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ROUSSELET ROBATEL KROMATON (RRK) is specialized in industrial Centrifuges manufacture for different industries 

like pharmaceutical, cosmetic, food and botanical. The different centrifugal technologies can be used at different 

steps of a complete purification process: 

 

 

 

 

 

 

 

 

 

The Fast Centrifugal Partition Chromatography (FCPC©) is a unique liquid-liquid chromatography technology mainly 

used for natural extract and APi purification. From milligram scale up to multi- tons/year, RRK is designing, 

manufacturing and selling worldwide FCPC© equipments with respects to the current safety and regulatory rules 

(GMP) 

Thanks to its exchangeable rotors, our FCPC A model is a scalable equipment that can be used from fast method 

development up to pilot scale. Rotors with volume from 25 ml up to 1500 ml are available and can be used on the 

same FCPC A housing by simple exchange. Our FCPC A can be controlled by different chromatography software in 

order to run unattended and continuous experiences. 

 

 

 

 

 

 

 

SOLID/LIQUID 
SEPARATION

•Filtration

•Decantation

LIQUID/LIQUID 
EXTRACTION

•Fraction removal

•Prepurification

•Concentration

CENTRIFUGAL 
PARTITION 

CHROMATOGRAPHY

•Purification

•Fractionation

FCPC A + Puriflash 4250 

� Fully automated 

� Quaternary gradient (Arizona, HEMWat) 

� ELSD – MS Hyphenation 

� Versatile : FCPC, MPLC, prep HPLC 

� Different rotors available 
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CHAIR 

Dr Svetlana IGNATOVA (Brunel University, UK) 

 

CO-CHAIR 

Prof. Ian SUTHERLAND (Brunel University, UK) 

 

LOCAL ORGANIZING COMMITTEE 

Prof. Derek FISHER (Brunel University, UK) 

Dr Ian GARRARD (Brunel University, UK)  

Dr Peter HEWITSON (Brunel University, UK) 

Dr Jonathan HUDDLESTON (Brunel University, UK) 

Mrs Jenny KUME (Brunel University, UK) 

Mrs Margaret PEARCE (Brunel University, UK) 

 

LOCAL STUDENT COMMITTEE 

The local student committee, made up of both international visiting students to the 
Advanced Bioprocessing Centre and PhD students attached to the centre, will 
support conference delegates throughout the conference.  They have excellent 
knowledge of the local Uxbridge area and the Brunel campus. 

Diego F. COÊLHO (State University of Campinas, Brazil) 

Rana HAMEED (Brunel University, UK) 

Sky Tian HAN (Brunel University, UK) 

Siân MARSDEN-JONES (Brunel University, UK) 

Christoph SCHWIENHEER (TU Dortmund University, Germany) 

Robin VERBERNE (Fontys University, The Netherlands) 

Vincent WOUTERS (Fontys University, The Netherlands) 
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INTERNATIONAL COMMITTEE 

Prof. Alain BERTHOD (Université de Lyon, France) 

Prof. Xueli CAO (Beijing Technology and Business University, China) 

Prof. Walter D. CONWAY (Buffalo, USA) 

Dr Dalene DE BEER (Agricultural Research Council (ARC) Infruitec-Nietvoorbij, SA) 

Prof. Qizhen DU (Zhejiang Gongshang University, China) 

Prof. Brent FRIESEN (Dominican University, USA) 

Dr Svetlana IGNATOVA (Brunel University, UK) 

Dr Yoichiro ITO (National Institutes of Health, Bethesda, USA) 

Dr Yeong Shik KIM (Seoul National University, South Korea) 

Prof. Artak KOSTANIAN (Russian Academy of Sciences, Moscow, Russia) 

Prof. Gilda Guimarães LEITÃO (Federal University of Rio de Janeiro, Brazil) 

Prof. Tatiana MARYUTINA (Russian Academy of Sciences, Moscow, Russia) 

Prof. Mirjana MINCEVA (Friedrich-Alexander University Erlangen-Nuremberg, DE) 

Prof. Hisao OKA (Nagoya, Japan) 

Prof. Yuanjiang PAN (Zhejiang University, China) 

Prof. Guido F. PAULI (University of Illinois at Chicago, USA) 

Prof. Jean-Hugues RENAULT (Université de Reims Champagne-Ardenne, France) 

Prof. Yoichi SHIBUSAWA (Tokyo University of Pharmacy and Life Science, Japan) 

Prof. Kazufusa SHINOMIYA (Nihon University, Japan) 

Prof. Ian A. SUTHERLAND (Brunel University, UK) 

Dr Adrian WEISZ (Food and Drug Administration, College Park, USA) 

Prof. Peter WINTERHALTER (Technische Universität Braunschweig, Germany) 

Prof. Tianyou ZHANG (Guangdong Research Center of Reference Materials from 

Natural Products, Guangdong, China) 
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INDUSTRIAL COMMITTEE 

Dr Roland BROWN (Pfizer, Sandwich, UK) 

Dr Keith FREEBAIRN (GSK, Stevenage, UK) 

Dr Tobias HAUSMANN (Roche, Penzberg, Germany) 

Dr Paul HELLIER (Pierre Fabre, Toulouse, France) 

Dr Véronique PINILLA (UCB Pharma, Brussels, Belgium) 

Dr Frank RILEY (Pfizer, Groton, CT, USA) 

Dr Christoph SEIDEL (Roche, Penzberg, Germany) 

Dr Neil SUMNER (AstraZeneca, Macclesfield, UK)
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WORKSHOP 

Monday 21st July – Tuesday 22nd July 2014 

The workshop will be held in the Advanced Bioprocessing Centre located in the 
Heinz Wolff Building  

(Zone B – (brown) on the campus map on the back cover of this Abstract Book) 

 

CONFERENCE 

Wednesday 23rd July – Friday 25th July 2014 

The conference and exhibition will be held in the Newton and Cavendish Rooms of 
the Hamilton Centre  

(Zone C (Black) on the campus map on the back cover of this Abstract Book) 

 

LUNCHES 

Lunch will be provided for workshop attendees on both Monday and Tuesday 

On conference days (Wednesday, Thursday and Friday) a buffet lunch will be served 
in the Newton and Cavendish rooms of the Hamilton Centre, where the conference 
and exhibition are being held 

 

DINNERS 

Delegates are free to have dinners in the local pubs and restaurants in and around 
Uxbridge.  Members of the local student committee will be on hand to guide you to 
these. 

 

CONFERENCE DINNER 

On Thursday 24th July, there will be a reception and pre-conference dinner drinks in 
the Newton Room bar area and balcony starting from 7.00 pm.  The conference 
dinner will then follow in the main part of the Newton Room at 8.00 pm 
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SOCIAL PROGRAMME 

On Friday 25th July, there will be an evening visit to Windsor, to walk around the 
historic town and visit a number of the pubs and sample the local English real ales.    
Transport will be provided to take delegates to Windsor and return them to Brunel 
University at the end of the evening.   

 

On Saturday 26th July, transport will be provided to take delegates to either Windsor 
or Oxford for the day.  Please sign up for these trips at the Reception desk by 17:00 
on Wednesday 23rd July.



Day 1 - Wednesday 23rd July 2014 
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CONFERENCE PROGRAMME 

 
 

Conference Opening  

08:30  Registration  
  
09:30  Professor Geoff Rogers - Vice-Principal (Research)  
  Welcome to the UK and Brunel University 
 
09:35  Svetlana Ignatova - Chair of CCC2014   
  14 years of Progress 
 
Session 1 - Method Development  

Chair: Ian Sutherland & Yoichiro Ito 

09:50 FO1 Guido Pauli (Chicago, IL, USA)  
Guess Again: Development of a Countercurrent-based Threshold 
Assay for Ginkgotoxin Isomers 

 
10:10 FO2 Shihua Wu (Hangzhou, China) 

Targeted Strategy for Natural products Isolation by Counter-
current Chromatography Using a Novel 9×9 Solvent Map 
 

10:30 SO1 J. Brent Friesen (River Forest, IL, USA) 
Qualitative and Quantitative Evaluation of Solvent Systems for 
Countercurrent Separation 
 

10:40 SO2 Thomas Pogiatzis (London, UK) 
Predicting the solubility of pharmaceutical components with the 
SAFT-γ Mie group contribution approach 
 

10:50 SO3 Abigail Engelberth (West Lafayette, IN, USA) 
Selection of a Non-Aqueous Solvent System for the Separation of 
Hemicellulose-Based Sugars 

     
 
11:00 - 11:30 Tea & Coffee, Posters & Exhibition  
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Session 2 - New Solvents  

Chair: Guido Pauli & Karine Faure 

11:30 SO4 Alain Berthod (Lyon, France) 
Limonene in "green" Arizona Liquid Systems used in CCC 
 

11:40 SO5 Aneta Spórna-Kucab (Cracow, Poland) 
New solvent systems used in gradient-CCC for separation of polar 
betalains from Beta vulgaris L. 
 

11:50 SO6 Jizhong Yan (Hangzhou, China) 
Chiral ligand exchange high speed counter-current 
chromatography: mechanism, application and comparison with 
conventional liquid chromatography in enantioseparation of ten 
aromatic α-hydroxyl acids 
 

12:00 SO7 Mirjana Minceva (Erlangen, Germany) 
Potential application of non-conventional aqueous two phase 
systems in counter-current and centrifugal partition 
chromatography 
 

12:10 SO8 Leslie Brown (Belfast, Northern Ireland) 
Novel applications of Ionic Liquid–Liquid Chromatography / 
Extraction (ILLC™ / ILLE™) in CCC and CPC 
 
 

12:20 - 12:40 Flash Poster Presentations for Sessions 1&2   
     
 FP1 Zhimao Chao (Beijing, China) 

Application of a three-phase solvent system for the separation of 
chemical constituents from Angelica dahurica and Anemarrhena 
asphodeloides with CCC 
 

 FP2 Yeongshik Kim (Seoul, Korea) 
Three phase solvent system in CCC: Separation of diterpenoid 
acid from the roots of Aralia continentalis 
 

 FP3 Yanbin Lu (Hangzhou, China) 
Preparative Separation of Lutein from Chlorella vulgaris by 
Countercurrent Chromatography with a Green Solvent System  

   
 FP4 Xueli Cao (Beijing, China) 

Separation of Tocopherol Homologs by High-performance 
Countercurrent Chromatography Using Two-phase Solvent 
System Modified by Ionic Liquids 
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 FP5 J. Brent Friesen (River Forest, IL, USA) 

Guessmix Evaluation of Chloroform and Dichloromethane-based 
Solvent Systems for Countercurrent Separations 
 

 FP6 Michael Englert (Stuttgart, Germany) 
Potential of countercurrent chromatography for the isolation of 
high-priced Carotenoides 

 
 
12:40 - 14:00 Lunch, Posters & Exhibition  
 
 

Session 3 - Process Development   

Chair: Tianyou Zhang & J. Brent Friesen 

14:00 K1 Jean-Hugues Renault (Riems, France) 
Displacement CCC & CPC: When the Length of the Column and 
the Reactions Involved Join Forces 
 

14:45 FO3 Duo-Long Di (Lanzhou, China) 
Preparative Separation and Purification of Active Chemical 
Compounds from Nature Products by HSCCC Coupled with Other 
Techniques 
 

15:05 FO4 Jane Hubert (Riems, France) 
Metabolite profiling of natural extracts: A de-replication strategy 
based on centrifugal partition extraction combined to 13C NMR 
chemical shift pattern recognition 

   
   
15:25 - 15:55 Tea & Coffee, Posters & Exhibition   
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Session 4 - Scale-up and Continuous Processing  

Chair: Alain Berthod & Peter Hewitson 

15:55 FO5 Philip Wood (Slough, UK) 
Differences in Stationary Phase Retention between normal phase 
and reverse phase in J-type centrifuges caused by the influence 
of coriolis acceleration 
 

16:15 FO6 Fernanda Costa (Rio de Janeiro, Brazil) 
Intra- and inter-apparatus scale-up CCC using the isolation of 
masticadienonic and 3β-masticadienolic acids from Schinus 
terebinthifolius as example 
 

16:35 SO9 Johannes Goll (Erlangen, Germany) 
Model-based Design of Centrifugal Partition Chromatographic 
Process for Continuous Fractionation of Multicomponent Mixtures  
 
 

16:45 - 17:00 Flash Poster Presentations for Sessions 3&4   
     
 FP11 Simon Hammann (Stuttgart, Germany) 

Online CCC-NMR hyphenation – A valuable tool for the 
monitoring of separations 
 

 FP12 Shihua Wu (Hangzhou, China) 
Continuous Recycling Strategy for Complex Natural Product 
Isolation by Multi-channel Counter-current Chromatography 
 

 FP13 Elodie Bouju (Lyon, France) 
Methodology for scale-up in CCC 
 

 FP14 Tuba Esatbeyoglu (Braunschweig, Germany) 
Isolation of Dimeric, Trimeric, Tetrameric and Pentameric 
Procyanidins from Cocoa Beans (Theobroma cacao L.) Using 
Countercurrent Chromatography 
 

 FP15 Mariana N. Vieira (Braunschweig, Germany) 
Method Transfer from HSCCC to Spiral Coil-LSRCCC for the 
Preparative Fractionation of Indole Alkaloids from Aspidosperma 
Rigidum Benth Using MS/MS Detection Tools 

 
17:00 - 18:00 Posters & Exhibition, Cash Bar    
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Industry Day Opening  
08:30  Registration for Industry Day  
  
09:00  Sir Richard Sykes - Chancellor  
  Introduction to Industry Day 
         
Session 5 - Industry Day  

Chair: Ian Garrard & Juliane Merz 

09:15 K2 Ian A. Sutherland (Uxbridge, UK) 
Review of Industrial Scale-up of CCC/CPC  2000-2014 
 

09:45 FO7 Gary W. Yanik (Palm Beach Gardens, FL , USA) 
Automating Method Development and Prep Purification in Counter 
Current Chromatography (CCC) 
 

10:05 FO8 David Thornton (King of Prussia, PA, USA) 
Development and Scale-up of Countercurrent Chromatography 
Process  

     
10:25 - 10:55 Tea & Coffee, Posters & Exhibition   
     
 

Session 6 - Industrial Case Studies 1  

Chair: Peter Winterhalter & Nathalie Douillet 

10:55 FO9 Adrian Weisz (College Park, MD, USA) 
Preparative Separation of Novel Subsidiary Colors of D&C Red 
No. 33 (Acid Red 33) Using Spiral Countercurrent 
Chromatography 
 

11:15 FO10 Paul Hellier (Gaillac, France) 
pH Zone Refining in Centrifugal Partition Extraction- A Step 
Change in Productivity for Liquid-Liquid Chromatography 
Processes 
 

11:35 FO11 Carl DeAmicis (Indianapolis, IN, USA) 
Productivity and Performance Comparison of Countercurrent 
Chromatography and Reverse Phase HPLC at Pilot Scale – A 
Case Study of Spinosyns Purification 
 

11:55 FO12 Lijuan Chen (Chengdu, China) 
Honokiol Case Study 

     
12:15 - 14:00 Lunch, Posters & Exhibition   
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Session 7 - Industrial Case Studies 2  

Chair: Gerhard Schembecker & Adrian Weisz 

14:00 FO13 Nathalie Douillet (Stevenage, UK) 
Breakthrough in Oligonucleotide Purification? 
 

14:20 FO14 Peter Hewitson (Uxbridge, UK) 
A New Dynamic Fractionation Method and Column Design for 
Size Separation of Bio-polymer Particles 
 

14:40 SO10 Jonas Krause (Dortmund, Germany) 
Enzymatic Reactions in Aqueous/Organic Two Phase Systems 
using Centrifugal Partition Chromatography as a Reactor 
 

14:50 - 15:20 Flash Poster Presentations for Industry Day   
     
 FP21 Siân Marsden-Jones (Uxbridge, UK) 

Modelling the Partitioning Of Compounds in Two Phase Systems 
Using Quantitative Structure Activity Relationships 
 

 FP22 Philip Wood (Slough, UK) 
Solvent Selection and Method Development Workstation 
 

 FP23 Guy Harris (Monmouth Junction, NJ, USA) 
Standardized Purification of Medicinal Chemistry Reaction 
Mixtures Using HPCCC: Triphenylphosphine Oxide Removal from 
Crude Reaction Mixtures 
 

 FP24 Nikos Xynos (Athens, Greece) 
A single-step isolation of squalene from olive oil deodorizer 
distillates by non-aqueous hydrostatic countercurrent 
chromatography 
 

 FP25 Stephanie Kuhnert (Braunschweig, Germany) 
Semisynthetic Preparation of Proanthocyanidins from Afzelia 
bipindensis and Isolation using HSCCC 
 

 FP26 Jane Hubert (Reims, France) 
Separation and identification of steviol glycosides from Stevia 
rebaudiana by Centrifugal Partition Chromatography 
 

 FP27 Juliane Merz (Dortmund, Germany) 
Aqueous two-phase systems for the gentle separation of bio-
active compounds using centrifugal partition chromatography  
 

 FP28 David Ward (London, UK) 
Counter-Current Chromatography in a Biorefinery Context: 
Separation of Monosaccharides from Sugar Beet Pulp 

 
15:20 - 15:50 Tea & Coffee, Posters & Exhibition   
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Session 8 - ATPS  

Chair: Svetlana Ignatova & Paul Hellier 

15:50 FO15 Jonathan Huddleston (Uxbridge, UK) 
Purification of Antibody-based Material by Counter-Current Liquid-
Liquid Extraction  
 

16:10 FO16 Christopher Ladd Effio (Karlsruhe, Germany) 
Evaluation of Centrifugal Partition Chromatography for the 
Purification of Virus-like Particles 
 
 

16:30 - 17:00 Panel Discussion   
   
   
17:00 - 18:00 Posters & Exhibition, Cash Bar   
 
     
19:00  Conference Dinner   
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Session 9 - Novel Approaches & Emerging Technology  

Chair: Derek Fisher & Xueli Cao 

09:00 K3 Petr Fedotov (Moscow, Russia) 
Field-Flow Fractionation of Nano- and Microparticles in Rotating 
Coiled Columns  
 

09:45 FO17 Hiroyuki Shiono (Aichi, Japan) 
Continuous Separation of Mouse Dendritic Cells by the Flow-
through Density Gradient Centrifugation 
 

10:05 SO11 Masami Shibukawa (Saitama, Japan) 
Multi-Step pH-Peak-Focusing Countercurrent Chromatography – 
the Useful Method for Separation and Enrichment of Metal Ions 
 

10:15 - 10:30 Flash Poster Presentations   
     
 FP31 Alfonso Rojas (Hobart, Australia) 

Fractionation of Dissolved Organic Matter using High 
Performance Countercurrent Chromatography 
 

 FP32 Yun Wei (Beijing, China) 
Fabrication of chiral amino acid ionic liquid modified magnetic 
multifunctional nanospheres for centrifugal chiral chromatography 
separation of racemates 
 

 FP33 Tian Han (Uxbridge, UK) 
Flow separation of red blood cells in fluctuating g-field  
 

 FP34 Min Zhang (Shanghai, China) 
Single-step total fractionation of single-wall carbon nanotubes by 
countercurrent chromatography with an aqueous two-phase 
solvent system  
 

 FP35 Tatiana Maryutina (Moscow, Russia) 
Possibility of Creating a Reagent Concentration Gradient in the 
Stationary Phase 
 

   
10:30 - 11:00 Tea & Coffee, Posters & Exhibition  
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Session 10 - Applications 1  

Chair: Gilda Leitão & Kazufusa Shinomiya 

11:00 K4 Gerold Jerz (Braunschweig, Germany) 
The Lab-Scale CCC Toolbox for Recovery of Bioactive Natural 
Products Linked to Mass-spectrometry Profiling Methods 
 

11:45 SO12 Xueli Cao (Beijing, China) 
Application of High-performance CCC as a Preconcentration and 
Cleanup Method for the Determination of Contaminants in Food 
Samples 
 

11:55 - 12:20 Flash Poster Presentations   
     
 FP41 Emilie Destandau (Orleans, France) 

Bio-guided Isolation of Arjunolic Acid from Clidemia Hirta Roots 
 

 FP42 Dalene DeBeer (Stellenbosch, South Africa) 
Isolation of aspalathin and nothofagin from Aspalathus linearis 
(rooibos): sample loading and compound stability considerations 
 

 FP43 Elize Willenburg (Stellenbosch, South Africa) 
High performance counter-current chromatography and semi-
preparative HPLC isolation of scolymoside and phloretin-3’5’-di-C-
β-glucoside from Cyclopia subternata (honeybush) 
 

 FP44 Fernanda Costa (Rio de Janeiro, Brazil) 
Selectivity of Solvent Systems in CCC using Salicornia 
gaudichaudiana separation as a practical example 
 

 FP45 Haji Akber Aisa (Urumqi, China) 
Successive Sample Injection Strategy for Preparative Separation 
of Macrocyclic Diterpenoid from Euphorbia macrorrhiza by High-
speed Counter-current Chromatography 
 

 FP46 Mariana N. Vieira (Braunschweig, Germany) 
Separation and Identification of Phenolic Compounds from 
Impatiens glandulifera Royle Flowers by HPCCC and HPLC 
 

 FP47 Chris O. Okunji, Yoichiro Ito (Nsukka, Nigeria) 
Preparative separation of Biflavonoids and Glycosides from 
African Medicinal Plant of Garcinia kola Heckel by pH-Zone-
refining Counter-Current Chromatography 
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 FP048 Leslie Brown (Reading, UK) 
Comparison between Hydrodynamic-CCC and Sephadex gel-
chromatography to resolve highly polar, complex mixtures of 
polymeric tannin (polyphenol) molecules in sainfoin 

 
 
12:20 - 14:00 Lunch, Posters & Exhibition   
 
 

 

Session 11 - Instrumentation, Process Modelling & Theory  

Chair: Mirjana Minceva & Carola König 

14:00 FO18 Christoph Schwienheer (Dortmund, Germany) 
Evaluation of CPC Separation Efficiency for Different Types of 
Chamber Geometries on the basis of Flow Pattern and Separation 
Experiments  
 

14:20 FO19 Alexis Kotland (Saint-Nazaire, France) 
Modelling pH Zone Refining CPC Separations: A Dynamic 
Approach 
 

14:40 SO13 Kazufusa Shinomiya (Chiba, Japan) 
Fabrication of Coil Satellite Centrifuge and its Partition Efficiency 
on Counter-Current Chromatographic Separation of 4-
Methylumbelliferyl Sugar Derivatives with Organic-Aqueous Two-
phase Solvent Systems 
 

14:50 SO14 Eiichi Kitazume (Iwate, Japan) 
Large-Scale Hydrodynamic CCC based on an Archimedean 
Screw for Purification of Effluent 
 

15:00 SO15 Gerhard Schembecker (Dortmund, Germany) 
Countercurrent Centrifugal Extraction 
 

15:10 - 15:25 Flash Poster Presentations   
     
 FP51 Tianyou Zhang (Guangdong, China) 

Stationary phase retention of an engineering high-speed counter-
current chromatography 
 

 FP52 Sébastien Chollet (Annonay, France) 
Methodology to optimally sized Centrifugal Partition 
Chromatography columns  
 

 FP53 Yoichiro Ito (Maryland, USA)  
Enantioseparation of DL-tryptophan by spiral tube assembly 
counter-current chromatography and mass transfer rate 
determination for enantiomers 
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 FP54 Mirjana Minceva (Erlangen, Germany) 

Evaluation of the applicability of ATPS for protein separations in 
CPC columns with different cell design 
 

 
15:25 - 15:50 Tea & Coffee, Posters & Exhibition   
     
 

Session 12 - Applications 2  

Chair: James McAlpine & Krystyna Skalicka - Woźniak 

15:50 FO20 Michael Englert (Stuttgart, Germany) 
Application of pH-zone-refining Countercurrent Chromatography 
for the Preparative Separation of Fatty Acids from Vegetable Oils 
  

16:10 SO16 Nektarios Aligiannis (Athens, Greece) 
Use of CPC as a Choice Method for the Bio-guided Study of Plant 
Extracts 
 

16:20 SO17 Gilda Leitão (Rio de Janeiro, Brazil) 
Synthesis of New Naphthoxazole Derivatives of Lapachol and 
their Separation by Countercurrent Chromatography 
 

16:30 - 17:00 Flash Poster Presentations   
     
 FP61 Elodie Bouju (Villeurbanne, France) 

Extraction and purification of Carnosol  from Rosmarinus 
Officinalis by Centrifugal Partition Chromatography 

 
 FP62 Alexis Kotland (Pomacle, France) 

A gradient elution centrifugal partition chromatography method for 
the separation of a complex sophorolipid mixture obtained from 
Candida bombicola yeasts 

 
 FP63 Jose Cheel (Trebon, Czech Republic) 

Two-Step Separation of Nostotrebin 6 from Cultivated Soil 
Cyanobacterium (Nostoc sp.) By High Performance 
Countercurrent Chromatography 
 

 FP64 Xiao Wang (Shandong, China) 
Preparative separation of seven diterpenoid alkaloids from 
Aconitum coreanum by pH-zone-refining counter-current 
chromatography 
Preparative separation of quaternary ammonium alkaloids from 
Coptis chinensis Franch By pH-zone-refining counter-current 
chromatography 
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 FP65 Anna Maria Sanchez (Madrid, Spain) 

Two-dimensional Analysis of Polyphenols from Saffron (Crocus 
sativus L.) Floral bio-residues by Combination of Preparative 
HSCCC and LC/DAD/ESI/MS 

  Screening and Fractionation of Polyphenols from Saffron (Crocus 
sativus L.) Floral Bio-residues with Preparative HSCCC and 
Sequential Off-Line Injection to ESI-MS/MS 

 
 FP66 Hamid-Reza Adhami (Pretoria, South Africa) 

Isolation of Bio-Markers from South African Medicinal Plants by 
High-Performance Counter-Current Chromatography 
 
 

 FP67 Gilda Leitão (Rio de Janeiro, Brazil) 
Selected Solvent System to Optimize the Isolation of the Bioactive 
Diterpene 7-α-Hydroxyroyleanone from Tetradenia riparia by 
HSCCC 
 

 FP68 Sarah K. Oettl (Innsbruck, Austria) 
Dereplication of depsides from the lichen Pseudevernia furfuracea 
by centrifugal partition chromatography combined to 13C NMR 
pattern recognition  
 

 
17:00 - 17:30 Svetlana Ignatova - Chair of CCC2014   

Closing Remarks, Award of Prizes & Announcements for the Next 
Meeting   

 
     
19:00  Pub Crawl for Stoics (Windsor)   
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Session 1 - Method Development 
 
 P01 Laura Gauthier (University of Illinois at Chicago, USA) 

Targeted Purification of Glabridin and Congeneric Metabolites 
from Glycyrrhiza glabra L using a Phase Metering Apparatus 
  

Session 2 - New Solvents 
 
 P02 Kyoungjin Lee (Seoul National University, South Korea) 

Relationship between partition coefficients and solvent 
composition: Separation of triterpenoid saponins from the roots of 
the Bupleurum falcatum by countercurrent chromatography 
 

 P03 Apostolis Angelis (University of Athens, Greece) 
Investigation of antioxidant and whitening properties of cultivated 
Lathyrus clymenum and isolation of bioactive compounds using 
countercurrent chromatography 
 

 P04 Aline Soares da Silva (Universidade Federal do Rio de 
Janeiro, Brazil) 
Targeted Purification of Glabridin and Congeneric Metabolites 
from Glycyrrhiza glabra L using a Phase Metering Apparatus 
 

 P05 Shengqiang Tong (Zhejiang University of Technology, China) 
Enantioseparation of four β-substituted-2-phenylpropionic acids by 
high speed counter-current chromatography with hydroxylpropyl-
β-cyclodextrin as chiral selector 
 

 P06 Krystyna Skalicka-Woźniaka (Medical University of Lublin, 
Poland) 
A Comprehensive Classification of Solvent Systems used for 
Natural Product Purifications in CCC and CPC 
 

 P07 Rana Hameed (Brunel University, UK) 
Why can’t we predict the partition coefficient of proteins? 
 
 

Session 4 - Scale-up and Continuous Processing 
 
 P11 Charlotte Simmler (University of Illinois at Chicago, USA) 

Scale-up and Loss Free Capabilities of CPC Enhance the 
Accessibility of Bioactive Markers from Licorice 
 

 P12 Jörn Oetken (Technische Universität Braunschweig, 
Germany) 
Preparative mass-spectrometry profiling of liver toxic pyrrolizidine 
alkaloids in Jacobaea vulgaris (syn. Senecio jacobaea) separated 
by high-speed and spiral-coil countercurrent chromatography with 
sequential off-line ESI-MS/MS injection 
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Session 9 - Novel Approaches & Emerging Technology 
 
 P31 Xin-Yi Huang (Lanzhou Institute of Chemical Physic, China) 

Chiral Separation by Foam Countercurrent Chromatography 
 

 P32 Mikhail Ermolin (Russian Academy of Sciences, Moscow, 
Russia) 

  Sedimentation Field-Flow Fractionation in Rotating Coiled 
Columns for the Purification of Chromatographic Materials 
 

 P33 Peter Hewitson (Brunel University, UK) 
Column design for centrifugal field-flow fractionation of latex 
microparticles in a constantly fluctuating g-field 

Session 10 - Applications 1 
 
 P41 M.Castro-Benitez (Technische Universität Braunschweig, DE) 

In the Search of Chlorophylls in Baby Banana Peels and Plants by 
means if High-Speed Countercurrent Chromatography 

 

 P42 Hamid-Reza Adhami (Tshwane University of Technology, SA) 
Isolation of the Major Phenolics from Olive Oil by High-
Performance Counter-Current Chromatography 
 

 P43 Mario J. Simirgiotis (University of Antofagasta, Chile) 
Isolation of coumarins and labdane diterpenoids from aerial parts 
of Gyphothamnium pinifolium by a combination of LSCCC and 
HSCCC 
 

 P44 Mario J. Simirgiotis (University of Antofagasta, Chile) 
Isolation and purification of new diterpenoids from the Chilean 
medicinal plant Azorella compacta Phil by high-speed counter-
current chromatography 
 

 P45 Meryem Alaoui Boukhris (Univ. Orléans, France) 
CPC Isolation of Two Sesquiterpene Lactones from Anvillea 
Radiata 
 

 P46 Qibin Chen (Xinjiang Technical Institute of Physics and 
Chemistry, China) 
Separation and Purification of Two New and Two Known Alkaloids 
from Leaves of Nitraria Sibirica by pH-zone-refining Counter-
current Chromatography 
 

 P47 Dorota Tuwalska (Cracow University of Technology, Poland) 
  Larger lab-scale preparative mass-spectrometry profiling of red 

beet betalain-ethyl-esters separated by spiral-coil countercurrent 
chromatography using sequential off-line ESI-MS-MS injection 

 

 P48 Genlai Dong (Beijing University of Chemical Technology, 
China) 
Separation of seven phenolic acids from the bran of oats by pH-
zone-refining counter-current chromatography 
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 P49 Lei Fang (Shandong Academy of Sciences, China) 
Preparative Separation and Purification of Indole Alkaloids From 
Melodinus Khasianus  by PH-Zone-Refining Counter-Current 
Chromatography 
 

Session 11 - Instrumentation, Process Modelling & Theory 
 
 P51 Alain Berthod (Université Claude-Bernard, France) 

Revisiting Resolution in CCC   
 

 P52 Jérémy Meucci (Rousselet Robatel Kromaton, Annonay, 
FRANCE) 
Innovations in equipments and applications in     Centrifugal 
Partition Chromatography 
 

Session 12 - Applications 2 
 

 P61 Ye Yuan (Ningbo University, China) 
Preparative isolation and purification of beauvericin from fungus 
Fusarium proliferatum by high-speed counter-current 
chromatography 

 

 P62 Krystyna Skalicka-Woźniak (Medical University of Lublin, 
Poland) 
Preparative isolation of osthol and angular 
dihydrofuranocoumarins from nonpolar extract of Mutellina 
purpurea L. 
 

 P63 Simon Hammann (University of Hohenheim, Germany) 
Isolation of ∆5 polymethylen interrupted fatty acids from 
Podocarpus falcatus 
 

 P64 Kwang-Ho Song (Seoul National University, Korea) 
One-step separation of sesquiterpenoids from Inula helenium by 
counter-current chromatography 
 

 P65 Carla Monteiro Leal (Federal University of Rio de Janeiro, 
Brazil) 
A New Tetraglycosylated flavonoid from leaves of Platycyamus 
regnellii isolated by High-Speed Contercurrent Chromatography 
 

 P66 Yanbin Lu (Zhejiang Gongshang University, China) 
Recycling Countercurrent Chromatography Separation of 
Phytosterols from Chlorella vulgaris 
 

 P67 Tang Huan (Sichuan University, China) 
Separation of nine flavonoids from Millettia griffithii by High 
Performance Counter-current Chromatography (HPCCC) 
 

 P68 Tatiane dos Santos C. Carvalho (Federal University of Rio de 
Janeiro, Brazil) 
Use of Countercurrent Chromatography for the Purification of a 
Lapazine-derived Macrolactone with Tuberculostatic Activity 
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 P69 Dong Pei (Lanzhou Institute of Chemical Physics, China) 
Combination of HSCCC and HPLC: An approach to isolation and 
purification of the thermolabile compounds from Sphallerocarpus 
gracilis 
 

 P70 Maria Ramos-Jerz (Technische Universität Braunschweig, 
Germany) 
Target-fishing of novel dimers of pyrrolizidine alkaloids from 
Symphytum officinale by spiral-coil countercurrent 
chromatography with sequential off-line ESI-MS/MS injection 
 

 P71 Yongxin Zhao (Xinjiang Technical Institute of Physics and 
Chemistry, China) 
Preparative Separation of Deoxypodophyllotoxin and 
Podophyllotoxin from Juniperus sabina by High-speed Counter-
current Chromatography 

 
 P72 M.Castro-Benitez (Technische Universität Braunschweig, DE) 

Preparative Spiral Coil (LSCCC) application method for the 
Phytochemical Analysis of Baby Banana peels (Musa acuminate) 
with hyperpigmentation 
 

 P73 M.Castro-Benitez (Technische Universität Braunschweig, DE) 
  The role of Chloroform and Dichloromethan as stationary phase in 

the solvent system for the isolation of Chlorophylls and 
Xantophylls in Plants by High Speed Countercurrent 
Chromatography (HSCCC) 
 

 P74 Richard Bridgett (Keele University, UK) 
Isolation and identification of feeding stimulants from pollen 
extracts to develop supplemental high-protein honey bee diets 
 

 P75 Christopher Hatton (Cardiff University, UK) 
Template solvent systems for screening marine sponge extracts 
as a source of novel chemical entities for drug development 
 

 P76 Qizen Du (Hangzhou, China) 
Gradient solvent system for screening of bioactive substances in 
okra by high-speed countercurrent chromatography 
 

 P77 Diego Coêlhoa (Brunel University, UK) 
Purification of Bromelain from Enriched Extract using 
Countercurrent Chromatography 
 

 P78 Pravin Badhea (Brunel University, UK) 
Separation of bioactive extracts of Andrographis paniculata and 
silybum marianum plant with Counter-current chromatography
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Day 1 - Wednesday 23rd July 2014 

09:30 – 09:50 

 

Conference Opening 

Professor Geoff Rogers - Vice-Principal (Research)  

 

 

14 years of Progress 

Svetlana Ignatova & Ian Sutherland 

The CCC/CPC community is meeting for the 8th time to discuss its fascinating achievements 
and future trends. Spanning twice around the world the conference "has now returned home" 
where it all started in September 2000 when Professor Ian Sutherland and his team 
organised the first ever international forum for CCC/CPC scientists. For some of them that 
meeting was a career change. It also gave a boost to the development of the technology - 
leading to innovation in its hardware and various novel applications. It initiated the formation 
of new companies and commercialisation of the technology. The latter brought different 
requests which resulted in completely new initiatives on the engineering side of the 
technology to make the technology more robust. Being a multidisciplinary science by nature, 
CCC/CPC research always did and still does evolve and quickly respond to the current 
demands of industrial R&D. The community preserves the CCC/CPC traditional applications 
but also explores novel ideas. This presentation will reflect on all these aspects of the past 
and look to the future. 
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Guess Again: Development of a Countercurrent-based 
Threshold Assay for Ginkgotoxin Isomers 

Yang Liu,a Larry L. Klein,b J. Brent Friesen,c* James B. McAlpine,a David C. Lankin,a 
Shao-Nong Chena and Guido F. Paulia,b 

aDepartment of Medicinal Chemistry and Pharmacognosy, College of Pharmacy, University of 
Illinois at Chicago, Chicago, Illinois, 60612, USA 
bInstitute for Tuberculosis Research, College of Pharmacy, University of Illinois at Chicago, 
Chicago, Illinois, 60612, USA 
cPhysical Sciences Department, Rosary College of Arts and Sciences, Dominican University, 
River Forest, Illinois, 60305, USA 
gfp@uic.edumailto:jbfriesen@dom.edu 

 
With >100 citations since 2005, the scientific community has embraced the Generally Useful 
Estimation of Solvent Systems (GUESS) [1], mainly for the construction of rational HEMWat 
and ChMWat SS families. Interestingly, the aspect of simplifying SS selection by the rapid and 
easily performed TLC has rarely been cited. The present study of a plant toxin from Ginkgo not 
only demonstrates the analytical power of countercurrent separation (CS), but also exemplifies 
the successful application of the TLC-based method of "GUESSing." The botanical negative 
marker, ginkgotoxin (4’-O-methylpyridoxine, 2), and two of its regioisomers; 3-O-
methylpyridoxine (1) and 5’-O-methylpyridoxine (3), were synthesized and a CS-based method 
was developed for subsequent trace analysis by qHNMR. The TLC Rf values of the three 
isomers indicated that ChMWat +2 
(CHCl3/MeOH/Water 10:5:5, v/v/v) should place 
all three isomers diversely in the “sweet spot” of a 
CS. A CS experiment performed without further 
optimization used a 20mL HSCCC instrument, 
loading 500 µL of extract, and employed qHNMR 
to quantify the isomers 1-3. This led to a highly 
specific and quantitative assay for the target 
botanical negative marker, 2, for which no 
reference standard or standard assay currently 
exist. The outcome confirmed the predictive 
power of TLC-based "GUESSing" and shows 
how standard TLC analysis can enable rapid 
implementation of a CS method with minimal 
preparation, i.e., without the need for an accurate 
K determination, such as shake-flask based 
method. Accordingly, the proposal to "GUESS 
again" emphasizes the utility of TLC as a highly 
universal technique in facilitating the rapid 
development of new CS methods. 
 

