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Scalable Technology for the Extraction of Pharmaceu tics (STEP):  
the transition from academic knowhow to industrial reality 

 

Ian Sutherland 1,*, Svetlana Ignatova 1, Peter Hewitson 1, 
 Lee Janaway 2, Philip Wood 2, Neil Edwards 2, Hacer Guzlek 2, David Keay 2,  

Keith Freebairn 3, David Johns 3, Nathalie Langdale 3, Chris Thickitt 3, Elsa Vilminot 3, 
Ben Mathews 4 

1,* Brunel Institute for Bioengineering, Brunel University, Uxbridge, UB8 3PH, UK, 
 Tel: +44(0)1895 266920, Fax:+44(0)1895 274608, ian.sutherland@brunel.ac.uk 

2 Dynamic Extractions Ltd, 890 Plymouth Road, Slough, UK 
3 GlaxoSmithKline, Stevenage, UK 

4 Pfizer, Sandwich, UK 
 
 
 

Keywords: Pharmaceutical, Extraction, Scale-up, Counter-current Chromatography, High Value 
Manufacturing, Solvent Systems 

 

 

The manufacture of high value pharmaceutical products, whether from natural products, 
fermentation processes or chemical/biochemical synthesis, involves multiple, down stream 
processing steps (often using generic equipment common to various pharmaceutical indutries) 
before a pure product is obtained.  The plant involved is highly capital intensive and major change 
comes at a high cost, even if efficiency is vastly improved. Waste and its disposal are economically 
and environmentally challenging issues. In this research and development programme we plan to 
develop small footprint, versatile, continuous manufacturing technology and methodologies which 
can be inserted into existing process plant and systems and, as a scalable continuous process.  
 
The product is always maintained in an easily managed liquid stream which is able to cope with 
crude extracts and particles without any pre-conditioning, thus reducing the number of processing 
steps and leading to highly efficient, and environmentally friendly production processes with no 
expensive solid support materials easily recycled liquids.  The basic science, developed with 
industry and supported by the Research Councils,  has already been successfully demonstrated; 
scale up is feasible in batch and continuous process mode at the laboratory and pilot scale and the 
technology is now at readiness level 3.  This development programme is driven by the needs of the 
pharmaceutical industry and integrates technology providers and the scientific development team, 
addresses major production challenges and aims to provide a flexible, low capital change to 
production processes.  
 
This £1.5m user driven research programme [1] part funded by industry and part funded by the UK 
government started in September 2009 and is proceeding well with a number of user driven 
applications in its portfolio with 100% success rate so far.  It has also identified a few hurdles that 
could delay the uptake of the technology  if not addressed urgently by the scientific and industrial 
community involved in the development of the technology.  While there will be limitations from a 
commercial confidentiality point of view on what can be exposed, the research challenges will be 
presented along with summary results. 
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Using the liquid nature of the stationary phase in CCC 

Alain Berthod*, Yi Feng Li and Nazim Mekaoui 

*Laboratoire des Sciences Analytiques, Université de Lyon, CNRS, Batiment CPE, 69622 Villeurbanne, 
France, e-mail: berthod@univ-lyon1.fr; fax 33 472 448 296 

 

Keywords: liquid properties, countercurrent chromatography, elution-extrusion, dual mode, back extrusion 

 

 
The liquid state of the stationary phase in countercurrent chromatography (CCC) is the characteristic feature 
of the technique.  It was shown the this feature has tremendous advantages that justify the great effort 
needed to obtain a stable and liquid stationary phase in chromatography. 
 
The main advantage of the liquid stationary phase is loadibilty.  The solutes to be separated have access to 
the volume of the stationary phase rather than just its surface as it is with any solid stationary phase.  CCC is 
mainly a preparative technique. 
 
The next huge advantage is sample recovery.  Irreversible adsorption in the stationary phase does not 
belong to CCC.  If part of the injected sample is too strongly retained by the liquid stationary phase, it will be 
easy to recover that part of the sample by emptying the column. 
 
The dual-mode method was introduced long time ago.  It allows for full recovery of the injected sample by 
changing both the phase flow direction (haid�tail becomes tail�head or vice versa) and the phase nature 
(the mobile lower phase is switched for the stationary upper phase, or vice versa). 
 
The elution-extrusion method was more recently introduced, consisting in extruding the column content after 
a selected time of classical elution.  The CCC column is cleaned by the stationary phase being ready to start 
over after the separation.  The back-extrusion method was also described as the last logical step in the use 
of all possible elution modes using the liquid nature of the stationary phase in CCC. 
 
The four possible modes are compared in term of separation, resolution, experiment duration and ease of 
procedure using a hypothetical mixture and computing the data. 
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Two-Dimensional CCC: 1 st Traditional CCC, 2 nd pH-zone-refining CCC   

Ruilin Hu, Xiaojing Dai, Xia Xu, Yuanjiang Pan* 

Department of Chemistry, Zhejiang University, Hangzhou 310027, China 
*Correspondence address: Tel: +86 571 87951264; fax: +86 571 87951629. Email: 

panyuanjiang@zju.edu.cn 
 

Keywords: Countercurrent chromatography; Multiple-Dimensional technique; PH-zone-refining; Reversed 
phase  

 

 
Countercurrent chromatography (CCC) is an effective preparative separation technique and 

extremely useful for the isolation and purification of natural products. It is common that some peaks were 
overlapped in CCC separation, when analyzing an extremely complex sample. To our knowledge, there are 
several approaches to solve this problem: (1) Hyphenated technology. Some other separation techniques 
are used in the subsequent separation, such as reversed phase liquid chromatography (RPLC), supercritical 
fluid chromatography (SFC) and thin layer chromatography (TLC); (2) Off-line CCC method. The target peak 
fraction is pooled, dried and rechromatographied with another solvent system; (3) Two-dimensional (2D) 
CCC method. As the first two approches require individual separation procedure and time, 2D CCC method 
becomes the best choice to deal with the problem.  
 

2D chromatography technique can provide extremely higher resolving power and peak capacity 
compared with the one-dimensional technique. To further improve the separation efficiency, multiple-
dimensional CCC technique has been developed in recent years. Yang was the pioneer reseracher and first 
developed a multidimensional CCC method to accomplish simultaneously separation of three flavone 
aglycones[1]. So far, our group established a customized 2D-CCC system based on the use of an upright 
CCC instrument (VC= 1600 mL) in the first dimension and a semi-preparative CCC instrument in the second 
dimension (Vc= 140 mL), [2, 3]. Recently, an intergrated online column-switching countercurrent 
chromatography system using solid-phase trapping/preconcentration interface was applied to avoid large 
volume injection in the second dimension [4]. 
 

One of the requirements of 2D technique is that the separation mechanism should be orthogonal. 
The hydrophobicity plays an important role in the traditional CCC method using the biphasic liquid solvent 
system without additives. The solutes elute with different retention times according to their hydrophobicity. 
However, in pH-zone-refining CCC method, pKa values of solutes play an important role in the separation 
procedure. The separation mechanism of the above two methods are different. Therefore, a 2D-CCC system 
is constructed based on the use of traditional CCC elution mode in the first dimension and pH-zone-refininng 
CCC method in the second dimension [5]. The compounds with similar partition coefficient in the overlapped 
peak may be seprated in the second dimension due to their different pKa values. A traditional Chinese 
medicine is evaluated by this 2D-CCC system. The results exhibited that the solutes in the overlapped peaks 
were well separated in the second dimension. Although more efforts should be paid on this project, we 
believe this 2D-CCC method will become a promising approach to analyze complex mixtures, especially for 
natural products. 
 
 
Acknowledgement 
Y.P. thanks the National Science Foundation of China for Grant 20775069, Ministry of Education of China for Grant 
NCET-06-0520 
 
[1] F. Yang, J. Quan, T.Y. Zhang, Y. Ito, J. Chromatogr. A 803 (1998) 298. 
[2] Y. Lu, C. Sun, R. Liu, Y. Pan, J. Chromatogr. A 1146 (2007) 125. 
[3] Y. Lu, C. Sun, Y. Wang, Y. Pan, J. Chromatogr. A 1151 (2007) 31. 
[4] Y. Lu, R. Hu, Y. Pan, Anal. Chem. 2010, 82, 3081 
[5] R. Hu, Y. Pan, Unpublished results 
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A new versatile process for purification of ionisab le compounds using 
Centrifugal Partition Chromatography  
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John Mc Garrity 2, Jean-Hugues Renault* 1 

1. Institut de Chimie Moléculaire de Reims UMR CNRS 6229, Equipe Isolement et Structure; IFR 53 
Interactions Cellules Microenvironnement, University of Reims Champagne-Ardenne, France 

2.Lonza AG,Walliser Werke, Lonzastrasse, 3930 Visp, Switzerland 
  

* Université de Reims Champagne Ardenne, Institut de Chimie moléculaire de Reims (ICMR) UMR CNRS 
6229, UFR Sciences exactes et naturelles, BP 1039, 51687 Reims cedex 2, France; Fax: 03.26.91.31.66; 

jh.renault@univ-reims.fr 
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 Centrifugal Partition Chromatography (CPC) is a support free chromatographic technique that is 
mainly involved in phytochemical studies.1 The introduction of the so-called displacement mode has enriched 
the scope of CPC to the easy and efficient purification of ionic or ionizable compounds such as alkaloids, 
organic acids, glucosinolates, heparins, etc… 
In this framework, we have developed a new preparative method for the purification of hydrophilic ionic 
molecules. It is based on strong and/or weak ion-exchange CPC.  
In order to combine the advantages of ion-exchange chromatography and of support-free liquid-liquid 
techniques, a lipophilic cation was selected as a strong anion-exchanger. Lipophilic ion pairs are generated 
by its association with hydrophilic anionic analytes that are thus captured by the organic stationary phase. 
After the injection step, the displacer is pumped through the stationary phase in order to selectively release 
the analytes in the aqueous mobile phase as an isotachic compound train (figure 1).  
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Figure 1: Isotachic train of glucosinolates, natural hydrophilic and anionic compounds that contain 
a β-D-thioglucoside-(Z)-N-hydroxyiminosulfate functional group. 

 
 In order to understand which process really take place during these purifications and then to 
determine the limiting factors of their industry-scale deployment, a fundamental study of the intervening 
physicochemical parameters was achieved. The interactions that are involved during the transfer of the 
analytes between the stationary and mobile phases were studied by DOSY NMR experiments. 
 The innovative chromatographic process we report here has proved to be highly efficient at many 
steps of bioactive compound purification, with particularly promising results for capture or polishing. 
   
1. Pauli, G. F.; Pro, S. M.; Friesen, J. B., Journal of Natural Products 2008, 71 (8), 1489-1508. 

2. Toribio, A.; Nuzillard, J.-M.; Pinel, B.; Boudesocque, L.; Lafosse, M.; Poype, F. D. L.; Renault, J.-H., Journal of Separation 

Science 2009, 32, (11), 1801-1807. 
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Gradient elution in CCC: a new layout for an old pa th 
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Counter-current chromatography (CCC) has frequently been exploited for applications to isolate active 
ingredients from various natural products; however, very little research has been done from the small 
synthetic molecule point of view. Recent developments in high “g-field” centrifuges and scale-up have 
demonstrated that CCC can effectively compete with HPLC for preparative and pilot scale separations by 
homing in on one or two components from a complex, crude mixture. However, to make CCC more effective 
for drug discovery, further research on rapid method development and fast complex mixture separations is 
urgently needed.  
 
 
A successful CCC separation relies on the choice of an appropriate immiscible solvent system. Compared to 
solid-support chromatography, the selection of CCC solvent systems is equivalent to simultaneously 
choosing both the solid column matrix and the mobile liquid phase. There are a variety of appropriate 
immiscible solvent systems available; one of the most commonly used is a mixture of heptane , ethyl acetate 
, methanol  and water in different ratios, often referred to as the HEMWat or Arizona system. The suitability 
of the solvent system is empirical and generally estimated by its key parameter - the partition coefficient (Kd) 
of the target compound(s). In case of a complex mixture, the whole selection process is by trial-and-error, 
and is therefore time consuming. 
 
 
One approach to overcome this challenge is gradient elution. Use of this methodology is common in 
reversed phase HPLC, whereas the use of gradients in CCC is rare and limited by lack of knowledge and 
lack of systematic research. Common gradient systems transferred from HPLC to CCC include a stepwise 
flow gradient, a temperature gradient, and stepwise and linear gradients of mobile phase components. 
However, all these examples have been used for “one-off” natural product separations. 
 
 
In this work, we have exploited the liquid nature of both stationary and mobile phases in CCC, which gives us 
a unique opportunity to use novel types of solvent gradients – rough, intermediate and smooth. Changing the 
mobile phase composition resulted in increased or decreased elution times for the various target 
components in a complex mixture, due to a change in the polarity of the liquid phases. As a result, the 
separation time can vary depending on the choice of target. The correlation between Kd and elution profiles 
for complex model systems, with various gradient types, will be presented. 
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Building up the separation of enantiomers by CCC/CP C: the case of (±)-
N-(3,4-cis-3-decyl-1,2,3,4- tetrahydrophenanthrentetrahydrophenanthrentetrahydrophenanthrentetrahydrophenanthren----4444----yl)yl)yl)yl)----3,53,53,53,5----dinitrobenzamidedinitrobenzamidedinitrobenzamidedinitrobenzamide 

Núria Rubio, Cristina Minguillón* 

 
*Parc Cientific de Barcelona (PCB), Baldiri Reixac 10, E-08028-Barcelona, Spain. 
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Diagonal s/n, E-08028- Barcelona, Spain 

*fax: +34 93 403 71 04, cminguillon@pcb.ub.es 
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ABSTRACT Preparative liquid chromatography has become a widely accepted technique in the production 
of enantiomerically pure substances [1]. In this context, the preparative application of CCC offers the 
possibility to become an economically favorable alternative to Simulated Moving Bed (SMB) in the production 
of enantiomers [2]. Enantioseparation by CCC involves the addition of a suitable Chiral Selector (CS) to one 
of the phases of the biphasic solvent system [3]. The phase containing the CS is used as the stationary 
phase in the chromatographic system. To be applicable to preparative purposes the CS must be fairly 
soluble in these conditions as loadability and also enantioselectivity, are dependent on the amount of CS 
involved in the separation [4-6]. In addition, the CS should maintain its enantiorecognition capacity in the 
liquid phase. 
 Among the number of chiral stationary phases (CSPs) for HPLC enantioseparation existing on the 
market, Whelk-O® CSP, commercialized by Regis Technologies, has shown an outstanding applicability. 
This CSP, which contains a low molecular weight CS, was originally designed by Pirkle and Welch for the 
chiral separation of underivatized non-steroidal anti-inflammatory drugs (NSAID) such as naproxen [7,8]. 
Later it has been successfully applied to the separation of a wide variety of racemates [9]. 
 In the research for new CSs applicable to CCC/CPC enantioseparations, the CS contained in Whelk-
O® CSP was considered to be a good candidate. To retain the CS in the organic phase of an 
organic/aqueous solvent system during CCC/CPC operation, the introduction of an aliphatic chain in the 
structure of the compound was considered. Therefore the synthesis of 1, an analogue of the CS in the 
Whelk-O® CSP, was undertaken. The synthetic path followed led to racemic (±)-1. Therefore, a final 
enantioseparation step was required to obtain the enantiomerically pure compound. Herein we describe the 
separation of (±)-1 enantiomers by centrifugal partition chromatography (CPC) [10]. The search for an 
adequate CS and solvent system for this separation together with the optimization of conditions, in terms of 
CS concentration and loadability of the resulting chromatographic system, will be discussed.  
 
[1] S. Andersson, in: G. Subramanian (Ed.), Chiral Separation Techniques. A 
Practical Approach, Wiley-VCH, Germany, 2006 (Chapter 17). 
[2] P. Hewitson, S. Ignatova, H. Ye, L. Chen, I.A. Sutherland, J. Chromatogr. A 
1216 (2009) 4187. 
[3] E. Pérez, C. Minguillón, in: G. Subramanian (Ed.), Chiral Separation 
Techniques. A Practical Approach, Wiley-VCH, Germany, 2006 (Chapter 11). 
[4] Y. Ma, Y. Ito, Anal. Chem. 67 (1995) 3069. 
[5] P. Franco, J. Blanc, W.R. Oberleitner, N.M.Maier, W. Lindner, C. Minguillón, 
Anal. Chem. 74 (2002) 4175. 
[6] E. Pérez, C. Minguillón, in: G. Subramanian (Ed.), Chiral Separation 
Techniques. A Practical Approach, Wiley-VCH, Germany, 2006 (Chapter 11). 
[7] W.H. Pirkle, C.J. Welch, J. Liquid Chromatogr. 15 (1992) 1947. 
[8] W.H. Pirkle, C.J. Welch, B. Lamm, J. Org. Chem. 57 (1992) 3854. 
[9] C.J. Welch, J. Chromatogr. A 666 (1994) 3. 
[10] N. Rubio, C. Minguillón, J. Chromatogr. A 1217 (2010) 1183. 
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The coil planet centrifuge, which was originally developed in 1965 for the separation of lymphocytes, 

was found to be capable of performing efficient counter-current chromatographic separation of various 
samples with two-phase solvent systems in a closed coiled tube.  During 1970s various types of flow-through 
coil planet centrifuge systems have been developed, which can perform chromatographic separation of 
analytes in the coiled tube as in conventional liquid chromatography, but without using a solid support.  In 
late 1970s the horizontal flow-through coil planet centrifuge was developed for performing counter-current 
chromatography (CCC) based on the type-J planetary motion in which the inverted vertical column rotates 
synchronously with the revolution around the central axis of the apparatus. In this system, however, retention 
of the stationary phase was always limited to less than 50% of the total column capacity. This problem was 
solved by an incidental observation. When the coiled tube was mounted coaxially around the column holder 
hub in this system, it was found that the two phases enclosed in the coiled tube quickly moved counter-
currently to form a bilateral hydrodynamic distribution where one phase entirely occupied the head side and 
the other phase the tail side.  Here, the head–tail relationship is defined by an Archimedean screw effect 
where all materials either lighter or heavier than the suspending medium are driven from the tail toward the 
head of the coil.  

 
This unique hydrodynamic motion of the two phases permitted retention of a large volume of the 

stationary phase in a multilayer coiled column under a high flow rate of the mobile phase. Because of its high 
partition efficiency attained in a short separation time, the method was named “high-speed counter-current 
chromatography (HSCCC)” and has been widely used for separation of natural and synthetic products. 
During 1990s a large-preparative method called pH-zone-refining CCC was developed for separation of ionic 
compounds which increased the maximum sample loading capacity by over 10 folds in the standard 

separation column. Since the 
early 2000, a spiral column 
assembly has been developed 
to improve the retention of the 
polar solvent systems 
including polymer phase 
systems which are useful for 
separation of biopolymers 
such as proteins and nucleic 
acids. Recently, mixer-settler 
CCC has been developed to 
improve the protein separation 
with a polymer phase system 
by inserting mixing glass 
beads in the barricaded spiral 
channel (Fig. 1). 
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In order to observe the two phase behavior in the hydrodynamic countercurrent chromatograph (CCC), a 
small wireless CCD camera was set on the rotating frame near the surface of the column.  Heptane was 
used as the stationary phase in the heptane–aqueous two liquid phase system.  Air was used as the 
stationary phase in the gas-aqueous system for separation and enrichment of small particulate matter in the 
column. The following results were obtained after observation at various operating conditions.  
 
 1. In the 5 mm i.d. tube, as the rotation speed increased, the heavier phase was separated downward 

and distributed on the outer side in the tube by the centrifugal force. 
 
 2. Pulsatory movement of the stationary phase synchronously to the revolution cycle was observed. 
 
 3. When air was used as a stationary phase in the air-water system, the iron colloid particles introduced 

into the column were efficiently concentrated at the interface of the air and water. The optimum 
conditions (maximum concentration index) were found at a flow rate of 20-23 ml/min and at about 200 
rpm of counterclockwise rotational speed in the head to tail elution mode. 

 
 4. In the range of rotation speed at 0-300rpm, the stationary phase, either heavier or lighter phase, 

usually moves toward the head of the column.  However, in our studies at around 100 rpm, the stationary 
air phase moved toward the tail in the air-water system.  
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FD&C Blue No. 2 (B2, Indigotine, Colour Index 73015) and D&C Red No. 17 (R17, Sudan III, 
Colour Index 26100) are color additives used in food (B2), drugs (B2, R17), cosmetics (R17), and 
medical devices (B2, R17) in the United States. Before they may be used as color additives, B2 
and R17 are subject to batch certification by the U.S. Food and Drug Administration (FDA) to 
ensure compliance with certain chemical specifications. In the quest for reference standards for the 
development of high-performance liquid and thin-layer chromatographic methods of analysis for 
FDA batch certification, components of these color additives were isolated by counter-current 
chromatography (CCC).  
 
 
Both B2, which is a hydrophilic dye, and R17, which is a hydrophobic dye, were subjected to 
separation using three types of instruments: (i) a type-J coil planet centrifuge with a multilayer coil 
column; (ii) a type-J coil planet centrifuge with a spiral tube assembly column; and (iii) a cross-axis 
coil planet centrifuge with a multilayer coil column. The present study compares the separation 
performance of these three instruments in terms of peak resolution, theoretical plate number, and 
retention of stationary phase using suitable hydrophilic and hydrophobic two-phase solvent 
systems. 
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Rotating coiled columns (RCC) and cartridges of special design are mainly applied to the separation 
of bioorganic and organic substances by countercurrent chromatography (CCC). Nevertheless, CCC has 
also a great potential as a pre-concentration and/or pre-separation technique for various trace and ultratrace 
elements before their instrumental determination. CCC methods for extraction of trace elements from 
digested geological samples have been developed in our laboratory, two-phase liquid systems with different 
solvents and extracting reagents being used. The applicability of CCC to the purification and analysis of salt 
solutions was demonstrated. 

 
A novel approach to the pre-concentration and determination of trace metals in crude and diesel oils 

was recently proposed. An oil sample is continuously pumped through RCC as a mobile phase while an 
aqueous nitric acid solution is retained as a stationary phase. Two phases are kept well mixed and agitated 
without formation of stable emulsion under chosen conditions. Regularities of stationary phase retention of 
two-phase liquid systems (oil/oil products–aqueous solution) in RCC were investigated. It is possible to vary 
the volume of oil samples to be analyzed from 10 mL to 1 L or more. Trace metals are pre-concentrated into 
10 mL of stationary aqueous acidic phase which then pumped out of the column and can be easily 
determined by inductively coupled plasma mass spectrometry without additional sample preparation. This is 
only one of many examples showing an important advantage of CCC. Crude samples of viscous liquids, 
suspensions, polymer solutions, etc., that may plug LC columns, adsorption enrichment cartridges, and 
filters, can be directly injected into RCC, without a risk to plug the column.  

 
It has been shown that RCC can be also used for the separation of both solutes and particles not 

only in liquid-liquid systems but in liquid-solid-liquid and liquid-solid systems as well. The use of a suspended 
particulate matter as the stationary phase offered a series of unconventional promising applications of RCC 
in the analysis of environmental samples. An effective method for the direct recovery of polycyclic aromatic 
hydrocarbons from soils was proposed, organic solvents and their mixtures being used as eluents. A 
continuous-flow method was also developed that enables the fast and efficient fractionation of trace 
elements species in soils and sediments to be achieved. In this case aqueous solutions of mineral salts, 
acids and complexing reagents are used as mobile phase for dynamic leaching of different fractions of trace 
metals and metalloids according to their physicochemical mobility and potential bioavailability. 

 
RCC can be used in a quite new field: for the fractionation of nano and microparticles. The 

centrifugal forces acting on RCC provide different migration speeds of the suspended sample components in 
one carrier fluid (mobile phase). Regularities of the behavior of synthetic silica and latex particles as well as 
polydisperse soil and clay mineral samples in cylindrical columns have been systematically studied. It is 
shown that the properties of particles, physicochemical characteristics of a mobile phase, and operational 
and design parameters of a planetary centrifuge affect significantly the migration of particles. Potential 
advantages of special cone-shaped columns for the fractionation of nanoparticles were evaluated. A principal 
possibility of using RCC in the analysis and production of standard samples of particles was demonstrated. 

 
The developed methods can be further applied to complex multi-component biological, technological, 

and environmental samples and hence look rather promising for the solution of relevant tasks of analytical 
chemistry, geochemistry, oil chemistry, and chemical technology. 

 
The authors are grateful to the Russian Foundation of Basic Research for financial support. 
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A spiral tube column was designed and mounted on a type-J CCC coil planet centrifuge with a 7.0 cm 

revolution radius. The spiral tube support was designed using UG and manufactured by FDM. Each support 
had a four-spiral groove in which a PTFE tube was embedded in order to increase the centrifugal effect by 
the increase of the pitch. The β values range from 0.3 to 0.7. Two columns were connected in seriers to form 
a total capacity of 30 mL. 

A series of solvent systems including moderately polar to polar organic-aqueous solvent systems, and 
aqueous two-phase systems were investigated on this spiral tube column to evaluate its retention ability of 
stationary phase in 8 different elution modes at different flow-rates and different rotation g-levels. The overall 
results suggested that the spiral tube column can produce excellent retention of stationary phase for 
moderately polar organic solvent composed systems, such as heptane-methanol and hexane-ethyl acetate-
methanol-water by eluting lower mobile phase from head (H) to tail (T), and upper mobile phase from tail (T) 
to head (H), for example, about 70% of stationary phase retention can be achieved at a flow rate of 1.0 
mL/min, and 55-60% at 2.0 mL/min. The spiral tube column can also provide satisfactory retention for polar 
to aqueous two-phase systems such as 1-butanol-acetic acid-water and PEG 1000-K2HPO4-water at lower 
flow rate by eluting lower mobile phase from inner terminal (I) to outer terminal (O), and upper mobile phase 
from outer terminal (O) to inner terminal (I), except for U-O-T mode. For butanol system, the retention of 
stationary phase can reach 60% (0.5 mL/min), and for PEG aqueous phase, about 50% (0.5 mL/min). 

When compared with the traditional multilayer coil column at the same elution mode, same flow-rate 
under different g-levels, a significant retention increase (about 1.5 times) was achieved with the spiral tube 
column, especially for polar to aqueous two-phase systems. The stationary phase retention of all the solvent 
systems increased with the increase of g-level and tends to approach a constant value for most of the 
solvent systems when it is above than 110g.  

The preliminary separation of test samples proved that the spiral tube column can produce efficient 
separation for small molecular compounds such as theaflavins (TFs) and anthocyanins with solvent systems 
composed of hexane-ethyl acetate-methanol-water and methyl tert-butyl ether-butanol- acetonitrile-water 
with TFA respectively. Acceptable resolution was also achieved when it was applied for the separation of 
dipeptides including Leu-Tyr and Val-Tyr by using 1-butanol-acetic acid-water (4:1:5, v/v/v) solvent system. 
The proteins including cytochrome C and myoglobin, lysozyme and myoglobin were separated by 12.5% 
PEG1000-12.5% K2HPO4-75% water (pH=9) system. This makes it possible for the separation of 
macromolecules, although it still needs to be modified to improve the retention and mass transfer in highly 
viscous ATPS. 
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Hydrostatic-CCC or CPC deals with a liquid stationary phase which is maintained inside the “column” thanks 
to its density difference with the mobile phase and to the centrifugal acceleration field. The efficiency of this 
kind of process has already appeared to be strongly correlated to the hydrodynamics of the 2 phases in each 
cell volume (Marchal et al., 2000 and 2002). This led the authors to develop new column designs and to get 
a more dispersed mobile phase and a better retention of the stationary one. 
Like in countercurrent extraction or distillation columns, when the flow rates are highly increased, the process 
working point reaches the “flooding point” (where stationary phase retention is no longer possible). This 
event is preceded by the most often encountered “bleeding” conditions where the mobile phase does not 
coalesce efficiently at the outlet of each CPC cell, causing then the drive towards the exit of the stationary 
phase. This phenomenon is of course greatly influenced by the presence of more or less concentrated 
solutes. One solution is then to continuously replace the missing stationary phase by using a 2-ways pump in 
a cocurrent elution mode. Detection problem due to the biphasic exit flow is solved by the use of an ELSD 
(evaporative light scattering detector) as previously mentioned by Berthod et al. (2006). 
The influence of the cocurrent elution on the stationary phase retention, the number of theoretical plates and 
the resolution of the separation will be presented in this work. For example, the separation of hydroxybenzoic 
acids was performed with the Heptane / 1-butanol / water system (5/1/4 v/v.) in the descending mode at 
160g. The partition coefficients are 1.4 and 2.0. The column is a CPC prototype, designed for R&D use with 
only 231 cells for a 280 mL column volume. The mobile phase flow rate is 80 mL/min and the cocurrent flow 
rate is given as a percentage of the mobile phase one (5% i.e. 4 mL/min). 
 

