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Abstract The use of cyclodextrins (CDs) in HPLC as
mobile phase additives provides a flexible alternative
for the separation of chemically related compounds
because these separations can be performed on con-
ventional columns and are economically advantageous
over the use of chiral stationary phases. The present
paper describes the influence of the presence of
p-cyclodextrin (f-CD) and 2-hydroxypropyl-f-cyclo-
dextrin (HP-CD) on the separation of the $-carboline
alkaloids norharmane, harmane and harmine. The
nature of the stationary phase (reverse phases C; and
C,g) affects the chromatographic separations and also
the stability of the inclusion complexes that are
developed. The changes in the proportion of the
organic solvents at constant concentration of CDs
(3 mM for f-CD and 15 mM for HPS-CD) modify the
retention factors (k”) for all alkaloids studied. The
nature of the organic solvent in the mobile phase also
changes the chromatographic parameters. The
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logarithm of the capacity factor (k") is linearly
increased with the proportion of water in the hydro-
organic mobile phase (ethanolic or methanolic) but the
slopes obtained vary depending on the CD added to
the mobile phase. The role of competitive equilibria,
i.e., chromatographic distribution and inclusion
complexes formation is discussed.

Keywords Cyclodextrins - f-carboline alkaloids -
Mobile phase additives

Introduction

Cyclodextrins have been employed in a variety of
separation techniques [1] as chiral stationary phases or
added to the mobile phases in HPLC or to the buffers
in capillary electrophoresis. The use of CDs as mobile
phase additives in HPLC provides a flexible alternative
for the separation of isomers and chemically related
compounds because the separations can be performed
on conventional columns with generally higher effi-
ciencies than those obtained with the hydro-organic
mobile phases usually employed in RP-HPLC. Thus,
10 aromatic isomeric naphthalenesulphonic acids [2]
were separated in modified mobile phases containing
f-CD in concentration 10 mM using C;g columns. The
separations of polynuclear aromatic compounds (PAC)
[3] or salicylic acid and their metabolites gentisic acid
and salicylglycine improve as a consequence of the
addition of p-CD to the mobile phase [4]. This
methodology has also been applied for the chiral
separation of pentazocine enantiomers [5] and for
enantiomeric separations of amino acids [6]. However,
due to the limited solubility of CDs in these mobile
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phases the benefits on the separation processes are not
always evident [7].

p-Carboline alkaloids are widely distributed in
medicinal plants, harmane being the first of them to be
isolated from Peganum harmala. They are also
endogenously produced in human and animal tissues as
a product of secondary metabolism and therefore they
are known as mammalian indole alkaloids [8]. They
possess biological properties such as hypotensive,
hallucinogenic, antimicrobial, tremorogenic and car-
diovascular actions [9]. Small doses of harmine and
related alkaloids act as cerebral stimulants, while large
doses cause hallucinogenic and toxic effects. Different
chromatographic methods have been developed for
their quantitation in biological samples such as seeds of
Peganum harmala [10], human plasma [11, 12], blood
samples from rats [13], and coffee brews [14]. Harmane
has also been isolated from the whole culture broth of
Pseudomonas sp. K44-1 using preparative HPLC [15].
Norharmane, harmane and harmine (Fig. 1) differ in a
methyl group on the C-1 position and a methoxy group
on the C-7 position of the f-carboline ring and conse-
quently they can be considered as good model struc-
tures to study the influence of CDs on the separation
by RP-HPLC.

In the present study, the role of the addition of
native -CD and chemically modified HPS-CD to the
mobile phase on the separation of the model alkaloids
norharmane, harmane and harmine is considered. The
influence of the nature and the proportion of organic
solvent in the mobile phase was also studied. Special
attention has been paid to the nature of the stationary
phases (methyl-C;— and octadecyl-Cig—~) on the
analytical separation of these alkaloids and to the study

Harmine

Harmane

Fig. 1 Chemical structures of the f-carboline alkaloids studied
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of the advantages associated to the low proportion of
the organic solvents in the mobile phases.

Experimental
Apparatus and reagents

UV-Vis absorption spectra were obtained with a
Kontron (Zurich, Switzerland) Uvikon 810 double
beam spectrophotometer.

