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Introduction 

Different forms of pain syndromes require  individual approaches of  

analgesics using. Annually a large number of painkillers appears in the world market. 

For their more effective using, the development of preclinical testing methods is 

necessary, the purpose of which is to obtain  assessments of  effectiveness and safety 

of medicines by physico-chemical methods. 

Practically, the use of each drug  don't save from risk, therefore, preclinical 

studies should ensure the reliability of the drugs. Pharmacokinetic studies based on 

the determination of  "concentration-effect" dependences  can be used in the future 

for  prediction the effect of drugs on a person. Traditionally, animals are used for 

such experiments, but other alternative test systems have recently been searched. For 

pharmacokinetic studies, cell cultures are used, the main drawback of which is the 

low propensity to metabolism, which  leads  to inaccuracies in predicting the toxic 

effect of compounds in vivo.  

The using of composite materials for development of biopreparations allowed 

significantly increase their effectiveness due to the wide possibilities of regulation 

their structure and thus to influence the runing of different processes: 

-physico-chemical, 

-bio-chemical. 

Especially the achievements of nanjtechnology create the scientific base for 

such researches. 

 

 



1.Obtaining and using of immobilized preparations of cells and enzymes 

for studing of methabolism of painkillers 

Biotransformation of most drugs takes place with the involvement of enzymes 

in the liver cells. That is why homogenates and suspensions of freshly insulated 

hepatocytes, subcellular fractions, and enzymes are used for studying the metabolism 

and utilization processes. 

As for as biological catalysts  are the part of  composition of such systems, the 

loose of their activity creates a problem of stabilization. This can be achieved by 

immobilizing enzymes (amidase, cholinesterase) and cells (freshly isolated 

hepatocytes). To solve this problem, hybrid silicon-polymer-based materials may be 

offered, where the polymer shell around biocatalysts  creates conditions close to in 

vivo and silicion component as, externial shell, reduces the risk of bacterial lecitions. 

Such preparations are stable at storage, are convenient in the work, have high 

selectivity, which is confirmed by the results of procaine cleavage. The results of 

observations allow to simulate the processes occurring in a living organism, under the 

action of similar substances. 

Many active substances of painkillers are substrates and inhibitors of non-

micromanous enzymes (esterases, amidase, phosphatase). Under the action of 

biocatalysts in the plasma of blood and tissues, mainly liver, the drugs undergo 

biotransformation, for example, by hydrolysis. In this case, under the influence of 

water, there is a rupture of ether, amide and phosphate bonds in the molecules of 

medicinal substances. Hydrolysis is carried out by esters - procaine, sucet metion 

(catalyst - cholinesterase), amides - prokainamide (amidase), acetylsalicylic acid, and 

others. [1-3]. 

Biopreparations, such as homogenates, subcellular fractions, freshly-insulated 

hepatocyte suspensions, cell culture, enzymes (hydrolases, amidases, demethylases, 

N-oxidase, S-oxidase, etc.) are often used for pharmacokinetic studies of metabolism 

and drug utilization processes. It is also an alternative method of animal 

experimentation (the requirement of 3R- (reduction, refinement and replacement) - 



reduction, improvement and replacement in relation to experimentation on laboratory 

animals), as well as to determine the concentration of active substances [4-6]. 

Biological products often lose their activity when stored, so there is a problem 

of their stabilization [7-10]. Methods of immobilization have been developed to 

improve the stability of biological products. Immobilized biocatalysts are enzymes 

and cells artificially associated with insoluble carriers that posses catalytic properties. 

Such drugs have several advantages over free enzymes and cells: they can be used 

multiple times, ensure the continuity of the catalytic process and  easily separated 

from the reaction mixture. Such heterogeneous catalysts are durable and tens of 

thousands of times more stable than free biopreparations. This ensures high 

efficiency, efficiency and competitiveness of technologies using immobilized 

biocatalysts. 

 

 
Fig.1  Methods of immobilization of enzymes and cells 

Fig.1 demostrates various known methods of immobilization[11-14]. The 

advantage of the adsorption immobilization method is in the availability and 



possibility of using cheap carriers. The disadvantage is in the poor strenght of binding 

of a biocatalysts with solid surface.   

When immobilizing enzymes and cells take place in the process of forming the 

structure  of the carrier  effect of "traps" - "capture" of the catalyst in the gel is 

typical. The advantage is a stronger binding due to the localization of the biocatalyst 

in the cavities of the polymer mesh, as well as the ease of obtaining. An essential 

disadvantage is that most polymers are bactericidal unstable. In addition, most natural 

polymers do not have a permanent composition. 

Chemical methods of immobilization (cross-stitching and covalent cross-

linking) allow obtaining the most stable preparations, but are difficult to perform, 

especially when obtained in large quantities. Preliminary modification of the carrier 

surface is required, which complicates the synthesis process. Such immobilization 

methods can lead to significant changes in the properties of heterogeneous drugs, for 

example, substrate specificity, catalytic activity and stability. It is also necessary to 

protect the active centre of the enzyme in the process of modification. There are 

additional requirements for the precision of precursors. 