 
 
 
   
 

The results highlight that a slight cocurrent 
elution (5%) enhances the stationary 
phase retention without lack of efficiency, 
leading to an increase of the resolution of 
the separation (lower peak overlapping) ; 
higher cocurrent percentages can lead to 
hydrodynamic changes (and mass transfer 
increase) that can, in some cases, 
balance the loss of resolution due to 
closer peaks. This way to operate CPC 
should be tested with less “stable” biphasic systems than Hep/BuOH/Water. The effect of cocurrent elution 
on both stationary phase retention and resolution should then be more explicit. 
 
References : 
- L. Marchal, J. Legrand, A. Foucault, « Mass transport and flow regimes in centrifugal partition chromatography », AIChE J., vol. 48 
(2002) p. 1692-1704 
- L. Marchal, A. Foucault, G. Patissier, J.M. Rosant, J. Legrand, « Influence of flow patterns on chromatographic efficiency in centrifugal 
partition chromatography », J. Chromatogr. A, vol. 869 (2000) p.339-352 
- A. Berthod, M. Hassoun, “Using the liquid nature of the stationary phase in countercurrent chromatography IV. The cocurrent method”, 
J. Chromatogr. A, vol 1116 (2006) 143-148 
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Flash Chromatography is a rapid form of preparative column chromatography based on optimized pre-
packed columns through a high flow rate of elution solvent. It is a simple and economical approach to 
preparative LC. The technique was published in the Journal of Organic Chemistry in 1978 as an alternative 
to simple column chromatography. Countercurrent chromatography (CCC) is an all-liquid chromatographic 
system similar to column chromatography, but working without solid support, and separation is based on fast 
partitioning effects of the analytes between two immiscible liquid phases. Application of CCC in natural 
product chemistry is steadily increasing, because of its excellent separation abilities and recovery rates. In 
the reported CCC separations, applied flow rate of mobile phase ranged from 0.05 mL to mL which was used 
at different tubing diameter column. Most of the separations achieved with a relatively long time while a small 
part showed a characteristic of rapid separation. In the present paper flash high-speed countercurrent 
chromatography is defined to distinguish the rapid CCC separation from the others based on an analysis of 
the separations in published literatures. 

 
 

Flash high-speed countercurrent chromatography (flash HSCCC) is defined as a real separation 
possessing a characteristic that the flow rate of mobile phase (mL) is equal or greater than the square of the 

diameter of the column tubing (mm), i.e. , here d and Fc are the diameter of the column tubing and the 
applied flow rate of mobile phase, respectively.  

 

A census of solvent systems of flash HSCCC separations in literatures showed that a very hydrophobic 
solvent including toluene, octanol, heptane, cyclohexane, hexane, light petroleum and tert-butyl methyl ether, 
or a solvent with a larger or lower density were used to compose the solvents. The rotation speed of the 
CCC column is the key factor to achieve a flash HSCCC separation. 

 

Defining flash high-speed countercurrent chromatography and applying this term can index the solvent 
systems which can be used for analytical CCC separation and industrial CCC separation. The term may pilot 
the manufacturers of CCC instruments to improve the design for rapid separations, and guide the CCC users 
to pursue rapid separations.  
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This author believes that educators in an earlier era failed to convey the broad utility and 

fundamental simplicity of countercurrent distribution (CCD) to undergraduate and graduate students, 
particularly in the fields of synthetic chemistry and natural products; this may have contributed, at least in a 
small way, to the demise of CCD.  It is worrying that, for countercurrent chromatography (CCC), similar 
practices today may be inhibiting its spread.  The histories of both techniques also share conflicts in 
nomenclature and a competition with solid phase chromatography.  In addition, the multiplicity of available 
procedures in CCC overwhelms the novice. 
 
        These matters will be discussed and commented on.  Automated transparencies will be presented 
and used to demonstrate the basic simplicity of CCC and its essential equivalence to conventional column 
chromatography.  A brief panorama of synchronous and non-synchronous planetary epitrochoid (Type-J), 
planetary hypotrochoid (Type-I) and non-planetary centrifuges will also be presented.  These are the bases 
of a series of related CCC instruments in which interest has been rekindled.  The intense research being 
done today in this area will likely continue for some time.  

 
 
 
 



 

6th International Conference on Countercurrent Chromatography, Lyon, July 28-30, 2010 23 

3-2   O15 
 

Rapid Solvent System Scouting Utilizing “On-Demand”  Preparation of 
HEMWat Solvent Series Phases 

Guy H. Harris 1*, Neil A. Edwards 2 
Michael B. Giles 2, Philip L. Wood 2, and David J. Keay 2 

 

1Dynamic Extractions, Inc., 11 Deer Park Drive, Suite 200, Monmouth Junction, NJ 08852 
2Dynamic Extractions, Ltd., 890 Plymouth Road, 

*guy.harris@dynamicextractions.com; telephone: 732-230-3060 
 

Keywords: solvent system selection, automation, HEMWat, on-demand mixing 

 

 
Acceptance of countercurrent chromatography (CCC) as a mainstream purification technique within 
pharmaceutical discovery and development requires operational simplification, rapid method development, 
and scalability.  To address rapid method development the selection of a sample appropriate, hexane:ethyl 
acetate:methanol:water (HEMWat), solvent system has been automated using an analytical scale HPCCC 
instrument integrated into a conventional HPLC system equipped with a quaternary pump.  The exact 
composition of the upper and lower phases of each of 28 members of a HEMWat solvent system series has 
been reported.1  Utilizing this data allows the “on-demand” mixing, of either phase, of each member of this 
series.  Several sets of standard compounds were used to compare the on-demand mixing with classical 
pre-mixing of these solvent systems.   Each set was separated using the elution-extrusion technique over the 
appropriate range of HEMWat systems and the distribution ratios calculated from the retention volume of 
each of the components.   No significant differences in D values were observed between the two solvent 
system mixing methods.  For complex systems this method has the added advantage that the best solvent 
system can simply be chosen by visual inspection of the resulting series of chromatograms.  Using this 
methodology the optimum HEMWat solvent system, 17, for a mixture of five structurally related beta-blockers 
was identified in less that 4 hours (Figure 1). 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.  Solvent system scouting for using a mixture of 5 beta-blockers. 
 
1 Garrard, I.J., Janaway, L., Fisher, D. J. Liq. Chrom. Rel. Tech., 30 (2007), 151-163. 
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  Piper is the most important genus of Piperaceae family and encompasses about 266 species widely 
distributed in Brazil. Some of these plants are used in folk medicine to treat many conditions or have 
ornamental value.  Piper claussenianum  (Miq.) C. DC. grows very well at forest borders in southeastern 
Brazil mainly at Espírito Santo State (ES). In a previous work we have related, for the first time, the essential 
oils from leaves and flowers of this piperaceous species. Now we have performed the isolation of the major 
compounds from the flower essential oils of  P. claussenianum  collected at two different Brazilian regions: at 
Espírito Santo and at Rio de Janeiro, using a HSCCC technique. CCC has been used for isolation of many 
biologically active compounds from plant extracts, besides CCC is known mainly for the high percentage of 
sample mass recovery and for the smaller solvent volumes required for preparative purposes, compared to 
solid-liquid adsorption methods.  
   

Flowers (100g) of Piper claussenianum were collected in Castelo, ES and in Rio de Janeiro, RJ.  
Botanical vouchers are kept at the Herbarium of the Rio de Janeiro Botanical Garden (JBRJ). Each fresh 
plant material was submitted to hydrodistillation for 2h in a modified Clevenger-type apparatus. The essential 
oils were analysed by GC and GC/MS. The chromatographic profile of the essential oil from P. 
claussenianum collected in Castelo, ES showed a high percentage  of linalool (50.20%) and nerolidol 
(22.73%) as major components, while the species collected in Rio de Janeiro showed camphor (39.93%), 
camphene (25.32%), bornyl acetate (2.38%) and nerolidol (7.48%).  These compounds were obtained using 
a HSCCC equipament consisting of a PTFE 80mL  coil, a HPLC pump, a low pressure injection valve and a 
PTFE 5mL sample loop. This system was coupled to a fraction collector programmed to collect at 1 min 
intervals. Hexane:acetonitrile (1:1) were vigorously hand-mixed in a separator funnel, transferred to a flask 
and degassed (ultrasonic bath) for 30 min. Isocratic elution was conducted in a tail-to-head manner, with the 
acetonitrile lower phase as stationary phase. The coil was entirely filled with i.e lower phase of the solvent 
system with no rotation. Rotation of the coil was then started at 860 rpm, and the upper phase was pumped 
at a flow rate of 1.0 ml/min. Hydrodynamic equilibrium was attained prior to sample injection. The stationary 
phase retention was about 72.5%. Each essential oil (1ml) was dissolved in the biphasic solvent system and 
injected to the apparatus. Fractions (240) of 1ml each were collected in 240 min. The mass recovery was 
92.0%. The collected fractions were analysed by TLC, GC and GC-MS.   
  

It is worth to mention that nerolidol and linalool were isolated from P. claussenianum of Castelo, ES 
with 92.97% and 98.18% purities, respectively. On the other hand from P. claussenianum of Rio de Janeiro 
RJ, the component percentages were: camphor (97.36%), bornyl acetate (87.81%), nerolidol (89.0%) and 
camphene (81.79%). NMR analyses for camphor, linalool, nerolidol and bornyl acetate were performed and 
compared with literature data. HSCCC have shown as a useful tool to separate terpenes in essential oils 
from a species submitted two different ambient pressures. 

 
 

                                                                                                                    We Thank CAPES and CNPq 
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Counter-current chromatography (CCC) is extremely useful for the separation, purification, and isolation of 
natural products. Recently, Berthod et al. established an elution-extrusion CCC method in metabolic analysis 
by combining regular chromatographic elution with stationary-phase extrusion, which extends the 
hydrophobicity window of a counter-current separation at will. In this work, we build a novel continuous 
elution-extrusion CCC method for preparation of natural cytotoxic andrographolides from Andrographis 
paniculata, a famous Traditional Chinese Medicine (TCM) with potent anti-inflammatory effect and anti-
cancer activity. The theory of the method was first discussed, and then a series of CCC experiments were 
performed to investigate the efficiency of the method in the separation of crude extracts of A. paniculata. As 
a result (illustrated in Fig. 1), continuous elution-extrusion CCC using the techniques of sweep elution and 
extrusion at equilibrium is the most efficient, and a cytotoxic natural diterpenoid combination of 14-deoxy-
andrographolide (2) and 14-deoxy-11,12-didehydroandrographolide (3) with mole ratio of 1:2 as well as pure 
andrographolide (1) have been prepared repeatedly using an optimum solvent system composed of hexane-
ethyl acetate-ethanol-water with a volume ratio of 5:5:4:6. All components obtained showed potent cytotoxic 
activity against HepG2 and doxorubicin-resistant HepG2 human hepatoma cells. Their structures have been 
identified by electrospray ionization mass spectrometry (ESI-MS), high resolution ESI-MS, one- and two-
dimensional nuclear magnetic resonance (1D- and 2D-NMR) spectra. 
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Fig. 1 . Continuous elution-extrusion chromatography for repeatedly preparation of andrographolides. (A) 
Stutures:1, pure andrographolide, 2,14-deoxy-andrographolide,3,14-deoxy-11,12-didehydro-andrographolide; (B) 
representative principles and (C) chromatographic profiles of continuous exlution-extrusion CCC using the 
techniques of sweep elution and extrusion at equilibrium. 
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Anacardium occidentale (Anacardiaceae) is known as an ethnomedicinal remedy to treat diarrhoea and 
ulcers. Beside the edible fruits (span. marañón) which are popular for juices and mermelades, the cashew 
nuts are high value products for Latin America.  
In this study we investigated the industrially used and strongly heat-processed cashew nut shell oil. 
Preparative CCC was directly coupled to ESI-MS-MS for a target-guided isolation and detection of anacardic 
acids which had shown e.g. antibacterial activities against the caries inducing bacterial strain Streptococcus 
mutans [1]. 
A triple-coil CCC (Pharma Tech., U.S.A., volume: 850 mL, flow rate of mobile phase: 3.0 mL/ min, injection 
amount of cashew nut shell oil: 600 mg) was used in the ‘head-to-tail’ mode using the lipophil biphasic 
solvent system n-hexane/ acetonitrile [2:1 (v/v)]. The elution of different anacardic acids was monitored at λ 
210 nm. A make-up flow of acetonitrile (0.25 mL/min) diluted the CCC effluent stream before a split unit 
(1:600) transferred 5 µL/ min to the electrospray-MS interface (Bruker, Esquire ion trap ESI-MS-MS). The 
main effluent stream was directed to the fraction collector. During the complete CCC runs, ESI-MS-MS 
monitoring (neg. mode: 50-2200 amu) detected the anacardic acids with high sensitivity due to their phenol-
type nature as [M-H]--signals. MS/MS fragmentation showed the immediate cleavages of carboxyl-groups 
(∆m/z 44) from the phenolic ring systems.        
Other alkyl phenols such as cardols and cardanols - typically induced products by thermal decarboxylation - 
were interestingly not observed in the heated cashew oil sample. 
Preparative CCC in direct combination with ESI-MS-MS detection was shown to be very effective for 
identification of three novel C17-chain anacardic acids already during the process of larger scale isolation [2]. 
From viewpoint of biosynthesis these C2-homologues are most likely genuine natural products but occurring 
in lower concentration in Anacardium oils.  
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Figure:   Selected prepCCC-ESI-MS ion traces (neg. 
mode: [M-H]-) of C15- and novel C17-anacardic acids 
from cashew nut shell oil (Anacardium occidentale).  
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Platycosides, the saponins found in the roots of Platycodon granfiflorum (Platycodi Radix), are typically 
composed of oleanane backbones with two side chains; one is a 3-O-glucose linked by a glycosidic bond 
and the other is a 28-O-arabinose-rhamnose-xylose-apiose linked by an ester bond. They also have a 
different substituent of either methyl, carboxylic, or hydroxyl methyl group at C-4 position and an acetyl group 
on 2” or 3” on rhamnose. Minor saponins, acetylated isomers of major saponin, was isolated from the roots 
of Platycodon gradiflorum (Platycodi Radix) using a multi-step process including high-speed counter-current 
chromatography (HSCCC) and preparative reversed-phase high-performance liquid chromatography. 
Separation of six major platycosides; platycoside E, deapio-platycoside E, platycodin D3, deapio-platycodin 
D3, platycodin D, deapio-platycodin D, has been reported (1). After separation of major components, the 
enriched minor saponin fraction was used for this study. The two-phase solvent system composed of ethyl 
acetate–butanol–water with 0.05% formic acid (3.5:1.5:5, v/v) was used for HSCCC. HSCCC fractions was 
further purified preparative reversed-phase HPLC. Then, we obtained polygalacin D, 3”-O-acetylplatycodin 
D, deapi-polygalacin D

2
, 3”-O-acetylplatyconic acid A, 2”-O-acetylplatycodin D, 2”-O-acetylpolygalacin D, 2”-

O-acetylpolygalacin D and 2”-O-acetylplatyconic acid A. [(Supported  from the Korea Healthcare Technology 
R&D Project, Ministry of Health, Welfare & Family Affairs, Korea (A080974)). 
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The lipophilic extract of Humulus lupulus (Hops) has been 
reported, and was confirmed, to have antibacterial activity 
against Mycobacterium tuberculosis. However, the anti-TB active 
principles are still unknown.  In order to determine the chemical 
components responsible for this biological activity, we have used 
high speed countercurrent chromatography (HSCCC) and newly 
established biochemometric methodology to analyze the 
bioactive constituents in the lipophilic extract of hops.  Using a 
non-aqueous CCC solvent system (toluene:methyl tert-
butyl ether:acetonitrile; ToterAc) that is optimized for the 
lipophilicity of essential oils, the lipophilic hops extract was well 
separated in elution-extrusion mode (EECCC). Subsequent GC-
MS analysis suggested that the fractions in the A (K<0.4) and B 
(0.4<K<2.5) regions contained sesquiterpenes and fatty ketones, 
whereas the fractions in the C (K>2.5) region consisted mainly of 
fatty acids and alcohols.  
 
Further preparative purification of the combined C-fractions using 
vacuum liquid chromatography afforded two triterpenes (α- and 
β-amyrin), a sterol (β-sitosterol), and a fatty alcohol (1-
tetracosanol). The anti-TB bioassay using the virulent H37Rν 
strain of M. tb. for the fractions in the three regions exhibited 
stronger bioactivity for the B-fractions. Combination of the 
analytical data resulting from GC-MS analysis of all CCC 
fractions resulted in the creation of 3D CCC-GC-MS matrix. 
Incorporating the quantitative biological evaluation (anti-TB 
activity) of all CCC fractions, generated a 4D data set. This data 
was subject to biochemometric analysis, which consisted of a 
Pearson’s correlation analysis of the deconvoluted 
biochromatogram and the 3D CCC-GC-MS matrix. The 
biochemometric analysis probes the 4D data for linear relationships between the concentration of chemical constituents 
and observed biological activities. As a result, thirteen GC peaks with Pearson’s correlations of r ≥ 0.80 were identified, 
indicating that the underlying phytoconstituents are associated with the observed bioactive CCC peaks and, thus, 
represent the anti-TB principles in the lipophilic extract of hops. The NIST Mass Spectral Library search suggested that 
these compounds are mainly sesquiterpenes, such as cadinol and cubenol. 

 
The present study demonstrates: (1) EECCC in an optim ized solvent system can separate the anti-TB active  
constituents from a lipophilic hops extract with hi gh resolution, i.e., focused in the “Sweet Spot” B-  region of the 
EECCC chromatogram; (2) biochemometric analysis is ca pable of determining bioactive constituents in comp lex 
natural products without the need for the isolation  of single compounds. Biochemometrics can also guid e 
preparative, CCC-based isolation efforts aimed at t he further characterization of the active principle (s) by 
isolation and full structure elucidation. 
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The hard shelled mussel, Mytilus coruscus, is an economically important mussel which is widely distributed 
from coast of China, Japan, and Korea. It is documented that this species occurred from Dalian to Xiamen in 
China. Mussel is an abundant resource from ocean, which contains 40-50% proteins on a dry weight basis. 
China is the most productive mussels in the world and 90% of the export mussel are used for fresh food 
sales which have a low commercial value. Thus, waste of protein resources from the mussel is rather serious 
because of their enlarging scale and outdated process technology. In this work, we intend to systematically 
separation, purification and identification of the active peptides from Mytilus coruscus. Additionally, the 
bioactivities, such as ACE, antioxidative and immuno activities will be explored, to get some good candidates 
for potential drug discovery. 
 
In this work, the establishment of hydrophilic organic/salt-containing aqueous two-phase system and 
purification of the digested peptides from the fresh mussels of Mytilus coruscus  by countercurrent 
chromatography (CCC) were studied. N-propanol was selected to constitute biphasic systems with ammonia 
sulphate, sodium chloride and phosphate separately, and related system characteristics including phase 
ratio, separation time were tested. The partition coefficient of target peptides was also tested in above 
systems and further finely adjusted by altering the constitution of phosphate in n-propanol/phosphate system. 
The molecular mass and amino acid sequence of the purified peptide were determined by UPLC/MS/MS. In 
addition, the purified peptides were further screened by ACE inhibition activity assay, exhibiting satisfactory 
results. 
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Since centrifugal precipitation chromatography was invented and described by Yoichiro Ito in 1999 (1) this 
method of fractionation in ammonium sulfate or solvent gradients has been applied to the purification of 
proteins, antibodies and polymers (2).   The method has proven adaptable to special techniques to isolate 
macromolecules out of complex mixtures such as the purification of DNA plasmids and affinity procedures 
(2).  While we are in the process of fabricating the bench-top laboratory centrifuge with the spiral rotor 
bearing the molecular weight cutoff membrane, we have been using the original prototype from the National 

Institutes of Health (Pharma-
Tech Research Corp. 
Baltimore, MD) in application 
experiments.  A pepsin-
trypsin digest of gliaden 
(PTG) has been identified to 
have an important biological 
activity.  A putative poly-
peptide carbohydrate bearing 
fragment of the wheat protein 
stimulates innate immunity in 
humans.  However in sus-
ceptible individuals, infla-
mmatory mediators are 
released causing the gastro-
intestinal disorder, celiac 
disease (3).  The digest was 
submitted to separation and 
the fractions de-salted and 
analyzed for stimulating inter-
leukin receptors on normal 
and patients’ white blood 
cells.   Various innate immu-
nity effects were measured 
including the release of 
interleukin IL-23 from normal 

cells in Fig. 1.  The activity recovered has strongly increased specific activity.  More PTG is being processed 
and further analysis will indicate if more purification steps are required before submitting to molecular 
analysis.  This separation method was also applied to isolating an expressed fusion protein of the ubiquitin 
type (4) that will generate the target peptide psalmotoxin.    From an E. coli fermentation, a cell lysate 
supernatant was chromatographed in a similar ammonium sulfate gradient to Fig. 1 to observe if the target 
fusion protein could be isolated in one step.  The fusion protein was eluted at the early stage of the gradient 
and by HPLC appeared more pure than the crude lysate.  This is a promising result for the future 
development of scale-up processes.  
 
Acknowledgements:  NIH license No. 144-2007/1 to CC Biotech LLC; NIH grant R43GM085951-01   
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Screening of natural compounds in complex extract is often a fastidious process and needs several steps 
to obtain pure active compounds. Moreover a few mg of pure compound are needed to be able to determine 
their structures using spectroscopy technique.  

 
This study presents an innovative way to purify or enrich active compounds in one step by using the 

specific CPC/CCC shake flask method development [1]: The classical procedure for this method is to test a 
few bi-phasic solvent systems to obtain a partition coefficient (Kd) between 0.5 and 2 for the compounds to 
be purified. The Kd in CPC/CCC is defined as the concentration of the target compound in the stationary 
phase over the concentration of the same molecule in the mobile phase and generally measured by 
analyzing both upper and lower phase by HPLC or TLC. In HPLC the Kd is measured by ratioing the peak 
areas of the target molecules in both phases. 

 
Here the shake flask method was also used but instead of measuring the concentration of target molecule 

in both phases, the activity of each phase was quantified to determine the Kda (Partition coefficient of 
activity). 

 
Kda = Level of activity in stationary/Level of activity in mobile 
 
 The antibacterial disk diffusion test allows estimating the level of 

activity by measuring the diameter of the inhibition zone of the disk which 
contains the extract to be tested. Using this method the partition coefficient 
of an unknown active compound can be directly obtained and solvent 
system selected to get a Kda between 0.5 and 2. CPC purification of the 
complex mixture allows the elimination and removal of non active 
compounds in the first and last fractions. The enriched or purified active 
compounds are to be found  in the middle of the separation. 

 
An example of purification of active antibacterial compounds with this method from Asparagopsis armata 

a red algae from Maroco is presented. Arizona systems were tested with the shake flask method for Kda 
measurement and Arizona systems between N and T were selected. CPC runs were carried out on 1g of 
crude extract to isolate the molecule or groups of molecules activity and structural elucidation studies can 
then be carried out.  
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Currently the pharmaceutical industries are investigating biologically active molecules either as final 
medicines or as a means of producing medicines.  The separation of biologically active molecules such as 
proteins requires a method that protects the molecules from denaturation.  In liquid-liquid partitioning 
aqueous two-phase systems (ATPSs) are usually used for the separation of these molecules.  When 
conventional hydrodynamic multi-layer countercurrent chromatography (CCC) is used with ATPS, stationary 
phase retention (Sf) are in the order of 30-40% but separation efficiency is low 
due to poor mixing making it difficult to achieve a complete separation [1].  
Hydrostatic CCC methods such as CPC have been used successfully [2] but 
continuous loss of stationary phase can be a problem. An alternative hydrostatic 
CCC system to CPC is the toroidal coil which has been developed in the late 
70’s.  Recently at Brunel a toroidal coil J-type CCC centrifuge was used 
successfully for the separation of proteins [1,3] with no loss of stationary phase.  
Following this success a larger “preparative” toroidal CCC system was 
developed and tested.  A toroidal coil consists of tightly coiled tubing that is 
wound around a drum (Figure 1).  The two larger toroidal coils built consist of 
stainless steel tubing with an ID of 5 mm and an OD of 6 mm and each have a 
volume of approximately 330 ml.  These two identical coils were fitted into a J-
type DE-Midi CCC centrifuge. 
 
A pair of dipeptides (His-Gly and Val-Tyr) 
and a pair of proteins (myoglobin and 
lysozyme) [1] were employed to compare 
and study bioseparation within the toroidal 
coils.  The dipeptides were separated 
successfully at 5 ml/min, Sf is 41% and a 
resolution (Rs) of 3.  Comparing this with a 
multilayer CCC separation of the two 
dipeptides at only 1.25 ml/min, Sf = 31% and 
Rs = 1.33 [1] it is clear that the toroidal coil 
system shows a big improvement for the 
separation of dipeptides.  The two proteins 
were also separated successfully on the 
toroidal coil system.  At a rotation speed of 
1400 rpm and a flow rate of 10 ml/min, Rs = 
1.1 and Sf = 30% for separating the two 
proteins using ATPS.  An increase of the 
rotation speed from 800 rpm to 1400 rpm 
also gave a significant increase for the Rs 
while the Sf dropped slightly. 
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Figure 1: Illustration of a 
toroidal coil. 

Figure 2: Protein separation on 5-mm ID toroidal coil at 1400 rpm, 10 
ml/min, Sf = 30% and Rs = 1.1 using a 12.% PEG1000 + 12.5% 
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The separation efficiency in Centrifugal Partition Chromatography depends on selection of a suitable solvent 
system (partition coefficient, selectivity factor, sample solubility) and is additionally influenced by 
hydrodynamics in the chambers. Especially flow pattern, stationary phase hold-up and interfacial area for 
mass transfer are important parameters. Their relation on physical properties, operating parameters and 
chamber geometry are not completely understood and predictions are hardly possible. 
 
Therefore we simulated the flow pattern using a Volume-of-Fluid (VOF) method, implemented in 
OpenFOAM®. In this method interfacial forces are calculated using the interfacial tension. An indicator 
function is used to mark the interface and its movement is calculated by solving an additional transport 
equation. For simulation of a rotating FCPC®-chamber centrifugal and Coriolis forces were added to the 
conservation equation. 
 
For experimental validation the flow pattern of five different solvent systems were visualised with an optical 
measurement system. Volume flow and centrifugal acceleration were varied in a wide range. To distinguish 
between mobile and stationary phase a dye, only soluble in the mobile phase, with a high extinction at the 
illumination wavelength was used. Hold-up and interfacial area were calculated from grey scale values of the 
recorded videos by implementing an automatic image processing routine in ImageJ. Additionally 
polyethylene particles were used to perform a qualitative particle image velocity (PIV) analysis to investigate 
flow velocities of the continuous phase.  
 
In the presentation we will demonstrate the model quality by comparing flow pattern, hold-up, interfacial area 
and velocity profiles to the experimental data. As shown in figure 1 simulated flow pattern of the model are in 
good agreement with experimental data. As a result the model allows prediction of flow pattern and the 
optimization of geometry and operating parameters for given physical properties of solvent systems. 
 
