Metal-organic Frameworks with proteolytic activity as a thrombolytic agent 
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On this moment, one of the main problems of modern medicine is thrombus formation process, that can lead to stenosis of vital vessels and, as a result, a threat to human life and health. Currently, two main methods of treatment are used: mechanical thromboextraction and dissolution of the clot using enzyme preparations. The first method has a number of disadvantages, such as mechanical damage to the vessels during extraction with a catheter and reformation of a thrombus at the site of damage. Enzyme preparations, in turn, must be injected in large volumes so that the preparation is in sufficient quantity in the occlusion zone, taking into account the poor penetration of the thrombus for chemicals due to its own structure and low patency of the vessel. At the same time, a high concentration of enzymatic preparations is dangerous for the life and health of the patient due to side effects.[1]
In this work, we focus on the use of Cu-MOFs, which have shown proteolytic activity similar to trypsin.[2] The use of inorganic preparations can have a number of advantages, first of all, we have the opportunity to modify the particles in the future to ensure targeted delivery to the site of occlusion, another important aspect is the cost of the final preparation: the synthesis of inorganic particles is simpler and cheaper than organic enzyme preparations. In the course of our work, we have obtained Cu3(BTC)2 (HKUST) Cu-MOFs using a simple and fast precooling method. As a result, we obtained crystals ranging in size from 100 to 1000 nm, which was determined by scanning electron microscopy. We have characterized the obtained particles using X-ray diffraction analysis and confirmed the structure of the crystals. Light scattering analysis showed that the particles have sufficient stability for further experiments on model organisms. To reveal the proteolytic activity of MOF crystals, we incubated our particles with human albumin at 40°C for several hours. As a result, we can observe the non-specific activity of the crystals with the formation of two main bands during protein electrophoresis in a polyacrylamide gel. In addition, we carried out experiments on the dissolution of a thrombus under stationary conditions at various concentrations of particles; as a result, the efficiency of dissolution of a thrombus at the maximum concentration was 60%. We have noticed that in the process of thrombolysis, the structure of Cu-MOF crystals changes, which is confirmed by diffraction patterns. We conducted experiments on the dissolution of a thrombus under stationary conditions with degraded crystals and found that the activity of the particles decreased by a third and amounted to 40%.

The obtaining results indicate a high thrombolytic activity of Cu-MOFs, which may be the first discovered inorganic thrombolytic agents. In the future, we plan to complete the characterization of our particles and their degraded form. With the help of software tools, we plan to work on calculating the mechanism of action of particles and its further confirmation by experimental data. In addition, we need to carry out the process of thrombus dissolution under blood flow conditions, that is, under flow conditions. Upon completion of all the above experiments, we will be able to offer a new way to solve the problem of thrombosis for industry and society. 
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