Reference 
[1] Friesen, J. B.; Pauli, G. F. G.U.E.S.S. - A generally useful estimate of solvent systems for CCC. J. 
Liq. Chromatogr. Relat. Technol. 2005, 28, 2877-2806. DOI: 10.1080/10826070500225234  

Figure 1. Off-line qHNMR analysis of CS 
fractions. 
Normalized (Y axis): the NMR CHCl3 solvent 
peak is normalized to the arbitrary value of 1. 
The K values of the analytes are 2.10 (1), 1.96 
(2), and 0.98 (3). 
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Targeted Strategy for Natural products Isolation by Counter-
current Chromatography Using a Novel 9×9 Solvent Map 

Junling Liang, Dingfang Wu, Mengzhe Guo, Jie Meng and Shihua Wu* 

Research Centre of Siyuan Natural Pharmacy and Biotoxicology, College of Life Sciences, 
Zhejiang University, Hangzhou, 310058, P.R. China 
Drwushihua@zju.edu.cn  

 

Counter-current chromatography (CCC), as a unique separation technique without solid 
support-matrix, is a versatile liquid-liquid partition chromatography. During the past decades, 
great efforts have been made and different methods have been developed, which made CCC a 
much more efficient tool for natural product separation, such as GUESS method by Pauli et. al. 
and gradient elution layout by Ignatova et. al. However, there are still some difficulties for 
targeted separation by CCC. Here, we reported a novel targeted strategy for natural product 
isolation by CCC and the major steps were illustrated in Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Targeted strategy for natural products isolation by CCC. (A) Random selection of 
solvent system on the 9×9 map according to the three trending lines and determination of K 
values of target; (B) Calculation of the sweet K values, i.e. K=1; (C) Estimation of more 
optimum solvent systems with larger sample capacity; (D) Preparative separation of target (H) 
using the predicated solvent system. 
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Qualitative and Quantitative Evaluation of Solvent Systems 
for Countercurrent Separation 

J. Brent Friesena and Guido Paulib 

aPhysical Sciences Department, Rosary College of Arts and Sciences, Dominican University, 
River Forest, Illinois, 60305, USA  
bDepartment of Medicinal Chemistry and Pharmacognosy, College of Pharmacy, University of 
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Solvent system selection for Countercurrent Separation (CS) studies continues to be a matter 
of concern since the fundamental questions of comparing polarity range and selectivity within a 
SS family and between putative orthogonal SSs remain unanswered. The current emphasis on 
metabolomic investigations necessitate the use of successive orthogonal countercurrent 
separation (CS) steps as part of complex fractionation protocols. Addressing the broad range of 
metabolite polarities demands development of new CS solvent systems with appropriate 
composition, polarity (π), selectivity (σ), and suitability.  

A mixture of twenty commercially available natural products, 
called the GUESSmix, was utilized to evaluate both SS 
polarity and selectively characteristics. This study combines 
data from over 50 SSs representing six SS families: 
hexane/ethyl acetate/methanol/water (HEMWat), hexane/tert-
butylmethylether/acetonitrile/water,  
tert-butylmethylether/acetonitrile /water, ethyl acetate/1-
butanol/water, chloroform/methanol/water (ChMWat), and 
dichloromethane/methanol/water. 

Comparison of GUESSmix analyte partition coefficient (K) values gives rise to a measure of SS 
polarity range. This is especially effective when K values are mapped in bins that take into 
consideration the reciprocal symmetry of CS K values. The hydrophilic-lipophilic balance (Bhl) of 
each SS was determined by observing the K values. Solvatochromic dyes and electrical 
permittivity measurement were also helpful to quantitatively assess SS polarity. 

The relative selectivity of SSs can be evaluated with the GUESSmix as well. The number of 
resolved analytes (Nr) and the number of analytes found in the sweet spot (0.25 < K < 16) were 
employed to measure SS resolving power termed “sweet spot efficiency” (Fsw). In addition, 
pairwise separation factors (αip) revealed selectivity trends both within and between SS 
families. Finally, orthogonality (ReSS^2) plots with reciprocal symmetry axes were employed to 
visually compare the selectivities of SS pairs. 

This study helps to pave the way to the development of new SSs that are amenable to 
successive orthogonal CS protocols employed in metabolomic studies. 

Ki (SS) →→→→ ∆∆∆∆Ki

Composition

Suitability
Polarity πSS

Selectivity σSS

Solvent Systems (SSs)

Separation
Design Operation
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Predicting the solubility of pharmaceutical components with 
the SAFT-γ Mie group contribution approach 

Thomas Pogiatzisa, Simon Dufala, Majid Sadeqzadeha, Vasileios Papaioannoua, Guy 
Harrisb, Sandeep Kaurb, Colin Brightb, Amparo Galindoa, George Jacksona and Claire S. 
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aCentre for Process Systems Engineering, Department of Chemical Engineering, Imperial 
College London, South Kensington Campus, London, SW7 2AZ, UK  
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The production of active pharmaceutical ingredients (APIs) of high purity and consistent quality 
at high yields is a key capability in drug manufacturing. High performance countercurrent 
chromatography (HPCCC) is generating interest as a novel separation method which can be 
operated in either batch or continuous mode. However, HPCCC suffers from the lack of a fast 
and reliable method for identifying the appropriate solvent mixture to ensure high performance 
in terms of selectivity and productivity. The experimental screening approach employed to-date 
is relatively time-consuming and cost-intensive.   

Predictive computer-aided approaches can play an important role in reducing the time required 
to select the optimal solvent mixture. At the core of any computer-based approach to HPCCC 
solvent mixture selection must lie a reliable thermodynamic modelling tool that can accurately 
predict the solubility and partitioning of a given API in different solvent blends.  

In this work, we explore the applicability of the SAFT-γ Mie [1] group contribution (GC) equation 
of state (EoS) as a tool for solubility prediction. SAFT-γ Mie GC is an advanced EoS founded 
on a formal statistical-mechanical perturbation theory, which maintains a firm link between the 
molecular model and the macroscopic thermodynamic properties. The SAFT-γ Mie approach 
has been successfully used to predict the phase behaviour and thermodynamic properties of 
complex fluids, including hydrogen-bonding compounds [2].  

In any GC framework the molecules are modelled in terms of the functional groups that they 
comprise, and it is assumed that the properties of the molecule can be obtained from the 
appropriate contributions of the groups. These functional groups are described by a number of 
parameters, which are determined by regression to experimental data. The predictive 
capabilities of GC approaches follow from the assumption that the functional group parameters 
are transferable between different molecules, and are obtained by fitting to experimental data 
for "simple" molecules. We present the parameterization of a number of functional groups for 
the SAFT-γ Mie GC EoS. The up-to-date group parameter matrix enables the prediction of the 
fluid-phase behaviour and properties of a variety of pure components or mixtures containing 
alkanes (CH3 and CH2 groups [1]), alkylbenzenes (aCH, aCCH, aCCH3 and aCCH2 groups), 
carboxylic acids (COOH group), esters (COO group [1]), water (H2O molecular group) and 
acetone (CH3COCH3 molecular group). 

Herein, these functional groups are used to predict the solubility of the ibuprofen and 
ketoprofen in pure organic solvents. The results that we present are obtained in a fully 
predictive manner: no experimental solubility data for ibuprofen or ketoprofen were used in the 
calculations. The predictions of solubility are shown to be in good agreement with experimental 
data and exhibit a correct relative ranking with respect to the different solvents.  

References 
[1] V. Papaioannou, T. Lafitte, C. Avendaño, C. S. Adjiman, G. Jackson, E. A. Müller, and A. Galindo, 
J. Chem. Phys., 2014, 140,  054107. 
[2] S. Dufal, V. Papaioannou, M. Sadeqzadeh, T. Pogiatzis, A. Chremos, C. S. Adjiman, G. Jackson 
and A. Galindo, J. Chem. Eng. Data, 2014, paper in press. 
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Selection of a Non-Aqueous Solvent System for the 
Separation of Hemicellulose-Based Sugars 

He Zhang and Abigail Engelberth* 

Laboratory of Renewable Resources Engineering and Department of Agricultural & Biological 

Engineering, Purdue University, West Lafayette, Indiana, USA 
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Solvent selection is the primary, and most essential, step in the purification of any compound 
when using centrifugal partition chromatography (CPC).  Purification of hemicellulose sugars is 
vital to the exploration of the possible uses of this ubiquitous plant-based compound.  
Hemicellulose is a long chain polymer consisting of both five and six carbon sugar units.  The 
hemicellulose polymer chain can be depolymerized via hydrolysis into shorter chain polymers 
and monomers using either hot water or dilute sulphuric acid.  The short chain polymers can 
then be separated for conversion into variety bio-renewable products such as xylitol, furfural, or 
xylooligosaccharides [1].   

This research explores the use of a non-aqueous solvent system to purify the hemicellulose 
sugars in a single CPC separation.  Sugars are highly soluble in water and thus become 
difficult partition into other solvents, as their affinity is comparatively quite low.  Previous studies 
that have explored the separation of xylan oligomers – a similar type of sugar – and used 
aqueous solvent systems, but all had very low partition coefficients [2,3].  By excluding water 
from the solvent system, the partition coefficient was greatly increased (up to KD,xylose =0.36).   

The solvent system was found from a combination of trial-and-error experimentation and the 
use of the COSMO-RS solvent selection method [4,5].  COSMO-RS calculates the partition 
coefficient of a compound based on the structure of the molecule and the phase equilibria of 
the solvent system.  The theoretical calculation promotes the development of a more efficient, 
economically feasible method to determine the best solvent system for CPC separation.  
Experimental methods were used to determine the partition coefficient of xylose, arabinose and 
hemicellulose polymers (xylobiose, and xylotriose).  The experimental results were compared 
to the theoretical results to help select the best non-aqueous solvent system.  This solvent 
system was then tested in the CPC and the results indicated that a non-aqueous solvent 
system was effective for sugar purification.  The drawback of this solvent system is that the 
solubility is comparatively low (when compared to a water-based system) so the loading rate 
must be decreased. 

References 
[1] M.J. Vázquez, J.L. Alonso, et al.,  Trends in Food Sci Tech, 11(2000) 387. 
[2] C.S. Lau, K.A. Bunnell, et al.,  J Ind Microbiol Biotechnol, 38(2011) 363. 
[3] C.S. Lau, E.C. Clausen, et al.,  J Ind Microbiol Biotechnol, 40(2013) 51. 
[4] E. Hopmann, W. Arlt, et al.,  J Chromatogr A, 1218(2011) 242. 
[5] E. Hopmann, A. Frey, et al.,  J Chromatogr A, 1238(2012) 68. 



SO4 

 

 38 

Limonene in "green" Arizona Liquid Systems used in CCC 

Alain Berthod*, Elodie Bouju and Karine Faure 
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berthod@univ-lyon1.fr 

 

Limonene is a biorenewable cycloterpene solvent extracted, as the D-
isomer, from orange peel waste.  Its potential as a "green" solvent to 
replace heptane in countercurrent chromatography was recently 
evaluated1. A particular range of special proportions of the heptane/ethyl 
acetate/methanol/water system, referred to by letters from A to Z, was 
called the Arizona (AZ) liquid system when the heptane/ethyl acetate 
ratio was exactly the same as the methanol/water ratio. Replacing 
heptane by limonene and methanol by ethanol produce biphasic liquid 
systems much more environment friendly than the original AZ 
compositions, but with significant differences in the chemical as well as 
physico-chemical properties of the two phases. 

The phase composition determination of 15 proportions of the limonene/ethyl 
acetate/ethanol/water AZ system showed that ethanol was partitioning between the aqueous 
lower phase and the organic upper phase much better than methanol in the classical AZ 
system. With more ethanol in the organic phase, it is more polar.  The two compositions with 
less than 5%v/v water were monophasic with limonene and ethanol. Significant differences 
were also observed in phase density difference, the density of the two phases in the "green" 
system being very close with less than 0.09 g/mL difference for half of the proportions studied. 

The behavior of the "green" limonene/ethyl 
acetate/ethanol/water in CCC is studied, comparing it 
with the classical petroleum based system, in both 
hydrostatic (top photograph) and hydrodynamic (bottom 
one) CCC instruments.  It was shown that the 
hydrodynamic CCC instrument worked only with polar 
compositions that had sufficient density difference 
between phases (more than 0.1 g/mL).  No liquid 
stationary phase could be retained with lower density 
difference. The hydrostatic CCC instrument was much 
less efficient (lower plate number) but it could work with 
all compositions. A low density difference was actually an 
advantage producing lower pressure drop. 

Solute partition coefficients have higher value in the 
"green" AZ system than in the classical with the same 
proportions. A rough estimate shows that there is 
between one and two letter difference for polarity 
between the "green" more polar proportions and the 

classical ones. 

Reference 
[1] Faure, K.; Bouju, E.; Suchet, P.; Berthod, A. Use of Limonene in CCC: a green alkane substitute, 
Anal. Chem., 85 (2013) 4644-4650. 
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Betalains (red-violet betacyanins and yellow-orange betaxanthins) are natural food colorants 
which are considered as antioxidant and potential anticarcinogenic compounds. Low-cost red 
beet (Beta vulgaris L.) is the main source of betalains in the food industry [1]. The high polarity 
of betalains often generates problems with their isolation and separation in countercurrent 
chromatography, due to the limited number of very hydrophilic solvent systems [1,2]. Recently, 
a range of highly polar high salt-concentration systems were used in the separation of betalains 
by HPCCC for the first time. The separation of selected betalains was quite effective, however, 
the applied solvent systems were not of food-grade [3].   

In this study, a mixture of betalains (betanin/isobetanin, 17-decarboxy-betanin/-isobetanin, 2-
decarboxy-betanin/-isobetanin and 14,15-dehydro-betanin) was obtained from thermally 
processed Beta vulgaris L. juice. In the experiment, the pigments were separated for the first 
time in  completely new, food-grade and gradient solvent systems consisting of BuOH - EtOH - 
NaClsolution - water - PA (phosphoric acid) (v/v/v/v/v, 1300:300-1000:1300:700:2.5-10) in the 
‘tail-to-head mode’. The applied solvent systems differed by the phosphoric acid and ethanol  
concentration. The flow rate of the mobile phase was 1.0 or 2.0 ml/min and the column rotation 
speed was 2049 rpm (20 °C). The retention of the stationary phase was ca. 80 %.  

The results of the separation depended on the concentration of acid and ethanol used in the 
experiments. Moreover, ethanol influences the stationary phase retention, causing its decrease 
at higher concentrations. The application of the gradient solvent systems resulted in different 
effectiveness of betalains separation. The best results were obtained from solvent systems with 
the lowest acid and ethanol gradient. Moreover, the best results were obtained with the lowest 
amount of ethanol at initial conditions. The applied solvent systems enabled the effective 
separation of betanin, 17-decatboxy-betanin, 2-decarboxy-betanin/-isobetanin and 2,17-
bidecarboxy-betanin/isobetanin. The separation of betalains in completely food-grade solvent 
systems was realized for the first time. Moreover, the applied solvent systems have never been 
used in CCC. 

References 
[1] S. Wybraniec, J. Agric. Food Sci. 53 (2005) 3483.  
[2] S. Wybraniec et al., J. Chromatogr. A. 1216 (2009) 6890. 
[3] A. Spórna-Kucab, J. Chromatogr. B. 941 (2009) 54. 

 
Acknowledgments 
The research was supported by the European Union through the European Social Fund within “Cracow University of 
Technology development program – top quality teaching for the prospective Polish engineers; University of the 21st 
century” project (contract no.UDA-POKL.04.01.01-00-029/10-00). 



SO6 

 

 40 

Chiral ligand exchange high speed counter-current 
chromatography: mechanism, application and comparison 

with conventional liquid chromatography in 
enantioseparation of ten aromatic α-hydroxyl acids 

Shengqiang Tonga,b, Mangmang Shena, Dongping Chenga, Yoichiro Itob, and Jizhong 
Yana* 
aCollege of Pharmaceutical Science, Zhejiang University of Technology, Hangzhou, 310032, China 

bLaboratory of Bioseparation Technology, Biochemistry and Biophysics Center, National Heart, 
Lung, and Blood Institute, National Institutes of Health, Bethesda, Maryland, 20892, USA  
yjz@zjut.edu.cn 

 

This work concentrates on the separation mechanism and application of chiral ligand exchange 
high-speed countercurrent chromatography (HSCCC) in enantioseparations, and comparison 
with traditional chiral ligand exchange high performance liquid chromatography (HPLC). Our 
research was inspired by H. Nishizawa’s work on enantioseparation of racemic mandelic acid 
by liquid particle extractor [1].  

The enantioseparation of ten aromatic α-hydroxyl acids were performed by these two 
chromatographic methods. Results showed that five of the racemates were successfully 
enantioseparated by HSCCC while only three of the racemates could be enantioseparated by 
HPLC using a suitable chiral ligand mobile phase additive. For HSCCC, the two-phase solvent 
system was composed of butanol-water (1:1, v/v), to which N-n-dodecyl-L-proline was added in 
the organic phase as chiral ligand and cupric acetate was added in the aqueous phase as a 
transition metal ion. Various operation parameters in HSCCC were optimized by 
enantioselective liquid-liquid extraction. Based on the results of the present studies the 
separation mechanism for HSCCC was proposed [2] (Figure 1). For HPLC, the optimized 
mobile phase composed of aqueous solution containing 6 mmol L-1 L-phenylalanine and 3 
mmol L-1 cupric sulfate and methanol was used for enantioseparation. Among three ligands 
tested on a conventional reverse stationary phase column, only one was found to be effective. 
In the present studies HSCCC presented unique advantages due to its high versatility of two-
phase solvent systems and it could be used as an alternative method for enantioseparations. 

 

Figure 1. Schematic diagram of speciation reactions in a chiral ligand exhange two-phase solvent system 
(stage one) and chemodynamic equilibrium between racemates (EnH±) and chiral ligand (LiH) in the 
separation column (stage two). 

References 
[1] H. Nishizawa et al., Analytical Sciences, 9 (1993) 611. 
[2] J. Koska et al., Chemical Engineering Science, 56 (2001) 5853. 
 

Acknowledgments 
This work was financially supported by Natural Science Foundation of P. R. China (21105090), 
Department of Education of Zhejiang Province of China (pd2013031). S.Q. Tong also thanks 
Personnel Department of Zhejiang University of Technology for providing the visiting scholar program 
at NIH (2011). 



SO7 

 

 41 

Potential application of  
non-conventional aqueous two phase systems  

in counter-current and centrifugal partition chromatography  

Johannes Goll, Franziska Bezold and Mirjana Minceva* 

Chair of Separation Science and Technology, Friedrich-Alexander University Erlangen-Nuremberg, 
91058 Erlangen, Germany 
mirjana.minceva@cbi.uni-erlangen.de 

 

Aqueous two-phase systems (ATPS), first reported by Albertsson [1] in 1956, are formed when 
two polymers or one polymer and an inorganic salt are mixed in certain portions with water. 
Due the aqueous nature of both phases and low interfacial tension they are suitable for a gentle 
separation of biocomponents (e.g. proteins, nucleic acids, cells). 
The application of ATPS in counter-current chromatography (CCC) and centrifugal partition 
chromatography (CPC)  using the state of the art machines is impeded due to the 
incompatibility of their physical properties (low density difference, low interfacial tension and 
high phase viscosity). In order to overcome this problem some new CCC/CPC columns designs 
have been developed in the last years. Another approach to make the use of ATPS technically 
feasible would be to search for a new type of ATPSs with physical properties suitable for an 
application in the existing commercial CCC/CPC columns.  

In this work we study the applicability of a recently introduced new type of ATPS, formed by 
combining a hydrophilic ionic liquid, an inorganic salt and water. Ioinc liquids (ILs) are purely 
ionic, salt-like materials that are liquid below 100 °C. They are composed of an organic cation 
and an organic or inorganic anion. The properties of an IL can be varied by changing the nature 
of the cation/anion combination. This can not only be used for tuning the physical properties of 
the formed liquid phases, but also for tuning the partition coefficient of the proteins present in a 
mixture. The first evaluations of ionic-liquid based ATPSs have shown that the phase splitting 
occurs faster than in polymer based ATPS, the IL-rich phase has a lower viscosity than the 
polymer-rich phase and the proteins partition preferably in the IL-rich phase  [2,3].  

We present the results of a systematic study of the influence of the IL cation/anion combination 
on the physical properties of the ATPSs and partition coefficients of the model proteins 
(lysozyme, myoglobin, bovine serum albumin). The measured physical properties include the 
pH, density, viscosity of the phases as well as the interfacial tension. As reference system for 
the evaluation of the applicability of IL based ATPS system, an ATPS system, consisting of 
PEG1000/K2HPO4/Water, was used. This system is the commonly used as standard system for 
tests of new CCC/CPC column designs.  

The advantages and limitations of the IL based ATPS identified in this study are presented and 
the challenges for their transfer to industrial scale CCC/CPC applications are addressed.    
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Ionic liquids (ILs) have unique properties that can help overcome problems associated with the 
use of conventional organic solvents for instrumental liquid-liquid chromatography and 
extraction. IL’s are composed entirely of organic ions. Many are liquid at or near room 
temperature. IL’s have no measurable vapour pressure at ambient temperatures, are generally 
non-flammable, with a high thermal stability, and thus many are inherently safe and 
environmentally friendly [1]. IL’s can be readily recycled. Their use in synthesis, as catalysts, 
and in separations has expanded significantly in recent years. One example is the commercial 
removal of mercury on a natural gas plant, which uses 60 tons of supported IL [2], Another 
benefit of IL’s is their ability to be specifically-designed with fine-tuned properties, such as 
affinity, selectivity, solubility, density, viscosity and thermal stability, by an informed choice of 
anion and cation. IL’s can therefore be uniquely optimised for almost any given application. 
They can even be designed to maintain the bioactivity of enzymes, peptides and proteins, 
MaB’s etc., during highly selective purification processes. For inorganic separations ILs can be 
designed and synthesised to selectively complex with individual metals or metal classes, 
actinides, lanthanides to give very high performance separations that would be difficult to carry 
out by any other means [2]. A recent IL literature review [3] reinforces the idea that ILs are very 
good solvents if liquid-liquid chromatography / extractions are a key part of the proposed 
process of separation and isolation; such as occurs in counter-current chromatography / 
extraction 

High-pressure counter-current chromatography (H-PCCC/H-PCPC) should therefore be the 
perfect partner for IL technologies. Historically, the often-high viscosities of ILs has posed major 
problems for all previously available CCC & CPC instruments. In the few previous attempts, 
mainly by the group of Berthod [4,5], solutions of ILs were substantially diluted in low viscosity 
solvents in order to make the technique usable. This dilution partially negated the worth of the 
use of IL’s. Our modifications of commercially available Quattro CCC / CPC overcame historic 
limitations and produced unique, high-pressure ionic liquid-liquid counter-current 
chromatography systems. Preliminary results will be discussed which will demonstrate new 
instruments that can operate with IL solvent systems (such as water/[P6 6 6 14]Cl) at the required 
high-pressures [6]. Applications will be shown working with both inorganic and organic targets. 
Patents have been granted for a variety of applications [7]. An application detailing the 
complete separation of cobalt(II), nickel(II) and copper(II) chlorides will be shown [6]. A variety 
of organic separations will also be discussed, including the recently patented, commercial 
production of a complex bioactive, very valuable, polysaccharide from mushroom extracts. 

This new ability to utilise high percentages of ionic liquids and even biphasic solvents solely 
based on different ionic liquids in ILLC™ and ILLE™ offers a whole new arena of research and 
large-scale process production opportunities for high-pressure CCC & CPC in the future.  
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The organic solvent system of n-hexane, methyl acetate, acetonitrile, and water with a volume 
ratio of 4:3:4:4 can be formed three layers, i.e. upper phase (UP), middle phase (MP), and 
lower phase (LP), with a volume ratio of 1:1.20:1.42 at room temperature (25℃). Can any two 
phases of this three-phase solvent system be used to separate some chemical constituents 
from traditional Chinese medicines with CCC? A TBE-1000A model HSCCC (Tauto 
Biotechnique Company) was used, which equipped three PTFE coils with I.D. 3.0 mm of the 
tube and 1000 mL of column volume. Five main peaks and eight coumarins were obtained from 
petroleum ether extract of fresh roots of Angelica dahurica (Fisch. ex Hoffm.) Benth. et Hook. f. 
(RAD) with a stationary phase of UP and a mobile phase of LP. Five main peaks and five 
chemical constitutes were obtained from AcOEt extract of fresh rhizomes of Anemarrhena 
asphodeloides Bge.(RAA) with a stationary phase of MP and a mobile phase of LP. Preparative 
HPLC was used for further purification when necessary. Their structrues were identified by 
means of MS and 1H and 13C NMR studies.  

                 

Figure 1. Separation of petroleum ether extract 
from RAD by HSCCC. Solvent system: n-hexane-
MeOAc-MeCN-H2O (4:3:4:4). Stationary phase: 
upper phase (UP). Mobile phase: lower phase 
(LP). Sample solution: petroleum ether extract 
(217 mg) + UP (6 mL) + LP (6 mL). Flow rate: 5 
mL/min. Retention: 66.3%. Revolution: 500 rpm. 
Elution mode: head to tail. FWD: forward. REV: 
reverse. 

Figure 2. Separation of EtOAc extract from RAA 
by HSCCC. Solvent system: n-hexane-MeOAc-
MeCN-H2O (4:3:4:4). Stationary phase: middle 
phase (MP). Mobile phase: lower phase (LP). 
Sample solution: EtOAc extract (90 mg) + MP (3 
mL) + LP (3 mL). Flow rate: 4 mL/min. Retention: 
27.6%. Revolution: 500 rpm. Elution mode: head 
to tail. FWD: forward.
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Preparative separation method using counter current chromatography (CCC) was developed 
for the purification of diterpenoid acid from the roots of Aralia continentalis. The crude sample 
was prepared by extract with methanol and fractionated with hexane. There are three major 
diterpenoid acids in the hexane fraction which have same molecular weights and similar 
structures. Becaues of their similarities, separation of these isomeric diterpenoids is quiet 
difficult and needs laborious work. To improve their separation procedure, the three phase 
solvent system was applied for purification composed of Hexane/acetonitrile/methlyen 
chroride/water(1% triethylamine) at a volume ratio of 5 :5 :3 :3. Each phase was analysed by 1H 
NMR, and the exact composition of solvent system was calculated . The purity of separated 
compounds was greater than 98% assessed by high-performance liquid chromatography – 
ELSD, and their structure were characterized by LC-MS and proton and carbon nuclear 
magnetic resonance (1H NMR, 13C NMR) spectroscopy. 
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The green, environmental and natural limonene-ethanol-water solvent system was proposed 
and applied. The green and environmental CCC approach for preparative isolation and 
purification of lutein from C. vulgaris was presented. Comparing properties of limonene with n-
hexane and ternary volume phase diagrams of limonene-ethanol-water with n-hexane-ethanol-
water, limonene which could become a green alkane substitute could be used in CCC. With the 
two-phase solvent system limonene-ethanol-water (10:9:1, v/v), 20.4 mg lutein with purity of 
94.6% was obtained from 300 mg crude of C. vulgaris in one step. The results indicate that the 
CCC is a green and environmental separation method. 
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Ionic liquids (ILs) are very simply molten salts composed exclusively of cations and anions, 
which remain liquid at room temperature or near room temperature [1]. As a new class of 
solvents by their non-molecular nature, ILs are gathering considerable attention as potential 
substituents of conventional organic solvents due to their unique properties, such as negligible 
vapor pressures, high specific solvent abilities, and tunable structures. The thermal stability and 
miscibility of ILs mainly depend on the anion, while the viscosity, surface tension and density 
depend on the length of the alkyl chain in the cation and/or shape or symmetry. Moreover, the 
dipolarity/polarizability and hydrophobicity as well as hydrogen-bonding acidity and basicity of 
the ILs can be tuned finely by different cation and anion combinations. The combination of 
different anions and cations can form tremendous number of ILs with different physical and 
chemical properties to meet specific purpose.  

Counter-current chromatography (CCC) is a continuous liquid–liquid partition chromatographic 
method, and has made great progress in preparative isolation and purification of active 
components from natural products. However, due to the limitation of traditional two-phase 
solvents systems, the separation of some structural homologs, isomers, and high polar or 
water-soluble compounds is still of challenge by CCC. The first attempt of using ILs in CCC 
separation was reported in 2003 [2]. However, due to the high viscosity, ILs cannot be used 
directly in CCC separation. Meanwhile, due to the availability and high cost at that time, ILs 
have faded away for several years. During recent years, ILs came back again to CCC because 
of their easy and low cost availability. However, still very little work has been reported in this 
field so far. In this work, the performance of ILs as a modifier of two-phase solvents systems of 
CCC separation was investigated, using tocopherol homologs separation as an example.  

Tocopherols are the most important fat-soluble antioxidant in biological systems. Tocopherols 
extracted from plants are usually a mixture of α-, β-, γ-, and δ- four homologs, among which the 
α-tocopherol has the highest activity and has to be separated from the other homologs. 
However, these homologs possess the same basic structure, consisting of a chromanol head 
and a hydrophobic alkyl side chain, and differ just in the number and position of methyl groups 
on the chromanol head, so the separation of them has been very challenging [3].  

In this separation, an organic two-phase solvents system composed of n-hexane-methanol was 
selected as the basic solvent according to the polarity of tocopherols. The effect of different ILs, 
the concentration of ILs, and the loading amount of samples on the resolution of α-, β-, γ-, and 
δ- were investigated. Finally, 130mg of the tocopherols form soybean oil was separated into α-, 
β-+γ-, and δ- three fractions with high purity in 30 min by using n-hexane-methanol-[C4MIN][Cl] 
(5:5:0.5,v/v).  
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Despite the safety and environmental concerns that have arisen concerning halogenated 
solvents, they are still widely used in chemical laboratories. In particular, dichloromethane has 
emerged as a highly desirable solvent for synthetic, extraction, and chromatography 
applications. In countercurrent separations, the chloroform-methanol-water (ChMWat) solvent 
system has been effectively employed for decades. In this study we compare the solvent 
characteristics and countercurrent separation (CS) performances of both ChMWat and 
dichloromethane-methanol-water (DiMWat) solvent systems. In particular, the eight SSs of the 
previously described Ch(Di)MWat solvent system family were investigated [1]. A mixture of 
twenty commercially available natural products, called the GUESSmix, was utilized to compare 
ChMWat and DiMWat solvent systems. CS experiments with UV detection accompanied by thin 
layer chromatography, high pressure liquid chromatography, and analysis of physiochemical 
properties was performed to calculate partition coefficient (K) values of the GUESSmix 
analytes. The progression of K values for model analytes in the Ch(Di)MWat SS family do not 
follow systematic (linear) polarity trends due to the SS family’s tendency towards coalescence. 
CS experiments also reveal the stationary phase retention volume ratio (Sf) of the particular SS 
and peak characteristics of the GUESSmix analytes. Results show that the polarity range and 
selectivity of ChMWat and DiMWat are similar, but there are also some important differences. 
As expected the density of the ChMWat lower phase is greater than that of the corresponding 
DMWat series which has implications for Sf values in hydrodynamic CS instruments. Studies 
with the solvatochromic dye called “Reichardt’s Dye” revealed solvation polarity trends both 
within and between SS families. Viscosity, phase composition, and electronic permittivity 
studies of the two SS families were also undertaken. 

In conclusion, dichloromethane appears to be a reasonable substitute for chloroform in the 
formulation of Ch(Di)MWat SSs. This study also serves as a template for future solvent system 
family investigations. 
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Carotenoids are naturally occuring pigments that are either hydrocarbons (carotenes) or 
derivatives thereof containing oxygen for example in the form of hydroxyl, methoxyl or keto 
groups (xanthophylls). They occur predominantly in green plants but also in fruits, vegetables 
and to some extent in microorganisms and animals [1].  

Over the past three decades, studies have shown that the antioxidant potential of carotenoids 
plays an important role in the prevention of free-radical-initiated diseases including 
cardiovascular disease and cancer. Hence, they are extensively used as pharmaceutical 
products or as natural colorants and as provitamin A sources for human food and nutritional 
supplements. Due to the increasing demand, the market of carotenoids is constantly rising and 
it has been forecast to reach a value of $1.2 billion by 2018 [2]. 

The majority of the carotenoids available on the market are chemically or biotechnological 
synthesized. However, there is also an interest in natural extracts of carotenoids to be used as 
food additives, whose purification is most commonly achieved after extraction, concentration of 
the extract with solid-phase extraction and separation on a HPLC column. However, analytical 
standards of for example α-carotene or lutein are costly due to the laborious isolation 
procedures and the time-consuming purification steps which suffer from low yields [1]. 

Countercurrent chromatography (CCC) as an all-liquid separation technique benefits from 
numerous advantages in comparison to HPLC for the preparative isolation of carotenoids. 
Irreversible adsorption and denaturation of sample material on the solid support are avoided 
and crude mixtures of plant extracts can be separated without the risk of plugged inlet frits or 
plugged packings.  

In our study we developed a CCC method for the isolation of both α- and β-carotene from a 
crude carrot extract. For this purpose we examined the applicability of the various solvent 
systems already described for the purification of the carotenoids [3]. Because of their structural 
similarity and their lipohilic character, only non-aqueous two-phase solvent systems composed 
mainly of n-hexane, acetonitrile and dichloromethane as modifier showed acceptable 
selectivity.  

In the course of further investigations, a partially fluorinated solvent which has not been utilized 
so far for CCC was tested as a modifier in the above mentioned solvent system. With this 
approach a higher selectivity was obtained due to different chemical interactions. After 
obtaining the ternary phase diagram for the novel solvent system, two-phase solvent mixtures 
which allow efficient preparative separation of the high-priced α-carotene and also present 
lutein from concomitant pigments in the crude carrot extract were undertaken CCC separation. 
Purities of the fractions were checked by means of HPLC/UV-Vis and 1H-NMR spectroscopy.  
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In addition to the elution mode, the displacement mode was introduced in support free liquid-
liquid chromatography in 1994 [1]. Basically, displacement chromatography in CCC&CPC is 
performed by dissolving a displacer in the mobile phase and a retainer or an ion-exchanger in 
the stationary phase. By adding an acid or a base in the stationary phase as a retainer, Ito 
introduced the pH-zone refining mode [1]. For the first time in CCC and CPC, isotachic 
rectangular shaped blocks of analytes separated by steep boundaries corresponding to "mixing 
zones", the so-called shock layers, were observed. The original pH-zone refining mode (i.e. 
without any ion-pairing agent) is restricted to solutes that show a dramatic difference in polarity 
and, therefore, in solubility, between their neutral and ionized forms. This limits the application 
of pH-zone-refining to ionized or ionizable, strictly water-soluble, or amphoteric molecules. This 
method is highly productive and selective for the purification of organic molecules from many 
compound classes such as organic acids, alkaloids, phenols,… but it cannot be applied to 
amphoteric compounds. To solve this limitation, a variant of pH-zone refining, called “affinity-
ligand countercurrent chromatography”, was then developed also by Ma and Ito initially for 
peptide purification [2]. This process probably inspired the first separations in CPC that were 
based on the weak ion-exchange displacement mode. These works concerned the purification 
of polysulfated polysaccharides (fucans and heparins) by means of the lipophilic secondary 
amine Amberlite LA2 (N-lauryl-N-trialkylmethylamine) [3]. Few years ago, a preparative 
purification method of hydrophilic anionic molecules based on strong ion-exchange centrifugal 
partition chromatography (SIXCPC) using a lipophilic quaternary ammonium salt such as 
Aliquat® 336 as a strong anion-exchanger was developed [4]. Very recently, Ion-exchange 
CPC was successfully carried out using the lipophilic di(2-ethylhexyl)phosphoric acid (DEHPA) 
cation-exchanger, for the purification of free peptides [5].  