 
 
 
 
 
 
    
  
   
   
 
 
 
 
    

 
Figure 1: Simulated (left) and experimental (right) flow pattern  

(EtAc/H2O, 10 ml/min, 1000 rev/min, descending mode) 
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Intermittent counter-current extraction (ICcE) has been shown to be an effective liquid-liquid extraction 
method for the high throughput continuous separation of compounds into two product streams or for the 
isolation, concentration and enrichment of a low abundance target compound while washing away all other 
compounds from a sample [1].  The predicable scale-up of the technology from preparative to pilot scale 
using industrial twin bobbin CCC instruments has also been described [2] followed by publication of a 
theoretical model to predict component elution [3].  ICcE can use any twin bobbin CCC instrument and is 
therefore potentially advantaged over other methods for continuous extraction described in CCC, such as 
dual-flow, which requires a specially designed bobbin with five ports (phase inlet and outlets plus injection 
port).  

However, for intermittent counter-current extraction to become recognized by industry as an effective 
extraction technology, a clear understanding of the operating parameters will be required. Consequently, it 
will make possible the prediction and therefore, the automation of a whole process for use in routine 
purifications. 

The operating parameters for ICcE on a preparative scale (912 ml) Midi HPCCC instrument (supplied by 
Dynamic Extractions, UK) were investigated.  Stationary phase retention and resolution for compounds from 
the GUESSmix were examined  at a wide range of flow rates using a number of hexane/ethyl 
acetate/methanol/water (HEMWat) phase systems across the range of polarities, from a polar system 
(1:4:1:4) to a quite non-polar (4:1:4:1) one.   The latter allows the use of flow rates in excess of 200 mL/min.  
At high flows, deviations in stationary phase retention predicted by Wood-Du plots are observed and these 
will be discussed with reference to the physical properties (density, viscosity and interfacial surface tension) 
of the phases and the calculated Reynolds numbers for the mobile phase flows.  

For ICcE the maintenance of a stable UP/LP volume ratio in the column, preferably in the range 40-60%, has 
been demonstrated and variations between the UP/LP volume ratios between the two bobbins has been 
analysed.  Further research is in progress to investigate the scale-down of ICcE to the semi-prep (143.5 mL 
coil volume) and analytical scale (22.5 mL) using a standard twin bobbin DE-Spectrum instrument to make 
ICcE applicable to any scale. 

 
 
[1] P. Hewitson, S. Ignatova, H. Ye, L. Chen I. Sutherland, J. Chromatogr. A 1216 (2009) 4187. 
[2] I. Sutherland, P. Hewitson, S. Ignatova, J Chromatogr. A. 1216 (2009) 8787. 
[3] Y. Yang, H. A. Aisa, Y. Ito, J. Chromatogr. A. 1216 (2009) 6310.   
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Sequential centrifugal partition chromatography (CPC) is a novel continuous liquid-liquid chromatographic 
separation technology1, commercialized recently by Armen Technology (France) under the name sequential 
True Moving Bed Centrifugal Partition Chromatography (TMB CPC). 
Sequential CPC principle of operation is derived form the fact that in liquid-liquid chromatography both liquid 
phases can be used as a stationary phase and their role can be switched during the separation run. 
Sequential CPC is a cyclic process. Each cycle comprises two steps, which differ by the liquid phase used as 
a mobile phase (upper or lower phase) and its flow direction. The feed is continuously introduced in the 
middle of the two CPC columns hardware and the two product streams are alternately collected at the 
opposite ends of the columns (see Fig.1.). 

 

 
Fig.1. Schematic presentation of the principle of a sequential TMB CPC unit operation 

In this work a method for selection of the operating parameters of a sequential TMB CPC unit for separation 
of a binary feed mixture is developed, based on the assumption of instantaneous partition equilibrium. The 
method is validated by simulation of a sequential TMB CPC unit operation using the cell model2, and its 
robustness is evaluated under the presence of mass transfer limitations. 
In comparison with the conventional batch operation, similar to the Simulated Moving Bed technology in 
liquid-solid chromatography, the sequential CPC offers better overall separation performances. 
 
[1] Couillard F., Foucault A., Durand D., Methods and devices for separating constituents of a liquid charge by means of 

liquid-liquid centrifuge chromatography, 2006,  US 0243665 A1.  
[2] Craig L. C. Identification of small amounts of organic compounds by distribution studies: II Separation by Counter-

current distribution. J. Biol. Chem. 1944, 155, 51. 
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A major advantage of countercurrent separation (CS) techniques is the flexibility of solvents used to 
formulate the biphasic solvent system (SS). Petroleum ether, n-heptane, and [n-]hexane[s] are commercially 
available petroleum-based hydrocarbon solvents that have been extensively used interchangeably to 
formulate CS SSs. According to a recent survey of CS literature, hexane or heptane combined in a 
quaternary mixture with ethyl acetate, methanol, and water are currently the most popular SSs for small-
molecule separations, accounting for almost 50% of all published CS separations. In addition to the fact that 
hexane is produced from the distillation of crude oil, the toxicity of hexane, in particular to humans, has been 
well documented. Peripheral nervous system failure is known to occur in humans chronically exposed to low 
levels of hexane. 

With both SS flexibility and environmental consideration in mind, this study explored an appropriate 
biorenewable solvent alternative for these petroleum-based hydrocarbon solvents in CS SSs. The 
investigation focused on the suitability of substituting limonene or α-pinene. Both are monoterpenes that are 
produced in commercial quantities from natural sources. In the case of limonene, large quantities are a by-
product from the industrial preparation of orange juice. 

As might be expected, the polarity characteristics of the monoterpenes and hexane are quite similar. A 
significant challenge, from the point of view of CS, is the viscosity difference between hexane vs. limonene or 
α-pinene. The higher viscosities of limonene and α-pinene diminish the stationary phase volume retention 
ratio (Sf), irrespective which phase (upper or lower) is stationary. Working toward establishment of a 
GUESS-compatible, environmentally friendly alternative of 
HEMWat, it was shown that the stationary phase volume retention 
ratio of a limonene: ethyl acetate:methanol:water (LEMonWat) SS 
can be improved by increasing the temperature of the CS 
experiment. In addition, inclusion of even a small amount (5% of 
overall SS proportion; 1:7:12:8:12) of hexane, forming a hexane: 
limonene: ethyl acetate: methanol:water (HeLEMonWat) SS, 
increases the stationary phase volume retention ratio, Sf, from 0.1 
to 0.4. The analogous α-pinene–based SS, α-pinene:ethyl acetate:methanol:water (PinEMWat), exhibits poor 
retention, even upon addition of 5% hexane. However, substituting larger proportions of hexane with α-
pinene yields Sf values of 0.5 in hexane-α-pinene:ethyl acetate:methanol:water (HePinEMWat; 2:2:6:4:6). 

All SS chromatography experiments were done under elution-extrusion conditions, with a mixture of 21 
commercially available natural products, recently established as the GUESSmix. In this way, it was possible 
to observe and measure the variation of analyte separation behavior in terms of partition coefficients as the 
solvent composition was changed. The present study represents not only the adaptability of CS to new 
solvent combinations, but also serves as a model for solvent system development of CS technology with the 
GUESSmix. The demonstration and use of biorenewable solvents for biphasic SS components enhances the 
profile of CS as an environmentally friendly separation technology that can employ low hazard solvents. 
 
 
 

α-pinene

limonene
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Previous work, presented at CCC 2004 in Tokyo, covered the development of the Oka et al butanol/ethyl 
acetate based solvent selection table [1] and the Margraff et al HEMWat solvent selection table [2,3] into a 
unified, graded table designed to be used with a liquid-handling robot for automatic solvent system selection 
[4].  This approach has proved so successful that it is now routinely used at the Brunel Institute for 
Bioengineering for the solvent selection of all CCC and CPC samples.  Using pre-set programs, the robot 
automatically creates, at a small scale, large numbers of potential solvent systems in graded tables and tests 
for distribution ratios of components in these systems.  This allows for easy selection of the optimum system 
and the identification of trends among the components, without the need for replicate testing.  This process is 
performed unattended, potentially even overnight, and is simple enough to be operated by users who are 
new to the technique.  Recently, the available selection tables were extended into the range of aqueous two-
phase solvent systems (ATPS) for the separation of proteins, enzymes, antibodies and other biomolecules 
by CCC or CPC. 
 
This presentation will cover the development of the full range of solvent system selection tables, 
concentrating particularly on the latest ATPS table and giving examples of proteins and antibodies purified 
from this.  The various issues and challenges encountered in using robotic solvent system selection will be 
detailed, together with advantages and limitations in the approach.  Finally, the position of robotics and 
automation within CCC technology will be discussed, particularly with respect to the industrial uptake of the 
technology. 
 
The robotic selection tables developed are freely available and copies can be obtained by contacting the 
presenter on the email address given above. 
 
 
 
[1]  Oka F, Oka H, Ito Y, Systematic Search for Suitable Two-Phase Solvent Systems for High Speed Counter-Current 

Chromatography, J. Chromatogr. 538, 99-108, 1991.  

[2]  Camacho-Frias E, Foucault A, Solvent Systems in Centrifugal Partition Chromatography, Analusis, 24, 159-167, 
1996. 

[3]  Foucault AP (Ed.), Centrifugal Partition Chromatography, Chromatographic Science Series, vol. 68, Marcel Dekker, 
New York, 1994. 

[4]  Garrard IJ.  Simple Approach to the Development of a CCC Solvent Selection Protocol Suitable for Automation.  J. 
Liq. Chrom. & Rel. Technol, 28 (12-13), 1923-1935, 2005. 
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Determination of trace amounts of elements in crude and diesel oils is a very difficult analytical task. 
Information about trace elements concentration is increasingly important not only for oil production and 
refining technology, but also for characterization of crude oil types, for fixing theirs prices and for 
reconnaissance investigations. 

 
It is known that sample preparation is a limitation stage of oil analysis. Nowadays methods of oil 

analysis (ASTM D, IP, EN ISO, UOP) could be characterized by complex sample preparation, insufficient 
detection limits, confined number of elements and standard samples and problems with crude oil analysis. 
CCC can be used as an effective method for pre-concentration and isolation of the trace metals from crude 
oil and oil products. An oil sample (with any volumes from mL to L) is continuously pumped through CCC 
column as the mobile phase whereas an aqueous acidic solution (well defined volume, till 90% of VC) is 
retained as the liquid stationary phase. 

 
The influences of coil planet centrifuge parameters and operating conditions on the stationary phase 

retention (Sf) are rather well studied for two-phase liquid systems used for organic and inorganic separations. 
So far, stationary aqueous phase retention in oil–aqueous solution systems has not been investigated. 
Analyzed oil samples are characterized by a great number of components and high viscosity. 

 
Successful CCC separation depends upon selection of the solvent system that provides the proper 

partition ratio values for the compounds to be separated and satisfactory retention of the stationary phase. It 
is well known that in the case of inorganic separations, the complexation process, its rate, and the mass 
transfer rate are very important parameters for separation process. In the absence of the multielemental 
standards of oil (with the defined concentration of metals), the extraction recoveries of metals were estimated 
using kinetic features of oil–aqueous solution systems. 

 
Effects of hydrodynamic parameters and physicochemical properties of two-phase systems on the 

retention of aqueous stationary phase have been investigated. This study has shown that physicochemical 
properties of two-phase systems of analyzed oil are determinative and influence the retention factor of the 
stationary phase in CCC column. Optimal rotation speeds, flow rate and direction of sample pumping, 
density and viscosity of the crude oil and oil products that could be analyzed by CCC were estimated. These 
studies allow predicting retention of oil/oil product–aqueous solution systems in a CCC column. That was 
shown on the several mixed oil products samples (with different ρ and η) and 10 consequent oil distillates 
with different boiling points. Kinetic characteristics of trace element recovery have been also investigated for 
optimization of pre-concentration conditions of trace elements from crude oil and oil products. Mass transfer 
coefficients for trace metals in biphasic systems were calculated. Data obtained helped to find optimal 
extraction conditions for high metal recoveries. Trace metals are concentrated into the stationary aqueous 
phase and then easily determined by ICP-MS. The proposed method of pre-concentration of trace elements 
from oil has no analogues. 

1. T.A. Maryutina, A.V. Soin, O.N. Katasonova / J. Chromatogr. A. 2009. V.1216. p.4232 
2. T.A. Maryutina, A.V. Soin / Analyt. Chem. 2009. V. 81. p.5896 
 
The authors are grateful to Russian Science Support Foundation and Russian Foundation for Basic Research for the support of this 
research (grant 09-03-00757). 
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Centrifugal Partition Chromatography (CPC), which is hydrostatic CounterCurrent Chromatography 
(CCC), benefits from numerous advantages for separation or purification of synthetic or natural products. In 
case of natural products purification or separation from crude extract, fractions collected must be evaluated 
later by other off-line techniques such as High Performance Liquid Chromatography (HPLC) and High 
Performance Thin Layer Chromatography (HPTLC). Analyses of CPC collected fractions involve sample 
preparation such as concentration and/or solvent change which are time, solvent and material consuming.  

 
To avoid these drawbacks a strategy was developed by hyphenation of CPC with Evaporative Light 

Scattering and UV Detectors (CPC-ELSD-UV) and HPLC-UV. Direct coupling of CPC and HPLC reduces the 
time of post separation by direct on-line analyses of collected fractions and allows to get an instantaneous 
fingerprint of CPC effluent. This strategy was developed from a crude extract of Hippophaë rhamnoides 
(Elaeagnaceae) berries obtained by a solvent free microwave assisted extraction. H. rhamnoides is known to 
be rich in various chemical compounds leading to a complex analysis and consequently a need for a 
fractionation step with a regular monitoring. 

 
The development of this bi-dimensional technique was done in a comprehensive mode using a six 

position switching valve as link between the two chromatographic systems. The effluent from the CPC outlet 
was sent through the valve and according to the valve position (“load” or “inject”), it was respectively either 
collected in a fraction or injected into the second HPLC dimension.  
 

The HPLC second dimension was optimised to be the quickest possible in order to analyse all the 
fractions from the first dimension. Columns suitable for fast analysis, stable against high pressure and fast 
flow rate, were tested. Different parameters which can influence analysis time were optimised, such as 
choice of the organic solvent, effect of flow rate and effect of temperature. Effects of the injection solvent, 
maximum transferable volume and maximum quantity that can be injected into the second HPLC dimension 
were also studied in order to avoid band widening and deformations. 
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We have developed a novel flow-through density gradient cell separation method, in which 5 Percoll density 
gradient layers are concentrically formed through the circular flow channel made in a rotating separation 
disk. The method continuously separates a large number of cells into five fractions according to their 
densities. 
  
Since basophiles, major effector cells in allergy, are present in the human peripheral blood only at 
approximately 1% among the white blood cell population, the preparative separation by the conventional 
batch density gradient method is difficult and yields only about 10%. In order to study the physiological role 
of basophiles, more efficient separation method is desired.  
 
Therefore, we focused on the separation of basophiles from normal human peripheral blood to examine their 
functional responses. A set of Percoll density gradient media was prepared at 1.071, 1.075, 1.080, 1.084, 
and 1.090g/ml with which 10ml of anti-coagulated peripheral blood were separated. Basophiles were 
enriched in fractions 3 (1.075g/ml) and 4 (1.080g/ml) at about 30% and 67% respectively.  
In the expression of CD203c, this is the basophile activation marker on cell surface induced by anti-IgE 
antibody stimulation, basophiles in fractions 3 and 4 showed almost same response as those in the whole 
blood sample. And the release of histamine, an important inflammatory mediator, induced by calcium 
ionophore (A-23187) was also observed in fractions 3 and 4.  
 
The present method quickly finishes both separation and washing of cell fractions within 3 hours and 
preserves the functional activities of basophiles.  Therefore, the method would be useful for the diagnosis 
and following up the patient condition in the allergic disease as well as for the purification by the 
fluorescence-activated cell sorter (FACS).  
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Athrixia phylicoides (Asteraceae) is a South African herbal tea commonly known as bush tea or Zulu tea. 
The infusions and decoctions is also used for medicinal purposes. With a growing consumer interest in 
foods that enhance body functioning and protect against disease, herbal teas and their value-added 
products are growing in popularity. The antioxidant properties of A. phylicoides are therefore of great 
interest. In the present study, aqueous and organic solvent extracts from A. phylicoides were investigated 
for antioxidant activity (ABTS, DPPH, FRAP, ORAC, metal chelation and linoleic acid emulsion oxidation 
assays) and compared to commercial extracts of the well-known South African indigenous teas, rootbos 
(Aspalathus linearis) and honeybush (Cyclopia spp.). High-performance liquid chromatography with diode-
array detection (HPLC-DAD) coupled to an on-line antioxidant assay were used to identify the major 
antioxidant compounds in a 50% ethanol extract. Both the ABTS and DPPH radical scavenging activity of 
phenolic compounds from an A. phylicoides extract were investigated. Quantitative comparison of free 
radical scavenging activity between compounds was done using a graph of positive HPLC-DAD peak 
areas (indicating relative concentration of compounds) against negative peak areas detected by the on-line 
antioxidant system (indicating free radical scavenging activity). Tentative identification of the compounds 
was done using liquid chromatography-electrospray ionization-mass spectrometry (LC-ESI-MS). In 
addition, two compounds were isolated from A. phylicoides using liquid-liquid extraction, high-speed 
countercurrent chromatography (HSCCC) and semi-preparative HPLC. The identities of the isolated 
compounds were determined using LC-ESI-MS/MS and nuclear magnetic resonance (NMR) spectroscopy. 
 
 
A. phylicoides extracts showed promising results in all antioxidant activity assays. Several phenolic 
compounds with ABTS and DPPH radical scavenging activity were tentatively identified, viz.: chlorogenic 
acid, an isomer of chlorogenic acid, four dicaffeoylquinic acids, five unidentified hydroxycinnamic acids and 
three unidentified flavones. One of the unidentified flavones had the highest free radical scavenging activity 
and was selected for isolation. Prior to separation by HSCCC, the extract was enriched in the selected 
compound by liquid-liquid extraction using water and n-butanol. The enriched extract (837 mg) was 
subjected to pH zone refining HSCCC using a tert-butyl methyl ether-acetonitrile-water (2:2:3, v/v) solvent 
system with 0.6 M formic acid in the organic stationary phase and 10 mM ammonia in the aqueous mobile 
phase. The fraction containing the selected compound (122 mg) also contained another unidentified 
flavone. Both unidentified flavones were isolated with purity > 95% from the 64 mg of the HSCCC fraction 
using semi-preparative reversed phase HPLC. The selected compound (13 mg yield) and second 
unidentified flavone (3 mg yield) was identified as hypolaetin-7-O-glucoside and gossypetin-7-O-glucoside, 
respectively, using LC-ESI-MS/MS and NMR. This is the first time to our knowledge that these compounds 
have been isolated from A. phylicoides. 
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It has been recently reported that 
commercially available modified extracts 
from hops (Humulus lupulus L.) possess 
significant anti-inflammatory effects in both 
in-vitro assays and in-vivo models of 
inflammatory mediated disease1.  Due to 
their origins from CO2 extraction of the 
whole hop cone, these modified extracts 
are complex heterogeneous mixtures and 
contain a variety of naturally occurring 
phytochemicals including closely related 
congeners and diastereomers (Figure 1).  
The predominant phytochemicals within 
the modified extracts are derived from the 
alpha acids and consist of three major 
congeners designated by the n-, co- and 
ad- prefix; the process by which alpha 
acids are converted to modified hops 
extracts is shown in Figure 1.  In order to 
achieve a greater understanding of the 
pharmacophore responsible for the 
biological activity of the various modified extracts evaluated, we sought to purify (≥95%) the individual 
congeners present in each modified extract. 
 
For all extracts evaluated, i.e. iso-alpha acid, rho iso-alpha acid, and tetrahydro iso-alpha acid, quaternary 
HEMWat solvent systems were found to be the most efficient for separation of the cis and trans 
diastereomers.  This is in contrast to the separation of individual congeners where a combination of hexane 
and aqueous buffer was found to be the most efficient.  In order to expedite the evaluation of multiple solvent 
systems, the relationship between solvent system polarity and pH was determined for select solvent systems 
at various pHs.  From this data the choice of solvent system was inferred via extrapolation.  The overall 
efficiency was increased by utilizing elution-extrusion which enables continuous operation and repetitive 
injections.  Loading studies, conducted both internally and externally (Dynamic Extractions Inc.), determined 
that the iso-alpha acids can be purified at a maximum of 5.9g/L (loading per column volume) and the 
tetrahydro iso-alpha acids can be purified at a maximum of 2.3g/L. 

                                                 
1) (a) Desai et al. META060 Inhibits Multiple Kinases in the NF-kappaB Pathway and Suppresses LPS--Mediated 

Inflammation in vitro and ex vivo. Inflamm Res. 2009 58 (5), 229.  (b) Konda et al. Rho Iso-Alpha Acids from Hops 
Inhibit the GSK-3/NF-kappaB Pathway and Reduce Inflammatory Markers Associated with Bone and Cartilage 
Degradation. J Inflamm. 2009 27 (6), 26.  (c) Konda et al. META060 Inhibits Osteoclastogenesis and MMPs in vitro, 
and Reduces Bone and Cartilage Degradation in a Mouse Model of Rheumatoid Arthritis. Arthritis Rheum. 2010 
(accepted for publication). 

Figure 2 :  Production of modified hops extracts from alpha acids. 
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A new liquid-liquid extractor, derived from centrifugal partition chromatography (CPC or hydrostatic-CCC), 
has been recently developed, allowing to fill a technological gap between classical liquid-liquid extractors and 
support free liquid-liquid chromatographs (hydrostatic- or hydrodynamic-CCC). This new lab-scale extractor, 
named Centrifugal Partition Extractor (CPE) is based on a CPC column design characterized by few large 
cells (e.g. 230) instead of a lot of small ones (e.g. 2000) for the same column volume. In order to investigate 
and then to highlight the potentialities of CPE, the original triphasic solid-liquid-liquid extraction mode has 
been evaluated for the extraction of natural phenolic compounds. 
 

 
 
Solid-liquid-liquid extraction of phenols is 
achieved from dried leaves of Origanum 
vulgare, (Lamiaceae, Algerian endemic sp.), 
which is well-known for its antispasmodic and 
antiseptic properties. In this kind of extraction, 
wettability of the desiccated solid by the 
solvent, diffusion into the particles and diffusion 
at the surface of the particles could be limiting 
factors for mass transfer. Triphasic extraction is 
performed by use of an aqueous phase with 
suspended particles for impregnation and 
solubilization of phenols, with ethyl acetate as 

solvent for an efficient extraction. Centrifugal Partition Extractor is needed for intensification of mass transfer 
(solid to liquid and liquid to liquid). The solvent 2-phase 
system is ethyl acetate / acetic acid / water (3/1/6 vol.). 
The aqueous phase, charged (10 wt%) with micronized 
particles (<160 µm), is pumped as the mobile phase in 
the organic stationary phase (descending mode). 
Phenols extraction yields with time are compared to 
those obtained in classical mixing tank batch extraction. 
In batch configuration, 78% of phenols (thymol, 
carvacrol,…) are extracted in 120 min while in centrifugal 
partition extraction 90% are recovered in 40 sec 
(corresponding to the residence time of the aqueous 
phase in the apparatus). This extraction can be achieved 
in a co-current mode for continuous one-step extraction.  
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A novel counter-current chromatography (CCC) model is hereby presented that calculates a CCC 
chromatogram from only instrument and operational parameters (i.e. the mobile phase flow rate, stationary 
phase retention, number of column loops, column β-value range, column length and radius, solute’s partition 
ratio, and sample concentration). In this approach, the CCC column was represented as a series of 
continuous-stirred tank reactors (CSTRs) filled with two immiscible liquid phases: 
 

 
Figure 3: Series of n identical CSTRs containing two liquid phases, solute is injected into the first CSTR (n=1), from 
second reactor on (n≥2), the outlet of the previous becomes inlet of the next CSTR (cout,n-1=cin,n); F is mobile phase 
flow rate, cin and cout are inlet and outlet concentrations, VSP and VMP are the mobile and stationary phase volumes of 
individual tanks (ratio set respecting the stationary phase retention) 

 
The number of CSTRs (n) was determined using column parameters such as the number of loops in the 
column that refers to instantaneous mixing zones and the β-value. The inlet concentration into the first CSTR 
(cin,1) is the sample concentration injected into the column; from the second CSTR on the inlet of this is the 
outlet concentration from the previous CSTR. The outlet concentration (cout,n) of the last CSTR is the 
concentration eluting from the column. Since this model computes changes of the column outlet 
concentration over time, it generates a “real” chromatogram. The equations were solved using gPROMS. 
Using this model, the elution profile of several solutes can be determined simultaneously.  
 
The model was validated successfully using experimental results obtained from a series of CCC instruments 
at different scales. It proved to be very useful for parameter estimation and separation optimisation.  
 

 
Figure 4: Overlay of experimental results (dotted trace) and model output (solid trace) for model validation 
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A universal Counter-Current Chromatography (CCC) model based on Counter-Current Distribution (CCD) [1] 
was recently developed [2,3]. Using the flexibility of this model, advanced CCC modes such as Intermittent 
Counter-current Extraction (ICcE) [4] and Multiple Dual-Mode (MDM) [5] were incorporated into the model. 
 
In ICcE, after injection in the centre of the column, the phases are pumped alternating between the upper 
and lower phase for a fixed amount of time or volume. In MDM, after injecting at the start of the column, the 
phases are pumped as in intermittent mode. The switching time can be adjusted so that sample components 
are retained within the column for a certain period. 
 
The ICcE and MDM modes have been successfully added to the model. Furthermore, realistic batch and 
continuous sample injection simulations have also been developed for the program. Instead of a single 
model injection, where the entire sample component content is deposited in the first cell of the model, the 
sample is gradually inserted over a period of time or volume mimicking the sample loop. Continuous injection 
has also been modelled, by repeatedly inserting component values of a reduced concentration. In previously 
modelled operational modes such as dual flow mode and co-current flow mode, a ‘spiked’ curve was 
obtained due to the underlying CCD theory. The ‘spiked’ curve does not occur in practice in experimental 
CCC. A Gaussian running mean filter has been added to the model that adequately smoothes the peaks, 
without affecting the peak shape. 
 
The ICcE and MDM modes have been compared with experimental data [4,5] and show good correlation. 
The nature of the model makes it flexible and easy to include other operational modes in the future. 
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I-type, J-type and non-synchronous centrifuges are all coil planet centrifuges.  Analyzing the 
motion of I-type and J-type centrifuges has advanced the understanding of how to manufacture 
and use these centrifuges.  This work analyses the motion of non-synchronous centrifuges 
producing equations of motion that can be applied to all coil planet centrifuges.  This has also 
produced simple equations to determine the critical β-values for any coil planet centrifuge [1] as 
follows: 
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Where the drive ratio is 
ω
u

Pr =  and u is the rotational velocity of the bobbin and the ω is the 

rotational velocity of the rotor.  In the case of a J-type centrifuge when (Pr = 1) the first critical β-
value (β1) denotes the change between inconsistent and consistent unilateral distribution of the 
upper and lower phases in a coiled column [2]. 
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Recently published results [3] also show that the resolution of a separation was increased by 30% 
when the drive ratio was 2/3.  This has been modeled [4] by varying the volume of the mixing 
zones.  It is hypothesized that the volume of the mixing zones is related to the second critical β-
value (β2).  Modeling work will be provided to either support or begin disproving this hypothesis. 
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The R&D Center of CCC and its applications in south China was set up in 2009.  For developing 
hydrodynamic CCC instruments and equipment, a Scientific Instrument Co. Ltd has worked on the design 
and manufactory of analytical-scale, laboratory preparative-scale industry-scale CCC and the CCC for 
macromolecular separation.  A R&D center of 3000 square meters for CCC applications, especially focusing 
on the development of reference material of natural products and other standard materials is equipped with 
column chromatography, industry–scale membrane separator, industry-scale molecular distillation 
equipment, 1+5, and 24+24 liters SFE etc. as the sample preparation tools.  A separation-purification 
laboratory equipped with 4 sets of large-scale and analytical-scale CCC is working on the gram-scale to 100 
grams-scale of high purity reference materials (RM) production.  The processing method of 500 items of RM 
has been developed in this lab. 100 items of high purity RM have been prepared in the RM Bank of this 
Center.  The technical and certified conditions of RM have been exchanged and co-operated with USP and 
National Institute for the Control of Pharmaceutical and Biological Products.  
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A recent review by Pauli, Pro and Friesen on Countercurrent Chromatography (CCC, J. Nat. Prod. 2008, 71, 
1489) showed that 34% of publications were on natural product research and almost 50% of the theoretical 
work.  It also showed that by far the most popular solvent system was the Arizona or HEMWat system. 
 
