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Abstract 
 

Electroporation (EP) is a method of controlling cell function by using pulses of electrical 

fields to create pore through a cell membrane and causes other substance around it 

to be absorbed into the cell. Where This method had been led to variety of medical 

applications. While, microcontact printing (μCP) is a quite useful technique for 

patterning extracellular matrix as an adhesion molecule for cells that works for 

controlling the cell growth. This study focuses on reviewing the basic concepts and 

techniques of electroporation and Microcontact printing, as applied to molecular 

biology & cancer treatment. The combination of these two technique might be a new 

technique for wound healing process treatment. 
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Abstrak 
 

Electroporation (EP) adalah satu kaedah mengawal fungsi sel dengan menggunakan 

denyutan medan elektrik untuk mewujudkan liang pada sel membran dan 

menyebabkan bahan lain di sekelilingnya untuk diserap ke dalam sel. Di mana 

kaedah ini telah membawa kepada pelbagai aplikasi perubatan. Manakala 

Percetakan Microcontact (μCP) adalah satu teknik yang agak berguna untuk 

mencorak extracellular matriks sebagai molekul lekatan untuk sel-sel yang berfungsi 

untuk mengawal pertumbuhan sel. Kajian ini tertumpu kepada kajian konsep-konsep 

asas dan teknik electroporation dan juga percetakan Microcontact, sebagaimana 

yang telah di guna pakai untuk biologi molekul & rawatan kanser. Dengan gabungan 

kedua-dua teknik ini mungkin dapat menghasilkan satu teknik baru untuk rawatan 

luka dalam proses penyembuhan. 

 

Kata kunci: Electroporation, percetakan microcontact, percambahan sel, 

penyembuhan luka. 
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1.0  INTRODUCTION 
 

This review describes techniques of Electroporation 

and Microcontact printing on several application 

and some study on research literature review. Where 

this two method are widely used on biomedical 

engineering applications. The biological effects of 

microsecond pulse electric fields (μsPEF) had been 

intensively investigated over the last few decade [1]. 

Electroporation is a viable physical technique, where 

it is in high intensity, short duration pulses are applied 

to temporarily open up pores in the plasma 

membrane of the cells to allow the transport of 

therapeutic materials including drugs, antibodies and 

genes (DNA) which otherwise are impermeable [2]. 

While, C.chen et al. had been studying the biological 

effect of μsPEF and found that the increasing of 

transient in the permeability of the cell membrane is 

used to introduced DNA or other molecules into the 

cells. This phenomenon is potentially, the basis for 

many applications in vivo such as 
electrochemotherapy and gene therapy, ex vivo 

involve blood cells, treated outside of the body with 

reintroduction to body to provide therapy, and also 

in vitro used to transfect suspended or anchored cells 

in laboratory apparatus by introduced DNA [3]. By 

applying the electrical pulses across the cells, a 

variety of outcomes that is from no effects to 

reversible EP and to irreversible EP depending on the 

range of electrical pulses applied to it [4].The method 

of EP will be combined with the μCP as the 

technique of micropatterned surface will be used the 

Microcontact printing method. Microcontact printing 

is a remarkable surface patterning technique. That 

was developed about 10 years ago and has 

triggered enormous interest from the surface science 

community, as well as from engineers and biologist 

[5]. It was quite a useful technique for patterning 

extra-cellular matrix (ECM) that works as an adhesion 

molecule for cells [6]. Research on EP and μCP has 

been important in the improvement of biomedical 

application and future technologist in tissue 

engineering fields and wound healing research. 

There is still no research on combination of these two 

method that had been done so far. 

2.0 LITERATURE REVIEW 

 
2.1  Electroporation 

 
Somphop Rodamporn, 2011 state that 

electroporation is a widely used method for 

introducing foreign materials (gene, DNA, RNA etc.) 

into tissue, animal cells and plant cells [1-3]. The main 

object of electroporation is to employ electric field 

for opening pores and facilitating gene and DNA into 

cell or tissue. Since Eberhard Neumann used an 

electroporation system in molecular biology, many of 

electroporation devices have been developed [2]. In 

comparison to other method of gene transfer, such 

as non-viral vector and viral vector, electroporation is 

a noninvasive and nonchemical method. It has many 

advantages for example, this method does not 

change the biological structure and function of the 

target cells, and it is safer, high efficiency and less 

immunologic [6]. R. Sundararajan. et. al. 2011 had 

made a research on the effect of irreversible 

electroporation on cancer cells. Where he state that 

the usage of electrical pulses along with drugs – 

electrochemotherapy (ECT) is a fast rising option for 

the treatment of chemo-refractive cancers.  The 

applied electrical pulsed can be of two types either 

for reversible and irreversible electroporation of the 

cells. Reversible electroporation is primarily used for 

delivery of molecules into the cell. While, irreversible 

electroporation could be applied as in the absence 

of chemo drug to kill the cancerous cells. Gouping 

Guan et. al. also had mention that there are few 

reports focusing on the decorations of in vivo 

environment to implanted biomaterials and the 

effects of the decoration on cells proliferation and 

wound healing [7].  