The principle and the specificities of the displacement mode in support free liquid-liquid 
chromatography (pH-zone refining and ion-exchange) will be presented. Then, different 
examples will demonstrate the interest of these processes, whether in terms of 
chromatographic performance than industrial potential. 
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In recent years, High-speed counter-current chromatography (HSCCC has been broadly 
applied in the fields of  the separation and purification due to its unique advantages, especially 
extraction and separation of active components from plants. Now it has become a novel, 
worldwide separation and purification technique. 

But in the search for separation natural active compounds from plant resources, complex 
mixtures are frequently encountered. The standard procedure for searching for active 
compounds is activity-guided fractionation followed by biological screening. This has played an 
important role in the discovery of radical scavengers. However, it is a time consuming and 
labor-intensive procedure. In order to avoid those problems, our group applied our mind to 
establish methods which the HSCCC technique coupled with other techniques to screen, 
isolate and identify the major active compounds in plant.  In this paper, I will beiefly introduces 
the work of our group recent years.  

1) HSCCC coupled with DPPH-HPLC-DAD, the method was developed to screen, isolate and 
identify the major radical scavengers in the leaves of Olea europaea L. It was found that three 
major constituents in the extract of the leaves of O. europaea L. possessed potential 
antioxidant activities. Their structures were identified as oleuropein, luteolin-7-O-glucoside and 
verbascoside by 1H-NMR and 13C-NMR. 

2) HSCCC coupled with post-column on-line evaluation, the method was developed to screen, 
isolate and identify the major anti-diabetic compounds in the leaves of Olea europaea L. It was 
found that five major constituents in the extract of the leaves of O. europaea L possessed 
potential anti-diabetic activities. Their structures were identified as Oleuropein, Ligstroside, 
Hydroxytyrosol, Tyrosol and Luteolin-7-O-β-D-glucoside by 1H-NMR and 13C-NMR. 

3) High shear technique coupled with HSCCC, the method was successfully used for the 
extraction and online isolation of seven highly polar chemical constituents from the Brassica 
napus L. Seven compounds, uridine, xanthosine, guanosine, adenosine, kaempferol-3, 4,-di-O-
β-D-glucopyranoside and kaempferol-3-O-(2-O-β-D-glucopyranosy1)-β-D glucopyranoside 
were obtained in a one-step extraction separation process within 130 min from raw material of 
pollen of Brassica napus L. It is the first time to combine the high shear technique and HSCCC. 

4) HSCCC coupled with HPLC, the method was  successfully used for screening and isolation 
the thermolabile compounds from the rhizome of S. Two new thermolabile compounds, 
Sphallerketene A and B were obtained. Their structures were identified by 1H-NMR、13C-NMR 
and DEPT. This method provides a new way to isolate the thermolabile compounds from 
natural products.  
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Natural extracts from plants or microorganisms are an invaluable source of biologically active 
metabolites to be exploited for the development of drugs or cosmetics. However, the high 
chemical complexity and diversity of these extracts still requires time-consuming multi-step 
purification procedures to determine their metabolite profiles. New approaches for the analysis 
of natural metabolites directly within mixtures are currently the focus of intense research efforts, 
not only to save purification time and burden, but also to assess the potential synergistic effects 
between metabolites.  

Here is presented a de-replication strategy combining chromatographic, spectroscopic and bio-
informatics tools for the determination of natural extract composition without purification of each 
individual component [1]. This approach was designed specifically for an early application in 
cosmetics where the chemical characterization of natural active ingredients is subjected to 
increasing regulatory constraints. In this context an efficient method enabling the identification 
of major metabolites in crude extracts without huge resource implications would make a real 
difference.   

Exploiting the polarity range of metabolites, the principle consists in producing a series of 
successive fractions from a crude natural extract by Centrifugal Partition Extraction. CPE is a 
solid support-free liquid-liquid separation technique directly inspired from Centrifugal Partition 
Chromatography, but with a lower number and higher volume of partition cells at equivalent 
column capacity. It enables higher mobile phase flow rates (10-50 mL/min) and the injection of 
samples on a multi-gram scale [2]. Each run is rapidly achieved, yielding selective and 
simplified mixtures exhibiting a chemical diversity with different molecular classes and covering 
a large polarity range. The obtained fractions are subsequently analyzed by 13C NMR. Due to 
the high injection capacity of the CPE instrument, the collected fractions can be obtained in 
multi-ten milligram quantities, making possible to perform 13C NMR analyses with a reasonable 
acquisition time (<1 h per fraction). After automatic collection and alignment of 13C signals 
across spectra, Hierarchical Clustering Analysis (HCA) is performed for pattern recognition. As 
a given compound is detected by 13C NMR as an entire and well-defined set of 13C 
resonances, strong signal correlations caused by the same structure within several successive 
fractions are directly visualized as chemical shift clusters. Each cluster is finally assigned to a 
molecular structure with the help of a in-house 13C NMR chemical shift database dedicated to 
natural metabolites.  

Through different concrete examples, we demonstrate here that the combination of a multi-
gram-scale fractionation method with 13C NMR analyses and pattern recognition of 13C 
signals by HCA enables the rapid identification of the major metabolites present in crude 
natural extracts while avoiding tedious purification procedures.   
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Du [1] and Wood [2] showed that there is a linear relationship between stationary phase 
retention and the square root of the mobile phase flow rate.  Using flow rates extending beyond 
those typically used, results demonstrate the significant differences in stationary phase 
retention for normal phase (NP) and reverse phase (RP) for instruments with varying column 
bores (1.6, 4 and 10mm) and rotational speeds which generate g-fields in the range 80g to 
240g.  For RP the linear relationship is maintained from 100% down to 20% stationary phase 
retention as mobile phase flow rate increases.  However for NP the linear relationship is only 
maintained until the stationary phase retention is reduced to about 80% and then the rate of 
loss of stationary phase increases.  For some phase systems such as HEMWat 11 
(Hexane/Ethyl Acetate/Methanol/Water: 1/4/1/4) this loss of stationary phase is sudden and 
dramatic. 

In RP the coriolis acceleration generated by the mobile phase flowing in the same direction as 
the column is rotated is added to the centripetal acceleration of the column stabilising stationary 
phase retention and thus maintaining the linear relationship with the square root of the mobile 
phase flow rate.  However, in NP the Coriolis acceleration destabilises the stationary phase 
retention since the mobile phase and column are travelling in opposite directions.  This causes 
the Coriolis acceleration to be subtracted from the centripetal acceleration increasing the loss 
of stationary phase. A dimensionless number, based upon the inertia, centripetal and Coriolis 
forces, has been derived to predict the mobile phase flow rate at which the rate of stationary 
phase loss will increase: 
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Experimental results for the NP dimensionless number demonstrate that the stationary phase 
retention (Sf) is linear with the square root of mobile phase flow rate (F1/2) until a value 
between 800 and 1600 is exceeded.  Thus, up to a value of 800 the linear relationship between 
Sf and F1/2 is applicable. Beyond a value of 800 the linear relationship may or may not hold 
and above a value of 1600 the linear relationship will not be applicable.   

These findings show that for J-type centrifuges to operate in NP at extended mobile phase flow 
rates high g-fields and therefore, higher rotational speeds are required. 
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Countercurrent chromatography (CCC) is considered an efficient tool for the separation and 
purification of bioactive constituents from various sources and it has been developed to the 
stage that it can be easily and predictably scaled up like few processes are [1,2]. However, the 
reality for those trying to work in this field is the difficulty in matching instruments and columns 
from different manufactures. Scale-up theory [3,4] cannot be directly applied in these cases, 
making methodology transfer difficult from analytical to preparative scale. 

This work describes the intra- and inter-apparatus CCC scale-up of triterpene acids isolation 
from Schinus terebenthifolius berries dichloromethane extract. Solvent system selection and 
sample loading tests were done in a previous study [5]. Masticadienonic and 3β-
masticadienolic acids (Figure 1), the major components in the extract, were chosen as targets 
to screen the processes. Four different instruments – DE (22ml/0.8mm and 125ml/1.6mm 
columns), PTR (15ml/0.8mm; 285ml/2.6mm and 855ml/2.6mm columns), PC Inc (12ml/0.8mm; 
80ml/1.6mm; 310ml/1.6mm and 370ml/2.6mm columns) and Quattro (26ml/1.0mm; 
98ml/2.0mm and 224ml/3.2mm columns) – from 4 different manufactures were employed for 
the separation at analytical, semi-preparative and preparative scales, using HEMWat 6:1:6:1 as 
the solvent system. 

Firstly, method development was done at analytical scale, optimising sample injection mode 
and number of collected fractions. Afterwards the method was transferred to other scales using 
linear scale-up for columns with different length whereas volumetric scale-up – for columns with 
a similar length. The scale up was done in consecutive stages from analytical to semi-
preparative and then to preparative. All operating conditions remained the same, except for 
flow rate (modified according to scale-up factor) and sample volume (maintained at 5% of the 
column volume). 

Intra-apparatus analytical, semi-preparative and preparative CCC runs gave similar 
chromatographic resolution with increasing stationary phase retention. Target compounds 
eluted proportionally at the same column volumes at all scales independently on type of scale 
up applied (linear or volumetric). Parameters can be transferred from one instrument to 
another, in a multi-apparatus scale-up, providing the same stationary phase retention was 
achieved. Differences in retention were evaluated and explained taking into account extra-coil 
volumes, sample loading, optimal flow-rate and ‘g’ force of instrument used.  

 

Figure 1. Masticadienonic and 3β-masticadienolic acids 
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In sequential centrifugal partition chromatography (sCPC) a feed mixture is introduced 
continuously between two adjacent columns and two product fractions are collected 
sequentially at opposite ends of the columns. The process is cyclic and consists of two steps. 
In each step the flow direction of the mobile phase and the role of the two liquid phases 
changes i.e. the phase used as stationary phase in one step becomes the mobile phase in the 
other step. One reason for the lack of industrial applications of this process is the limited 
number of published data on experimental demonstrations of its advantages. The objective of 
our group is the development of model-based methods for sCPC process design, which should 
also serve as tools in technology feasibility studies for identification of potential process 
applications. Besides the selection of a biphasic liquid-liquid system, the selection of the unit 
operating parameters is the most crucial task during sCPC process development. Recently, we 
have established a short-cut method, which helps the operator to select the unit operating 
parameters in an appropriate manner [1].  Up to now this method has been applied and 
successfully validated for the complete separation of binary mixtures with relatively low 
concentrations [2,3]. 

In this work the method is extended and applied for the design sCPC processes for 
fractionation of multicomponent mixtures. A quaternary mixture, consisting of the four model 
components methyl-, ethyl, propyl-, butylparaben, was used as a model feed mixture. Using the 
short-cut method it was possible to select the unit operating parameters and fractionate the four 
components arbitrarily from each other, i.e. methyl- respectively butylparaben from the other 
components, and in another run methyl- and ethylparaben from propyl- and butylparaben. The 
experiments were performed in a CPC unit with two columns of 125 m (model Armen TMB-250; 
Armen Instrument, France). In the first fractionation experiments the concentration of each 
paraben in the feed solution was 5 g/l. HPLC analysis of the products collected during all 
continuous fractionation experiments revealed purities ≥ 99.5%.  

In order to achieve a higher throughput, the solubility limit of each component was determined 
experimentally. Simulations of the sCPC process with different feed concentrations, using the 
cell model, were performed to attain concentration profiles of all components inside the 
columns. Combining the information from the solubility measurements (components’ solubility 
limit in each phase) and simulations, the feed concentration of each component could be 
increased from 5 g/l up to 20 g/l, leading to a throughput increase by a factor of four. While the 
product purity remained the same as in the runs with lower feed concentrations, the solvent 
consumption per mass of collected product could be decreased drastically.  
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Nuclear magnetic resonance (NMR) spectroscopy is a widely used technique for e.g. the 
identification and structure elucidation of unknown compounds. For this purpose however, NMR 
requires high purities of analytes to produce clear and unequivocal spectra, which limits its use 
for the analysis of mixtures of compounds. This problem has been overcome by the coupling of 
HPLC and NMR, where the HPLC effluent is directly introduced into the NMR device [1]. Doing 
so, spectra of numerous peaks in the chromatogram can already be gathered during the run. 
Such a technique is especially valuable in the analysis of compounds, which are susceptible to 
degradation by light or oxygen.  

The number of scans necessary to produce a high quality NMR spectrum is depending on the 
amount of analyte present, and most HPLC systems are quite restricted regarding sample load.  

Countercurrent chromatography (CCC) on the other hand, can handle much higher sample 
loads which is an advantage for the NMR analysis. An online coupling of NMR with the CCC-
related counter-partitioning-chromatography (CPC) has been described for the analysis of 
amino acid derivatives as model substances [2]. Since NMR spectroscopy is non-destructive, 
analytes can be gathered in individual fractions.  

Goal of our study was to establish an online CCC-NMR system and to evaluate the applicability 
of NMR for the online monitoring of CCC separations. Our set up consisted of a PTR CCC 
1000 apparatus equipped with a Varian 9012 pump, a 9050 UV detector system which was 
hyphenated to a Varian Unity Nova 500 MHz NMR spectrometer. The NMR spectrometer was 
equipped with a Indirect detection-pulsed field gradient probe with a flow cell of 65 µL active 
volume. The use of deuterated solvents could be avoided by choosing a solvent system, whose 
resonances do not interfere with those of the analytes. n-Hexane/acetontrile proved to be a 
suitable solvent system for the separation of aromatic analytes, since these two solvents do not 
show proton signals around 7 ppm. The high sample load of CCC had the advantageous effect, 
that a minimal amount of scans was necessary to produce a significant NMR spectrum.  
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Counter-current chromatography (CCC) is a support-free liquid-liquid partition chromatography 
and has been proved to possess larger preparative capacity and better selectivity compared to 
high-performance liquid chromatography (HPLC) [2,3]. However, the peak resolution of CCC is 
much lower compared to some high-resolution analytical methods such as HPLC or upper 
performance liquid chromatography (UPLC), gas chromatography (GC) and electrophoresis 
(CE). Therefore, it is a very challenging task to resolve the multiple targeted components 
simultaneously when the sample is complex.  

Recycling is a simple and efficient strategy for improving the peak resolution. Here, we reported 
a continuous recycling strategy for the complex natural product isolation.  Using a three-
channel CCC device fabricated by ourselves [1], we successfully developed  three 
representative three-channel recycling CCC systems including 1R, 2R and 3R CCC recycling 
on one, two, and three channel columns  which 
were developed for four typical tanshinones 
fractions based on our developed 
comprehensive multi-channel multi-dimensional  
CCC such as two-dimensional and three-
dimensional separations [2].  

Typically, there are many versatile operation 
modes such as 1R CCC: A × cycB/A × cycC, 2R 
CCC: A × cyc(B×C), and 3R CCC: cyc(A×B×C) 
[3]. 1R CCC not only provided the single 
recycling separation, but also two parallel 
recycling separation or repeated preparation for 
multiple targets. 2R CCC provided the increase 
peak resolution and less risk of overlapping of 
separated compounds. 3R CCC (as shown in 
top Figure) offered versatile operation modes for 
multiple targets and was very suitable for 
preparing the more complex natural products 
with more targets. 
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Counter-current chromatography (CCC) is a preparative separation technique working with a 
biphasic liquid system. The major technical difficulty for a practical purification problem is the 
liquid system selection since it is choosing both the column (stationary phase) and the mobile 
phase simultaneously. At the moment, an experimental separation with a tested liquid system 
and the sample is the best way to formulate the most appropriate biphasic liquid system 
composition. This method development uses significant amounts of solvent in large volume 
CCC columns. Consequently, manufacturers have designed small columns (VC = 20 to 50 mL) 
for optimization method saving solvent and time.  Once the best biphasic system is found 
working on a small volume CCC column, the method must be transferred to a higher volume 
preparative column for larger scale production.   

Established protocol [1] recommended transposing results obtained on a small volume column 
to a large volume column working with the same Sf, the relative amount of stationary phase 
retained by the CCC column (Sf = VS/VC). A geometrical scale-up factor is simply defined as the 
ratio of the large to small CCC column volume. The strategy is to increase the mobile phase 
flow-rate and solute mass load by the scale-up factor, to obtain a mass production equally 
increased by the scale-up factor. A better mixing of liquid phases in larger CCC instruments 
often produce better efficiency and higher Sf hence better chromatograms are obtained on the 
preparative CCC columns than the initial ones obtained on the small CCC column with the 
same liquid system. It was frequently found that free-space appeared between desired peaks 
when they were touching in the analytical separation. The injected amount could be higher than 
the simple multiplication by the geometrical scale-up factor. Furthermore, if the stationary 
phase retention is better (higher Sf) on the preparative column, the resolution and the injected 
amount could be even higher. 

A new scale-up experimental methodology, adaptable to any CCC column (hydrodynamic or 
hydrostatic) and with no parameter constrain was developed. It is based on the experimental 
observation of apparatus and solvent system behaviors. The small column and the large 
column are both used on optimized performances. The free-space between peaks of interest is 
measured on an analytical injection to estimate a scale-up factor. Then, after mass load 
optimization on the analytical column, the preparative column mass load can be easily 
calculated and injected. Preliminary results with model compounds showed that recovery 
amounts and purities were identical between analytical and preparative columns. 
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Procyanidins are products of the secondary metabolism of plants and are composed of the 
flavan-3-ol monomers (+)-catechin and (-)-epicatechin units linked mainly through C4-C8 
and/or C4-C6 (so-called B-type) [1]. Procyanidins are found in various plant-derived foods such 
as apple, berries, wine, cocoa, and nuts [2]. Procyanidins, after the flavan-3-ols, are the main 
classes of polyphenols in cocoa and cocoa products which give them the astringent and bitter 
taste [3]. 

In the present study, the main procyanidins, including dimeric procyanidins B2 and B5, trimeric 
procyanidin C1, tetrameric and pentameric procyanidins, were isolated from fermented and 
unroasted cocoa beans (Theobroma cacao L.) using various techniques of countercurrent 
chromatography, such as high-speed countercurrent chromatography (HSCCC) [4], low-speed 
rotary countercurrent chromatography (LSRCCC) [5] and spiral-coil LSRCCC [6] (Figure 1). 
Furthermore, dimeric procyanidins B1 and B7 which are not present naturally in the analyzed 
cocoa beans were obtained after semisynthesis of cocoa bean polymers with (+)-catechin as 
nucleophile and separated by countercurrent chromatography. In this way, the isolation of 
dimeric procyanidin B1 in considerable amounts (500 mg, purity >97%) was possible in a single 
run. This is the first report concerning the isolation and semisynthesis of dimeric to pentameric 
procyanidins from Theobroma cacao by countercurrent chromatography, which could be used 
to investigate their physiological function in future studies.  

Additionally, the chemical structures of dimeric procyanidins B1, B2, B5 and B7, trimeric 
procyanidin C1, tetrameric (cinnamtannin A2) and pentameric procyanidins (cinnamtannin A3) 
were elucidated on the basis of 1H-NMR spectroscopy. Interflavanoid linkage was determined 
by NOE-correlations, for the first time. 

 
Figure 1. (A) Normal-phase-HPLC-chromatogram of the precipitate from a 70% acetone cocoa extract 
obtained by precipitation with ethanol:n-hexane (2:1, v/v) at λ 280 nm and the structure of polymeric 
procyanidins with (-)-epicatechin; mDP= mean degree of polymerization. (B) HSCCC (a), LSRCCC (b) 
and spiral-coil LSRCCC (c). 
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Species of the genus Aspidosperma (Apocynaceae), such as A. rigidum, are trees found in the 
North of Brazil, commonly known as ‘carapanaúba’ (transl. mosquito’s tree) and widely used by 
the natives to treat several diseases. In a recent study of our group, indole alkaloids 
(characteristic for this genus) were isolated of A. rigidum by pH-zone-refining CCC [1]. For 
preparative lab-scale isolation, countercurrent chromatography has been widely used to 
recover components from natural sources. Major advantages of this method are the almost 
complete sample recovery, low artifact generation and negligible loss of biological activity in 
bioassay-guided fractionations [2]. Therefore, the aim of this work was to design a methodology 
transfer from semi-preparative scale High Speed Countercurrent Chromatography (HSCCC) to 
preparative lab-scale Spiral Coil Low-Speed Rotary Countercurrent Chromatography (sp-
LSRCCC) for the obtainment of indole alkaloids from the crude extract of A. rigidum.  

For this study, the crude extract from the barks of this tree, collected in Oriximiná (State of 
Pará, Brazil, August 2008) was used. The semi-preparative chromatography was performed by 
HSCCC (model CCC-1000, Pharma-Tech. Res. Corp., USA: coil volume: 850 mL; 2.6 mm tube 
i.d.). The biphasic solvent system was composed of n-hexane : n-butanol : aqueous TFA 
(0.3%) (1:1:2, v/v/v), in the head-to-tail mode. UV-detection (λ 250 nm) and on-line hyphenation 
to an ESI-MS/MS (pos. scan mode: m/z 50-1500, [M+H]+-signal detection, Bruker Esquire LC-
MS, Germany) were applied [3]. Sample injection (approx. 800 mg) was done without system 
equilibration, resulting in a separation time of 6 hrs with 75% of stationary retention.  

For the larger preparative approach, a sp-LSRCCC prototype (Pharma-Tech. Res. Corp., 
Patent: US 2010/0276351 A1) was used. The equipment consisted of 10 separation disks with 
spiral tube support, each disk designed with 4 spiral turns and a tube capacity of 550 mL, 
resulting in 5500 mL total coil volume. The convoluted Teflon tubing used had an average of 
8.5 mm i.d. Retention studies determined the optimum operational conditions for the solvent 
system described above. Then, 10 g of crude extract were ‘on-column’ injected. The 
chromatography was finished after 7.5 hrs and had 60% stationary phase retention. Detection 
was performed by off-line ESI-MS-MS. The eluted sp-LSRCCC fractions were sequentially 
infused to ESI-MS/MS, in the original order of collected tubes. Data were recorded in a single 
file, giving a reconstituted MS-chromatogram of the separation. 

Both experiments gave good correlations and provided excellent separation of indole alkaloids 
from ‘carapanaúba’. The hyphenation approach of CCC methods and MS-techniques could be 
applied in general for larger lab-scale fractionations, possibly enabling a single step MS-target-
guided preparative isolation of highly bioactive natural products. 
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Since its inception by Yoichiro Ito in 1966 the CCC technology and its younger sister CPC 
underwent tremendous developments from the engineering and applications point of view. 
There used to be "homemade" instruments which could deliver good results at an "academic 
rate". Soon it became very clear that the technology had to change to survive and be accepted 
by industry. The aim was not just to be "interesting and curious" but to become "required and 
useful" for industrial applications. The development went in both directions - scale down and 
scale up. The former is for method development & loading studies. The latter is for increasing 
capabilities to meet every demand of the customer. 

The presentation will review both hydrodynamic and hydrostatic forms of the technology with 
emphasis on the professional engineering development of the processes to fulfill the needs of 
industry and to provide a robust technology for future growth. 
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Counter Current Chromatography (CCC) offers advantages for some separations/purifications, 
as compared to HPLC/SFC. But CCC method development has been too labor-intensive for 
most prep purification groups supporting medicinal chemistry (many short-run jobs each year). 
Working with CCC manufacturers, researchers, and short-run prep purification groups we 
developed a universal hardware/software upgrade (AutoCCC) and recommended procedure for 
automatically screening methods and purifying compounds. CCC can operate routinely along-
side HPLC/SFC using the same software, user interface, and procedure to screen methods via 
large sequences and then scale-up for automated peak collection. 



FO8 

 

 69 

Development and Scale-up  
of Countercurrent Chromatography Process  

David Thorntona*, Xiqin Yanga, Gary Yanikb and Leo Hsua 
aGlaxoSmithKline Pharmaceuticals, API Chemistry & Analysis, King of Prussia, Pennsylvania, 
19406, USA 
bPDR-Separations, 3 Old Meadow Way, Palm Beach Gardens, Florida, 33418, USA 
David.W.Thornton@gsk.com 

 

The pharmaceutical industry has a continuous need for high quality ingredients. Meeting this 
quality standard at times requires chromatography to achieve the necessary purity. Very often 
the requested turnaround time is short.  Our group uses automated method screening, typically 
with HPLC, to reduce the time to develop a scalable purification process. We have recently 
extended this screening concept to countercurrent chromatography (CCC). 

We describe the development of a CCC separation method and the subsequent scale-up to 
one liter volume from a different vendor for processing. Details on the scale-up, issues 
encountered and lessons learned will be presented. 
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D&C Red No. 33 (Acid Red 33, Colour Index No. 17200) is a color additive permitted for 
coloring ingested drugs, externally applied drugs and cosmetics, mouthwashes, and dentifrices 
in the U.S. [1]. It is manufactured by coupling diazotized aniline with 4-amino-5-hydroxy-2,7-
naphthalenedisulfonic acid (commonly known as H-acid, Figure 1) in alkaline conditions. The 
reaction produces the main component (R33 in Figure 1), accompanied by a host of synthetic 
by-products. These impurities are difficult to eliminate during the manufacturing process and 
are found in various amounts in the final product. Several such contaminants are consistently 
present in samples of dye submitted to the U.S. Food and Drug Administration (FDA) for batch 
certification. These contaminants are more hydrophobic than the main component R33, eluting 
as a group 6-7 minutes later, as indicated by the X region in the reversed phase HPLC 
chromatogram shown in Figure 2.   

As part of FDA’s ongoing effort to determine the composition of color additives used in foods, 
drugs, cosmetics, and medical devices, the current study presents for the first time a method 
for separating three of these hydrophobic impurities from each other using spiral countercurrent 
chromatography [2,3]. The chemical identification and characterization of the separated 
impurities are also presented.  
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Figure 2. HPLC chromatogram 
of a sample of D&C Red No. 33  
(1mg/ml water) 
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Recent developments in the field of liquid-liquid chromatography have attracted increasing 
interest to the area, and the technology continues to affirm its credentials as a useful addition to 
the palette of techniques available to the practising preparative separations scientist. 

Advances in equipment design continue, and are key to attaining improved performances for 
separation processes. In the area of hydrostatic liquid-liquid chromatography significant 
progress has been made in exploring and understanding the impact of variation cell design and 
configurations. These studies have lead to the development at the laboratory scale of a Fast 
Centrifugal Partition Extractor (FCPE300®), which is notable for a significantly reduced number 
of cells (224) as compared to typical CPC devices. Recently published results have 
demonstrated that excellent results may be attained when performing separations in ion-pair 
extraction mode (IP) despite the reduced number of cells [1]. This reduction has a significant 
impact on hydrodynamic performance, including pressure, allowing stable processing at 
increased flow rates. The net result is a greatly improved productivity as compared to existing 
instruments of similar size. 

This communication describes recent work investigating the use of a Fast Centrifugal Partition 
Extractor whilst performing separations in the pH zone refining (pHZR) mode. In particular the 
separation of the alkaloids vindoline and catharanthine will be described. These molecules 
occur naturally in the plant Catharanthus roseus and are key materials in the semi-synthesis of 
a number of anti-cancer drugs. 

 

 

This project is supported by the French Research Agency, ANR, in the framework of the 
“xPC”program. 
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Countercurrent chromatography is fundamentally preparative. Therefore, when consideration is 
given to commercial preparative and pilot scale use of the technique, economic comparison 
with more established forms of preparative chromatography is essential. Unfortunately, very 
little objective data is available to make a meaningful comparison. 

One exception is the well characterized purification of various spinosyns from the commercial 
insecticides spinetoram and spinosad. A comparison of reversed phase HPLC and 
countercurrent chromatography for the purification of spinosyns J and L from spinetoram has 
been reported [1]. This comparison has now been extended to purification of spinosyns A and 
D from spinosad at both preparative and pilot scale [2]. 

Methods for preparative reversed phase HPLC and for countercurrent chromatography were 
independently optimized. Both methods gave similar yield and purity of the spinosyns. The 
comparison thus becomes one of technology, productivity and economic considerations. These 
factors include solvent cost, processing time, and product recovery. Productivity data from 
multiple 0.5-1 kilogram purification campaigns will be summarized. At large scale, post-
separation product recovery becomes an important consideration and different approaches will 
be presented. 
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Honokiol (3',5-Diallyl-2,4'-dihydroxybiphenyl) is a biphenyl phenolic compounds obtained from 
Chinese herbal medicine Magnolia officinalis (Houpu). It has many pharmacological activities 
including anti-inflammatory, antibacterial, antioxidant, anti-platelet, anti-angiogenesis and anti-
tumor. Recent animal studies have demonstrated it has great therapeutic effect on cancer, 
such as melanoma, sarcoma, myeloma, leukemia, bladder cancer, lung cancer, prostate 
cancer and colorectal cancer. These results demonstrate honokiol has the potential to be 
developed as the drug candidate for cancer therapy. However, the lack of large amount of 
pharmaceutical honokiol became a huge obstacle for us to take good use of the nature gift for 
further study. Honokiol was usually obtained from the stem of Magnolia officinalis due to the 
time-consuming route and high cost of total synthesis. Nevertheless, honokiol exists in nature 
with its structural isomer magnolol, which differs only by the position of one hydroxyl group, 
resulting in a great challenge for normal separation method to isolate honokiol from the mixture, 
such as HPLC or MPLC. Counter-current chromatography perfectly solve the problem out. 
About 1.5 kilogram honokiol of 99.9% purity were produced with two MIDI high-performance 
counter-current chromatography instruments within four months, which satisfied the further 
formulation study, pharmacological research as well as preclinical safety evaluation study. Now 
both honokiol and its formulation honokiol liposome injection has been submitted an 
Investigational New Drug to the Drug Evaluation Centre of China Food and Drug 
Administration. It is hoped optimistically that a phase I clinical trial would start later this year. 
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Centrifugal Partition Chromatography (CPC), so called 
hydrostatic Countercurrent Chromatography (hydrostatic CCC) 
is a preparative technique based on a solute’s partition 
between two immiscible liquid phases. One phase is the 
stationary phase and is maintained in the column by a 
centrifugal field, the other is mobile and is pumped through the 
stationary liquid phase [1]. 

Unlike classical preparative chromatography techniques, CPC 
does not require any solid support. This offers several 
advantages such as: 

- No sample loss by irreversible adsorption 
- Very high sample load capacity 
- Access to wide range of solvent polarities and separation modes 
- Easy scale up 
- Cost savings 

Therapeutic oligonucleotides are typically purified using reverse phase HPLC or solid phase Ion 
Exchange Chromatography, requiring use of expensive solid phase resins. A new purification 
method of oligonucleotides using Centrifugal Partition Chromatography will be presented. 
Injection of 10g of crude extract on a 200ml column shows the ability to purify biomolecules 
with high throughput using Strong Ion Exchange displacement chromatography [2]. 
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The health care industry require mono-disperse distributions of particles for improved 
sequencing processes and applications in diagnostics. 

Successful size fractionation of bio-polymer particles was achieved with a standard, 
commercially available, semi-preparative flow through counter-current chromatography 
instrument (DE-Spectrum, internal bore 1.6 mm, column volume 73 mL, Dynamic Extractions 
Ltd, Slough) used in a field-flow fractionation (FFF) mode with a single phase solution as the 
mobile phase.  A fluctuating “g” field, of up to 500g at the outlet of the column, acting 
perpendicular to the flow stream forces the particles towards the wall based on their 
size/density difference relative to the mobile phase flow.  The developed procedure can be 
used both for the fractionation of a crude particles mixture and for final clean up of the particle 
fraction previously purified by a classical centrifugation process. 

Alternative operating modes were investigated including flow and g-field gradients as well as a 
mobile phase density gradient to better understand the robustness of the process and to test 
different separation mechanisms (by size or polarity).   

Columns with dimensional aspect ratios above three were compared with a standard 
hydrodynamic multi-layer column with 1.6 mm bore but the same cross-sectional area.  These 
results imply that further improvements in fractionation could be achieved with these new 
column designs.   
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Enzymes are of main interest for the pharmaceutical industry due to their ability to catalyze 
asymmetric synthesis of components. In general enzymes are only active in aqueous systems, 
which lead to a limitation of these processes when it comes to hardly soluble organic 
substrates. With the use of aqueous-organic two-phase reaction systems it is possible to supply 
hardly soluble substrates to the aqueous phase containing the enzyme and simultaneously 
remove products from the aqueous phase into the organic phase. One critical aspect using 
aqueous-organic systems is the preservation of the enzymes activity. Commonly, the enzymes 
are immobilized on solid structures to increase the stability and enabling continuous operation. 
These processes normally suffer from a reduction of enzyme activity caused by conformation 
changes and reduced mass transport. To overcome such limitations the immobilization of the 
enzyme in its natural environment, the aqueous phase itself, is aspired.  

The Centrifugal Partition Chromatography (CPC) commonly used as a device for liquid-liquid 
chromatography is able to achieve two phase handling needed for this scope. By dissolving the 
enzyme in the aqueous phase and using this as the stationary phase in CPC the enzyme is 
immobilized. Pumping the mobile phase containing the substrates through this catalytically 
active phase a reactive extraction process can be fulfilled. This method allows the use of hardly 
soluble substrates and the direct removal of products from the catalytically active stationary 
phase to overcome product inhibition and solubility limits. Advantages of this method are the 
easy continuous execution of this process with combination of intense phase mixing and 
separation in one device. 

In this study, the CPC is investigated as a technology for continuous reactive extraction using 
enzymes as catalysts with direct product removal. For process evaluation the hydrolysis of 
esters catalyzed by lipase from Candida Rugosa and the reduction of ketones using alcohol 
dehydrogenase from Lactobacillus spec. was investigated.  



FP21 

 

 82 

Modelling the Partitioning Of Compounds in Two Phase 
Systems Using Quantitative Structure Activity Relationships 

S. Marsden-Jonesa*, I. Garrarda, N. Colcloughb, N. Sumnerb, S. Ignatovaa 
aBrunel Institute for Bioengineering, Brunel University, Uxbridge, Middlesex, UB8 3PH, UK 
bAstrazeneca UK Limited, Alderley Park, Macclesfield, Cheshire, SK10 4TG, UK 
Sian.marsden-jones@brunel.ac.uk 

 

Quantitative Structure Activity Relationship (QSAR) computational models are being developed 
to predict the partitioning of compounds in two phase systems. The concentration of compound 
in each phase is characterised by the partition coefficient (Kd), which is the concentration of the 
compound in the one phase divided by the concentration in the other phase. A QSAR model 
predicts a molecular property such as a Kd value from the chemical structure of the compound 
using molecular descriptors. Molecular descriptors are very varied, some examples include 
LogP values, hydrogen bond donor values and the number of oxygen atoms. These models will 
have applications in liquid-liquid separations and counter-current chromatography method 
development. 

A dataset of experimental LogKd values for 18 compounds in six different combinations of 
solvents was used to train the QSARs. A set of 196 possible molecular descriptors were 
considered. For the six QSARs derived, only two or three descriptors each were seen to be 
statistically significant. The QSARs were tested by predicting the logKd of 22 new compounds 
that were not used to build the model. These predictions were then compared to the 
experimental logKd values. Ideally, all the experimental results would be exactly the same as 
the predicted values. This was not the case but based on our aim of generating a tool to enable 
solvent system selection, we chose an error of less than 1 log unit as our initial target. For 
these 22 compounds, 78% of the predictions fell within this range. There is on-going work to 
generate more experimental data which will allow the current model to be improved, which in 
turn will allow the acceptance criteria to be reduced to 0.5 log units. 
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A barrier to the widespread application of countercurrent chromatography (CCC) is the 
selection of the most appropriate solvent system for a sample.  The range of potential solvents 
that can be used is both the strength and weakness of CCC.  This means that for any sample 
there is a high probability that there is a suitable solvent system to provide a high purity 
separation.  The weakness is that there is no quick systematic method for selecting the solvent 
system.  This weakness is being attacked in two ways: the first is to develop a computer based 
prediction of which solvent system to use when the molecular structures within the sample are 
known and the second is the development of a workstation that automatically screens a sample 
with a multitude of solvent systems when the structures within the sample are not known.  The 
work presented here relates only to the automated workstation.  This workstation is designed 
to: 

1. Mix tertiery and quaternary phase systems on demand [1] using up to 24 different solvents. 

2. To automatically and safely run through a sequence of injection/separations overnight. 

3. Uses 0.8mm bore columns to minimise sample loading per injection to maximise the 
number of sovlent systems to be screened for a given amount of sample [2,3]. 