The bulk of purifications in the pharmaceutical research is either by normal phase liquid chromatography 
(typically ethyl acetate / hexane on silica) or by reverse phase chromatography (acetonitrile / water C18) 
In our purification lab we normally run 10 minute gradients with water / acetonitrile with acid or base modifier 
on C18 preparative HPLC.  We use the analytical HPLC to predict a targeted gradient. 
Samples are typically 25 to 500 mg dissolved in polar solvents such as DMF or DMSO, 2-10ml.  These 
including reaction mixtures with little or no work up.  Our service level agreement is to return dried, purified 
samples within 24 hours from the start of purification. 
 
The samples we purify roughly obey Lipinskis rules 

• log P in -0.4 to +5.6 range  
• Molecular weight from 160 to 480 
• Number of atoms from 20 to 70 

 
How can we apply CCC into this environment? 
 
Issues with CCC 

1. Finding the best solvent system – trial and error approach 
2. Solvent, wasteful of both time and solvent 

a. the solvent system is made up, equilibrated, then separated  
b. any unused solvent is disposed of as HEMWat is pH unstable and cannot be kept 

indefinitely. 
3. Long run times – loading the stationary phase then equilibration of the mobile phase. 
4. Solubility of crude – once evaporated crudes can be difficult to get back into solution. 

 
Fitting CCC into the purification toolbox will be presented 

1. Finding the best solvent system is still one of the main areas for development 
2. Reducing solvent waste and preparation time 

a. The use of phase composition tables for HEMWat enables the preparation of just the mobile 
phase. 

b. Mixing the solvents at the pump avoids preparation time and considerably reduces waste 
and the need to store made up solvents 

3. The common practice of mobile phase equilibration is not needed (see Ito’s Golden Rules) 
4. CCC can tolerate a limited but significant amount of DMSO or DMF. 

 
CCC is now in a position to help deliver purifications for the Pharmaceutical Industry and meets our service 
level agreement.  It offers some significant advantages over HPLC in particular it can give good 
chromatography without the need for acid or base modifiers which can be a significant issue for compounds 
that are labile to these modifiers. 
 
 
 



 

6th International Conference on Countercurrent Chromatography, Lyon, July 28-30, 2010 49 

 
 
 

 
 

 
ABSTRACTS of 

POSTER communications 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Institut des Sciences et Techniques de l'Ingénieur de Lyon 

 July 28-30, 2010,  Villeurbanne, France 

6th International Symposium on 
Countercurrent Chromatography 

 



 

6th International Conference on Countercurrent Chromatography, Lyon, July 28-30, 2010 50 

 



 

6th International Conference on Countercurrent Chromatography, Lyon, July 28-30, 2010 51 

P1 

CCC units model 

 

Joost de Folter 1,*, Ian A. Sutherland 1 

1 Brunel Institute for Bioengineering, Brunel University, Uxbridge, UB8 3PH, UK 
Tel: +44(0)1895 266856, Fax: +44(0)1895 274608, E-mail: joost.defolter@brunel.ac.uk 

 

 

Keywords: counter-current, chromatography, modelling, simulation, units 

 

 
Chromatography models, liquid-liquid models and specifically Counter-Current Chromatography (CCC) 
models are usually either iterative [1-4], or provide a final solution of peak elution [5,6,3]. In the former, the 
column is typically divided into discrete compartments, resembling the CCD process [7]. The sample 
components are distributed over the phases and transferred to the next compartment, according to their 
distribution coefficient (Kd). This is an iterative process until the peaks have moved beyond the column 
(eluted out). Under certain conditions, a single equation describing the eluted peaks can be formulated, but 
always includes a factorial, which in modelling terms, is an iterative operation. The advantage of an iterative 
model is that the complete chromatography process is described including the time spent inside the column. 
Other models are usually based on mass transfer or diffusion theory, also referred to as Rate models. These 
models consist of solving one or more differential equations, and provide a solution only describing the final 
outcome. 
 
A completely new model has been developed based on simulating probabilistic units, where each unit 
represents a very small amount of sample component. This model does not use compartments like in CCD 
based models, nor is it based on diffusion theory. It is iterative and therefore the chromatography process 
can be evaluated over time and inside the column. Because the model is based on component units, a 
density function with an adaptive Gaussian filter is used to convert the separate unit values into a 
chromatogram. The nature of this model allows its internal values to be volume or time. The results of this 
model are currently being tested for the different CCC operational modes, showing promising results. 
 
This new model has been realised in the form of a computer simulation, interactively visualising the 
behaviour of the units in the CCC process. 
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 This communication presents a recently developed liquid-liquid extractor. It fills a technological gap 
between classical liquid-liquid extractors and support-free liquid-liquid chromatographs (hydrostatic- or 
hydrodynamic-CCC). The design of this new lab-scale 
extractor, named Centrifugal Partition Extractor (CPE), 
was inspired by CPC columns, but with less cells of 
larger volume (231 instead of 1000-2000) (see figure 1). 
More precisely, the lab-scale CPE rotor consists of 7 
circular partition disks engraved with 33 twin partition 
cells of 0.965 mL each connected in series by small 
ducts, resulting in an instrument of 231 cells with a total 
volume of 303 mL, the dead volume (ducts) being 
around 25 %. In order to highlight the potentialities of 
CPE, the ion-pair mode for the extraction of ionized 
water-soluble heterosides has been evaluated. 
 
The first test separations were adapted from a 
preparative purification method we developed for 
hydrophilic anionic or acidic molecules (glucosinolates, 
rosmarinic acid,…), namely the strong ion-exchange 
centrifugal partition chromatography (SIXCPC). In order to 
combine the advantages of a strong ion-exchange chromatographic process and of a support-free liquid-
liquid technique, a lipophilic quaternary ammonium salt has been selected as a strong anion-exchanger. 
Lipophilic ion pairs are generated by its association with hydrophilic anionic analytes that are thus captured 
by the organic stationary phase. After the injection step, the displacer is pumped through the stationary 
phase in order to selectively release the analytes into the aqueous mobile phase as an isotachic compound 
train2,3.  
This strategy turned out to be very efficient in terms of selectivity and column capacity, but the productivity of 
such a process was limited by the hydrodynamic behaviour of the two liquid phases, since the introduction of 
a surfactant exchanger in the stationary phase usually limited the flow rate to 2 or 3 mL/min. In order to 
overcome this limitation, SIXCPC was transposed to the CPE apparatus. It was then possible to increase the 
flow rate up to 20-50 mL/min, resulting in a huge gain in productivity with no loss in purity. The Ion-Pair 
Centrifugal Partition Extraction was successfully applied to the extraction of sinalbin, a glucosinolate from 
Sinapis alba (Brassicaceae), and of glycyrrhizin, an ionized saponin from Glycyrrhiza glabra L. (Fabaceae).  
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Modern countercurrent chromatography (CCC) machines were developed by Ito. The countercurrent mode 
allowed to carry out separations within a few hours while classical CCC modes could need days. Today, 
CCC is moving from research to industrial laboratories. 
 
This work reviews the different operation modes employed in CCC, from the direct method to the back-
extrusion method and indicates the main application of each one. 
 
The most commonly used mode in CCC is the direct method that permits to obtain direct measurements of 
partition coefficients in any biphasic liquid system. In the dual-mode, the role of the phases can be 
interchanged during the experiment: after a certain lapse of time, the mobile phase becomes the stationary 
phase and vice versa. This method is commonly used in many purification processes. The disadvantage of 
the dual-mode method is its discontinuity, which could render automation difficult and lengthy. The CCC 
machine must be re-equilibrated after every experiment. The cocurrent CCC uses a second pump to flush 
slowly the liquid stationary phase, in the same direction as the mobile phase. It is another method that makes 
use of the liquid nature of the stationary phase useful to elute the highly retained solutes that stay too long 
inside the liquid stationary phase. The elution-extrusion countercurrent chromatography (EECCC) method 
was proposed by Conway and was studied in 2003 to extend the hydrophobicity window of a countercurrent 
separation. It takes again advantage of the liquid nature of the stationary phase owing to the fact that inside 
a CCC column, solutes are moving in the form of very narrow bands and may be fully separated before being 
eluted. Then, it is possible to save significant amounts of solvents by recovering the solutes from the 
stationary phase, rather than eluting them from the CCC column. In the EECCC method, the way the liquid 
circulates in the CCC column is not changed but the nature of the circulating liquid phase. A step further was 
the back-extrusion CCC (BECCC) method that maintains the same mobile phase and back extrudes the 
liquid stationary phase and the contained solutes, changing the way the mobile phase circulates in the CCC 
column. pH-Zone-refining CCC is a preparative successive separation method for ionisable compounds 
which provides many important advantages over the conventional CCC method, including an over 10-fold 
increase in sample loading capacity, high purity, high concentration of fractions or concentration of minor 
impurities and high resolution. 
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Traditionally the “g”-level of a CCC machine (or other centrifuge) has been calculated by dividing the radial 
acceleration of one point on the rotor by the gravitational field at sea level (9.807 m·s-2) [1].  The radial 
acceleration is calculated by multiplying the radius (R) of one point on the rotor by the rotational speed (ω) 
squared.  This equation is expressed as follows: 
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This equation is valid for an ordinary centrifuge and when used for a CCC centrifuge it only calculates the 
“g”-level of the centre of the bobbin. The g level value is used as an indicator of the strength of mixing and 
settling and is sometimes used to allow comparisons of results on different size J-type CCC centrifuges.  
However, if the β-value (which is the relationship between the rotor and bobbin radius) changes between 
centrifuges the comparison becomes invalid because the equation above does not take into account all the 
necessary parameters. 
 
The accelerations of the CCC centrifuge can be determined from the displacement equations [2, 3].  From 
these accelerations the radial acceleration can be derived as shown by Wood [4] for the I-type and J-type 
centrifuge.  In a recent publication on the new developments and findings on non-synchronous centrifuges 
Ignatova et al. [5] describe the radial acceleration for a non-synchronous centrifuge as follows. 

( )( ) ( )( )22 cos ωβω ++−= uutRAR        (2) 
 
From this equation the “g”-level has been calculated by dividing it by the gravitational level at sea level.  In 
the equation u is the rotational speed of the bobbin and ω is the rotational speed of the rotor.  The β-value in 
this equation connects the coil radius with the rotor radius.  This paper describes how the equations are 
obtained and how the “g”-level can be used for the study of the mixing and settling of any coil planet 
centrifuge.  
 
The real “g”-level or radial acceleration can be used to compare different size centrifuges with different β-
values, but it can also be used as a measurement for the amount of mixing and settling the two immiscible 
phases inside the coil are subjected to.  Therefore, it is an important value in the CCC field and needs to be 
determined correctly. 
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It is common to say that the liquid-liquid solute partitioning between the two phases, mobile and stationary, is 
the sole responsible for retention in countercurrent chromatography (CCC).  The solute partition coefficient is 
the used parameter.  The problem is that it is not the solute partition coefficient, a non IUPAC recommended 
denomination of the distribution constant, that is responsible for solute retention.  It is the solute distribution 
ratio that governs solute retention.  Using the notation D for the distribution ratio and KD for the distribution 
constant or partition coefficient, we have: 
 
 VR = VM + DVS        (1) 
 
If the solute is stable not able to react and/or change its chemical form in the CCC liquid system used, its 
distribution ratio and constant coincide explaining the common confusion.  If it is not the case, there is no 
coincidence… and the solute peak position, VR, depends on the experimental conditions. 
 
Benzoic acid was selected as a good candidate to illustrate the problem.  Benzoic acid can ionize in its polar 
benzoate anion in a basic aqueous phase.  Also benzoic acid can form dimers in an apolar alkane phase, 
both reactions changing dramatically its distribution ratio, D, when its partition coefficient is, by definition 
constant.  In the heptane/water liquid system the benzoic partition coefficient or distribution constant, KD, is 
equal to 0.2 (20oC), its dimerization constant, K2, is equal to 15900 M-1 and its dissociation constant is KA = 
6.3x10-5 (or pKA = 4.2).  The relation between parameters can be expressed by: 
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It is experimentally shown that the benzoic acid distribution ratio can change between ~0 (aqueous phase pH 
= 7) and 25 (aqueous phase pH = 1 and 0.5 M injected) corresponding respectively to no retention and an 
extremely retained and distorted peak. 
 

 
Dimerization can be quenched by small butanol additions, the figure 
shows the benzoic acid peak observed at different pH values with 
the liquid system heptane/butanol/water 10/1/10.  The benzoic acid 
distribution ratio depends on the aqueous phase pH.  However, the 
benzoic acid distribution constant (partition coefficient) depends on 
the amount of butanol added to the heptane phase (KD = 7 in the 
10/1/10 system). 
 

pH =2.2 
3.6 

4.6 
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There is a requirement for a freely available way to obtain the main chromatographic peak values such as 
peak position or retention time, peak width, and peak resolution from the chromatogram. Various 
commercially available chromatography applications have the built-in ability to automatically derive these 
values directly from the chromatogram but the method for obtaining these values is not in the public domain. 
 
Two techniques can be applied to work out the chromatographic peak values, even for strongly overlapping 
peaks. It is proven that chromatographic peaks approximately follow a Gaussian curve [1-4]. The first method 
for obtaining peak information is using the first, second, and third derivative of the chromatogram curve. 
However, this method is very sensitive to ‘noise’ in the curve, which is amplified in each successive 
derivation. The amplification of ‘noise’ can be compensated for by using an adaptive Gaussian running mean 
filter to find the optimal filtering strength for a consistent solution. The second method used is least square 
error curve fitting, where the reconstructed curve is matched to the chromatogram as close as possible. 
These two methods were combined and an optimisation algorithm was added to remove any incorrectly 
detected peaks. The methods described were implemented in a Matlab program, using only the 
chromatogram as input. This combination of methods results in a reliable model for obtaining peak values 
such as peak width, height, and resolution between peaks (fig. 1). 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Result of fitted chromatogram; P3-P6 are found peaks, Sum is the reconstructed chromatogram, 
perfectly overlapping Y, the original chromatogram (UV Signal) [5]. 
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In solid phase chromatography, it is well established that continuous operating modes are much more 
productive and less time-consuming than batch-mode separations for simple binary applications [1].  
 
 
In counter-current chromatography (CCC), despite the liquid character of the stationary phase, most of the 
separations are carried out in batch mode only.  However, two approaches have been already proposed to 
perform a separation continuously: a) establishing a real countercurrent of the two liquid phases called Dual 
Countercurrent phase circulation as described in 1985 by Ito with a gas and a liquid phase [2] or  b) 
alternating phases and flow direction to work with a cyclic Dual Flow operation.  Recently, it was shown that 
it is possible to establish a dual counter-current motion with two liquid phases in CCC instruments, in order to 
obtain a real continuous separation system.  Some separations can be carried out with this configuration [3].  
 
 
Another approach using the cyclic dual flow is the process called True Moving Bed, patented by Armen 
Instruments (France) in 2006 [4].  This process can be roughly described as a Dual Mode operation of the 
CCC column injecting the sample in the middle of the column. 
 
 
The scope of this work is to establish the full and detailed equations allowing estimating theoretically the 
advantages and disadvantages of both continuous [2, 3] and alternating approaches [4] in CCC.  Phenol and 
cresol were selected as model compounds for separation studies.  They provide a simple case illustration 
evidencing the benefits and limits of each operating mode. 
 

 

1. Heuer, C., Kniep, K., Falk, T., Seidel-Morgenstern A., Comparison of various process engineering concepts of 
preparative chromatography. Chem. Eng. Technol., 1998. 21, p. 469-477. 

2. Ito, Y. Foam continuous CCC based on dual countercurrent system, J. Liq. Chromatogr, 1985, 8, p. 2131-2152. 
3. Van den Heuvel, R., Mathews, B., Dubant, S, Sutherland I. Continuous counter-current extraction on an industrial 

sample using dual-flow counter-current chromatography. J. Chromatogr. A, 2009. 1216, p. 4147-4153. 
4. Couillard, F., A. Foucault, and D. Durand, Method and device for separating constituents of a liquid charge by 

means of liquid-liquid centrifuge chromatography. 2006, US 0243665 A1. 
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 Stilbenoids, non-flavonoid polyphenols consist of two aromatic rings joined by an ethylene bridge 
(C6-C2-C6). From this relatively simple structure, hundreds of compounds exist, resulting from different 
oxidative condensations of monomers. While stilbenoids are found in a number of plant species, grapes are 
the most significant dietary source. Subsequently, red wine, considered one of the main reasons for the 
“French Paradox”, is a good source of stilbenoids. Trans-resveratrol, a phytoalexin that is biosynthesized in 
the grapevine in response to fungal infection, has been proposed to be one of the components in red wine 
responsible for its health promoting activities, including cancer prevention and neuroprotection.To investigate 
these proposed activities further, large amounts of compounds for in vivo studies are required. Existing 
HPLC technique, are not suitable for large-scale purification of those compounds due to irreversible 
adsorptions onto the solid phase material. 
 For this reason, efforts have been devoted to the purification of these non-flavonoid polyphenols. 
Centrifugal Partition Chromatography (CPC) has appeared to be a powerful tool for this purpose. Isocratic 
elution CPC has been successfully applied for the purification of phenolic compound from several natural 
sources. However determination of the adequate system for one compound involve many experiments 
(screening of partition coefficient in different systems) and is generally not suitable for an effective separation 
of the other compounds from the extract (including stilbenoids with a different polymerization degree or 
derivatized ones). 
 With the help of CPC coupled to mass spectrometry (CPC-MS), a direct monitoring of multiple 
compounds of interest can be achieved to aid in the solvent system optimization process. While the need to 
test multiple systems remains, a limited number of experiments was required to develop a “hybrid elution 
system” (HES) able to efficiently separate multiple stilbenoids. We developed a five-step elution-gradient, 
beginning with the classical ARIZONA-L system. The polarity of the upper phase was then gradually 
increased from the upper phase of ARIZONA-K to ARIZONA-C1, followed by a gradient to an EtOAc/1-

BuOH/H2O (77:15:8) system2 (called B1 on the graph), and ending with 1-BuOH. Butanol alone proved to be 
effective for the separation of highly polar glycosylated stilbenoids that were retained in the stationary phase. 
This allowed for a “stepwise-gradient hybrid elution system” (SG-HES) without the need for a dual-mode 
elution. 

 
 
 
 
 
 
 
 

 
Upper phase stepwise-gradient hybrid elution system developped 

 
1. Berthod, A. et al. Analytical and Bioanalytical Chemistry 383, 327-340 (2005) 
2. Renault, J. et al.  Journal of Chromatography A 763, 345-352 (1997). 
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Eight compounds from a test mixture were purified by centrifugal partition chromatography (CPC). The 
diversity of the molecules of this mixture requires the use of gradient mode to reduce the time of separation 
and the consumption of solvent. CPC is accomplished with SCPC250 from Armen instrument. This device 
allows, through dedicated CPC software, to develop a method, including all the steps necessary for the 
separation in order to automate and simplify handling.  
 

The sample to be treated is a mixture of eight compounds covering a broad range of retention in reverse 
phase HPLC ((1) Warfarin, time of retention (rt in minutes) = 0.81 (2) 4-Bromobenzamide, rt = 1.35; (3) 
Methyl 4-Amino-3-Methylbenzoate, rt = 1.51 (4) Dipyrimadole, rt = 2,02, (5) Methyl 2-Acetoamido-5-
Bromobenzoate, rt = 2.18, (6) Naphthalene, rt = 2.54, (7) Biphenyl, rt = 2.79, (8) Phenanthrene, rt = 2.96) 
[Figure 1]. Compounds 1 and 2 are used to assess the recovery of purification process, 4 is a fluorescent 
yellow compound that can be visually followed, three others 6, 7 and 8 have close structures and allow to 
assess the performances of the system, two 3 and 5 are pH dependent. Numerous publications show the 
capacity of CPC to clean a compound in preparative scale from a simple or complex mixture [1]. The 
objective here is to clean each of eight compounds in a minimum of time and in the single injection.  

 

 
 

Figure 1 : Analytical HPLC chromatograph of the mixture to be separated at preparative scale by CPC. 

 
Several injections of increasing loads were carried out for comparison in terms of separation quality and 

productivity. This study allows identifying this technology as directly comparable in preparative HPLC for the 
purification of several compounds of very different polarities, without using expensive columns and with a 
gradient to optimise separations time and the consumption of solvent. It is also of note that by only changing 
the volume of the column, an inexpensive production capacity and a direct increase in scale [2]. 
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ABSTRACT The selection of an appropriate solvent system in Countercurrent Chromatography (CCC) is the 
first and most important step in the design of the separation process. Since the separation in CCC is based 
solely on the partitioning of the solutes between two almost immiscible liquid phases, the partition coefficient 
is a prerequisite factor for the selection of the biphasic solvent system.  
In this work the Conductor-like Screening Model for Real Solvents (COSMO-RS) is used to predict on a 
sound thermodynamical basis the partition coefficient of model solutes in solvent systems commonly used in 
CCC. The only information needed is the structure of all molecules and the composition of the two liquid 
phases. The objective is to test the applicability of COSMO-RS as a tool for screening and selecting said 
systems.  
As an example the prediction of the partition coefficient of the model solute benzyl alcohol in different solvent 
systems compared to experimental data is given in Figure 1.  

 
Figure 5 Comparison of experimental (22±2 °C) and p redicted (22 °C) partition coefficients of benzyl a lcohol in different 
heptane/ethyl acetate/methanol/water systems 

 
The obtained results in this work demonstrate the potential of COSMO-RS as a screening tool in the solvent 
system selection. Therefore the experimental effort, normally needed to find an appropriate solvent system, 
can be significantly reduced.  
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Room temperature ionic liquids (RTILs) are salts with melting points below room temperature. They look like 
a classical liquid but they do not contain any molecules: they are made of ions. The structure of these liquids 
is completely different from the structure of any other solvents made of molecules. Typically, a RTIL consists 
of nitrogen- or phosphorous-containing organic cations and large organic or inorganic anions. They remain 
liquid over the range 200–300 °C and have practical ly no vapor pressure. RTILs are extensively investigated 
as alternative “green” solvents. They can replace volatile organic solvents in several chemical reactions. 
They also have a wide window of electrochemical stability, good electrical conductivity, high ionic mobility, 
and excellent chemical and thermal stabilities. 
 
In chemical analysis the RTILs have been used as stationary phases in gas chromatography and mobile 
phases in liquid chromatography [9]. They were able to dissolve chiral selectors to make chiral stationary 
phases. They were also used as unique running electrolytes in the separation of phenolic compounds by 
capillary electrophoresis 
 
The very low vapor pressure of RTILs made some of them candidates in countercurrent chromatography 
(CCC). The viscosity of pure RTILs is too high for direct use as a liquid phase in CCC. The addition of a third 
solvent, such as acetonitrile or short chain alcohols, was needed to decrease viscosity. 
 
Distribution coefficients of a group of 38 aromatic derivatives with different acid–base behavior have been 
measured in CCC using a ternary liquid system formed by acetonitrile-water-1-butyl-3-methyl imidazolium 
hexafluorophosphate (BMIM PF6). The fully water-soluble RTIL 1-butyl-3-methyl imidazolium chloride (BMIM 
Cl) is able to form two immiscible aqueous phases when dibasic potassium phosphate (K2HPO4) is added to 
the solution. The aqueous two phase system (ATPS) based on BMIM Cl, K2HPO4 and water was tested in 
CCC and compared with the classical ATPS made by polyethylene glycol (PEG) with an average molecular 
mass of 1000, K2HPO4 and water in terms of polarity, density and ability to separate a group of polar 
proteins. 
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In quantitative structure-retention relationship (QSRR) studies, it is necessary to have accurate values of 
octanol-water partition coefficients (Po/w) to correlate the logarithms of the retention factors (log k) with log 
Po/w of the substances of pharmacological interest. Po/w is used to measure the hydrophobicity of 
molecules and as it is considered to estimate the partitioning over a biomembrane, it should be related to 
biological activity. CCC is able to work with an octanol stationary phase and an aqueous mobile phase. In 
this configuration, CCC is a useful and easy alternative to measure the Po/w of the molecules compared to 
the classical and tedious shake-flask method. The Po/w values obtained with an octanol stationary phase 
and an aqueous mobile phase are the Po/w parameters without any assumption, extrapolation, regression 
equation and/or approximation. 
 
Several reports published along the past years are revised in this communication showing how CCC is able 
to determine the Po/w of different families of compounds (β-blockers, catechins and their isomers, diuretics 
and sulphonamides). Some of the Po/w coefficients of the molecular forms disagreed with the theoretical and 
experimental values available in the literature. The Po/w coefficients of the ionic forms and the acidity 
constants were also calculated using a theoretical model. Relationships between biological properties and 
hydrophobicity are also discussed. 
 
On the other hand, the ionic liquid 1-butyl-3-methylimidazolium hexafluorophosphate was used to estimate 
the distribution constants of different aromatic solutes, including bases, acids, and neutral compounds, 
between the ionic liquid-rich phase and the aqueous phase. The resulting distribution constants were 
compared with the corresponding literature octanol–water partition coefficients. 
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In order to develop a rapid analytical method for residual antibiotics in animal tissues, dual 

countercurrent chromatographic (dual CCC) technique was used for the sample preparation.  A new spiral 
column for dual CCC sample preparation is designed.  A small column capacity required for rapid sample 
preparation is accomplished by forming a rectangular groove on a plastic disk (Kel-F) and sealing it with a 
Teflon sheet.  At the beginning, analytical method for five sulfonamide drugs (sulfadimidine, 
sulfadimethoxine, sulfamonomethoxine, sulfamerazine, and sulfaquinoxaline) in pork muscle has been 
successfully developed. 
 
 

The samples were fortified with stable isotopically labeled internal standards (sulfadimidine-d4 and 
sulfadimethoxine), and blended with anhydrous disodium sulfate and acetonitrile.  The concentrated extracts 
were applied to dual CCC using a two-phase solvent system of n-hexane-acetonitrile.  The system was 
revolved at 700 rpm.  Due to the high partition efficiency of dual CCC, the collected acetonitrile fraction from 
2 to 9 min could be subjected to liquid chromatography tandem mass spectrometry after concentration 
without further clean-up.  The recoveries of five sulfonamide from pork muscle fortified at the levels of 0.5 
mg/kg were in the range of 84 -106 %.  Because any interfering substances did not retain in the column of 
dual CCC, we could inject the sample extract continuously every 10 minutes. 

 
 
We have developed a rapid sample preparation method for the simultaneous analysis of sulfadimidine, 

sulfadimethoxine, sulfamonomethoxine, sulfamerazine, and sulfaquinoxaline in pork muscle using dual CCC.  
The analysis time of five sulfonamides, including sample preparation and determination, is only 60 minutes.  
Thus, the results of our studies indicate that dual CCC is a powerful technique for the purification of the 
sulfonamide drugs from animal tissues. 
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The continuous separation of two proteins with a True Moving 
Bed CPC 1L system will be presented.  A simple mixture of 
lysozyme and myoglobin already purified in batch mode [1] was 
chosen for this study using the same ATPS system comprising 
12.5% w/w PEG-1000: 12.5% w/w K2HPO4.. This mixture, 
solubilized in both lower and upper phase is continuously injected 
into the TMB CPC system according to the process described in 
Figure 1. 

 
 
Peak area of HPLC analysis for the fractions coming from 

ascending direction and descending direction are plotted against 
fraction number [Fig. 2 and 3].  Note that the myoglobin elution 
peaks in red are coming in descending mode with a trace of 
lysozyme in blue [Fig. 1] and the lysozyme elution peak are 
coming in ascending mode with a trace of myoglobin [Fig. 2] as 
expected according to the partition coefficient of each protein in 
the solvent system.  

