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Summary 
 

Quantitative determination of catecholamines and 
their O-methyl metabolites plays an important role in the 
diagnosis of pheochromocytoma (PHEO) – adrenal 
medulla tumour. This kind of tumour synthesizes, stocks, 
metabolizes and mostly secretes catecholamines. For this 
reason it is possible to use elevated concentrations of 
catecholamines and their metabolic products from plasma 
and urine as diagnostic markers of this tumour. 
Determination of metanephrines is often preferred against 
determination of catecholamines regarding the diagnosis 
of PHEO. Tumour cells produce free metanephrines 
continuously and irrespective of the release of 
catecholamines. 

The project aims to develop a new kit for the 
determination of plasma metanephrines. Solid phase 
extraction (SPE) was used for the pre-treatment of plasma 
samples. The determination was performed by high 
performance liquid chromatography with electrochemical 
detection (HPLC-ED). 

 
 

1. Introduction 
 
Catecholamines are organic compounds derived from 

the amino acid tyrosine1. Tyrosine is produced in the 
human body by hydroxylation of phenylalanine2, the 
metabolism is shown in Fig. 1. Catecholamines act as 
hormones or neurotransmitters. These substances are 
produced by the central nervous system or the adrenal 
medulla. In a healthy human body there are these 
compounds and their metabolites represented in very small 
amounts (pmol L–1)3,4. Higher levels of catecholamines 
and their metabolites are in the body caused by stress, 
physical exertion, pain, emotional distress, etc. Extremely 
high levels of catecholamines and metabolites are caused 
by neuroendocrine tumours of the adrenal medulla, which 
include e.g. pheochromocytoma5. 

PHEO synthesizes, stocks, metabolizes and mostly 
secretes catecholamines. These compounds and their 
metabolic products are used as diagnostic markers of the 
mentioned tumour4. The determination of metanephrines, 
particularly metanephrine (MN), normetanephrine (NMN) 
and 3-methoxytyramine (3-MT), is often preferred against 
the determination of catecholamines regarding the 
diagnosis of pheochromocytoma. Tumour cells produce 
free metanephrines continuously and irrespective of the 
release of catecholamines5,6. Furthermore, 3-MT indicates 
tumour metastasis7. 

 
 

2. Experimental 
 
2.1. Chemicals and equipment 
 

All chemicals, standards and reagents were purchased 
from Sigma-Aldrich (St. Louis, MO, USA). Water was 
deionized and purified in the Select Neptune Ultimate 
water purification system (Purite, Oxon, UK). 

HPLC mobile phase was prepared by mixing prepared 
solutions A and B (1:1). An acetonitrile was added to the 

PLASMA FREE METANEPHRINES AS DIAGNOSTIC MARKERS 
OF PHEOCHROMOCYTOMA 

Fig. 1. Metabolism of phenylalanine (DOPA = dihydroxyphenylalanine) 
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mixture, pH of the mobile phase was 2.94 after adjusting. 
The solution was filtered through 0.22 m nylon 
membrane filter (Membrane Solutions, North Bend, OH, 
USA). 

The acidity of the mobile phases was measured by pH 
meter WTW 526/538 (Wissenschaftlich-Technische 
Werkstätten, Weilheim, Germany) with SCHOTT chloride 
electrode (pH 0...14/-5 ... +80 °C / Gel, SCHOTT AG, 
Mainz, Germany). 

Solid phase extraction of metanephrines from plasma 
was carried out with the equipment Visiprep SPE Vacuum 
Manifold (Supelco, Bellefonte, PA, USA) using a vacuum 
pump. The Discovery DSC-SCX cation exchanger and the 
Discovery DSC-SAX anion exchanger (both from 
Supelco) were used for a preparation of ion-exchange 
columns. 

Simple apparatus of nitrogen cylinder, equipment for 
reducing and controlling the gas pressure on the cylinder 
and system for purifying nitrogen with activated charcoal 
were used for the evaporation of samples. The samples 
were placed in the heating block Multi-Blok Heater (Lab-
Line Instruments, Inc., Bombay, India) to accelerate the 
evaporation. 

 
2.2. Instrumentation 

 
The chromatographic system consisted of the Ultimate 

3000 Series pump, the Ultimate 3000 Series ACC-3000 
autosampler (both from Thermo Fisher Scientific, Inc., 
Waltham, USA) and a Coulochem III detector containing one 
conditioning cell (Model 5021A) and one analytical cell 
(Model 5011A) (ESA, Inc., Chelmsford, USA). The guard 
column UHPLC C18 4.6 mm ID Column (Phenomenex, 
Torrance, USA) and the analytical column Kinetex XB-C18 
100  4.6 mm (5 m) (Phenomenex) were used. 

 
2.3. Working conditions 

 
2.3.1. Pre-treatment of human plasma sample 

To activate the ion-exchange matrix we passed 
through the extraction columns 5 mL (two times 2.5 mL) 
of a mixture of a dilution of concentrated ammonium 
hydroxide and methanol, followed by 2 mL of a phosphate 
buffer and 2 mL of deionized water. 1 mL volume of 
plasma with internal standard 4-hydroxy-3-methoxy-
benzylamine (HMBA) was passed through the column. 
The ion-exchange matrix was then rinsed with 2 mL of a 
phosphate buffer, 2 mL of deionized water and 2 mL of 
methanol. Metanephrines were eluted from the column 
with 2 mL of a mixture of the dilution of concentrated 
ammonium hydroxide and methanol. The eluate was 
evaporated and the residue was dissolved in 220 L of 
mobile phase, of which 150 L was injected onto the 
chromatographic column. 

 
2.3.2. HPLC/Coulochem analysis 

The column was heated to 28 °C, the autosampler 
temperature was set at 8.5 °C and a flow rate of mobile 

phase at 0.7 mL min–1. The potential of conditioning cell 
was set at +400 mV. The working potentials were 
+100 mV (1st electrode) and –350 mV (2nd electrode). The 
sensitivity was set at 50 nA. 

 
 

3. Results and discussion 
 
During the development of the kit we have 

progressively optimized the whole method. Pre-treatment 
of plasma sample, solid phase extraction procedure, 
mobile phase composition and conditions of the analysis 
were optimized. 

 
3.1. Optimization of the sample pre-treatment  

 
A centrifugation of plasma sample was tested with 

different reagents and also without them. As an addition to 
the plasma sample before centrifugation were tested 
acetonitrile, ethanol, methanol, isopropanol, and various 
concentrations of perchloric acid, acetic acid, trifluracetic 
acid, meta-phosphoric acid, hydrochloric acid and formic 
acid. Different rotations per minute and various 
temperature and duration were also tested. None of the 
examined methods of centrifugation proved. 
Metanephrines are therefore extracted (using SPE) from 
untreated plasma samples. 

Solid phase extraction was tested by using a range of 
commercially available SPE columns and several types of 
sorbents. These sorbents were used for filling empty 
columns (volume 3 mL). The columns filled with a 
mixture of Discovery DSC-SCX and Discovery DSC-SAX 
are the most appropriate to extract metanephrines from 
plasma samples. The SPE procedure was also optimized to 
achieve the highest possible yields of MN, NMN and 
3-MT. 

 
3.2. Optimization of HPLC/Coulochem analysis  

 
As the mobile phase were tested various types of 

buffers and different ratios of individual components 
within them. The most suitable water for preparation of the 
mobile phase for Coulochem was also chosen based on the 
tests. Now we use a mixed buffer adjusted to pH 2.94 
(containing acetonitrile and water prepared in the Select 
Neptune Ultimate water purification system). 

Metanephrines were separated on several different 
columns: LiChroCART RP-18 125  4 mm (5 m) 
(Merck, Darmstadt, Germany); Poroshell 120 SB-C18 150 
 4.6 mm (2.7 m) (Agilent Technologies, Santa Clara, 
CA, USA); Poroshell 120 SB-C18 100  4.6 mm (2.7 m) 
(Agilent); Kinetex XB-C18 100  4.6 mm (5 m) 
(Phenomenex) and Kinetex Phenyl-Hexyl 150  4.6 mm 
(5 m) (Phenomenex). The column Kinetex XB-C18 100 
 4.6 mm (5 m) is the most suitable. The best responses 
of metanephrines were determined on the column Kinetex 
Phenyl-Hexyl 150  4.6 mm (5 m) but the internal 
standard HMBA eluted too close to metanephrine. The 
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determination of metanephrine, normetanephrine and 3-
methoxytyramine in plasma samples). Currently we are 
completing the optimization of our method in order to 
determining the lowest possible limit of detection and the 
lowest possible limit of quantification. The project ends in 
December 2014. 

 
This work was supported by Ministry of industry and 

trade of Czech Republic (project FR-TI4/331). 
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analysis would have to take at least 35 min to separate 
these two peaks sufficiently. It would be possible to use 
e.g. the internal standard 3,4-dihydroxybezylamine instead 
of HMBA. This is still a subject of research. 

The column temperature was chosen 28 °C in order to 
having a robust method usable also in warmer summer 
days. Flow rate is set at 0.7 mL min–1 to obtain a lower 
pressure in the system. 

A current-voltage curve of MN, NMN, 3-MT and 
HMBA was measured to optimize the potentials of the 
detector cells. The potentials were set at +400 mV (the 
conditioning cell), +100 mV (1st electrode) and –350 mV 
(2nd electrode). 

 
3.3. Analysis of plasma samples with increased 

levels of metanephrines 
 
We analyzed plasma samples from the laboratory of 

1st Faculty of Medicine (Charles University in Prague) 
which were evaluated as positive. Comparison of the 
values that were measured in the Prague laboratory with 
values that were measured in our laboratory is shown in 
Table I. 

 
 

4. Conclusions 
 
The developed method can help identify plasma 

samples of persons who have the tumour 
pheochromocytoma. Total analysis time is 22 min (for the 

 Measured at the Charles University Our measurements 

Sample No. NMN [pg mL–1] MN [pg mL–1] NMN [pg mL–1] MN [pg mL–1] 

328 46 317 54 364 

368 977 710 1011 623 

410 2901 72 2855 92 

432 187 41 187 45 

449 168 53 179 58 

464 1139 284 1153 263 

Table I 
Comparison of analysis results of plasma samples with increased levels of metanephrines detected in our laboratory and in 
the laboratory of 1st Faculty of Medicine (Charles University in Prague) 

Metanephrine occurs in a healthy human body in the maximum concentration of 100 pg mL–1 and normetanephrine in the 
max. concentration of 160 pg mL–1. At least one of the analytes (NMN, MN) in the tested plasma samples (Table I) ex-
ceeds the limit value. Patients (who have been taken plasma samples) have probably the tumour pheochromocytoma in 
their body. 
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Summary 

 
We have verified the possibility of Fused Deposition 

Modeling (type of additive manufacturing) for lab-made 
construction of inexpensive fluorescence detector for 
capillary electrophoresis using commercially available 
optical components. Sensitivity of fabricated and 
assembled detection system was tested by fluorescein 
solutions. Limits of detection were determined for several 
tested arrangements. 