4. Measure stationary phase retention and determine partition ratios. 

5. Use a mass spectrometer to help identifiy sample components and molecular structures. 

6. Make predictions of which solvent systems to screen next [4]. 

References 

[1] J. Garrard, L. Janaway, D. Fisher, Minimising Solvent Usage in High Speed, High Loading, and 
High Resolution Isocratic Dynamic Extraction, J. Liq. Chrom. & Rel. Technol., 30, 151-163, 2007. 
[2] Janaway, L., Hawes, D., Ignatova, S., Sutherland, I. A. and Wood, P., A New Small Coil-Volume 
CCC Instrument for Direct Interfacing with Mass Spectrometry, J. Liq. Chrom. & Rel. Technol., 26 (9-
10), 1345-1354, 2003. 
[3] Berthod, S. N. Ignatova, I. A. Sutherland, Advantages of a small-volume counter-current 
chromatography column, J of Chroma. A 1216 (2009) 4169–4175. 
[4] Berthod, A. Bully, High-speed Countercurrent Chromatography Used for Alkylbenzene Liquid-Liquid 
Partition Coefficient Determination, Anal. Chem., (1991), 63, 2508-2512. 
 

Acknowledgments 

The authors would like to thank the Technology Strategy Board and Novartis for providing financial support for the 
CADSep Project – Computer-Aided Design of Sustainable Separations (Project No: 101326) that allowed the work 
presented here to be conducted. 



FP23 

 

 84 

Standardized Purification of Medicinal Chemistry Reaction 
Mixtures Using HPCCC: Triphenylphosphine Oxide Removal 

from Crude Reaction Mixtures 

Neil A. Edwardsa,  Philip L. Wooda, Gail Fisherb, Nikki Kellichanb and  Guy H. Harrisc* 
aDynamic Extractions, Ltd., 890 Plymouth Road, Slough, Berkshire, UK 
bGlaxoSmithKline, Gunnels Wood Road, Stevenage, Herts, UK 
cDynamic Extractions, Inc., 11 Deer Park Drive, Monmouth Junction, NJ 08852, USA 
guy.harris@dynamicextractions.com 

 

Purification of discovery medicinal chemistry products is generally performed using some form 
of high throughput purification (HTP) technology based upon RP HPLC or SFC. These 
automated processes are generally successful for most samples. However, reaction mixtures 
can contain residual catalysts, by-products, or other common reaction components that are 
difficult to remove using the above technologies and which can contaminate the expensive solid 
phase columns. An example of such a troublesome by-product is triphenylphosphine oxide 
(TPPO) generated by Mitsunobu, Wittig, and Staudinger reactions. It is present in 
stoichiometric amounts significantly increasing the weight of feed sample to be separated and 
often streaks resulting in lower purity of target compound. 

The strategy presented here exploits the one column volume elution-extrusion (EECCC) 
method [1]. A HEMWat solvent system was chosen which resulted in a distribution ratio of one 
for TPPO thereby placing it at the center, highest resolution position and position least affected 
by changes in stationary phase retention, of the total EECCC separation. Desired target 
products either elute before or after the TPPO. The result of this is a standard method for at 
least pre-purification, if not complete purification, of products from such reaction mixtures [2]. 

Comparison of the HPCCC method with standard RP HPLC high throughput purification was 
performed using a set of 12 Mitsunobu reaction mixtures. Each reaction mixture was divided in 
half: one half purified using a standard HTP method based on RP HPLC and the other half 
using the HPCCC method. Recovery of target product was on average 65% greater by HPCCC 
and both methods resulted in nearly identical purities.  

References 

[1] A.Berthod, J.B.Friesen, Y. Inui, G.F.Pauli, Anal. Chem. 79 (2007) 3371-3382. 
[2] N.A.Edwards, G.Fisher, G.H.Harris, and N.Kellichan, J. Chromatogr. A, 1323 (2014) 49-56.  



FP24 

 

 85 

A single-step isolation of squalene  
from olive oil deodorizer distillates  

by non-aqueous hydrostatic countercurrent chromatography 

Nikos Xynos, Michail Zervos, Apostolis Angelis, Alexios-Leandros Skaltsounis and 
Nektarios Aligiannis 

Laboratory of Pharmacognosy and Natural Products Chemistry, Department of Pharmacy, 
University of Athens, Panepistimiopolis-Zografou, 15771 Athens, Greece 
nikolasx79@gmail.com 

 

Squalene is a precursor to the whole family of steroids, largely used as a skin moisturizer in 
cosmetics as it is one of the most common lipids produced by human skin cells. It has been 
promoted as a singlet oxygen receiver and an important lead for future cosmeceutical 
researches. Its cosmeceutical potential has been extensively raised after studies which showed 
that squalene existed widely in human sebum, hair fat, and other surface lipids. In addition to 
cosmeceutical studies, squalene is regarded as an important compound for chemoprotective 
activities as well as nutraceutical for maintaining health under toxic exposure [1,2]. Today, the 
great majority of squalene in the market is isolated from shark liver oil. This origin, 
nevertheless, is not accepted from numerous cosmetic brands and regulatory authorities.Thus, 
vegetable sources of squalene are currently investigated.  

Olive oil refining units are scattered throughout the greek territory, aiming at the treatment of 
high acidity olive oil. By-products of the olive oil refining process are produced in quantities of 
approximately 8000-10000 tons/year. Those are normally disposed as a waste though they 
contain high amounts of unsaponifiable material, of which mainly squalene [3].  

This work aimed in the one hand at the mapping of the refining process and complete sampling 
of all by-products as well as start, intermediate and end products in various batches and 
analysis for the quantitative assessment of SQ in all these.But the second and most important 
target was the valorization of the richest in squalene by-product, through implementation of 
Centrifugal Partition Chromatography (CPC) for the recovery of squalene. 

Squalene was indeed quantified using a fast UHPLC-DAD method in various types of by-
products that occurred during the refining process. Further on, the richest by-product was 
chosen (olive oil deodorizer distillates) and squalene was purified in one step using a 
preparative hydrostatic countercurrent chromatography (hydrostatic CCC) method, operating in 
the dual mode. The fractionation was performed using a non-aqueous biphasic solvent system 
consisting of heptane–acetonitrile–butanol (1.8:1.4:0.7, v/v/v), leading to the target compound 
in less than 4 hours. The content of squalene in the by-product was 23.4%, while the purity of 
the isolated squalene was 95%. 
CPC proved to be a very effective tool for the exploitation of a valuable agroindustrial by-
product through a single-step purification of squalene, a very demanded compound in the 
cosmetics industry. 
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In recent years, a continuous increase in the number of people with diabetes mellitus is 
observed, with 7 million citizens being already treated for diabetes mellitus in Germany. The 
high number of patients is attributable to the increase of type 2 diabetes, whereby 
overweight/obesity is the most important risk factor for this disease [1]. To minimize the risk of 
secondary diseases, treatment focuses primarily on weight reduction. Hence, the interest of the 
food industry to foods with a reduced sugar content by using new sweeteners and/or 
sweetness-enhancing substances has clearly increased. In addition to the approved artificial 
sweeteners also isolated sweeteners from plants are increasingly used. In addition to 
glycyrrhizin, thaumatin and stevioside also Selligueain A that belongs to the group of 
proanthocyanidins could be isolated and identified as possessing a sweet-taste [2]. 

Therefore, the aim of this study was to prepare proanthocyanidins from Afzelia bipendensis by 
the means of semisynthesis. First, the nucleophiles afzelechin and epi-afzelechin were isolated 
from a 70% (aq) acetone extract of Afzelia bipendensis by Counter Current Chromatography 
(CCC). Subsequently, to achieve a maximum yield of proanthocyanidins, the parameters of the 
semisynthesis for the respective extracts were optimized. The temperature, reaction period and 
ratio used between extract and nucleophile were analyzed on the basis of literature data [3, 4]. 
Semisyntheses were carried out on a larger scale by the use of the determined optimized 
conditions. The reaction products were separated by High Speed Counter Current 
Chromatography (HSCCC), using n-hexane/ethyl acetate/methanol/water (1,5:10:3:8,5, v/v/v/v) 
as the solvent system, for future sensory testings. 
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Stevia rebaudiana Bertoni (Asteraceae) has been used for centuries by native people of South 
America for its natural sweetness. At present, aqueous stevia extracts are progressively 
approved as sugar substitutes in many processed food and beverages in occidental and Far 
East Asian countries. The compounds responsible for the sweetness of stevia leaves are 
diterpenoid glycosides derived from a steviol skeleton. In addition to their intense sweetness, 
steviol glycosides also exhibit a low calorific value as well as promising therapeutical 
applications, particularly for the treatment of sugar metabolism disturbances due to their ability 
to stimulate insulin secretion in the pancreas.  

Most studies investigating the physico-chemical and biological properties of steviol glycosides 
have been performed with crude Stevia rebaudiana extracts containing complex mixtures of 
compounds. Consequently it still remains unclear how each individual steviol glycoside varies 
in sweetness degree or whether specific structures are biologically active on a given model. 
The major difficulty lies in the separation of the different steviol glycosides from crude extracts 
with high purity and in sufficient quantities to perform sensory analyses or biological assays. 
Because of their structural similarities and irreversible adsorption on chromatographic solid 
support, it remains indeed extremely hard to obtain sufficient amount of pure steviol glycosides 
by conventional solid support-based separation techniques. Moreover, most of the existing 
methods dedicated to steviol glycoside purification have been developed with an analytical 
objective either for structure elucidation or for quantification purposes, making them 
inappropriate to isolate more than a few milligrams of individual compounds.  

In this study, Centrifugal Partition Chromatography (CPC) and Centrifugal Partition Extraction 
(CPE) are proposed as efficient technical alternatives to isolate single steviol glycosides from 
crude aqueous extracts of Stevia rebaudiana on a multi-gram scale. The seven major steviol 
glycosides of the initial mixture (1 g) were preliminarily separated on a CPC column of 250 mL 
capacity by using a polar biphasic solvent system composed of ethyl acetate, n-butanol and 
water in a gradient elution mode at 10 mL/min. The method was then further intensified on a 
CPE column of 303 mL capacity at 20 mL/min with a sample mass loading increased up to 5 g. 
The structures of isolated compounds were validated by HPLC-DAD, ESI-MS, 1H and 13C NMR 
analyses.   
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For the production of bio-active molecules, e.g. enzymes or antibodies, the purification 
processes need to preserve the catalytic activity and minimize the loss of target compounds. In 
general, most bioprocesses involve chromatographic separation steps, like protein-A 
chromatography for purification of antibodies, in which product loss or loss of activity can occur 
by irreversible adsorption. Additionally, the often high specific stationary phases can be a cost-
driving factor in the process.   

Due to the lack of a solid stationary phase, centrifugal partition chromatography (CPC) can 
provide gentle and cost saving separation conditions. In CPC, the separation effect is based on 
the different partitioning of the components between two immiscible liquid phases, wherein one 
liquid phase is kept stationary in chambers by a centrifugal field and the mobile phase is 
pumped through.  

Up to now, CPC is mainly used for the purification of natural products and classical aqueous-
organic systems have been widely established as phase systems. However, as organic 
solvents can induce conformation changes of the protein structure and therefore deactivation of 
enzymes, they are mostly unsuitable for biotechnological product recovery. Aqueous two-phase 
systems (ATPS), which offer gentle phase conditions for biotechnological products, seem to be 
promising phase systems for the application of enzyme separation in CPC. However, the 
selection and use of ATPS in CPC and accordingly the selection of appropriate operation 
conditions have been rarely investigated yet. In order to improve the knowledge, the focus of 
this research is on the selection of suitable ATPS and operation conditions for an efficient 
separation of biomolecules in CPC. Additionally, for a successful separation of biotechnological 
compounds in CPC, the preservation of the (bio-active) functionality is necessary. This has 
been faced by the separation of active compounds from culture supernatants. The product yield 
and activity was evaluated after different CPC separation runs using ATPS. The results show 
promising opportunities for future applications of the CPC for the separation of bio-active 
compounds.   



FP28 

 

 89 

Counter-Current Chromatography in a Biorefinery Context: 
Separation of Monosaccharides from Sugar Beet Pulp 

David Warda, Max Cardenas-Fernandeza, Peter Hewitsonb, Svetlana Ignatovab and Gary J. 
Lyea* 
aDepartment of Biochemical Engineering, University College London, Bernard Katz Building, London 
WC1H 0AH, UK 
bBrunel Institute for Bioengineering, Brunel University, Uxbridge, UB8 3PH, UK 
g.lye@ucl.ac.uk 

 

The EPRSC project “Bio-derived feedstocks for sustainable, UK-based manufacture of 
pharmaceuticals and their intermediates” aims to establish the production of value added 
chemicals from Sugar Beet Pulp (SBP) within the context of a whole crop biorefinery. SBP is a 
by-product from sugar beet processing with over 8 million tonnes produced annually in the UK 
that is dried and sold as an animal feed. SBP is a rich source of carbohydrates that consists 
mainly of cellulose (polymer of D-glucose) and pectin (a copolymer of various hexose and 
pentose sugars); the major components being D-galacturonic acid (~38%) and L-arabinose 
(~40%). 

The separation of pure sugars from the pectin fraction of SBP following hydrolytic pre-treatment 
is a key biorefinery operation that would facilitate subsequent chemo-enzymatic conversion of 
the purified monomers. The purification of monosaccharides using solid-liquid chromatography 
techniques is well known. However, only a few studies have described carbohydrate 
separations using liquid-liquid chromatography systems [1,2] despite the obvious advantages of 
its application. 

Due to the similar physico-chemical properties of monosaccharides, their separation using CCC 
is challenging and the selection of an appropriate solvent system (SS) is an important first step. 
In this work hydrophilic organic-aqueous solvent systems based on ethanol and saturated 
ammonium sulphate were investigated. SS phase diagrams were initially developed and then 
partition coefficient (KUP/LP) values for pure sugars L-arabinose (Ara), L-rhamnose (Rha), D-
galacturonic acid (GalAc), D-xylose (Xyl) and D-galactose (Gal) were determined. Various 
modifiers such as methanol, propanol, acetonitrile and DMSO were also added to the SS.  

The results showed that in all SS tested, the KUP/LP value for sugars followed a similar trend: 
Rha>Xyl>Ara>Gal>>GalAc. The addition of the dipolar aprotic solvent modifier DMSO 
increased KUP/LP values by 30 – 40%. The KUP/LP values of all sugars in the solvent system 
Ethanol:Saturated ammonium sulphate:Water:DMSO (0.8:1:0.8:0.1) were between the 
generally recommended values (0.5 – 1), except for GalAc. These results suggest that the SS 
described here could enable the CCC-based separation of monosaccharides from the pre-
treated SBP pectin fraction using CCC. These predictions are currently being verified 
experimentally and will be presented at the conference. 
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There has been considerable interest over recent years in reducing costs and improving the 
process efficiency of production methods for Monoclonal Antibodies (mAb’s) and related 
therapeutic proteins. Liquid-liquid extraction methods have successfully been integrated with 
biomass removal (clarification) steps for the production of technical grade enzymes based on 
the cross-current extraction of feed streams employing modified disc-stack centrifuges. Such 
an approach has the potential, in principle, to reduce the number of process steps and to 
increase the space time yield of the initial downstream capture steps. In this study we 
examined the feasibility of developing a continuous extraction process of an antibody-based 
material from E. coli fermentation broth using the type of continuous liquid-flow processing 
centrifuges generally employed in so-called “counter current chromatography” (CCC). 
Purification of proteins by CCC is well documented; however the integration of clarification and 
purification steps using this technology appears not to have been previously attempted. We 
devised novel operational scenarios for the liquid flow centrifuges allowing integration of 
product clarification with continuous extraction in a single step. A design of experiments 
approach was adopted for the selection of an appropriate aqueous biphasic system with the 
aim of maximising both the recovery of Ab and its separation from fermentation impurities. 
Following system selection the operational conditions for CCC were optimised in terms of 
product loading, mobile phase flow rate, and the type of mixing employed in the centrifuge 
(hydrodynamic or hydrostatic). Recoveries of Ab as high as 87% could be achieved at greater 
than 70% purity in a hydrodynamic regime. Scalability of the process was demonstrated by 
transfer of the operational conditions to an extraction column of tenfold greater volume. 
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A new approach for responding to pathogens by vaccination is the design of virus-like particles 
(VLPs). VLPs are gaining increasing importance in vaccine technology, gene therapy and 
diagnostics. They carry no replicative genetic information and can be produced like other 
recombinant proteins in various expression systems. In recent years VLP expression in yeast 
or insect cells has been optimized to yield high product titers of e.g. Hepatitis-, Papilloma- or 
Parvo-VLPs at large scale. Currently process costs shift increasingly to the downstream part of 
a manufacturing process. There are no universal platform processes available for the 
purification of VLPs. Hence, each product and product subclass needs an adequate 
downstream process, generating high experimental effort, especially before and during clinical 
phases. 

An alternative, cost-efficient purification technique for biological products is Aqueous Two 
Phase Extraction (ATPE). Aqueous two phase systems (ATPS) are most often composed of a 
polymer and salt in aqueous solution providing mild conditions for biomolecules. Separation 
from contaminants like host cell proteins (HCP), nucleic acids, cells and cell debris is achieved 
by differences in partitioning behaviour. Hence, ATPE is a promising method for capturing 
products from complex feedstocks like cell culture broths or cell lysates. While capacity and 
yield are only limited by the product solubility, the separation efficiency depends on 
physicochemical properties of contaminants and predominantly on the type of operation. Batch 
ATPE is a suitable method for the initial capture step in a downstream process, but provides 
low separation efficiency due to mass transfer limitations. A promising technique for multistage 
and large scale extraction is centrifugal partitioning chromatography (CPC). In general the 
separation efficiency in CPC depends on three parameter groups: sample properties, system 
characteristics and operation settings.  

The present work focuses on the evaluation of CPC as alternative purification step for VLPs. All 
three CPC parameter groups were examined in this study in order to identify optimal conditions 
for VLP purification from a complex insect cell lysate. The selection of adequate ATPSs for 
CPC experiments was conducted by 96 well microscale extraction on a robotic liquid handling 
station [1,2]. ATPS screenings with different polymers, salts, tie-line lengths and pH values 
enabled the selection of adequate systems for the scale-up from 650 µL batch systems to a 
500 mL CPC column. Results demonstrate the potential of CPC for the purification of VLPs 
pointing out chances and limitations of the technique. 
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The separation (fractionation) of particles is needed in biochemistry, macromolecular chemistry, 
nanotechnology, environmental studies, and other fields of science and technology. The size 
distribution of nano- and microparticles may strongly affect the characteristics of various 
materials. Furthermore, particles of different size frequently have different chemical 
composition and properties that cannot be conveniently studied unless the particles are 
fractionated. A number of techniques employed for fractionation of particles in liquid media 
exemplify relevance and difficulty of this problem. 

Particles bigger than about 100 µm can be fractionated using conventional wet (or dry) sieving. 
Multistage membrane filtration (MMF), field-flow fractionation (FFF), and thin-cell split flow 
fractionation can be used to fractionate particles in the size range of 1-100 µm. Gel permeation 
chromatography, MMF, FFF, and capillary electrophoresis can be used to fractionate solid and 
colloidal particles smaller than 1 µm into classes based on their size, density, or charge. 

FFF can be considered as the most powerful and versatile fractionation and sizing method 
applicable to marcomolecules and particles. However, conventional FFF separations occur in 
thin channels and the test sample weight is usually limited to 1 mg. The fractionation in a 
rotating coiled column (RCC), which can be attributed to sedimentation FFF, enables the 
handling sample weight to be increased at least up to 1 g.  

It should be noted that an uneven distribution of particles in RCC was first observed by Y. Ito et 
al. in 1966 [1]. The work in this direction was continued by P.S. Fedotov et al. in 2000 [2]. 
Natural quartz sand particles (1-20 µm, reference sample BCR-70) having irregular geometry 
have been separated in RCC. The method was also applied to the separation of soils into silt, 
clay and sand fractions [3]. For the first time, nano- and submicron particles of street dust have 
been separated, weighted, characterized by electronic microscopy, and quantitatively analyzed 
by ICP-MS (after digestion). The elements that may be of anthropogenic origin (Zn, Cr, Ni, Cu, 
Cd, Sn, Pb) were found to concentrate mainly in <0.3 and 0.3-1 µm fractions. It has been 
shown that the contents of Cr, Ni, Zn in the finest fraction (<0.3 µm) of street dust can be one 
order of magnitude higher than the contents of elements in bulk sample. 

Study on the fractionation of different synthetic samples has demonstrated the applicability of 
the method to quality control of particle standards production or obtaining narrow-size particle 
fractions. 
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We have developed a novel continuous flow-through 
cell separation method for the separation of human 
blood cells. This apparatus continuously separates 
cells into five fractions according to their densities by 
flow-through density gradient centrifugation. At this 
time, we separated mouse dendritic cells (DCs), 
which existed in mouse spleen and had adhesive 
property.  

In order to obtain single cell suspensions from 
mouse spleens, each spleen was treated by 
collagenase, and Dnase, and then, minced and 
passed through a stainless steel sieve. Red blood 
cells in the obtained cell suspensions were 
hemolyzed by ammonium chloride-potassium buffer. 
Approximately 2×108 cells were harvested from each 
digested spleen. DCs were present at about 1 to 2% 
with large number of lymphocytes in each cell 
suspension. This animal work was approved by the 
institutional animal experimentation committee.   

Usually, Percoll is used for the separation of human blood cells as density gradient media with 
isotonic condition, and cell suspension is pumped into the proximal inlet-1 at 0.3 ml/min. 
However, DCs have adhesive property and many of them have larger cytoplasm volume than 
that of lymphocytes, one kind of white blood cells. Therefore, we modified some conditions of 
the present cell separation method. For example, cell suspensions were separaeted under 
hypertonic osmolality with a high concentration of ethylenediamine tetraacetic acid (EDTA), and 
OptiPrep, developed for the separation of DCs, was used as a density media in stead of Percoll. 
DCs were identified as CD11c positive cells by flow cuytometric analysis.  

At the separation through a set of Percoll with hypertonic osmolality, 350 mOsm/L, with the 
densities of 1.060, 1.070, 1.080, 1.090 and 1.100 g/ml, both densities of DCs and lymphocytes 
were shifted higher, while their density difference was not expanded.  

At the separation through a set of isotonic OptiPrep with the densities of 1.040, 1.066, 1.071, 
1.078, 1.085 and 1.095 g/ml, the cell suspension adjusted to 1.066 g/ml in density was pumped 
into the layer with the same density, not into the proximal inlet. As a result, appoximately 0.6% 
of cells in the cell suspension were retained and flowed out from the same density layer at a 
high viability of 95.3%, and  93.2% of them were CD11c positive cells.  

The present method without using specific antibodies would be useful for the separation of 
labile functional cells.  
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                Inlet No.   Density (g / cm3 )      Flow-rate (ml /min)  

Sample     1    <1.050  0.3   

Percoll*     2                 1.060  0.1   

3      1.070  0.1   
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Kitazume et al. [1, 2] demonstrated that efficient enrichment of metal ions can be achieved by 
countercurrent chromatography (CCC) using pH-peak-focusing technique. It is expected that 
the pH-peak-focusing technique has a great potential not only for enrichment but also for 
separation of metal ions since the optimum pH values for the extraction depend on the nature 
of metal ions; metal ions which have larger formation constants can be extracted into the 
organic phase at pH lower than that at which metal ions of smaller formation constants are 
extracted. That is to say, mutual separation of metal ions should be achieved if pH borders of 
different pH jumps corresponding to the extraction and back-extraction of target metal ions 
could be formed.  

One of the most important requirements for performing multi-step pH-peak-focusing is that the 
stationary phase as well as the mobile phase should have large capacity for buffering agents. 
Otherwise enrichment by pH-peak-focusing could not occur since the difference in velocity 
between the pH border and the mobile phase would not be large enough. We have recently 
developed multi-step pH-peak-focusing CCC using a polyethylene glycol-sodium sulfate 
aqueous two phase extraction system (ATPS) and demonstrated that this method is very useful 
for separation and enrichment of rare earth metal ions [3]. Since the main component of the 
ATPS is water, both of the acid and base forms of a hydrophilic buffering agent can distribute 
between the two phases. Therefore the ATPS can fulfill the requirement for performing multi-
step pH-peak-focusing CCC. 

We adopted acetylacetone as an extracting agent since the formation constants of its 
complexes of rare earth elements are substantially large and this reagent has moderate 
hydrophobicity so that its metal complexes as well as the reagent itself are soluble in the ATPS. 
Mutual separations of La(III), Ce(III), Nd(III), Yb(III) and Sc(III) were achieved by multi-step pH-
peak-focusing CCC using five step pH gradient elution and each rare earth metal ion was 
effectively enriched at each of the five pH border [3]. However, the system had not been fully 
optimized and it could not been applied to the enrichment and separation of large amounts of 
the metal ions. The mechanism of metal extraction in ATPS has not yet been completely 
clarified. Application of traditional systems involving an aqueous and an organic solution does 
not always result in desirable extraction [4]. In this paper, we will present several approaches 
for the optimization and scale-up of multi-step pH-peak-focusing CCC with ATPS to a 
preparative method. The mechanism of formation of pH profile of the column effluent and the 
method for the optimization of the pH borders will also be discussed. 
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Dissolved organic matter (DOM), is defined as the complex pool of organic carbon in the ocean 
that passes through a 0.2 µm pore size glass fibre filter, with a total mass comparable to the 
global mass of atmospheric carbon dioxide. DOM plays an important role in the global carbon 
cycle. However, despite the importance of DOM, a large fraction still remains uncharacterised 
[1]. This is because of the complexity of DOM itself, which consist of hundreds of organic 
molecules in concentrations ranging from micromolar to picomolar and different physical and 
chemical properties. DOM is source-dependant and varies greatly in molecular weight, thus 
making it extremely difficult to characterise using traditional separation techniques, such as 
pyrolysis gas chromatography-mass spectrometry (Pyr-GC-MS), reversed-phase liquid 
chromatography high-resolution mass spectrometry (RP-LC-HR-MS) and multidimensional 
nuclear magnetic resonance (2D-NMR). GC and LC using a mono dimensional approach are 
not particularly useful for the analysis of DOM, because volatility and solubility are required, 
respectively, limiting these techniques to study only a small portion of the overall DOM. In the 
same way, non-hyphenated NMR yields information about functional groups present in the bulk 
DOM, but fails to give specific molecular-level details from individual molecules. 

Within this work, seawater samples collected from Koonya station, on the Tasmanian eastcoast 
(43°06′S 147°45′E, collected in March 2014), were extracted using Varian Mega Bond Elut 
solid-phase extraction (SPE) cartridges filled with modified polystyrene-divinylbenzene resin 
(PS-DVB) according to Dittmar et al. (2008) [2]. SPE-DOM was fractionated using high 
performance counter current chromatography (HPCCC) as a pre-fractionation method prior to 
further analysis by means of RP-HR-MS. The HPCCC system was a Dynamic Extractions 
Spectrum model (Dynamic Extractions, Slough, Berkshire, U.K.). Optimal fractionation 
conditions were explored under normal and reversed phase mode by modifying solvent system, 
rotational speed, sample concentration, sample loading and flow rate in order to improve the 
fractionation procedure. Preliminary results by means of RP-LC-HR-MS indicated that the 
fractions collected from the HPCCC, showed differing chromatograms and confirmed that 
polarity based fractionation was achieved, and confirmed from MS spectra. However, the 
spectra were also indicative of major contamination, possibly from the SPE cartridges leaching 
various types of contaminants, putatively identified as phthalate esters and other plasticisers. 
Therefore, further optimisation of clean-up procedures during SPE to avoid contamination from 
the cartridges was required and a procedure developed. Following these improvements further 
sample fractionation was completed, with collected fractions once more subject to both RP-LC-
HR-MS and GCxGC analysis, to better understand the low- to mid-polarity compounds eluting 
within the mostly retained fractions of DOM. The results of these HPCCC fractional analyses 
will be presented here. 
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The separation of chiral compounds enantiomers has been widely investigated due to their 
prevalence in the many areas [1]. Magnetic nanoparticles, Fe3O4 in particular, combined with 
functional molecules into an integrated system, have been widely applied in many fields [2]. 
Chiral ionic liquids possessing chiral cation and/or chiral anion have been demonstrated to 
display superior capability in the general field of chiral recognition [3]. In this study, a chiral ionic 
liquid consisting of imidazolium cation with a natural amino anion, namely 1-ethyl-3-methyl-
imidazolium L-proline (EMIMLpro), as one of the most effective chiral stationary phases in 
novel centrifugal chiral chromatography, was chosen to be immobilized onto the surface of 
silica-coated magnetite to form chiral magnetic nanosphere Fe3O4@SiO2@DIH-EMIMLpro. It is 
recognized that nanospheres including magnetic cores and a chiral ligand onto their surface 
simultaneously possess magnetic property and chiral recognition ability. Using 
Fe3O4@SiO2@DIH-EMIMLpro 
nanospheres and automatic digital 
polarimeter analyses, the direct 
separation results suggested 
Fe3O4@SiO2@DIH-EMIMLpro 
displayed chiral recognition ability to 
different chrial amino acids, which 
demonstrated its feasibility to be a 
potential material for chiral separation. 
Furthermore, a new online method for 
complete resolution of the enantiomers 
via the magnetic nanospheres was 
established with centrifugal chiral 
chromatography using a spiral tube 
assembly mounted on a type-J coil 
planet centrifuge. There was no need to 
use the complicated pre-treatment of 
samples. One kind of chiral amino acid, 
D, L-tryptophan was resolved well using 
this method (Figure 1). Future studies 
will likely expand the application in 
chiral separation fields. 
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As part of the aim of Brunel Institute for Bioengineering’s Advanced Bioprocessing Centre to 
develop innovative flow separation methodologies, we are examining the potential for new cell 
separation methods based on the use of flow fractionation in fluctuating g-fields generated in 
rotating coil columns. We are characterising the effects of operational conditions (flow rate and 
rotational speed); cell properties (cell flexibility and cell aggregation); and column shapes 
(different inner diameters and coil geometries) on the flow behaviour of a model system of red 
blood cells (RBCs) from different species, which differ markedly in size, shape & density, 
flowing in a single phase of buffered saline. 

Operational Conditions: For a particular rotational speed, there was a minimum flow rate 
which caused all the cells to be retained in the column and a maximum flow rate at which all 
cells were eluted. Both the minimum and maximum flow rates were increased when a higher 
rotational speed was applied. Differences in the behaviour of sheep & hen RBCs have been 
used to develop a separation method using a quasi-linear flow gradient. The separation time 
could be reduced by using a step flow gradient. The effect of cell load and direction of rotation 
on the behaviour of RBCs in the column will also be reported. 

Cell Properties: We have found that the minimum flow rate correlated with cell diameter/cell 
volume of the RBCs as expected for a sedimentation related process whereas the maximal flow 
rate showed no correlation with cell diameter/cell volume. Also cell deformability changes the 
flow separation behaviour of the cells. The flow behaviour of sheep RBCs before and after 
chemical cross-linking (fixation) of the cell membrane with glutaraldehyde will be reported. 
Fixation renders the normally deformable RBCs rigid, and resulted in the fixed sheep RBCs 
eluting significantly earlier than unfixed cells. This difference was great enough that a mixture of 
deformable (unfixed) and non-deformable (fixed) sheep RBCs could be separated. Fixed cells 
tended to show cell aggregation, which could be reduced by the addition of surfactant. 

Column Geometry: For columns with the same cross sectional area, a “horizontal” rectangular 
column provided better separation than a circular column and a “vertical” rectangular column 
gave the least efficient separation. A possible explanation for this behaviour will be given. We 
demonstrated that the developed separation method using the circular column can be applied 
to different column geometries and different species of RBCs as validated on a mixture of rabbit 
and hen RBCs.  

Similarities and differences of this work with other reports on cell/particle separations by Flow 
Field Fractionation (FFF) in rotating coiled columns in single phases and also in aqueous two 
phase systems (ATPS) will be discussed [1-4]. 
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Single-wall carbon nanotubes (SWCNTs) are a family of one dimensional carbon molecules 
conceptualized as cylinders formed from rolling up a single layer of graphene. These molecules 
have unique properties, which have already been utilized in applications such as drug delivery, 
medical imaging, and electronics. However, the properties of a SWCNT depend on its exact 
chemical species (chirality). Thus, methods for separating SWCNTs by chirality have been 
pursued by many groups, and many separation methods, including chromatographic methods, 
and density gradient ultracentrifugation methods, extensively developed. Despite the significant 
level of investigation, these methods either require multisteps or rely on different processing 
conditions for different species. Simpler methods are needed for preparation of single-chirality 
SWCNTs. 

More recently, research on partition of SWCNTs in polyethylene glycol (PEG)-dextran (DX) 
aqueous two phase system (ATPs) demonstrated effective  separation of metallic and 
semiconducting species to high purification levels with sequential batch processing[1]. Further 
study showed that separation could be extended to reach pure single chirality species of 
SWCNTs in PEG-DX ATPs by manually tuning the concentration of surfactants such as sodium 
dodecyl sulfate (SDS) and sodium deoxycholate (SDC) in the sequential processing[2]. The 
implication of these results was that it should be possible to develop a continuous, automated, 
separation method for SWCNT materials by utilizing CCC.  

In the present work, we have extended CCC to the separation of SWCNTs[3]. A continuous 
liquid-liquid extraction method for purifying single (n, m) species SWCNTs was developed. In a 
typical run, about five different pure (n, m) species were separated and enriched from pristine 
sample by a newly designed mixer-settler CCC system[4]. The investigation on elution order of 
different species showed that SWCNTs were separated in the order of their diameters. The 
most important feature of this method is that the separation process is automatic and 
continuous to be easily repeated and scaled up. With development in resolution and separation 
speed, we expect to apply this method to separate more (n, m) species from various SWCNTs 
sources. And we hope CCC could become a useful technique for both SWCNT manufacturers 
and application developers. 
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Countercurrent chromatography (CCC) is a very promising technique for the pre-concentration 
and separation of elements. Substances are separated in the column on the basis of difference 
in their partition coefficients (D). If D values of components are close to each other, gradient 
elution (including pH gradient in the mobile phase) can be used to improve the efficiency of 
separation., In solvent extraction and partition chromatography, values of D significantly 
depend on the concentration of the extractant. We showed for the first time that in CCC values 
of D could be changed during the separation by creating a concentration gradient of the 
reagent in the stationary phase [1]. It should be noted that only CCC enables the change in the 
composition of the stationary phase in the course of separation.  

Extractants of various types − neutral and chelating reagents, amines, quaternary ammonium 
bases − are conventionally used for the separation and pre-concentration of platinum metals 
[2–5]. It should be noted that very stable complexes often form in the extraction of platinum 
metals, which considerably complicates the process of metal back-extraction to the aqueous 
phase. The efficiency of extractive separation depends on the composition of the platinum 
metal complexes, the concentrations of metals and the extractant, the nature of the extractant, 
and the concentration of acid.  

In this work, a two-phase system methyltrialkylammonium chloride (MTAA) in toluene–
hydrochloric acid was used to separate palladium(II) and rhodium(III). The possibility of 
changing the composition of the stationary phase inside a rotating coiled column in the course 
of a chromatographic process was shown. The creation of a reagent concentration gradient in 
the stationary phase retained in a rotating column significantly improves the efficiency of 
separation of platinum elements by CCC. 
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What could be meant by a Lab-Scale CCC Toolbox ? Giving the answer ahead - it simply could consist 
of one single CCC- or CPC-machine. This is already providing to the scientists all of the known 
advantages of liquid-liquid chromatography and enhancing the preparative natural product recovery 
processes. Not necessarily the existence of various devices in a laboratory is the key to success or 
highest process efficiency. Most important are the scientific operators with their knowledge how to select 
biphasic solvent systems which then are suitable to isolate specific target compounds from complex 
crude extract matrixes. Of course the expertise of setting correct machine parameters is essential to get 
good chromatography results. This is the simplified message to scientists who want to step into the field 
of all-liquid chromatography and to benefit from the complimentary selectivity and high separation power 
and not solely want to rely on solid phase chromatography. 