The most universal method of immobilization is inclusion of biocatalyst in a 

polymer gel [15]. In order to obtain convenient forms of cells and enzymes, hybrid 

silicon-polymer systems were proposed, where the polymer creates conditions close 

to the biocatalyst. In vivo, and the siliceous component reduces the risk of 

bactericidal lesions [9, 16-19] (Fig. 2). 

 
 



Fig. 2. Scheme of the structure of hybrid silicon-polymer systems: 1-

enzyme or cell in polymeric shell; 2-silica shell 

The use of such heterogenized drugs allows to make express evaluation of the 

potential metabolism of active substances of new drugs, including pain relievers [20]. 

An integral stage in the development of the drug is preclinical studies, which 

are conventionally divided into pharmacological and toxicological. Pharmacological 

studies using immobilized preparations of enzymes and cells may be aimed at 

studying the therapeutic effectiveness of drugs and their effects on the organism [21]. 

The basic principles of establishing the quantitative relationships between the 

chemical structure and the pharmacological activity formulated so far can be 

represented in the form of three basic stages (biopharmaceutical, pharmacokinetic, 

pharmacodynamic). The first stage - includes the study of the initial biologically 

active substance and the creation on its basis of the finished dosage form. The second 

- pharmacokinetic - involves the study of such occurring in the organism of kinetic 

processes, such as absorption, distribution, binding to proteins, biotransformation and 

excretion (excretion) of drugs. These processes are studied in relation to the 

pharmacological or toxic effects of these substances on the organism. The third stage 

- pharmacodynamic - includes the study of the interaction of drugs with the receptor 

and the impact on regulatory systems. Only at this stage the process is fully detected 

and there is a specific relationship between the chemical structure of the drug and its 

pharmacological effect. Consequently, the biological activity of drugs is explained 

sequentially by three phases: biopharmaceutical, pharmacokinetic and 

pharmacodynamic. Immobilized preparations of enzymes and cells can be applied 

practically at each stage. The use of such drugs in various techniques is based on the 

fact that they behave like stationary phases, which have high activity, specificity and 

reproducible characteristics. The latter reveals broad prospects for the use of 

immobilized biopreparations as model objects for studying the metabolic processes of 

many drugs, including painkillers. For example, carrying out of kinetic studies on 

compositions with cholinesterase activity allowed to evaluate the catalytic properties 

of the native and immobilized acetylcholinesterase (ACE) of the electric organ of the 



electric eel (Acetylcholinesterase from Electroporus electricum (electric eel)) in the 

reaction of cleavage of procaine (Sc.1) [20]. 

 

 
The heterogeneous drug AXE showed stable characteristics in determining the 

activity of cleavage of procaine, which made it possible to conclude its promise for 

the development of methods for studying the possibility of metabolism of analgesics. 

Immobilized cells and enzymes expanded the possibility of analytical 

definitions at the expense of biosensors developed on their basis [22-25] for 

qualitative, quantitative and semi-quantitative characteristics of certain substances. 

Depending on the type of sensor (electrochemical, thermal, optical, etc.). The 

possibility of definitions in different areas of concentration is presented. For example, 

on the basis of an immobilized drug acetylcholinesterase, a biosensor was developed 

to determine codeine. 

Approaches used to create the described test systems can also be used in the 

development of new drugs, including painkillers in the application forms. 

2.Immobilized forms of painkillers 

In the world practice of pharmaceutical production in the last decade, there has 

been a significant increase in the release of controlled-released active substances, 

primarily transdermal therapeutic systems (TTS).TTSs have been created for the long 

and continuous introduction of medicinal substances into the systemic circulation 

with a predetermined rate through intact skin. Usage TTS chronic patients, allows 

them to maintain efficiency, and significantly improve the quality of life. The 

practice of their application has shown that continued transdermal delivery of 

substances in concentrations close to the minimum therapeutic, eliminates or 



significantly reduces their adverse effect of the use of drugs  in the form of TTS can 

provide them with new beneficial properties through advantages  of controlled release 

technology. The main part of many TTS are polymer matrices of various nature 

containing drugs. 

Transdermal therapeutic systems are a promising drug, a form for controlled 

delivery of medicinal substances. 

The drug consists of two main parts - the active principle - one or more 

medicinal substances (MS) - and auxiliary substances forming the pharmaceutical 

form. A new generation of pharmaceutical form usually refers to those 

pharmaceutical forms that use controlled release technology and / or targeted drug 

transport to target organs [26-30]. The use of controlled release technology in the 

preparation of drags has now become widespread [31-33]. 

The essence of technology of controlled release consists in prolonged and 

continuous delivery of drugs to the organism with a predetermined rate [34-42]. A 

targeted transport of the drug to the target organ can also be achieved in some cases 

using technology of controlled release. 

At a predetermined speed, it is usually assumed that the rate of continuous flow 

of medicinal agent into the bloodstream, which allows it to maintain a constant or 

close to it, the concentration of medicinal agent covers the decline of the substance as 

a result of excretion, metabolism and deposition. 

This rate tends to be chosen so that it slightly exceeds that which is necessary 

for creation in the blood of the minimum therapeutic concentration of drug and does 

not exceed the toxic concentration of drugs, when side effects are manifested [37]. 