 
 

1. Introduction 
 
Additive manufacturing, also known as 3D printing, 

has become an important method of fabrication, especially 
prototyping. Applications of 3D print ranges from 
industrial fabrication of prototypes to making of models in 
architecture, biology or geology. Especially, the usage in 
medicine is noteworthy, where it is used both for 
manufacturing of models (pre-surgical preparing) and 
functional parts (custom-made implants)1. Recently, 
fabrication of fluidic device as an application in the 
analytical chemistry was published2. 

Fabrication by FDM is one of the least expensive 
methods of additive manufacturing and therefore it could 
be taken this advantage to make low-cost fluorescence 
detection system. Despite of the quite high cost of 
fluorescence detection, it is widely used and a number of 
different approaches for construction of low-cost detectors 
has been described3,4. 

Fluorescence, especially Laser (or LED) induced, 
provides sensitive and selective detection of analytes often 
in the sub-picomolar range. In separation methods 
including liquid chromatography and capillary 
electrophoresis or in microfluidic devices it is so far the 
most sensitive detection technique. In capillary techniques 
and, especially, in the microfluidic devices the spatial 
limitations predetermine the epifluorescence arrangement 
to become more favorable when compared to classical 
orthogonal arrangement, profiting from usage of the same 
objective lens for sample excitation and for collection of 
emitted fluorescence5. 

 

2. Experimental 
 
The chassis of the fluorescence detection system, as 

well as cover lid and capillary holder, was designed in the 
user-friendly 3D-modeling software SketchUp (Trimble 
Navigation, Ltd., USA) and printed by using the FDM 
printer EASY3DMAKER (AROJA, s. r. o. , Czech 
Republic) from black PLA (polylactic acid). 

Fused silica capillary (75 µm I.D.) was used as 
a sample cuvette. Other optical elements, such as optical 
filters and lenses, were purchased from Edmund Optics 
GmbH (Germany). The collected fluorescence emission 
was detected either by a photomultiplier tube (R647, 
Hamamatsu, Japan) or by a photodiode (ODA-6WB-
500M, Opto Diode Corp., USA). Blue emitting LED with 
the emission maximum at 470 nm (Opto Diode Corp., 
Newbury Park, USA) coupled to a 400 mm optical fiber 
(Thorlabs, USA)  was used as the excitation source. 

Testing fluorescein solutions (pH 9.3) consisted of 
fluorescein (Reactifs RAL, France), sodium tetraborate 
decahydrate (LACHEMA, Czech Republic) and methanol 
(99.8%, PENTA, Czech Republic). 

 
 

3. Results and discussion 
 
The chassis of the fluorescence detector was printed 

from PLA and optical elements were located in designed 
slots. For the detector performance characterization we 
have measured solutions of fluorescein for construction of 
calibration curves and determination of limits of detection 
(LODs), which were calculated as a threefold standard deviation 
of six blank solutions signals. The LOD was 9.210–11M with 
detection by the photodiode and 1.010–11M with detection 
by the photomultiplier tube. It is worth mentioning that 
expensive photomultiplier tube was only approximately 
ten-times more sensitive compared one-tenth-price 
photodiode in our arrangement. 

 
 

4. Conclusions 
 
In this study, we presented a new possibility for 

fabrication of inexpensive fluorescence detection system 
using a 3D printer and tested its performance as a detector 
for capillary techniques. The 3D printing provides an 
excellent way to fabricate all mechanical parts with 
sufficient precision and allows rapid modifications to be 
made during the system development. 

 

LOW-COST 3D-PRINTED FLUORESCENCE DETECTOR FOR CAPILLARY 
ELECTROPHORESIS 
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1. Introduction 
 

Copper (Cu) is an essential trace element for humans. 
It plays an important role in many biological processes. In 
human body, even a small amount of copper affects 
various enzymes as a powerful catalyst. In the human 
organism, Cu ions can exist in both an oxidized, cupric Cu
(II), and reduced, cuprous Cu(I), state. The highest 
concentrations of copper are discovered in the brain and 
the liver. The central nervous system and the heart have 
high concentrations of copper as well. About 50 % of 
copper content is stored in bones and muscles. The total 
copper content of the adult body is typically between 70 
and 80 mg (ref.1). Increased copper content in the human 
body is clearly seen in genetic diseases of metabolism like 
Wilson's disease. It was found that Cu content in the liver 
of patients with Wilson's disease is about 25 times higher 
than in healthy subjects. Wilson's disease requires very 
specific medication and its late deployment can lead to 
death of the patient after the age of 30 years2. Urinary 
copper is derived from the so-called free (non-
ceruloplasmin-bound) copper circulating in plasma. In 
Wilson’s disease, the 24h urinary copper excretion is 
increased, and the concentration taken as suggestive of 
disease is greater than 100 g per 24h (>1.6 mol per 
24 h). The reference limits for normal 24 h excretion of 
copper very between laboratories, with many taking 40 g 
per 24 h (0.6 mol per 24 h) as the upper limit of normal3. 
The determination of trace copper in biological samples is 
particularly difficult because of the complex matrix and 
the usually low concentration of copper, which requires 
sensitive instrumental techniques and frequently a pre-
concentration step. Micelles and other organized 
amphiphilic assemble are increasingly utilized in 
analytical chemistry especially in separation and pre-
concentration procedures.  

 
2. Experimantal 

 
2.1. Apparatus 

 
A Perkin-Elmer model 1100B (Norwalk, Connecticut, 

USA) atomic absorption spectrometer equipped with 
a copper hollow-cathode lamp as a radiation source was 

used throughout the measurement. The acetylene flow rate 
and the burner height were adjusted in order to obtain the 
maximum absorbance signal, while aspirating the analyte 
solution in 1% nitric acid in water. Data evaluations are 
made from integrated absorbance values. CPE experiments 
were performed using a thermostated bath (Avalier, Czech 
Republic), maintained at the desired temperature. Phase 
separation was assisted using a centrifuge mlw T30 
(Janetzki, Germany) in 25 mL calibrated centrifuge tubes. 
pH meter AT 3200P (Agilent Technologies, California, 
USA) and analytical balances AR 0640 (Ohaus, USA) 
were used for another analytical procedures. PRO-PS 
Labconco (Cansas City, USA) was used for producing of 
deionized water. 

 
2.2. Reagents 

 
All chemicals were of analytical-reagent grade and 

were used without previous purification. Calibration 
solutions of Cu(II) were prepared by successive dilution of 
stock solution of pure Cu(II) (Merck, Darmstadt, 
Germany). The chelating agent 2,9-dimethyl-1,10-
phenanthroline (Neocuproine) from (Sigma-Aldrich, 
Steinheim, Germany) was prepared by dissolving 
appropriate amounts in 20% (v/v) methanol. The non-ionic 
surfacant Triton X-114 (Fluka, Buchs, Switzerland) was 
used without further purification. The desired pH of the 
solutions was adjusted by using ascorbic acid (Merck, 
Darmstadt, Germany) and ammonium acetate (Merck, 
Darmstadt, Germany). 

 

3. Results and discussion 
 
For the CPE, aliquots of 25 mL solution containing 

sample or standard solution (0.10 mg L–1) of copper ions, 
Triton X-114 (1%) and neocuproine (0.10 mmol L–1) 

buffered at suitable pH (0.05% (v/v) ascorbic acid/0.50% 
(v/v) ammonium acetate). The mixture is heated in 
a thermstated bath at 70 °C for 15 min. Separation of the 
two phases is accelerated by centrifuging at 3500 rev min–1 
for 10 min. At that point, the initial solution separated into 
two phases: one bulk containing the surfacant monomers 
and surfacant-rich phase small volume containing 
containing the surfacant monomers and surfacant-rich 
phase small volume containing the trapped metal by 
micelles. Developed method is based on the reaction of 
neocuproine with Cu(I) which forms orange-yellow stable 
and hydrophobic chelate in a neutral or slightly acidic 
buffer solution. Cu(II) was reduced to Cu(I) ions by 
ascorbic acid as a weak reducing reagent, which was 
added to buffer solution. On cooling in an ice-bath for 
10 min, the surfacant-rich phase became viscous and was 

OPTIMIZATION OF A NEW CLOUD POINT EXTRACTION PROCEDURE FOR 
DETERMINATION OF TRACE AMOUNTS OF COPPER IN HUMAN URINE 
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retained at the bottom of the tubes. The aqueous phases 
can readily be discarded simply by inverting the tubes. To 
decrease the viscosity of surfacant-rich phase, methanolic 
solution of 1% (v/v) HNO3 was added. The final solution 
was introduced into the nebulizer of the spectrometer via a 
manual sample injector. Our results are in Figure 1–4. The 
effects of experimental conditions such as pH, 
concentration of chelating agent and surfactant and 
equilibration temperature on recovery were studied. 

Analytical parameters Copper 

Regression equation A =  0,0487x + 0,0027; R2 = 0,9998a; 

(n = 6) A =1,9344 x + 0,0017; R2 = 0,9997 

LOD [mg L–1] 0,255a; 0,042 

Pre-concentration factor 20 

Enrichment factor 40 

A comparison of the basic analytical characteristics 
of the proposed methods with and without application of 
pre-concentration by CPE is summarised in Table I. 

Optimized CPE approach has been used for the 
selective determination of Cu(II) in the sample of human 
urine. The results obtained are shown in Table II. After 
adding 0.05 and 0.10 mg L–1 Cu(II) to these samples were 
calculated extraction recovery, which ranged 85–90 %. 

 

Table I 
Analytical characteristics of the proposed method 

a Analytical characteristic for copper without pre-concentration 

Fig. 2. Effect of neocuproine concentration 
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Fig. 1. Effect of pH 
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Fig. 4. Effect of equilibrium temperature 

70

75

80

85

90

95

100

35 40 45 50 55 60 65 70 75 80 85

Temperature [°C]

R
ec

ov
er

y 
[%

]

Fig. 3. Effect of Triton X-114 concentration 
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4. Conclusion 
 
Cloud point extraction on nonionic surfactant was 

developed for the determination and speciation of Cu(II) in 
human urine samples by FAAS. The procedure is 
inexpensive, because it consists of much low equipment 
and running costs such as FAAS, which is available in 
most laboratories. The methodology offers a simple, rapid, 
sensitive and inexpensive alternative to other separation 
pre-concentration techniques with the concomitant benefits 
from the use of CPE safety, cost, high separation yield, 
and possibility to select the proper surfactant and 
versatility.  

