In Vitro Testing of the Protease Modulating Activity of a Nitric Oxide Generating Foam
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The purpose of this study was to test a two-component
foaming liquid’s effects on a variety of proteases.

Intfroduction

One of the molecular hypotheses for wound chronicity is that there is a
disruption of healing due to the activities of proteases. The protein
destroying activities hypothetically lead to a lack of pro-healing growth
factors, growth factor receptors being stripped from the surface of cells,
and extracellular matrix destruction. Host-derived elastases have been
found to be associated with growth factor destruction and receptor
striping, whereas host-derived matrix metalloproteases have been
associated with matrix destruction. Bacterial proteases have a mixture of
activities, though P. aeruginosa's acid protease is sufficient to generate a
corneal ulcer.
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A novel 2-part nitric oxide generating foam is in pre-clinical testing to
determine the effects on known barriers to healing. Canonically, nitric
oxide is a known vasodilator, and the increased blood flow is anticipated to
improve healing. A non-exhaustive list of activities of nitric oxide include
regulation of apoptosis(1,2,7), neuroprotection(3), antibacterial(4), and
antiviral(d). These activities are commonly considered to be "double
edged” in that they seem to affect both the pro- and con- side of biological
activities. The same can be said in the case of proteases: where there is
evidence of activation(6) and of inhibition(7).

Here, the impact on in vitro protease activity using wound-relevant
proteases is assessed for the two individual parts and the 1:1 combined
final mixture.

Materials & Methods

A mix-and-read fluorescent substrate-based assay was used to measure
the protease activity of matrix metalloprotease (MMP) -1, -2, -8, -9, human
neutrophil elastase (hNE), and a type-| collagenase mixture from
Clostridium histolyticum. The assay was run in a 96-well plate format
using a phosphate buffered saline buffer augmented with 1mM CaCl, and
S5uM ZnCl, + 0.05% polysorbate 20. The enzymes were tested at levels
associated with extremely high proteolytic activity in human chronic
wounds (5-10 ug/ml). A standard curve was generated for each enzyme
to ensure a proportional response. The test product comes as a two part
unmixed pair of solutions (Part A and Part B); when applied the two
solutions as foams are mixed 1:1 prior to application to the wound and
periphery. Three test groups were utilized consisting of Part A, Part B, and
a 1:1 mixture of Part A:B. Dilutions of each agent with diH,O resulting in
100%, 50%, 25%, and 12.5% active agent were tested. The reaction was
monitored for fluorescence generation with 485nm excitation and 528nm
emission, 1 reading per minute for 10 minutes. The relative fluorescence
unit (RFU) per minute slope was calculated for each sample while the
reaction was still in the linear phase. The residual activity was reported as
the RFU/min observed divided by the RFU/min of the non-treated control.
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An effect was found among the control, Part A, Part B, and 1:1 mixture
(multiple p-values, all p < 1.69 x 10-8). All components and the final
mixture reduced or eliminated detectable protease activity. Dilution had no
apparent effect on activity reduction for Part A, and there was a dose-
dependent loss of inhibition with Part B. The dilution of the 1:1 mixture
had a slight reduction of residual protease activity; with the most
pronounced effect being with the C. histolyticum collagenase (0.7%
residual activity in the 100%, down to 0.1% in the 12.5% diluted sample).

Conclusions

These Initial results indicate a definite broad-spectrum anti-protease
activity when tested in vitro. The anti-protease activity appears to be
stable up to at least a 12.5% dilution. Additional testing in wound fluids or
wound fluid surrogates is necessary to determine if the effects will be
diminished in the presence of additional biomolecules.
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