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Analytical techniques

• trend to miniaturization (e.g. UPLC, CE, CEC, nano-LC, “lab on a chip”) 

• established versus innovative

• novel approaches suitable for routine analysis (?)

Symposium Erlangen October 2011

Electrophoretic techniques

• gel electrophoresis 

• capillary electrophoresis

• capillary electrochromatography
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cation
25 kV

CE

Capillary electrophoresis (CE, HPCE)

• separations in silica capillaries (50 to 75 µm ID) 

• different modes (aqueous, NACE, MEKC)

• advantages: high separation efficiency, versatility, economic use

• disadvantages: sensitivity, reproducibility
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Micellar electrokinetic chromatography (MEKC)

• for separation of neutral (and charged) analytes

• cationic / anionic tensides, CMC

• pseudostationary phase

• advantage: high efficiency, low solvent consumption

• disadvantage: reproducibility, sensitivity
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CE-MS

CE-ESI-MS Interface
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Capillary electrochromatography

• capillaries (100 µm or smaller ID) filled with stationary phase

• hybrid technique (EOF and stationary phase)

• advantage: versatility, high efficiency, low solvent consumption

• disadvantage: reproducibility, sensitivity, few applications

CEC
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CEC separation materials

• packed capillaries (regular HPLC material, 2-5 µm; frits!)

• open tubular columns

• monolithic materials (silica or polymer based)

CEC
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air-cooled column cartridge

CE
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HP 3D CE system, Agilent
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Leontopodium alpinum
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family: Asteraceae

origin: Alps, Switzerland, Austria

part used: aerial parts

indications: diarrhoea, bronchitis and fewer 

constituents: sesquiterpenes, polyacetylenes, 

flavonoids, phenolic acids
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10Application MEKC

MEKC-conditions : capillary: bare
fused silica, 50 µm ID, 52 cm
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fused silica, 50 µm ID, 52 cm
effective length; buffer: 60 mM
sodium tetraborate solution, adjusted
to pH 6.75 with 0.1 % H3PO4,
containing 50 mM SDS and 35 %
ACN; voltage: 30 kV; temperature: 40
°C; detection: 254 nm; sample
injection: hydrodynamic mode, 50
mbar for 4 seconds

Ganzera et al., Electrophoresis, submitted August 2011.
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Flavonoids and phenolic acids in different L. alpinum samples

flavonoids
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Eleutherine americana
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family: Iridaceae

origin: southeast Asia, Thailand

part used: bulb

indications: diuretic, coronary diseases, cold

constituents: naphthoquinone derivatives
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Established HPLC method
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LC-conditions : column: Synergi MAX-RP, 150 x 4.6 mm, 4 µm; mobile phase: water (A), acetonitrile (B); gradient: 15 B in 10 min to 30 B, in 
10 min to 50 B, in 10 min to 80 B; flow: 1.0 ml/min; sample: 10 µl; temperature: 40 � C; 254 nm

Paramapojn et al., J. Pharm. Biomed. Anal. 47 (2008) 990-993
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Development of MEKC method

Challenges

• most analytes are neutral

• solubility of compounds in aqueous systems

• eleutherin and isoeleutherin are isomers

MEKC

solvent in buffer

cyclodextrins

Application CE / CEC

Symposium Erlangen October 2011

0

5

10

15

20

25

30

35

0 25 50 75 100

sodium cholate (mM) 

re
so

lu
tio

n

1-2

2-3

3-a

a-4

4.5



15

0

2

4

6

8

10

12

14

16

18

no solvent THF 20 % MeOH 20 % EtOH 20 % ProOH 20% ACN 20 %

re
so

lu
tio

n

1-2 2-3 3-a a-4 4-5

7,00

8,00
 1-2  2-3  3-a  4-5

influence of solvent

Application CE / CEC

Symposium Erlangen October 2011

0,00

1,00

2,00

3,00

4,00

5,00

6,00

7,00

8,50 9,00 9,25 9,50 9,75 10,00 10,50

pH-value

re
so

lu
tio

n

influence of pH

Addition of cyclodextrins did not enable separation  of 2 and 3 !!
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Optimized MEKC method