So why in general are lab-scale CCC- and CPC-isolation protocols still being undervalued from aspects 
of chromatographic performance and somehow are ‘neglected’ techniques in natural product chemistry? 
Is the recovered information from preparative CCC-experiments not as obvious and transparent as we 
might know it from analytical results of solid phase liquid chromatography, such as HPLC?  

Looking at the recent possibilities of metabolome identification achieved by analytical mass-spectrometry 
(MS) instrumentation, the Lab-Scale CCC Toolbox – no matter which machines are available – could 
always be combined with a MS-detector for on-line and off-line coupling experiments to clearly visualize 
results of preparative CCC-separations. A profound MS-analysis done on the generated CCC-fractions 
always reveal interesting profiles of metabolites with their corresponding molecular weights. This is 
helping to distinguish known chemical structures from unknowns already during fractionation, to overlook 
complex compound co-elution effects, to recognize areas of best peak purities – and lately to give the 
direction how to fractionate specific tubes without the risk of putting fractions together in a wrong way. 
Only one sensitive single detector could achieve these different simultaneous tasks - what in case of 
liquid chromatography surely is mass-spectrometry.  

So linking any ‘old’ or ‘new’ mass-spectrometric device using electrospray- (ESI), or atmospheric 
pressure chemical- (APCI) ionization will highly improve the investigation of preparative CCC-
fractionation from aspects of purity control and the possibility to detect on-the-fly any desired target 
compound in any bioactive crude extract. 

In the following presentation, the extended Lab-Scale CCC Toolbox (HSCCC, HPCCC, large and small 
scale spiral-coil-CCC) used at the Institute of Food Chemistry - TU Braunschweig will be presented. This 
Toolbox is being used in our daily routine for fractionation of extract amounts in the range between 500 
mg to 30 grams. Specific CCC-experiments were selected which had led to the isolation of bioactive 
compounds with potential pharmaceutical lead-structure characteristics from plant species, such as 
Anacardium occidentale, Buxus sempervirens, Vitis vinifera, Saponaria officinalis, and additionally 
natural products recovered from healthy fruits and vegetables will be covered. In most of the presented 
experiments mass-spectrometry profiling tools were directly or indirectly implemented to monitor and 
characterize metabolites and finally guided us to the ‘targets’ in the CCC-fractions. 



SO12 

 

 108 

Application of High-performance CCC as a Preconcentration 
and Cleanup Method for the Determination of Contaminants 

in Food Samples 

Xueli Cao*, Chen Fan, Xiuli Li 

Beijing Higher Institution Engineering Research Center of Food Additives and Ingredients, 
Beijing Technology and Business University, Beijing, 100048, China  
caoxl@th.btbu.edu.cn 

 

The determination of contaminants in food samples is of a great challenge as they usually exist 
in a trace amounts in various complex matrix. Therefore, several enrichment and pretreatment 
methods have been developed during recent years to improve the sensitivity and selectivity of 
analysis, such as solid phase extraction, solid phase microextraction, liquid phase 
microextraction, dispersive liquid–liquid microextraction, liquid–liquid–liquid microextraction etc. 
Liquid–liquid extraction, a method with high recovery and without the use of a solid matrix, has 
been widely used.  

Countercurrent chromatography (CCC), a support-free liquid–liquid partition chromatographic 
technique also inherits the advantages of traditional liquid–liquid extraction with high recovery, 
while its continuous elution system produces high partition efficiency in a short time. CCC has 
been widely used for the preparative separation of natural products during the last 30 years, 
however, a few examples mainly in environmental analysis indicated that CCC also has a great 
potential in preconcentration and cleanup of complex samples before analysis [1]. The use in 
food sample analysis is seldomly reported so far. In this paper, the applications of CCC as 
pretreatment methods for the determination of chlorophenols in red wine and Citrinin in red 
Sufu were presented respectively. 

The chlorophenols (CPs) are chemicals with high toxicity including estrogenic, mutagenic and 
carcinogenic effects. There is also evidence that CPs are precursors of extremely toxic dioxins 
and furans either upon incineration or after metabolism in humans [2]. The presence of CPs in 
food results from environmental contamination or migration from food storage containers 
treated with biocides. CPs have been found in fruit, wine, honey and milk etc. CPs in wine were 
found mainly after bleaching of wooden vessels or treatment with biocides of vessels and cork 
stoppers. The present paper describes the establishment of a enrichment and on-line cleanup 
method of CPs in red wine samples by CCC using a binary two-phase solvent system 
composed of CH2Cl2-water with 2% ion liquid [C4MIM][NTf2] in organic phase, prior to HPLC-
DAD analysis for the trace amount of CPs.(See results in Fig.1) 

Citrinin is a secondary toxic metabolite produced by several filamentous fungal species of 
Aspergillus, Penicillium and Monascus. Red yeast rice, a traditional Chinese food, is the 
fermented product from steamed rice by Monascus purpureus, and has been served as a 
natural dietary supplement for thousands of years in some Asian countries [3]. The presence of 
citrinin in red yeast rice and its related products has already become a threat to human health. 
At present, the State Food and Drug Administration (SFDA) of China has enforced a limit of 
citrinin with level of 50µg/kg in red yeast rice-based functional foods. Red Sufu, a kind of 
fermented soybean curd, is a Chinese traditional table food with unique flavor and nutrition, 
which uses red yeast rice as a colorant in its post-fermentation process. Thus, citrinin in Sufu 
has drawn much public attention during very recent years. In present paper, CCC was 
employed as a cleanup method by using a two-phase solvent system composed of hexane-
ethyl acetate-methanol -water (1:5:1:5, v/v/v/v), prior to HPLC-FLD determination of citrinin in 
real Sufu samples. (See results in Fig.2) 
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Clidemia hirta (L.) D. Don. also named Koster’s curse belongs to the family of 
Melastomataceae. This tropical shrub originated in Central and South America, where is still 
widely distributed, is also found in a number of tropical Asian countries and Pacific Islands. C. 
hirta can produce over 500 fruits per year each containing over 100 seeds hence it is consider 
as an invasive plant becoming a real problem in tropical forest due to its tendency to replace 
diverse natural vegetation.  

C. hirta is claimed to be used by local tribe of Malaysian to stop bleeding for wound healing. 
Root decoction is prepared for the treatment of venom fever and leaves are used to treat 
diarrhea, topical irritation and bacterial infection [1,2]. Juice of leaves is applied as cicatrizing, 
and tea of leaves or mixed tea of leaves and roots are drunk for stomach complaints and heart 
burn. It is also used as traditional medicine for several bacterial infections. In Brazil, C. hirta is 
used to treat cutaneous leishmaniasis due to Leishmania braziliensis [3]. 

In order to identify the molecules involved in the antimicrobial activity and to consider C. hirta 
as a potential source of preservative molecule usable in cosmetic applications, an antibacterial 
bio-guided screening of C. hirta root ethyl acetate extract was developed. Centrifugal partition 
chromatography performed using an Arizona N (heptane/ethyl acetate/methanol/water 1:1:1:1 
v/v/v/v) system in descending mode, allowed to recover three fractions. For three samples of C. 
hirta root, independently collected, each crude extract and each fraction were tested against 
strains recommended in the current regulatory method for cosmetic preservative to evaluate 
the antimicrobial activity and on keratinocyte and fibroblast cells to verify the absence of skin 
cell toxicity. The first fraction showed an interesting antibacterial activity but also sometimes 
skin cell toxicity. Hydrolysable tannins, derivatives of ellagic acid were identified using mass 
spectrometry in this fraction. The second fraction was both antibacterial and not cytotoxic. Mass 
spectrometry and NMR experiments confirmed the isolation of only one compound in this 
fraction which was identified as arjunolic acid. 
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Aspalathin, a dihydrochalcone C-glucoside, is unique to and the most abundant phenolic 
compound in Aspalathus linearis, well-known for its use as a herbal tea (rooibos) [1]. Its 3-
deoxy derivative, nothofagin, is the second most abundant dihydrochalcone in green rooibos 
[1]. It presence has thus far only been reported in two other species [1]. Both compounds 
display antioxidant and antimutagenic activity [1], while aspalathin also displays α-glucosidase 
inhibitory activity and hypoglycaemic activity [2]. Nothofagin also potentially contributes to the 
hypoglycaemic activity of green rooibos [3] due to its structural similarity with aspalathin. 
Aspalathin and nothofagin represent valuable bioactive compounds, but their bioactivity has not 
been fully elucidated, necessitating isolation of these compounds. 

Rooibos shoots were harvested and dried intact where after the leaves were separated from 
the stems and finely ground. A water extract (1:10 plant material to water ratio, 95°C, 30 min) 
was prepared and partitioned with n-butanol (3 times). The n-butanol fractions were evaporated 
and freeze-dried to obtain a polyphenol-enriched fraction (PEF1). A suitable solvent system for 
separation of aspalathin from the PEF1 was chosen by performing shake-flask experiments. 
High-performance CCC (HPCCC) was performed with a Dynamic Extractions Spectrum model 
in the head-to-tail mode using the aqueous phase as the mobile phase (solvent system = ethyl 
acetate/n-butanol/water 4:1:5). The rotation speed, flow-rate and temperature were 1600 rpm, 
7.5 mL/min and 28°C, respectively. Complete separation of aspalathin from isoorientin was not 
possible, necessitating cutting the peak to obtain a higher purity aspalathin fraction (AF1). After 
evaporation of the solvent from AF1, lower purity was obtained than before solvent evaporation 
pointing to problems with compound stability. To facilitate protection of the compound HPCCC 
separation was repeated using 0.1% formic acid (pH 3) instead of water, which gave AF2 with 
higher purity after evaporation and freeze-drying. Addition of formic acid did not substantially 
change the partition coefficients of compounds, but improved the stability of the target 
compounds. Sample loading of PEF1 was fairly low (35 mg) to prevent formation of emulsions 
in the HPCCC apparatus, but further pre-fractionation of PEF1 using ethyl acetate/n-
butanol/water (4:1:5) to obtain PEF2 (organic fraction) allowed an increased sample loading 
(100 mg). PEF1 was also separated using HPCCC with ethyl acetate/0.1% formic acid (1:1) 
(sample loading 50 mg) to obtain a nothofagin fraction (NF). Final purification of aspalathin and 
nothofagin from AF and NF, respectively, was performed using semi-preparative HPLC. The 
identities of the isolated compounds were confirmed using mass spectrometry and nuclear 
magnetic resonance spectroscopy. 
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Investigation of the phenolic composition of Cyclopia subternata, better known for its use as a 
herbal tea (honeybush), showed that the three major compounds present in aqueous extracts 
of the leaves [1] are the xanthone mangiferin, the dihydrochalcone phloretin-3’,5’-di-C-β-
glucoside and the flavone scolymoside (luteolin-7-O-rutinoside). Given the health-promoting 
properties of C. subternata extracts [2] it is of interest to elucidate the role of the major 
compounds. For such studies isolated compounds are required. Mangiferin has been the 
subject of many investigations [3], but the bioactivity of phloretin-3’,5’-di-C-β-glucoside and 
scolymoside have not yet been extensively studied.  

A method for the enrichment and isolation of scolymoside and phloretin-3’,5’-di-C-β-glucoside 
from C. subternata, using liquid-liquid fractionation, high performance counter-current 
chromatography (HPCCC) and semi-preparative high-performance liquid chromatography 
(HPLC) has been developed. For this purpose “unfermented” (unoxidised) dried plant material 
of C. subternata was finely ground, defatted exhaustively with dichloromethane and extracted 
with methanol. After removal of the solvent the extract was partitioned in n-butanol and water 
(1:1 v/v) and the n-butanol layer collected for further enrichment, using HPCCC, performed with 
a Dynamic extractions spectrum CCC model. Partitioning coefficients of the target compounds 
in a number of solvent systems were determined using shake flask tests. The solvent system 
tert-butyl methyl ether:n-butanol:water (2:1:5 v/v) was selected. The aqueous phase was used 
as the mobile phase in the head-to-tail direction. HPCCC separation was carried out at a 
rotation speed of 1600 rpm at 30°C using a flow rate of 3 mL/min. Extrusion was started after 
50 min by pumping the stationary phase at 10 mL/min (total run time = 65 min). Repeated runs 
of a 60 mg sample of the freeze-dried n-butanol fraction were employed to collect adequate 
amounts of fractions containing phloretin-3’,5’-di-C-β-glucoside (29-38 min) and scolymoside 
(50-65 min). Isolation of the compounds was completed using semi-preparative high 
performance liquid chromatography (HPLC). The structures of the isolated compounds were 
confirmed using liquid chromatography with high resolution mass spectroscopy (MS) and 
tandem MS, as well as nuclear magnetic resonance. 
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Salicornia gaudichaudiana (Chenopodiaceae) is a halophyte plant that grows in high-level salt 
soil [1]. Plant material is used as ‘green salt’ in food preparations for people with high blood 
pressure and kidney / heart diseases. A large variety of solvent systems (SoSy) have been 
proposed and employed in CCC which, despite being an efficient technique, will not separate 
compounds of a complex mixture without the appropriated system [2, 3]. This study describes 
the influence of SoSy selectivity on the separation of S. gaudichaudiana metabolites. 

The dried plant was macerated with ethanol-water 8:2. The crude extract was partitioned 
between water and hexane, CHCl3 and EtOAc in this order. HPLC-ESI-MS analysis of the 
EtOAc extract showed the presence of flavonoids glycosides and caffeoylquinic acid 
derivatives. HEMWat 0.5:6:0.5:6 and HBuWat 1:1:2 gave good distribution of compounds 
between the two phases. Two CCC runs were performed at identical experimental conditions 
using the two SoSy: 500 mg of EtOAc extract was injected in a PTR model-1000 (Pharma-
Tech, USA) 850 mL volume and 2.6 mm i.d. triple coil. Elution of 120 fractions (flow rate: 3.0 
mL/min) was made in reversed mode before extrusion in 80 fractions (flow rate: 6.0 mL/min). 
Odd fractions were analyzed by decoupled ESI-MS/MS. Selected ion traces in the two 
reconstituted CCC-ESI-MS/MS allowed the visualization of the SoSy selectivity for major 
compounds (Figure 1). 

In general, HEMWat was more selective and distributed all compounds along the CCC 
separation with isolation of flavonol glycosides [M-H]- at m/z 623, 463, 447 and 477, although  
co-elution of 3,4- and 4,5-dicaffeoyl quinic acids occurred at m/z 515. Further ion signals at m/z 
517 and m/z 693 were identified as isomers of dihydro-caffeoyl-quinic acids and caffeoyl-
dihydro-hexose quinic acid, respectively. HBuWat with less general compound selectivity, 
fractionated isomeric caffeoyl-quinic acids ([M-H]- at m/z 515). 

The SoSy selectivity in CCC is very important when having a target compound in a complex 
mixture. The strategic use of different SoSy in a specific sequence can influence the results. 
From the results of our study we could plan to isolate the flavonoids with HEMWat SoSy and 
then re-fractionate the sample with HBuWat for the isolation of caffeoyl-quinic acid isomers. 

a
b 
 
Figure 1. SoSy selectivity for major compounds from decoupled CCC-ESI-MS/MS fractions of S. 
gaudichaudiana. a HEMWat 0.5:6:0.5:6. b HBuWat 1:1:2. 
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High-speed countercurrent chromatography (HSCCC) with the advantages of high sample 
productivity, low sample loss and less time consuming has been widely used in the preparation 
of bioactivity constituents from medicinal material [1]. However, the short supply of active 
natural products for the requirement of further chemical and biological investigation is still a 
problem that encourages the HSCCC users to develop new instruments with large column 
capacity and novel methods to increase the yield of target compounds. Although the process-
scale CCC was developed and successfully used for large-scale separation [2], it has not been 
widely applied to laboratories. In this case, to increase the yield of target compounds under the 
existing conditions, we need to increase the sample volume or frequency of the separation. But 
introduction of a larger sample volume into the column will reduce the peak resolution, and 
reiterative separation will result in time and solvent consuming. 

How to achieve both high peak resolution and high sample productivity without time and solvent 
consuming has been concerned increasingly in recent years. A successive sample injection 
strategy thus was proposed in present study to cope with this problem. The separation of an 
active macrocylic diterpenoid, (-)-(12E,2S,3S,4R,5R,6R,9S,11S,15R)-15-acetoxy-5,6-
epoxylathyr-12-en-3-ol-14-one (1), from Euphorbia macrorrhiza C. A. Mey was selected as an 
example to show the advantages of this method. 

 

The crude sample was obtained by an initial cleanup step on column chromatography and 
subjected to the HSCCC. HSCCC separation was performed with a solvent system composed 
of n-hexane-ethyl acetate-tetrahydrofuran-ethanol-water (5:3:1:4:5, v/v) at a flow rate of 2 ml 
min-1. The HSCCC separation chromatogram of the single run was shown in the figure 1. As a 
result, 10 mg of target with 99.2% purity was obtained from 50 mg of crude sample.  And 
nothing was eluted from CCC column at the time from 230 min to 680 min. Furthermore, a 
successive sample injection experiment was carried out after filling the stationary phase. The 
crude sample was injected into the CCC column three times at the given interval time 
successively (Figure 2). And 30 mg of compound 1 with high purity was isolated. The retention 
of stationary phase was up to 58.2% after three times successive sample injection separation, 
which was similar with the single run. 

The present study imply the strategy of successive sample injection can be successfully 
applied to increase the yield of target compounds under the existing conditions with high peek 
resolution and less time consuming. 
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Countercurrent chromatography is a very attractive technique for the separation of a wide 
range of compounds, due to its versatility and predictable scale-up possibilities [1]. Moreover, 
the various hyphenation possibilities offer a powerful tool to the simultaneous profiling and 
compound identification, which is of high value for bioassay-guided fractionations [2]. For this 
reasons, this technique was chosen for the fractionation of phenolic compounds from the 
flowers of Impatiens glandulifera Royle (Balsaminaceae). This is an annual herb native to the 
Himalayan region, but widespread in aquatic areas. It is considered as an invasive species in 
North America and Europe, causing detrimental effect on native plant species through 
competition for space and nutrients [3]. Species of this genus are known to contain 
anthocyanins, phenolic acids and coumarins and quinone pigments [4]. 

The flowers of I. glandulifera were collected on the Oker riverside (Braunschweig, Germany) in 
September 2013 and identified by a botanist. The petals were manually separated and 
extracted by maceration with ethanol. The resulting crude extract was used for the HPCCC 
experiments. First, a systematic search for a suitable biphasic solvent system was made by 
calculating the partition coefficients (K) of the principal components by C18-DAD-HPLC [5] using 
a Phenomenex Luna analytical column (250 x 4.6 mm, 5 µ) at 25°C, with the gradient 
consisting of phase A (water - 0.05% TFA) and phase B (methanol), starting with 70:30 to 
40:60 in 30 min. Finally, the chosen biphasic solvent system was composed of tBME–CH3CN–
water (6:3:8, v/v/v). The HPCCC separation was performed on a semi-preparative Spectrum 
DE (Dynamic Extractions, Slough, UK). The coil volume was 125.5 mL (1.6 mm tube i.d., temp. 
30°C), in the head-to-tail mode, with a 10 mL sample loop (crude extract injection: approx. 500 
mg), flow rates were 5.0 mL/min for elution- and 10.0 mL/min for extrusion-mode, respectively. 
The rotation speed was 1600 rpm and the UV-detection at λ 244 nm. Also alternative offline 
detection tools were complimentarily applied. First an ESI-MS HPCCC profiling (Bruker HCT 
Ultra ion trap-MS, Germany - negative mode, scan: m/z 50-1500) was made, by sequential 
injection of identical aliquots of all even numbered fractions into a single MS data file. This 
procedure generated a reconstituted HPCCC-ESI-MS metabolite profile of the fractionation 
(elution and extrusion). In addition, the same fractions were analyzed by C18-HPLC, using the 
parameters described above. The obtained data were then plotted together with the retention 
values from the HPCCC fractionation into a 3D coordinate system HPCCC x LC x UV (peak 
intensity), using the program OriginPro 9 (OriginLab). 

The experimental protocol developed in this work allowed the isolation of three compounds and 
the pre-purification of other 6 from the crude extract of I. glandulifera flowers. These are being 
currently characterized by 1/2D-NMR spectroscopy. The combined preparative and analytical 
methods used provided valuable structural information for the characterization and identification 
of the I. glandulifera main compounds and also allowed the easy tracking of target substances 
for future bioassay-guided fractionation procedures.  
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The seeds of Garcinia kola Heckel (Family Clusiaceae) are a highly valued ingredient in African 
traditional medicine and have been used in many herbal preparations.  The seeds contain 
complex mixture of C-3/C-8 -biflavonones (BFs) often referred to as “kolaviron” as the major 
constituents and to which different pharmacological activities have been attributed, including 
antidiabetic, anti-inflammatory, anti-oxidant, anti-fungal and hepato-protective activities.  Many 
recent articles indicate the biological activities of G. kola are still being determined based on 
kolaviron. Therefore isolation of Garcinia biflavonoids is essential for total quality evaluation 
and bioactivity assays of this important African medicinal plant. Using the new Spiral Tube 
Support (STS) [1],  pH-Zone-refining CCC was performed with two-phase solvent systems 
composed of hexane-ethyl acetate-methanol-water (3:5:3:5, v/v) where 5mM TFA was added to 
the aqueous mobile phases as eluters with no retainer added to the upper organic stationary 
phase The result revealed that after the optimization of separation conditions,  pH-zone-refining 
CCC technique yielded high quality BFs,  separated at shorter elution time with characteristic 
rectangular peaks with minimum overlapping. From the enriched  butanol fraction (2.5g) of the 
methanol  extract; three biflavonones including 3'',4',4''',5,5'',7,7''-heptahydroxy-3,8''-biflavanone 
(GB1) (1)  GB-1a (2)  , GB-2 (3)  and one glycoside ( GB-I-glucoside ) (4)  were  successfully 
separated with yields and purities ranging from 100-700mg  and 95-98% respectively . The 
purities of compounds (1-4) were determined by HPLC and chemical identities were confirmed 
by MS and 1H NMR [2]. To the best of our knowledge, this is the first time that separation of 
BFs using pH-zone-refining counter-current chromatography has been reported. In addition, 
this method is efficient, high yielding, environmentally friendly and above all it afforded sufficient 
amounts of high-purity compounds for quality control and pharmacological screening. 
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Forage legumes, in particular sainfoin (Onobrychis viciifolia) have two advantages over other 
forage crops. They are high in protein and require little or no nitrogen fertiliser. Sainfoin or “Holy 
Hay” [1] contain bioactive constituents that optimise protein use in ruminant nutrition, improve 
food quality and reduce methane gas emissions. ‘LegumePlus’ is a 4 year research project 
funded by the EU (€4 million) that involves 10 research institutions and 16 research fellows, 
from across Europe and beyond. It started in 2012 (http//:legumeplus.eu).The key objectives 
are to investigate how bioactive forage legumes can improve protein utilisation in ruminant 
livestock farming, plus investigation of the ability of these legumes to combat parasitic 
nematodes [1].  

Sainfoin’s beneficial properties are attributed to polyphenols; i.e. condensed tannins (CT). 
These CT are polymers of flavan-3-ol subunits and give rise to procyanidins (PC) and 
prodelphinidins (PD). These PC and PD differ by just one phenolic (-OH) group. According to 
the literature, CT polymers in sainfoin range in average molecular weight (MW) from 600 (~2 
units) to 3600 (~12 units) [2]. Our Hydrodynamic-CCC results have identified CT fractions with 
up to 24,000 Daltons (~80+ units). 

Separation and purification of CT is commonly performed by Sephadex LH-20 gel-
chromatography from an acetone/water plant extract [3]. This can give highly pure mixtures of 
CT polymers, but its ability to provide high MW CT is limited. High MW CT are assumed to be 
lost and absorbed on the gel surface (or rarely described as being present in plants). This 
limitation does not exist with Liquid-Liquid Chromatography, where a larger range of polarity 
can be explored, as no irreversible absorption or “on-column” degradation occurs. We were 
therefore able to elute and resolve CTs ranging from smaller oligomers (of mid polarity), to the 
largest, extremely polar, highly water-soluble polymers. The mass balance from Sephadex gel-
chromatography was less than 30%. However, the CCC recovery of injected mass was ~98 % 
of the sainfoin acetone/water extract. Therefore, CCC allowed analysis of the complete pool of 
CT.  

The CT content and composition of each fraction were determined by thiolytic degradation and 
analysed by HPLC [3] after Sephadex and CCC chromatography. Unusual changes in the 
PC/PD ratio and size distributions were observed by Sephadex and confirmed by CCC. Lower 
molecular weight CT, which elute first by normal phase CCC, are dominated by high PC 
content. But higher molecular weight, later eluting CT were predominantly PD. The use of an 
orthogonal technique, such as CCC, therefore both added new knowledge, and helped to 
confirm certain results from Sephadex gel-chromatography, which had previously been thought 
to be anomalies. Tannin research by CCC, CPC and Sephadex is actively being continued 
within the LegumePlus research network. 
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Centrifugal Partition Chromatography (CPC) is a kind of hydrostatic Counter Current 
Chromatography, where the liquid stationary phase is immobilized in chambers on a disc with a 
single axis of rotation. The flow of mobile phase through the stationary phase is achieved by 
channels which are connecting the chambers to a chamber cascade. The separation efficiency 
in CPC is strongly influenced by the hydrodynamic in the chambers. Especially the flow pattern 
and the resulting stationary phase retention and interfacial area for mass transfer are important 
parameters. Finally, the resulting separation efficiency is influenced by the physical properties 
(i.e. densities, viscosities and interfacial tension) of the selected two-phase systems, the 
operational parameters of the CPC (mode of operation, rotational speed and volume flow of 
mobile phase) and the dimensions and shape of the chambers itself.  

The influence of CPC operating conditions for different phase systems with variation in physical 
properties was topic of earlier studies, e.g. by Marchal [1,2] and Adelmann [3,4]. Although, 
different chamber geometries have been developed in the past (e.g. FCPC® chamber and 
Twin-Cell), the influence of the chamber geometry on the separation efficiency has not been 
investigated well. Thus, in the present study, we focused on the separation efficiency for 
different chamber geometries (commercial and custom designed, see figure 1). Thereby, the 
operation conditions were varied in rotational speed and volume flow of mobile phase. The flow 
pattern and stationary phase retention was investigated as described in earlier studies [3,4]. 
Additionally, the separation efficiency was directly evaluated by separation experiments. For a 
reasonable comparison between discs with different chambers, which are varying in chamber 
volume and number of chambers, related parameters have been derived. The results obtained 
allow a comparison between different chamber geomeometries which did show a varying 
behavior of flow pattern in dependency from the CPC operating parameters. For each chamber 
geometrie investigated, operating parameters for an optimized separation efficiency could be 
found. Finally, an approach for future optimization and design of CPC chambers was 
developed.  

 

 

 

 

 

Figure 1: Hydrodynamic of Arizona N in different chambers at 2000 rpm rotational speed. Chambers 
compared at equivalent stationary phase retention of 66-67 %.  
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The pH zone refining (pHZR) was introduced in liquid-liquid chromatography by Ito in the mid-
90s. In this chromatographic mode, molecular species are exchanged between organic and 
aqueous phases according to acid-base reactions. The separation process is then based on 
the difference in pKa between the products. 

Recently, Renault et al. have shown that displacement chromatography in CPC was highly 
capacitive and that productivity could be increased by reducing the column length from 1000 to 
230 cells without altering the separation. 

However, the overlap between two consecutive molecules is not yet completely solved. What 
length is ideal for this kind of separation? Are there kinetic limitations related to chemical 
reaction or mass transfer? In this case, could the capacity of a column be further improved? 
What is the minimum column length required for an application, optimizing the process 
productivity? 

As an answer, a dynamic modeling of the separation process was proposed. The CPC column 
was modeled as n-Continuously Stirred biphasic Tank Reactors in series (n-CSTR). Chemical 
reactions occur at the liquid-liquid interface considering the mass transfer of the reactants in 
each phase (Lewis double-layer model). 

The model was fitted on alkaloids separations in CPC by pHzr. These alkaloids constitute the 
raw material for the synthesis of anticancer. pHzr modeling showed that resolution depends on 
both acid-base reaction equilibrium and mass transfer of solutes to the liquid-liquid interface (fig 
1). Flow pattern effect on the separation (and vice versa) was demonstrated and adequate 
column sizing for such an application would be discussed. 

 

Figure 1 : From hydrodynamics to profile prediction 
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New high-speed counter-current chromatograph, coil satellite centrifuge (CSC), was designed 
and fabricated in our laboratory.  The CSC apparatus produces the satellite motion such that 
the coiled column simultaneously rotates around the sun axis (the angular velocity, ω1), the 
planet axis (ω2) and the satellite axis (the central axis of the column) (ω3).  

In order to achieve this triplicate rotary motion without twisting of the flow tube, the rotation of 
each axis was determined by the following formula: ω1 = ω2 + ω3.  This relation enabled to lay 
out the flow tube by each of two different ways, the SS type and the JS type.  In the SS type, 
the flow tube was introduced from the upper side of the apparatus into the sun axis of the first 
rotary frame and connected to the planet axis of the second rotary frame set on the first rotary 
frame and the satellite axis of the column set on the second rotary frame like a letter SS.  In the 
JS type, the flow tube was introduced from the bottom side of the apparatus into the sun axis 
reaching the upper side of the planet axis like an inversed letter J, and the followed distribution 
was as in the SS type. 

The apparatus was applied to examine its partition efficiency on the counter-current 
chromatographic separation of 4-methylumbelliferyl (MU) sugar derivatives as test samples 
with organic-aqueous two-phase solvent systems composed of n-hexane/ethyl acetate/1-
butanol/methanol/water at the volume ratio of (0：3：2：0：5) for lower phase mobile and (0：
1：4：0：5) for upper phase mobile.  

With lower phase mobile, five 4-MU sugar derivatives including β-D-cellobioside (Cel), β-D-
glucopyranoside, α-D-mannopyranoside, β-D-fucopyranoside and α-L-fucopyranoside (α-L-fuc) 
were separated with the combined rotation around each axis at counterclockwise (CCW)(ω1)-
CCW(ω2)-CCW(ω3) by the JS type flow tube distribution.  With upper phase mobile, three 4-MU 
sugar derivatives including α-L-fuc, β-D-galactopyranoside and Cel were separated with the 
combined rotation around each axis at clockwise (CW)(ω1)-CW(ω2)-CW(ω3) by the JS type flow 
tube distribution.  

A set of experiments on peak resolution and stationary phase retention revealed that better 
partition efficiencies were obtained at the flow rate of 0.5 mL/min for lower phase mobile and of 
0.2 mL/min for upper phase mobile when using the left-handed multilayer coil (total capacity: 
57.0 mL) under near the rotation speed of ω1 = 300 rpm, ω2 = 150 rpm and ω3 = 150 rpm. 
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Radioactive materials were spread widely in the atmosphere from the nuclear power plant 
in Fukushima, Japan, following the strong earthquake on March 11, 2011. At present, cesium 
137 (which has a half-life of 30 years) is particularly problematic. Since a large area of soil and 
water has been polluted near the nuclear power plant, immediate measures for 
decontamination are urgently needed. There are various decontamination methods available, 
for example washing buildings including roofs with high-pressure water-drainage equipment; 
using this method, however, the contamination is merely washed away and allowed to spread, 
making this an invalid approach. Moreover, if we choose to utilize the ground decontamination 
method in which the top-soil is removed, the problem is then how to store or dispose of the 
removed top-soil. Ideally the best method would be to condense the released radioactive 
materials into one spot and get Ali Baba’s Genie to return things to their original state. Yet, this 
is far from realistic. The only realistic method left to us now is to collect radioactive particles 
efficiently by selectively sticking them to minute clay particles. 

Although counter-current chromatography (CCC) has so far been used to continuously 
condense impurities in the liquid state, the method may also be used for efficient 
decontamination of various elements including radioactive materials. We created a large, 
hydrodynamic equilibrium type CCC apparatus, based on an Archimedean screw, which is able 
to pump a large amount of water while retaining a solid stationary phase. (Figure 1) Then, by 
introducing air and liquids in this CCC column it may be possible to condense the target 
substance at the air-liquid interface, or onto the solid surfaces. In our present study, the 
efficiency of removing substances by CCC apparatus is examined through the coexistence of 
air, water and a reactant catalyst such as titanium dioxide in a column. Also the effectiveness of 
this novel CCC machine is investigated by continuously circulating water in the apparatus. 

 
Figure 1. New hydrodynamic apparatus based on Archimedean screw 
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Countercurrent centrifugal extraction (CCE) presents a new continuously operated extraction 
apparatus for the separation of complex substance mixtures. The construction is based on the 
concept of Centrifugal Partition Chromatography, where one liquid phase is kept stationary in 
chambers by a centrifugal field while a second liquid phase is pumped through as a mobile 
phase. The chambers are linked by channels to form a cascade representing a 
chromatographic column.  

With CCE it is possible to pump both liquid phases simultaneously through each chamber and 
along the whole cascade in counter flow direction, allowing a continuous separation. The 
continuous working principle is achieved by connecting the chambers with two channels (one 
for each liquid phase). Each rotor disk is built up from three different layers allowing the 
crossing of ducts. Check valves in the ducts connect the layers and guarantee the correct flow 
direction. Additional valves with short opening intervals are arranged at the inlet and outlet of 
the chamber cascade in order to enable the overall countercurrent flow through the apparatus. 
A substance mixture can be feed continuously at the middle of the chamber cascade (see 
figure 1). According to their distribution coefficients between the two liquid phases the 
separation of the substances occurs in direction of the heavy (LP) or light (UP) phase flow. 

 
Figure 1: Construction and operating principle of CCE 

During the presentation the construction and working principle of the new CCE apparatus will 
be explained. 
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A prototype of engineering high-speed counter-current chromatography was designed as two 
separation columns, each of them composed of three single-channel units, by Prof Tianyou 
Zhang’s group at Guangdong Research Centre of Reference Materials from Natural Products, 
Zhongshan, Guangdong, China.  Total volume of these six units is 6 litres. Each column unit 
can be connected with the other one in series or in parallel [1,2].   

The retention of two typical two-phase solvent systems, including moderately polar solvent 
system (n-hexane-ethyl acetate-methanol-water) and polar solvent organic-aqueous system 
(ethyl acetate-n-butanol-water), was investigated under different stationary phases, revolution 
speeds and flow rates.  The results showed that the engineering high-speed counter-current 
chromatography can produce excellent retention of stationary phase for both solvent systems, 
especially when revolution speed ranged from 400-500 revolutions per minute and flow rate 
ranged from 5 to 20 ml per minute for each column unit (Fig1-4). 

           

Figure 1 & 2. Stationary phase retention of each column unit of moderately polar solvent 
system [n-hexane-ethyl acetate-methanol-water (1:1:1:1, v/v)] under different revolution speeds 
and flow rates. 

           

Figure 3 & 4. Stationary phase retention of each column unit of polar solvent system [ethyl 
acetate-n-butanol-water (2:1:3, v/v)], upper phase as stationary phase under different revolution 
speeds and flow rates 
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Centrifugal Partition Chromatography (CPC) is a solid support-free separation process based 
on the partitioning of solutes between two partially miscible liquid phases. A CPC column 
consists of a series of partition cells linked in cascade by ducts and arranged in a centrifuge 
(one axis, two rotary seals), which provides a centrifugal acceleration responsible for stationary 
phase retention and mobile phase dispersion. 

As a process based on liquid-liquid interfacial mass transfer, CPC efficiency is mainly 
influenced by the hydrodynamics of the phases in each partition cell of the column. We set up a 
visualization system called “Visual CPC”, to film flow-patterns in the cells of a transparent 
prototype (Figure 1, on the left). It was observed that the mobile phase can flow through the 
stationary phase mainly as a sheet, or a spray (Figure 1, in the middle). 

 
Figure 1 : Visual CPC, a versatile tool for CPC column sizing 

Hydrodynamics are directly affected during scale changes and thus control the apparatus 
efficiency. This non-linear phenomenon avoids simple geometrical scale changes. A 
dimensionless equation, obtained with 5 biphasic systems in both the ascending and the 
descending modes, was demonstrated to predict the flow pattern transition from a sheet to a 
spray. The Bond number mainly influences this transition. 

The CPC cell efficiency was modeled and could be estimated for target compounds by another 
dimensionless equation, using the Sherwood number. These efficiencies were validated by 
experimental RTD (residence time distribution) on the Visual-CPC (Figure 1). The correlation 
can be used to determine the most adapted cell geometry for a given separation. 