Two Hitachi (Tokyo, Japan) liquid chromato-
graphic systems were employed. One of them was
equipped with a quaternary gradient pump model
L-7100 and a fluorescence detector model L-7485.
The second one was equipped with an isocratic pump
model L-6000, and a F-1050 fluorescence detector.
For all experiments the detection conditions were
Aex = 290 nm, Aep = 430 nm. Both chromatographic
systems were equipped with a Rheodyne model 7725
injector (20 pl loop) and were under computer con-
trol through the HPLC System Manager software,
version 4.1. The temperature was controlled with a
column oven Merck Hitachi model L-2300. The
experiments were carried out at 35°C. Separations
were developed in reverse phase using C;g column
(Spherisorb, ODS2, 5 um, 150 x 4.6 mm) and C,
(Chromasil, 5 pm, 125 x 4.0 mm). The analytical
columns where purchased from Restek (Bellafonte,
PA, USA).

All reagents and solvents were analytical, spectro-
scopic or chromatographic grade and were used with-
out further purification. Water was doubly distilled
prior to its use. Harmine, harmane and norharmane
were purchased from Sigma (Steinheim, Germany).
p-CD was obtained from Merck (Darmstadt,
Germany) and HPS-CD was a generous gift from
Rhone-Poulenc (Couverboi, France).

Procedures
Standard solutions

Stock solutions of harmine, harmane or norharmane
3.0 x 10~ M in ethanol were freshly prepared. Aliquots
of these stock solutions were taken to prepare solutions
around 3.0 x 10° M of the alkaloids in 0.1 M HCL
These acidic solutions were spectrophotometrically
measured and their molar absorptivities [16] were
considered in order to adjust the final value of the
concentration for the assays. Appropriate aliquots of
the stock ethanolic solutions were taken to prepare the
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solutions of the alkaloids in the mobile phase at con-
centrations 5.0 x 1077 M.

Chromatographic conditions

Isocratic mobile phases methanol:phosphate buffer (pH
7.8) in the range studied from 60:40 to 40:60, v:v for a C;g
column and in the range from 50:50 to 30:70 v:v for a C;
column were employed. In the case of the isocratic
mobile phases ethanol:phosphate buffer (pH 7.8) the
proportion of the organic solvent changed in the range
from 45:65 to 25:75, v:v for the C;g column and in the
range from 35:65 to 15:85 v:v for the C; stationary phase.
The phosphate buffer consists of a 0.02 M sodium
dihydrogen phosphate-1-hydrate and its pH was
adjusted to 7.6-7.8 with a solution of 20% (w:v) sodium
hydroxide. The mobile phases were filtered through a
0,45 um x 47 mm membrane filter (GPH, Waters,
Bedford, MA, USA) under vacuum followed by the
application of ultrasound during 5 min. These mobile
phases were modified by the addition of appropriate
amounts of CDs being the selected concentrations
3 mM for $-CD and 15 mM for HPS-CD.

The influence of the presence of CDs in the mobile
phase on the chromatographic parameters was con-
sidered. Thus increasing amounts of $-CD (0-3 mM)
were added to the mobile phase methanol:phosphate
buffer for C;g and C; stationary phases and the range
of -CD concentrations studied was 0-15 mM for the
mobile phase ethanol:phosphate buffer and C;g and C;
stationary phases. In the case of HPS-CD the concen-
tration range studied was 0-17 mM for C; and
0-11 mM for Cig stationary phases in both cases for
ethanolic and methanolic mobile phases.

Fig. 2 Effect of increasing
amounts of CDs on the
chromatograms obtained in
the separation of f-carboline
alkaloids at 35°C. (A) p-CD,
stationary phase: C;, mobile
phase: ethanol:buffered
aqueous solution pH 7.8;
2575, viv. (B) HPB-CD,
stationary phase : C;, mobile
phase: ethanol:buffered
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The columns were conditioned with the mobile
phases containing the CDs during 30 min and the
mixture of the f-carboline derivatives was then
injected. The separations were performed at 35°C at
flow rates of 0.9 ml/min.

All series of experiments were carried out in dupli-
cate sets. For each set of experiments duplicate injec-
tions in the chromatrograhic system for a particular
conditions (CD concentration, water percentage in the
mobile phase) were injected.

