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ABSTRACT  
This research paper represents the theoretical and 

experimental study of intra organelle nano poration of 

multi layer osteoblast cell .It is observed that the Pico pulse 

has the remarkable response for nano pores generation on 

the intra organelle and chemicals are entered into the cell. 

The reported study encourage that the efficiency of 

nanoporation can be control by the specification of micro 

chip. It is also exposed that the key parameter of 

nanoporation such as intra organelle voltage, pore radius, 

pore density, pressure, surface tension and ion uptake are 

externally controlled by user defined hybrid 3D micro chip.  

Keywords 
Picoseconds   Pulsed Electric Field (psPEF), bio Micro 
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1. INTRODUCTION 
Due to the typical morphological structure, the osteoblast 

cell is more rigid than other biological cell. This structure 

gives a challenge to the scientist for its picoporation and its 

membrane and intra organelle characterizations. Although 

some experiment and theoretical approach have been 

performed on outer membrane but the pore formation in 

intra organelle concept   is till now limited. In our study we 

have tried to overcome the restrictions and observed that 

when the pico pulse is applied nano pores are generated on 

the intra organelle of the dense multi layer osteoblast cell. 

In drug delivery system the pico poration of the intra 

organelle plays an important role to introduced the drugs 

into the osteoblast cell. Previously some work has been 

done considering the single layer structure of osteoblast 

cell which gives the limiting information about the cell 

electroporation. We are focusing on that limitation and 

consider the original bi-layer structure of osteoblast cell. In 

our study we observed that the pico pulse has a remarkable 

response on intra cellular pore generation having the pore 

radius of         evel if the rigid cell is placed into a 

specially design micro chip where shape of micro fluidic 

channel and micro electrode are hybrid in nature and 

electrodes are bi metallic[1]-[8]. 

In recent developments of micro technologies and micro 

fluidics techniques permit consideration of the design and 

fabrication of new innovative tools for biology. The main 

benefits of these technologies consist in their 

miniaturization and parallelization capabilities, as well as 

real-time observation in the case where transparent 

materials are used for the device fabrication [9], [10].  

But till now the information regarding the effect of Pico 

pulse on intra cellular organism of dense rigid cell like 

osteoblast cell are limited. However, the delivery of the 

psPEF to the cells without deformation of biological 

contents requires a specific design. In this context, the 

work presented in this paper describes the design, 

fabrication and characterization of a hybrid micro chip 

device specifically optimized for ps PEF exposure of intra 

organelle picoporation of dense osteoblast cell followed by 

the development of a micro-fluidic model of the system of 

our current study. Biological characterizations of the cells 

exposed on the chip to 10 ps pulsed electric fields using a 

florescent dye are carried out. The development of such 

hybrid micro chip has the   prime importance to provide the 

new knowledge on the intra cellular picoporation. 

2. ANALYTICAL STUDY 

2.1 Derivation of the induced intra 

organelle voltages 
C.Yao et al gave the following Schematic diagram of 

double -shelled spherical cell in suspension, which is used 

for theoretical explanation of outer and inner membrane 

potential of a biological cell[11]-[15].  

According to the transfer functions defined by C.Yao the 

inner and outer membranes to a given rectangular pulse 

electric field E(s) can be obtained  
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According to the frequency response characteristic the 

inner and outer membrane potential are expressed as 

follows, 

                                     -------------- (6)   &  

                                     ------------- (7) 

After simplification of equation (6) & (7) we get the outer 

membrane potential (            innermembrane 

potential       are as follows  
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As we know that E (t) = v/d, where v=applied voltage & 

d= distances in between two electrode. We replace 

          in equation (8) & (9) and get outer membrane 

potential (        s  
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2.2 Derivation of the radius of nanopores 
Based on the theory of membrane permeabilization[21]-

[29], nano pores are initially created with a radius of r*. By 

increasing the applied electric field, nano pores start to 

develop in order to minimize the energy of the cell 

membrane. For the intra organelle with n nanopores, the 

rate of change of their radius of pore   , can be determined 

by the following set of equations: 
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       Where   is the diffusion co efficient  = boltz man 

constant,  =absolute temp,         =intra organelle 

potential.                   The constants of the above 

equations are defined in Table 1. 

