
Advances in Microparticle Bombardment for Genetic Transformation, Drug 
Delivery and Materials Science

Supachai Nitipan*

Department of Biotechnology, Kasetsart University, Bangkok, Thailand

ABOUT THE STUDY
Microparticle bombardment, often referred to as the gene gun or 
particle bombardment technology, is a method used for 
introducing genetic material into cells and tissues, as well as for 
delivering drugs and designing advanced materials. This 
technology has played a significant role in genetic 
transformation, drug delivery and materials science, providing a 
unique and efficient approach to overcoming some of the 
limitations posed by traditional methods like viral and chemical 
transfection. The ability to deliver high-energy particles directly 
into cells has made microparticle bombardment an indispensable 
tool in biotechnology, medical applications and materials 
science. Over the years, significant advances have been made in 
improving its efficiency, precision and versatility.

Principle of microparticle bombardment

Microparticle bombardment operates on the principle of using 
high-velocity particles (often made of gold or tungsten) coated 
with DNA, RNA, or other therapeutic agents, which are 
accelerated using a gene gun device. These particles are 
propelled at the target cells using a burst of gas or an electric 
field, forcing them to penetrate the cell walls and deliver their 
cargo. The DNA or RNA then integrates into the cell's genetic 
material, resulting in genetic transformation. This method 
bypasses the need for complex biological systems such as viral 
vectors or chemical agents, making it a valuable tool in various 
applications.

Genetic transformation

One of the most significant applications of microparticle 
bombardment is in genetic transformation, particularly in plants 
and animal cells. The introduction of foreign DNA into cells has 
been required for studying gene function, developing Genetically 
Modified Organisms (GMOs) and advancing gene therapy. Unlike 
traditional transformation techniques that rely on bacterial-
mediated transformation (e.g., Agrobacterium), microparticle 
bombardment offers a direct and efficient approach.

In plant biotechnology, microparticle bombardment has enabled 
the creation of genetically modified crops with desirable traits 
such as pest resistance, enhanced nutritional content and 
improved stress tolerance. This technique has also been 
successfully applied in animal cells, especially for producing 
transgenic animals or for therapeutic purposes such as gene 
editing.

Drug delivery

In the field of drug delivery, microparticle bombardment has 
become as a potential strategy for controlled and targeted drug 
release. This approach involves coating drug molecules or 
therapeutic agents onto microparticles, which are then delivered 
into specific tissues or cells. The technology is particularly useful 
for delivering drugs to hard-to-reach areas of the body or cells 
that are resistant to conventional delivery methods.

Materials science

Microparticle bombardment has also found applications in 
materials science, particularly in the development of novel 
materials and surface modifications. The ability to directly 
bombard materials with high-energy particles opens up 
opportunities for creating advanced coatings, composites and 
functional materials with customized properties.

In surface engineering, microparticle bombardment is used to 
modify the surface characteristics of materials such as metals, 
polymers and ceramics. The bombardment process can be used 
to introduce functional groups, improve adhesion properties, or 
create micro/nano-scale textures on surfaces. This has wide 
applications in industries such as aerospace, electronics and 
biomedical devices.

Challenges and future directions

Despite the numerous advantages of microparticle 
bombardment, there are still several challenges that need to be 
discussed to fully realize its potential across these fields. One of 
the primary challenges is the variability in particle penetration
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alternative materials, such as biocompatible and biodegradable 
particles, to minimize toxicity while maintaining effective 
delivery capabilities.

In drug delivery, achieving precise control over the release 
profile of the therapeutic agents remains an important hurdle. 
Advances in nanoparticle technology, microencapsulation and 
surface functionalization are expected to enhance the control 
over drug release, making microparticle bombardment-based 
drug delivery more effective and safer for clinical use.
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efficiency. The success of microparticle bombardment depends 
on various factors such as particle size, velocity and the 
properties of the target cells or materials. Optimization of these 
parameters is important for improving the reproducibility and 
efficiency of the technique.

Another challenge lies in the potential toxicity of the 
microparticles used in the bombardment process, especially 
when gold or tungsten particles are used for genetic 
transformation or drug delivery. Researchers are exploring
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