Results and discussion

HPLC has been shown to be a promising tool for
studying molecular interactions [17] such as the host-
guest interactions in CD-analyte systems. Figure 2
shows the effect of the increasing amounts of CDs in
the mobile phase on the chromatograms. For the
two stationary phases and the two mobile phases a
decrease in the retention time and retention factors
was observed with the presence of increasing amounts
of CDs. The decrease in the retention factors was
higher in the presence of HP-CD than for f-CD. Thus
comparing the same range of concentration of CD in
the mobile phase, for ethanolic:buffer mobile phases
the reduction in the retention time of harmine ob-
served in the range of CD concentration from 0-9 mM
was 4.49% (B-CD, Cyg), 5.42% (B-CD, C;), 13.35%
(HPB-CD, C;g) and 15.62% (HPS-CD, C;). In the case
of methanolic phases the highest concentration of
f-CD studied was 3 mM due to the low solubility of
fB-CD in methanol. The decrease in the retention time
was around 1% for -CD instead of the value found for
HPf-CD (3 mM), which was close to 5% depending on
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the stationary phase. This behaviour shows the signif-
icant effect of chemical nature of CD on the separation
processes. Considering the same CD and stationary
phase the decrease in the retention factor was higher
when ethanol was present in the mobile phase than
when the organic solvent was methanol. This behav-
iour can be explained by considering that in the pres-
ence of CDs in the mobile phase, inclusion complexes
between the analytes and the CDs can be formed.
Complexation increases the solubility of analytes in the
mobile phases and then decreases the interaction with
the stationary phases [18]. Therefore in ethanolic
phases, where the proportion of organic solvent was
lower than in methanolic phases, the solubility of the
inclusion complexes in the mobile phases is increased
and a decrease in the retention factor was observed.
When the stationary phases C; and C;g are compared
for the same CD as mobile phase additive and the same
mobile phase, it can be concluded that the decrease in
the retention factors was higher for C; than for Cig
stationary phases. The lower polarity of the C;5 phase
causes stronger f[-carboline-stationary phase interac-
tions than in the case of C; and therefore the effect of
CDs is better observed in C; stationary phase. The
competitive equilibria analyte-stationary phase and
analyte-CD inclusion favour the inclusion complexes
formation for C; stationary phase. Besides the C;
phase allows to increase the proportion of water in the
mobile phase and consequently facilitates the solu-
bilisation of the inclusion complexes in mobile phases
reducing the retention factors. The reduction observed
for the retention factors was smaller than that observed
for other compounds with high lipophilicity and asso-

A
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- 3 40560

0 20 40 60 80 100
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Fig. 3 Effect of the variation of water proportion in the mobile
phases on the chromatograms obtained in the separation of f-
carboline alkaloids at 35°C and at constant concentration of CD.
(A) In the presence of 3 mM f-CD, stationary phase: C;g, mobile
phase: methanol:buffered aqueous solution pH 7.8. (B) In the
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ciation constant i.e., polycyclic aromatic compounds [4]
and camphor enantiomers [19]. This behaviour can be
explained considering that the association constants for
the carboline/CD complexes obtained by fluorimetry
were not high (K, = 220-600) [20]. These alkaloids
present association constant values similar to those
obtained for other related heterocycles e.g., indole/f-
CD (K, = 142) [21].

In the presence of a constant concentration of -CD
(3 mM) or HPS-CD (15 mM) and when the organic
solvent percentage is increased in the mobile phase, the
retention factor decreases notably compared to the
decrease produced as a consequence of the increasing
concentrations of CDs in the mobile phases. This
behaviour is observed for the different mobile and
stationary phases studied and these results show that
the principal equilibrium, the chromatographic distri-
bution, predominates over the secondary equilibrium,
the formation of inclusion complexes and the inclusion
complexes partition/adsorption between mobile and
stationary phases. Also the presence of increasing
proportions of organic solvent in the mobile phase
contributes to dissociate the inclusion complexes
formed. However it is important to pay attention to
the different behaviour of -CD and HPS-CD. When
the organic solvent proportion in the mobile phase
changes at constant CD concentration, the retention
times for harmine change from 83 min to 12 min in the
case of f-CD (3 mM) in the mobile phase (Cig,
methanol:buffered aqueous solution), and in the case
of HPf-CD (15 mM) in the mobile phase (C;g, meth-
anol:buffered aqueous solution) the retention times for
harmine vary from 62 min to 9 min. The presence of