A methodology for CPC column sizing can thus be proposed: CPC cell design, hydrodynamics 
characterization, efficiency validation. Additional knowledge on stationary phase retention, cells 
efficiency and chromatographic resolution, was implemented to optimally size the CPC column 
(cell design and number) at laboratory and production scales (Figure 1, on the right).  

The methodology was developed with results on five geometries from 25 mL to 5000 mL: 
� The separation of alkylbenzenes with the heptane/methanol/water biphasic solvent system; 
� The separation of peptides with n-butanol/acetic acid/water (4/1/5) biphasic solvent 

system. 
It was then possible to predict the optimal CPC column length leading to highest productivity. 
An example of this process engineering approach will be given for the scaling-up of a crude 
extract fractionation. 

G 
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In conventional and commercial high-speed counter-current chromatography models, the 
retention of the stationary phase is solely provided by the Archimedean screw effect by rotating 
the multilayer coiled column in the centrifugal force field. The system fails to retain enough of 
the stationary phase for polar solvent systems such as the aqueous-aqueous polymer phase 
systems. To address this problem, two different types of spiral columns have been fabricated in 
our lab: the spiral disk assembly and the spiral tube assembly [1,2], which could greatly 
improve the retention of stationary phase for polar solvent systems. 

Spiral tube assembly countercurrent chromatography was successfully applied in 
enantioseparation of DL-tryptophan using bovine serum albumin as chiral selector. An 
improved biphasic aqueous-aqueous solvent system composed of 12.0% poly (ethyleneglycol) 
8000-9.0% potassium phosphate dibasic-0.1% ammonia-78.9% water was used as the two-
phase solvent system for counter-current chromatography, in which the chiral selector was 
predominantly distributed in the lower phase of the two-phase aqueous system. This aqueous-
aqueous solvent system gave a very high enantioselectivity for DL-tryptophan, α=2.605, along 
with distribution ratio DD=1.200 and DL=0.461. High peak resolution was obtained for 
enantioseparation of 2 mg of DL-tryptophan by spiral counter-current chromatography under 
room temperature. It was found that small amount of ammonia added in the aqueous-aqueous 
solvent system greatly improved the 
enantioseparations.  

An unusual extremely broad peak for L-
enantiomer of tryptophan was observed 
during enantioseparations. In order to give 
an explanation, a rotary device was 
constructed to measure the mass transfer 
rates of enantiomers between the two 
phases [3]. It was found that L-tryptophan 
showed lower mass transfer rate than D-
tryptophan due to its high affinity to bovine 
serum albumin.  

The right figure shows typical chromatogram of 
enantioseparation of DL-tryptophan by spiral 
counter-current chromatography.  
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Polymer/polymer and polymer/salt aqueous two phase systems (ATPS) are suitable biphasic 
systems for the separation of biomolecules, since both liquid phases consist mainly of water [1]. 
Besides advantages like stabilizing effects of the polymers on biological material and a good 
mass transfer between the two liquid phases, their use in support free liquid-liquid 
chromatography is limited due to physical properties of the phases. The resulting problems are 
the low retention of the stationary phase and the high pressure drop along the column, caused 
by the low density difference between the two phases, low interfacial tension and high viscosity 
of one or both phases. 

In order to overcome the problem of stationary phase leakage and high pressure drop, Armen 
Instrument (Saint-Ave, France) developed a new CPC column, the so called Centrifugal 
Partition Extractor (CPE). In comparison to classical Armen CPC columns, the new column 
design has a lower number of cells with a higher volume per cell. The achievable g-force in 
both types of columns is in the same range. 

In this work the new CPE column was tested and compared to a classical CPC column of the 
same volume in terms of stationary phase retention and column efficiency. The experiments 
were carried out with an Armen SCPE-250-BIO (250 ml, number of discs 11, number of cells 
per disk 20) and an Armen TMB CPC 250 unit (250 ml, number of discs 20, number of cells per 
disk 93). The columns were tested with two types of solvent systems: a commonly used system 
in support free liquid-liquid chromatography from the ARIZONA solvent system family (System 
K) and a polymer/salt ATPS system (14.3 wt% PEG 1000/14.3 wt% K2HPO4/71.4 wt% water). 
The same operating conditions were used in the experiments performed with both columns.   

For the ARIZONA system the stationary phase retention in the CPE column is higher than in 
the classical CPC column. In the CPE column higher mobile phase flow rates could be used 
due to the lower pressure drop. The column efficiency was evaluated by pulse injection 
experiments with two benzenediols (pyrocatechol and hydroquinone). For same mobile phase 
flow rates the number of theoretical plates (N) in the classical CPC column was much higher 
than in the CPE column, leading to a better separation performance. 

In classical CPC columns stationary phase retention for an ATPS system [2] is possible for very 
low mobile phase flow rates only. In the CPE column stationary phase retention higher than 0.5 
was obtained even at a flow rate of 40 ml/min (rotational speed of 2000 rpm). Besides the 
determination of the stationary phase retention at different flow rates, pulse injection 
experiments of a protein mixture (myoglobin and lysozyme) were performed. The obtained 
results show that the new column design enables protein separations with ATPS using high 
mobile flow rates.  

Taking everything into account it can be concluded that the newly designed column offers a 
great opportunity for the application of ATPS. Nevertheless, due to the higher column 
efficiency, the classical CPC columns are superior for separations with conventionally used 
biphasic systems in support free liquid-liquid chromatography.  
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Fatty acids (FAs) have a market in pharmaceutical, cosmetics and in health supplements. 
Furthermore they give high use values to industrial products as renewable raw materials. 
Common feedstocks for industrial FA producers are reacidified soapstocks as a coproduct of 
refineries during neutralization or residual free FA obtained by the deodorization step of 
vegetable oils. In addition to mixtures of FAs (the so-called acid oils) there is an interest in 
isolating individual FA efficiently and in high purity [1]. 

Purification of FAs or esters on a preparative scale from raw materials is accomplished through 
the combination of different methods such as solvent crystallization, fractional and molecular 
distillation, urea fractionation, enzymic prodcedures, liquid chromatography or supercritical fluid 
chromatography [1]. Also countercurrent chromatography (CCC) and centrifugal partitioning 
chromatography (CPC) have been applied for the purification of fatty acids and esters [2]. 
However, the purification by liquid-liquid chromatography proved to be laborious due to the 
equivalent chain length (ECL) rule for FAs, which implies that one double bond of an 
unsaturated FA (e.g. 18:1) equals with two additional carbon atoms of a saturated FA (in this 
case 16:0). Hence, separations based on liquid-liquid partitioning face the drawback of 
coeluting FAs caused by similar partitioning coefficients. Owing to this, full purification of 
individual FAs in one step is not described among the current separation methods or is only 
possible if the crude mixture is strongly enriched in specific FAs [2]. 

In this study we have examined a pH-zone-refining mode CCC of individual major FAs from 
sunflower oil and rapeseed oil after saponification. Since FAs represent weak carboxylic acids 
with relatively high hydrophobicities they are well suited target compounds for pH-zone-refining 
mode [3]. This not only enabled the possible sample load to be increased by a factor around of 
10 but also the involvement of the respective acid strength values of the individual FAs in the 
separation process. After appropiate adjustment of the retainer and eluter concentration ratios 
the coelutions pursuant the above mentioned ECL rule can be circumvent and FAs such as 
16:0 and 18:1 could be separated from each other. 

This novel strategy was used for the efficient preparative separation of individual major FAs 
from vegetable oils. Both possibilities, the normal displacement mode and the more widely 
used reversed-displacement mode will be compared. For a better understanding of the 
separation process, the influence of retainer and eluter concentration ratios and the order of 
elution of the FAs will be discussed. 
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Angiogenesis refers to the process of creation of new blood vessels, which are critical for 
diverse biological processes (e.g. wound healing, collateral circulation in the ischemic heart). 
Notably, however, an imbalance in angiogenesis contributes to the pathogenesis of numerous 
disorders, such as ulcers, strokes, and heart attacks. On the contrary, excessive blood vessel 
proliferation may favour tumor growth and metastasis [1]. Plant-derived compounds have 
recently emerged as a novel potential class of angiogenesis modulators capable of inhibiting 
cancer growth without causing major side effects. 

Greece, in particular, is well known for the richness and diversity of its flora that consists of at 
least 6300 species and subspecies. Over 15% of Greek flora is endemic and could be an 
excellent source of novel active compounds. Despite their great importance only a small 
proportion, approximately 10%, of the classified plants have been investigated and chemically 
characterized.  

The aim of this project is to discover and evaluate endemic greek flora-derived small molecules 
with potential as new angiogenic modulators, through bioguided fractionation. Recent years 
FCPC has become a method of choice in isolation and purification of natural products [2]. Its 
ability to separate substances from large volume of crude and complex extracts is crucial in 
further analysis as far as identification and biological evaluation. The step-gradient FCPC was 
selected as a method of choice for a rapid and efficient fractionation of the bioactive extracts. 
The main advantages of the selected procedure are the capability to separate compounds from 
several structural categories and different polarities as far as the total recovery of the extract 
metabolites resulting to the biological evaluation even of those compounds that bind irreversible 
to solid-static phases.  

Therefore, 275 extracts obtained from Greek flora were evaluated as angiogenetic modulators 
and the results showed that 51 EtOAc and 19 MeOH extracts possess significant activity. In 
order to isolate their bioactive components,  the fractionation of the active extracts was carried 
out using the following series of 5 -with increasing polarity-biphasic systems: n-
Heptane/EtOAc/EtOH/H2O (x/y/7/8) for the EtOAc extracts and n-
Heptane/EtOAc/BuOH/EtOH/H2O (x/y/z/5/10) for the MeOH extracts, respectively. 

Subsequently the most promising fractions were further elaborated for the isolation of their 
substances using TLC preparative and sephadex column chromatography. The structural 
elucidation of the isolated compounds was performed by NMR  and MS techniques.  

As a future goal, the most promising of them will be evaluated in advanced in vitro and in vivo 
models to establish their anti-angiogenic effects. 
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Naphthoquinones are compounds present in different families of plants, mainly Bignoniaceae. 
Their molecular structures endow them with redox properties, involved in different biological 
oxidative processes such as photosynthesis and electron transfer reactions. Toxicity and 
therapeutic activities of these compounds involve the formation of oxygen reactive species. 
Among the naturally bioactive naphthoquinones stands lapachol, which is easily isolated from 
the heartwood of trees of various species of Tabebuia, especially Tabebuia avellanedae, 
popularly known in Brazil as “ipês”. The use of natural quinones, such as lapachol (1), in the 
synthesis of new heterocycles becomes important in the development of new bioactive 
substances. Silica gel column chromatography is the chromatographic method conventionally 
used for the purification of these derivatives. However it consumes much time and large 
amounts of solvent. In order to improve the isolation procedure, high-speed countercurrent 
chromatography was used instead. 

Condensation reactions of lapachol with aromatic aldehydes in the presence of ammonium 
acetate were employed in the synthesis of a series of naphthoxazoles. Each reaction led to the 
formation of two main products, with very close polarities (Scheme. 1), derivatives from β-
xyloidone (bearing the chromene skeleton), and the naphthoxazoles with the isoprenyl side 
chain of lapachol, which were purified by countercurrent chromatography (PC Inc.), using 
hexane-acetonitrile-methanol (2:2:1) as solvent system, upper phase as mobile phase (normal 
phase) at a flow rate of 2 mL/min. The sample reaction (100 mg) was dissolved in 5 mL of the 
solvent system (2,5 mL of each phase) and injected on a 80 mL column. 60 fractions of 4 mL 
were collected, and the substances retained on the column were recovered in the elution-
extrusion mode. KD values of reaction products in the selected solvent system were obtained by 
GC analyses The KD values for the alpha-xyloidone derivatives range from 0.1 to 1.2 whereas 
those of the more polar naphtoxazole derivatives ranged from 0.9 to 2.8. According to these 
values, all reactions samples were fractionated with elution volumes (VM) corresponding to 3 
times the column volume, thus all compounds with KD ≤ 3 eluted completely during the 
chromatographic procedure. Some byproducts with KD > 3 were retained in the stationary 
phase, which was also fractionated after chromatographic process. High speed countercurrent 
chromatography (HSCCC) proved to be an efficient technique for the separation and 
purification of these derivates, using the same solvent system, with economy of time and 
solvent when compared to conventional liquid chromatography technique (with solid support). 
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Rosemary (Rosmarinus Officinalis) is an aromatic herbal plant 
belonging to the Lamiaceae family and known for its medicinal 
and taste properties. It belongs to the Mediterranean diet, 
associated with beneficial effects on health. Indeed, recent 
studies have shown its pharmacologic activities for cancer 
chemoprevention and therapy due to phenolic compound 
presence like carnosol, carnosic acid and rosmarinic acid.  
Carnosol was more specifically evaluated for anti-cancer 
properties in prostate, breast, skin, leukemia and colon cancer showing promising results.  

The most practical way to obtain purified carnosol fractions is extraction from natural sources 
like Rosemary plant. However, the difficulty lies in the compound stability after purification: 
carnosol is a very fragile molecule sensitive to light, temperature and some solvent such as 
ethanol or water. Carnosol degradation is strongly reduced when it is in the rosemary mixture 
so that the extract can be stored for weeks in a refrigerator when purified carnosol must be 
secured in dry, dark and cold conditions.  

Centrifugal Partition Chromatography (CPC) was successfully used for carnosol isolation from 
an ethanol extract of Rosemary leaves. The purification was developed and optimized on a 
small 35 mL CPC rotor saving solvent and time. The carnosol production was carried out with a 
quaternary solvent system composed of heptane/methyl tert-butyl ether/ethanol/water in 
ascending normal phase mode. A HPLC method was used to identify collected fractions and 
determine their purity. 
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Sophorolipids represent an important class of natural surfactants with a variety of 
environmental, cosmetic and pharmaceutical applications. Synthesized by nonpathogenic 
yeasts such as Candida bombicola, Candida apicola or Thodotorula bogoriensis in the 
presence of carbohydrates and lipid substrates, they are released in the extracellular medium 
as a mixture of structurally related molecules composed of one sophorose unit linked β-
glycosidically to a hydroxy fatty acid chain with 16 to 18 carbon atoms and one or more 
unsaturations. Sophorose can also be acetylated, the hydroxy fatty acid can be linked to the 
sophorose unit at the terminal or subterminal position, and the carboxylic end of the fatty acid 
chain is either free (acid forms) or esterified to one hydroxyl group of the sophorose unit 
(lactone forms). The physicochemical and biological properties of sophorolipids are strongly 
dependant on their structure, particularly on the distribution between the lactone and acid forms 
released during fermentation. Nevertheless, the exact structure-activity relationships within 
each class remain unclear and the use of sophorolipids in cosmetic or pharmaceutical products 
is hampered by the lack of information regarding the properties of individual species.  

In this work, a centrifugal partition chromatography method was developed in a gradient elution 
mode for the separation of sophorolipids produced by the yeast Candida bombicola. 
Experiments were realized by using three sets of solvent systems composed of n-heptane, 
ethyl acetate, n-butanol, methanol and water in different proportions. The separation was 
performed at 5 mL/min in the ascending mode by increasing progressively the polarity of the 
organic mobile phase. In these conditions, more than 80 % of the sophorolipids present in the 
initial crude fermentation extract were eluted successively from the most hydrophobic lactone 
forms to the most hydrophilic acid forms. In order to obtain highly pure sophorolipids, 
preparative high-performance liquid chromatography (prep-HPLC) was further combined to 
CPC as an orthogonal technique. As a result, eleven sophorolipid structures elucidated by 
HPLC and NMR analyses were obtained among which three structures were described for the 
first time.  

The results demonstrate that, even starting from a highly complex extract containing more than 
20 target compounds and exhibiting tensioactive properties, CPC enables the removal of free 
fatty acids and residual sophorose in a single run while fractionating the different sophorolipid 
species in a wide polarity range. This purification strategy can be interesting for further 
biological evaluation of individual glycolipid structures as well as for a better understanding of 
their structure-activity relationships. 
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Cyanobacteria have become an attractive source of innovative classes of pharmacologically 
active compounds showing a broad spectrum of biological activities [1]. Recently, nostotrebin 6 
(NOS-6), a novel polyphenolic compound with a fully substituted 2,2´-bis(cyclopent-4-en-1,3-
dione) skeleton, has been isolated from the cyanobacterial strain Nostoc sp. str. Lukešová 
27/97 [2,3]. NOS-6 has been reported as an effective inhibitor of acetylcholinesterase and 
butyrylcholinesterase under in vitro conditions [2,3]. Since the inhibition of these enzymes is 
currently used as a treatment strategy for Alzheimer’s disease (AD), NOS-6 is of relevant 
pharmacological potential for AD therapy. Therefore, it is of great significance to develop a 
rapid and economical method for the preparative separation of NOS-6 in order to speed up 
further pharmacological investigations. So far, nostotrebin 6 has been obtained by using 
conventional separation methods including the use of polyamide and silica-gel columns, and 
HPLC [2,3], which are usually time and solvent consuming operations, involve multiple steps 
and have the peril of loss of compounds due to the highly adsorptive effects of the solid 
matrices.  

In the present study, high performance countercurrent chromatography (HPCCC) was 
successfully applied for the separation of Nostotrebin 6 from cultivated soil cyanobacteria in 
two-step operation. The separation was performed using a two-phase solvent system 
composed of n-hexane–ethyl acetate–methanol–water (4:5:4:5, v/v/v/v). In the first-step 
operation, its neutral upper phase was used as stationary phase and its base lower phase (1% 
NH3 in lower phase, pH 8.7) was employed as mobile phase at a flow rate of 1 mL/min. In the 
second step operation, its neutral upper phase was used as stationary phase, whereas both its 
neutral lower phase and base lower phase were employed as mobile phase with a linear 
gradient elution at a flow rate of 0.8 mL/min. The revolution speed and temperature of the 
separation column were 1000 rpm and 30° C, respectively. The HPCCC peak fractions were 
monitored by HPLC equipped with DAD and ESI-HRMS detectors. Using HPCCC followed by 
clean-up on Sephadex LH-20 gel, 4 mg of NOS-6 was obtained from 100 mg of crude extract at 
a purity of 99%, as determined by HPLC/DAD-ESI-HRMS. The chemical structure of the 
isolated compound was confirmed by ESI-HRMS, 1H-NMR and 13C-NMR spectra data. The 
overall results indicate that the HPCCC method yielded a highly purified compound that was 
well suited for further pharmacological research. This study demonstrated that HPCCC is a fast 
and efficient technique for the systematic isolation of bioactive compounds from cyanobacteria 
biomass. 
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Aconitum coreanum (Lèvl) Rapaics (Guanbaifu in Chinese), a well-known traditional Chinese 
medicinal plant for heart disease, has been widely used to treat various kinds of diseases such 
as cardialgia, facial distortion, epilepsia, migraine headache, tetanus, infantile convulsion and 
rheumatic arthralgia [1]. This paper was seeking an efficient method to preparative separation 
alkaloid compounds from Aconitum coreanum. Seven diterpenoid alkaloid compounds were 
successfully purified by pH-zone-refining CCC [2,3] with two-phase solvent system of 
petroleum ether-ethyl acetate-methanol-water (5:5:1:9, v/v/v/v), 10 mM triethylamine in upper 
phase and 10 mM hydrochloric acid in lower phase. This study indicated that pH-zone-refining 
CCC is an efficient method for separation the kind of alkaloids with low absorbance value. From 
3.5 g crude extract, 356 mg of Guanfu base I, 578 mg of Guanfu base A, 74 mg of 
Talatisamine, 94 mg of Guanfu base F, 423 mg of Guanfu base G, 67 mg of Guanfu base R, 
and 154 mg of Guanfu base P were obtained with the purity of over 95.0%. The chemical 
structures were identified by electrospray-ionization mass spectrometry (ESI-MS) and 1H 
nuclear magnetic resonance (NMR). 

 
Figure 1. pH-zone-refining CCC chromatogram of preparative separation of alkaloids compounds from 
Aconitum coreanum (Lèvl.) Rapaics 
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Coptis chinensis Franch is a kind of important traditional medicine which is rich of alkaloids. 
Pharmacological experiments show that it has antibacterial, antifungal effect, anti-amoeba 
effect and antipyretic effect et al and can be used to treat the diseases such as heat dampness, 
purging fire and detoxification, eczema. In this work, the dried Coptis chinensis powder was 
extracted with 70% aqueous ethanol under reflux for three times. Then, the crude extracts were 
obtained by salting-out method. pH-Zone-refining counter-current chromatography [1,2] was 
successfully applied to the preparative separation of five quaternary ammonium alkaloids from 
the crude extracts of Coptis chinensis. The separation was performed with a two-phase solvent 
system composed of chloroform (CHCl3)–methanol (MeOH)–water (H2O) (4:3:3,v/v), where the 
upper aqueous phase added 60 mM of hydrochloric acid (HCl) as the stationary phase and the 
lower organic phase contained 5 mM of triethylamine (TEA) as the mobile phase. From 2.0 g of 
crude sample, 5.4 mg of columbamine in 96.69% purity, 6.1 mg of jateorhizine in 98.89% purity, 
58.3 mg of coptisine in 99.53% purity, 25.6 mg of palmatine in 98.41% purity and 503.9 mg of 
berberine in 99.51% purity were obtained. The purities of the isolated alkaloids were analyzed 
by HPLC and the chemical structures were identified by 1H-NMR and electrospray ionization-
mass spectrometry (ESI-MS). In present study, pH-zone-refining CCC were employed for the 
preparative separation and purification of quaternary ammonium alkaloids A, B, C, D, and E 
from the crude extract of Coptis chinensis. 

 

Figure 1. pH-zone-refining CCC chromatogram of preparative separation of alkaloids 
compounds from Coptis chinensis Franch. 
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This study is an application of preparative high-speed countercurrent chromatography 
(HSCCC) and off-line LC/DAD/ESI/MS3 [1] to get a detailed polyphenolic metabolite profile of 
the floral parts of Crocus sativus L. (Iridaceae) that are discarded in the production of saffron 
spice [2]. Dried material was extracted with ACN/H2O (1% TFA). The polyphenols were 
recovered by an Amberlite XAD-7 column, and 1.085 grams were subjected to HSCCC (solvent 
system: TBME/n-BuOH/ACN/H2O (1/3/1/5 v/v/v/v; 1% TFA)). 42 Fractions were obtained 
according to similarities on TLC. Preparative HSCCC was a very effective technique to isolate 
major components (e.g. kaempferol 3-O-sophoroside) and fortify minor and very low 
concentrated compounds so that they could be detected and structural information obtained by 
off-line LC/DAD/ESI/MS3. The two dimensional plot of the medium HSCCC retention time of 
each fraction vs the LC retention time of the compounds especially contributed to distinguish 
compounds with the same LC retention times, DAD and MS signals but different polarity and 
eluting in non-consecutive HSCCC fractions (Fig.1 for anthocyanins). The signals of 32 O-
glycosylated flavonols: 17 kaempferols; 8 quercetins; 5 isorhamnetins, 2 myricetins; 2 C-/ O-
glycosylated flavonols (not reported previously in saffron flowers) (Fig. 2); 10 O-glycosylated 
anthocyanins: 5 delphinidins, 2 petunidins, 2 malvidins, 1 cyanidin and 75 compounds 
belonging to other groups according to their UV-Vis spectra were depicted in the two 
dimensional plot. 
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Figure 1. 
Two dimensional HSCCC × LC/DAD/ESI/MS3 plot 
for anthocyanins. [M]+/+MS2 [M]+ main fragments 
(m/z): Del-tri-glc (1 and 2) 789/627, 465, 303; Del-
3,5-di-O-glc (3) 627/465, 303; Cy-3,5-di-O-glc (4) 
611/449, 287; Pt-3,5-di-O-glc (5) 641/479, 317; Del-
O-hexoside (6 and 7) 465/303; Mv-3,5-di-O-glc (8) 
655/493, 331; Pt-3-O-glc (9) 479/317; Mv-3-O-glc 
(10) 493/331. Del: delphinidin, Cy: cyanidin, Pt: 
petunidin, Mv: malvidin, glc: glucoside. 
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Figure 2. +MS2 spectrum and neutral losses of a mixed C-/ O- glycosylated flavonol tentatively asigned to 
6-hydroxykaempferol-3,6-di-O-glucosyl-8-C-glucoside [3]. 
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Different studies had pointed to the valorisation potentials of floral bio-residues from the 
production of saffron spice as a natural source of antioxidants and phytochemicals [1-2]. This 
work used a novel combination of preparative high-speed countercurrent chromatography 
(HSCCC) and sequential off-line injection to ESI-MS (neg. mode) for a fast screening and 
fractionation of polyphenols from saffron floral bio-residues. Dried material was extracted with 
ACN/H2O (1% TFA). The polyphenols were recovered by an Amberlite XAD-7 column, and 21 
grams were subjected to larger lab-scale spiral coil CCC (solvent system: TBME/n-
BuOH/ACN/H2O (1/3/1/5 v/v/v/v; 1% TFA)). A polyphenols fraction (0.69 grams) was subjected 
to high-speed CCC (solvent: EtOAc/n-BuOH/H2O (2/3/5; 0.5% HCOOH). Collected fractions 
were analyzed by TLC, diluted by a factor of 3 and analyzed by sequential off-line injection to 
ESI-MS2. Fractions were combined and re-analyzed by LC-ESI-MS3. Elution orders and co-
elution effects of major and some minor concentrated polyphenols could be monitored by 
HSCCC-ESI-MS target-guided isolation procedures [3] with selective ion traces (Fig. 1). Most 
ESI-MS signals later detected by LC-ESI-MS3 were already visualized by the sequential off-line 
direct injection of HSCCC-fractions with an enormous potential of reducing MS-experimental 
time. Finally, fractionation of pure targets such as quercetin 3-sophoroside and kaempferol 3-
sophoroside was achieved in a very precise way. 
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Figure 1. Selected ion traces from continuous off-line ESI-MS injections (neg. mode) of HSCCC-
separation: Major (A) and minor (B) components: p-coumaroyl tyrosine (1), K 3,7 di-O-glc (2), Q caffeoyl-
glc (3), not id. (4), Q 3,4’-di-O-glc (5), kaempferid derivate (6), Q 3-O-soph (7), K 3-O-soph (8), not id. 
(9), K 3,7,4’ tri-O-glc (10), K 3-O-glc-7-O-soph (11), Myricetin 3-O-soph (12), K derivate (13), K 3-acyl-glc 
(14), Isorhamnetin 7-O-glc (15), Q (16); K: kaempferol, Q: quercetin, glc: glucoside, soph: sophoroside. 
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One of the most crucial factors determining the safety and efficacy of herbal medicines is the 
quality of the raw materials. The absence of readily available biomarkers is one of the reasons 
why robust and effective quality control protocols have not been produced for commercially 
import herbal medicines. Extracts from medicinal plants are notoriously complex making the 
isolation and purification of the biomarkers an extremely laborious and time-consuming 
process. 

High-performance counter-current chromatography (HPCCC) offers several advantages over 
conventional techniques and is ideally suited for the rapid isolation of natural products. The 
analytical methods in HPCCC could be easily upgraded to preparative scale which is a great 
advantage for HPCCC in industrial usage [1].  

The isolation of bio-active molecules from selected indigenous South African plants will be 
presented to illustrate the efficiency of this technique. In all samples separation was performed 
in both analytical and preparative scale with the flow rate of 0.5 and 3 mL/min, respectively. 
The rotation speed was 1600 rpm. 

Aloe ferox Mill. (Xanthorrhoeaceae) commonly known as the bitter aloe or Cape Aloe is a 
variable species indigenous to the Cape coastal region of South Africa. Aloe ferox has been 
used since ancient times in folk medicine and recently it has gained popularity as an ingredient 
in cosmetic formulations and food supplements [2]. The solvent system comprising of 
ethylacetate-n-buthanol-water (3.5:1.5:5 v/v/v) was used in reveres phase mode to isolate the 
following 8 compounds from the leaf exudate of Aloe ferox; aloesin, aloeresin C, aloeresin A, 5-
hydroxyaloin, aloin B, aloinoside B, aloin A and aloinoside A. 

Harpagophytum procumbens (Burch.) DC. (Pedaliaceae) known as Devil’s Claw is a 
noteworthy traditional medicinal plant growing in the Kalahari region of southern Africa. 
Ethnobotanically, it is used to treat rheumatism and arthritis, pain, and also used as a tonic for 
gastroenterological disturbances [3]. By HPCCC in normal phase mode using a solvent system 
ethylacetate-water (1:1, v/v), 5 compounds (verbascoside, isoverbascoside, harpagoside, 
harpagide and 8-p-coumaryl-harpagide) were isolated from the methanolic extract.  

Sceletium tortuosum (L.) N.E.Br L. (Mesembryanthemaceae) is endemic to the Cape region of 
South Africa and has probably been used for centuries as a mood-altering substance [4]. 
Alkaloids are known to be the active constituents in Sceletium species. Three major alkaloids in 
S. tortuosum, mesemberine, mesemberinone and ∆mesemberinone were isolated by HPCCC 
using hexane-ethylacetat-methanol-water (2:5:2:5 v/v/v/v) as the mobile phase in normal phase 
elution. 

The results show HPCCC can be considered a fast and reputable method for the isolation of 
bio-markers from a crude extract which can easily be scaled up from analytical to preparative 
processes 
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Tetradenia riparia (Hochstetter) Codd, a member of the family Lamiaceae, is a shrub common 
throughout Africa. In South Africa, it is one of the most popular herbs and medicinal plants [1]. 
T. riparia has been the subject of research to isolate and identify the active compounds present 
in extracts from its leaves [2]. The plant is used as a remedy against a wide range of diseases 
including  malaria, angina, gastroenteritis, diarrhea, dental abscesses, gonorrhea, headache 
and several kinds of fevers and aches. In Brazil it is used in rituals and is commercialized in 
open markets [3]. Literature reports the diterpene 7-α-hydroxyroyleanone as its major 
constituent (Figure 1) [4]. The present work describes the selection of an efficient solvent 
system for the isolation of this diterpene from T. riparia by high speed counter-current 
chromatograph (HSCCC) as it will serve as starting material for the synthesis of heterocyclic 
derivatives. 

Leaves of T. riparia were extracted with dichloromethane. The 
dichloromethane extract was fractionated by HSCCC, in a HTPrep 
Quattro (26 ml coil, 1,0 mm bore) with different solvent systems (Table 1), 
flow rate 0,75ml/min and 860 rpm. Forty fractions were collected 
containing 1,5 ml.  

Figure 1. 7-α-hydroxy8/4/14royleanone 
 

SP – stationary phase, UP – upper phase, LP –lower phase 

The fractions containing 7-α-hydroxyroyleanone were combined and analyzed by GC-MS where 
the compound was identified by the ion at m/z 332. All solvent systems were able to fractionate 
the target compound, but only systems D and E were able to isolate the diterpene with purities 
above 90%.The best solvent system was composed of hexane-5% aq. Na2CO3 (1:1), giving the 
best yield (21,6%) and purity (99%) when compared to solvent system hexane-EtOH- H2O 
(3,4% yield; 96% pueity). In solvent system E the diterpenequinone forms a salt in the basic 
solution, characterized by a red colour, which is recovered from the aqueous phase by 
neutralization with conc. HCl and extraction with EtOAc. 
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Table 1. Solvent systems tested for the purification of 7-℃-hydroxyroileanone from the dichloromethane 
extract of T. riparia 

 Solvent  systems Solvent 
ratio 

Sample 
(mg) 

Elution 
mode 

Stationary 
phase 
retention 

 

A Hexane-EtOAc-MeOH-H2O 3:1:3:1.5 50.1 SP = LP 76.92% 20 Fractions with 
rotation on 

and 
20 fraction with 

rotation off 

B Hexane-Acetone-MeOH- H2O 3:1:3:1.5 50.3 SP = LP 73.08% 
C Hexane-ACN-MeOH 1:1:0.5 50.4 SP = LP 57.69% 
D Hexane-EtOH- H2O 4:3:1 50.1 SP = LP 84.61% 
E Hexane-5% Na2CO3(aq)  1:1 50.0 SP = UP 94.23% 
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Lichens produce a high diversity of secondary metabolites for growing enhancement and 
protection against hazards like pathogens and predators, intense UV light or oxidative stress. 
Among these metabolites, depsides comprised of two or more hydroxybenzoic acid units linked 
by ester, ether, or C-C-bonds, have been recently identified as potent anti-inflammatory, 
antioxidant, antimicrobial, and anticancer natural products with multi-target in vitro and in vivo 
activities. 

During classic solid support-based purification processes, depsides are often hydrolyzed and 
consuming procedures may result only in the isolation of artifacts. In an attempt to avoid 
extensive purification steps while maintaining metabolite structure integrity, we propose an 
alternative method to identify the major depsides of crude lichen extracts directly within 
mixtures, without purification of individual compounds.  

For our analysis, we selected P. furfuracea L. var. ceratea (Parmeliaceae) which is a well-
investigated folios lichen growing on the bark of coniferous trees, commercially used in the 
perfume industry as a fragrance and recognized to contain a range of depsides and 
depsidones. Exploiting the acidic character of depsides and differences in polarity, the initial 
crude extract was fractionated by centrifugal partition chromatography (CPC) in the pH-zone 
refining mode, yielding twelve simplified mixtures of depsides. After 13C nuclear magnetic 
resonance analysis of the CPC-generated fractions, the major depside molecular structures 
were directly identified by using a recently developed pattern recognition method [1], which 
consists in the alignment of 13C chemical shifts across spectra and hierarchical clustering 
analysis of the resulting two-dimensional dataset. The aim of this approach is to highlight the 
statistical correlations between 13C NMR signals within the fraction series and directly visualize 
the individual metabolites as “chemical shift clusters”. The obtained clusters were finally 
assigned to their corresponding molecular structures with the help of an in-house 13C NMR 
chemical shift database containing the predicted 13C chemical shifts of a range of depsides and 
depsidones described in the literature, resulting in six unambiguously identified compounds, 
namely olivetonide, methyl β-orcinolcarboxylate, olivetoric acid, olivetol carboxylic acid, 
atranorin, and 5-chloroatranorin.  

Although depsides and depsidones and their corresponding monomers are often structurally 
very close, we demonstrated in this study that CPC fractionation hyphenated to 13C NMR 
pattern recognition is an efficient and fast combination for the characterization of lichen crude 
extracts without time-consuming or damaging isolation procedures.  

References 
[1]   J. Hubert et al., Anal. Chem. 86 (2014) 2955. 
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Glabridin (1), a prenylated isoflavan specific from the roots of European licorice (Glycyrrhiza 
glabra L.), has demonstrated a wide range of biological properties such as anti-inflammatory, 
anti-atherogenic, estrogenic, and energy metabolism regulation [1]. Reported purification 
processes from the crude extract generally involve a minimum of three steps of liquid 
chromatography. Countercurrent separation (CS) isolation methods have not been reported. 
The present study explores CS as a powerful and targeted method for the scaled-up isolation 
and purification of glabridin, as well as congeneric metabolites 4'-O-methoxyglabridin (2), 3'-
hydroxyl-4'-O-methoxyglabridin (3). The partition coefficients, K values, of compounds 1, 2, and 
3 were calculated in different solvent systems (SSs) using UHPLC-UV through the shake-flask 
methodology with G. glabra crude extract. Nineteen solvent systems were screened and the 
stationary phase volume retention ratio (Sf) of eight suitable SSs, giving a K value between 0.5 
and 2, was evaluated with an analytical 20 mL HSCCC system monitored by the CherryOne 
automated CS operating system equipped with a phase metering apparatus. The later 
facilitates visualization of SS mixing, linked to the process of equilibration thereby enabling the 
determination of the Sf and the measurement of the loss of the stationary phase during the 
elution step. The SS composed of hexanes-ethyl acetate-methanol-water (HEMWat) 7:5:6:4 
(v/v) was selected for its Sf of 77% and for the K value distribution of the target metabolites 
(K(1):1.13, K(2):1.80, K(3):2.10). Preparative CS was performed on a 300 mL HSCCC system 
(descending mode, 900 rpm, 1.5 mL/min) with crude G. glabra extract. Interestingly, after 
injection a perturbation of SS mixing was observed leading to a loss of stationary phase 
measured by the drop of Sf to 55%. The retention volumes of the target metabolites were 
accurately predicted at 310 mL, 484 mL, and 536 mL respectively. Fraction monitoring was 
performed by TLC and UHPLC–UV. Finally, a semi-preparative HPLC method was developed 
to provide an orthogonal approach for the purification of 1 from co-eluting metabolites, 
isoglabrone (4) and glabrocoumarin (5) Purity determinations were made with qHNMR. The 
results obtained highlight that countercurrent separation enables the targeted isolation of 
structurally related metabolites. 