 

Biological sample Added Cu(II) [mg L–1] Determined concentrationa [mg L–1] Recovery [%] RSD [%] 

Human urine 0 –b –b –b 

Human urine 1 0,910 ± 0,002 90 4,56 

Human urine 2 1,646 ± 0,003 85 3,74 

Table II 
The results of the determination of copper in human urine sample 

a Mean values (n = 4), pre-concentration factor 20; b has not been established 
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Summary 
 

Global proteome analysis is important for the 
discovery of novel disease specific biomarkers and for the 
ultimate development of protein based diagnostics. In 
order to access the proteome at the low ng mL–1 (or below) 
range, abundant plasma proteins need to be removed, and 
both, affinity and MS based technologies necessitate this 
step. Removal of abundant plasma proteins is achieved by 
antibody affinity depletion or specific matrices (i.e. 
Sepharose blue, and Thiophilic adsorbent resin) that bind 
abundant plasma proteins. Here, we present albumin and 
IgG, the most abundant human plasma proteins, as 
indicators of sample quality for proteome analysis. 

 
 

1. Introduction 
 
For biomarker discovery, our laboratory deploys 

monoclonal antibody (mAb) proteomics, which profiles 
cognate epitope specific changes of the proteome. We 
have demonstrated earlier that specific changes of epitope 
dynamics, including but not limited to changes in protein 
concentration are associated with disease conditions like, 
cancer or chronic inflammatory disease of the lung1–3. 
During the proximal phase of the mAb-s discovery process 
(before the development of sandwich ELISAs) technology 
sensitivity depends on the accessibility of medium-low 
concentration range fraction of the plasma proteome, and 
this is achieved by the removal of abundant proteins4. 
Instead of testing each individual protein targeted by the 
depletion device(s) and to qualify broader specificity 
affinity resins, we tested albumin (HSA) and IgG, the most 
abundant plasma proteins for the quality analyis of 
abundant bprotein depletion. 

 
 

2. Experimental 
 

2.1. Chemicals 
 
For depletions Blue Sepharose 6 Fast Flow (from GE 

Healthcare) resin and Pierce Thiophilic Adsorbent 

(Thermo Scientific) were used. In ELISA experiments 
Human IgG and Serum Albumin (for calibration) 
purchased from Sigma-Aldrich (St. Louis, MO, USA), 
mouse monoclonal antibodies and secondary biotinilated 
antibodies produced by BioSystems International Kft. 
(Debrecen, Hungary). 

 
2.2. Depletion of human serum samples, origin of 

examined samples 
 
1 mL human plasma was depleted with the Blue 

Sepharose 6 Fast Flow resin.  After the albumin depletion 
immunoglobulins were removed by the Pierce Thiophilic 
Adsorbent. Before the ELISA experiments the total protein 
concentration of the samples were also determined by 
BCA protein assays. 

 
2.3. Sandwich ELISA technology 

 
ELISA plates were coated with the appropriate 

capture antibody (10 ug mL–1 an hour long at 37 °C). After 
washing (2X) and blocking samples and calibrator protein 
were applied in serial dilution and incubated for 1 h at 37 °
C. After this, plates were washed 4 times between each 
step. Next secondary antibody (biotinylated) was applied 
in 5 ug mL–1 concentration then streptavidin-HRP was 
used in 5000-fold dilution. For the enzymatic reaction 
TMB substrate were added and the reaction was stopped 
with 4 normal H2SO4. Chemiluminescent signals were 
measured at 450 nm (Multiscan Ascant Reader,Thermo 
Scientific, Hudson, NH, USA). Sample concentrations 
were calculated from the linear equation fitted to the points 
located on the ascending part of the calibrator curve. 

 
 

3. Results and discussion 
 
In order to reliably measure HSA and IgG 

concentration we developed specific sandwich ELISA 
tests using antigen specific mAb pairs. Figure 1 shows 
titration curves using the targeted analytes. 

As an example, we tested samples of human plasma 
that has been depleted of HSA and IgG using Sepharose 
blue, and Thiophilic adsorbent resins5,6. With the ELISA 
test we found that about 99.5 % of IgG were eliminated 
from the used plasma sample. 

Recent developments in the field7 indicates that 
depletion of abundant proteins may be done on clinical 
samples lung cancer diagnostics measurements by MRM-
MS and other MS based methodologies. Regulatory 
agencies do require the development of quality control 
tests to be applied regularly on the clinical samples for 
approved diagnostics. We plan to test our simple ELISA 

REMOVAL OF ABUNDANT PROTEINS TO ENABLE GLOBAL PROTEOME  
ANALYSIS OF THE HUMAN PLASMA: QC METHODLOGY DEVELOPMENT  
USING IMMUNOGLOBULIN AND ALBUMIN AS MARKERS 
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based methodology (including simple devices) in larger 
scale studies addressing both the research and the potential 
clinical markets to determine tolerance thresholds for 
quality acceptance. 

 
 

4. Conclusions 
 
The simplicity and robustness of the methodology 

presented here suggest potential wide scale applicability of 
specific HSA and IgG testing for sample preparation 
analysis. 
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1. Introduction 

 
Several analytical methods have been used to 

metabolic studies of numerous xenobiotics. In vivo 
experiments with laboratory animals and in vitro 
experiments with liver microsomes belong to the mostly 
used approaches1. Recently, considerable attention has 
received the using of a method based on electrochemistry/
mass spectrometry (EC/MS) coupling to simulate 
oxidative phase I metabolism. Mass voltammograms 
generated by EC/MS technique provide a direct overview 
of oxidation products that may also be formed in the 
human body2. Electrochemical oxidation is preferable to in 
vitro oxidation using cytochrome P450 enzymes because it 
does not use any biomolecules (including enzymes or 
cofactors). Consequently, obtained oxidation products can 
be separated easily with minimal contamination or 
detected without the interferences from biological matrix. 
Numerous xenobiotics, such as antibiotics, emitted into the 
environment may directly influent the ecosystem. Most of 
them undergo chemical and microbial transformations 
after exposure to terrestrial or aquatic system. It is known 
that important degradation pathways of xenobiotics in the 
environment usually involve a redox reaction mechanism3. 
Combination of electrochemical techniques with HPLC-
MS can constitutes a one way for evaluating and 
predicting the degradation pathways of various emerging 
pollutants4. Erythromycin is a macrolide antibiotic that has 
an antimicrobial spectrum comparable to penicillin. 
A great part of erythromycin is metabolized by 
demethylation in the liver. Its main elimination route is in 
the bile and a small amount in the urine5. Because of broad 
using of erythromycin in infection diseases treatment, 
various methods were developed for its determination. 
Between often used techniques belongs spectrophotometry 
in UV-VIS area6, infrared spectroscopy7, 
electrochemistry8, and liquid chromatography with UV 
detection9, electrochemical detection10 and in combination 
with mass spectrometry11. These techniques were used for 
determination of erythromycin in different pharmaceutical 
preparations6,12, biological samples13–15, and environmental 
samples11,16,17. The aim of this work was to study and to 
optimize electrochemical oxidation of erythromycin for 

flow system connected to mass spectrometry in the next 
step. 

 
 

2. Experimental 
 
All measurements were performed on Potentiostat/

Galvanostat PGSTAT128N (Metrohm Autolab B.V., 
Utrecht, Netherland), which was operated by PC using 
software NOVA ver. 1.6.010 (Metrohm). Three-electrode 
system was set in electrochemical cell with glassy carbon 
electrode (GCE) as working electrode. Stock solution of 
erythromycin was prepared by dissolving of 10 mg of 
erythromycin (Sigma Aldrich, Steinheim, Germany) in 
1 mL of mixture water: ethanol in 1:1 (v/v) ratio. Before 
starting electrochemical measurements, nitrogen was 
bubbled through electrolyte solution, and during 
measurements, nitrogen was kept above the electrolyte. In 
this work, two electrochemical methods, i.e. cyclic 
voltammetry and differential pulse voltammetry, were 
tested. Measurement conditions for cyclic voltammetry 
were as follow: an initial potential was –1.9 V and the 
highest potential was +1.2 V. Measurement conditions for 
differential pulse voltammetry were as follow: an initial 
potential was –1.5 V and the end potential was +1.2 V 
with scan rate 0.05 V/s. Each measurement was repeated 
3 times. 

 
 

3. Results and discussion 
 
Several basic electrolytes were tested for both 

methods, i.e. sodium hydroxide, sodium carbonate and 
ammonium acetate. Electrochemical oxidation is possible 
in all of above mentioned electrolytes and therefore, the 
choice of the optimal electrolyte was limited by our effort 
to perform off-line connection of EC with mass 
spectrometry. Therefore, solution of ammonium acetate 
was used in next experiments in both cyclic voltammetry 
(CV) and differential pulse voltammetry (DPV) modes. 
The records obtained by analyses of blank electrolyte and 
the electrolyte with the addition of erythromycin to final 
concentration 81.6 M using CV and DPV methods, 
where 10 mM ammonium acetate was used as electrolyte 
solution, are shown in Figs. 1 and 2. We can see oxidative 
peak on both records at potential 0.77 V for CV and 
0.72 V for DPV respectively. We don't see reductive peak 
in CV record, therefore we can establish, that oxidation of 
erythromycin is irreversible. 

Various concentrations of ammonium acetate 
solutions in the range 100–2 mM were tested in both 
methods. We observed from particular records, that 

OPTIMIZATION OF ELECTROCHEMICAL OXIDATION OF ERYTHROMYCIN 
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optimal concentration of ammonium acetate solution under 
our experimental conditions is 10 mM. Optimization of 
scan rate (v) was necessary especially for cyclic 
voltammetry. Measured values of current in cyclic 
voltammetry mode increased with increasing scan rate, 
what was caused by capacitive current. The influence of 
capacitive current is eliminated in differential pulse 
technique. We have chosen 100 mV s–1 and 50 mV s–1 as 
optimal value of scan rate for CV and DPV, respectively, 
based on the shape of curve and speed of analysis. 

 
 

4. Conclusions 
 
Developed method of electrochemical oxidation of 

erythromycin will be in the next step applied to 
electrochemical flow cell and further optimized to be 
suitable for off-line connection with mass spectrometry. 