F(au) | B
;M 50:50
A”\ 45:55
ULK 40:60
1 2 3

A A 35:65
30:70
AN A
0 4 8 12 16 20 24 28

time (min)

presence of 3 mM p-CD, stationary phase: C;, mobile phase:
methanol:buffered aqueous solution pH 7.8.F: fluorescence
intensity in arbitrary units, retention time in minutes. (1)
Norharmane, (2) harmane and (3) harmine
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Fig. 4 Correlation between
log k’ (retention factor) and
the percentage of water
present in the mobile phase. 1,50 1
Temperature 35°C.
(®)Norharmane, (®)harmane
and (A)harmine. HPS-CD
15 mM in the mobile phase
ethanol:buffered aqueous 0,50
solution pH 7.8 and stationary

phase C,

Log K 2,00

1,00 4

0,00
60

the organic solvent determines the chromatographic
behaviour and the dissociation of the complexes,
however HPS-CD competes with the organic solvent
and exerts a positive influence on the chromatographic
parameters (selectivity and efficiency). A similar
behaviour was observed when the stationary phase
employed was C;. The retention times for harmine
vary from 52 min to 8 min in the case of f-CD (3 mM,
C,, ethanol:buffered aqueous solution), and from
35min to 5min for HPB-CD (15 mM, C,, etha-
nol:buffered aqueous solution). Figure 3 shows a rep-
resentative example of this behaviour. The lower
retention time observed in presence of HPS-CD and
with a higher proportion of water in the mobile phases
can be explained considering that the inclusion
equilibrium is favoured for HPS-CD with regard to

65 70 75 80 85 90
Water concentration (%)

p-CD, but also it is important to consider that the
higher concentration of HPf-CD in the mobile phases
facilitates the inclusion equilibrium. As it is well
known, the chemically modified CDs exhibit better
solubility properties than native f-CD.

Figure 4 represents the logarithm of the retention
factor (k’) of the f-carboline alkaloids studied as a
function of the water percentage in the mobile phase
and in the presence of HP-CD in the mobile phase. In
the absence of CDs in the mobile phase the retention
factor of the f-carboline studied increased with
increasing water percentage. Linear relationships
between log &k’ and the water percentage in the mobile
phase were observed, demonstrating that a classical
reverse phase elution mechanism is operating. In the
presence of -CD or HP$-CD, a similar linear response

Table 1 Slopes (m) and correlation coefficients (r) obtained for linear regression treatment of log k" and the percentage of water

present in the mobile phase at constant concentration of CDs

CYCLODEXTRIN p-CARBO-

STATIONARY PHASE : Ci5

STATIONARY PHASE : C;

LINE

Methanol/Buffered Ethanol/Buffered Methanol/Buffered Ethanol/Buffered
Solution pH = 7.8 Solution pH = 7.8 Solution pH = 7.8 Solution pH = 7.8
m r m r m r m r
[CD] = 0 mM Norharmane 0.0439 0.9980 0.0524 0.9965 0.0359 0.9983 0.0479 0.9998
(0.0003) (0.0003) (0.0002) (0.0001)
Harmane 0.0469 0.9981 0.0557 0.9959 0.0389 0.9984 0.0515 0.9996
(0.0004) (0.0004) (0.0002) (0.0001)
Harmine 0.0529 0.9975 0.0629 0.9943 0.0442 0.9981 0.0592 0.9989
(0.0005) (0.0007) (0.0002) (0.0003)
f-CD 3 mM Norharmane 0.0414 0.9969 0.0527 0.9941 0.0358 0.9993 0.0449 0.9985
(0.0001) (0.0001) (0.0001) (0.0006)
Harmane 0.0445 0.9968 0.0562 0.9935 0.0390 0.9992 0.0493 0.9988
(0.0001) (0.0003) (0.0001) (0.0005)
Harmine 0.0504 0.9959 0.0640 0.9915 0.0441 0.9989 0.0577 0.9987
(0.0001) (0.0004) (0.0001) (0.0007)
HPp-CD 15 mM Norharmane 0.0363 0.9980 0.0471 0.9975 0.0296 0.9994 0.0367 0.9999
(0.0003) (0.0001) (0.0001) (0.0001)
Harmane 0.0401 0.9978 0.0519 0.9966 0.0331 0.9996 0.0415 0.9998
(0.0004) (0.0001) (0.0001) (0.0001)
Harmine 0.0457 0.9975 0.0603 0.9949 0.0375 0.9997 0.0486 0.9997
(0.0005) (0.0001) (0.0001) (0.0001)