 

Reference 
[1] Simmler, C., et al. Phytochemistry and biological properties of glabridin. Fitoterapia 2013, 90,160-
184.  

1:R'= H; R"= OH
2:R'= H; R"= OMe
3:R'= OH; R"= OMe
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A separation method using countercurrent chromatography (CCC) coupled with an evaporative 
light scattering detection system (ELSD) was developed for the purification of five triterpenoid 
saponins from the root of Bupleurum falcatum. The crude samples for CCC separation were 
prepared by extraction with methanol. The extract was then loaded onto a Diaion®-HP20 
column and fractionated by methanol and water gradient elution. The column was eluted in turn 
with water, 30% methanol and 100% methanol gradient elution. The saikosaponins were 
obtained by 100% methanol elution. The fraction was then separated by CCC-ELSD. The two-
phase solvent system used for separation was composed of chloroform / methanol / 
isopropanol / water at a volume ratio of 60:60:1:60 and 6:6:1:6. The relation between the ratio 
of isopropanol and partition coefficient of target compounds were investigated by calculating K 
value and exact composition (by 1H NMR) of each phase. Each fraction obtained was collected 
and dried, yielding the following five saikosaponins from 700 mg of injected sample: SSB1 (8.7 
mg), SSA (86 mg), SSB3 (17 mg), SSB2 (41 mg) and SSC (33 mg). The purity of these 
saikosaponins was greater than 97% as assessed by high-performance liquid chromatography 
(HPLC)-ELSD, and their structures were characterized by electrospray-ionization mass 
spectrometry (ESI-MS) and by proton and carbon nuclear magnetic resonance (1H NMR and 
13C NMR, respectively) spectroscopy. The cytotoxicity for cancer cells was measured for the 
separated compounds. Saikosaponin A showed the most potent cytotoxicity against human 
cancer cells (gastric cancer, AGS; breast cancer, MCF-7; and hepatoma, HepG2) within 24 h. 
The IC50 values for the above three cell types were 34.6 µM, 33.3 µM and 23.4 µM, 
respectively. 
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Lathyrus clymenum is an edible plant of the Fabaceae family, native to the Mediterranean area 
and is cultivated on Santorini and neighboring islands for about 3500 years [1]. The seeds of 
the plant are used to prepare a Greek dish called ‘fava (santorinis)’ and were recently added to 
the European Union's products with a Protected Designation of Origin.  

The n-hexane, dichloromethane, methanolic and water extracts of the aerial part, seeds, 
endosperm and perisperm of the cultivated L. clymenum were evaluated for their antioxidant 
and anti-hyperpigmentation properties using DPPH and tyrosinase inhibition assays, 
respectively. The results showed that the methanolic extract of the perisperm exhibited the 
most significant activity with 93% DPPH scavenging at 200 µg/ml and 46% tyrosinase inhibition 
at 300 µg/ml respectively.  

Therefore, the active methanolic extract of perisperm was studied in order to investigate the 
phytochemical profile and to identify the responsible antioxidant and anti-hyperpigmentation 
principles.  Firstly, this extract was treated with macroporus resin Amberline XAD-4 in order to 
remove the sugars and increase the content of the active constituents. Subsequently, the 
phenolic part was elaborated by centrifugal partition chromatography (CPC) using a step-
gradient elution-extrusion method. For this purpose, a series of four biphasic systems 
consisting of n-Hexane, EtOAc, BuOH, MeOH and 5% Acetic Acid in H2O in ratio 5/10/0/5/10, 
1/14/0/5/10, 1/11/3/5/10 and 1/9/5/5/10 were used leading to 35 fractions. The direct isolation of 
four secondary metabolites was achieved. Moreover, three fractions were selected for further 
purification using TLC preparative and Sephadex column chromatography. Finally ten 
compounds, including three flavonoids, three phenolic compounds, an ionone, an isoprenoid, a 
nucleoside and one fatty acid monoglyceride, were isolated and identified by using NMR and 
MS spectroscopy.  

The above analysis showed that the predominant component of the extract is catechin, a 
secondary metabolite with great antioxidant activity. Moreover, the evaluation of isolated 
compounds with tyrosinase assay demonstrated that epigalocatechin possesses significant 
anti-hyperpigmentation activity with 40.1% tyrosinase inhibition at 0.33mM. Both catechin and 
epigalocatechin were obtained as pure compounds directly from CPC analysis of the phenolic 
fraction. To our knowledge, this is the first phytochemical analysis of L. clymenum. 

In conclusion, the polar fraction of perisperm, a byproduct of the production process of fava 
santorinis, is a rich source of catechin and epigalocatechin, which possess significant 
antioxidant and anti-hyperpigmentation capacity. CPC could be efficiently utilized for the 
preparation of bioactive compounds and the commercial exploitation of the above mentioned  
byproduct for the development of innovative cosmeceuticals.  

Reference 
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Hyptis monticola Mart. ex Benth belongs to the Lamiaceae family and is an endemic species of 
Brazil. The Lamiaceae family is of great importance as a source of bioactive constituents. 
Species of the genus Hyptis are generally used in the treatment of gastrointestinal and skin 
infections, cramps, pain and as inseticide [1]. Currently about 350 species of Hyptis are known 
and the main chemical constituents described in the literature are terpenoids, lactones, 
flavonoids and lignans [2]. Thus, the aim of this study was to develop a rapid method to 
separate the major compounds from EtOAc extract of H. monticola leaves. 

The species was collected in Vale das Videiras, Teresópolis, Rio de Janeiro, Brazil. The 
identification was performed by Professor Raymond Harley and a voucher specimen was 
deposited in the herbarium of the Universidade Estadual de Feira de Santana. Leaves of H. 
monticola were dried, powdered and extracted by successive EtOH: H2O (7:3) maceration. The 
hydroalcoholic solution was concentrated by removing EtOH and subjected to liquid-liquid 
partitions with solvents of increasing polarity: n-hexane, CH2Cl2, EtOAc and n-BuOH. 

400mg of the EtOAc extract dissolved in 10mL of n-hexane: EtOAc: n-BuOH: H2O (2:5:1:5 v / v 
/ v / v) were injected on a column of 80 mL previously filled with upper phase. Mobile phase 
(lower phase) was pumped at a flow rate of 2mL/min and then rotation was adjusted at 860rpm 
in a PC Inc equipment. The retention of the stationary phase in the column was 70%. 120 
fractions of 4 mL were collected, 40 fractions with rotation and 40 fractions without rotation 
pumping mobile phase, and 40 fractions without rotation pumping stationary phase. 

Fractions were analyzed on silica gel TLC, using CH2Cl2: EtOAc: formic acid: MeOH 
(5:5:1,5:0,5 v/ v/v/v) as mobile phase. The TLC plates were sprayed with NP-PEG reagent and 
visualized under short and long wavelength UV light. Fractions with similar chromatographic 
profiles were pooled and analyzed by RP-DAD-HPLC with AcN: TFA (0.1%) gradient from 10% 
AcN to 100% in 38 min. 

The use of HSCCC allowed a rapid separation of the major phenolics. Further structure 
elucidation by NMR and UV-Visible led to the identification of: quercetin-3-O-β-rutinoside, 
quercetin-3-O-β-galactoside, quercetin-3-O-β–glucoside and quercetin as well as, other 
metabolites still unidentified. The identification of these phytochemicals constitutes the first 
report on the chemical composition of H. monticola. The results showed the efficiency of the 
countercurrent chromatography in the separation of quercetin aglycone, quercetin 
monoglycosides and diglycoside derivatives in only 4 hours of analyses with a sample recovery 
of 87%. 
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β-substituted-2-phenylpropionic acids are important intermediates and starting materials for 
sysnthesis of chiral drugs. Preparative enantioseparation of these racemates becomes 
increasingly important in light of their key role in preparation of chiral drugs. Following our 
previous studies [1,2], enantioseparation of four racemic β-substituted-2-phenylpropionic acids 
by preparative high speed counter-current chromatography (HSCCC) with hydroxypropyl-β-
cyclodextrin as chiral selectors was investigated. 

In our previous studies, racemic 2-phenylpropionic acid and phenylsuccinic acid were 
successfully enantioseparated by HSCCC with hydroxypropyl-β-cyclodextrin as chiral selector. 
It was found that enantioseparation factor of 2-phenylpropionic acid was only about 1.3 when 
the biphasic solvent system n-hexane-ethyl acetate-0.1 mol L−1 phosphate buffer solution 
pH2.67 (5:5:10, v/v) was used, in which the aqueous phase containing 0.1 mol L-1 
hydroxypropyl-β-cyclodextrin. In order to obtain a complete resolution by HSCCC, recycling 
elution mode was used due to its limited theoretical plates and low enantioseparation factor [1]. 
However, the enantioseparation factor of phenysuccinic acid was found to be over 1.9, which 
could give a complete resolution by HSCCC in one single run [2]. This phenomenon intrigued 
us because the only difference between 2-phenylpropionic acid and phenylsuccinic acid lies in 
the different β-substituted group, as shown in Figure 1.  
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Figure 1. Chemical structures of racemic β-substituted-2-phenylpropionic acids used in the research 

Therefore, four β-substituted-2-phenylpropionic acids were selected (Figure 1), including 2-
phenylbutyric acid, 2-phenyl-3-methylbutyric acid, tropic acid and 2,3-diphenylpropionic acid, to 
be enantioseparated by HSCCC with hydroxypropyl-β-cyclodextrin as chiral selector. 
Experiments showed that high enantioseparation factor could be obtained for these racemates 
and good resolution was achieved by HSCCC. Our results tentatively indicated that high 
enantiorecognition of hydroxypropyl-β-cyclodextrin for β-substituted-2-phenylpropionic acids 
was mainly achieved by carboxyl group and phenyl group on the chiral carbon as well as a 
suitable β-substitute group. 
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Perhaps the biggest obstacle to the widespread acceptance of CCC and CPC in industrial and 
academic organisations is the selection of an appropriate two-phase solvent system for the 
particular separation being considered. Since the two phase system is both the mobile and the 
stationary phase of the technique, it is the single most fundamental criterion for success. 
However, with two phase systems coming from two, three, four, five or sometimes even more 
solvent components, with possible extra elements such as the addition of salts, modifiers or pH 
buffers, the options become virtually limitless. 

Most operators of CCC and CPC, when faced with a new separation challenge, resort to one or 
more of the following techniques: (1) skill and experience, which can take years to develop, in 
creating a solvent system from inspection of the distribution ratios of the components in the 
mixture, (2) a published solvent system selection method that may involve following a selection 
protocol or making up numerous systems and testing them all, or (3) studying the literature to 
see what systems have previously been employed for similar components. It is this latter 
approach that the authors hope to enhance with this research. 

Every paper published in English (as far as the authors are aware) describing a CCC or CPC 
solvent system for the purification of a natural product, from the early sixties until the beginning 
of 2014, has been inspected and the solvent system plus components separated have been 
catalogued. In total, over 3500 papers were studied, resulting in over 1000 compounds being 
listed. All this data has been analysed so that trends and patterns that can help in the future 
purification of natural products have been identified, some of which will be presented at this 
conference. It is hoped that this vast data set will greatly speed up the identification of future 
solvent systems for the purification of natural products by CCC or CPC. 
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The prediction of the partition behaviour of proteins in aqueous two-phase systems (ATPS) 
using Ovalbumin isoforms as a model based on their groups’ composition was investigated. 
The predictive models are based on the post-synthetic modification. The application of ATPS 
has been demonstrated in many cases including a number of industrial applications with 
excellent levels of purity and yield. This type of separation and purification system has also 
been successfully used for the separation of virus and virus-like particles .The advantage of this 
technique is that it may be used to monitor the aforementioned changes for purified proteins as 
well as for proteins in biological fluids, and that it is readily adaptable to automated high-
throughput screening. However, the wide use of this technology has been diminished by the 
lack of a clear understanding of the factors and mechanisms that govern the behaviour of 
proteins in these systems. It has prevented the development of analytical models that assist the 
rational design of these systems.  

The objective of this study is to predict the partition coefficient of proteins and use it as a 
structural descriptor of a peptide for quantitative structure–isoforms relationship. It involves 
HPLC analysis and identification of the phosphorylation site by using a Reagent Free Ion 
Chromatography-Eluent Generation system (RFIC_EG) of the phosphorylated peptide. This is 
followed by calculating the ratio of phosphorylated protein from protein isoform mixtures before 
and after treatment with alkaline phosphatase (ALP).  The developed methodology will be then 
applied to PEG/DEXTRAN two phase system; consequently we would develop a phase 
diagram for aqueous system and calculate Tie Line Length (TLL) and the composition of 
system when the volume ratio is one.   
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The polyphenol content of Chinese licorice roots (Glycyrrhiza uralensis, Fabaceae) is 
characterized by a high proportion of liquiritin (1) and liquiritin apioside (2) [1,2], two major 
bioactive markers [3]. This study evaluated the efficacy of a scaled-up centrifugal partition 
chromatography (CPC) method to purify the precious markers 1 and 2 in a single step. 
Representing an important parameter of both the process and the product, purity was 
determined by orthogonal analyses using UHPLC-UV/LC-MS and qHNMR. The solvent 
systems (SSs) reported previously for the isolation of 1 and 2 employed EtOAc and H2O, and 
were used as starting points for the development of optimized two-phase SS conditions. 
Analyzing the settling times with and without extract as well as the differential spread of the K 
values of the target compounds, the system composed of EtOAc/MeCN/H2O [5:6:9, v/v] was 
finally chosen. The stationary phase retention was 72% at equilibrium with the aqueous mobile 
phase (descending mode) at 1200 rpm and a flow rate of 20 mL/min. The scaled-up CPC was 
performed using the SCPC-1000 system, equipped with a 1000 mL column, and coupled with 
Armen Spot Prep II system in elution-extrusion mode (EECCC). The fractionation of 15 g of G. 
uralensis crude extract took less than three hours with 97% recovery of the injected sample. 
The target flavanones were eluted at K values of 0.72 (1) and 0.34 (2) in remarkable yields of 
498 mg and 255 mg, respectively. Orthogonal analyses of the purified products enabled the 
identification of co-eluting impurities. Notably, a new natural tyrosine analogue, p-
hydroxybenzylmalonic acid (3) (known by synthesis only) [4], could be detected in both isolates. 
Other impurities were mostly primary metabolites (e.g., sucrose, lactic acid) and structural 
isomers (e.g., isoliquiritin apioside) [5]. In order to make the isolates fit for biological evaluation, 
their purity was determined by the qHNMR 100% method [6] and calculated as 95.8% w/w and 
80.3% w/w for fractions most enriched in 1 and 2, respectively. Considering the 15 g load of 
crude sample, the scaled-up CPC method was found to be efficient for the purification of major 
licorice flavanones, with enrichment factors reaching 123 for 1 and 178 for 2. The identification 
of 3 and the detection of UV-transparent metabolites illustrate the importance of orthogonal 
analyses (LC-
UV/MS/qHNMR) 
for the purity 
determination and 
reproducible 
characterization of reference materials of bioactive markers. 
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Pyrrolizidine alkaloids (PAs) are liver toxic natural products. They act as genotoxic carcinogens 
in humans [1]. Almost 350 differently substituted PAs were structurally characterised with their 
additional occurring N-oxides. There is a lack of commercially available reference substances 
for specific targeted quantification [1]. PA-contamination was mainly reported for honey and 
food containing honey or bee products such as pollen [2]. In addition, PA-contamination of retail 
ready-to-use lettuce and of herbal teas was demonstrated. Contamination of seed material and 
unintentional co-harvesting and packaging are discussed. This is a recurring safety risk for the 
consumer. In our study, a pyrrolizidine alkaloid enriched extract from a target plant causing 
frequent contamination, S. jacobea (Asteraceae) (flowers), was fractionated by preparative 
HSCCC (850 mL coil column) and spiral-coil countercurrent chromatography (spCCC, 5500 mL 
coil column). The biphasic solvent system n-hexane – ethyl acetate – methanol – water 
(3:7:5:5, v/v/v/v) was used to separate 800 mg (HSCCC) crude PA-extract and 5 g (spCCC), 
respectively. 

The recovered CCC fractions were continuously off-line injected to an ESI-MS/MS (Bruker HCT 
Ultra). The HSCCC-ESI-MS target-guided isolation procedure [3] made use of selective ion 
traces of expected PAs (cf. Fig.). Elution orders and co-elution effects of minor and major PAs 
were monitored by selected ion-traces (altern. mode MS2, scan: m/z 100-1500). The HSCCC 
resulted in fractionation of 8 PAs, and one non-PA, already known from S. candidissimus [4]. 
PA-compounds 3 and 6, 8 and non-PA (9) could be directly used as 95% pure reference 
materials.  

 

 
 
 
 
 
 

 

Figure 1. Elution order of PAs from the HSCCC and spCCC runs monitored by sequential injections to 
ESI-MS2 (pos./ neg altern. mode) with selected ion traces [M+H]+ m/z 398 (1) and m/z 384 (2) not id., 
m/z 350 erucifoline (3), m/z 352 jacobine (4), m/z 564 (5) not id., m/z 334 seneciophylline (6), m/z 392 
acetyl-erucifoline (7), m/z 336 senecionine (8), and [M-H]- m/z 165 methyl-4-hydroxy-phenylacetate (9).  
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According to the literature [1], foam separation methods have been used in chiral separation. 
This method has a great potential in terms of application for chiral separation or enrichment. 
However, the conventional foam separation method is achieved through a simple short column, 
and the separation is performed under gravity. So, the separation is inefficient and the 
application of this method is limited.   

Foam countercurrent chromatography (FCCC) is based on the dual flow countercurrent system 
[2], which replace one of the solvent phase with a gas phase to produce foams to separate the 
foam active materials. It implemented foam separation in countercurretn chromatography and 
significantly increased the efficiency due to the long coiled column in the centrifugal force field 
with high length diameter ratio. FCCC combines the advantages of conventional foam 
separation and countercurrent chromatography. Moreover, it does not require screening solvent 
system and two-phase equilibrium for the separation thus making the choice of solvent simple 
and greatly reducing the separation time. 

In chiral FCCC separation, we could select some agents which have both foaming ability and 
stereoselectivity as chiral collectors and selectors, such as some derivatized cyclodextrins, 
alkylated amino acids, chiral surfactant, long-chain chiral ionic liquid and so on. The chiral 
separation was achieved according to the principle of foam surface adsorption and the 
difference of the physical properties between enantiomers composite. The main influencing 
factors of the separation are: 1) concertation of chiral selector and racemate; 2) gas and liquid 
flow rate; 3) rotation rate; 4) temperature; 5) others. 
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Synthesis of efficient chromatographic materials with narrow size distribution of sorbent 
particles is a difficult task. In most cases a subsequent fractionation of polydisperse 
synthesized materials is required. Field-flow fractionation (FFF) is the most versatile 
fractionation method, the main limitation of which is the weight of handled particulate sample 
that is less than 1 mg. Therefore, there is no practical possibility to separate multi gram 
amounts of particles using conventional FFF. The fractionation in a rotating coiled column 
(RCC), which can be attributed to sedimentation FFF, makes it possible to avoid the limitation 
concerning the weight of samples to be separated. 

In the present work, a possibility has been shown of using RCC for the recovery of a nearly 
monodisperse fraction of a sorbent based on polystyrene-divinylbenzene (PS-DVB). The 
fractionation was carried out using planetary centrifuges equipped with cylindrical multilayer 
columns. Three RCC having volumes of 15, 73, and 453 mL with tubing bores of 1.6, 1.6, and 
4.0 mm, correspondingly, were used. The separations were achieved at constant rotation 
speeds by step increasing the flow rate of the mobile phase (ethanol). The regularities of 
behavior of particles at different operational parameters were studied in the 15 mL analytical 
RCC. As a result, the experimental conditions for the recovery of a nearly monodisperse 
fraction of 4.5 µm particles were found. The impurities remaining from the synthesis and 
smaller particles (1-2 µm) were removed. The analytical 15 mL RCC enabled 100 mg of the 
polydisperse sorbent sample to be fractionated. The fractions were characterized by scanning 
electron microscopy. Then, the scale-up experiments were carried out using 73 and 453 mL 
columns. These columns enabled 0.5 and 3.0 g, correspondingly, of the initial polydisperse 
sample to be fractionated in a single run with the same efficiency as for the analytical 15 mL 
column. The fractionation of 3.0 g of the sample in the 450 mL column took one and a half  
hours.  

Thus, it has been demonstrated that the sedimentation FFF in rotating coiled columns can be 
an effective method for the preparative separation and purification of chromatographic 
materials. 
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Manufacturing industries, including pharmaceuticals, nanotechnology and industrial biotechnology 
companies, require fractionation of particles to produce mono-disperse distributions for the 
production of high value products. 

Methodologies have been developed for particle fractionation at sizes below 100 microns using flow 
through counter-current chromatography instruments in a field-flow fractionation (FFF) mode with a 
single phase solution as the mobile phase [1-2].  A fluctuating centrifugal “g” field acting 
perpendicular to the flow stream forces the particles towards the wall of the column based on their 
size and density difference relative to that of the mobile phase.  Control of the mobile phase flow rate 
allows elution of particles with narrow size distribution while the larger particles are retained in the 
column. 

The cross sectional profile of standard columns is circular.  Two different aspect ratios of rectangular 
section tubing were investigated.  Dimensional aspect ratios below 0.4 and above three were 
compared with a standard hydrodynamic multi-layer column with 1.6 mm bore and the same cross-
sectional area.  These results show that improvements in fractionation can be achieved with the new 
column design. 
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In the search of Chlorophylls in Baby Banana Peels and different plants, such as spinach, 
grass, not only chlorophylls and its derivatives but also carotenoids, triterpenes, phytosterols, 
glycolipids, essential fatty acids, phospholipids and sugars were isolated and elucidated by 
NMR experiments (1H, 13C, 1H/1H-COSY, NOESY, HSQC, HMBC). The chemical diversity of 
plant food phytochemicals was depicted during the research and supports the fact that the all-
liquid preparative chromatography technique High-Speed Countercurrent Chromatography 
(HSCCC) is very useful for the isolation of polar and non-polar compounds.  

Three relevant factors have been established in the experimental design and are related to the 
isolation and characterization from phytochemicals compounds in Baby Banana peels and 
plants by HSCCC: extraction method (EM), type of sample (TS) and HSCCC-system solvent 
(SS). Two extraction methods, four type of samples and a variety of system solvents were 
applied in order to isolate not only chlorophylls and their derivatives but also phytochemical 
diversity of compound in Baby Banana peels and plants. Hence, a factorial type of experimental 
design 2 (EM)x4(TS)x7(SS) could be used to evaluate the effectiveness of the separation by 
HSCCC. 

The response variable and the effects of interactions between the three relevant factor 
mentioned above, could be evaluated both by means of those standards isolated by HSCCC 
and the quantification of recovery fractions in the stationary phase (mg). Once defined these 
parameters, the separation yield of each system solvent could be consequently estimated.  

A novel glycolipid isolated in Baby Banana peels and identified as O-β-D-Glup (1´´→ 6´)-O-β-D-
Galp (1´→3)- 2, 1-diacyl-L-glycerol –GGD; phosphatidylcholine-Lecithin;Glucocerebroside (4Z, 
8Z)–N-2’–hydroxylinolenoyl-1-O-β –D-glucopyranosyl-4, 8-sphingadienine); Lutein; Linolenic 
acid; β-sitosterol; 4-Epicycloeucalenone and 4-Epicyclomusalenne; Chlorophyll a, b; 
Pheophytin a, b; and β-Carotene could be the response variables in order to evaluate the 
effectiveness of the HSCCC separations according to the system solvent used. 
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Bio-active phenols play an important role in the beneficial health effects of olive oil [1]. Tyrosol 
and hydroxytyrosol, the major phenolic compounds, are well-known for their anti-oxidant 
activities [2] and oleocanthal has gained a lot of interest due to its powerful anti-inflammatory 
effects [3] which are comparable to ibuprofen. Counter current chromatography (CCC) provides 
several advantages when compared with preparative HPLC for the isolation of these 
compounds. It also eliminates decomposition of the susceptible isomers during the fractionation 
process of olive oil extracts. The aim of this study was to develop a fast method for the isolation 
of these three compounds which can be easily transferred from analytical to preparative scale.  

The phenolic fraction from olive oil was firstly enriched by liquid-liquid partitioning [4]. The 
isolation of single phenolics was carried out by HPCCC in two separation steps with two 
different solvent systems: heptane-EtOAc-MeOH-H2O (1:2:1:2) and heptane-EtOAc-MeOH-
H2O (1:5:1:5), respectively. The developed protocol allows a fast and efficient isolation of 
hydroxytyrosol, tyrosol and the two geometric isomers (cis and trans at the double bond) of 
oleocanthal. 
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Several 5-methyl-coumarins and ent-labdanes were isolated using a combination of low speed 
(LSCCC) and high speed (HSCCC) countercurrent liquid-liquid chromatography. Dried aerial 
parts of Gyphothamnium pinifolium (1432 g) collected in Northern Chile were extracted with 
petroleum ether (3 times in the dark, 24 Hs each time). After evaporation of the solvent under 

vacuo at 35 oC, 45 g of a dark gummy extract was obtained. The extract (40 g) was filtered and 
submitted to a laboratory made 5 liters LSCCC (rotation speed: 200 rpm, percentage of 
retention of stationary phase: 79 % and flow rate 15 mL-min.) using hexane: ethyl acetate: 
methanol: water  6:2:6:1 v/v/v/v as solvent system and 186 fractions of 45 mL each were 
collected using a fraction collector. The fractions were combined according to TLC analysis 
(Kieselgel F254 plates, Cl3CH: EtOAc 18:2 v/v) and 13 fractions were obtained. From fraction 
five, 123 mg of gypothamniol and 145 mg of 4-hydroxy-5-methyl-3-[8´oxo-9´-hydroxyfarnesyl]-
coumarin were isolated, using a Quattro MK7 HSCCC instrument equipped with three 
preparative stainless steel coils of 115 mL and two Series II HPLC pumps and hexane: ethyl 
acetate: methanol: water 6:3:6:3 v/v/v/v as solvent system, in a head to tail reverse-phase 
mode. The rotation speed was 800 rpm, the flow rate was 7 mL-min and the percentage of 
retention of stationary phase was 85 % at 25°C). From fraction eight, 235 mg of 11´-dehydro-
1´lycoserone were obtained after re-crystallization from hexane: ethyl acetate 9:1 v/v. From 
fractions 11-13, two polar labdanes (7-hydroxy-ent-labda-8,13-E-diene-15-ol and its 7-oxo-
derivative) were isolated using hexane: ethyl acetate: methanol: water  5:2:4:2 v/v/v/v as 
solvent system. At present we are still working on the isolation of the remaining minor 
compounds present in Gyphothamnium pinifolium. 
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Azorella compacta Phil. is a medicinal cushion shrub used in Chile and Perú for the treatment 
of inflammation and liver complaints [1]. A preparative high-speed counter-current 
chromatography (HSCCC) method allowed the separation of five relatively pure mayor 
diterpenoids (azorellanol, mulinolic acid, mulin-11,13-dien-20-oic acid [2], 17-acetoxymulinic 
acid, and 13℃, 14℃-dihydroxymulin-11-en-20-oic acid [3]) from 1 g of the crude acetone extract 
of the aerial parts of this plant in a single run. In total, the HSCCC system allowed the isolation 
and purification of twelve diterpenoids. The machine employed was a Quattro MK7 (AECS inc, 
Bridgend UK), equipped with four stainless steel coils with a total capacity of 440 mL, using a 
rotation of 850 rpm, in a reverse phase-Head to Tail mode, at 27 oC and at a flow rate of 5 mL-
minute, with a two-phase non aqueous solvent system composed of n-hexane: ethyl acetate: 
acetonitrile 5:2:5 v/v/v, which is a system previously used for the separation of kaurenoic acids 
[3], followed by n-hexane: ethyl acetate: acetonitrile 5:3.5:5 v/v/v in a stepwise elution. 

Further liquid-liquid chromatography of the remaining less unpure fractions yielded seven 
additional minor diterpenoids including three new diterpenoids (13℃, 14℃-dihydroxymulin-11-
en-20-oic acid, 13-epi-7-deacetyl-azorellanol and its oxo derivative, 13-epi-azorellanone.  
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Sesquiterpenes lactones (SLs) constitute a group of biologically active plant compounds that 
possess anti-inflammatory and antitumor activity and among them, parthenolide belonging to 
the subclass germacranolides, has attracted particular attention as the first small molecule 
found to be selective against cancer stem cells [1]. However, this compound has relatively poor 
pharmacologic properties that limit its potential clinical application. Then, the formulation of 
more bioavailable SLs presents a great interest.  

The complexity of the parthenolide skeleton and the presence of several chiral centers probably 
explain the difficulty to obtain enantiomerically pure parthenolide by total synthesis. Then, 
natural source remains an attractive approach to obtain several grams of parthenolides.  

Anvillea garcinii subsp. radiata (Cosson & Durieu) is a wild plant that grows predominantly in 
the steppes of north Africa (Morocco and Algeria) and found in areas of the Middle East. It is 
widely used in traditional medicine for the treatment of dysentery, gastric-intestinal disorders, 
chest cold and has been reported to have hypoglycemic activity as well as antifungal activity. 

Six germacranolides have been previously isolated from different CHCl3 extracts of the aerial 
parts of Anvillea garcinii or A. radiata [2]. In addition, thirteen minor flavonoids from which four 
aglycones and nine flavonol glycosides have been identified [3]. 

Conventional procedures applied to isolate germacranolides from A. radiata involved classical 
extraction methods (maceration or soxhlet method), followed by silica gel column 
chromatography. These conventional extraction and purification methods are tedious, time and 
solvent consuming.  In this context, Accelerated Solvent Extraction (ASE) was used to 
efficiently extract germacranolides from aerial parts of A. radiata. The crude chloroform extract 
was then subjected to Centrifugal Partition Chromatography (CPC) using a heptane/ethyl 
acetate/methanol/water (1:5:1:5 v/v/v/v) system in order to isolate the compounds. Three main 
fractions were obtained; the first two one contained only one compound each. These 
compounds purified over 99 % were identified using mass spectrometry and 1H NMR and 13C 
NMR as 9β-hydroxyparthenolide and 9α-hydroxyparthenolide. They represent respectively 3 
and 2 % of the plant material. The fraction 3 contained mainly flavonoid derivatives identified by 
mass spectrometry as Nepetin, Isorhamnetin and Jaceosidin.    
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pH-zone-refining counter-current chromatography, was developed in the 1990s, employed as a 
large-scale preparative technique for separating ionizable analytes [1]. It has been wildly used 
for preparation separation of basic or acidic compounds with potent bioactivity from medicinal 
material. 

Although this method present its unique advantages on preparation of particular basic or acidic 
compounds, such as highly concentrated rectangular peaks of targets fused together with 
minimum overlapping impurities [2], it was still rarely used as a conventional chromatography 
method for separating unknown alkaloids from complicated crude alkaloids. 

In order to improve the application of this method to discover more new bioactivity compounds 
in routine natural pruducts investigation, pH-zone-refining counter-current chromatography was 
used for separation and purification of unknown compounds from complicated total alkaloids of 
Nitraria Sibirica Pall. leaves.  

The alkaloids from genus of Nitraria has been reported to possess anti-inflammatory activity [3]. 
And the total alkaloids from N. Sibirica has also been confirmed to have significant protective 
effect against inflammatory renal injury in our previous research. 

 

The pH-zone-refining CCC separation was carried out at 850 rpm rotation speed and 1.5 
mL/min flow rate, and MtBE-n-BuOH-H2O (2:2:5, v/v) was selected as solvent system. The 
upper organic phase was used as the stationary phase after adding TEA at 15 mM and the 
lower aqueous phase as mobile phase after adding HCl at 10 mM. The effluent was monitored 
at 254 nm. As a result, a new C15 species alkaloids, named schobemine (1), and a known C15 
alkaloids, nitraramine (2), together with the fractions A and B were isolated from 500 mg of total 
alkaloids (Figure 1). 

The fractions A and B were further purified with n-Hexane-n-BuOH-H2O solvent system at the 
ration of 1.5:3.5:5 (v/v) (figure 2) and 2:3:5 (v/v) (figure 3), respectively. 10 mM of TEA was 
added to the upper organic phase and 10 mM of HCl was added to the lower aqueous phase of 
these two solvent systems. And a known indole alkaloids, schoberidine (3), with a new indole 
alkaloids, named schoberimine (4), were obtained from these two fractions, respectively. Their 
structures were confirmed by MS, 1D NMR and 2D NMR.  
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Red beet pigments from Beta vulgaris L. (Chenopodiaceae) are widely used as natural 
colorants for dairy products such as yoghurts, ice creams and milk mix beverages [1]. Purple 
betacyanins and yellow-orange betaxanthins are strong antioxidants and are discussed as 
chemoprotective agents in human nutrition [1]. Various decarboxylated pigments had been 
already elucidated [2,3] and are present in red beet products such as pasteurized juices, 
pigment extracts and chutneys.  

A crude red beet pigment extract was esterified to yield a mixture of betacyanin mono-, di-, tri- 
ethylesters, and were separated by a large-volume spiral-coil countercurrent chromatography 
(CCC) prototype (volume: 5.5 L, flow rate: 15 mL/ min, injection: 15 g injection). The separation 
was operated with the biphasic solvent system tert.-butylmethylether – ACN – H2O [2:2:3 
(v/v/v)] without using ion-pair reagents. Additives such as trifluoroacetic acid had been 
generally used for recovery of polar betalains in the past. The spiral-coil CCC fractions were 
off-line injected in the sequence of HSCCC fractionation to an ESI-MS-MS device (Bruker HCT 
ETD II, ion trap-MS/MS). This method yielded a reconstituted pigment profile and finally 
enabled a MS-target-guided isolation procedure for the whole CCC-experiment [4] (Figure). 
The elution orders and co-elution effects of minor and major concentrated ethyl-ester pigments 
were clearly monitored by selected ion-traces (pos. mode, scan: m/z 100-1500, [M+H] +).  

Mono-/di-/-tri-ethyl betanin esters were partly fractionated but clearly fractionated from mono-
/di-/-tri-ethyl ester of betanidins and one respective decarboxylated structure.  

The spiral coil-CCC enabled the specific recovery of betacyanin esters in the gram range and 
will be of great value for biological evaluations. Minor constituents were significantly enriched 
and could be used after further clean-up for 1D/2D-NMR spectroscopic analysis.  

 

Figure 1. Elution order of betacyanin-ethylesters monitored by continuous injections to ESI-MS. Selected 
ion traces visualized the separation of  mono- (1: m/z 579), di- (2: m/z 607), tri- (3: m/z 635) ethyl esters 
of betanin, mono- (4: m/z 417), di- (5: m/z 445), tri- (6: m/z 473) ethyl esters of betanindin, and mono-
decarboxy betanidin di-ethyl ester (7: m/z 401). Each injection in the reconstituted ESI-MS profile is 
equivalent to a volume of 90 mL (total elution volume 3.87 L).  
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The increasing demand for natural food antioxidants has hastened research to extract the 
biologically active substances from a variety of raw materials [1]. Phenolic acids are a group of 
natural products commonly found in many cereal grains. Oats is one of the popular cereal 
grains in the world, and its bran represents a good source not only of dietary fibres, but also of 
phenolic acids, and the latter are known to contribute significantly to the total antioxidant activity 
of oats [2]. 

pH-zone-refining countercurrent chromatography (CCC) was introduced by Ito. As a large-scale 
preparative technique for separating ionizable analytes, pH-zone-refining CCC enables the 
separation of organic acids and bases into a succession of highly concentrated rectangular 
peaks that elute according to their pKa values and hydrophobicity [3].  

In this study, pH-zone-refining counter-current chromatography was successfully applied to the 
separation of seven standard phenolic acids. 
The separation of these standard samples 
was performed with a two-phase solvent 
system composed of methyl-tert-butyl-
ether/acetonitrile/water at a volume ratio of 
4.75:0.25:5 v/v/v where trifluoroacetic acid 
(3mM) was added to the organic stationary 
phase as a retainer and NH4OH (3 mM) to 
the aqueous mobile phase as an eluter. As a 
result, seven phenolic acids, Syringic acid 
(1), 4-Hydroxyphenylacetic acid (2), Vanillic 
acid (3), Caffeic acid (4), p-Hydroxybenzoic 
acid (5), Ferulic acid (6) and p-Coumaric acid 
(7) were successfully separated at the purity 
of 95.9%, 67.25%, 96.97%, 82.36%, 97.01%, 
91.02%, 97.15%, respectively (Figure 1). 
This method has been applied to the crude 
sample of the bran of oat， and several 
compounds were obtained with high purity. 