 
This work was financially supported by the grants of 

the Slovak Research and Development Agency (project 
No. VVCE-0070-07 and APVV-0583-11) and the Slovak 
Grant Agency (grant VEGA No 1/1305/12). 
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Fig. 1. Records obtained from CV analysis of blank 10 mM 
ammonium acetate (pH 8.9) electrolyte and addition of eryth-
romycin to electrolyte to final concentration 81.6 M 

Fig. 2. Records obtained from DPV analysis of blank 10 mM 
ammonium acetate (pH 8.9) electrolyte and addition of eryth-
romycin to electrolyte to final concentration 81.6 M 
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Summary 

 
The off-line combination of preparative capillary 

isotachophoresis (CITP), operating in a discontinuous 
fractionation mode, and size-exclusion chromatographic 
method for separation and characterization of humic acids 
(HAs) was studied in this work. The CITP separations 
were performed using electrolyte system at pH 10. 

The use of three discrete spacers (DSs), injected into 
the CITP column together with the HAs, allows the spatial 
separation of humic constituents and their reproducible 
fractionation using a micropreparative valve (with 
a volume of 22 L). The presence of corresponding DSs 
zones in collected fractions were controlled by analytical 
CITP in the same electrolyte system as used for 
preparative CITP. 

Individual CITP fractions were off-line analyzed by 
size-exclusion chromatography (SEC) using 99/1 N,N-
dimethylformamide (DMF)/aqueous phosphate buffer 
(pH 3.0) with Spheron HEMA 100 stationary phase with 
photometric (280 nm and 420 nm) and fluorimetric 
detection (ex. 470 nm/em 530 nm). 

 
 

1. Introduction 
 
Humic substances (HSs) are ubiquitous natural 

materials occurring in huge amounts in soils, sediments 
and waters as a product of the chemical and biological 
transformation of animal and plant residues. In general, 
HSs are amorphous, brown or black, acidic and 
polydisperse, and they have molecular masses in range 
from several hundreds to tent of thousands1. The major 
extractable components of soil HSs are HAs, which are not 
soluble in water under acidic conditions but soluble at 
higher pH (ref.2). The importance of separation methods in 
the chemistry of HAs was recently reviewed by Janoš3. 

Electrophoretic methods have traditionally been 
employed in investigations of natural polymeric 
substances3. Capillary isotachophoresis (CITP), one of the 
basic modes of electrophoretic methods, is very useful for 
micropreparative purposes. Preparative CITP as a 

discontinuous fractionation technique can be realized by 
micropreparative valve placed at the end of the capillary. 
This technique allows isolation of micro amount of ionic 
analytes to the fractions which could be subsequently 
analyzed e.g. by chromatographic methods4. Among the 
chromatographic methods those based on size-exclusion 
effect (SEC) play an important role. SEC is used for 
measurement of data on relative molecular masses 
distribution of HAs5. 

 
 

2. Experimental 
 

2.1. Instrumentation 
 
An electrophoretic analyzer EA-102 (Villa-Labeco) 

working in a hydrodynamically closed one-column 
arrangement (1,5 mm i.d.  160 mm, made of fluorinated 
ethylenepropylene (FEP) copolymer) was used for the 
fractionation of the HAs. The sample solutions were 
injected by injection valve (150 L). The micropreparative 
valve with a volume of 22 L was placed at the end of 
column, behind a conductivity detector and used for 
isolation of the fractions under no current conditions. 

An electrophoretic analyzer EA-101 (Villa-Labeco) 
working in a hydrodynamically closed one-column 
arrangement (0,3 mm i.d.  160 mm, FEP) with 
conductivity detector was used for the analytical CITP 
control of the collected fractions . Fractions (5 L) were 
injected by microsyringe (Hamilton) via the septum.  

Preparative and analytical CITP experiments were 
carried out using chloride at 10 mmol L–1 concentration as 
leading ion. Final pH of leading electrolyte was adjusted 
with ethanolamine as counter ion to 10.0. 
Hydroxyethylcellulose (HEC), as a suspensor of 
electroosmotic flow, present at 0.1% (v/v) in a leading 
electrolyte (LE) was used. Hydroxide anion was used as 
a terminating ion. 

Individual fractions collected from the preparative 
CITP were off-line analyzed by SEC using 99/1 DMF/
aqueous phosphate buffer (pH 3.0) with Spheron HEMA 
100 stationary phase (filled in a 2.2 mm I.D. column with 
length 25 mm) and monitored with DAD and fluorimetric 
detector. Relative molar mass exclusion limits of polymers 
in Spheron HEMA 100 range from 70 000 to 250 000. 
Injected volume 20 L was injected by the autosampler. 

 
2.2. Samples 

 
The stock solution of HAs (number of series: S42944-

268, Sigma-Aldrich) was prepared at a 1000 mg L–1 
concentration and filtered by disposable membrane filters 

OFF-LINE COMBINATION OF PREPARATIVE ISOTACHOPHORESIS  
AND SIZE-EXCLUSION CHROMATOGRAPHY IN ANALYSIS OF HUMIC ACIDS 
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of 1 m pore sizes (Millipore) and then diluted to the 
required concentration. Aqueous stock solutions of the 
discrete spacers used in this work (aspartic acid – ASP, 
2-aminoadipic acid – AAD, taurin – TAU) were prepared 
at concentration of 1·10–2 mol L–1. The stock solution of 
HAs with discrete spacers (HDS) consisted of a 100 mg L–1 
concentration of HAs and 3·10–4 mmol L–1 of spacers. 

Samples for SEC analysis: (1) standard of HAs 
prepared by mixing 160 L of stock solution of HAs and 
50 L of deionized water (Labconco), (2) standard of HAs 
with added spacers (HDS) prepared by mixing 110 L of 
stock solution of HDS and 50 L of deionized water, (3) 
fractions obtained by preparative CITP prepared by mixing 
50 L of fractions (pooled from three fractionations) and 
10 L of deionized water. 

 
3. Results and discussion 

 
The use of suitable spacers in preparative CITP 

allows a very reproducible fractionation realized by 
micropreparative valve. An appropriate mixture of twenty 
discrete spacers for CITP characterization of HAs was 
published by Nagyová and Kaniansky6. Based on the 
results of this work we chosen three spacers (ASP, AAD 
and TAU) distributing the HAs constituents into CITP 
zone boundaries relatively uniformly. 

Carbonates naturally present in the electrolyte 
solutions were served also as discrete spacer. The sample 
of HAs was fractionated in to five fractions based on 
different effective mobility subintervals. The mobility 
subintervals were defined by following couples of CITP 
zones: (1) chloride-carbonate, (2) carbonate-ASP, (3) ASP-
AAD, (4) AAD-TAU, (5) TAU-OH-. The correctness of 
fractionation procedure was verify by presence of 

corresponding DSs zones on the isotachopherograms from 
the analytical CITP control of individual fractions. 

The SEC chromatographic method with flourimetric 
and spectrophotometric (DAD) detection was used for 
analysis of fractions isolated using preparative CITP. 
Using this method, we were able to divide components of 
HAs into two peaks. The first peak represents the 
macromolecular component and the second peak small 
molecules of the sample. A similar chromatogram was 
obtained from the fluorescence (Fig. 1) and the DAD 
(Fig. 2). On the chromatograph acquired from DAD, there 
is visible a drop of absorbance immediately after second 
peak. The analysis showed different representation of 
macromolecules and small molecules in various fractions, 
but also their different proportion. This fact suggests 
a different composition of individual fractions. 

 

4. Conclusions 
 
Humic acids are very complex mixture and the exact 

structure is not known. That is why is important to 
combine different analytical methods working on different 
separation principles for characterization of HAs.  
Preparative CITP combined with SEC should be 
considered as an alternative way for characterization of 
humic acids. Differences between chromatographic 
profiles of the fractions acquired by preparative CITP 
suggested that individual CITP fractions contained 
different types of HAs compounds. SEC analysis of CITP 
fractions indicated that more mobile HAs (fractions F1, 
F2) are apparently enriched in high-molecular mass 
components, whereas less mobile fractions of HAs are 
relatively enriched in low-molecular mass components. 
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Fig. 1. SEC profiles of model HAs and CITP fractions of HAs obtained by fluorimetric detection (ex. 470 nm/em 530 nm). Mobile 
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Summary 

 
This work presents use of new analytical method that 

provides rapid and accurate determination of an active 
ingredient in various pharmaceutical preparations. 
Isotachophoretis separations were performed on a poly
(methylmethacrylate) microchip with conductivity 
detection. External calibration and internal standard 
methods were used for results evaluation in this respect. 

 
 

1. Introduction 
 
The goal of analytical chemists over the years has 

been simplification procedures of a chemical analysis. 
“A total analysis system” (TAS), more often in 
miniaturized form (TAS), have been concepts put to 
address this issue, which has dramatically evolved since its 
beginning back in 1990 (ref.1,2). The TAS concept aims 
to develop integrated micro-analytical systems, which 
perform complete analysis cycles (e.g. sample pre-
treatment, chemical reactions, analytical separation, 
detection, and data handling) on the same micro-device3,4. 
The capillary electrophoresis methods, that play a key role 
in „lab-on-a-chip“, provide easier automation of the 
analytical procedure, short time of analysis, a possibility to 
analyze sub-nl sample volumes, reduced consumption of 
reagents and waste production as well as reduction of 
financial costs of the analysis, which is also the aim of 
TAS concept. 

The capillary electrophoresis methods have wide area 
of application, for example in the pharmaceutical industry. 
A control of pharmaceutical preparations includes two 
approaches: (a) the determination of the main components, 
and (b) the determination of impurities in preparation. This 
work deals with the determination of the main component 
of various pharmaceuticals using an isotachophoresis 
(ITP) with high separation capacity on the microchip with 
conductivity detection. 

N-acetylcysteine is an active ingredient in mucolytics. 
Its sulfhydryl (-SH) group reacts with disulfide bonds in 
mucoproteins to split them into smaller units, whereby the 
viscosity of the mucus becomes reduced5. N-acetylcysteine 

is known as an antiviral, anti-tumor and anti-inflammatory 
agent and also has been used in the treatment of acquired 
immune deficiency syndrome (AIDS) and hepatitis B, for 
the prevention of cancer, the treatment of oxidative stress 
of different origins and paracetamol overdose6. 

The aim of this work was to develop an ITP method 
for fast and precise determination of the main component, 
N-acetylcysteine, in various pharmaceuticals, such as ACC 
Long and Solmucol, performed on the michrochip with the 
conductivity detection. 