The values of the standard deviation obtained for m appear in parenthesis. The experiments were carried out by quatriplicate
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(log k’ versus water percentage) was observed, with
good correlation coefficients (r > 0.99). The data
summarized in Table 1 indicate that no change in
the inclusion mechanism was produced in the range of
the organic solvent percentage studied. Thus when the
proportion of organic solvent is increased the driving
forces for the inclusion become weak due to the higher
solubility of the guest molecules in the mobile phases.
The slopes (Table 1) obtained in the linear regression
treatment were lower in the presence of CDs than in
the absence of CDs for both stationary phases C;g and
C,. Additionally, the slopes were lower for HPS-CD
compared to those obtained for f-CD. Considering the
chemical structures of the alkaloids, the slopes ob-
tained were always harmine>harmane>norharmane
because harmine is the compound with lower polarity
and therefore it is more influenced by the changes in
the proportion of organic solvents in the mobile pha-
ses. These results are in agreement with the effect
described for a series of aromatic compounds [22] in
which the slopes obtained for the compounds with
lower polarity were higher than those obtained for the
compounds with higher polarity. This behaviour can be
explained considering that chromatographic retention
is essentially driven by a single mechanism involving
hydrophobic interactions, a mechanism that is altered
by the presence of CDs due to the secondary chemical
equilibria introduced in the chromatographic process.
These secondary equilibria can be shown to be relevant
at high percentages of water in the mobile phases. In
such case the formation of the inclusion complexes is
favoured with regard to the retention on the stationary
phases. These experimental conditions can be useful
for studying the interaction mechanism although they
are not satisfactory from the analytical point of view.
An intermediate combination with an appropriate
concentration of CD in the mobile phase allows to
reduce the organic solvent proportion in the mobile
phases without diminishing the chromatographic effi-
ciency and resolution, with the consequent environ-
mental benefits.

Acknowledgements Financial support from MCYT (Spain)
through grant BQU-2003/04046 and UCM (Grupos de Investi-
gacion UCM-CAM 920234) is gratefully acknowledged. The
authors are grateful to FONACYT (Venezuela) for a research
fellowship for A. G. Leén.

References

1. Cserhati, T., Forgacs, E.: Use of cyclodextrins in liquid
chromatography, in T. Cserhati and E. Forgacs, Cyclodext-
rins in chromatography, pp. 48-74. Royal Society of
Chemistry (2003)

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

. Snopek, J.,

. Jandera, P., Buncekova, S., Planeta, J.: Separation of iso-

meric naphthalenesulphonic acids by micro high-perfor-
mance liquid chromatography with mobile phases containing
cyclodextrin. J. Chromatogr. A 871, 139-152 (2000)

. Tang, J.J., Cline Love, L.J.: Formation constants of polynu-

clear aromatic compounds and f-cyclodextrin inclusion
complexes in f-cyclodextrin modified mobile phase high
performance liquid chromatography system. Anal. Chim.
Acta. 344, 137-143 (1997)

. Goss, J.D.: Improved liquid chromatography of salicylic acid

and some related compounds on a phenyl column. J.
Chromatogr. A 828, 267-271 (1998)

. Ameyibor, E., Stewart, J.T.: Resolution and quantitation of

pentazocine enantiomers in human serum by reversed-phase
high-performance liquid chromatography using sulfated /-
cyclodextrin as chiral mobile phase additive and solid-phase
extraction. J. Chromatogr. B 703, 273-278 (1997)

. Watanabe, S., Kawahara, M., Miura, K., Aso, I.: Separation

and control of the elution order of N-t-butyloxycarbonyl
amino acids D/L isomers by reversed-phase HPLC using
cyclodextrins as chiral selectors for the mobile phase. Anal.
Sci. 18, 73-76 (2002)

Smolkova-Keulemansova, E., Cserhati, T.,
Gahm, K.H., Stalcup, A.: Cyclodextrin in analytical separa-
tion methods. In: Szejtli J., Osa T. (eds.), Comprehensive
Supramolecular Chemistry, Cyclodextrins, pp. 515-571.
Elsevier (1996)