 
 
HPLC analysis of each fraction recovered in ascending and descending directions shows that both 

proteins are continuously purified with more than 99% HPLC purity and high recovery without denaturation. 
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Figure 2: Variation of HPLC Peak Area of 1 min fractions 
collected in ascending  fraction collector (F1) for a CPC 
separation of Lysozyme and Myoglobin using the TMB 1L 

 

Figure 3: Variation of HPLC Peak Area of 1 min fractions 
collected in descending  fraction collector (F2) for a CPC 
separation of Lysozyme and Myoglobin using the TMB 1L 

Figure 1: TMB CPC principle.  
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Pharmaceutical industries require fast methods for extraction, separation and purification of drugs and 
intermediates to minimise drug development time. Continuous CCC processing is seen as a method for 
achieving this.  Therefore, it becomes essential to exploit further the advantages of a liquid stationary phase 
in CCC.  

 

Intermittent countercurrent extraction (ICcE) is a quasi-continuous method where instead of one phase being 
held stationary by the gravitational field the flow of the phases is alternated so the stationary phase also 
alternates.  Continuous extraction, target compound enrichment [1] and preparative to pilot scale-up [2] have 
been demonstrated for this method, using standard twin bobbin CCC instruments. 

 

On another hand, Dual flow CCC (DFCCC), also described in the literature as continuous counter-current 
extraction (CCCE), is a method where the phases flow truly counter-current to each other.  The method has 
been applied to the splitting of pharmaceutical liquors into two streams [3] using a specially constructed 
bobbin with three inlets (for the upper, lower phases and sample solution) and two outlets. 

 

The aim of this research is to compare these two technologies in terms of loading and throughput, using the 
GUESSmix and show the advantages and disadvantages of the two methods.  A model sample containing 
caffeine, vanillin, naringenin and carvone, with a total load of 11.2 g, was employed with a hexane/ethyl 
acetate/methanol/water (2:3:2:3) phase system to evaluate an ICcE method on a preparative (912 mL coil 
volume) DE-Midi instrument. While DFCCC was carried out on a specially designed preparative (561 mL coil 
volume) bobbin installed in a similar Midi instrument case.  Throughputs of 7.8 g/hr were achieved for the 
ICcE method compared with 6.9 g/hr for the DFCCC. 
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Applications of planetary centrifuge for elemental analysis of oil/oil products are proposed in this work. 
It is known that there are about 60 elements detected in crude oil. The element concentrations are in wide 
range from 0.1 wt.% to ng/kg. Despite small amounts these elements play important role in oil producing and 
recovering, ecological monitoring and reconnaissance investigations. In the meantime determination of rare-
earth elements (REE) and other trace elements in oil is very difficult because of low (ultramicro) content and 
absence of methods with direct concentration. 

  
The standard methods of oil analysis (ASTM D, IP, EN ISO, UOP) could be characterized by complex 

sample preparation with possible bleeds of the volatile compounds, insufficient detection limits (DL), confined 
number of elements and standard samples and difficulties with crude oil analyzing [1]. The most abundant 
methods of oil sample pretreatment are ashing, acid digestion and dilution with light organic solvents. It 
should be mentioned that there are no methods for preconcentration of trace elements from oil. 

 
From this point of view CCC application looks very promising for preconcentration of trace elements 

from oil into an aqueous stationary phase. An oil sample is continuously pumped through CCC column as the 
mobile phase whereas an aqueous acidic solution (well defined volume, till 90% of VC) is retained as the 
liquid stationary phase [2]. Design features of the planetary centrifuge enable retention of small volumes of 
the stationary aqueous phase (VS) and variable volumes of the mobile phase (from 10 mL to 1 L and more) 
to obtain higher concentration factors. Two phases are kept well mixed and agitated but there is no emulsion 
on the water–oil interface. The acidic aqueous solutions used as stationary phase could be analyzed with 
ICP-MS, AAS, AES without any additional preparation. It should be stated that CCC preconcentration step 
disables bleeds of the volatile compounds and offers to be very fast (20-50 min). 

 
In fact, sample preparation step is a limitation stage of oil elemental analysis. In this case 

preconcentration using planetary centrifuge has an exceptional place as sample preparation technique for oil 
elemental analysis. 

 
Authors showed that the planetary centrifuge can be applied for elemental analysis of different types of 

oil (Tengizskaya, East Siberian, Novoachinskaya) and oil products (diesel, gasoil, straight distillates). Hybrid 
method of CCC preconcentration of the trace elements from oil and ICP-MS detection was developed in this 
research. This method is characterized by very low DL (0.001–1 µg/kg), suitable for most oil types. For the 
first time the possibility of analyzing 12 REE in crude oil has been shown. Results obtained could be very 
useful for unique research in theoretical modeling of Earth’s origin and oil genesis [1]. 
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Flavonoids are the group of the most ubiquitous polyphenolic plant secondary metabolites which possess 
various biological activities. In the past years, several methods have been developed for the separation and 
purification of bioactive flavonoids. In this work, we have established an on-line hybrid two-dimensional 
chromatography consisting of counter-current chromatography and liquid chromatography (2D CCC×LC) 
using a stop-flow technique for the separation of antioxidant flavonoids from the extract of alfalfa (Medicago 
sativa L.) (Fig. 1). The first dimensional CCC separation used a solvent system of isopropanol and 20% 
sodium chloride aqueous solution (1:1, v/v). The second dimensional LC employed a macroporous resin 
column for the absorption, desalination and desorption of the effluents purified from the first CCC dimension. 
As a result, two novel flavonoids, 6,8-dihydroxy-flavone-7-O-β-D-glucuronide (1) (15.3 mg) and 6-methoxy-8-
hydroxy-flavone-7-O-β-D-glucuronide (2) (13.7 mg) have been isolated from 126.8 mg of crude sample pre-
enriched by macroporous resin column. Their structures have been identified MS and 1D and 2D NMR 
spectra. In addition, it is interesting that the component 1 showed a strong antioxidant activity in the 
antioxidant assays.  
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Fig.1 . Hybrid 2D CCC×LC separation of two novel flavonoids  from the extracts of Alfalfa. (A) Chemical 
structure of separated flavonoids; (B, C) Scheme of 2D CCC×LC set-up; (D) off-line CCC profile; (E, F)  on-
line CCC×LC  separation profiles of extracts. 1: 6,8-dihydroxy-flavone-7-O-β-D-glucuronide; 2: 6-methoxy-
8-hydroxy-flavone-7-O-β-D-glucuronide.  
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ABSTRACT   
 
Species of Aspidosperma genus (Apocynaceae) are, generally, trees found in Central and South America. 
The species of Aspidosperma are commonly known in the North of Brazil as “Carapanaúba”, that means 
mosquito’s nest. The barks of tree are used, popularly, against liver diseases, cholesterol, fever, malaria, 
diarrhea, amoeba, anemia, stomachache and diabetes. This genus is characterized by the occurrence of 
indole alkaloids.1 
 
The dried and ground barks of Aspidosperma discolor, colleted in Oriximina (PA), were submitted to 
extraction with hexane, dichloromethane, ethyl acetate and methanol, in this order. The preliminary analysis 
of the dichloromethanic extract by TLC showed the presence of four major alkaloids (A1-4), when stained with 
the Dragendorff reagent. This result was corroborative with the HPLC analysis, which showed also UV 
spectra corresponding with indole alkaloids data found in the literature.2 
 
Separations were performed by CCC in the pH-zone refining mode. The two-phase solvent system utilized 
was MtBE-water (1:1, v/v). Different concentrations of triethylamine (TEA) in the organic stationary phase 
and formic acid in the aqueous mobile phase were tested: 15 mM TEA and 10 mM formic acid in CCC1, 10 
mM TEA and 10 mM formic acid in CCC2 and 10 mM TEA and 15 mM formic acid in CCC3. The 
experiments were done in a 80 mL coil of a P.C. Inc. equipment, with a 5 mL loop, flow rate 2 mL/min, 
fraction volume 4 mL and rotation 850 rpm. In each experiment, about 200 mg of the dichloromethanic 
extract were fractionated and 60 fractions were colleted. Rotation was turned off on tube 40 and, then, the 
stationary phase was fractionated. The collected fractions were analyzed by thin-layer chromatography, with 
the solvent mixture composed of EtOAc-CH3COCH3-H2O-25% aqueous NH3OH (25:8:2:0.2, v/v/v/v) as eluter 
and stained with Dragendorff reagent to detect the alkaloids.   
 
All the experiments showed a good separation of the components, with the isolation of three pure alkaloids 
(A1, A2 and A3), and a mixture of other two. To the present, A1 was identified as 3β-reserpiline (or its C-3 
epimer 3α-isoreserpiline), and A3 as tetraphylline. The final structure elucidation of these alkaloids is being 
performed by extensive analysis of their 1D and 2D NMR data. The experiments CCC1 and CCC3 showed 
better stationary phase retention (67%) than CCC2 (40%), with the increased distance between the alkaloids 
in CCC3. This pH-zone refining CCC method produces characteristic pH-zones according to pKa and 
hydrophobicity of the analytes.3 The pH values of all fractions were measured and showed four similar pH-
zones, for CCC1 and 3 (9,2; 10,1; 3,5; 2,4); and different for CCC2 (9,0; 5,5; 3,5; 2,4), but the major 
components were eluted with a abrupt variation from basic to acid in a few number of fractions in all 
experiments. Further investigation will be made on these results in order to evaluate which is the best 
proportion of acid and base for the separation of the indole alkaloids. 
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The family Bignoniaceae comprises 113 genera and 800 species of trees, shrubs and climbing 

shrubs. Species of this taxon are located in the tropical regions of the whole world. Naphtoquinones, lignans, 
triterpenes and flavonoids have been previously isolated from species of Bignoniaceae1. The only report on 
phytochemical work on the genus Sparattosperma is the isolation of the flavanone pinocembrin-7-O-β-
neohesperidoside from fruits of Sparattosperma vernicoseum2. The plant source under study, 
Sparattosperma leucanthum, is popularly known as “cinco-chagas” and its leaves tea are used as analgesic 
and anti-inflammatory3. 
 

Dried and ground leaves of Sparattosperma leucanthum were submitted to extraction with ethanol 
96° GL. The crude extract was partitioned between w ater and hexane, chloroform, ethyl acetate and butanol, 
in this order. Preliminary analysis of the EtOAc extract was made by HPLC (MeOH:H2O 40:60 � 100:0 in 35 
min), showing three major peaks (RT = 7.28, RT = 10.48  and RT = 16.40 min)  which UV spectra were 
consistent with flavonoid derivatives. 

 
From the ethyl acetate extract, the flavonoids dihydro-chalcone 2’,4’,6’-trihydroxy-4’-O-β-D-glicoside, 

pinocembrin 7-O-β-neohesperidoside and pinocembrin-7-O-β-(6’’-O-acetyl) neohesperidoside (Fig. 1) were 
isolated using a two-step countercurrent chromatography operation. 

 
Detailed studies on these flavonoids behavior in several solvent systems (HEMWat solvent system in 

various ratios and variations of this solvent system) were performed and defined HEMWat 4:10:4:10 as the 
best solvent for the pinocembrin-7-O-β-(6’’-O-acetyl) neohesperidoside isolation at the first step. At the 
second step, it was necessary to increase the polarity of the solvent system. EBuWat 8:2:10 and butironitrile-
acetonitrile-water 5:10:10 were used as solvent systems to separate 2’,4’,6’-trihydroxy-4’-O-β-D-glicosyl 
dihydrochalcone from pinocembrin 7-O-β-neohesperidoside. All flavonoids were identified by 1D and 2D 

NMR.  
 
All separations were performed in two different equipments: P. C. Inc. (coil volume 80 ml and i.d. 1.6 

mm) and MKS Quattro HT-Prep (coil volume 95 ml and i.d. 2.1 mm), normal mode elution, 2 ml/min flow rate, 
fractions of 4 ml, 865 rpm. The rotation was turned of in KD=2 and then, stationary phase was fractionated.  
                                             

 
 
 

 
 
(a)                                                                                                                               (b) 
       (c) 
 
Figure 1.  (a) 2’,4’,6’-trihydroxy-4’-O-β-D-glicosyl dihydrochalcone (b) pinocembrin 7-O-β-neohesperidoside and (c) pinocembrin-7-O-β-
(6’’-O-acetyl) neohesperidoside 
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The family Siparunaceae comprises 75 species in only two genera: Glossocalyx from tropical West 
Africa and Siparuna from tropical America. Previous investigation on the genus Siparuna chemistry1,2 
showed that these plants are rich in free and glycosylated flavonoids and alkaloids. The presence of free and 
glycosylated compounds on a same sample implies broadening the range of polarity of the sample to be 
purified. This situation is ideal for the use of gradient elution with an appropriate solvent system3 as it offers a 
broader range of polarity to be covered in one single run than in isocratic mode when slight changes of the 
stationary phase composition do not matter4. 
 

Dried and ground leaves of S. glycycarpa were submitted to extraction with methanol. The crude 
extract was partitioned between water and hexane, dichloromethane, ethyl acetate and butanol, in this order. 
Preliminary analysis of the EtOAc extract was made by HPLC (MeOH:H2O 20:80 � 80:20 in 30 min and then 
100:0 in 15 min), showing six major peaks (RT = 3.07, 13.01; 13.68; 25.44; 28.24; 35.23 min) which UV 
spectra were consistent with flavonoid derivatives. 

 
Solvent system optimization for the gradient-elution mode CCC was done by choosing a system in 

which compounds were strongly retained in the stationary organic phase of the first step of the gradient. This 
was achieved with the solvent system Hex-EtOAc-BuOH-MeOH-H2O 1:6:3:0:6 and then, the ratio of 
methanol was gradually increased until most of the compounds passed to the mobile aqueous phase. 

 
The extract was fractionated by a two-step gradient with the solvent system Hex-EtOAc-BuOH-

MeOH-H2O 1:6:3:0:6 in the first step and 1:6:3:2:6 in the second step, reversed-phase, 2ml/min, 865 rpm, 60 
fractions of 4 ml were collected at each step of the gradient and then the remaining compounds were 
fractionated in elution-extrusion mode5. This procedure yielded the isolation of diglycosylated flavonoids 

(F24-28), followed by glycosylated flavonoids (F32-36, F37-
40 identified as kaempferol-glycoside, F75-77 identified as 
quercetin glycoside,  F78-81 and F82-83) and a free 
flavonoid (F106-120 and F121-135), identified as 2’,6’-
dihydroxy-4,4’-dimethoxy-dihydrochalcone.. Fractions were 
joined by TLC similarity (Figure 1 ). Separations were done 
in a 95 ml and 2.0 mm i.d. coil of a HT-Prep Quattro CCC 
equipment equipped with a 5ml loop. All structures are 
being elucidated by 1H and 13C NMR. 

 
 

 
 Figure 1 . TLC of joined fractions of CCC separation  
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 Acetins have varied uses in pharmaceutical, cosmetic and food industries being produced via an 
acid catalyzed esterification of glycerol, the main co-product of biodiesel production, with acetic acid and/or 
acetic anhydride. Acetins consist in a mixture of monoacetins, diacetins and triacetin, Scheme 1. Triacetin 
alone is responsible for about 10% of glycerol derivatives market. The separation of acetins is usually made 
by distillation at reduced pressure, which requires much energy and strict control of the process or by 
column chromatography separation on silica gel, requiring large amounts of solvent and loss by adsorption. 
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         Scheme 1: Acetins production from glycerol. 
 

     Due to difficulties in the separation of these acetins, we chose countercurrent chromatography as an 
alternative as it is a technique based on liquid-liquid partition without solid support. The solvent systems 
composed of ethyl acetate:butanol:water (1:x:1, x=0, 0.2, 0.4, 0.6) were chosen for the test tube partitioning 
test. The best results were achieved with the solvent system ethyl acetate:butanol:water 1:0.2:1 which was 
used for the CCC separation in isocratic mode, normal phase. The chromatographic conditions were as 
follows: column 80 ml, 1.6 mm i.d. (PC Inc, USA), flow rate 2.0 ml.min-1 (2.0 ml/tube), 120 tubes, 850 rpm, 
temperature 26°C; loop injection 5.0 ml, sample 517  mg, Vm=19 ml , Sf=0.76, wash off=80 ml. The sample 
was dissolved in the solvent system and injected after establishment of hydrodynamic equilibrium.  

 
 Analyzes of the obtained fractions by TLC (ethyl acetate/hexane 7:3, v/v; aqueous solution of 
KMnO4 5%/NaOH 5%) and GC-FID (Shimadzu GC-FID 2010; DB-1MS (100% polydimethylsiloxane) fused 
silica capillary column (30 m x 0.25 mm, film thickness 0.25 ìm); carrier gas H2 (1.0 mL.min-1); Temperature: 
Injector 290ºC, column oven 60–290ºC/10ºC.min-1, FID 290ºC) showed triacetin in tubes 8-13 (purity of 
96%), diacetin in tubes 22-38 (purity of 91%) and monoacetin in tubes 68-78 (purity of 99%). This procedure 
led to the recovery of 150,2mg of monoacetin, 268,1mg of diacetin and 98,6mg of triacetin. These results 
show that these derivatives of glycerol were isolated with speed, economy and efficiency. Thus, diacetin and 
monoacetin could again be subjected to acetylation in order to obtain the triacetin, which has greater 
economic value. The chromatographic process will be adjusted to increase the efficiency and economy of 
solvents and tests will be performed for scale-up. 
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Nowadays the cosmetic industry uses natural extracts with high a content of active compounds for their 

formulations. Presented here is the purification and scale up by CPC of a natural plant extract to obtain high 
quantities of an enriched polyphenols mixture. 

 
 
 
The objective was first to develop a CPC method to 

enrich two major compounds in a crude mixture [Fig 1]. 
A Butanol/Ethyl Acetate/Water system with 0.1% of TFA 
was used and 1g of crude were injected on a SCPC from 
Armen instrument with a 250ml column. By this method 
the extract was enriched from 10% (w/w) up to 65% 
(w/w) and also eliminates all unwanted materials in one 
step. 

 
 
 
 
The scale up was then done from the 250 ml CPC column to the 12,5L Armen SCPC system [Fig 2]. 

Three injections of 50, 100 and 150g were carried out and the fractions obtained were then analyzed by 
HPLC for control [Fig 3], and for cross checking. 
 

 
 

 
 
 
 
 

Figure 1: HPLC chromatogram of crude natural extract to be 
enriched with 10% content of target compounds 

Figure 2 :  CPC chromatogram of crude natural 
extract injection on a   SCPC12,5L.   

Figure 3 : HPLC chromatogram of enriched 
fraction with 65% (w/w) content of 
target compounds 
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Flaveria bidentis (L.) Kuntze is an annual alien weed of Flaveria Juss. (Asteraceae) in China. In order to 

utilize this invasive weed, bioactive compounds mainly flavonol glycosides and flavones from Flaveria 
bidentis (L.) Kuntze have been studied. High-performance counter-current chromatography (HPCCC) was 
successfully used to separate patuletin-3-O-glucoside, a mixture of hyperoside (quercetin-3-O-galactoside), 
and 6-methoxykaempferol-3-O-galactoside, astragalin, quercetin, kaempferol and isorhamnetin. Ethyl 
acetate-methanol-water (10:1:10, v/v) was selected by analytical HPCCC as the optimum phase system for 
the separation of patuletin-3-O-glucoside, a mixture of hyperoside and 6-methoxykaempferol-3-O-
galactoside, and astragalin. The separation was then scaled up: the crude extract (ca 1500 mg) was 
separated by preparative HPCCC, yielding 12 mg of patuletin-3-O-glucoside at a purity of 98.3%; 9 mg of a 
mixture of hyperoside and 6-methoxykaempferol-3-O-galactoside constituting over 98% of the fraction, and 
16 mg of astragalin (kaempferol-3-O-glucoside) at a purity of over 99%. Dichloromethane-methanol-water 
(5:3:2, v/v) was required for the separation of quercetin, kaempferol and isorhamnetin. The chemical 
structure of patuletin-3-O-glucoside and astragalin were confirmed by MS and 1H, 13C NMR. 

 
Figure1. Chromatogram of the crude extract from F. bidentis (L.) Kuntze by a) HPLC and b) Preparative CCC. Prep 

CCC Conditions: solvent system: ethyl acetate-methanol-water (10:1:10 v/v); stationary phase: upper organic phase; 
mobile phase: lower aqueous phase; flow rate: 50 mL/min; revolution speed: 1200 rpm; Retention of the stationary phase 
is 41.9%; sample: 1500 mg dissolved in 10 mL of lower phase. HPLC conditions: a reversed phase C18 column (4.6×150 
mm, 5 µm, Sunfire) was used. Gradient elution was performed using an A eluent MeOH and a B eluent with 0.05% (v/v) 
TFA in water in the following linear gradient combinations: at time 0 min, 70% B; at time 15 min, 50% B; at time 20 min, 
40% B; at time 25 min, 70% B. UV wavelength is 360 nm, temperature: 40°C. Flow rate was 1 mL/min, and 40 µL was 
injected into the column. Peak 1: Chlorogenic acid, Peak 2： Patuletin-3-O-glucoside, Peak 3: hyperoside (quercetin-3-O-
galactoside), Peak 4: 6-methoxykaempferol-3-O-galactoside, Peak 5： Kaempferol-3-O-glucoside (Astragalin), Peak 
6： unknown compound, Peak 7: Quercetin, Peak 8： Kaempferol, Peak 9: Isorhamnetin. 
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Flaveria bidentis (L.) Kuntze is an annual alien weed of Flaveria Juss. (Asteraceae) in China and it is 

native of South America mainly Argentina. F. bidentis (L.) Kuntze is a highly dangerous exotic weed in China, 
damaging native ecosystem and causing great economic losses. Compared with simple controlling methods, 
utilization of the weed in useful purposes might give more benefits. 

 
Literature showed that flavoniods were the major bioactive components found in F. bidentis (L.) Kuntze, 

especially flavonoid sulfates. Sulfated species of flavonoids represent highly charged water-soluble organic 
molecules that possess unique biochemical properties, such as anticoagulant activity and aldose reductase 
inhibiton. 

 
The first preparative separation of a flavonoid sulfate isorhamnetin 3-sulfate from F. bidentis (L.) Kuntze 

by counter-current chromatography (CCC) was presented. This was achieved in two stages. The first 
separation was performed with a two phase solvent system composed of ethyl acetate-methanol-water at a 
volume ratio of 25:1:25, yielding four flavonol glycosides at high purity and an impurity in which isorhamnetin 
3-sulfate existed. In the second stage, the impurity was purified by CCC using n-butanol-ethyl acetate-water 
(4:1:5, v/v), yielding isorhamnetin 3-sulfate with purity of over 95%. The identification of isorhamnetin 3-
sulphate was performed by ESI-MS, 1H-NMR and 13C-NMR spectra. Then, isorhamnetin 3-sulfate (C9H8O4) 
was intercalated into layered double hydroxide (LDH), which is an excellent biocompatible inorganic host for 
drug reservoirs and delivery carriers, by anion exchange under a nitrogen atmosphere to prepare a 
functional and effective isorhamnetin 3-sulfate drug for the first time. 

 
 

 
 
 
 
 
 
 
 
 
 
 

Fig.1.  Chromatogram of the crude 
extract from F. bidentis (L.) Kuntze 
by CCC. (a) The first stage of CCC: 
solvent system ethyl acetate – 
methanol - water 25:1:25 (v/v); 

sample: 120 mg crude extract dissolved in 10 ml lower phase; peak fractions: I = impurity; II = patuletin-3-O-glucoside; III 
= mixture of hyperoside and 6-methoxykaempferol-3-O-galactoside; IV = astragalin. (b) The second stage of HSCCC: 
solvent system n-butanol-ethyl acetate-water (4:1:5, v/v). Sample: dried fraction I of the first stage of HSCCC dissolved in 
5 ml lower phase. Peak fraction 2 = isorhamnetin 3-sulfate. 
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 Peperomia has over 600 species occurring in the tropics, its leaves have a variety of size and shape 

and are adapted to moist habitat and dry highlands as well. In despite of the large number of Peperomia 
species, only a few species have been chemically analyzed and, as a result, chromenes, benzoic acids, 
lignoids and poliketide derivates were isolated.  These plants are used in folk medicine to treat many 
conditions. Peperomia scandens Ruiz & Pav. popularly known as “Peperomia German”, is a herbaceous 
perennial and succulent, grown mainly for ornamental value of their leaves. It is frequently found in Rio de 
Janeiro.  

 
The aim of this work is to separate the components of essential oils obtained from aerial parts of P. 

scandens, using the CCC technique. CCC has been used for isolation of many biologically active 
compounds from plant extracts, besides CCC is known mainly for the high percentage of sample mass 
recovery and for the smaller solvent volumes required for preparative purposes, compared to solid-liquid 
adsorption methods. Aerial parts of P. scandens were collected in Vila da Penha, Rio de Janeiro, RJ. 
Botanical vouchers are kept at the Herbarium of the Rio de Janeiro Botanical Garden (JBRJ). The material 
was submitted to hydrodistillation for 2h in a modified Clevenger-type apparatus. The essential oils were 
analysed by GC and GC/MS. The chromatographic profile of the essential oil from P. scandens collected 
showed a high percentage of ishwarone (81,9%), ishwarane (7,2%) and apiol (6,1%) as major components.  

 
These compounds were obtained using a CCC equipment consisting of a PTFE 80 ml coil, a HPLC 

pump, a low pressure injection valve and a PTFE 5 mL sample loop. This system was coupled to a fraction 
collector programmed to collect at 1min intervals. Hexane: acetonitrile (1:1) were vigorously hand-mixed in a 
separator funnel, transferred to a flask and degassed (ultrasonic bath) for 30 min. Isocratic elution was 
conducted in a tail-to-head manner, with the acetonitrile lower phase as stationary phase. The coil was 
entirely filled with the lower phase of the solvent system with no rotation. Rotation of the coil was then started 
at 860 rpm, and the upper phase was pumped at a flow rate of 1.0 ml/min. Hydrodynamic equilibrium was 
attained prior to sample injection. The stationary phase retention was about 72.5%. Essential oil (1ml) was 
dissolved in the biphasic solvent system and injected to the apparatus. Fractions (240) of 2ml each were 
collected in 240 min. The collected fractions were analyzed by TLC, GC and GC-MS. It is worth to mention, 
that the major compounds ishwarone, were isolated from P. scandens with 99.0% purity. NMR analyses for 
ishwarone was performed and compared with literature data. CCC was proved to be a useful tool to separate 
terpenes in essential oils.  
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The genus Cuscuta is classificated in angiosperm group and belongs to the family Convolvulaceae. 

It consists in 175 species that are cosmopolitan distributed, with exception of Antarctic continent. These 
species are parasite plants, unprovided of chlorophyll. In fact, they use their haustorias to penetrate the 
fibrovascular tissues of host plant to acquire organic and inorganic resources. This vegetal specie introduces 
some pharmacological activities such as antiulcer, anti-inflammatory, antibacterial, antioxidant, cicatrizing 

and cytotoxic.  
 
 Regarding the analysis of chemical composition in Cuscuta species has been demonstrated the 
occurrence of flavonoids, hydroxycinnamic acid derivatives and lignanas. These compounds however are not 
easily isolated using traditional chromatographic techniques. Thus a pre-purification followed by counter-
current chromatography (CCC) separation seems to be a possible route for isolation of phenolics.  

Droplet counter-current chromatography (DCCC) consists in the passage of droplet of the mobile 
phase through the liquid stationary phase to promote the partition of the sample between two immiscible 
phases. The efficiency of this method depends on several factors such as difference in density between two 
liquid phases, the solvents viscosity, the interfacial tension and the flow rate of the mobile phase.  This way, 
in order to separate phenolic compounds from methanol extract of Cuscuta racemosa, commonly known in 
Brazil as “cipó-chumbo”, DCCC was used. 

 
The botanical material was collected in April 2008 at São José de Uba City, Rio de Janeiro State. 

This material was dried and extracted with methanol. The methanol extract was partitioned with hexane, 
dichloromethane, ethyl acetate and butanol. The dichloromethane fraction (1,0 g) was submitted to DCCC 
using the quaternary system solvent: hexane:EtOAc:MeOH:H2O (1:2:1:1). The organic phase of the system 
was used as stationary phase and the aqueous phase as the mobile phase (0.5 mL/min.). The 
chromatographic procedure described above resulted in the isolation of four lignans (9α-Hidroxysesamin, 9β-
Hidroxysesamin, Pluviatilol and Pinoresinol) whose structures were elucidated by NMR analysis. 