1 eleuthoside B
2 isoeleutherin
3 eleutherin
4 eleutherol
5 eleutherinoside A

Application CE / CEC
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min4 6 8 10 12 14

5 eleutherinoside A

MEKC-conditions : capillary: bare fused silica, 75 µm ID, 52 cm effective length; buffer: 25 mM sodium tetraborate solution, adjusted to pH 
9.75 with 0.1 N NaOH, containing 50 mM sodium cholate and 20 % THF; voltage: 25 kV; temperature : 35 °C; detection: 254 nm; sample 
injection: hydrodynamic mode, 50 mbar for 2 seconds
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Development of CEC method

1) Selection of monolithic phase (methacrylates, ac rylates)

• hydrophilic (glycidyl methacrylate, ethylene dimethacrylate)

• hydrophobic (butyl methacrylate, ethylene dimethacrylate)

• cationic ((acryloxy)ethyltrimethyl ammonium chloride, butanediol 

diacrylate)

Application CE / CEC
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diacrylate)

2) Selection of mobile phase

• type of electrolyte

• pH value

• molarity

• organic solvent

0

0,2

0,4

0,6

0,8

1

1,2

1,4

4,5 6,6 8,1

pH

re
so

lu
tio

n

 1-5  2-3



18

mAU

0
5

10

mAU

0
50

100

mAU

0
20
40
60

mAU

60 % ACN

70 % ACN

80 % ACN

Influence of acetonitrile concentration

Application CE / CEC
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3) Other settings

• voltage and temperature with impact on separation time, not resolution
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Optimized CEC method

1 eleuthoside B
2 isoeleutherin
3 eleutherin
4 eleutherol
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4 eleutherol
5 eleutherinoside A

CEC-conditions : stationary phase: acrylate monolith with cationic properties; capillary: bare fused silica, 100 µm ID, 35 cm effective length;
buffer: 3 mM ammonium formate solution (pH 6.6) containing 70 % ACN; voltage: - 25 kV; temperature: 25 °C; detection: 254 nm; sample 
injection: electrokinetic mode, - 10 kV for 6 seconds; both vials pressurized with 8 bar during analysis

min2 4 6 8 10 12

20

Ganzera et al., Electrophoresis 30 (2009) 3757-3763
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Sample: methanolic extract 
of E. americana bulbs
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method  compound  correlation coefficient  linear range (µg/ml)  LOD (µg/ml)  LOQ (µg/ml)  recovery 

MEKC 1 0.999 20 - 540 5 16 96.5 – 100.5 % 

 2 0.998 20 - 540 4 13 n.d. 

 3* - - - - n.d. 

 4 0.999 20 - 540 5 16 99.4 – 102.7 % 

 5 0.999 20 - 540 5 15 n.d. 

CEC 1 0.998 15 - 480 2 8 97.1 – 103.5 % 

 2 0.999 15 - 480 4 15 n.d. 

Validation data

Application CE / CEC
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 2 0.999 15 - 480 4 15 n.d. 

 3 0.997 15 - 480 8 25 n.d. 

 4 0.998 15 - 480 5 16 98.6 – 103.4 % 

 5 0.999 15 - 480 2 7 n.d. 

HPLC 1 0.999 7 - 227 0.4 1.5 98.4 – 102.6 % 

 2 0.999 6 - 203 0.4 1.3 96.3 – 100.5 % 

 3 1.000 7 - 214 0.8 2.8 97.1 – 102.5 % 

 4 0.999 7 - 233 0.5 1.5 96.8 – 101.9 % 

 5 1.000 6 - 201 0.4 1.3 96.4 – 103.5 % 

* co-eluted with compound 2  n.d.  not determined 
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Sample  Method eleuthoside B isoeleutherin eleutherin eleut herol eleutherinoside A Total 