 
 

2. Experimental 
 
Chemicals used for the preparation of electrolyte and 

model sample solutions were obtained from Merck 
(Darmstadt, Germany), Sigma-Aldrich (Seelze, Germany), 
Serva (Heidelberg, Germany) and Lachema (Brno, Czech 
Republic). 

Water demineralized by a Pro-PS water purification 
system (Labconco, Kansas City, KS, USA) and kept 
highly demineralized by a circulation in a Simplicity 
deionization unit (Millipore) was used for the preparation 
of the electrolyte and sample solutions. Electrolyte 
solutions were filtered before the use through membrane 
filters with a pore diameter of 0.8 m (Millipore). 

Stock solutions of N-acetylcysteine and Anthranilic 
acid (used as an internal standard) were prepared at 1000 
mg L–1 concentrations. 

Pharmaceutical preparations (Solmucol 200 and 90, 
Institut Biochimique SA, Switzerland, and ACC Long, 
Salutas Pharma GmbH, Germany) were bought in local 
pharmacy. They were dissolved in demineralized water 
and filtered through membrane filters (Millipore). No 
other sample pretreatment was used before the analysis. 

Poly(methylmethacrylate) (PMMA) microchip with 
coupled separation channels (CC) and on-column 
conductivity detectors (Merck) used in this work was 
made by technological procedure described in detail in the 
literature7. 

 
 

3. Results and discussion 
 
The ITP separations were performed with suppression 

of electroosmotic and hydrodynamic flow. Under these 
working conditions, the RSD values of the zone lengths of 
N-acetylcysteine were in the range 1–8 %, independently 
of the used microchip. The results are shown in Table I. 
Repeatabilities of quantitative parameters for corrected 
zone lengths of N-acetylcysteine on internal standard 
(Anthranilic acid) improved approx. 2-4-fold. The ITP 
repeated measurements were performed on three 

THE USE OF MICROCHIP ELECTROPHORESIS FOR DETERMINATION 
OF THE MAIN PHARMACEUTICAL COMPONENTS 
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microchips, at one microchip electrophoresis (MCE) 
device, and within three days. The internal standard 
eliminates run-to-run fluctuations in injected sample 
volume. 

The results in Table II show the RSD values of three 
regression equations for N-acetylcysteine present in model 
samples, in the concentration range 50–200 mg L–1, 
together with Anthranilic acid used as the internal 
standard. The concentration of Anthranilic acid was 100 
mg L–1. Parameters of the regression equation for 
calibration solutions were evaluated by methods of 
external calibration and internal standard. 

The contents of N-acetylcysteine in pharmaceutical 
preparations, e.g. Solmucol 200, Solmucol 90 and ACC 
Long, were evaluated by methods of external calibration 
and internal standard. The external calibration method 
showed a higher dispersion of the content of N-

acetylcysteine in the sample (about 10-fold higher RSD 
values). 

 
 

4. Conclusions 
 
The ITP method for determination of N-

acetylcysteine in various mucolytic pharmaceuticals was 
developed. The methods of external calibration and 
internal standard were used for determination of its 
content in various pharmaceutical samples. The method of 
the internal standard eliminated run-to-run fluctuations in 
the sample volume injected on the microchip. The results 
of this study showed that developed ITP method can be 
used for fast and precise determination of the active 
ingredient in pharmaceuticals. 

Concentration of 
N-acetylcysteine 
[mg L–1] 

Zone length of N-acetylcysteine Corrected zone length of 
N-acetylcysteine/Antranilate 

Average RSD [%] Average RSD [%] 

50 A 4.02 2.15 0.49 1.30 

50 B 4.24 4.29 0.51 1.44 

50 C 4.23 7.94 0.51 2.11 

100 A 7.60 1.32 0.96 1.14 

100 B 8.68 3.34 1.06 0.41 

100 C 8.23 1.88 1.01 2.20 

200 A 15.55 0.85 1.96 0.39 

200 B 16.85 2.88 2.15 0.34 

200 C 16.95 2.44 2.14 1.81 

Parameter External calibration Internal standard n ∆c [mg L–1] 

a [s L mg–1] b [s] R a b R 

A 0.0721 0.3165 0.9995 0.0095 0.0031 0.9999 19 25–200 

B 0.0764 0.1764 0.9993 0.0096 0.0040 0.9997 20 25–200 

C 0.0874 0.1333 0.9903 0.0109 0.0052 0.9991 16 50–200 

Average 0.0786 0.2087   0.0100 0.0041   

Table I 
Repeatibilities of zone lengths of N-acetylcysteine 

A, B, C = ITP measurements performed on 3 microchips (A, B, C), 1 MCE device, and within 3 days; RSD = relative 
standard deviation. Concentration of anthranilate (internal standard) was approx 100 mg L–1 

A, B, C = ITP measurements performed on 1 chip (A, B, C), 1 MCE device, and in 1 day; a = slope of calibration curve; 
b = intercept of calibration curve; R = correlation coefficient; SD = standard deviation; RSD = relative standard deviation; 
n = number of measurements; ∆c = concentration interval. Concentration of anthranilate (internal standard) was approx. 
100 mg L–1 

Table II 
Parameters of the regression equations for N-acetylcysteine with Antranilic acid used as the internal standard 
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Summary 

 
Our simple liquid chromatographic system for 

splitless gradient nanocolumn separations at backpressure 
up to 50 bars was modified to run analysis under the 
pressure up to 300 bars. Programmable syringe pump was 
equipped with a 250-L high-pressure syringe and mobile 
phase gradients were created and stored in relatively long 
capillary. Available linear gradients of volumes from 5 to 
50 L traced by uracil are presented. Sample introduction 
was performed as separate step and real large volume of 
sample (tens of microliters) could be injected and pre-
concentrated on-column. Relative standard deviation of 
retention times and peak areas were received 
(RSD < 0.3 % and RSD < 5 % respectively). 

 
 

1. Introduction 
 
In our previous work1, we used glass micro syringe 

retained in inclined position to handle the liquids. Mobile 
phase gradient was created by successive sucking of four 
mobile phases with gradually decreasing acetonitrile 
concentration and due to turbulent mixing occurred at 
syringe needle-barrel boundary. While the syringe was 
retained in inclined position, the mobile phase gradient 
was stable because of different specific weight of 
acetonitrile rich and water rich part of the mobile phase 
gradient. Glass syringe was pressure resistant up to 50 bars 
and its orientation had to be altered when reversed mobile 
phase gradient was required. Moreover gradient shape 
changed slightly at different flow rates. Recently we have 
modified our concept. We replaced glass micro syringe 
with the high pressure one so our system is now able to 
work at backpressure up to 300 bars. Further we tried to 
find a more versatile option of gradient pre-mixing than 
that we used in the case of the inclined glass micro 
syringe. 

 
 

2. Experimental 
 
Experimental configuration consisted of 

programmable syringe pump (NE-500 OEM, New Era) 

equipped with a 250-L high-pressure syringe (FMJ-250, 
Penn-Century) and selector valve (C55-1340I, Vici 
Valco). High pressure syringe was connected to central 
port of selector valve via PEEK capillary (380 m i.d. × 
500 mm) fixed in horizontal position. PEEK capillary here 
served as gradient generator as well as sample loop. 
Mobile phase gradients were created by successive 
sucking of defined volumes of four water-acetonitrile 
solutions with gradually changing acetonitrile 
concentration into the PEEK capillary. Uracil (detected at 
254 nm) was added to water to visualize the change of 
mobile phase composition. Stability of gradient profile 
was tested by delivering of the constant gradient volume at 
various flow rates. Before preparing gradient, relatively 
large volume of sample diluted in weak mobile phase was 
sucked into the PEEK capillary and then injected on 
column. For assessment of repeatability of the gradient 
separation a mixture of nitro-explosives was injected on 
capillary column (100 m i.d. × 150 mm) filled with 
Kinetex 2.6 m C18 particles. 

 
 

3. Results and discussion 
 
Traces of linear gradients of volumes from 5 to 50 L 

are shown in Fig. 1. Different steepness of gradient is 
controlled by variation of successively sucked volumes of 
5, 30, 50 and 80 % v/v acetonitrile into the PEEK 
capillary. Gradient shape is very smooth because sharp 
mobile phase boundaries fade out while passing through 
the valve body and due to the parabolic profile of laminar 
flow as well as due to diffusion. Mobile phase gradient 
created this way could be identified as very time-stable. 
Traces of 10-L gradient delivered at flow rates 0.2–5 L min–1 
are shown in Fig. 2. In front of previous concept1, no 
significant deviation of gradient shape was observed. 
Gradient separation of some explosives is shown in Fig. 3. 
Relative standard deviation of retention times and peak 
areas calculated from ten successive runs was below 0.5 % 
and 5 % respectively. 

 
 

4. Conclusions 
 
Simple system for splitless nano column gradient 

liquid chromatography developed in the past was 
improved. We replaced glass micro syringe with the high 
pressure one and we used 380 m i.d. × 500 mm capillary 
fixed in horizontal position as gradient generator. This 
configuration is independent on the syringe diameter and 
syringe orientation. Gradient separation is repeatable, 
gradient shape is very time-stable and practically 

HIGH PRESSURE MODIFICATION OF THE SIMPLE AUTOMATED LIQUID  
CHROMATOGRAPHIC SYSTEM FOR SPLITLESS NANO COLUMN GRADIENT  
SEPARATIONS 
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independent on flow rate. Reversed mobile phase gradient 
for column regeneration or for HILIC separation mode is 
also available with no need for change of configuration. 

Moreover overall capillary could be filled with sample and 
direct on-column analytes pre-concentration from large 
sample volume could be suggested. 

Fig. 1. Blank water-acetonitrile gradients traced by uracil. The steepness of gradient is dependent on successively sucked volumes of 
5, 30, 50 and 80 % v/v acetonitrile 

Fig. 2. Gradient stability test; 10-L gradient traced by uracil was delivered at flow rates: 0.2, 0.5, 1, 2 and 5 L min–1 
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Fig. 3. Gradient separation of the explosives; Kinetex 2.6 m C18 100 m i.d. × 150 mm, 30–80 % v/v acetonitrile 0–60 min, 
0.5 L min–1; 25 °C, UV detection at 230 nm 
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Summary 

 
Drug biotransformation mediated by cytochrome 

P450 enzymes (CYP) is a pivotal factor in the early 
developmental stages of new drugs. Metabolism 
evaluation of every hit thus constitutes the integral part of 
ADME/tox screenings. Enzyme immobilization represents 
a useful approach in this field because of CYP recycling 
and simplification of sequential analyses by providing 
protein-free samples. A new method for immobilization of 
therapeutically important cytochrome P450 2C9 isoform 
(CYP2C9) on magnetic microparticles SiMAG-Carboxyl 
is thus presented. 

