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In this talk I will try to illustrate my interpretation of Nanopharmacology and Nanotoxicology, both in general terms and more specifically using the calix[n]arenes as stereotypical examples of nano-platforms for the construction of bioactive nano-constructs.

Nanopharmacology and Nanotoxicolgy can best be understand in terms of how size, multiple functionalisation and self-organisational properties will generate unique biological properties in what is an intermediate size range between that found in small organic and biological molecules and those found in large bio-macromolecules. It is indeed interesting to note the scarcity of biomolecules of size around 1-4nm and masses between 1 kDa and 4 kDa. Thus we may expect novel biological behaviour to occur in this range but we must also pose some questions about why Nature avoids this size range? Whilst we may have unique pharmacological behaviour we may also run into problems of unique toxic effects. 

In my research group, the major theme for the last ten years has concerned the pharmacology, biochemistry; biology and toxicology of the calix[n]arenes, which I consider to be the archetypal platforms for the elaboration of nanoscopic bio-active constructs. It is perhaps, surprising that starting from phenols and formaldehyde in organic solvents – highly bio-active but often non-toxic molecules may be built, however the clean nature of the syntheses involved and the fact that no-side products or starting materials are trapped in the products goes some way to explaining their lack of toxicity.
The completely different chemistry between the aromatic para-position and the phenolic groups allows highly efficient selective chemical modification to be achieved, when this is coupled with the ease of selective mono-, di-, and upto full substitution at either face we are in position to introduce at will whatever functionality we choose. Thus the physical and biological properties of these molecules can be modulated to introduce almost any property.

The major problem with biology and hence the study of Nanopharmacology and Nanotoxicology is simple – we have to work under biological conditions ie in aqueous solution at ph7, with an ionic strength of 0.15M and in the presence of rather a lot of other molecules including the serum albumins at concentrations of 40g/L. So this is not chemistry.

In the talk I will illustrate the unique biology of the calix-arenes, in terms both of the chemical nature of the molecules but also in terms of the size and molecular mass of the systems.
Examples will include

1 Protein complexation by the para-sulphonato-calix[n]arenes and application to the diagnosis prion related neurological diseases.

2 The use of Calix[n]arenes for membrane protein extraction and stabilisation
3 The in vivo measurement of the toxicity of  para-sulphonato-calix-[4]-arene and the biodistribution of this molecule in mice, it will be shown that very high doses need to be injected to be toxic.

4 Drug complexation and transport by para-sulphonato-calix-[4]-arene.