EA-1 MEKC 0.12 (1.02) 0.08 (1.45) -* 0.10 (1.35) 0.03 (0.42) 0.33 

 CEC 0.13 (0.48) 0.03 (0.24) 0.03 (0.01) 0.09 (0.28) 0.04 (0.24) 0.32 

EA-2 MEKC 0.09 (1.04) 0.11 (0.56) -* 0.11 (0.61) 0.03 (1.99) 0.34 

 CEC 0.10 (1.27) 0.03 (2.08) 0.05 (1.68) 0.10 (0.22) 0.03 (0.71) 0.32 

EA-3 MEKC 0.13 (1.51) 0.14 (0.66) -* 0.14 (0.87) 0.05 (0.72) 0.46 

 CEC 0.13 (0.52) 0.05 (0.88) 0.07 (0.08) 0.11 (0.50) 0.05 (0.33) 0.41 

EA-4 MEKC 0.06 (1.36) 0.12 (2.43) -* 0.16 (1.28) 0.04 (0.69) 0.38 

Quantitative results

Application CE / CEC
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EA-4 MEKC 0.06 (1.36) 0.12 (2.43) -* 0.16 (1.28) 0.04 (0.69) 0.38 

 CEC 0.09 (2.02) 0.04 (0.54) 0.06 (0.74) 0.18 (2.21) 0.04 (1.06) 0.41 

*co-eluted with 2, thus values for 2 reflect sum of both compounds 

sample EA-1
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Lupinus species

family: Fabaceae

Application NACE / CE/MS
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family: Fabaceae

origin: Mediterranean region, Latin America

part used: seeds (some as food)

constituents: proteins, quinolizidine alkaloids

method of analysis: GC
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NACE

non aqueous CE

buffer in organic solvent

sparteine (1)
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Application NACE / CE/MS
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Ganzera et al., J. Pharm. Biomed. Anal. 53 (2010) 1231-1235.
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CE-MS

Application NACE / CE/MS

CE-conditions : fused-silica 
capillary 60 cm x 50 µm ID; 
(MS: effective length 90 cm); 
100 mM ammonium acetate in 
MeOH/ACN/water (72/18/10) 
with 1 % HOAc; hydrodynamic 
injection at 50 mbar for 2 sec; 
separation voltage: 25 kV; 
temperature: 30 °C; detection 
wavelength: 210 nm

Symposium Erlangen October 2011

MS-conditions : ESI positive; 
sheath gas: 4 psi; dry gas: 4 
l/min; probe temperature: 250 
°C; spray voltage: 4.5 kV; 
sheath liquid: methanol/water = 
1/1, with 0.1 % acetic acid; 
sheath liquid flow rate: 0.20 
ml/h

wavelength: 210 nm
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Species Sparteine Lupanine Angustifol. 13-OH Lup. Others* �  of alkaloids

L. albus - 1.47 (0.46) 0.59 (0.20) 0.21 (1.59) albine: 0.08 (0.49) 2.35

L. arboreus 2.28 (1.26) 0.17 (0.41) - - 2.45

L. densiflorus - 0.02 (1.39) 0.01 (2.55) 0.02 (2.31) cytisine: 0.11 (1.56)

anagyrine: 0.02 (0.08)

methylcytisine: 0.51 (3.93)

0.69

Quantitative results (in percent; relative standard deviation in parenth esis)

Application NACE / CE/MS

Symposium Erlangen October 2011

L. exaltatus - 0.89 (0.56) 1.25 (0.10) 0.03 (1.23) 2.17

L. hartwegii 0.18 (0.10) 0.79 (2.91) 1.17 (1.29) 0.04 (0.33) 2.18

L. microcarpus 0.10 (0.37) 0.02 (1.84) - - anagyrine: 0.08 (0.96)

methylcytisine: 0.22 (1.90)

0.42

L. polyphyllus - 1.08 (0.62) 3.28 (0.93) 0.77 (0.78) 5.13

* tentatively identified based on MS data, quantified like lupanine
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Conclusions

CE / CEC HPLC
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… and the winner is ??

versatility
speed

sensitivity
reproducibility (column to column)

CE / CEC
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speed
ease of preparation (monoliths)
high efficiency
enormous potential
cost of analysis

reproducibility (column to column)
handling
few CEC materials available
few applications
tedious sample preparation

Type of analytes and separation requirements 
will be crucial factors for decision.
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Thank you for your attention.