. Brossi, A.: Mammalian alkaloids II. In: Cordell, G.A. (ed.),

The Alkaloids. Chemistry and Pharmacology, vol. 43, pp.
119-185. Academic Press, New York (1993)

. Shi, C.C., Chen, S.Y., Wang, G.J., Liao, J.F., Chen, C.F.:

Vasorelaxant effect of harman. Eur. J. Pharmacol. 390, 319—
325 (2000)

Kartal, M., Altum, M.L., Kurucu, S.: HPLC method for the
analysis of harmol, harmalol, harmine and harmaline in the
seeds of Peganum harmala L. J. Pharm. Biomed. Analysis 31,
263-269 (2003)

Zehng, W., Wang, S., Barnes, L.F., Guan, Y., Louis, E.D.:
Determination of harmane and harmine in human blood
using reversed-phased high-performance liquid chromatog-
raphy and fluorescence detection. Anal. Biochem. 279, 125-
129 (2000)

Yritia, M., Riba, J., Ortuiio, J., Ramirez, A., Castillo, A.,
Alfaro, Y., de la Torre, R., Barbanoj, M.J.: Determination of
N, N-dimethyltryptamine and f-carboline alkaloids in hu-
man plasma following oral administration of ayahuasca. J.
Chromatogr. B 779, 271-281 (2002)

Guan, Y., Louis, E.D., Zehng, W.: Toxicokinetics of trem-
orogenic natural products, harmane and harmine, in male
sprague-dawley rats. J. Toxicol. Env. Health. A 64, 645-660
(2001)

Herraiz, T.: Identification and occurrence of the bioactive f3-
carbolines norharman and harman in coffee brews. Food
Addit. Contam. 19, 748-754 (2002)

Kodani, S., Imoto, A., Mitsutani, A., Murakami, M.: Isola-
tion and identification of the antialgal compound, harmane
(1-methyl-B-carboline), produced by the algicidal bacterium,
pseudomonas sp. K44-1. J. Appl. Psychol. 14, 109-114 (2002)
Balon, M., Guardado, P., Mufioz, M.A., Carmona, C.: Acid-
base and spectral properties of -carbolines. Part 2. Dehydro
and fully aromatic S-carbolines. J. Chem. Soc. Perkin Trans.
2, 99-104 (1993)

Ringo, M.C., Evans, C.E.: Liquid chromatography as a
measurement tool for chiral interactions. Anal. Chem. 70,
315A-321A (1998)



J Incl Phenom Macrocycl Chem (2007) 57:577-583

583

18.

19.

20.

Flood, K.G., Reynolds, E.R., Snow, N.H.: Characterization
of inclusion complexes of betamethasone-related steroids
with cyclodextrins using high-performance liquid chroma-
tography. J. Chromatogr. A 903, 49-65 (2000)
Asztemborska, M., Bielejewska, A., Duszczyk, K., Sybilska,
D.: Comparative study on camphor enantiomers behavior
under the conditions of gas-liquid chromatography and
reversed-phase high-performance liquid chromatography
systems modified with «- and f-cyclodextrins. J. Chromatogr.
A 874, 73-80 (2000)

Martin, L., Leén, A., Olives, A.L, del Castillo, B., Martin,
M.A.: Spectrofluorimetric determination of stoichiometry
and association complexes of harmane and hamine with

21.

22.

p-cyclodextrins and modified f-cyclodextrins. Talanta 60,
493-503 (2003)

Orston, A., Alexander-Ross, J.B.: Investigation of the beta-
cyclodextrin-indole inclusion complex by absorption and
fluorescence spectroscopies. J. Phys. Chem. 91, 2739-2745
(1987)

Fujimura, K., Ueda, T., Kitagawa, M., Takayanagi, H., Ando,
T.: Reversed-phase retention behavior of aromatic
compounds involving beta-cyclodextrin inclusion complex
formation in the mobile phase. Anal. Chem. 58, 2668-2674
(1986)

@ Springer



	The role of &bgr;-cyclodextrin and hydroxypropyl &bgr;-cyclodextrin �in the secondary chemical equilibria associated to the separation of &bgr;-carbolines by HPLC
	Abstract
	Introduction
	Experimental
	Apparatus and reagents
	Procedures
	Standard solutions
	Chromatographic conditions


	Results and discussion
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