 
The result shows that DCCC is a versatile technique for separation of plant specials metabolites and 

an excellent alternative to resolve the problems associated with solid phase adsorbents.  
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An integrated on-line column-switching countercurrent chromatography (CCC) with a solid-phase 
trapping/preconcentration interface is presented. The interface is systematically evaluated in terms 
of sorbent type, column size, and kinetic factor from the view of the unique CCC process. Results 
indicate that satisfactory trapping efficiency can be achieved using a 25 mm×10 mm i.d. column 
packed with Oasis HLB materials. In addition to the analyte focusing effect, large volume injection 
is avoided, thereby allowing the use of totally different biphasic liquid systems to enhance the 
system orthogonality. The present integrated system simply combines the liquid and solid supports 
and is successfully applied in one-step preparative separation of four antioxidative compounds 
from the ethyl acetate extract of traditional Chinese herbal medicine Rubia cordifolia L. 
(Rubiaceae), exhibiting great advantages in peak resolution, peak capacity and instrument 
integration compared with conventional CCC separations. 
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Microwave-assisted extraction (MAE) was used to extract saponins from Gynostemma pentaphyllum Makino 
(Jiaogulan). An orthogonal test including solid/liquid ratio, temperature, extraction time and varous solvents 
was performed to get the optimal conditions. Consequently, the crude extracts were separated and purified 
by countercurrent chromatography (CCC) with a two-phase solvent system composed of n-hexane-ethyl 
acetate–methanol–water(4:5:4:5, v/v), and the collected fractions were analyzed by ultra-performance liquid 
chromatography (UPLC). Four kinds of saponins with high purity (over 95%) were yielded. The chemical 
structures of four purified saponins were futhered characterized by UPLC-ESI-MS/MS, 1H NMR and 13C 
NMR. 
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Traditional Tibetan medicine has developed for several thousands of years and accumulated an abundant 
amount of human pharmacological information and experience as a large potential resource in drug 
discovery and development. There are 2,436 different Tibetan medicines in China, derived from 2,172 
different plants, 214 animals and 50 minerals. Currently there is a rapid growth of research of Tibetan 
medicinal herbs in China. There were 986 Tibetan herb papers published between 2000 and 2007, 
compared to only 271 in the 11 previous years [1]. Most of the activity centered on Xining and Chengdu, with 
Beijing running a close third. A review of papers published on Tibetan medicinal herbs between 2008 and 
2009 reveals 92 papers isolating compounds with four main methods of separation and analysis: HPLC 
(43%), Silica Gel Column (25%), GC-MS (13%) and TLC (8%). Strangely, there has only been one English 
Journal paper published using CCC to isolate active compounds from Tibetan herbs [2].  
 
Compared with the conventional chromatography, CCC is a liquid–liquid partition chromatography technique 
without any solid matrix, which eliminates irreversible adsorption of samples on the solid support in 
conventional chromatographic columns. It has been successfully applied to analysis and separation of 
various natural products, especially for polar substances such as flavonoids, alkaloids and polyphenols. As 
most of the Tibetan herbs grow in environments that are at high latitude and on cold plateaus, they are 
frequently identified for their unique medicinal qualities and complicated diversity. The wide variety of solvent 
systems available for use in CCC will help to fractionate the crude Tibetan extracts for their fingerprints and 
isolate the active ingredients for further research. Based on these advantages and the growing use of CCC 
in the fractionation and isolation of actives from Chinese herbs [3], CCC will be playing a major role in the 
analysis and separation of Tibetan herbs and, with the advantage of scalability, will play a major role in the 
modernization of the Tibetan herbal medicines of the future.  
 
This paper, as well as reviewing separation research activity on Tibetan medicinal herbs, will focus on a 
family derived from Rhododendron and preliminary HPCCC results will be presented. 
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ABSTRACT 
 

 The genus Anemia Swartz (Anemiaceae) comprises about 100 species of ferns, distributed between 
Central and South Americas. There are four varieties of A. tomentosa, being A. tomentosa var. anthriscifolia 
the main one 
 The ethyl acetate extract obtained by liquid-liquid partition from the ethanol extract from fronds of this 
species inhibited 92.5% of the ATPase activity of the protein Pdr5p. This protein is responsible for the 
phenomenon of multidrug resistance (MDR), promoting failure in chemotherapy due to over expression of 
efflux pumps belonging to the super family of ABC transporters. Pdr5p of Saccharomyces cerevisiae is an 
interesting model in the search for possible inhibitors of these pumps because it has functional and structural 
homology with transporters of pathogenic fungi. 
 In order to isolate the bioactive constituents of the ethyl acetate extract from fronds of A. tomentosa, 
countercurrent chromatography with both isocratic and gradient elutions was used. The chromatographic 
profile of the ethyl acetate extract by thin-layer chromatography (TLC, visualized with NP/PEG, UV365nm, 
eluent - ethyl acetate:acetone:H2O, 25:15:5, v/v/v) presented medium to high polarity compounds indicative 
of free and glycosylated flavonoids. 
 Selection of the solvent system was performed by the test tube partitioning test with the systems 
composed of hexane:ethyl acetate:butanol:methanol:H2O (2:1:x:1.5:3.5, x=1, 2, 4). The final ratio of 4 ml of 
butanol was chosen. This system was used in the CCC separation in isocratic mode with normal phase. The 
chromatographic conditions were as follows: column 95 ml (Quattro MK5 HTprepr, AECS, UK), flow rate 2.0 
ml.min-1 (2.5 ml/tube), 202 tubes, 850 rpm, temperature 26°C; loop injection 5.0 ml, sample 500 mg, Vm =19 
ml , Sf=0.8. The sample was dissolved in the solvent system and injected after hydrodynamic equilibrium of 
the two liquid phases. The obtained fractions were analyzed by TLC and HPLC. Isoquercitrin, a flavonoid 
glycoside, was isolated from Fraction 7 which inhibited the protein Pdr5p in a dose-dependent way, but did 
not inhibit the efflux of rhodamine 6G (substrate of efflux pump).  
 For the isolation of other flavonoids, we conducted a new partitioning test with the solvent system 
composed of hexane:ethyl acetate:butanol:methanol:H2O (2:1:x:1.5:3.5, x=1.0, 1.2, 1.4, 1.6, 1.8, 2.0, 3.0, 
4.0) for CCC separation in gradient mode with normal phase. The final ratios of butanol on the step gradient 
elution were 1.4, 1.6, 1.8, 2.0 and 3.0. The chromatographic conditions were as follows: column 80 ml (PC 
Inc, USA), flow rate of 2.0 ml.min-1 (2.0 ml/tube), 240 tubes, 850 rpm, temperature 26°C; loop injecti on 5.0 
ml, sample 200 mg, Vm=18 ml , Sf=0.77. Initial analysis by TLC revealed that two flavonoids were isolated. 
One is isoquercitrin again, the other is being identified. These flavonoids were isolated in the second step of 
the gradient (1.6 ml of butanol). 
 The chosen solvent systems were efficient for the isolation of phenolic compounds from the ethyl 
acetate extract from A. tomentosa. The isolated compounds will be tested as inhibitors of Pdr5p.  
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 The genus Vitex comprises c.a. 250 species, which are small trees or shrubs occurring all over the 
world, especially in Europe and Eastern Asia. The chemistry of the genus has been well studied and it is 
characterized by the presence of C-glycosyl flavonoids, diterpenes, iridoids and ecdysteroids (Leitão et al., 
2008). In Brazil, circa 35 different species have been described but, so far, only two have phytochemical 
studies. In a recent paper from our group (Leitão et al., 2008) caffeoylquinic acid derivatives have been 
described for the first time in the genus. In an attempt to unravel the chemistry of the Brazilian species, bark 
samples of Amazonian Vitex - Vitex triflora (VTR), Vitex trifolia (VT) and Vitex sprucei (VS), were collected at 
the Ducke Federal Reserve at Manaus, Brazil, and the plant materials ware extracted with ethanol. 
Subsequent liquid-liquid fractionation of these extracts led to hexane, dichloromethane, ethyl acetate and 
butanol extracts. Ethyl acetate extracts were chosen for fractionation due to the possible presence of 
ecdysteroids. The biphasic solvent system for CCC was chosen by performing a simple test tube partitioning 
test and the results were evaluated by TLC. The HEMWat solvent system was chosen in an attempt to 
standardize the same procedure to the three species. We started with a 1:1:1:1 ratio and since the 
compounds were retained in the lower phase, more polar systems were tested (4:6:4:6, 3:6:3:6, 2:6:2:6, until 
K=1 ). The solvent systems were set as HEMWat 1.5 :6 :1.5 :6 for VTR (Sf = 76%) and 2:6:2:6 for VT (Sf = 
80%). In the case of VS, butanol was added as a fifth solvent, due to the more polar nature of this extract 
and the final system was set as HEMBuWat 1:6:1:0.5: 6 (Sf = 81%). All three samples (0,5g) were purified in 
a Quattro HTPrep apparatus in a 95 ml column, in a head-to-tail manner (organic phase as stationary 
phase), 2 ml/min, 850 rpm, fractions collected until K = 2.  The collected fractions were analyzed by TLC. A 
mixture of caffeoylquinic acid derivatives was separated from the ecdysteroids in the first fractions of all 
samples. Combined TLC and NMR analyses of the fractions showed that VT and VTR had similar chemical 
composition, whereas VS is much richer in caffeoyl quinic derivatives.  
 

The HEMWat system was effective for the separation of the ecdysteroids from the caffeoyl quinic 
derivatives. Lower polarity HEMWat (2:6:2:6) was able to separate 20-hydroxy-excdysterone from 
rubrosterone in VT, while the ratio 1.5:6:1.5:6 was not effective. In fact, for VT, we achieved the successful 
separation of the three main ecdysteroids present in the sample (rubrosterone, 20-hydroxy-excdysterone and 
a third unidentified one). Addition of butanol to the HEMWat system spreads out the distribution of caffeoyl 
quinic acid derivatives in the obtained fractions and retains the ecdysteroids in the stationary phase. 

 
This is the first report of the occurrence of rubrosterone not only in this genus, but also in the 

Verbenaceae family, whereas the occurrence of caffeoylquinic acid derivatives reinforces the theory that 
these substances may have their distribution restricted to the New World Vitex species (Leitão et al., 2008). 
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Platycosides, the saponins found in the roots of Platycodon granfiflorum (Platycodi Radix), are typically 
composed of oleanane backbones with two side chains; one is a 3-O-glucose linked by a glycosidic bond 
and the other is a 28-O-arabinose-rhamnose-xylose-apiose linked by an ester bond. They also have a 
different substituent of either methyl, carboxylic, or hydroxyl methyl group at C-4 position and an acetyl group 
on 2” or 3” on rhamnose. Minor saponins, acetylated isomers of major saponin, was isolated from the roots 
of Platycodon gradiflorum (Platycodi Radix) using a multi-step process including high-speed counter-current 
chromatography (HSCCC) and preparative reversed-phase high-performance liquid chromatography. 
Separation of six major platycosides; platycoside E, deapio-platycoside E, platycodin D3, deapio-platycodin 
D3, platycodin D, deapio-platycodin D, has been reported (1). After separation of major components, the 
enriched minor saponin fraction was used for this study. The two-phase solvent system composed of ethyl 
acetate–butanol–water with 0.05% formic acid (3.5:1.5:5, v/v) was used for HSCCC. HSCCC fractions was 
further purified preparative reversed-phase HPLC. Then, we obtained polygalacin D, 3”-O-acetylplatycodin 
D, deapi-polygalacin D

2
, 3”-O-acetylplatyconic acid A, 2”-O-acetylplatycodin D, 2”-O-acetylpolygalacin D, 2”-

O-acetylpolygalacin D and 2”-O-acetylplatyconic acid A. [(Supported  from the Korea Healthcare Technology 
R&D Project, Ministry of Health, Welfare & Family Affairs, Korea (A080974)). 
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Ginsenosides are well-known major components isolated from the radix of Panax ginseng C. A. Meyer, 
known as Korean ginseng, having diverse biological activities.  They have recently gained much attention for 
their biomedical applications. In the present work, a fast and simple method for the separation and 
purification of 8 ginsenosides from Panax ginseng by counter current chromatography coupled with 
evaporative light scattering detector (CCC-ELSD) was successfully established. The crude samples for CCC 
separation were first purified from ginseng extract using a macroporous resin.  The extract was loaded onto a 
Diaion-HP20 column and fractionated by methanol and water gradient elution. The ginsenosides-triols and 
diols fractions were subsequently eluted with 65% & 80% methanol and water gradient elution, respectively. 
Furthermore, these two fractions were separated by CCC-ELSD. The two phase solvent system used for 
separation was composed of chloroform-methanol-water-isopropanol at a volume ratio of 4:3:2:1. Each 
fraction obtained was collected and dried, which yielded eight ginsenosides namely, Rg1, Re, Rf, Rh1, Rb1, 
Rc, Rb2 & Rd. The purity of these ginsenosides was more than 97% assessed by HPLC-ELSD system, and 
their structures were characterized by electrospray-ionization mass spectrometry (ESI-MS), 1H NMR and 13C 
NMR spectroscopy. This is the first report regarding the CCC separation of ginsenosides Rh1, Rb2 & Rc 
from Panax ginseng. 
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Recently, neurodegenerative diseases such as Alzheimer's (AD) and Parkinson's (PD) diseases are 
increasing evidence that excessive accumulation of reactive oxygen species (ROS) that occurs during brain 
aging contributes to neuronal losses and dysfunction.  Based on these observations, it has been 
hypothesized that natural antioxidants derived foods and natural extracts may be beneficial to prevent and/or 
delay the occurrence of age-related cognitive deficits.  Thus, the discovery of specific antioxidants from 
natural products is reevaluated to identify potential therapeutic agents for the treatment of age-related 
diseases based on the prevention of antioxidant activity. 
 

In discovery of antioxidant from natural product, the purpose is to purify specific compounds and identify 
the ability of antioxidants in an extracted material.  Countercurrent chromatography (CCC) has been one of 
the commonly techniques for the purification of various compounds from natural materials, and then its 
purified fraction would be evaluated by antioxidant’s assay.  This protocol is laborious work for the discovery 
of antioxidant because its antioxidant’s ability cannot be known after CCC purification.  Thus, we have 
developed a novel strategy of CCC purification for the efficient and effective discovery of antioxidant from 
natural product based on on-line HPLC method with radical scavenging assay.  To achieve a strategy for 
CCC purification of the components, the antioxidants in extracted materials are identified by on-line HPLC 
with radical scavenging assay.  Then, the optimal condition of target compounds would be investigated for 
the two-phase solvent system, and purified by CCC (Figure 1).  In this study, the specific antioxidants in 
anthocyanin pigments were evaluated by on-line HPLC with DPPH radical scavenging assay, and purified by 
CCC technique (Figure 2).  
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Schinus terebinthifolius Raddi, “aroeira da praia”, which belongs to the family Anacardiaceae, is 
widespread throughout Brazilian territory. It can be found in dense forests and littoral areas from 
Pernambuco to Rio Grande do Sul States. Ethnopharmacological informations indicate for this plant to be 
used as febrifuge, blood depurative and anti-inflammatory. Chemical profile of the genus Schinus showed 
the presence of triterpenes, steroids, flavonoids, and tannins. Isolation of high and medium polarity 
metabolites, as flavonoids, by adsorption chromatography is difficult by the great interaction of these 
compounds with adsorbent matrixes. The accomplishment of a partition pre-purification stage followed by 
countercurrent chromatography has shown to be the best way for the isolation of the polar compounds from 
plants extract. 

The aqueous phase of the hydroalcoholic extract from leaves of Schinus terebinthifolius was 
submitted to a liquid-liquid partition as a pre-purification action which resulted in a flavonoid-rich fraction. 
From this fraction the countercurrent chromatography separation of this material was performed by using the 
following solvent system: CHCl3/BuOH/MeOH/H2O (1.75/1.0/1.5/1.0), yielding 139 fractions. These fractions 
were jointed according to their chromatographic profiles by TLC. The crystalline fractions 1-12 and 111-125, 
containing pure compounds were submitted to structural elucidation by 1H NMR analysis and they were 
characterized as luteolin and agathisflavone. 

The partition pre-purification stage of the crude aqueous phase from Schinus terebinthifolius material 
was crucial for the concentration of the flavonoid metabolites. Thus the isolation of luteolin and 
agathisflavone was possible and effective by CCC. 
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The gingerols, a series of homologues differentiated by the length of their unbranched alkyl chains, were 
identified as the major pungent components in the ginger oleoresin from fresh rhizome, of which [6]-gingerol 
is the most abundant. In dried rhizomes of ginger, [6]-shogaol forms through the anhydride of [6]-gingerol. It 
has been reported that [6]-gingerol and [6]-shogaol present bioactivities against cancer cells. A quick 
preparation of the two compounds to provide gram-scale quantities of [6]-gingerol and [6]-shogaol for further 
studies of their biological activities possesses use value.  The separation of [6]-gingerol and [6]-shogaol by 
silica gel liquid chromatography could gave gram-scale quantities of [6]-gingerol and [6]-shogaol, but the 
process was tedious and solvent-consuming. The present study establish a flash high speed countercurrent 
chromatography (FHSCCC) method for the preparation of [6]-gingerol and [6]-shogaol which was rapid, 
simple and saved solvents.  

The FHSCCC separation was performed on a CCC instrument equipped with a 1200-ml column made 
tubing with 5 mm i.d. run at a flow rate of 25 mL/min, which meet the FHSCCC characteristic, i.e. FHSCCC is 
defined as a real separation possessing a characteristic that the flow rate of mobile phase (mL) is equal or 

greater than the square of the diameter of the column tubing (mm), i.e. , here d and Fc are the diameter 
of the column tubing and the applied flow rate of mobile phase, respectively, as suggested by Du in another 
communication in this conference.  

The separation employed the upper phase of stationary phase of the n-hexane-ethyl acetate-methanol-
water (3:2:6:5, v/v) as the stationary phase. A stepwise elution was performed eluted with the lower phase of 
n-hexane-ethyl acetate-methanol-water (1:2:1:2, v/v) for first 90 minutes and eluted with the lower phase of 
the n-hexane-ethyl acetate-methanol-water (3:2:6:5, v/v) for the second 90 minutes. In each separation 5 g 
of the crude extract of rhizomes of ginger was loaded to yield 1.96 g of [6]-gingerol with a purity of 98.3% and 
0.64 g of [6]-shogaol with a purity of 97.8% in 3 hours. 
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Hypericum perforatum L., commonly named St. John’s wort in Western Europe, is a traditional herbal 
medicine used in various part of world. The increasing attention on Hypericum perforatum in recent years 
relied on its antidepressant activity. The extracts of Hypericum perforatum contain a variety of 
pharmacological active constituents including phloroglucinols, naphthodianthrones, and a broad range of 
flavonoids. Recent studies revealed that the major phloroglucinol hyperforin and its derivative adhyperforin 
might be the critical components for the antidepressant activity of Hypericum perforatum. Hypericin has 
drawn much attention as a potential clinical anticanceragents in recent years. In addition, flavonoids present 
in Hypericum perforatum have also been shown to have antidepressive activities in addition to their 
antioxidant potential. 

 
The preparative separation of bioactive components from Hypericum perforatum is of great technical 

challenge due to their low-level amount in the extract and coexistence with their analogues. Better 
understanding of pharmacological activities of Hypericum perforatum and the quality control of related 
products make it necessary to develop more efficient separation methods for the above mentioned bioactive 
constitutions.  

 
In this paper, a systematic separation method was 

established for five bioactive components from less polar 
to polar, which were isolated and purified from a crude 
extract of Hypericum perforatum L by HSCCC combined 
with pre-separation by ultrasonic solvent extraction with 
petroleum ether, ethyl acetate, and n-butanol successively. 
As a result, furohyperforin (1), hyperforin (2), hypericin (3), 
hyperoside (4) and rutin (5) were obtained. HPLC-DAD-MS 
and NMR were employed for purity analysis and structure 
elucidation. 
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Medicinal plants have been used since ancient times as medicines for the treatment of diseases and still play 
a key role in world health. The chemical diversity of plants has made them one of the main sources for the 
isolation of bioactive organic compounds [1].  
  
Rheedia longifolia Planch & Triana is an arboreal plant distributed in tropical and subtropical Americas and it 
is popularly known in Brazil as bacupari. The literature data show that plants of this genus are rich in 
biflavonoids, benzophenones, flavonoids, xanthones, triterpenes, and steroids [2, 3]. 
  
Leaves of Rheedia longifolia collected at Rio de Janeiro, RJ, were reduced to small fragments and dried at 
40oC in an oven with air circulation. The dried plant material was submitted to a static extraction with 
methanol for seven days. The methanol crude extract was fractionated by liquid-liquid partition using 
sequentially the solvents of increasing polarities, hexane, dichloromethane, ethyl acetate and butanol.  
 
Even with this partition, the chlorophyll was present in the polar fractions. Then, ethyl acetate fraction was 
eluted through a XAD-2 Amberlite column, using solvent mixtures of water/ethanol increasing the ethanol 
percentage from 30% to 100%. Chromatographic analysis of the eluted material revealed concentration of 
the phenolic compounds in the fraction eluted with  60% ethanol. This fraction rich in phenols was submitted 
to countercurrent chromatography (CCC), in a Quattro apparatus Mk6quikPrep model, equipped with four 
coils with capacity of 125ml, using as a solvent system HCl3:MeOH:H2O (7:13:8).  
  
This separation procedure resulted in the isolation of two yellow compounds identified by TLC, HPLC and 
NMR data as belonging to the class of biflavonoids. Thus by this technique it was possible to concentrate the 
phenolic metabolites in just one separated group. This procedure has proven speed in the concentration of 
phenolic compounds and efficiency in separation of flavonoids from plant extract.  
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The application of countercurrent chromatography (CCC) in separation of the most important natural plant 
pigment classes (carotenoids, chlorophylls, anthocyanins and betalains) demonstrated the versatility of this 
preparative and analytical technique [1]. Red beet root extracts (Beta vulgaris L.) are increasingly utilized as 
a natural food colorant due to growing interest of potential health benefits (anticarcinogenic) and non-toxic 
features of betalains by consumers. Betanin is the main betacyanin in the beet roots.  

Preparative isolation of betalains is problematic because these compounds are sensitive to several factors 
such as elevated temperature, low pH or high water activity [2]. HPLC is frequently used for analytical and 
preparative separation of complex mixtures of the pigments. Introduction of CCC technique created novel 
powerful preparative isolation procedures for obtaining pure pigments on a larger scale [1, 2] for the wide use 
in food industry and pharmacy. In the present study, betalains were separated with ion-pair CCC technique 
in the ‘head-to-tail mode’ in a solvent system composed of butanol - acetonitrile - water (5:1:6 v/v/v, acidified 
with 0.7% TFA). TFA and other perfluoro-acids are essential reagents for countercurrent chromatographic 
separations of polar betalains [3, 4].  

Surprisingly, application of ion-pair forming CCC biphasic solvent systems resulted in betalain 
chromatographic profiles which were meaningfully different from the profiles observed in C18-HPLC. The 
14,15-dehydrogenated betanins (“neo”-derivatives) were eluted much faster than the corresponding non-
dehydrogenated analogues. This phenomenon was expressed especially by very fast elution of neobetanin 
in CCC which is eluted later than betanin in C18-HPLC even with additions of TFA to the mobile phases. 
Moreover, the presence of 2,3-dihydro-2,15,17-tridecarboxy-neobetanin in early fractions is surprising due to 
its significant hydrophobicity in C18-HPLC. The results suggested that the formation of ion-pairs between the 
non-dehydrogenated betanins and TFA anions is much stronger than in the case of dehydrogenated 
pigments leading to much higher retention. Therefore, a converse elution order between C18-HPLC and IP-
CCC was observed. 

This research was financed in part by Polish Ministry of Science and Higher Education for years 2007-2010 (Project No. 
N205 2991 33). 
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In Mexico, preferably, avocado fruits of the variety Hass (Persea americana Mill, Lauraceae) are 
cultivated. After industrial fruit processing, avocado seed material will be disposed, but could be a potential 
source for food supplements, and medicinal products. Ethnopharmacy of the Aztec culture used decocts of 
avocado seeds as potent remedies to treat mycotic, and parasitic infections [1,2].   

In this study we investigated the polar crude extract of avocado seeds by preparative coupling of 
CCC and ESI-MS/MS detection for a target-guided isolation of bioactive natural products [3].  

A preparative triple-coil CCC (Pharma Tech., U.S.A., 850 mL stat. phase volume, flow rate of mobile 
phase: 3.0 mL/ min, injection: 600 mg spray-dried avocado seed extract) was used in the ‘head-to-tail’ mode 
using the lipophil biphasic solvent system n-butanol / methanol / water [5:1:6 (v/v/v)]. The elution of different 
compounds was monitored at λ 280 nm. A make-up flow of methanol/ 2% aqueous NH3 [1:1, (v/v) (0.25 mL/ 
min)] diluted the CCC effluent stream before a variable split unit (1:625) transferred 5 µL/ min to the 
electrospray-MS interface (Bruker Daltonics, Esquire LC ion trap ESI-MS/MS). ESI-MS parameters were 
typically set as used for syringe pump infusion experiments. The main CCC-effluent stream was directed to 
the fraction collector for preparative recovery.  

During the preparative CCC run, ESI-MS/MS monitoring (neg. mode: 50-2200 amu) detected base-
line separated fractions with dimeric and trimeric proanthocyanidins (4 - 6), and co-eluting ß-D-glucosides of 
8’-hydroxyabscisic acid and epi-dihydrophaseic acid. The provided ESI-MS/MS fragmentation pattern 
corroborated the structural proposals of substances 1 - 6 (cf. Fig.).        

Preparative CCC in direct combination with ESI-MS-MS detection was shown to be very effective for 
identification of natural products in the polar crude of avocado seeds. 

In case of oligomeric proanthocyanidins (4 - 6) ESI-MS-MS data not elucidated weather a 4→8 or a 
4→6 condensation between the flavanol-units was present. 
 

 
 
Figure:    
Selected prepCCC-ESI-MS ion traces  
(neg. mode 50-2200 amu: [M-H]-) of natural products 
from avocado seeds  
(Persea americana). 
1 chlorogenic acid: m/z 353,  
2  8’-hydroxyabscisic acid ß-D-glucoside: m/z 441, 3 
epi-dihydrophaseic acid ß-D-glucoside: m/z 443, 4 
dimeric epicatechin: m/z: 577,  
5 trimeric epicatechin: m/z 863, 6 dimeric epicatechin: 
m/z 577.     
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The violet colored bracts of Bougainvillea glabra (Nyctaginaceae) are an excellent source of different acyl-
oligosaccharide linked betacyanins [1,2]. During ion-pair moderated preparative countercurrent 
chromatography, more lipophilic decarboxylated- (e.g. 2’, 6’) and dehydrogenated- (“neo”) (1’’ , 3’’ , 4’’ , 5’’ ) 
pigment artefacts presented a converse elution order in comparison to the genuine polar betacyanins with 
the system tert.-butylmethylether/ n-butanol/ acetonitrile/ water 2:2:1:5, (v/v/v/v) and trifluoroacetic acid (TFA) 
in the head-to-tail mode with the aqueous mobile phase (cf. Fig.). We postulate that ion-pair interaction is not 
solely related to strong binding of TFA anions with the positive charge of the diaza-hepta-methinium partial 
structure of the betanidin aglycone. The ion-pair CCC results indicated that the TFA-anion could be bound 
over hydrogen-bridges to the carboxyl-functions strongly masking their polar character by the extremely 
lipophilic -CF3 function. Hence, during IP-CCC separation, the decarboxy- (’) and neo- (’’ ) derivatives with 
decreased amount of carboxyl-functions behave more polar in respect of elution order. For the study a pre-
purified crude pigment extract of B.glabra was separated by the elution-extrusion method enabling a 
complete pigment recovery [3]. A triple-coil CCC (Pharma Tech., U.S.A., volume: 850 mL, elution flow rate of 
mobile phase 3.0 mL/ min, and extrusion 4.0 mL/ min, injection amount: ~600 mg). The elution of different 
betacyanins was monitored at λ 540 nm.  
Identification of pigment structures from IP-CCC fractions was achieved by off-line LC-ESI-MS/MS also using 
H/D-exchange mass-spectrometry. Certain high-molecular structures were measured by HR-ESI-MS/MS 
(Thermo, LTQ Velos Orbitrap) to clearly distinguish hexose-units from caffeoyl-substitutions.  
 

