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The outcome of the past in brief

• Is there a common scientific basis for 
chromatography ? 

• Chromatography accumulates and utilizes
scientific knowledge and technologies from 
various disciplines.

• Chromatography has a strong bridging 
function and impact to other sciences, in 
particular to life sciences.

• Chromatography is strongly linked to 
engineering and technology.



The Three Pillars : 

Preparative & Process                   
Chromatography

Productivity

Analytical HPLC

Efficiency

Bioseparations

Selectivity

The evolution of LC



Preparative & Process 
Chromatography

2000 Batch and Continuous 
Counter Current Processes

SMB of Enantiomers

SMB of Isomers & Sugars 
UOP processes (100 units)

1950

Isolation of Plant 
Constituents & Synthetic 
Intermediates

1900



Simulated Moving Bed (SMB) 
Technology

By courtesy of Novasep, France



Running SMB Processes : 
Enantioseparations 

Name: Levetiracetam Tetralon Escitalopram
Keppra® Zoloft® Cipralex/Lexapro®

Indication: antiepileptic antidepressant antidepressant

SMB-size: 100 + 45 60 2 * 80

Prod.amount: 145 to/a 45 to/a 160 to/a

Sales: 258 m€ (2005) 845 m$ (2005) 694 m€ (2005)
[+34%] [+4%] [+58%]
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Analytical HPLC

2000  UPLC, LC-MS

Sub-2µm Silica Particles, 
Porous Layer Particles , 
Monolithic Silicas
Chiral Adsorbents                       
Micro-/Nano-LC
Gradient Elution
Aqueous/Organic Eluents   
Reversed Phase (C18) Silicas
Microparticulate Silica 
Columns,                                    
Porous Layer Silica Beads , 
Irregular Native Silicas, 
Organic Solvents                             

1970



Polymer -based and silica 
monoliths

• Monoliths have a convective flow in most 
parts of their porous network (perfusion) and 
thus exhibit a high column performance

• Monoliths can be designed for the separation 
of small and large molecules enabling a 
flexible pore structure and surface chemistry

• Monoliths can be made in various formats 
from large diameters to monolithic fused 
silica capillaries

• Monoliths have a high stability and 
ruggedness



Particles with Fused -Core 
Structure :                                
The Renaissance of 
Classical Porous Layer Bead 
Columns which have been 
Applied in the 1970‘s



The Next Step Towards 
Miniaturization : Chips
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By Courtesy of G. Rozing, 
Agilent GmbH, Waldbronn

HPLC Chip Design 
Features                               
Top View From 
Rotor Side



Liquid Chromatography in 2010
Where we are ?

• Pharmaceutical Analysis
(Drug Discovery and Development,                   
Quality Assurance and Quality Control,           
Drug Production)

• Metabolomics/Metabonomics (Drug Abuse, 
Environmental & Health Aspects) 

• LC in Clinical-Chemical Analysis, Acute and 
Chronic Therapy

• Proteomics and Related „ Omic „
Approaches, Biomarker Search



Challenges in Pharmaceutical
Industry

• Increase the number of leads by novel drug 
discovery strategies e.g. by high throughput 
screening (HTS)

• Shorten the time span of new product 
development from 12 – 15 years to 5 – 6 years 
by technology development (modeling, micro 
technologies etc.)

• Outcome : Most of the process innovation 
scenarios failed .



Metabonomics & Metabolomics

Metabonomics is the comprehensive qualitative and 
quantitative study of all small molecules ( < 1. 500 daltons) 
in orgabnisms.
„We need to be able to observe dynamic markers of 
biological status – real time signals which reflect the 
integrated function of the organism in ways which allow 
diagnosis and prediction „.
Metabolomics , a parallel approach, is mostly applied in 
model organisms and in plant systems.

