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Have you ever wondered how it is possible that if you take a pill, it works exactly in the right place where it should? Or how big they have to be to get there? Have you ever thought about it a little bit? This is something, that seems to be very simple and natural, but on the contrary it is not. I hope that this short article will help you to explain this little mystery. 

Of course, there are many possibilities of reaching this, but one of the most common ways is process called "Encapsulation". You have never heard about it? It would not be so surprising, but what is probably surprising is the fact, that we encounter with it every day. This method is plentifully used in food industry to keep the products fresh and tasty as long as possible. Another usage can be seen in cosmetics. There are many substances occurred in lotions, face masks etc., which support soft and young looking skin. And what exactly is  encapsulation? In scientific books, it is described as "The process, in which some vulnerable cells are closed into another, more resistant particles. This prevents diffusion of these cells into the environment". In a simplified way it means that we put cells into some carrier, which protects them and carries them to the right place where the cells are launched. Certainly it is very easy to create some big particles, but here is applied the rule "the smaller, the better". In this case, we are talking about nanoparticles.
Basic information

This article is concerning about encapsulated enzymes. First it is important to know what are enzymes. Enzymes are proteins with catalytic function. It means that they accelerate chemical transformations (e.g. digestion) in all living organisms in the whole world. There are many kinds of them and scientists estimate their amount to billions. Because of their big sensitivity and short lifetime, they have to be constantly refreshed by our organs. If this way does not work, it is necessary to deliver them in the form of pills. Unprotected enzymes probably would not survive this, because they are adapted just for their environment, not any other. (e.g. gastric juice would probably kill them, unless they are contained there) 

Our particular enzyme is called "pancreatin" and it is main enzyme produced by the pancreas. It was chosen for this work, because it is quite difficult to encapsulate it effectively. Pancreatin is mostly used in medicine to aid digestion and it is contained in the a well known drug called "Wobenzyme". Another use is for example in certain skin diseases or in ophthalmology. Not long time ago, scientists discovers, that pancreatin has some positive effects in the treatment of diabetes. It is actually composed of three basic components, but it is not crucial for this article. I think, that it has been enough of boring theory so now it's time to look at the practical part.  
Laboratory section

In this section, you will probably need a little bit of imagination because, unless you are the scientist, because unfortunately, this is not something, that could be done easily in your kitchen or living room. Some really sophisticated devices are needed as well as chemical glassware and of course not just a small amount of chemicals. And since we are still at the research stage, a nicely equipped laboratory is suitable for us too.
Due to the excessive sensitivity of the enzymes it was necessary to find out the ideal conditions, in which it will not disrupt them and in which the enzyme activity would be as big as possible. Enzyme activity describes the amount of enzymes, that survived the encapsulation. 
First and very important condition is pH (shows acidity and alkalinity). If the environment is too acidic or too alkaline, it kills all the enzymes. Of course, the pH is different for every enzyme and every transmitter. We had to find the exact pH value for both of them. This task was done with the device called spectrophotometer which measures the activity on the basis of how the solution absorbs light. At the end we calculate the enzyme activity for every pH value using a simple formula.  Second very important condition for enzyme activity is temperature. Enzymes are more active and reactive, when the temperature is a little bit higher. But if the temperature is too high it will destroy them. We had to find the exact point between these situations. Solutions made at different temperatures were put into spectrophotometer and measured the same way as pH. 
Encapsulation and results
At the moment, when these conditions were guaranteed, we could finally begin with the encapsulation itself. Our pancreatin had been encapsulated into liposomes and into two types of polysaccharide particles - namely into chitosan (contained in crustacean's cases) and chitosan - alginate particles. It isn't that important to know, what these substances are and what they are good for because they were only used as a carrier. Encapsulation has been accomplished by ultrasound which it is probably the best machine for encapsulation. Created solutions are put into the last and probably the most sophisticated device. This device is used for measuring the key futures of this whole experiment which is size and stability of created particles with encapsulated pancreatin. Their stability says, how long they are able to survive. 
The results then were quite various. The size was really acceptable. In average it was in the range of 50 to 1500 nanometres, which is quite successful. Bigger issue was the stability. Half of created particles were very stable, but unhappily the other half weren't. 
So now it is time to go back to the main question. Can they be even smaller? Yes, they can! Nevertheless, this research has still long way to go till we will be able to use it in real life. But I still believe, that it does will not take much time and that  we will meet with them everywhere in near future.
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