Low Volume and High Shear Rheology on a Conventional Rheometer:
A Tool for Characterising Pharmaceutical Skin Creams
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Conventional rheometers have the capability of characterizing ultra-low fluid volumes, as low as ~10 ul [1-3], using narrow gap parallel plates.
Methodologies for obtaining accurate measurements of viscosity and non-linear viscoelastic properties of elastic shear thinning fluids
have been established [1, 4, 5]. This technique also expands the range of accessible shear rates to 10°s-1, far beyond those routinely accessed [6].

This study focuses on using narrow gap rheology for characterising biological fluids and semi-solid pharmaceutical products for two reasons:
1. Only small volumes may be available, or the cost of certain pharmaceutical products like creams may be prohibitive to large scale testing; and
2. It may be necessary to evaluate high shear rates that are relevant to the dose administration (rubbing the cream on the skin) or to a manufacturing process

Method Development for Ultra-Low-Volume Rheology on a Conventional Rheometer

Rheological characterization was conducted using a conventional rotational rneometer, Haake Mars |ll (Thermo Scientfic) or ARG2 (TA Instruments).

Three parameters were critical to the measurement of narrow gap rheology using a conventional rneometer with a smooth plate at gap height < 50 ym:

o Zeroing the gap using a 4 N load to overcome the squeeze flow of air.

e Determining, and correcting for, the gap error which arises from plate misalignment etc., as well as accounting for non-constant shear rate with radius [1-2].
e Accurately loading the required sample volume on to the plates using a micropipette = 55 ul for a 50 um gap on a 35 mm diameter parallel plate.
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Reproduced from [6]: Boehm, M. W., H. M. Shewan, J. A. Steen and J. R. Stokes (2015). Applied Rheology 25(5) with permission

A and B shows that the rheology of a 0.625% polyacrylamide solution is nearly identical between cone-plate and parallel-plate with a 20 um gap.
The ultra-low-volume technique captures known polymer physics (in our case, dilute polymer solution physics) and can be used to measure Intrinsic properties
of polymers with volumes less than 100 ul, in this case, a Hyaluronan solution during fermentation.

Thin Film Rheology for Physicochemical Characterization and Performance Testing of Skin Creams
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These results indicate that narrow gap oscillatory rheology provides insights into physicochemical properties of creams relevant to performance.
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® Narrow gap parallel plate rheometry is a useful and reliable method that
greatly extends the capabilities of a conventional rheometer.

® Comprehensive rheological characterisation and evaluation of molecular
properties are possible even at ultra-low sample volume.
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