Selected Reading:                                               
J.C.Linden, J.K Nicholson and E. Holmes,                        
The Handbook of Metabonomics and Metabolomics,             
Elsevier, Amsterdam, 2001



Survey on Methods for
Acute and Chronic Therapy

• Heparin Mediated
Elimination of Low
Density Lipo Proteins

• Selective Adsorber For 
Elimination of 
BacterialToxins

• Multiselective In-line
Detoxifying Adsorption 
System

• Molecular Adsorbent
Recirculation System

• Low Density Proteins, 
Fibrinogen, Heparin

• Lipopolysaccharides, 
Toxins of Gram-Neg & 
Gram-Pos. Bacteria

• Bacterial Toxins, Bilirubin, 
Bile Acids, Aromatiic
Amino Acids

By Courtesy of Prof. K.S. Boos, Klinikum Großhadern, Munich, Germany



1)1) Apheresis Apheresis ModulModul DIAPACTDIAPACT®® (B. Braun Melsungen AG)(B. Braun Melsungen AG)

2)2) Plasma separator :  Plasma separator :  HemoselectHemoselect®® (B. Braun Melsungen AG)(B. Braun Melsungen AG)

3)3) S.A.F.E.S.A.F.E.BTBT adsorber (B. Braun Melsungen AG)adsorber (B. Braun Melsungen AG)
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Plasma Plasma 
SeparatorSeparator

S.A.F.E.S.A.F.E.BTBT

AdsorberAdsorber

BloodBlood

PlasmaPlasma

S.A.F.E.BT :  Extracorporeal Treatment System



Bioseparations
2000 Down Stream Processing              

A Cascade of Selective 
Separation Modes:

SEC,RP,HIC,IEC,HILIC, Various 
Modes of AC

Aqueous Buffered Eluents
Crosslinked and functionalized 
Large-Pore Polymers, e.g.                        
Polymethacrylates,    
Polyacrylamides, Dextrans, 
Agarose

1950



Major workflows in Proteomics

Bottom -up Approach                                                     
Top-Down Approach 

Digestion Free Strategy
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Multidimensinal LC/MS in 
Proteomics - Bottlenecks

• Automated Sample Cleanup with Quantitative 
Depletion of High Abundance Constituents

• Highly Selective Modes for Protein Separation 
Including their PTM‘s

• Result : LC has found application as front-end 
technique (sample cleanup and Reversed Phase 
fused silica capillaries) application in proteomics.

• Multidimensional LC/MS  is far from being 
effectively implemented and from being mature.



Conclusion and Outlook (1)

• LC has shown a tremendeous breadth of 
methodology but also displays a certain
fragmentation into analysis of small
molecules in pharmaceutical analysis, food , 
environmental and materials applications, 
bioanalytical work in modern life science
research , preparative and process
applications.

• Conventional HPLC of small molecules
applied in pharmaceutical analyis and 
metabolomics has reached a high level of 
majurity.



Conclusion and Outlook (2)
• Chromatographic separations on preparative

and large scale are in use in form of counter
current SMB processes. Here, the aspects of 
costs and production capacities will have to 
be addressed .

• The largest area in need of stimulation is the
field of life science chromatography, where
dealing with instable and sometimes
transient target molecules present in 
extremely wide concentration ranges. 
Bringing the field forward will require
significant progress in materials and system
design .



Future Potentials and Requirements 

• MD-LC has proven its capability of mastering
high abundance scenarios in analytical fields
when automated and optimized .

• Another technology trend can be observed
towards the evaluation of continuous
process operations in the down stream
processing of antibodies (so -called Bio -
SMB). Adapting the SMB concepts to the
isolation of antibodies from complex
fermentation broths will probably allow for
the next couple of years for more cost
effective down stream processing of 
biopharmaceuticals.



LECTURERS AT A COURSE ON HPLC IN 
UPPSALA 1976

Klaus Unger
Göran Schill

John Knox
Josef Huber



Meeting J.J. Kirkland April 1985



Baltic Summer School on 
Bioanalytical Methods, Aug. 2005
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Thanks to the teamThanks to the team