 
[M+H]+ 1’’ 2’ 2 3’’ 3 4’’ 4 5’’ 5 6’ 6 7’’ 7 8’’ 8 9’’ 9 10’’ 
  m/z 1124 815 859 1137 1183 1151 1197 1121 1167 713 757 991 1037 1019 1065 975 1021 989 

 
Figure:  Ion-pair preparative CCC-UV chromatogram of Bougainvillea glabra pigment extract separated by elution-extrusion (EE).  
Decarboxy- (’) and neo- (’’ ) betacyanins. 
 
References:  
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Winterhalter J. Chromatogr. A, (2010) in press. [3]  Y. Lu, R. Liu, A. Berthod, Y. Pan, J. Chromatogr. A, 1181 (2008) 33.  
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Interest in bioactive phytochemicals is continually increasing and has led plant breeders to tailor plant 
breeding programmes towards achieving enhanced phenolic contents. Some examples include blueberries, 
red-fleshed apples and red-fleshed plums. The ARC’s stone fruit breeding programme is developing new 
selections of red-fleshed plums for the fresh fruit market. Additional value-added products such as fruit juices 
and nutraceutical extracts can also increase the market potential of such cultivars. One promising selection 
(PR05-17) with enhanced anthocyanin and flavonol content is currently under evaluation in field and cold 
storage trials. 
 
Fruits were harvested in January 2010 at Bien Donne, Drakenstein, South Africa. Fruits (flesh and skins) 
were pulped using a 4:1 ratio of fruit mass to volume of 8 g/L NaF and frozen. Extraction with methanol 
was performed before HPLC-DAD (high performance liquid chromatography-diode-array detection) and 
LC-ESI-MS (liquid chromatography-electrospray ionization-mass spectrometry) analysis (5 g fruit pulp/10 
mL methanol sonicated for 10 min). Compounds were identified by comparison of UV-Vis, LC-ESI-MS and 
LC-ESI-MS/MS characteristics with that of authentic standards where available. Tentative identification of 
other compounds was based on comparison to literature. A crude methanol extract was prepared from 
skins of fruits and fractionated using C18 SPE cartridges. The cartridges were activated sequentially with 
methanol and water adjusted to pH 7. After sample loading, the cartridges were eluted sequentially with 
water at pH 7 (polar constituents), 16% acetonitrile at pH 2 (anthocyanins) and 50% acetonitrile (other 
flavonoids). A suitable solvent system for separation of the 50% acetonitrile fraction was chosen by 
performing shake-flask experiments to determine partition coefficients. HSCCC was performed with a 
Dynamic Extractions Spectrum model (coil volume = 144 mL) in the head-to-tail mode using the aqueous 
phase as the mobile phase (solvent system = hexane/ethyl acetate/ethanol/water 1:6:1:6). The rotation 
speed, flow-rate and temperature were 1600 rpm, 4 mL/min and 30°C, respectively. Further purification 
where necessary was performed using semi-preparative HPLC on a C18 column (10 x 150 mm). The 
identities of the isolated compounds were determined using LC-ESI-MS/MS and nuclear magnetic 
resonance (NMR) spectroscopy. 
 
Several phenolic compounds were identified in fruits from selection PR05-17, viz.: neochlorogenic acid, 
(+)-catechin, cyanidin-3-O-glucoside, cyanidin-3-O-rutinoside, quercetin-3-O-glucoside and quercetin-3-O-
rutinoside. Several other flavonoids were also tentatively identified using LC-MS and LC-MS/MS. As the 
unidentified compounds consisted mostly of flavonoids, a crude methanol extract was prepared from skins 
of fruits. After fractionation using SPE, the fraction containing flavonoids without anthocyanins were 
considered for CCC fractionation as the two major anthocyanin peaks were well-known compounds. A 
HEMWat solvent system (hexane/ethyl acetate/methanol/water, 1:6:1:6) proved promising in shake-flask 
experiments, but emulsion formation in the presence of the sample caused stationary phase stripping. This 
was overcome by changing the alcohol component to ethanol. Two CCC fractions were obtained with 
>95% purity, namely quercetin-3-O-glucoside and quercetin-3-O-xyloside. Further purification using semi-
preparative HPLC also afforded other quercetin-derivatives amongst others. 
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ABSTRACT  

 

A major advantage of countercurrent separation (CS) is its ability to describe the solute behavior of organic 
molecules in simple mathematical terms that do not rely on empirical parameters. Elution-Extrusion 
Countercurrent Chromatography (EECCC) represents a recently developed CS operation mode that allows 
the rapid fractionation of complex mixtures such as natural product metabolomes based on the partition 
behavior of their individual components. EECCC takes full advantage of the liquid nature of the stationary 
phase by combining classic elution with stationary-phase extrusion. The analytes follow a partition behavior 
that can be mathematically described (Berthod/Friesen/Inui/Pauli, Anal. Chem. 2007, 79, 3371-3382) and is 
generally independent of the complexity of analyte mixtures. 

 

In order to model separations of complex mixtures such as natural products, a Matlab-based prediction 
software for the quick simulation and design of EECCC analysis ("prEEdiCCCt") has been developed. The 
software user has control over: normal/reverse phase, stationary phase retention volume, partition 
coefficients, and the number of theoretical plates. This data generates Volume vs. K and resolution factor 
plots.  The user can also pick up to hundreds of partition coefficients of analytes to be modeled, along with 
their respective relative concentrations for the Intensity vs. Volume plot. 

 

The prEEdiCCCt software enables predictive comparisons between the separation of hypothetical mixtures 
and/or modeling of experimental fractionation of natural products and metabolomic analysis/fingerprinting. It 
is a promising tool for the CS-based analysis of “small” molecules in complex samples based on their known 
partition behavior, and allows targeted design of CS separation conditions. 

 



 

6th International Conference on Countercurrent Chromatography, Lyon, July 28-30, 2010 94 

P44 
Separation of gardenia blue colorant using pH-zone- refining 

countercurrent chromatography 
 

Hiromitsu Aoki*, Miyako Nagasono, Aya Takasaki, Yos hihisa Miwa 
 

Faculty of Pharmaceutical Sciences, Hiroshima International University 
5-1-1, Hirokoshingai, Kure, Hiroshima 737-0112, Japan 

TEL: +81-823-73-8293; FAX: +81-823-73-8570; e-mail: h-aoki@ps.hirokoku-u.ac.jp 
 

Keywords: Gardenia flower, pH zone CCC, blue dye 
 
 
  
 
Gardenia blue has been traditionally used for colouring food in Asia.  It is obtained through the reaction of 
protein hydrolysate with genipin, which is enzymatically hydrolysed from geniposide contained in Gardenia 
jasminoide.  Gardenia blue pigment is supposed to be a polymer of genipin and amino acid, however, the 
structure is unclear.  In fact, the analytical HPLC of a commercial gardenia blue had a broad peak shown in 
figure 1(b). 
 
Commercially available Gardenia Blue colorant was separated using pH-zone-refining countercurrent 
chromatography.  The solvent system consisted of n-butanol/methanol/water (4:1:6) was selected.  The 
upper phase contained of TFA was used as stationary phase, and the lower phase contained of NH3 was 
eluted.  The resulting CCC chromatogram is shown in Figure 1(a).   
 
Various components were contained in the factions at pH of 2.2 (fractions 29 – 54).  Thereafter, in the pH 
increment region of 2.2 – 10.3 (fractions 55 – 63), a broad peak detected at 20 – 30 min in analytical HPLC 

were eluted.  After a decrease of 
intensity, fractions contained a 
component at a high purity of over 
95% were obtained (fractions 68-72, 
pH = 10.3).  Thus, a purified 
component of gardenia blue was 
successfully obtained using a pH-
zone-refining CCC.   
 
The structure of the isolated blue 
pigment is now being investigated.   
 
 
 
 
 
 
 
 
 
 
Figure 1.  pH-CCC chromatogram (a) and 
analytical HPLC of a commercial gardenia blue 
(b) and the sample after purification by pH-CCC 
(c). 
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The multilayer columns on J-type countercurrent chromatography (CCC) have been most widely utilised 

not only in laboratory research and development, but also in commercial production.  However, over the past 
three decades almost all our understandings on this type of CCC have been relying on a two-dimentional 
model [1], in which the locations on a dynamically rotated CCC column are described by a “ring” model 
shown in the table below. 

 
The 2D “ring” model [1] The 3D helical model (this work) The 2D spiral model [2] 
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where R is the radius of the 
rotor, β the radius ratio of the 
column self-rotation to the 
rotor rotation, θ the elapsed 
rotation angle, ϕ the initial 
angular position on the CCC 
column. 
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where α ( 20 πα << ) is helix angle of 
the helix column and the others are 
the same as for the “ring” model. 
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where k is the spiral pitch and 
the others are the same as for 
the “ring” model. 

 
On one hand, this “ring” model has successfully explained the effects of the rotor’s rotation speed (ω) and 

the β value on stationary phase retention and phase mixing intensities. On the other hand, because of the 2D 
nature, this model simply cannot shed any lights on the effect of the helical angle on the performance on J-
type CCC in conducting chromatographic separations. 

 
Upon the existing 2D “ring” model [1] and spiral model [2] for J-type CCC, this work has developed a 3-

dimentional physical model for helical columns based on the location on a helical column depicted in the 
table above. 

 
This helical model characterizes the Archimedean screw force by 

 ( ) ( )[ ] ( )[ ] 2122 tan122
−+⋅+++ ααββϕθω tancosR  

 
 
For multi-layer helical columns, it is predicted that, high values of ω, β, or α will favour the retention of a 

liquid stationary phase. The usage of the “ring” model to helical columns has been restrictively identified. By 
comparing the helical model with the existing spiral model, it has also been revealed that, if the helical angle 
of a helical column is not too large, the phase mixing intensities in the helical column and in the spiral column 
are similar. 
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Herbal extracts contain a complex pool of natural bio-actives and are added to dietary supplements and 
functional food products, despite the whole metabolic profile has not been investigated in all details. 
Ethnopharmacological data propose positive health effects of using decocts and extracts of various known 
medicinal plants, nevertheless, a highly important task is the clarification of specific risks to human health. 
This implements the large-scale isolation of marker substances for pharmacology/ toxicology studies, 
standardization of extracts, and authenticity control of products in the consumer market.  
This approach was done in our lab-study, for scale-up isolation of different ginsenoside marker substances 
from a crude ginseng radix extract (Panax quinquefolius, P.q.) performed by ‘Low-Speed Rotary 
Countercurrent Chromatography’ (LSRCCC). This technique has been used for the separation and 
purification of various natural products and is specifically suited for large-scale fractionation of natural 
product crude extracts (1, 2). The used LSRCCC prototype (Pharma Tech., USA) with convoluted PTFE 
tubings (I.D. 8.1 mm, length 107 m) consisted of a 5.5 L coil-column. The biphasic solvent system TBME/ 
n-butanol/ acetonitrile/ water (2/2/1/5, v/v/v/v) and a rotation speed of 66 rpm was used. Injection of 18 g P.q. 
extract to the LSRCCC yielded 1400 mg of ginsenoside Rb1 (92 % purity) in 20 h at 8 mL/min. Similar 
substituted dammarane saponins were also enriched in the other LSRCCC fractions (Fig.).  In a second 
chromatographic CCC-dimension, the LSRCCC fraction of the coil-column - containing the less polar 
saponins - was fractionated by a separate CCC experiment.  Based on HPLC-ESI-MS-MS analysis, CCC 
fraction 2 and 4 consisted of ginsenoside Rc (20 mg, 85% purity) and ginsenoside Re (120 mg, 76% purity).  
Furthermore ginsenosides Ro and F11 were identified as major constituents in fraction 9 (100 mg).  Their 
structures were determined by ESI-MS-MS and 1D-NMR measurements. 
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Figure : LSRCCC chromatogram of Panax quinquefolius crude extract monitored at λ 210 nm with the chemical structure 
of ginsenoside Rb1  (18 g, TBME/ n-butanol/ acetonitrile/ water 2/2/1/5, v/v/v/v). 

 
(1) Du, Q., Wu, P., Ito, Y. Low-Speed Rotary Countercurrent Chromatography Using a Convoluted Multilayer Helical Tube for Industrial 

Separation. Anal. Chem. 2000, 72, 3363-3365. 
(2) Du, Q., Jerz, G., He, Y., Li, L., Xu, Y., Zhang, Q. , Zheng, Q., Winterhalter, P., Ito, Y. Semi-industrial isolation of salicin and 

amygdalin from plant extracts using slow rotary counter-current chromatography. J. Chromatogr A, 2005, 1074, 43–46. 
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Counter-current chromatography (CCC) is a powerful tool for resolving the complex extracts of natural 
products into each single or combination of the components. The traditional isocratic elution provides limited 
resolution but requires long elution time. The establishment of an elution-extrusion CCC method has opened 
a new window for rapid analysis of natural products. This work provides a new insight on elution-extrusion 
CCC and linear gradient CCC method for efficient fractionation of tanshinones (1-4) from the extract of Salvia 
miltiorrhiza Bunge. The solvent system used for CCC separation is the system composed of hexane-ethyl 
acetate-ethanol-water with the volume ratio of 8:2:7:3 and 8:2:5:5. The time point to start extrusion is a key 
parameter for elution-extrusion. An acceptable extrusion point was set at 310 min after tanshinone I (3) has 
been eluted. Similarly, the point to change solvent system linearly is also an important parameter for linear 
gradient CCC method. Both the start time point and the gradient durative time will affect on the separation 
time and resolution. And the favorable gradient elution was found to start at 200 min for 100 min from 100% 
A (the lower phase of 8:2:5:5) to 100% B (the lower phase of 8:2:7:3). As a result (Fig.1), four tanshinones 
including dihydrotanshinone I (1), cryptotanshinone (2), tanshinone I (3) and tanshinone IIA (4) with the purity 
of more than 95% were successfully separated both by the two CCC methods. It is an interesting trial to 
investigate the selection of the elution mode for current CCC separation of natural products. 
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The semi-synthetically derived spinetoram J and spinetoram L which are the principal components of 
SpinetoramTM, a commercially and environmentally important insecticide manufactured by Dow Agrosciences 
LLC, have historically been purified by RP-HPLC to provide analytical standards. The purification of 1 kg of 
the mixture has been effected periodically by means of analytical and preparative scale RP-HPLC which is 
described herein.  

The development and execution of a successful HPCCC process to perform the same separation of 1 kg of 
the crude sample is fully described. Finally, the performances of the HPLC and HPCCC are compared: the 
purity and recovery of the two components by HPCCC were the same as by RP-HPLC but HPCCC proved to 
be significantly faster and required less than one fifth of the solvent used in the original HPLC process and 
was therefore more labor-efficient and ‘greener’.  
 
HPCCC is a liquid-liquid chromatographic methodology which is orthogonal and complementary to HPLC. 
This work demonstrates the different selectivity obtainable by HPCCC compared with HPLC and discusses 
the advantages of using the former.  

 

 

 

 
Spinetoram TM 
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Toroidal Coil Chromatography (TCC) since it was introduced by Ito in 1998 is proving to be 
a very effective way of purifying proteins using aqueous phase systems (ATPS). As it is a 
hydrostatic CCC process with a defined number of stages, it lends itself to analysis using a 
Counter-Current Distribution (CCD) based modelling system [1]. Selected test results are given in 
Table 1. All experiments used the same sample and, where possible, the same sample loading.  
The sample was prepared by mixing 2.2mg/ml each of lysozyme and myoglobin in equal quantities 
of upper and lower phase (exceptions 10 mg/ml for [2] and 1 mg/ml for [3]).  Sample loading was 
from 1-1.5% of the coil volume (exceptions 5% for [2] and 10% for [5]). In all cases, the phase 
system was 12.5% (w/w) PEG-1000: 12.5% (w/w) K2HPO4 ATPS with the heavy phase mobile. 
 

Centrifuge Tubing id Speed Flow Volume Mixing No of [4] Mixing Resolution 
(mm) (rpm) (ml/min) (ml) Stages Transfers Effic iency(%) (Rs)

TCC [2] 1.1 1200 0.20 20 1310 15 1.1 0.96
CCC [3] 1.6 800 0.62 52 909 28 3.1 0.94
CCC [3] 1.6 800 1.25 52 909 23 2.5 0.77
CCC [3] 1.6 800 0.62 107 1884 70 3.7 1.45
CCC [4] 5.0 800 10.0 334 404 30 7.4 0.39
CCC [4] 5.0 1000 10.0 334 404 55 13.6 0.70
CCC [4] 5.0 1200 10.0 334 404 91 22.5 1.05
CCC [4] 5.0 1400 10.0 334 404 101 25.0 1.10
CCC [4] 5.0 1400 10.0 672 814 226 27.8 1.68
CPC [5] NA* 2000 10.0 429 1008 80 7.9 1.28

In all cases, chromatograms 
have been fitted using the theoretical 
model based on CCD theory [1], with 

the equivalent number of mixing and 
settling transfers (as if the experiment 
were being performed using a series 
of liquid-liquid extraction steps in test 
tubes). 

Table 1:  Selection of results comparing the new 5mm bore TCC instrument 
with Ito’s original TCC unit  [2], early feasibility studies at Brunel with 1.6 mm 
bore tubing [3], scale up with 5 mm bore tubing [4] and CPC [5]. 

 
Ideally, each mixing stage (or loops with a cascade mixing step or stage) should be 100% 

efficient, with complete mass transfer between each stage.  In practice, the mobile phase often 
tracks round the path of least resistance and misses the large volumes of stationary phase 
present.  In hydrostatic CCC, where there is cascade mixing like a waterfall, there is an effect 
known as the “Coriolis Effect” which causes the mixing stream to curve in the direction of rotation 
when the heavy phase is mobile; this curve varies according to the strength of the “g” field. 

The results in Table 1 show that the mixing efficiency in small bore coils is very low.  In the 
Ito TCC instrument, where there is a uniform acceleration field, the efficiency is as low as 1%.  In 
our PTFE 1.6mm bore tubing wound on DE-Midi bobbins, the efficiency is between 2.5% and 3.7% 
depending on the flow.  As the bore increases to 5mm, with the same rotor speed and increasing 
the flow from 1.25 ml/min to 10 ml/min in the same ratio as the cross section areas of the tubing 
(linear scale up), the efficiency of mixing increases from 2.5% to 7.4%, even though sample 
loading has increased from 1 mg/ml at 1% coil volume sample loading to 2.2 mg/ml at 1.5% coil 
volume sample loading.  When scaling up to larger bore tubing, the helix angle of the toroid 
inevitably increases.  This means that even higher speeds will be needed to bend the flow stream 
(Coriolis) into the centre of the tubing and maximise mass transfer from the cascade mixing 
stream.  When rotation speed is increased, a dramatic increase in stage efficiency occurs from 
7.4% at 800rpm to 25% at 1400rpm.  

  
References:  [1] I.A. Sutherland, J. de Folter and P, Wood, J. Liquid Chromatog. & Rel. Tech., 26 (2003) 1449;  
[2] Y. Ito & Y. Ma, J. Liq. Chrom. & Rel. Technol., 21 (1998), 1; [3] Y.H.Guan et al, Sep. & Purif. Technol., 65 (2009) 79; 
[4] R. van den Heuvel et al, The scale up of J-type toroidal coil countercurrent chromatography for protein separations 
CCC2010, ibid; [5] I.A. Sutherland et al, J. Chomatogr. A., 1190 (2008) 57. 
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The problem of oil contamination of soils is a very important and actual problem. The development of 
new methods for organic analysis of soils is required for analytical chemistry and environmental 
management. Traditionally, total concentrations of oil pollutants are determined by standard fluorimetric, IR-
spectroscopic and gas-chromatographic methods, but all of them need additional routine steps of 
pretreatment involving solvent extraction of pollutants, extract filtration, and separation stages.  

 
A new approach for simplification and automation of pretreatment procedure is proposed. The 

technique is based on continuous-flow extraction of organic pollutants from soil in rotating coiled columns 
(RCC), early using for countercurrent chromatography (CCC). The particulate solid sample is retained inside 
the column under the action of centrifugal forces while organic solvents are pumped through it. The 
separation procedure is not so laborious as traditional techniques, complete automation being possible. No 
additional clean-up step is needed before the subsequent chromatographic analysis of extract. It’s need just 
about 20 minutes for extraction instead 1 -2 hours in case of traditional methods. Continuous-flow extraction 
in RCC using hexane for followed by gas-chromatography with mass-selective detection (GCMS) enable 
total concentration of oil to be determined in contaminated soils. 

 
In present work assessment of different types of soils retention inside of RCC was observed. It is 

shown the nine types of soils successfully retained in RCC. The samples retention was not less 90% in these 
cases. The experimental conditions for oil products recovery from soils were obtained. The effectiveness of 
oil products extraction from soils in dynamic (using RCC) and batch conditions was comprise.  

 
It is shown that the recovery of oil products from contaminated soils using RCC is about 92%. 

Moreover 90% of total extracted components are separated in first 10 mL of extractant.  
 
 
 
The work was supported by the Russian Foundation of Basic Research (grant N 09-03-00757) and Russian 

Academy of Sciences Presidium (Program N 8)  
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The impact of anthropogenic metal/metalloid ions on the soil environments cannot be evaluated by 
measuring the total concentration of individual species, because the physicochemical mobility, environmental 
accessibility and, consequently, toxicity of trace elements (TE) strongly depend on their chemical forms and 
type of binding with the sample matrix. Thus, procedures for distinguishing different solid-phase associations 
of TE are required. An approach that has been found to be preferable is the fractionation of TE into 
operationally defined forms under the sequential action of different leaching reagents. Selective reagents 
used in sequential extraction procedures (SEP) are intended to simulate conditions whereby TE associated 
with certain components of soil, sediment, or sludge can be released. Each fraction obtained on treatment 
with a particular leachant represents, most often, a group of compounds with similar physicochemical 
mobility. 

 
Despite the recent efforts for settling operational conditions for metal and metalloid fractionation, 

conventional batch sequential extraction schemes lack automation and are rather time consuming and 
laborious. Two additional main problems are the phase overlapping and possible re-adsorption of released 
elements. Hence, environmental relevance of the results obtained may be somewhat questionable.  

 
Alternative methodologies are based on dynamic (non-equilibrium) approaches. Recently, it has 

been demonstrated that rotating coiled columns (RCC), traditionally applied to countercurrent 
chromatography, can be used in liquid-solid systems for continuous leaching of trace metals and metalloids 
from contaminated soils, lake sediments, and river sludges. The solid sample (typically 0.5 g) is retained as a 
stationary phase, whereas leaching solutions of mineral acids, electrolytes (salts), and complexing agents 
are pumped through. The fractionation of elements is performed on a planetary centrifuge furnished with a 
vertical one-layer coiled polytetrafluoroethylene (PTFE) column. The information on metal/metalloid chemical 
forms and type of binding supplied by the various SEP has been critically discussed and compared with that 
of the traditional batchwise protocols. As a consequence of the continuous flowing nature of the extracting 
(mobile) phase that makes the contribution of metal re-fixation negligible, the most mobilisable metal forms 
(were released to a larger extent as compared with the equilibrium-based methods. Despite the slow 
mobilisation kinetics of TE from solid samples, the use of multistage continuous extraction in RCC facilitates 
the decrease of the contact time between phases down to 1-2 h per fraction. 

 
Further research has been conducted aiming at extending the RCC concept to heterogeneous solids 

with lower content of TE. Hence, the retention of particulate matter has been scaled-up by using column 
tubing of large diameter and bobbins with variable rotation radii. It has been shown that up to 5 g can be 
completely retained in the coiled PTFE tube (total inner volume 34 ml) with minimal loses during the 
fractionation procedure.  

 
TE and major elements released from the stationary phase can be also determined on-line by 

coupling RCC with an inductively coupled plasma atomic emission spectrometer (ICP-AES). This novel 
approach was utilised for preliminary leaching studies using single extractants, namely, water and simulated 
acid rain at pH 4. The proposed hyphenated flow-through analytical system has been applied to the 
fractionation of TE in soil, sediment and sludge samples using a new sequence of leachants that ensure 
improved selectivity. Simultaneous recording of the elution profiles of TE and major elements facilitates the 
elucidation of TE associations in the separated fractions, and hence, the efficiency of extractants for targeted 
mineralogical phases may be estimated. In fact, the hyphenated method looks rather promising for 
developing effective leaching schemes for risk assessment of pollutants in environmental solids.  

 
Authors are grateful to the Russian Foundation of Basic Research for financial support. 
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Countercurrent chromatography (CCC) was born in the early 70s by the hand of Y. Ito. Since then, several 
types of machines have been fabricated (hydrodynamic and hydrostatic models), numerous operating modes 
have been developed (direct mode, dual-mode, extrusion-elution,…) and fundamental research (separation 
models, efficiency studies,…) as well as diverse applications have been found (food, pharmaceuticals,…). 
Until May 2008, 1638 manuscripts were published, including the CCC topic, worldwide in 338 different 
journals. 2381 scientists, professors or research directors, investigators, research associates, technicians 
and/or students have published about this technique. 
 
CCC is a separation technique that uses multipartitioning of solutes between two liquid phases to separate 
them. The affinity of the solutes for the two liquid phases, called solute partitioning, will be the only 
physicochemical parameter responsible for solute separation by CCC 
 
The high selectivity and high retention of the stationary phase make the CCC method a valid alternative or 
complementary technique to HPLC, and to be a powerful preparative chromatographic tool. The practical 
applications of CCC have been studied and used mainly for preparative and analytical separation of organic, 
bioorganic substances and synthetic products and the results have been extensively reviewed. 
 
Now the question is: after 40 year, has this technique already become older and will be forgotten fast or 
people can still do interesting things using CCC? Is the future of the CCC still promising? These doubts will 
be discussed in this work. 
 
 
Literature: 
[1] Y. Ito, R.L. Bowman, Science 767 (1970) 281-283. 
[2] A. Berthod (ed.), Countercurrent Chromatography. The Support-Free Liquid Stationary Phase, Elsevier, 

Amsterdam, Comprehensive Analytical Chemistry (D. Barceló, Ed.), Volume XXXVIII, 2002. 
[3] A. Berthod, M.J. Ruiz-Ángel, S. Carda-Broch, Journal of Chromatography A 1216 (2009) 4206-4217. 
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The liquid stationary phase of countercurrent chromatography (CCC) is retained in the separation columns 
by a centrifugal force field. In addition, the design of planetary centrifuge developed by Dr. Yiochiro Ito 
creates zones of mixing, which is a critical stage of CCC separation, along the helical coil at dizzying 
speed[1]. The phenomenon of zones of mixing is resulted from the acceleration exerted on microcosmic fluid 
drops in the helical coil by the planetary centrifugal motion. 

 
Radial heterogeneity of the LC columns has been regarded as an inevitable source of peak asymmetry[2,3], 

which brings about undesirable effects in both physicochemical studies and application of chromatography. 
Thus far, classic chromatography study has mainly focused on the axial direction of the columns, which 
hardly influences radial heterogeneity. The radial variation is more likely to be affected if an action on the 
radial direction of the columns is exerted. 

