New approaches to treat organ failure via inhibition of pancreatic enzymes in the gut and gut lymph
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Introduction. Acute and critical illnesses (ACIs) are typically managed in emergency and intensive care settings in hospitals. Recently, the ‘gut-lymph model’ has demonstrated that ‘toxic factors’ from the gut, including pancreatic protease, lipase and lipase generated lipotoxins, enter the lymph and the blood circulation in ACIs to promote systemic inflammation and organ dysfunction/failure. Currently there are no specific and effective treatments for organ failure in ACIs. Therefore, we investigated if delivering adsorbent materials into the gut lumen could bind to and reduce pancreatic enzyme activity in the intestine fluid.
Aims. To determine the optimal properties of adsorbent materials to bind to and inhibit the activity of lipase (from rhizomuscor miehei) and protease (e.g. trypsin from bovine pancreas) enzymes in vitro. To compare the in vivo effect of different adsorbent materials on pancreatic enzyme activity (e.g. analysed by BAPNA substrate) after intestinal administration to rats.
Methods. The in vitro loading and inhibition of pancreatic enzymes by different adsorbent materials, including MSP with different pore size (4 – 12 nm), and activated charcoal, were tested in Tris buffer by BCA assay. The in vivo pancreatic enzyme inhibition was assessed following infusion of adsorbent materials into isolated intestinal segments in rats.
Results. MSP (SBA-15) with a pore size of 8 nm was found to have the highest trypsin binding (128.9 mg/g). Activated charcoal was found to be an extremely effective platform to adsorb both trypsin (101.4 mg/g) and lipase (183.9 mg/g) in buffer (Figure below). Both MSP and activated charcoal reduced pancreatic enzyme (trypsin) activity in rat intestine.
Discussion. Adsorbent materials can bind to and load pancreatic enzyme in vitro and reduce pancreatic enzyme activity in vivo. It appeared that pore size but not particle size was the critical factor that influences enzyme loading, where the highest binding which is likely linked to pore size (8 nm) being not too small or too large to bind the enzyme. These materials may provide a novel medical approach to reduce the progression of ACI to organ dysfunction and failure.
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Nonporous silica (Particle size 2 um)

MSP-4 MCF (1µm/25nm)
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A: Trypsin loadng profile B: Lipase loadng profile


