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Through NMR-base metabolomics we found that in all kind of extracts of microbial, mammalian and plant cells certain organic 
bases, organic acids, amino acids, sugars and sugar alcohol occur in relatively large amounts. Much larger in fact than expected on 
the basis of these compounds being intermediates in primary metabolism. Their ubiquitous occurrence gave us the thought that 
they must have a function. Based on this our first hypothesis was the possibility of ionic liquids formed by the organic bases like 
choline and betaine with organic acid like malic acid. The first experiments confirmed this. Further studies resulted in finding that 
various combinations of the mentioned compounds do give deep eutectic solvents, i.e. mixing these solid crystalline compounds
in certain molar ratios results in liquids at room temperature. More than 150 combinations now have been characterized. We 
named them Natural Deep Eutectic Solvents (NADES). They can be divided into the following groups:

- Organic bases with organic acids: ionic liquids

- Organic bases with neutral compounds like poly alcohols and sugars

- Organic acids with neutral compounds like poly alcohols and sugars

- Amino acids with neutral compounds like poly alcohols and sugars

- Mixtures of  neutral compounds like poly alcohols and sugars

By 1HNMR it was shown that the NADES components are strongly bound via H-bonding, in some cases H2O is part of these liquid 
crystal-like structures. The NMR also shows that with dilution with water gradually the interaction between the compounds 
disappears. NADES are excellent solvents for medium polar compounds, such as most secondary metabolites. In our view 
biosynthesis of poorly water soluble compounds occurs in NADES, e.g. attached to cellular membranes, where the polar charged 
head groups of the membrane lipids act as anchors for NADES in which enzymes and intermediates are dissolved. Also the ER and
vesicles could be formed by metastable systems of lipids and NADES. The occurrence of NADES in certain seeds could be proven 
by NOESY experiments with fully 13C labeled seeds. All ingredients for NADES are found in resurrection plants, lichen etc. Also in 
drought or cold resistant plants typical NADES ingredients are found to be present. In terms of application the NADES are 
excellent solvents for both small molecules and macromolecules (proteins, polysaccharides, DNA, etc.) in which the compounds 
show better solubility and stability than in the currently used organic solvents. NADES thus are of interest as non-toxic, non-
explosive, sustainable green solvents for many industrial applications. In cosmetics the introduction of NADES for making novel 
products has been very successful as the NADES add new possibilities for natural solvents for making plant extracts.  Also in food 
NADES will find applications, in fact honey is a NADES. In traditional Chinese medicine frying plant materials with honey is 
applied, it was shown that the biological activity of the end product is modified.

There are still many things to be learned from Nature! 
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*Quote from Johan Cruijff


