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Summary

The purpose of the meeting was to identify current challenges and potential scientific and technical 
opportunities in the process of recovery of artemisinin from primary extracts produced by means of 
different various extraction methods, and to develop initial ideas for a focused R&D programme aimed 
at improving technology of artemisinin recovery from extracts. The meeting was organised by the 
consortium funded by MMV and Dutch Government to undertake a practical comparison of novel 
extraction methods, specifically ethanol, ionic liquids (IL) and HFC-134a, following the earlier paper-
exercise.1

Background 

Extraction of artemisinin by hexane, ethanol, scCO2, HFC-134a, ILs or any other solvent system results 
in a complex mixture containing unwanted components, exact composition and relative amounts of 
different species depending on the solvent system employed and the variability in the plant material. 
Following extraction, recovery of artemisinin from primary extract is achieved via a number of 
recrystallisation steps using ethanol, hexane and hexane with ethyl acetate. Earlier reports also list the 
use of dichloroethane, thrichloromethane, diethylether and acetonitrile as recrystallisation solvents. 
Large scale use of these solvents is highly undesirable due to their hazardous nature and significant 
negative environmental and health impacts. Consecutive purification of crystalline artemisinin is 
achieved by preparative chromatography on silica gel columns. It is known that trace impurities within 
crystalline artemisinin have significant negative effect on the consecutive derivatisation. 

Maximising the yield of artemisinin from plant material and achieving required purity for consecutive 
derivatisation is a complex challenge. 

Potential alternative methods of purification 

1. Designer polymers 
Professor Piletsky (Cranfield University) reported on the work done in his group on developing polymers 
with specific affinity towards target molecules. These polymers then can be used in affinity 
chromatography, significantly improving separation efficiency over conventional chromatography. Two 
applications may be identified for artemisinin purification: (i) recovery of artemisinin from primary 
extracts and (ii) purification of artemisinin from trace impurities prior to derivatisation.

2. Liquid-liquid countercurrent chromatography  
Countercurrent liquid-liquid chromatography was developed in Bruner University and is being 
commercialised by the spin-out company Dynamic Extractions Ltd. The method is based on establishing 
a series of mixing and settling zones along the separation tube by invoking gravitational force through 
planetary motion. There is concern over the cost of complex piece of machinery required for this 
process. However, its efficiency towards artemisinin purification is worth investigating. 

Liquid-liquid extraction can be established by means of membrane contactors. Specifically, hollow fibre 
membrane modules, which are characterised by very high specific area of mass transfer, can present a 
viable technological solution. Stability of membranes towards fouling by the bio- materials present in the 
extraction liquor may be an issue. Stability of membranes towards solvents will need to be tested. 

1 A.Lapkin, P.K. Plucinski, M. Cutler, J. Nat. Prod., 69 (2006) 1653-1664 
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Other issues identified during the meeting 

1. Analysis issues 

There is no single well-defined and validated analytical protocol for quantitative analysis of 
artemisinin, especially at very low concentrations. There is significant need in developing such 
protocol.

It is not known what is the precise composition of primary extracts obtained with different 
solvent systems. This lack of knowledge is perceived to be a barrier towards developing a 
better secondary separation method. 

It would be beneficial to have published validated reliable analytical protocols for quantitative 
determination of artemisinin in the leaf, in primary extract and in the crystalline phase. 

It is essential to reliably quantify loss of artemisinin at each processing stage: from harvest to 
final preparative chromatography. This knowledge will identify the most problematic processing 
steps, improvements of which would result in the maximum gain in the artemisinin yield. 

Most HPLC based methods use the same stationary phase. Since development of stationary 
phases is a continuous process, it would be advantageous to explore new materials in an 
attempt to improve the existing known HPLC methods. 

There is no information in the public domain which trace compounds are problematic for 
derivatisation of artemisinin. This lack of knowledge would preclude development of more 
efficient purification methods. 

It would be useful to have a library of reliable standards of most known compounds found in 
Artemisia annua.

2. New purification methods 

The method of purification by designer affinity polymers has never been applied to artemisinin. 
It would be useful to test feasibility of this approach for two target processes: (i) pre-
concentration of artemisinin or removal of it from primary extract, and (ii) removal of small 
amount of impurities to purify artemisinin. 

The counter current liquid chromatography method has not been tested for artemisinin.

Feasibility of using hollow fiber membrane contactors for liquid-liquid extraction of artemisinin 
could be tested. 

Feasibility of using HFC R134a for extraction of artemisinin from oily phase, including by means 
of countercurrent liquid chromatography or membrane contactors, is worth investigating. 

Feasibility of optimizing extraction process itself, which would simplify consecutive purification 
steps is worth investigating. This may be especially promising in the case of ionic liquid 
solvents.

What’s next? 

Through this meeting summary report we are requesting proposals for targeted short R&D programmes 
responding to the identified challenges and opportunities. These can be submitted from both 
participants of the meeting and other interested parties. Proposals should be submitted by the end of 
March 2007. Contact should be made with either Malcolm Cutler on mc@fscdev.com and/or Alexei 
Lapkin on a.lapkin@bath.ac.uk.

The problems of analysis will be discussed within the group of laboratories and present extractors 
having experience with quantitative artemisinin determination. This matches the current drive towards 
establishing several validated laboratories capable of reproducible quantitative analysis of artemisinin. 
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