 
 

1. Introduction 
 
Immobilized enzyme reactors (IMERs) represent 

a promising tool for rapid on-line screenings of drug 
metabolism. Attachment to carrier enables not only 
repetitive use of a single batch of the tested enzyme but 
also simplification of sequential analyses by providing 
protein-free samples and improvement of its thermal and 
operational stability. These advantages are especially 
important in the early stages of a new drug development 
processes when the extensive numbers of tested candidates 
are screened for their affinities to drug-metabolizing 
enzymes such as CYP. For this reason main goal of the 
presented study was to develop a method for 
immobilization of the CYP2C9 on the magnetic 
microparticles and construct IMER allowing on-line 
screenings of drug metabolism mediated by this 
therapeutically important enzyme, which forms 
approximately 20 % of all CYP in human liver and is 
responsible for metabolism of more than 10 % of 
commonly prescribed drugs1. 

 
 

2. Experimental 
 

2.1. Immobilization procedure 
 
Solutions of all reactants were prepared in 

immobilization buffer consisting of 30 mM potassium 
phosphate (pH 8.60). After SiMAG-Carboxyl magnetic 
microparticles have been washed with immobilization 
buffer, the solution of 6 mM 1-ethyl-3-(3-dimethylamino-
propyl)carboimide (EDAC) and 10 mM N-hydroxy-
sulfosuccinimide was added and the surface of the 
microparticles was activated by mixing for 2 hours at 25 °C. 
Then, the second washing cycle followed. The solution of 
CYP2C9 containing 40 M flurbiprofen and 40 M 
dapsone was added to the activated microparticles and 
immobilized by mixing for 20 hours at 5 °C. 

 
2.2. In-capillary reaction 

 
The microparticles with attached CYP2C9 were 

washed with water and injected into capillary, where they 
were fixed by two external NdFeB magnets to form the 
IMER. The enzymatic reaction was started by introduction 
of a plug of diclofenac at a certain concentration and 
1 mM NADPH prepared in 50 mM potassium phosphate 
(pH 7.40) inside the IMER. The incubation was carried out 
at 25 °C and the reaction was terminated by application of 
voltage and separation of reaction mixture components. 

 
2.3. Separation 

 
All the experiments were performed on the Agilent 

7100 CE System. An uncoated silica capillary (total length 
33.5 cm, effective length 19 cm, 75 m id) was 
thermostated at 25 °C. 20 mM sodium dihydrogen 
phosphate, disodium tetraborate buffer (pH 8.60) was used 
as a background electrolyte (BGE). Separations were 
accomplished by application of 27 kV (418.6 V cm–1, 
positive polarity). 

 
 

3. Results and discussion 
 
Parameters of immobilization procedure such as 

attachment scheme, concentration of support surface 
activators (0.75–6 mM EDAC, 1.25–10 mM NHS), 
composition, concentration (20–60 mM) and pH (6.6–9.4) 
of immobilization buffer, attachment time (2–24 hours) 
and temperature (5–35 °C) and concentration (12.5–250 
nM) of CYP2C9 were optimized with respect to its activity 
and stability. On the basis of results obtained, 30 mM 
potassium phosphate (pH 8.60) used as an immobilization 

IMMOBILIZED ENZYME REACTOR FOR ON-LINE STUDIES OF DRUG  
METABOLISM MEDIATED BY CYTOCHROME P450 2C9 ISOFORM 
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buffer, 6 mM EDAC and 10 mM NHS as a magnetic beads 
surface activators, 40 M flurbiprofen and 40 M dapsone 
as additives to a solution of 100 nM CYP2C9 and 
immobilization for 20 hours at 5 °C were chosen as the 
best procedure parameters. Following off-line experiments 
proved that the immobilized CYP2C9 can be repetitively 
used for 12 hours without considerable loss of the activity. 
What is more, values of basic kinetic parameters of 
Michaelis constant (Km) and Hill coefficient (n) obtained 
within performed kinetic study with model substrate 
diclofenac (see Fig. 1) were in very good agreement with 
data found in literature2,3 obtained with soluble CYP2C9 
form proving that binding to the microparticles has no 
negative effect on its activity. 

CYP2C9 immobilized on magnetic microparticles 
was then used for construction of in-capillary reactor. 

Cassette of CE system was modified in order to hold two 
NdFeB magnets which determine position of IMER inside 
the capillary. The enzymatic reaction was started by 
injection of a plug of diclofenac and 1 mM NADPH 
prepared in 50 mM potassium phosphate buffer pH 7.4 
and terminated by application of voltage 27 kV 
(418.6 V cm–1, positive polarity) and separation of 
CYP2C9 and diclofenac. The electrophoregram obtained 
is shown in Fig. 2. Subsequent analyses showed 
a decreasing production of 4‘-hydroxydiclofenac 
nevertheless. The other optimization of the system thus 
will be focused on the improvement of CYP2C9 stability 
inside CE system; the effect of the applied separation 
voltage on its activity will be primarily examined. 

Fig. 1. Michaelis-Menten plot of immobilized CYP2C9 reaction with diclofenac 

Fig. 2. Electrophoregram obtained after in-capillary reaction. Sample: 50 M diclofenac, 1 mM NADPH prepared in 50 mM Na 
phosphate buffer pH 7.4, 60 min incubation. Separation conditions: capillary total length 33.5 cm, effective length 19 cm, ID 75 m; BGE 
20 mM sodium phosphate-tetraborate buffer pH 8.6; 25 °C; 27 kV 
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4. Conclusions 
 
The method for immobilization of CYP2C9 on 

SiMAG-Carboxyl magnetic microparticles was developed. 
Experimental results of the off-line method proved that 
immobilized CYP2C9 can be repetitively used for 
12 hours without considerable loss of activity. Performed 
kinetic study with model substrate diclofenac confirmed 
that the attachment on magnetic nanoparticles has no 
negative effect on CYP2C9 activity. 

The prepared immobilized CYP2C9 particles were 
used to form an IMER in order to perform in-capillary 
reaction. Preliminary experiments, however, revealed 
progressive loss of enzyme activity of CYP2C9 hold inside 
separation capillary. The following effort thus will be 
focused on overcoming of this drawback so that the final 
system will be applicable for rapid on-line screenings of 
CYP2C9 inhibitors. 
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1. Introduction 
 
1.1. Structure and function of cystatin C 

 
Cystatins are parts of cystatin (super)family that is 

divided into three major groups, namely stefins, proper 
cystatins and kininogens. For their inability to inhibit 
cysteine protease, fetuins, the fourth group, are often 
treated separately1. A significant function of cystatins is 
thus inhibition of proteases such as cathepsins B, H, K, L, 
and S. Cystatins protect the organism against inadequate 
activity of these enzymes and reduce the risk of damage. 
The family of cysteine protease inhibitors also includes 
cystatin C. Out of all the cystatins, it is the most effective 
deactivator of cathepsins4. Cystatin C is composed of a 
single polypeptide chain containing 120 amino acid 
residues. This nonglycosylated basic protein with 
disulphide bridges between residues 73 and 83 and 
between 97 and 117 has a molecule weight of 13 343 Da 
(ref.2,5).  The cystatin C gene  encodes a polypeptide of 
146 amino acids; CST3 gene is localised on chromosome 
20 (20p11.2). The isoelectric point of cystatin C is 9.3, the 
form of pI 7.8 has been isolated from urine, and the protein 
therefore has a positive charge in virtually all body fluids1. 

 
1.2. Presence of cystatin C 

 
Cystatin C is produced at a constant rate by all cells 

having a nucleus (‘house-keeping’ gene). Neither diet nor 
inflammatory or tumorous processes have an effect on its 
synthesis. It is present in plasma (0.5–1.2 mg L–1) and 
cerebrospinal fluid (3–14 mg L–1), seminal plasma (41–
62 mg L–1), saliva (0.36–4.8 mg L–1), synovial fluid 
(approx. 2.0 mg L–1), amniotic fluid (approx. 1.0 mg L–1) 
and tears (approx. 1.0 mg L–1) (ref.4). The level of urinary 
cystatin C in urine in healthy adult individuals is 0.095 
mg L–1 (0.033–0.29 mg L–1) and it increases when 

increasing the age6. Cystatin C is freely filtered in 
glomeruli and re-absorbed by the proximal tubular cells 
where it is also completely degraded. Increased urinary 
concentration of cystatin C is a marker of the functionality 
of cells. Disrupted glomerular filtration can be detected on 
the basis of increased levels of cystatin C in plasma. 
Plasma level of cystatin C increases with the age as 
a result of filtration rate decline1. 

 
 

2. Experimental 
 
Physiological levels of urinary cystatin C and their 

ratio to urinary creatinine levels (CysC-U/Crea-U) were 
calculated out of a set of 111 samples collected from pre-
school and school children (3–15 years old) regardless of 
gender. Morning urine samples were frozen at –80 °C 
within 2 hours of collection until analysis. 

Urinary cystatin C levels were measured using ELISA 
kit (Cystatin C Human ELISA, Biovendor – Laboratory 
medicine, Czech Republic). Urinary creatinine levels were 
obtained by means of the Jaffe method on AU 5400 
biochemical analyser (AU 5420, Beckman Coulter, Inc., 
USA). 

Basic statistical properties (mean, standard deviation, 
skewness, pointedness) were calculated using QCExpert 
3.0 software. Reference intervals were calculated by 
parametric and nonparametric method with the CBStat ver. 
5 software. Parametric method assumes a symmetrical 
distribution whose feature is the skewness of distribution. 
In case it is disrupted, the data need to be transformed. 
Nonparametric method requires no data symmetry as it is 
based on serial statistics. The number of necessary data for 
this method is 120. The confidence interval was calculated 
using the Bootstrap procedure. 

 
 

3. Results and discussion 
 
The results of basic statistical quantities are given in 

Tab. I. Obtained urinary cystatin C and its ratio to urinary 
creatinine showed no normal distribution (Fig. 1); data 
skewness was considerable (Tab. I). 

Reference interval (RI) of urinary cystatin C in 3–5 
year-old children calculated by means of the parametric 
method containing power transformation ranges from 
13.68–166.33 g L–1 with the significance level =5 %. RI 
obtained using the nonparametric procedure differed only 
slightly (Tab. II). 