References 
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Acknowledgments 
The authors would like to gratefully acknowledge financial support from the National Natural Science Foundation of 
China (Grant No. 21075007), Program for New Century Excellent Talents in University (NCET-11-0563), Beijing 
Nova plan interdisciplinary (Z14111000180000) and Special Fund for Agro-scientific Research in the Public Interest 
(project 200803022 & 201103027). 



P49 
 

 

 175 

Preparative Separation and Purification of  
Indole Alkaloids from Melodinus Khasianus  

by pH-Zone-Refining Counter-Current Chromatography 

Lei Fanga,b, Shanming Tiana, Jie Zhoua and Xiao Wanga* 
aShandong Analysis and Test Center, Shandong Academy of Sciences, Jinan, Shandong, China 
bState Key Laboratory of Bioactive Substance and Function of Natural Medicines, Institute of 
Materia Medica, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing, 
China 
wxjn1998@126.com 

 

The genus Melodinus (Apocynaceae) comprises 53 species all over the world, and 11 of them 
are distributed in China.The genus Melodinus has been reported to be a source of indole 
alkaloids, Up to now, more than 80 alkaloids have been isolated and characterized. Many 
characteristic Melodinus alkaloids have attracted great interest of synthetic organic chemists 
because of their complicated architectures. Pharmacological investigations on Melodinus 
alkaloids have demonstrated promising antitumor, antimitotic, and antibacterial activities. 
Considering such various biologically activities and complicated architectures of Melodinus 
alkaoloids, it is necessary to develop an efficient method to separate and purify large quantities 
of Melodinus alkaoloids with high purity for further pharmacological research [1-3]. 

In this research, pH-zone-refining CCC was successfully applied to the preparative separation 
and purification of indole alkaloids from M. Khasianus. The experiment was performed with a 
two-phase solvent system composed of petroleum ether–ethyl acetate–methanol–water 
(5:5:2:8, v/v), where 10mM triethylamine (TEA) was added to the upper organic stationary 
phase as a retainer and 10mM hydrochloric acid (HCl) to the aqueous mobile phase as an 
eluter. 3.5 g of the total alkaloid was purified in one-step separation, yielding 710 mg of 
Melodinine N, 585 mg of Melodinine Q with the purities of 98.1%, 98.5%, respectively, as 
determined by HPLC. The structures of the alkaloids were identified by UV, ESI-MS, 1H and 13C 
NMR. 

 
Figure 1. Separation of indole alkaloids from M. Khasianus by pH-zone-refining CCC 

This is the first report that indole alkaloids from M. Khasianus were successfully isolated and 
purified by the pH-zone-refining CCC, which demonstrated that pH-zone-refining CCC is a fast, 
effective and powerful technique for the isolation and purification of alkaloids from Melodinus 
plants. 
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The resolution factor, Rs, was introduced to quantitate the quality of a chromatographic 
separation.  It is experimentally expressed as the ratio of the peak distance over the average 
peak width.  In CCC, it was demonstrated that the Rs factor could be calculated using: 

 

  

 

 

 

with: Sf is the stationary phase retention ratio 

 N the peak efficiency expressed in plate number 

 VR is the peak retention volume 

 W is the peak width at base 

 KD is the solute distribution constant or partition coefficient 

 1 and 2 refer to the first and second eluted peaks. 

The Sf term in the equation shows that it is critical to have a high volume of stationary phase 
retained by the CCC column. For hydrodynamic CCC instrument Du [1] showed that Sf 
decreased linearly with the square root of the mobile phase flow rate with a slope B that Wood 
[2] related to the centrifugal field, phase viscosity and density difference and tube diameter. 
Larger bore tubing could retain the stationary phase much better than smaller bore tubing. 

If the weight of N, the plate number, is reduced by the square root operator, N remains a 
significant parameter. We considered theoretically the case of a constant volume hydrodynamic 
CCC coil made with different bore tubings. When the tubing diameter decreases, the tubing 
length must have a corresponding quadratic increase to keep the coil volume constant. It is 
reasonable to assume that the coil plate number will also increase quadratically. However, 
following Wood2, the smaller bore coil will retain much less liquid stationary phase due to a 
higher B gradient. The question for the resolution factor is: does the enhanced efficiency 
compensate for the decreased Sf?  

Abacuses are shown considering different flow rates with a constant volume coil made with 
different tubing diameters. The calculations show that there is not an optimal geometry since 
the optimum depends on solute partition coefficients. A critical practical parameter is not 
present in the resolution equation; it is the duration of the separation.  Fast separations may be 
accepted at the cost of a reduced resolution. Like most of the time, a compromise solution must 
be selected. 
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[2] Wood, P.L., Hawes, D., Janaway, L., Sutherland, I.A. J. Liq. Chromatogr. Rel. Technol. 2003, 26, 
1373-1396. 
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Rousselet Robatel Kromaton manufactures the Fast Centrifugal Partition Chromatography 
(FCPC™) for academics and industrial applications. The FCPC technology completes the 
solid/liquid separation and liquid/liquid extraction range of equipments and can be included in a 
complete manufacturing process. 

 
In order to increase the productivity and yield of the FCPC equipments, many improvements 
have been brought to the FCPC rotor design: cell shape and cell number. By reducing the cell 
number, the Fast Centrifugal Partition Extraction (FCPE) was born. High throughput 
displacement chromatography or fast fractionation are typical applications of the FCPE 
technology. 

In order to fulfil industrial end users requirements, investigation on the FCPC cleaning 
procedure have also been performed. 2 examples of cleaning procedure were validated at the 
10 ppm criteria. 

As RRK is always looking for innovative application, we have developed strong collaboration 
with academics. These collaborations allow the opening of new perspectives for the FCPC field 
of applications:  

- Solid/liquid extraction 

- Liquid/liquid extraction 

- Continuous CPC 

 

SOLID/LIQUID 
SEPARATION

•Filtration

•Decantation

LIQUID/LIQUID 
EXTRACTION

•Fraction removal

•Prepurification

•Concentration

CENTRIFUGAL 
PARTITION 

CHROMATOGRAPHY

•Purification

•Fractionation
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Beauvericin (BEA) is a famous cyclic hexadepsipeptide mycotoxin produced by many fungi, 
such as Beaveria bassiana and Fusarium spp. BEA has shown amazing biological activities 
including insecticidal, antimicrobial, antiviral and cytotoxic activities [1]. Our previous work 
demonstrated that BEA has dramatic synergistic antifungal activity with low dosages of 
ketoconazole (KTC) against diverse fungal pathogens both in vitro and in vivo [2]. However, 
difficulties in isolation and purification of this pharmaceutically important natural product have 
hindered further research and development. 
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Figure 1. (Left) Preparative HSCCC separation. (Right) HPLC chromatograms. (A) Crude sample from 
fungus Fusarium proliferatum; (B) HSCCC fraction of peak 1. 

In order to establish an efficient separation method, high-speed counter-current 
chromatography (HSCCC) was applied to the preparative isolation and purification of BEA from 
fungus Fusarium proliferatum with a two-phase solvent system composed of n-hexane–
methanol–water (2:1:1, v/v/v). The preparative HSCCC separation was performed on 100 mg of 
crude sample yielding BEA (33.5 mg) in a one-step separation, with purity over 95% as 
determined by HPLC (Fig. 1). Its chemical identity was verified by MS, 1H NMR and 13C NMR. 
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High-performance counter-current chromatography technique in a semi-preparative-scale was 
successfully applied for the first time to isolation and purification of simple coumarin osthol 
together with two angular dihydrofuranocoumarins from the nonpolar extract of fruits of 
Mutellina purpurea L.  

Several solvent systems: mixtures of n-hexane, ethyl acetate, methanol and water in reverse 
phase system were elaborated. A scale-up process from analytical to preparative in a very 
short time was developed. With the optimal two-phase solvent system composed of n-hexane-
ethyl acetate - methanol-water (5:2:5:2, v/v) by eluting the lower phase in a head-to-tail mode, 
1,7 mg of osthol and 7 and 3 mg of two angular dihydrofuranocoumarins were obtained at a 
purity of 98% in one step operation from 300 mg of crude extract in less than 40 min. The 
identification of purified compounds was confirmed by HPLC-DAD and HPLC/DAD/ESI-TOF-
MS with accurate mass measurements. Further, complete structure elucidation with 1D and 2D 
NMR is in progress. 
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In recent years, more and more researches indicated that bioactive minor fatty acids such as 
conjugated linoleic acids or furan fatty acids can have notable effects even at low 
concentrations and therefore are to be taken into focus. However, the proof for the individuals 
is often missing due to the lack of reference standards required for clinical studies. While most 
of the “classic” fatty acids such as palmitic acid or oleic acid are commercially available, this is 
not the case for most minor or unusual fatty acids. For instance, fatty acids with an unusual ∆5 
double bound and numerous interruptions between the double bonds, such as sciadonic acid 
(5,11,13-20:3), which typical constituents in conifere species [1]. These fatty acids belong to the 
polyunsaturated fatty acids, but the role of the additional methylen interruptions between the ∆5 
double bound and the remaining double bounds remained unclear. However, these fatty acids 
are not commercially available and very little is known about the quality and quantity of 
bioactive effects which might be linked to these fatty acids [2].   

  
To overcome this, we aimed at enriching and isolating the ∆5 unsaturated fatty acids 5,11,14-
20:3 and 5,11,14,17-20:4 from the seed oil of Podocarpus falcatus by means of countercurrent 
chromatography (CCC). Podocarpus falcatus is a tree belonging to the Podocarpocea, which 
are also conifere species and feature ∆5 unsaturated fatty acids in their lipids [1].  Our method 
was based on the work of Li et al., who isolated the fatty acid 16:4n-1 from fish oil [3]. Oil of P. 
falcatus was transesterified and about 500 mg of the resulting fatty acid methyl esters was 
separated using a PTR 1000 CCC and n-hexane/MeOH/water (2:1:0.01) as solvent system in 
tail-to-head mode. Fractions containing the target compounds were used for a further 
separation using the same solvent system and several milligrams were recovered with purities 
>90% in individual fractions. Structures could be verified by mass spectrometry as well as 1H 
and 13C nuclear magnetic resonance spectroscopy. 
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Inula helenium L. is a widely distributed perennial herb in Europe, North American and East 
Asia. Its roots have been used as folk medicine against a variety of ailments including asthma, 
cough, bronchitis, lung disorders, tuberculosis, indigestion, and infectious and helminthic 
diseases. Recent pharmacological studies have demonstrated that the sesquiterepene lactones 
from I. helenium possess anti-tumor activity against triple-negative breast cancer cells. 

The roots of I. helenium have shown to contain high level of udesmanolide-type sesquiterpene 
lactones such as alantolactone and isoalantolactone. In this study, we have developed an 
efficient method to isolate sesquiterpenoids from the roots of I. helenium by counter-current 
chromatography (CCC). The methanolic extract was partitioned with hexane and five 
compounds were separated from the hexane fraction by CCC-UV (220nm). Furthermore, a 
potent tool of efficient and environment-friendly chemistry was introduced without the 
fractionation using macroporus resin. This separation could yield highly pure sesquiterpenoids 
over 98%; [1] igalane, [2] isoalantolactone, [3] alantolactone, and [4] the mixture of 
dugesialactone and alloantolactone. This is the first report that sesquiterpenoids from the roots 
of I. helenium have been successfully isolated and purified by CCC. 
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Platycyamus regnellii belongs to the family Fabaceae (Leguminosae), the largest of the 
Angiospermae. This plant is used in folk medicine as stomach digestive and in constipation, 
also possessing an anti-thermal activity [1]. Previous studies on the roots of this species 
revealed the presence of flavonoids (flavanones) such as vestitol, isoliquiritigenin and 
medicarpine, 7,4' - dihydroxy-6-methoxy flavan and 3' -hydroxy-4,4' -dimethoxy isoflavone [2].  
No phytochemical investigations were made on the flavonoid composition of the leaves of this 
plant, which is used in Brazilian folk medicine. This work focused on selection of solvent 
systems for the isolation of polar flavonoids from the butanol extract of P. regnellii leaves by 
countercurrent chromatography, which is an all liquid partitioning technique, successfully 
applied to the isolation of polar compounds. The plant was collected at Rio de Janeiro Botanical 
Gardens. Dried and ground leaves of P. regnelli  were  subjected to maceration with ethanol 
The crude  extract was submitted to liquid-liquid partition with solvents of increasing polarity. 
Preliminary analysis of CHCl3, EtOAc and BuOH extracts were done by TLC and LC-ESI-MS.  
The BuOH extract was chosen as starting point of this study because of its promising analysis 
results. Several solvents systems for countercurrent chromatography were tested by test tube 
partitioning test and, because of the high polarity of the extract, the system EtOAc-ButOH-H2O 
was chosen for the fractionation [3]. After several testes, the proportions of the solvents in the 
system were set as 2:8:10. After the first fractionation, well-highlighted spots were observed in 
fractions 49-53. These fractions were further purified by CCC 
with the same solvent system but changing the solvent ratios 
from 2:8:10 to 3:7:10. All fractionations were conducted in the 
P.C. Inc apparatus, equipped with a triple coil. An 80 ml 
volume and 1.6 mm i.d. column was used in this study, 
rotation at 860 rpm and flow rate of 2 ml/min. 120 fractions of 
2 ml were collected in both runs. A new tetraglycosylated 
flavonoid was isolated in this procedure, along with other 
compounds. After 1H and 13C NMR analyses the compound 
was characterized as a derivative of kaempferol, containing 
one glucose and three rhamnosyl moieties (Figure 1). The 
final structure elucidation is under investigation.  
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The recycling CCC method was developed for preparative isolation and purification of 
phytosterol from C. vulgaris. using conventional CCC with two-phase solvent system n-hexane-
dichloromethane-acetonitrile (10:3:7, v/v), 40 mg phytosterol mixture was gained from 300 mg 
saponated crude of C. vulgaris . Using recycling CCC coupled with two-phase solvent system 
n-hexane-dichloromethane -acetonitrile (10:3:7, v/v), 24.3 mg (22E)-Ergosta-5,7,22-trien-3beta-
ol and 13.7 mg 26-Nor-25-isopropyl-5,7,22-trien-3β-ol were completely separated from 40 mg 
of phytosterol mixture after five cycles, with purity of 97.2% and 96.4%, respectively. The 
results indicate that recycling CCC could dramatically improve resolution and is suitable to 
separate and purify analogue phytosterol from C. vulgaris. 
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Millettia griffithii is a unique Chinese plant located in the southern part of Yunnan Province. Up 
to now, there is no report for its chemical or related bioactivity research. In our previous study, 
we found the ethanol crude of Millettia griffithii was quite sensitive to HepG2 cell lines with IC50 
value less than 5mg/ml, inspiring us to explore the active constituents inside Millettia griffithii. In 
this exprement, the HPCCC separation methods were designed under the guidance of the K 
values of the target compounds. Then, three steps were established to separate all the 
constituents by HPCCC with the solvent systems of n-hexane-ethyl acetate-methanol-water 
8:9:8:9, 2:1:2:1, and 8:1:8:1, v:v:v:v, respectively, yielding nice constituents with all over 95% 
purity. Finally, preparative high performance liquid chromatography (pre-HPLC) was used to 
improve the purity of these compounds. Nine flavonoids with purities above 99% were 
successfully separated from Millettia griffithii. The purity of the isolated compounds was 
analyzed by HPLC and their structures were identified by electrospray ionization-mass 
spectrometry (ESI-MS), 1H nuclear magnetic resonance (1H NMR) and 13C nuclear magnetic 
resonance (13C NMR) analysis. 

 

 



P68 

 

 190 

Use of Countercurrent Chromatography for the Purification of 
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Macrolactones are substances of great interest that display a wide variety of biological activities 
such as antimicrobial, antifungal and antineoplastic. The reaction of lapazine, 1 with meta-
chloroperbenzoic acid (MCPBA) unexpectedly generated a macrolactone, 2 along with its N-
oxide, 3, and an α-hydroxy-ketone, 6. Ozonolysis is another alternative for obtaining the 
macrolactone 2, being this reaction more selective, optimizing its formation [1]. This macrolactone 
3 is interesting because it presents high antimicrobial activity against Mycobacterium tuberculosis 
(MIC of 0.62µg/mL, better than that of Rifampicine) [2]. The aim of this work was the optimization 
of the synthesis and the purification of the tuberculostatic macrolactone by countercurrent 
chromatography.  
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After testing a series of solvent system for CCC, two were selected: hexane-ethanol-water 3:2:2, 
v/v (normal phase mode) and hexane-acetonitrile-MeOH 2:2:1, v/v. Oxidation reactions with 
MCPBA and ozonolysis were first purified with the aqueous solvent system, on the scales of 50, 
100 and 150 mg of lapazine. The products of all reactions were dissolved in ethanol and all 
separations were accomplished with the 80 mL coil of a PC Inc. apparatus A reduction of the 
sample resolution was observed when injecting the reactions of 150 mg. The separation was not 
achieved in the case of the MCPBA reaction products. The fractionation of the reaction of 
lapazine with MCPBA and ozonolysis were also made with the non-aqueous solvent system in 
order to verify if the yield would be increased. Results are shown below: 

 
The yield of 2 was larger when fractionation was done using the aqueous solvent system, in both 
cases. The combination of ozonolysis and CCC fractionation using the aqueous solvent system is 
more efficient, considering that the time for obtaining and separating 2 is reduced considerably 
when compared to the methods described in the literature.  In this method the total time was 
approximately 5h, which is much smaller compared to the reaction with MCPBA which needs a 
pre-purification step that lasts 24hours. Although the yield obtained with CCC on ozonolysis is 
lower than silica gel column chromatography (data not shown), CCC fractionations were 
performed with ethanol and water as components of the solvent system and no solid waste is 
generated, which make it eco-friendly method in the manufacturing of 2. 

References 
[1] Silva, R. S. F et al. J. Braz. Chem. Soc. 16, 1074-77, (2005).[2] Silva, R. S. F. et al.   
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Solvent system 

 

50mg 100mg 
MCPBA Ozonolysis MCPBA Ozonolysis 

% of 2 mg of 2 % of 2 mg of 2 % of 2 mg of 2 % of 2 mg of 2 

Hex-EtOH-H2O 33 16,5 36 18 21 21 23 23 

Hex-ACN-MeOH 7 3,5 16 8 8 8 9 9 
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Several compounds in the rhizome of Sphallerocarpus gracilis displayed thermal instability in 
the previous isolation experiment. Ascribed to heat-treatment, time-consuming procedure and 
irreversible adsorption of samples on stationary phase, those compounds were difficult to 
isolate and purify by the classical silica gel column chromatography technique.  

In this study, HSCCC combined with HPLC were used to isolation and purification of those 
thermolabile compounds, two unknown compounds, from the extract of the rhizome of 
Sphallerocarpus gracilis, were traced to be thermolabile through the analysis of HPLC 
chromatogram of before and after heat-treated samples. A simple and reliable method based 
on high-speed counter-current chromatography (HSCCC) technique was successfully 
established for isolation and purification of those unknown compounds from the extract of the 
rhizome. Based on the partition coefficient values (K) of target compounds, an optimized 
solvent system consisted of n-hexane: ethyl acetate: methanol: acetic acid: water (2:5:1:1:5) 
was selected for the HSCCC separation and the lower phase was employed as the mobile 
phase in the head to tail elution mode. In single injection, compounds 1 (8.3 mg) and 2 (9.8 mg) 
with the purities of 98.7% and 93.7% were yield from 300 mg of the crude extract. The structure 
of target compounds 1 and 2 were identified by spectroscopic methods including 2D NMR 
techniques (gCOSY, HMQC and HMBC) and HR-ESI-MS. Comparison with the reported data, 
the compounds 1 and 2 were identified as two new compounds: 3, 5-hydroxy-4-(2-methyl-2-
ketone-1-butene)-tetraphydropyran (Sphallerketene A,1) and 2-aldehyde-4-hydroxy-dihydro-
pyran (Sphallerketene A, 2).  
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Symphytum officinale L. (Boraginaceae) (engl.: comfrey) is a natural remedy used since 1000 
AD for the treatment of broken bones and open wounds. Nowadays, this phytomedicine is used 
in pharmaceutical formulations (e.g. cosmetics and homeopathy), and liver toxic, genotoxic 
pyrrolizidine alkaloids (PAs) in products could be a potential toxicology risk. 

In this study, a preparative metabolite profile of PA components from S. officinale roots was 
developed. A PA enriched fraction was separated by spiral-coil CCC  (spCCC, 110 mL single 
coil rotor with spiral tube support assembly, 1.6 mm i.d, PC. Inc, Potomac, USA, STS-rotor, 
CCC Biotech LLC, Rockville,USA). The distribution of PAs in suitable solvent systems was 
determined by LC-ESI-MS. Finally, the novel solvent system EtOAc - EtOH - MeOH - H2O 
(1%TFA) (8:1:1:4 v/v/v/v) was used to separate 330 mg of enriched PAs. A specific retention 
study determined the best spCCC-condition with the lower phase as mobile phase, ‘head’-
location in the center of the spiral-coil-column rotor (L-I-H mode), rotation 800 rpm (flow rate 
elution and extrusion: 2 mL/min). Fraction collector was set to 1 min/ tube. By additon of 
trifluoro-acetic acid (TFA) with strong ion-pair forming capacity, the detected dimers of PA 
alkaloids were significantly shifted to the organic stationary CCC-phase. Compared to ‘regular’ 
PAs with a single N, the dimers carrying 2 N-atoms where much more apolar as TFA-ion-pairs. 
This enabled the fractionation of the PA-dimers. 

For target-fishing and specific characterization of spCCC fractions, off-line injections in the 
sequence of the recovered fractions to an ESI-MS/MS (Bruker HCT Ultra) generated a 
reconstituted preparative PA-profile. The spCCC-ESI-MS procedure used selective ion traces 
of expected PAs and unknown ion-signals (Fig. 1). Elution orders and co-elution effects of 
minor and major PAs were clearly visualized (pos. mode MS and MS2, scan range: m/z 100-
1500). The experiment resulted in the detection of 18 PAs including 9 homo- and hetero-linked 
PA dimers. The best separated dimer was the ion trace [M+H]+ at m/z 763.5. The MS/MS 
fragment m/z 382 suggested a dimer of symlandine. Tubes 57-75 with m/z 779.4 and MS/MS 
fragments at m/z 398 and 382 suggested linked symlandine with echimidine. The compounds 
are currently investigated by 1D/2D-NMR. So far dimers of PA-alkaloids are not known from 
literature.  

 
 

Figure 1. Elution order of monomer and dimer PAs from the spCCC run monitored by sequential 
injections of every second tube to ESI-MS2 (pos. mode) with selected ion traces [M+H]+ : higher 
concentrated dimers with m/z 779.4 (tube 57-75), and m/z 763.5 (tubes 83-91E and 93-113).  
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Podophyllotoxin and deoxypodophyllotoxin, two naturally occurring cyclolignan isolated from 
plants, are well known cytotoxic natural products that possess potential anti-proliferative and 
anti-tumor activity [1], and act as potent anti-microtubule agents. In the past few years, 
extensive structural modifications of podophyllotoxin have led to the development of several 
clinically valuable anti-cancer drugs. These drugs are presently in clinical use for the treatment 
of testicular carcinoma, acute leukemia and lymphoma.  

Conventional purification methods of deoxypodophyllotoxin and podophyllotoxin from plant 
utilize solid stationary phases usually, such as silica gels. Herein, we report the preparative 
separation of podophyllotoxin and deoxypodophyllotoxin from Juniperus Sabina L. by high-
speed counter-current chromatography (HSCCC). 

 
Figure 1. separation of podophyllotoxin and deoxypodophyllotoxin from Juniperus Sabina by HSCCC. 
Solvent system: n-hexane-ethylacetate-methanol-water (3:5:3:5,v/v); flow rate: 2 mL/min; revolution 
speed: 850 rpm; sample size: 200 mg; detection: 254 nm. 

HSCCC is a liquid-liquid partition chromatographic system that relies on distribution of the 
analytes between two immiscible liquid phases. Currently, HSCCC has been widely used for 
the separation and purification of various natural and synthetic products given its theoretical 
“zero” loss of target compounds [2]. In the present study, an effective HSCCC method was 
established for separation and purification of deoxypodophyllotoxin and podophyllotoxin from 
Juniperus Sabina (Figure 1). HSCCC was performed with a two-phase solvent systems 
composed of n-hexane-ethylacetate-methanol-water (3:5:3:5, v/v) at the flow rate of 2 mL/min 
under 850 rpm revolution speed. The effluent was monitored at 254 nm. As a result, 34.8 mg 
deoxypodophyllotoxin and 7.9 mg podophyllotoxin were obtained from 200 mg crude sample 
with the purity of 96.5% and 94.4%, respectively.  
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Spiral Coil-Low Speed Rotary Countercurrent Chromatography (Spiral-Coil LSCCC) has proven 
to be a suitable system for large-scale fractionation of baby banana peels extract since both 
hydrophobic and  hydrophilic compounds  were separated  from 10 g of hexane extract and 18 
fractions were obtained by using a solvent system ACN/ Hexane (1:1), with  λ 220 nm in elution 
and extrusion mode [1][2]. 

The identification of the compounds into the fractions has been performed by comparison with 
standards obtained from the baby banana peels extract fractionated  by means HSCCC( High 
Speed Countercurrent Chromatography) such as the application of the on-line performance 
liquid chromatography/atmospheric pressure chemical ionization mass spectrometry. (HPLC-
APCI-MS/MS). 

 
Figure 1.The chromatogram depicted as the glycolipids, phospholipids, neutral lipids and pigments as 
chlorophylls, peophytins and carotenoids are separated sequentially and 10g of baby  banana peels can 
be fractionated to produce e.g 75.45 mg of Linoleic acid, 69.75 mg of Hydroxypheophytin a, 154.71 mg 
of All-E Lutein and 196.24 mg of Triterpene alcohol fractions.  
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In order to isolate Chlorophylls in plants by means High Speed Countercurrent 
Chromatography (HSCCC) without using acetone as part of stationary phase, a novel solvent 
system has been applied composed of hexane–dichloromethane-ethanol-water (2:1:3:1, 
v/v/v/v/).The isolation of Chlorophyll a, Chlorophyll b, Pheophytin a and Pheophytin b was 
performed succesfully in grass when the dichloromethane was a part of the solvent system. 
Comparatively, when chloroform was applied as part of the stationary phase, the xanthophylls 
separation depicted better resolution in contrast with the chlorophylls.,   

In an initial step, 559,49 mg of N,N, dimethylformamide extract of grass treated with hexane 
was introduced in a mixture of 20 mL, consisting of upper and lower phase (1:1, v/v), into the 
separation column throught and injection loop. The elution mode used in the separation was 
“head-to-tail” and the flow rate of the mobile phase ethanol/water was set to 3.5 mL/min at λ 
440 nm for detection of chlorophylls and xantophylls.  

A B B-1 

Figure 1. HSCCC chromatograms of crude extract from grass with elution and extrusion mode. A-Two –
phase solvent system: hexane–chloroform-ethanol-water (2:1:3:1, v/v/v/v/).B Two –phase solvent 
system: hexane–dichloromethane-ethanol-water (2:1:3:1, v/v/v/v/).B-1 Fraction of Chlorophyll a-b and 
Pheophytin a-b isolated by HSCCC. 

On-line high performance liquid chromatography/atmospheric pressure chemical ionization 
mass spectrometry (HPLC/APCI-MS) was applied to the identification of the xantophylls and 
chlorophylls fractions by means of the mass spectra in positive(+) mode. Structure elucidation 
of chlorophylls and pheophytin were done by 1D/2D-NMR experiments (1H, 13 C, 1H -1H COSY, 
HSQC,HMBC).  
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Numbers of honey bees, Apis mellifera, are in decline across Europe and North America [1,2]. 
One contributing factor is that reduced colony strength, during times of sparse natural forage, 
leaves bees more susceptible to parasites, disease, and starvation. Beekeepers may attempt to 
enhance colony health during such times by feeding high-protein supplemental diets to 
colonies. Unfortunately, these tend not to be as readily consumed as pollen. 

The addition of natural pollen to diets can increase consumption by bees. It is therefore 
believed that pollens contain naturally occurring feeding stimulants to honey bees [3,4]. Modern 
analytical techniques provide the best hope of being able to isolate and identify such 
stimulants. The present work is looking at the novel application of Counter-current 
Chromatography (CCC), within a process of bio-guided fractionation of mixed-species pollen 
extracts, to attempt to isolate compounds that elicit an increased feeding response in bees.  

The use of CCC has facilitated the larger scale fractionation of complex polar solvent extracts 
of honey bee collected pollen. The increased loading capacity of CCC has allowed the rapid, if 
somewhat crude, fractionation of grams of extract material. This has enabled bee bioassays 
testing the activity of different extract fractions to be conducted on an increased scale, using 
multiple whole honey bee colonies. Results obtained indicate that the majority of the common 
sugars and amino acids present in pollens may have a limited effect on increasing 
consumption. Work to isolate compounds responsible for increasing diet consumption 
continues. GC-MS screening of the most active fractions have shown that a substantial 
abundance of sterols are present; although many less abundant unidentified compounds are 
also observed. 

If stimulant isolation and identification can be achieved, it is hoped a future range of more 
palatable supplemental high-protein honey bee diets could be developed. These could provide 
both commercial and hobbyist beekeepers with a more effective way of maintaining colony 
strength during periods of sparse natural forage. 
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Antibiotic resistance is a significant problem in modern healthcare [1] that has been worsened 
by a limited number of unique antibiotics making it to market. Modern high throughput 
techniques have not delivered novel pharmaceuticals [2] in the numbers expected and over 
75% of the currently used antibiotics were originally derived from natural sources. These issues 
could be resolved by looking back at nature and organisms found in marine enviornments [3] 
that have already provided solutions to similar problems. Marine sponge has already proved a 
useful source of novel pharmaceuticals; producing many structurally diverse and 
pharmaceutically potent molecules. A good example is the anti-cancer agent Cytarabine, the 
development of which was inspired by a Caribbean sponge natural product2. However, 
temperate marine sponges have been scarcely studied; making Welsh sponges a potential 
reservoir for novel metabolites. Since countercurrent chromatography (CCC), is a liquid-liquid 
extractive chromatography method there can be no loss of active ingredients due to irreversible 
binding to a solid stationary phase.  It was therefore considered as the most appropriate for the 
screening.  

The collected samples of marine sponges from Wales and Greece were freeze dried, 
homogenized and then extracted using three solvents of increasing polarity providing three 
different fractions. A bioautographic anti-microbial assay was developed where a chosen 
bacterium was grown on a TLC plate, and then stained to visualize growth inhibition. 
Application of the TLC assay was used for activity-guided CCC method development. 
Gradients across the heptane-ethyl acetate-methanol-water (HEMWat) solvent systems were 
tested, based on the solubility of extracts, leading to the development of template systems for 
separation of each type of extract. Acetone soluble sponge extracts were separated using a 
reverse phase gradient HEMWat (1/1/1/1) to (19/1/19/1) and methanol samples were separated 
using a normal phase gradient from ethyl acetate-water to butanol-water. Activity testing was 
then repeated on the separated fractions and any active compounds were characterized using 
mass spectrometry (MS) and nuclear magnetic resonance (NMR) using restrictions on mass to 
ensure that only ‘drug like’ molecules with molecular weight approx. 500 or less were explored 
further.  

All active extracts are profiled by HPLC MS/MS and then plotted to form a molecular network, 
allowing direct comparison to standards. CCC is being utilised in a targeted way to isolate an 
increased yield of active compounds allowing full characterisation. Combining these two 
techniques together presents a powerful strategy for isolating compounds that are both active 
and novel. 
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High-speed countercurrent chromatographic separation (HSCCC) possesses property of zero-
loss of sample which is very useful for screening of bioactive components.  

In the present study gradient solvent system composed of n-hexane - ethyl acetate - n-butanol - 
water was used for screening of bioactive substances. The stationary phase was ethyl acetate - 
n-butanol - water (1 : 1 : 10), and the mobile phases provided a gradient of polarity with n-
hexane–ethyl acetate (1 : 2), n-hexane–ethyl acetate (1 : 4), ethyl acetate, n-butanol - ethyl 
acetate (1 : 4), n-butanol–ethyl acetate (1 : 2), n-butanol–ethyl acetate (1 : 1) and n-butanol–
ethyl acetate (2 : 1). The fractions from the HSCCC separation with the gradient solvent system 
were assayed through anti-proliferative activity against cancer cells gave bioactive components 
for advanced separation to clarify the bioactive compounds.  

The okra extract was applied to this method to yield six components which possess anti-
proliferative activity against HL-60 cells. These components were separated by preparative 
HPLC on an ODS AQ column (250 x 20 mm i.d., 15 µm) to afford 12 compounds which were 
identified by ESI-MS, 1H NMR and 13C NMR spectra compared to the data in the literatures. 
Compounds 1-12 are quercetin 3-O-xylosyl glucoside  (1), quercetin 3-O-glucosyl glucoside  
(2), quercetin 3-O-glucoside  (3), 4-O-methylcedrusin (4), N-trans-coumaroyltyramine (5), trans-
feruloydopamine (6), 4’-hydroxy phenethyl trans-ferulate (7), 2-(4-hydroxy-3-methoxy phenyl) 
ethyl 3-(4’-hydroxy -3’-methoxy phenyl) acrylate (8), carolignan (9), dimorphamide A (10), 
boehmenan X (11) and hibiscolactone A (12), in which compound 9 showed a strong 
proliferative acitivity against the human lung adenocarcinoma epithelial cell line A590, the 
human breast cancer cell line MCF-7, the human myeloid leukeamia cell line HL-60, and the 
human ovarian cancer cell line HO8910. 

The above gradient solvent system should be useful for screening of bioactive compounds from 
natural products since the mobile phases cover a wide-range polarity from low to high. 
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As part of ongoing Brazilian interest in developing processes capable of adding value to 
agroindustrial by-products, the purification of bromelain from residues derived from the 
industrial processing of pineapples, has been studied using preparative and industrial scale 
technologies following successful trials using laboratory scale batch extraction techniques [1, 
2]. 

Liquid-liquid chromatography has proved to be an efficient method for protein purification, being 
capable of handling the high capacity required by the biotechnology industry whilst retaining 
protein functionality. The coil-planet centrifuge developed by the Brunel Institute of 
Bioengineering has been successfully applied to the purification of a wide range of species 
from small molecules to proteins using both ATPS and aqueous-organic phases[3].  

However, despite’ the many well-known advantages of ATPS (a mild, non-denaturing 
environment for biomolecules; low interfacial tension and high interfacial area), their application 
may be limited by several factors such as the total capacity of the phase system for the target 
solute. As the system-specific protein concentration reaches its limit, proteins precipitate at the 
interface, thereby decreasing overall protein recovery [4].  

Here we focus on the application of batch ATPS and Cross-Flow Ultra Filtration as preliminary 
steps focusing on the reduction of the content of protein contaminants in order to increase the 
maximum load of bromelain that can be injected into the CCC system free from precipitated 
protein. 

The purification of enriched and crude bromelain extract using both CCC and CPC will be 
presented in order to discuss the feasibility of these techniques on recovery of bioactive 
proteins. 
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Counter-current chromatography is a very flexible separation technique which helps to separate 
crude and semi-pure plant extracts. It is technique without solid phase which depend on 
partition of sample between two immiscible solvents [1]. Andrographis paniculata has been 
reported as having antibacterial, hepotoprotective, Blood pressure, antimicrobial, 
antihyperglycemic and gastroprotective effects [2]. Silybum marianum has been reported as 
having anti-inflammatory activity, hepotoprotective, Glycaemic and lipidaemic control, anti-viral, 
immunomodulant, anti-fibrotic activity and anti-carcinogenic /anti-tumourigenesis activity [3]. 

Sequential extraction of both plant materials was performed with different polarity solvents. 
Primary extracts screening studies were performed with cytotoxicity, antioxidant and soluble 
collagen assays (Sircol dye). Qualitative analysis and partition coefficient of the bioactive 
extracts will be identified with High performance liquid chromatography (HPLC) and it will be 
followed by separation with Counter-Current Chromatography (CCC). 

Extracts from both plants are not cytotoxic. High antioxidant activity is observed in methanol 
extracts from Andrographis paniculata and in acetone/methanol extracts from Silybum 

marianum. Extracts that protect against UVA and UVB damage also cause increase in soluble 
collagen in Human Dermal Fibroblasts treated with extracts. HPLC analysis helps in mapping of 
chemical constituents from the bioactive extracts, which are separated with CCC. 

Preliminary screening results indicate that both plant extracts have protective activity against 
UVA and UVB induced photo-damage. Bioactive extracts from both plants are separated with 
CCC.  
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