 
In this study[4], a planetary centrifugal column chromatography system was first proposed, wherein a liquid 

chromatography (LC) column was set in a planetary centrifugal environment. As similar to CCC principle, a 
physical and mathematical model was deduced, indicating that the planetary centrifugal motion could inspire 
zones of radial circulation of the mobile phase and the analytes in the column. This circulation could relax the 
radial distribution gradient of the mobile phase and the analytes and subsequently improve peak asymmetry. 
A series of experiments was carried out and the results were in accordance with the theory. Compared to the 
classic column chromatography, this new system could obtain profiles with a smaller asymmetry parameter 
and tailing factor. Therefore, the present study provided a new and effective approach for relaxing radial 
heterogeneity and peak asymmetry in LC. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[1] Ito,Y.; Bowman, R.L. J. Chromatogr. 1978, 147, 221-231. 
[2] Farkas, T.; Guiochon, G. Anal. Chem. 1997, 69, 4592-4600. 
[3] Billen, J.; Gzil, P.; Vervoort, N.; Baron, G. V.; Desmet, G. J. Chromatogr. A 2005,1073,53-61. 
[4]Xu, X.; Hu, R.; Lu, Y.; Pan, Y. Unpublished results. 
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A new support-free liquid-liquid chromatography technique will be described and evaluated. The 
fundamental principle of the controlled-cycle pulsed liquid-liquid chromatography (CPLC) is the combination 
of pulsed-mixing technique (to supply the additional energy necessary to force the mobile phase through the 
stationary one and intensify the interphase mass-transfer) with the controlled-cycle performance (to increase 
the separation efficiency by decreasing the axial mixing in the phases). Several variants of the 
implementation of this principle have been developed. The new liquid-liquid chromatography system consists 
of a series of multistage units connected in the form of a coil, and a pulsation-cycling flow device to impart 
pulsation motion to the contents of the units by regulated discrete supply of the mobile phase as repetitive 
pulses to the system. The pulsation-cycling flow device provides both, the discrete mobile phase supply to 
the apparatus and pulsation motion to the liquids in it. Significant features of the chromatographic system 
being considered, are: the retained volume of the stationary phase is determined by the volume of the mobile 
phase portions fed to the apparatus; when the concentration equilibrium is reached in the stages, the 
chromatographic peak profiles of solutes can be predicted from the partition coefficients and operating 
parameters; and, once the hydrodynamic equilibrium is reached, the operation of the system can be stopped 
and resumed without interfering with the separation process. 

 
Experiments were carried out with the CPLC systems containing 1, 2, 4 and 5 units. Each unit 

presented a column divided into 26 stages by equally spaced horizontal perforated plates. The pulsation-
cycling device presented an especially designed piston pump with adjustable piston stroke length and PC 
regulated frequency and piston velocity. The PC control system allowed independent setting of desired 
values of frequency and velocity of piston movement. 

 
The results obtained, demonstrate the potential of the CPLC technique for preparative and industrial 

separations. 
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Abstract 
 
  The performance of figure-8 column configuration in centrifugal counter-current 

chromatography was investigated by changing the angle between column axis (a line crossing the 
top and the bottom of figure-8) and centrifugal force. The first series of experiments was performed 
using a polar two-phase solvent system composed of 1-butanol-acetic acid-water (4:1:5, v/v) to 
separate two dipeptide samples (tryptophyl tyrosine and valyl tyrosine) at a flow rate of 0.05 ml/min 

at 1000 rpm. The results showed that, as the column inclination was changed 
from 90º (column axis perpendicular to the centrifugal force) to 0 º (column axis 
parallel to the centrifugal force), Rs (peak resolution) rose from 1.31 to 1.93 in 
the lower phase mobile and from 0.99 to 1.21 in the upper phase mobile while 
the retention of stationary phase was slightly reduced reaching the lowest level 
at 45º angle in both elution modes.  
 

The second series of experiments was similarly performed with a 
moderately hydrophobic two-phase solvent system composed of hexane-ethyl 
acetate-metanol-0.1M hydrochloric acid (1:1:1:1, v/v) to separate three N-2,4-
dinitrophenyl amino acids (DNP-D,L-glutamic acid, DNP-ß-alanine and DNP-L-
alanine) at a flow rate of 0.05 ml/min at 1000 rpm.  When the column angle was 
changed from 90 º to 0 º, Rs obtained with lower mobile phase first fell and then 
rose to the near original level with the lowest value at 45º while Rs with upper 

phase mobile steadily increased, but the stationary phase retention was gradually declined in both 
elution modes. Motion of the two phases in the column at various angles is diagrammatically 
illustrated to explain the results obtained from these two solvent systems.  
 

The performance of figure-8 column mounted at 0° an d 90° angles was also compared at 
the different flow rates. The results show that Rs was increased with the decreased flow rate 
yielding the highest value at the 0° column angle w ith lower phase mobile. The overall results of 
our studies indicated that 0° column angle of the f igure-8 column enhances mixing of the two 
phases in the column to yield the best peak resolution.  
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Counter-current chromatography (CCC) has been widely used in the separation of natural and synthetic 
products.  It uses a type-J coil planet centrifuge which produces planetary motion of the multilayer coiled 
column in such a way that the column rotates about its own axis while revolving around the central axis of 
the centrifuge both in the same direction. This synchronous planetary motion creates a favorable 
hydrodynamic effect on the two phase solvents in a multilayer coil to produce efficient mixing and retention of 
the stationary phase in the column.  When the same multilayer coil is subjected to Type-I planetary motion in 
which the coiled column synchronously counter-rotates about it own axis, the system fails to retain a 
sufficient amount of the stationary phase.  The same happens with the spiral column recently developed in 
our laboratory.  
 
This type-I planetary motion is identical to that of the vortex mixer which produces circular motion of the 
centrifugal force to vigorously mix a liquid in a test tube. The only difference between these two systems is 
that the type-I planetary motion with a larger revolution radius can produce greater centrifugal force to form a 
vortex  between two immiscible liquid phases that can be utilized for performing counter-current 
chromatography provided that configuration of the separation column gives a sufficient amount of stationary 
phase.  This idea was tested using a novel column design consisting of a set of cylindrical or truncated 
conical separation units connected in series. The separation column was made from a high-density 
polyethylene disk (17 cm in diameter and 5 cm in thickness) by making multiple cylindrical or truncated 
conical holes serially connected with narrow transfer ducts. The column was sealed with PTFE sheets and 
sandwiched between a pair of metal flanges. This column configuration produces the satisfactory levels of 
stationary phase retention for either lighter or heavier phase mobile under suitable experimental conditions. 
 
Performance of the vortex CCC system is examined by a set of two-phase solvent systems with a broad 
range of hydrophobicity each with suitable test samples, and evaluated in terms theoretical plate number and 
peak resolution together with % retention of the stationary phase.  The preliminary results showed that 
separation of Sudan dyes with a binary solvent system composed of hexane – acetonitrile in the small 
cylindrical column yielded one theoretical plate per 2 cm of length of the column compared with about 20 cm 
is required to produce one theoretical plate for the conventional multilayer coil separation column in the type-
J high-speed CCC.  
 
The vortex CCC method has the following advantages over the conventional CCC techniques:  1) Since the 
two phases are mixed in the plane perpendicular to the column axis, solute band spreading along the length 
of the column is minimized. 2) By eliminating the hydrodynamic Archimedean Screw effects in HSCCC and 
the hydrostatic force generated by the density difference between the two-phases in centrifugal partition 
chromatography, the system produces extremely low column pressure which permits the use of a long 
separation column without a risk of leakage of solvents.                                                                                                                        
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Centrifugal Partition Chromatography (CPC) is compared to semi preparative Liquid Chromatography (semi 

prep LC) in terms of separation and purification capabilities.  The CPC advantage is evidenced studying the 

purification of N-tert-butyl-1-diethylphosphono-2,2-dimethylpropyl nitroxide (SG1) used as the control agent 

in Nitroxide-Mediated Polymerization (NMP).  Our goal consisted in obtaining high purity samples (>99%) of 

SG1 in a reasonable time and using a minimum amount of solvent.  Simple tests were conducted to 

determine the distribution coefficient of SG1 in acetonitrile/hexane, methanol/hexane and 

methanol/water/hexane biphasic systems.  Subsequently, CPC was performed in descending mode.  The 

purity of the obtained SG1 was determined by HPLC.  CPC and semi prep LC were compared to each other 

in terms of various parameters such as purity of the obtain product, loadable mass of raw product, separation 

efficiency, experiment duration and amount of 

solvents spent.  CPC is clearly more convenient 

than semi prep LC in this case study.  CPC was 

found to have a throughput almost 30 times higher 

than that of semi prep LC, giving comparable 

purity with far less solvent.  CPC has clearly a 

bright future as a new economical industrial 

purification process.   
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Aloe vera is a stem less or very short-stemmed succulent plant growing up to 60–100 cm in height 
spreading by offsets. It is common practice for cosmetic companies to add soap or other derivatives from 
Aloe vera in cosmetic products. It should be noted that processed aloe that contains aloin is used primarily 
as a laxative, whereas processed Aloe vera juice that does not contain significant amounts of aloin is used 
as a digestive healer. Manufacturers commonly remove aloin in processing due to the FDA ruling 

 
The aim of this study is to enrich an Aloe vera extract by removing all traces of two major impurities using 

TMB CPC technique. As this technology allows continuous injection it is suitable for production at an 
industrial scale. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TMB system allows the continuous injection of the sample between two CPC columns and to recover 

from one side of the system the more polar compounds of the extract (which has more affinity for lower 
aqueous phase) and on the other side the less polar compounds of the extract (which has more affinity for 
the upper organic phase) [Figure 1]. Figure 2 shows the HPLC analysis of the crude Aloe vera extract to be 
enriched. The aims is to cut this chromatogram into two parts : the left part with the target compound [Figure 
3] and the right part with impurities [Figure 4]. 

 
The difference shown here with a simple biphasic liquid extraction system in funnels, is that CPC TMB 

gives enough separating power in terms of plate efficiency to get two different purified extracts containing 

different molecules. The size of the CPC TMB columns defines the scale of productivity, for example a 12.5 

litre system is capable of delivering kg scale levels of compound and larger systems can further enhance 
these levels. 

 
 
 

Figure 2: HPLC chromatogram of 
crude Aloe vera extract  

Figure 3: HPLC chromatogram 
of enriched fraction  

Figure 4: HPLC chromatogram of 
impurities fraction  

Figure 1: CPC TMB principle.  
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Hydrostatic-CCC or CPC deals with a liquid stationary phase which is maintained inside the “column” thanks 
to its density difference with the mobile phase and to the centrifugal acceleration field. The column consists 
in a serie of cells connected by ducts in cascade. The efficiency of this kind of process has already appeared 
to be strongly correlated to the hydrodynamics of the 2 phases in each cell volume (Marchal et al., 2000 and 
2002). The hydrodynamic is investigated with an asynchronous camera visualization controled by a triggered 
stroboscopic light. A “Visual-CPC” prototype has an upper wall of glass allowing to observe any cell of the 
disk (from the inlet to the outlet). 

According to the physical properties of the biphasic system 
(densities, viscosities, interfacial tension), the observed flow 
patterns are film or spray, and the transition appears to be 
correlated to the mobile phase velocity in the entrance part of 
the cell. In order to exploit this property, the ducts were 
oriented in the radius direction (collinearly to the acceleration 
field – evolution of design 1 to 2). In the cell volume, the flow 
path is deviated by the Coriolis acceleration. As the cell shape 
was narrow at this time, the mobile phase was stuck to the 
side wall, resulting in low interfacial area and then a lack of 
chromatographic efficiency. Two designs were proposed 
successively (3 and 4). Design 3 (de la Poype, 2003) 

appeared to cause flow instabilities traducing a Coanda effect due to the proximity of the walls, and design 4 
and 5 (Foucault, 2008 and 2009)  were enlarged and fitted with baffles. They appeared to promote the 
mobile phase dispersion into  the stationary one and the coalescence at the cell’s outlet. The methodology of 
development will be presented (standard separation results for various column designs, adimensional 
approach) and the influence of operating parameters on the hydrodynamics and the column efficiency will be 
discussed. Conclusions will be highlighted by flow pattern videos. 
 
 

 
From the left to the right : Design 1 to 5; 1: Sanki design; 2: radial entrance; 3: Z-cell; 4: Twin-cell; 5: Asymetric Twin-cell 
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The spiral tubing support (STS) rotor, originally designed by Yoichiro Ito (1) and fabricated by laser sintering 
has convenient tubing guide-holds, is lightweight and can easily be refilled with new or modified tubing (2).  
Its operation with various types of solvent systems is important to study to identify whether STS-CCC can be 
used for all molecules.  Here are reported the results of separations of various MW molecules in sample 
loads of at least 20 mg in appropriate solvent systems. The CCC instrumentation used was the STS rotor 
(CC Biotech) filled with unmodified 1.6 mm ID FEP tubing, pressed into the frame support, 135 ml total 
volume capacity, mounted in a planetary centrifuge (Conway Centri Chrom Inc., Williamsville, NY).  A sample 
loading valve (VISI Cheminert) with a 10-ml loop was at the inlet.  
  
For examples of small molecules of MW < 500, the compounds listed in Table 1 were investigated by 
measuring the K in various solvent systems by HPLC experiments.  The compounds were selected from the 
solvent system study previously reported (3). The solvent system HEMW (3:5:3:5), n-hexane, ethyl acetate, 
methanol, water by volume had a spread of values of partition coefficients for these compounds.  In the table 
the K values are listed as the ratio of concentration in lower phase (stationary phase) to upper phase (mobile 
phase).  In this way the expected elution volume can be determined.  The mixture of the compounds in 3 ml 
total of both phases was chromatographed at a flow of 1.3 ml/min and 4-min fractions collected.  The rotation 
was 840 rpm with the elution mode of U-o-T (4).  This means the upper phase was pumped through the 
outer terminal in the tail to head direction (CW).  The location of each compound was determined by UV 
measurement and HPLC.  In the run, the stationary phase retention was 70.4% and the compounds came 
out separated in the expected order and elution volumes.  
 

Table 1 Small Molecule Mixture Separated in STS CCC 
               Compound             MW          mg           K (L/U ) 

 
Naringenin     272.3   18   0.12 
Ac Salicylic Acid (aspirin)    180.16   44   0.75 
Salicin     286.27   33   4.34 

 
STS-CCC was applied in the preparative purification of peptides with MWs of 1598.7 and 1613.9. These 
were purified in the most commonly used solvent system, 0.1-1% trifluoroacetic in water/sec-butanol (1:1 by 
vol.). However because of hydrophobicity differences, one peptide was purified in the elution mode of L-i-T 
and the other in U-o-H.  The stationary phase retentions averaged 66.8%.  The results of separations and a 
scale-up experiment will be presented.   Finally, proteins were chromatographed using  
the ATPS.  The solvent composition primarily used was 12.5% PEG (MW=1000) /12.5%K2HPO4 by wt.  The 
protein mouse uteroglobin of 14kDa was purified, separating the dimer from monomer in this solvent system 
using the lower phase mobile at 1ml/min.  The stationary phase retention was 70.5%.  Myoglobin, 24 mg, 
and lysozyme, 31 mg, (MW of 17.67 kDa and 14.39kDa, respectively) were baseline separated in these 
conditions.  Presently, the STS-CCC of E. coli lysate to isolate the expressed ubiquitin fusion protein product 
is underway and the optimal ATPS will be described.   
 
REFERENCES:  
(1) Ito, Y., Clary, R., Powell, J., Knight, M., Finn, T.M. (2008) J. Liq. Chromatog. & Rel. Technol. 31: 1346-1357.   
(2) Knight, M., (Sept. 1, 2008) Gen. Eng. & Biotechnol. News, 28 p. 58.   
(3) Friesen, J.B. and Pauli, G.F. (2005) J. Liq. Chromatog. & Rel. Technol. 28: 2777-2806.  
(4) Knight, M., and Finn, T. M. (2009) J. Liq. Chromatog. & Rel. Technol. 32: 2669-2685. 

 



 

6th International Conference on Countercurrent Chromatography, Lyon, July 28-30, 2010 111 

P61 
 

Monoclonal antibody purification using robotic phas e system selection 
coupled with CCC 

 

 

S. Fernando A*, L. Allen B, D. Fisher A and I . Garrard A 
ABrunel Institute for Bioengineering (BIB)*, Uxbridge B Lonza Biologics, Slough 

Fax +44 (0) 1895 274608, Samantha.fernando@brunel.ac.uk 

 

 

Keywords: Countercurrent chromatography, monoclonal antibody purification, robotic system  

 

The current research is on the rapid, scalable purification of monoclonal antibodies from mammalian cell 
culture supernatant (CCS) using countercurrent current chromatography (CCC).  CCC is a form of 
continuous liquid chromatography, which the BIB team have developed to process scale.   
 
Our research objective necessitates robotic selection of aqueous-aqueous two phase systems (ATPS) to 
provide different distribution ratios for monoclonal antibodies and impurities (e.g. host cell proteins, DNA) for 
purification by CCC [2,3]. A Perkin Elmer liquid handling robot was used to prepare PEG-salt phase systems 
from concentrated aqueous stocks, perform partitions, and take samples for analysis. Systems included PEG 
400, 1000, 3350 and 8000 with sodium, potassium and ammonium phosphate, sulphate and citrate at a 
range of concentrations, plus the addition of varying amounts of NaCl to enhance the separation of IgG from 
impurities [4-6].  
 
Due to the nature of these ATPSs, standard analysis methods which include protein A HPLC to quantify IgG 
concentration (and provide a measure of maintenance of biological activity) and SDS PAGE gels for purity 
have been significantly adapted.  Optimum phase systems were selected on the basis of both good recovery 
and an IgG distribution ratio in the range of 0.2-2. The PEG 3350 11.1/11.1% ammonium sulphate system 
was found. Purification of the monoclonal antibody with this system using centrifugal partitioning 
chromatography (CPC) has been achieved.  
 
 CCC loading studies to achieve maximum IgG processing will be presented. We plan to transfer the process 
to a toroidal coil CCC which has better potential for process scale up. This technology has significant 
industrial potential in the purification of monoclonal antibodies as it is not only scaleable but can be operated 
in a continuous mode.  
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Centrifugal precipitation chromatography has been successfully applied for the separation of recombinant 
and native enzymes, antibody-antigen studies, PEG-protein conjugates, plasmid DNA, and polymerized 
pigments (Ito and Qi, 2010 and citations inside).  Spiral counter-current chromatography (spiral CCC) which 
has been more recently introduced has been successfully used for the separation of peptides and standard 
mixtures of proteins (Knight and Finn, 2009, Knight et al. 2009).  In this study we combined centrifugal 
precipitation chromatography and spiral CCC equipped with a spiral tubing support (STS) rotor for the 
identification and fractionation of proteins from Enteromorpha sp..   
 
Protein extraction from most algae is difficult due to the presence of large amounts of anionic cell-wall 
polysaccharides which strongly hinder the solubilization of proteins during extraction procedures.  In order to 
identify our target enzyme we applied a slightly modified isolation protocol which was published previously 
(Baldermann et al. 2009).  The fractions obtained by centrifugal precipitation chromatography were analysed 
by HPLC and SDS-PAGE.  Based on activity screening and GC analysis of enzymatic reaction products we 
were able to identify an enzyme exhibiting carotenoid cleavage activity from Enteromorpha sp.. 
 
These results could be utilzed to develop a suitable aqueous two phase solvent system (ATPS) for the 
fractionation of protein extracts from Enteromorpha sp. by spiral CCC.  After measurement of the K values of 
the extract by HPLC and activity in various ATPS we performed the protein separation.  The proteins were 
partioned between the two phases formed by PEG-3350 (25% w/w) in potassium phosphate buffer (6.25% 
K2HPO4, 6.25 %KH2PO4 (w/w)).  The fractionation of 500 mg crude protein extract was carried out in the STS 
rotor (135 ml volume, 1.6 mm ID PTFE tubing, CC Biotech, Rockville, MD) mounted in a planetary centrifuge 
(Conway Centrichrom Inc, Buffalo, NY).  The rotor was filled with the upper phase then the sample was 
loaded and centrifugation started.  The lower mobile phase of the ATPS was eluted from the inner to the 
outer terminal (tail to head) at 1 ml/min.  The rotation was in the counterclockwise direction at a speed of 
800 rpm.  The stationary phase retention was 73%.  Fractions of 4 min were collected and analyzed for 
protein content and enzymatic activity.   
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Interestingly, in a few cases preparative counter-current chromatography has been used for purification of 
antibiotic compounds from microorganism [1]. In our study, a MeOH extract obtained from 3 L of a tryptone-
yeast culture medium from Paenibacillus apiarius showed activity against methicillin resistant 
Staphylococcus aureus (MRSA) DSM 11729 in a HPLC-fractions well plate assay. 
For the preparative bioassay-guided fractionation of the crude extract (1600 mg), a triple-coil CCC (Pharma 
Tech Corp., CCC-1000, 850mL) was used. The achieved CCC separation (Fig.1) was evaluated by means of 
TLC and off-line LC-ESI-MS/MS detection and led to four compounds. Three of them were active against 
MRSA and were elucidated as isocoumarins and were purified by preparative C18-HPLC. The identified 
isocoumarin 1 (Mr: 442 Da) was already known to act as antitumoral agent [2]. The indole derivative 
sattazolin (2) was isolated in a single CCC-step (60 mg) and was elucidated by LC-ESI-MS/MS and 1D/2D-
NMR spectroscopy, but was inactive against MRSA. Lampis et al. had reported for sattazolin an antiviral 
activity against Herpes simplex virus type 1 and 2 (HSV1 and 2), Vaccinia virus (VV) and Poliovirus type 1 
(IS) [3]. The structure-activity relationship of these isolated bioactive compounds from Bacillus subtilis is so 
far unclear. But preparative CCC separation can surely provide sufficient material from microbial cultivation 
broths that investigations on biomolecular mechanisms could be conducted.  
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Figure 1:   
CCC separation of a Paenibacillus apiarius culture broth. 
Solvent system n-hexane/ iso-propanol/ water (1:1:2, v:v:v), 
flow rate: 3.0 mL min-1. Injection: 1600 mg, UV-trace: λ 210 
nm, rotational speed: 1000 rpm; mobile phase: lower phase; 
elution mode: ‘head-to-tail’. 

Figure 2:  
Isolated compounds from P. apiarius culture. 
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Compounds of particular interest, which have been reported from avocado fruits and seeds, are the 
oxygenated n-C17-ω unsaturated lipids with a terminal acetylenic or vinyl bond [1]. They have been identified 
as the bitter taste compounds present in immature avocado seeds [2]. Some of them with a furan nucleus 
are called ‘avocatins’ and could be related with the pharmacological activity of the unsaponifiable part of the 
avocado lipids [3]. Many of these compounds had shown to exhibit a significant ‘in-vitro’ cytotoxicity and anti-
tumor activity. For the bioactivity-guided screening, the recovered CCC-fractions containing avocado lipids 
were monitored by the ‘brine shrimp’ cytotoxicity-assay (Artemia salina) [4]. 

Two lipophilic extracts from avocado seed cotyledons were obtained by classical solvent extraction with 
petrol-ether and through supercritical fluid CO2-extraction [5]. They were separated by CCC yielding the 
highly active fraction F3 and subsequent clean-up by SiO2-MPLC resulted in the pure substances A, B, C, D 
and E (Fig. 2). LC-ESI-MS/MS, EI-MS, CI-MS as well as NMR spectroscopy (1H, 13C, DEPT90, DEPT135) 
identified the bio-active aliphatic acetogenins [6]. The extracts as well as fractions were tested in the ‘brine-
shrimp’ assay and were more active than the reference toxin podophyllotoxin. The preparative application of 
HSCCC was shown to be a very effective technique for fractionation and purification of cytotoxic lipophilic 
substances with a very similar substitution pattern.  
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Figure  2.  
Purified lipophilic substances from avocado seeds 
(Persea americana Mill., Lauraceae). 

Figure 1 . CCC separation of the petrol-ether extract from 
avocado cotyledons (Persea americana Mill., c.v. Hass). 
CCC-1000-Pharma Tech. (USA), triple-coil (850 mL volume), 
injection: 1000 mg; solvent mixture: n-hexan/EtOH/H2O 
(6:5:1); flow rate: 3.0 mL/min; λ=210 nm; rotation: 900 rpm; 
mode: head-to-tail. 
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Legumes are a very good source of micronutrients and phytochemicals that present chemopreventive activity 
against diseases such as diabetes, coronary heart disease and colon cancer. In our previous study, 
methanolic (MeOH) and aqueous (H2O) extracts from 11 plants of Leguminosae family that thrive in Greece 
were evaluated for their antioxidant and chemopreventine activity [1]. Among them, MeOH  and H2O water 
extract of  Lathyrus laxiflorus subsp. laxiflorus showed potent radical scavenging efficiency and significant 
protective activity against DNA damage induced by reactive oxygen species (Hydroxyl (OH*) and peroxyl 
(ROO*) radicals) [1]. In order to determine the bioactive components, the phytochemical profiles of these 
extracts were investigated. 
 
Initially, TLC and HPLC analysis revealed an abundance of secondary metabolites which cover a wide range 
of polarities. In the case of H2O extract, an important step in the isolation process of its substances was the 
good initial fractionation of the extract by Centrifugal Partition Chromatography (CPC). This extract was 
subjected to CPC separation using a mixture of n-Heptane / EtOAc / n-BuOH / EtOH / H2O (1 / 9 / 5 / 5 / 15) 
as biphasic system. The upper phase was used as the mobile phase, whereas the lower phase was used as 
the stationary phase in a head to tail or descending mode and this procedure resulted in 21 fractions. Then, 
the water layer was used as mobile phase in a tail to head or ascending mode and 19 fractions were 
collected. Then, the nine major components (Kaempferol and quercetin glycosides, caffeic acid) were 
isolated using some conventional chromatographic techniques (Sephadex LH-20 column chromatography, 
TLC preparative etc).  
 
On the other hand, the MeOH extract was subjected on a step gradient CPC and its eight major components 
were isolated in one step. In this procedure, eight biphasic systems, which consist of n-Heptane / EtOAc / n-
BuOH / EtOH / H2O, were used. The proportion of the EtOH and H2O, which are the main solvents of the 
stationary phase, remained unchanged while the ratio of the main solvents of mobile phase changed in such 
a way as to shift from lower to higher polarity mobile phase. 
 
The results of this study showed that the step gradient CPC is an effective and expeditious procedure for the 
isolation of components which possess similar chemical structure. This fact establishes its frequent use in 
the isolation of bioactive natural compounds.   
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We describe the novel combination of industrial biocatalysts with a counter-current chromatography (CCC) system 
to enable simpler operation and more rapid throughput in the manufacture of industrial chiral compounds. This is 
achieved by combining both product synthesis and isolation into a single, one-step, small footprint reactor-separator. 

 
CCC can perform both a bioconversion and a separation at the same time if a biocatalyst is immobilised by 

partitioning to the SP, with the substrate passing through the column dissolved in the MP. The reaction occurs in the 
zones of mixing, together with separation of product from substrate, by the chromatographic action of the CCC. Since 
both phases are liquid it is possible to reverse the elution mode, such that the initial mobile phase becomes the 
stationary phase and vice versa as in Multi Dual Flow Mode. This allows the column length to be effectively increased, 
improving the resolution on the same instrument.  

 
An example reaction will be described using the CCC-bioreactor to obtain enantiomerically pure L-amino 

butyric acid (L-ABA) from a racemic mixture of amino butyric acid (D/L-ABA) using the enzyme D-aminoacid 
oxidase (DAAO). The optimization of operational conditions to obtain complete bioconversion of D-ABA to 
KBA was performed on Milli centrifuge (45 ml coil made of 2.7 mm bore PTFE tube). These included the 
substrate injection amount, enzyme concentration, mobile phase flow rate, rotational speed and temperature. 
This provided a total D-ABA bioconversion but not a total separation which was achieved applying the Multi 
Dual Flow Mode.  

 
 
 
 
 
Figure 1: Bioconversion and separation in 
CCC – Multi Dual Flow Mode 
Chromatogram reconstructed based on 
HPLC analysed fractions eluted from CCC. 
An aqueous two phase system: 14/14% 
PEG1000/ potassium phosphate was used 
as the solvent system. The coil was initially 
filled with the upper, PEG rich phase 
containing the enzyme DAAO. The 
substrate D/L-ABA was injected with the 
mobile (lower, salt rich) phase. After 45 min, 
when ABA was about to elute, both the 
mobile phase and the flow direction were 
altered and for the next 40 min the upper 
PEG rich phase was pumped as the mobile 

phase. After that time the operating mode was brought back to the initial conditions and the mobile phase was the lower, 
salt rich phase. This operation allows the total separation of L-ABA from the KBA, which was created in the coil by the 
enzymatic activity of DAAO. 
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