2.3 Calculation of the intra organelle pore 

current  
On the other hand from the some references we have come 

to know that the outer & inner membrane pore current are 

expressed respectively [17], [18],  
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Where      Intra organelle pore current. 

2.4 Derivation of the intra organelle 

pressure 
    From various literature surveys[21],[29], it is come to 

know that when electric field is applied on a biological cell 

specific pressure is inserted into the membrane which is 

mathematically expressed as  

&    
     

   
--------------------- (15) 

2.5 Derivation of the intra organelle 

surface tension 
As we know when the electric field is applied on the 

biological cell its molecular & chemical property are 

changes which may cause the change of surface tension 

which is mathematically expressed as[19][20].  

    
       

  
---------------------- (16) 

Where      is the surface tension of intra organelle and    
are the thickness of inner membrane. 

2.6 Derivation of the intra organelle pore 

density 
DeBruin KA, Krassowska W (1999a) exposed that the rate 

of creation of nanopores at intra organelle can be found as 

[21]-[29] 
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Where      is the pore density. 

2.7 Derivation of the intra organelle ion 

uptake 
     It is known from the bio chemistry that the ion uptake 

can be calculated by following mathematical calculation 

[21], [29], 
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3. NUMERICAL SIMULATION  
In this study, above Equations are solved numerically to 

find the electric potential developed in outer and inner 

membrane to investigate the creation of nano-pores on the 

cell membrane. The Mat lab 7.2 & Comsol-4.3a, 

commercial package was used in the numerical 

simulations. In order to discrete the solution domain, 

unstructured meshes were applied. The solution domain 

was broken into small meshes to allow meshes to fully 

cover the solution domain without overlapping.  

 

4. USED PARAMETER 
Table 1 Values for constants and parameters used in 

the simulations 
parameter Cell parameters value Ref 

no 

conductivity 
(S/m) 

Extracellular medium 

(    
        29 

Cell membrane(             

Cell cytoplasm(    0.039s 

Nuclear 

membrane(    

        

Nuclear cytoplasm(    0.08s 

  

 

relative 

permittivity 

Extracellular 

medium     
   

Cell membrane        

Cell cytoplasm        

Nuclear 

membrane     
   

Nuclear cytoplasm        

Geometry 

parameter 

(  ) 

Cell radius            

Cell membrane 

thickness    
0.006µm 

Nuclear radius           

Constant 

parameters 
          

          

         
       

 

  300 

            

            

              

         

             

             

r          

r 1          

 

5. MATERIALS AND METHODS 

5.1 Design methodology 
The biochip is composed of a 100    thick SU8 micro 

fluidic channel including thick bi metallic electrode (Bi 

and Au) electrodes with a typical thickness of 50 m, in 

which cells suspended in a biological medium are injected. 

Bi-metallic is chosen as material for the electrodes because 

of its excellent electrical properties and bio compatibility. 

The biochip is designed in such a way that the pulsed 

electric field is absorbed and dissipated mainly in the 

biological medium placed between the electrodes within 

which cells to be treated are flowed.  

 

5.2 Design Simulation and Analysis of 

hybrid micro chip 

. 

