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ASPECTS OF SYNTHESIS OF MAGNETIC NANOPARTICLES 

FOR DRUG DELIVERY SYSTEMS 

Akpama T., Al Sayed W., Vedernykova I.  

Inorganic and Physical Chemistry Department,  

National Pharmaceutical University, Kharkiv, Ukraine 

ivedernykova@gmail.com 

 

Today, there are widespread works in which scientists study the conditions of 

synthesis and the efficiency of materials in the nanoscale range. The transition from 

micro to nanoscale objects of research, carried out at the turn of the century in the 

field of high technology, has led to the discovery of qualitatively new properties of 

materials and the implementation of fundamentally new ways of their application.  

Usage of magnetic nanoparticles in the composition of drugs allows to obtain 

magnetically controlled Drugs Delivery Systems (DDS), which innovatively changes 

the methods of use of the tool, expands the possibilities of local treatment. 

Drug Delivery refers to methods, approaches, processes, technologies or 

systems that aid the transportation of pharmaceutical compounds in the body to 

achieve a therapeutic effect in human body. DDS can be described as a device or 

mechanical system or invention which enables the targeted delivery or controlled 

release of a therapeutic substance or agent to specifically reach a targeted site of 

action without getting to other sites of the cell that are not targeted.  

The process of drug delivery has changed drastically over the past years and 

would definitely continue evolving with time. Drugs have been used as a means to 

prolong life span and improve or maintain good health for quite some time and would 

continue to be used in the foreseeable future, hence the importance of DDS. 

Development of a new direction of pharmaceutical science with the usage of 

magnetic nanotechnology in the design of magnetically controlled DDS has 

theoretical and practical significance.  

When drugs have side effects, it is usually because they are accidentally 

interacting with other parts of the cell that are not the target of the pharmaceutical 

substance which was taken into the body. Due to these reasons, it is still very difficult 

to produce certain needed drugs for some diseases.  

A DDS with magnetic properties solves the targeted delivery of an active 

substance, its fixation in the pathological zone, opens up new prospects for the 

development of medical and pharmaceutical science. Drug delivery is important for 

the treatment of chronic diseases or infections. It offers direct delivery of the drugs to 

the exact localization or site where it is needed in the body.  

Today design of DDS is the focus of the attention of many researchers. This is 

confirmed by the extremely high number of publications (Figure) related to the study 

of magnetic DDS, which has grown 10 times over the past twenty years (analysis of 

data from the search engine Google Scholar, using keywords “Drug Delivery 

Systems”). 

mailto:ivedernykova@gmail.com
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Figure: Diagram of amount of publications  

(the analysis of database Google Scolar, using keywords “Drug Delivery System”) 

 

In this work, magnetite particles were obtained by coprecipitation of iron (II) 

and (III) salts in an ammonium hydroxide medium according to the reaction equation: 

Fe2+ + 2Fe3+ + 8OH- = Fe3O4 + 4H2O 

Using the structure of magnetite Fe3+Fe2+
3O4 as the base structure, the substitution of 

the iron (II) cation with another divalent metal cation (Me) leads to the production of 

completely Me2+Fe2O4 or partially substituted Mex
2+Fe1-x

2+Fe2
3+O4 magnetite. Doping 

of magnetite with cations of other metals will make it possible to simultaneously 

solve several problems. A multicomponent ferrite particle in this case is a depot of 

not only iron, but also other microelements, which ensures the synergism of their ac-

tion. The use of ferrites of various compositions, as well as their mixtures, opens up 

prospects for the creation of magnetic materials that will have predictable properties 

in advance. 

The method of chemical condensation, in which ferrites are obtained from aqueous 

solutions of metal cation salts in an alkaline medium, has a number of advantages. 

When mixing and settling the components in the liquid phase, a high dispersion and 

close contact is achieved, and a uniform distribution of the constituent components of 

the ferrite particles is ensured. As a consequence, the synthesis products are charac-

terized by the reproducibility of the chemical composition and properties. The meth-

od allows one to obtain particles of the nanoscale range, which corresponds to their 

superparamagnetic state. 

Based on the successful experience of using mixed type ferrites in engineering, 

it should be noted that they are an interesting object of study for their use in 

pharmacy. The development of methods for the synthesis of mixed ferrites in the 

nanometer range, the study of their properties is the task of finding new structures 

with exceptional functional properties, which certainly has both theoretical and 

practical significance.  
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