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Induced by Zinc Chelation and Surface Charge Masking
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Abstract

Background:
In order to enhance the absorption of insulin following subcutaneous injection, excipients were selected to 
hasten the dissociation rate of insulin hexamers and reduce their tendency to reassociate postinjection.  
A novel formulation of recombinant human insulin containing citrate and disodium ethylenediaminetetraacetic  
acid (EDTA) has been tested in clinic and has a very rapid onset of action in patients with diabetes. In order 
to understand the basis for the rapid insulin absorption, in vitro experiments using analytical ultracentrifugation, 
protein charge assessment, and light scattering have been performed with this novel human insulin formulation  
and compared with a commercially available insulin formulation [regular human insulin (RHI)].

Method:
Analytical ultracentrifugation and dynamic light scattering were used to infer the relative distributions of insulin 
monomers, dimers, and hexamers in the formulations. Electrical resistance of the insulin solutions characterized  
the overall net surface charge on the insulin complexes in solution.

Results:
The results of these experiments demonstrate that the zinc chelating (disodium EDTA) and charge-masking 
(citrate) excipients used in the formulation changed the properties of RHI in solution, making it dissociate 
more rapidly into smaller, charge-masked monomer/dimer units, which are twice as rapidly absorbed following 
subcutaneous injection than RHI (Tmax 60 ± 43 versus 120 ± 70 min).

Conclusions:
The combination of rapid dissociation of insulin hexamers upon dilution due to the zinc chelating effects of 
disodium EDTA followed by the inhibition of insulin monomer/dimer reassociation due to the charge-masking 
effects of citrate provides the basis for the ultra-rapid absorption of this novel insulin formulation.
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