In the case of the use of immobilized medicinal substances, there is a need for a 

theoretical explanation of the features of interaction with microorganisms, not only 

medicinal substances, but also the carrier, as well as its influence on the protective 

functions of the organism, on the behaviour of cell membranes. 

The practical use of silica in the medical and biological direction imposes 

certain requirements on the corresponding medicinal dosage forms. At present, the 

question of criteria for evaluating sorbents of different purposes used in medical 



practice (hemo-, enterosorption and application therapy) is widely discussed [43-44]. 

For application sorbents, the following requirements are put forward: 

- high adsorption capacity relative to a wide spectrum of toxic substances and 

microorganisms; 

-atoxicity; 

-absence of harmful action in relation to viable tissues of the wound, 

leukocytes, macrophages; 

-mechanical strength; 

- absence of allergic and pyrogenic reactions; 

- ease of sterilization; 

- Stability of properties during storage; 

- chemical inertness relative  inflammations. 

In our opinion, silica-based sorbents satisfy most of these requirements. 

Existing problems are related to the choice of types of silica, methods of optimal 

modification of their surface for the immobilization of medicinal substances. In  [45], 

the authors used the application sorption using silica sorbent - polysorb in the 

treatment of purulent wounds and purulent-inflammatory diseases. 

The problem of increasing the bioavailability of drug components, as well as 

the development of solid dosage forms for oral use with the predicted characteristics 

of the kinetics of release of active components to date remains an actual task. This 

question becomes especially relevant when dealing with difficult or limited soluble 

drugs [46]. 

The authors [47] have found that when immersion of diclofenac in a porous 

silica matrix occurs, the amorphization of the structure of the active substance take 

place, which increases the dissolution rate. The rate of release of diclofenac depends 

on the characteristics of the porous structure of the carrier and decreases with 

decreasing pore diameter. 

In [48], the task was to develope an improved method for obtaining chitosan 

based composite granules for the preparation of prolonged-action drugs with the 

ability to control the rate of release of active substances. The objective of the present 



invention was to provide a method of manufacturing composite granules of chitosan-

based drugs with controlled release of active substances, which comprises including 

the active substance to a granule composition. According to the invention, the active 

ingredient is introduced into a chitosan solution, the mixture is homogenized, and the 

formation of the granules of the composite is carried out by applying the resulting 

mixture through the capillary to the hydrophobic silica, in particular to the 

methylated, with followed heat treatment of the resulting pellets, preferably at 80 ° C. 

The active substance, in particular sodium diclofenac, can be pre-impregnated in a 

silica matrix. As a silicon matrix, hydrophilic or hydrophobic silica can be used with 

surface groups able to interact with the active substance. The size of the obtained 

composite granules is adjusted by the content of chitosan in the initial mixture and / 

or the silica content and / or the diameter of the capillary through which the mixture 

is introduced into hydrophobic silica. What's new is that the active substance, in 

particular sodium diclofenac, is pre-impregnated into the silica matrix, changing the 

lyophilicity of which  the rate of release of the active substance can be controlled. 

The hydrophobization of the surface provides a significant reduction in the rate of 

release of the active substance from the silica matrix, as the matrix wettability is 

significantly reduced by the washout environment. Formation of composite granules 

in the form of spheres of chitosan, which usually includes dipping into a solution of 

alkali or high-temperature processing, is carried out under mild conditions without 

deprotonation of chitosan. 

Known transdermal systems based on silica / polymer / anesthetic / enzyme. 

Such a combination due to the rapid formation of an active metabolite drug can 

effectively achieve anesthesia. 

Composite materials can be used to create diagnostic tools. For these purposes 

polymer/anaesthetic/dye systems are known in practice [49-52]. 

Thus, the use of composite materials as test systems, application medical and 

diagnostic forms allows to expand the scope of using of immobilized preparations of 

biocatalysts and anesthetics, while providing effective indicators in these areas of 



study. The prospects for the use of immobilized cells and enzymes in 

pharmacological chemotherapy of analgesic drugs have been analyzed. 

1. It has been shown that the proposed objects can reduce the number of 

experiments using animals, which corresponds to the concept of humane use of 

animal concepts 3R (reduction, refinement and replacement) - reduction, 

improvement and replacement in relation to experimentation in laboratory animals)). 

2. Forecasting of metabolism of anaesthetics can be effectived with using 

heterogeneous biocatalysts. 

3. Biosensors based on immobilized cells and enzymes due to the high 

specificity and simplicity of the device design create prerequisites for reducing the 

cost of analytical definitions of analgesics and their metabolites in biological fluids. 

4. The use of various forms of silica will allow by means of adsorption-

desorption processes to achieve controlled release of drugs. 

5. Transdermal systems will become more resistant to bactericidal effects of 

the environment. 

6. The use of silica-polymer compositions will allow more purposefully 

creating application forms with immobilized anaesthetics. 

7. The use of composite materials as test systems, application medical and 

diagnostic forms allows expanding the scope of use of immobilized preparations of 

biocatalysts and anaesthetics. 
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