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The first stage of zymography involves separation of proteins by
size. Proteins coated in SDS (sodium dodecyl sulphate) have a
negative charge and migrate through the gel driven by an
electrical current. They separate based on size – the larger the
protein the slower it moves.
Following electrophoresis, undigested gelatin is seen as a blue
background and clear areas show sites of enzyme activity where
gelatin has been digested. MMP-2 and MMP-9 were used as
representative MMPs throughout this study. Activated MMPs are
smaller due to loss of propeptide thus traveling further during
electrophoresis. Enzyme activity of the MMPs was quantified by
measuring the clear area of the gel.
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The combination also may mediate proteolysis by MMP-9 by the
ionic modification.

ANOVA p<0.0001
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Where no proteolysis occurred this indicates that the dressings sequester the metal ion required in order for the MMPs to function. The Positive Control, SAP with Ionic gel, Foam with SAP ionic gel backing were
all able to eliminate proteolysis by depleting ions in the buffers. The control dressings and polyurethane foam had little influence on the metal ion concentration and proteolysis was able to proceed.
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Other dressings that may modulate proteases either contain collagen
or exert pH modulating activity. Collagen presumably inhibits
protease activity by supplying an excess of substrate to compete for
MMP activity and the pH modulating dressings lower the pH to a
level where MMPs are naturally less active. The mechanisms of
protease inhibition demonstrated in this study appear to be different
than the existing wound dressings that claim protease inhibition, and
appear to be a combination of modifying the ionic environment and
selectively depleting proteases.
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As expected, the Positive Control dressing did show complete
proteolysis inhibition and the Negative Control did not. None of the
other dressings, including the Foam without SAP ionic gel,
Commercially Available Polyurethane Foam and Commercially
Available Hydrocolloid showed complete proteolysis inhibition. Both
the Foam without SAP ionic gel and Commercially Available
Polyurethane Foam showed an increase in proteolysis above that of
the Negative Control dressing.
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At completion of the study, the SAP dressings with ionic gels alone
tested were shown to inhibit proteolysis by MMP-2 and MMP-9.
The inhibition is mediated by:
• Probable microenviromental ionic modification
• The binding of protease to the gels
• The physical removal of the MMPs from the wound environment
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Test dressings were: Positive Control, Negative Control , SAP with
Ionic gel**, Foam with SAP ionic gel backing***, Foam without SAP
ionic gel, Commercially Available Hydrocolloid (CH)**** and
Commercially Available Polyurethane Foam (CF)*****.
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PC= POSITIVE CONTROL
PF= POLYURETHANE CONTROL FOAM
FSAP= FOAM WITH SAP IONIC GEL BACKING
NC= NEGATIVE CONTROL
SAP= SAP with IONIC GEL
CF= COMMERCIALLY AVAILABLE POLYURETHANE FOAM***
CH= COMMERCIALLY AVAILABLE HYDROCOLLOID****
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In the baseline experiments below (See
Figure C and D) various concentrations
of MMP-9 standard was prepared and
added to each test dressing. After a
time period the residue was decanted
from the dressings and zymography was
performed. Both the positive control and
the SAP dressing showed clear depletion
of the MMP-9. These results were
confirmed in multiple experiments.

The test dressings were incubated with proteolysis buffers with varying ion concentrations (high and lo) of NaCl2 and CaCl2, including zinc, that are known to be required
for MMPs to function and for proteolysis to occur.
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Gelatin zymography – (Gelatin substrate gel electrophoresis) was
utilized for the detection of enzyme activity and demonstrates
the activity of gelatin-degrading proteases. (See Figure A Below)
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In this experiment a series of tests were performed on two new
super absorbent polymer (SAP) dressings (SAP with Ionic gel*,
Foam with SAP ionic gel backing**) along with other
commercially available dressings and control dressings in order
to determine if the gels in the new SAP wound dressings might
be able to exert a clinical effect by modulating this protease
activity. The SAP dressings are known to “lock” the wound
fluid away from the tissue leading to the hypothesis that
eliminating the MMPs from the wound bed will no longer
allow them to have an active role in proteolysis. Additionally
it was theorized that the ionic SAP gel could assist in protease
modulation by binding with ions necessary to convert
proteases to their active form.
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Matrix metalloproteinases (MMPs) are required by the majority of
cells playing a role in wound healing to perform their normal
physiological roles. However, activity of MMPs present in chronic
wound fluid has been shown to be significantly elevated compared
to normally healing acute wounds leading to destruction of the
extracellular matrix (ECM) proteins1. This degradation of proteins
is also known as proteolysis. There is known to be a direct
correlation between delayed wound healing with the increased
presence of MMPs due to this proteolysis2. For the MMPs to be
active there is a dependence on metal ions, specifically zinc, to be
present. If zinc was to be removed from the wound bed one could
hypothesize that there could be a decrease in MMP activity.
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The two new SAP dressings studied in these experiments appear
to have modes of action to modulate proteases clearly distinct to
those of existing products.

There was a complete loss of proteolysis due to the depletion of metal ions with SAP in both hi and lo ion concentrations. There was a non-significant reduction in proteolysis in Commercially Available
Hydrocolloid during the high ion test, but a significant reduction was found during the lo buffer incubation. The Commercially Available Polyurethane Foam was seen to potentiate proteolysis with
respect to Negative Control dressing. When ions were replaced there was recovery of activity for all dressings indicating that the loss of ions in the depleted proteolysis buffers was the mechanism of
reduced MMP activity.

Further research would be beneficial to study the clinical effects of
these dressings in vivo and to measure their ability to accelerate
wound healing by selectively depleting the proteases.
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