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Hyaluronic Acid (HA) is a biopolymer naturally occurring in many biological systems and abundant in the human 

body where it plays a vital biological role in the eye (vitreous body), skin (dermis) and joints (synovial fluids and 

cartilages), due to its unique viscoelastic properties. HA solutions are exceptional lubricants and very hydrophilic 

and, being highly biocompatible, widely used in the biomedical industry. Their performance, of primary importance 

in applications, is directly linked to HA macromolecular structure and intermolecular interactions. In this work 

rheological properties were therefore investigated at various molecular weights (MW) and concentrations, in both 

water and salt solutions, i.e. mimicking the physiological environment. In addition HA is an ideal ‘model’ system to 

study semi-rigid polyelectrolytes, the charges being placed on the backbone and as such regularly distributed. By 

varying the ionic strength of the medium, the charges can be screened out and the consequences on the chain 

flexibility investigated. 

Many rheological studies have been carried out on polysaccharides and HA in particular over the past 50 years (see 

for example [1] to [3]). Although early measurements on high MW HA [1] suggested no entanglements were present 

at low concentration, a subsequent study [2] indicated the formation of a transient network as early as 1mg/ml. 

Good agreement with scaling predictions for polyelectrolytes at high salt concentration in the dilute regime [5] was 

found by Krause et al [4] for high MW HA in phosphate buffer saline. Inconsistencies in the rheology of HA in the 

literature have been attributed to the different levels of proteins contamination [3-4]. 

Despite extensive investigations, there are still a number of unresolved and/or controversial aspects. These include 

location of the boundaries between dilute and concentrated regimes, the behaviour of HA chains in solution, as well 

as the effect of salt on the chain conformation and chain stiffness, fundamental to understanding the concentration 

dependence of viscosity [5]. We have therefore investigated a range of MWs, from 500k to 4000k Da (kindly 

provided by HTL, Javené, F), as a function of concentration and ionic strength. 

We found the change from dilute to semi-dilute to be similar, within error, between aqueous and salt environment, 

while a second regime change is found to be constantly higher for salt-free solutions, the difference increasing with 

MW. Extrapolated zero shear viscosities values (η0) scale with concentration to give a slope of ~1 and ~1.1 in the 

dilute regime, for aqueous and salt solutions, respectively. In the concentrated regime, we found the exponent to be 

~3.6 and ~4.1, correspondingly. 
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