol.I*. The pulse
amplitude and scan rate are 50 mV and 20 M\tespectively. Regeneration potentiale(§ is -1050 and
(Ereg2) is 200 mV.
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Fig.5 Differential pulse voltammograms of 4-NF in tapeteva(5ml) at AgA-PEn Britton-Robinson buffer
(5 ml) pH 3.0. Concentrations of 4-NP in 5 ml difmkwater are (1) 0, (2) 2.10(3) 4.10°, (4) 6.1C°, (5)
8.10° (6) 1.10° mol.I". The pulse amplitude and scan rate are 50 mV a@dn®/.s, respectively.
Regeneration potential (£) is -1050 and (k) is 200 mV.

In order to check the application of the proposexthod, the determination of 4-
NP was carried out in drinking water. For this mse a calibration curve was measured
(shown in Fig.5) using 5 ml of drinking water cdntag 20 — 100 pL (2.16 - 1.10°
mol.I'") of 1.10° mol.I* 4-NP and 5 ml Britton-Robinson buffer pH 3.0 whiofakes
together a final volume of 10 ml. The parametershof obtained calibration curves are
summarized in Table 4.

These results confirmed the possible applicationthed proposed method in
drinking water. All the results obtained at HMDE;AQSAE, AgA-PE are summarized in
the Table 4. These results indicate that bettesigeity can be obtained at AgA-PE in
comparison to m-AgSAE, although HMDE is still thesb electrode. However, for some
electrochemical application AGA-PE can by usefu applicable alternative to HMDE.

Table 4 Parameters of the calibration straight lines far determination of tested 4-Ni°the concentration
range of 0.2-10@mol.L'using DPV at HMDE, m-AgSAE and AgA-PE in a BritRwbinson buffer.

Ereqt Erego Concentration Slope Intercept LOQ

Electrode pH range R
[mV] [mV] [mol.L'Y [nA.mol'L] [nA] [mol.LY
HMDE 6.0 - - (2-10)-10 -7.5.10 -0.70 0.9998 -
(2-10)-10 -7.4.10 -0.17 0.9992 1.3.10°
m-AgSAE 6.0 -1200 0 (2-10)-F0 -1.3.160 7.07 0.9994 -
(2-10)-10 -1.4.10 0.41 0.9995  4.2.10'
AgA-PE 3.0 -1050 200 (1-10)-%0 -1.2.106 3.9 0.9999 -
(2-10)-10 -1.4.10 1.4 0.9997 -
(0.2-3)-1C -1.2.10 0.23 0.9980 3.2.10°
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4. Conclusion

It is concluded from all these results that AgA-RBEa suitable sensor for the
determination of micromolar and submicromolar coniions of 4-NP. The limit of
determination of 4-NP using DPV at AgA-PE is lowean for m-AgSAE. Due to efficient
electrochemical regeneration, the AgA-PE givesdnetproducibility with excellent signal
stability given by lower pasivation of electroderfage. Furthermorefairly good
reproducibility (RSD lower than 10%) of surface oeation has been observed. The easy
renovation of electrode surface makes the methaieredghan the use of other solid
electrodes and thusriépresents an effective and simpler alternativéhéoHMDE. It can
be expected that AgA-PE will be useful for deteration of trace amounts of nitrated
explosives.
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