 
2.2  Microcontact Printing 

 
The recent development of biological applications of 

μCP (from cell biology, tissue engineering, cell 

cocultures, bio-assays, bio sensors, etc.) it led to huge 

burst of technical papers in the last 10 years, by 

providing adaptation of micropatterning techniques 

to various substrates (glass, plastics, hydrogels, 

elastomers, etc.), molecules, and cell types, in two 

dimensions (2D) and three dimensions (3D) [8]. It has 

triggered enormous of interest from the surface 

science community, as well as from engineers and 

biologists. The technique of patterning for used to 

control both the adsorption of proteins to these 

surfaces and the attachment of cells to them. The 

ability to generate patterns of proteins and cells on 

surface is important for biosensor technology, tissue 

engineering, and fundamental studies of cell biology. 

The placement of biological ligands at well-defined 

locations on substrates is required for certain 

biological assays, for combinatorial screening, and 

for the fabrication of biosensors. Control over the 

positioning of cells is also important for cell-based 

Figure 1 Different application of single cell [46]. 

electroporation 
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screening, in which individual cells need to be 

accessed repeatedly to perturb them and to monitor 

their response. Tissue engineering may require that 

cells to be placed in specific locations to create 

organized structures. The patterning techniques is 

controlled both the size and shape of the cell 

anchored to a surface, and chemistry and topology 

of the substrate to which the cell is attached, are 

also extremely useful in understanding the influence 

of the cell-material interface on the behavior of cells 

[9]. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.0  TECHNIQUES 
 

Electroporation is the technique that utilizes of 

applying high magnitude electric pulses (thousands 

of V/cm) to induce permeability increase in cell 

membrane [10], short duration pulses to open up 

pores, allowing the passage of chemo drugs that are 

normally impermeable or less permeable through the 

cell plasma membranes [11]. EP generally depends 

upon the intensity of the electric field, the duration of 
each pulse, the number of pulses and the interval 

between them. Depending upon the magnitudes of 

these parameters, there are three effects on the cell 

membrane. Either, no changes on the cell 

membrane, temporary opening of the cell 

membrane after which the cell can still survive 

(reversible EP), or permanently open the cell 

membrane and the cell dies after irreversible EP (IRE). 

The upper limits to the range of electrical parameters 

that induced reversible EP is IRE. Thus, IRE causes 

permanent permeabilization of the cell membrane 

and the consequent loss of the cell homeostasis, 
when an electrical field is applied to cancer cells. 

The advantages of IRE are that no drugs are used 

and it is non thermal mechanism of action, 

dependent on the blood flow, allows focal tissue 

ablation and requires a short application time [11]. 

While, μCP is the technique that has been used most 

extensively for patterning proteins and cells. For 

example, photolithography can be used to generate 

pattern by photo ablating proteins preadsorbed to a 

silicon or glass surface [12]. This technique of 

microcontact printing are not expensive, it was 

simple procedure, it can be used to pattern variety 

of different planar and non-planar substrates, and 

this technique also do not require stringent control 

over the laboratory environment for their successful 

application.  
 

 

4.0  APPLICATIONS 
 

EP and μCP have been in application in different 

areas in biotechnology, medicine and biologist, 

where EP has been used clinically for more than 15 

years in combination with chemotherapy, and is on 

the rise as a monotherapy over the last five years 

[10]. The applications of EP is included gene therapy, 

chemotherapy, cell fusion (used in immunology and 

cloning research) and sterilization of beverages and 

water [13]. The introduction of electroporation to 

cancer therapy originated from the drug delivery 

applications. Specifically, electroporation was used 

in order to assist uptake of chemotherapeutic drug 

molecules into the tumor cells [14]. By the pairing of 

electroporation and chemotherapeutic drug quickly 

gained popularity and now exists as an independent 

treatment termed electrochemotherapy (ECT) which 

is already in clinical practice [10]. While, μCP has 

proven to be a useful technique in the patterned 

functionalization of certain chemicals onto surfaces. 

It has been particularly valuable in the patterning of 

biological materials [15]. Where is, μCP application 

are wide ranging including microelectronics, surface 

chemistry and cell biology. It significantly had a large 

impact on the study and control cell growth [16]. It 

also has been used to directly pattern arrays of 

proteins on silicon or glass substrates. Furthermore, 

μCP can be used to directly print bacterial or 

mammalian cells [17]. One of the most potent 

applications of μCP is the fabrication of microchips 

for use in bio- or chemical sensors, a catalytic 

Figure 2 Stamping method 

Figure 3 Result from the stamping method (50µm) 

Protein line 
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surfaces, polymers and biomolecules, nano-

elecronics, μCP-patterned SAMs used as resist and 

templates and cell biology [18].  

 

 

5.0  CONCLUSION 
 

The basic concepts and techniques of 

Electroporation and Microcontact Printing were 

highlighted. Both EP and μCP were found to be 

related to wound healing processes, depending on 

the level of their threshold and application (gene 

therapy, electrochemotherapy, and wound healing 

or tissue ablation). Investigations on EP and μCP 

showed that the two methods can be combined in 

in-vivo studies to see the cell response to μCP with 

the PEF applied on it. Some factors are need to be 

considered while selecting EP device and μCP 

method/technique, which include the cell type, 

volume, transfer molecule type and system 

configuration. The result of this research may lead to 
the development of wound healing and skin cancer 

treatment. 
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