Reference values of the CysC-U/Crea-U ratio 
obtained by means of the parametric method for the given 
set of children ranges from 1.87–113.1 g mmol–1. The 
nonparametric method showed a wider reference interval 

DETERMINATION OF REFERENCE INTERVALS OF URINARY CYSTATIN C 
AND ITS RATIO TO URINARY CREATININE IN HEALTHY CHILDREN 



Chem. Listy 107, s444–s446 (2013)                               CECE Junior 2013                                                                              Posters  

s445 

of 1.77–152.30 g mmol–1. For graphic representation of 
RI see Fig. 2 and 3. 

 
 

 
 

4. Conclusion 
 
We calculated reference limits of urinary cystatin C 

and its ratio to urinary creatinine. The ratio of urinary 
cystatin C to urinary creatinine  is supposed to guarantee 
the standardisation of results regardless of the time of 

Table I 
Basic statistical properties 

Table II 
Reference limits of CysC-U and the CysC-U/Crea-U ratio 

Note: CI = confidence interval 

Fig. 1. CysC-U quantile-quantile plot (left) and CysC-U/Crea-U quantile-quantile plot (right) 
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urine sampling. Obtained values are expected to enable 
paediatricians to make right decisions concerning early and 
adequate treatment of tubular cell damage. 

In consequence of the skewness of measured data, the 
confidence interval upper limit in both methods used to 
calculate RI is relatively wide. The set of the data should 
be extended in order to make this limit more accurate. 

 
This study was supported by the Ministry of Health of 
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Fig. 2. Histograms of CysC-U reference values. Reference limits obtained by the parametric method (left) and the nonparametric meth-
od – Bootstrap procedure (right) 

Fig. 3. Histograms of CysC-U/Crea-U reference values. Reference limits obtained by the parametric method (left) and the nonparamet-
ric method – Bootstrap procedure (right) 
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Summary 

 
Combination of electromembrane extraction (EME) 

with capillary electrophoresis (CE) was used for 
determination of trace level chlorophenols (CPs) in 
environmental water samples. The analytes were 
transported across supported liquid membrane (SLM), 
composed of 1-ethyl-2-nitrobenzene (ENB), by the 
application of electrical field. A driving force of 150 V 
was applied to extract the analytes from neutral sample 
(donor solution) into strongly alkaline acceptor solutions. 
The acceptor solutions were subsequently analyzed by CE 
with UV-Vis detector. Thus chlorophenols were 
selectively concentrated by one order of magnitude. 
Recovery values of six CPs were between 14 and 25 % for 
5 min and could be further increased up to 20–42 % for 
15 min extraction time. The precision of the EME-CE-UV 
was characterized by relative standard deviation (RSD) 
values of migration times (0.05–0.16 %) and peak areas 
(0.7–5.6 %) at concentration level of 10 g mL–1 of CPs, 
n=5. Calibration parameters showed linear relationship 
between analyte concentration and analytical signal in the 
concentration range 0.01–10 g mL–1 with correlation 
coefficients (r2) better than 0.999. Limits of detection 
(LODs), defined as 3 signal-to-noise ratio, for standard 
solutions and environmental samples were below or equal 
to 5 ng mL–1. 

 
 

1. Introduction 
 
EME is a sample pretreatment method that employs 

electric field as a driving force for selective transfer of 
analytes from an aqueous solution (donor) across a SLM 
into another aqueous solution (acceptor). CPs are mainly 
produced in industrial processes such as manufacturing of 
polymers, drugs, textiles, dyes, pesticides, explosives, 
paper, and petrochemicals and exist in environmental 
waters and soils as persistent organic pollutants. 
Evaluation and monitoring trace levels of these highly 
toxic and carcinogenic compounds in environmental 
samples, especially in aqueous samples, are indispensable. 
EME was shown useful and efficient extraction technique 

for trace analysis of environmental samples and its 
potential for determination of CPs was evaluated in the 
presented contribution1. 

 
 

2. Experimental 
 

2.1. Electromembrane extraction 
 
The EME system was described in a previous 

publication2. 
 

2.2. Capillary electrophoresis 
 
A P/ACE 5010 CE instrument (Beckman, Fullerton, 

CA, USA) equipped with UV-Vis absorbance detector was 
operated at a potential of +15 kV applied at the injection 
side of the separation capillary. BGE solution for CE of 
CPs consisted of 20 mM Na2B4O7 . 10 H2O and 10 mM 
Na2HPO4 adjusted to pH 9.8 with 1 M NaOH. 

 
 

3. Results and discussion 
 
EME system using neutral donor and alkaline 

acceptor solutions (pH values 7 and 12, respectively) was 
used for efficient extraction of CPs. Highest efficiencies 
for six selected CPs were obtained in the EME systems 
using KOH as donor and CsOH as acceptor solutions, and 
ENB used as SLM. Effect of the sample matrix on the 
recovery of six CPs was examined based on addition of 
10 mM Cl– to donor solutions, which corresponds to the 
typical concentration of inorganic anions in environmental 
samples. Sample matrix had minimal effect on the 
transport of analytes across the SLM at optimized EME 
conditions. Determination  of real samples confirmed that 
the developed method is suitable for the determination of 
CPs in environmental samples, see Fig. 1. 
 

 
4. Conclusions 

 
Electromembrane extraction followed by capillary 

electrophoresis was developed as an efficient method for 
determination of CPs in environmental samples. Transfer 
of chlorophenols across SLM was dependent on several 
EME parameters, such as composition of liquid 
membrane, pH of acceptor and donor solution, applied 
electric potential and extraction time. Additionally, effects 
of the composition donor and acceptor solutions on the 
transfer analytes across SLM was demonstrated for the 
first time. 

DETERMINATION OF CHLOROPHENOLS IN ENVIRONMENTAL SAMPLES USING 
ELECTROMEMBRANE EXTRACTION AND CAPILLARY ELECTROPHORESIS 
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Fig. 1. Electropherograms of real samples spiked with 10 g mL–1 CPs [4-chlorophenol (4-CP), 3-chlorophenol (3-CP), pentachlo-
rophenol (PCP), 2,4,6-trichlorophenol (2,4,6-TCP), 2-chlorophenol (2-CP), 2,3-dichlorophenol (2,3-DCP)]. EME conditions: extrac-
tion voltage, 150 V; donor, KOH (pH 7); acceptor, CsOH (pH 12); SLM, ENB; agitation, 750 rpm. CE conditions: BGE solution, 20 mM 
Na2B4O7 . 10 H2O + 10 mM Na2HPO4; pH 9.8; voltage, +15 kV; injection, 0.5 psi for 5 s; 200 nm; 25 °C 
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Summary 

 
MEDSA – N,N-dimethyl-N-metacryloxyethyl-N-(3-

sulfopropyl)ammonium betaine as a zwitterionic polar 
functional monomer in combination with seven 
crosslinking monomers were used for preparation of 
capillary monolithic columns suitable for separation of 
polar compounds in hydrophilic interaction 
chromatography (HILIC). Ethylene dimethacrylate, 
tetramethylene dimethacrylate, hexamethylene dimetha-
crylate, dioxyethylene dimethacrylate, pentaerythritole 
triacrylate, bisphenol A dimethacrylate, and bisphenol A 
glycerolate dimethacrylate were used as crosslinking 
monomers (Fig. 1). Columns prepared with dioxyethylene 
dimethacrylate and bisphenol A glycerolate dimethacrylate 
showed the efficiency up to 70 000 N m–1. Columns 
provide good repeatability of elution volumes with relative 
standard deviations lower than 1.3 % on both types of 
columns. Dual retention mechanism allows the separation 
in HILIC and RP mode. Capillary monolithic columns, id 
0.53 mm, were used in the first dimension of the two-
dimensional liquid chromatography for separation of 
complex mixture of phenolic compounds. 

1. Introduction 
 
Currently, reversed-phase chromatography is the most 

commonly used system in the liquid chromatography, 
employing a non-polar stationary phase and polar water-
organic mobile phases. Hydrophilic interaction 
chromatography1, makes use of a polar stationary phase 
and highly organic mobile phases. 

In micro-column liquid chromatography either 
conventional columns filled with spherical particles or 
monolithic columns are used. Monolith is formed by 
a single peace of highly porous material which contains 
flow through pores and limited populations of mesopores. 
They may be either inorganic monolithic stationary phase 
or organic polymers. Organic monoliths can be prepared 
by in-situ radical polymerization in a fused silica capillary 
filled by homogenous polymerization mixture, comprised 
of a functional monomer, crosslinking monomer, 
porogenic solvents, and an initiator of polymerization 
reaction. Polarity of the resulting stationary phase is 
controlled by the by functional monomer, the pore 
structure of the monolith is affected by crosslinking 
monomers, and by porogenic solvents. 

 

2. Experimental 
 
Ethylene dimethacrylate (EDMA), tetramethylene 

dimethacrylate (BUDMA), hexamethylene dimethacrylate 
(HEDMA), dioxyethylene dimethacrylate (DiEDMA), 
pentaerythritole triacrylate (PETRA), bisphenol A 
dimethacrylate (BIDMA), and bisphenol A glycerolate 

CHARACTERIZATION OF PREPARED MONILITHIC CAPILLARY COLUMNS 
 

Fig. 1. Structures of monomers. 1 – N,N-dimethyl-N-metacryloxyethyl-N-(3-sulfopropyl) ammonium betaine, 2– ethylene dimethacryla-
te, 3 – tetramethylene dimethacrylate, 4 – hexamethylene dimethacrylate, 5 – dioxyethylene dimethacrylate, 6 – pentaerithritol triacrylate, 
7 – bisphenol A glycerolate dimethacrylate, 8 – bisphenol A dimethacrylate 



Chem. Listy 107, s449–s451 (2013)                               CECE Junior 2013                                                                              Posters  

s450 

dimethacrylate (BIGDMA) were used as crosslinking 
monomers in generic polymerization mixture. Zwitterionic 
N,N-dimethyl-N-metacryloxyethyl-N-(3-sulfopropyl)
ammonium betaine (MEDSA) was used as a functional 
monomer, 1-propanol and 1,4-butanediol as a porogenic 
solvents and azobisizobutyronitrile as a thermal initiator of 
polymerization reaction, all from Sigma-Aldrich, 
Steinheim, Germany. Distilled water was purified in 
a DEMIWA 5ROI station, Watek, Ledeč nad Sázavou, 
Czech republic. Polyimide-coated fused-silica capillaries, 
320 and 530 m id, were purchased from J & W, Folsom, 
CA, USA. 

To improve the adhesion of the monolith to the 
capillary surface, the inner walls of the capillaries were 
activated2. The capillaries were washed with acetone, 
water, NaOH, again water until neutral reaction, HCl, and 
ethanol. Subsequently capillaries were rinsed by solution 
of 3-(trimethoxysilyl)propyl methacrylate, ethanol, and 
dried in a stream of nitrogen. After 24 h, the capillaries 
were filled with polymerization mixture and both ends 
were sealed by rubber stoppers and the capillary was kept 
in thermostat for 20 h at 60 °C. When the polymerization 
reaction was finished, the columns were washed by 
acetonitrile to remove unreacted part of the polymerization 
mixture. 

 
 

Fig. 2. Separation of phenolic acids and flavones in HILIC and RP mode, UV detection at 214 nm 
A: Phenolic acids: 40% ACN/60% 10 mM NH4Ac, DiEDMA: l = 168 mm, Fm = 6.3 L min–1, p = 19.6 MPa, BIGDMA: l = 183 mm, Fm 
= 3.3 L min–1, p = 6.3 MPa. 
B: Phenolic acids: 85% ACN/15% 10 mM NH4Ac, DiEDMA: l = 179 mm, Fm = 2.5 L min–1, p = 2.8 MPa, BIGDMA: l = 132 mm, Fm = 
5.8 L min–1, p = 3.7 MPa.  
C: Flavones: 40% ACN/60% 10 mM NH4Ac, DiEDMA: l = 168 mm, Fm = 5.5 L min–1, p = 17.1 MPa, BIGDMA: l = 123 mm, Fm = 3.1 
L min–1, p = 4.4 MPa. 
D: Flavones: 80% ACN/20% 10 mM NH4Ac, DiEDMA: l = 179 mm, Fm = 2.0 L min–1, p = 3.2 MPa, BIGDMA: l = 123 mm, Fm = 2.1 L min–1, 
p = 1.7 MPa. 
Analytes: 1 : gallic acid, 2 : protocatechuic acid, 3 : p-hydroxybenzoic acid, 4 : salicylic acid, 5 : vanillic acid, 6 : syringic acid, 7 : hydroxy-
phenylacetic acid, 8 : caffeic acid, 9 : sinapic acid, 10 : p-coumaric acid, 11 : ferullic acid, 12 : chlorogenic acid, 13 : (-)epicatechine, 14 : (+)
catechine, 15 : flavone, 16 : 7-hydroxyflavone, 17 : apigenine, 18 : lutheoline, 19 : quercetine, 20 : rutine, 21 : naringine, 22 : biochanin A, 
23 : naringenine, 24 : hesperetine, 25 : hesperidine, 26 : 4-hydroxycoumarine, 27 : esculine, 28 : morine, 29 : vanillin 
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4. Conclusions 
 
The crosslinking monomer in the polymerization 

mixture significantly affects chromatographic efficiency. 
Capillary monolithic columns prepared by using 
dioxyethylene dimethacrylate and bisphenol A glycerolate 
dimethacrylate provide efficiency up to 70 000 plates per 
meter. These columns have excellent repeatability of 
preparation and long stability. Optimized columns were 
used in the first dimension of two-dimensional 
chromatography for separation of complex mixture of 
phenolic compounds4. 
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3. Results and discussion 
 
The height equivalents of a theoretical plate, HETP 

(analyte: toluene, 95 % acetonitrile, linear velocity 
0.5 mm s–1) were compared for seven different 
crosslinking monomers. Columns prepared by using 
polymethylene methacrylate crosslinking monomers 
provide the HETP between 20 m and 26 m. Better 
efficiency, H = 16.5 m, in comparison with EDMA, 
BUDMA, and HEDMA were achieved on the prepared 
using DiEDMA and BIGDMA crosslinker3. The properties 
of the columns were highly reproducible with the relative 
standard 0.5–1.3 % for the elution volemes on the columns 
prepared. The columns show dual retention mechanism, 
which allows separations both in HILIC and RP mode 
(Fig. 2). Capillary monolithic columns, prepared in silica 
capillaries with id 0.53 mm, were used in the first 
dimension of two-dimensional liquid chromatography, in 
combination with core-shell non-polar columns in the 
second, RP dimension, for separation of complex mixture 
of phenolic compounds4. 
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1. Introduction 

 
The prevalence of obesity continues to increase 

worldwide1. Because obesity is associated with a number 
health-related problems as well as a shortened life span, 
treating obesity is an important clinical concern2. Although 
various treatments are currently available, many are not 
efficacious in the long term3. Therefore, additional medical 

treatment options for morbidly obese individuals must be 
explored. In this study, we examined the effects of the 
intragastric balloon MedSil® on anthropometric measures 
and hormones associated with lipid and energy 
metabolism. 

 
 

2. Experimental 
 
Twenty-two obese patients (the group comprised 8 

male and 14 female subjects, BMI > 30 kg m–2) underwent 
insertion of the intragastric balloon MedSil® following 
a clinical exam, body composition scan and collection of 
blood samples. Three and six months following 
implantation of the balloon, additional serological 
measures was taken. Serum concentrations of the 
following substances were assayed: glucose, 
triacylglycerols, total cholesterol, and high-density 
lipoprotein and low-density lipoprotein cholesterol (AU 
5420, Beckman Coulter, Inc., Brea, CA, USA). To reduce 
analytical variation, hormones and cytokines of fat tissue 
from all patients were analyzed in the same run. Blood 
samples were kept at −80 °C until the time of analysis. 
Serum levels of ghrelin, leptin, adiponectin and FGF19 
were analyzed by ELISA assay (Biovendor – Laboratorni 

CHANGES IN LIPID METABOLISM AND HORMONES INVOLVED IN ENERGY 
BALANCE AFTER IMPLEMENTATION OF INTRAGASTRIC BALLOON MEDSIL® 

N = 22 Baseline 6 months P-value 

Fasting glucose [mmol L–1] 5.7 ± 0.6 (4.9–7.0) 5.5 ± 0.7 (4.6–7.8) 0.075 

HbA1c [mmol mol–1] 44 ± 10 (35–71) 39 ± 4,0 (31–50) 0.008 

Cholesterol [mmol L–1] 5.7 ± 0.9 (4.6–8,9) 5.6 ± 1.2 (3.8–8.2) 0.481 

Triacylglycerols [mmol L–1] 2,0 ± 1,0 (0.9–4,9) 1.9 ± 1.4 (0.8–5.7) 0.267 

HDL [mmol L–1] 1.2 ± 0.3 (0.8–1.8) 1.2 ± 0.2 (0.9–1.6) 0.870 

LDL [mmol L–1] 4.1 ± 0.8 (3.1–6.4) 3.9 ± 0.9 (2.3–5.9) 0.106 

Ghrelin [g L–1] 240.5 ± 101.5 
(21.74–380.1) 

335.8 ± 149.2 
(145.0–703.2) 

< 0.002 

Leptin [g L–1] 30.4 ± 17.2 
(6.9–54.5) 

14.9 ± 15.5 
(4.7–50.3) 

< 0.001 

Adiponectin [mg L–1] 17.9 ± 9.0 
(7.0–33.5) 

20.5 ± 10.2 
(5.8–36.2) 

0.285 

FGF 19 [ng L–1] 148.7 ± 132.3 
(42.3–621.0) 

173.6 ± 73.4 
(86.8–340.6) 

0.111 

FGF 21[ng L–1] 68.2 ± 48.1 
(6.0–151.9) 

49.9 ± 56.8 
(3.0–204.0) 

< 0.002 

Table I 
Overview of measured serum parameters  

Data are expressed as mean ± SD. P-values refer to significantly different values between baseline and 6 months following 
surgery (F-test) 
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medicina, Czech Republic). FGF21 was determined by a 
multiplex assay (Biovendor-Laboratorni Medicina) 
performed on a Biocode-100A (Applied BioCode Inc., 
Santa Fe Springs, CA, USA). 

All the statistical tests were evaluated at the 
significance level of 5 %. The Shapiro-Wilk test was used 
to test normality of the data. The effects of gender and 
intragastric balloon in the full model were tested using the 
F-test. The t-statistic was used to test if each particular 
coefficient of explanatory variables was equal to zero. 
These analyses were performed using R software. 

 
3. Results and discussion 

 
Six months following insertion of the MedSil® 

balloon, we observed a significant decrease in glycated 
hemoglobin, but not in fasting glucose, triacylglycerols, 
cholesterol, LDL and HDL cholesterol. Compared with 
baseline levels, ghrelin serum levels were increased 
significantly, while leptin, FGF21 levels significantly 
decreased, 6 months after balloon insertion. The data of 
measured serum parameters are summarized in Table I. 

There are few available reports on the effect of gastric 
balloons on hormonal regulation in patients with morbid 
obesity4–6. Two of the hormones that seem to play an 
important role in the regulation of food intake and body 
weight are leptin and ghrelin. Ghrelin, which is secreted 
mainly by the stomach, acts as an orexigenic molecule. 
The effect of leptin, produced by adipocytes, is opposite to 
that of ghrelin; in other words, leptin acts as an 
anorexigenic molecule. Leptin is proportionally released to 
the amount of fat stored in the white adipose tissue and 
acts in hypothalamic suppression of food intake and 
increase in energy expenditure7. In the present study, 
ghrelin serum levels were increased significantly, while 
leptin levels significantly decreased, 6 months after 
balloon insertion. These findings are in concordance with 
the data obtained by other authors4,5,8. Six months 
following the intragastric balloon insertion we found 
a significant decrease in FGF21 levels, but not in FGF19 
levels. FGF21 was considered a metabolic hormone 
regulated by nutritional status, with beneficial effects on 
glucose homeostasis and lipid metabolism in animal 
models9. In humans, increased FGF21 levels are associated 
with obesity in both children10 and adults11 indicating 
a connection between FGF21 and body fat mass. Studies 
that have analyzed the response of FGF21 to weight loss in 
humans have shown controversial findings. Mai et al.12 
showed that moderate weight loss (~5 kg) induced no 
changes in FGF21 levels in 30 obese subjects following a 
hypocaloric diet and physical activity regimen for six 
months. The same results were published in 23 non-
diabetic, morbidly obese subjects 1 year after laparoscopic 
Roux-en-Y gastric bypass and laparoscopic sleeve 
gastrectomy13. However, a recently published work 
describes significant decreases in levels of FGF21 in 17 
obese females undergoing laparoscopic sleeve 
gastrectomy14, which is in accordance with our results. 

4. Conclusion 
 
The MedSil® intragastric balloon is a safe and 

effective treatment for morbid obesity, with positive 
effects on glucose homeostasis and the molecules 
regulating lipid and energy metabolism. 
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