 
 

Fig 3 Top view of electrical potential distribution within 

the 3D hybrid micro chip 

 

 
 

Fig 4 complete electrical potential distribution within 

the 3D hybrid micro chip 

 

 
Fig 5 Graphical view of electrical potential distribution 

with respect to height of the bi metallic electrode within 

the 3D hybrid micro chip 

 

 
Fig 6 Graphical view of polarization with respect to 

height of the bi metallic electrode within the 3D hybrid 

micro chip 
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Fig 3 depicts the potential distribution with the proposed 

3D micro chip where we find the non uniform distribution 

of potential and intra cellular organelle also effect by this 

field .At pole       And              maximum 

potential are exposed which is similar as our numerical 

result. Fig 4 complete electrical potential distribution 

within the 3D hybrid micro chip. Where cell is affected 

through the whole channel. Fig 5 shows the Graphical view 

of electrical potential distribution with respect to height of 

the bi metallic electrode within the 3D hybrid micro chip. 

It explore that the centre part (300-600)    of the chip 

holds the maximum uniform potential where the nano 

pores are generated at the intra organelle. Fig 6 shows the 

Graphical view of polarization with respect to height of the 

bi metallic electrode within the 3D hybrid micro chip 

which helps us to find out the maximum polarization area 

of Nono pores 

5.3 Sample Preparations: 
Mouse calvarias osteoblastic cells were used in this study 

.In order to observe only the effect of the micro devices on 

cells; a standard culture medium was used for all 

experiments. To do so, osteoblastic cells were cultivated in 

a standard T75 Falcon culture flask  supplemented with 

penicillin (100 units/ml) and streptomycin (100 mg/ml), 

15% fetal calf serum and with neither ascorbic acid nor 

beta-glycerophosphate and dexamethasone.  

 

5.4   Observations 

(a) 

 
 

(b) 

 
 

 

 

 

 

 

 

(c) 

 
 

Fig: 7  Morphological views of intra organelle Nano 

Poration of osteoblast cell in 3D hybrid micro chip. (a) 

Dense osteoblast cell, (b) before intra organelle nano 

poration(c) after intra organelle pico poration 

.  

6. RESULTS AND DISCUSSION 
Above figure shows the morphological changes of 

osteoblast cell. In fig 7(a) dense osteo cell. When the micro 

pulse is applied the cell starts to response but it is unable to 

penetrate the cell membrane which is exposed in fig 7(b), 

expected results will come when we apply the Pico pulse 

on the cell, a number of nano pores are generated on the 

intra organelle and chemicals are entered into the cell, that 

shows in the figure 7(C).From this observation it is 

exposed that there is no effect of micro pulse but pico pulse 

penetrate the on intraorganelle .It supports the numerical 

and analytical result explore in this research 

This part of our study dedicated for the synchronization 

among the COMSOL simulation, MATLAB numerical 

analysis and experimental observation. As we already 

explore the COMSOL simulation and experimental 

observations so remaining contribution are completed 

through the graphical representation of MATLAB 

simulations. 

Graphical representation of MATLAB simulations  

 
Fig. 8 .Pulse evaluation of the intra organelle 

membrane potential of a dense osteoblast cell located in 

the micro chip of height (50   ), cell of radius a 

(12  ), electrodes of width (50  ).in a different pulse 

intensity 

Figure 8 shows the intra organelle potential of dense 

osteoblast cell. For inner organelle we get the response 

only when the pulse intensity & width are in above 

picoscale range. It is exposed that pores are formed only 

when the pulse duration is in Pico second range and the 
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intra organelle potential is gradually decrease until the 

nanopores are generated and once the nanopores are 

generated, the TMP increase. The TMP has a sharper 

decrement at the poles (           ).The value of 

TMP independent of pulse duration, directly proportional 

pulse interval but inversely proportional with pulse 

intensity. As the nanopores are created, TMP increases and 

the angular positions of the highest TMP and the biggest 

nanopores move just opposite to the equator (E). In the 

case intra organelle potential is gradually increase until the 

nanopores are generated and once the nanopores are 

generated, the potential is reduced. It has a sharper 

reduction at the poles (     ) and its value directly 

proportional with value of pulse duration and intensity but 

inversely proportional with pulse interval. As the 

nanopores are created, intra organelle potential decreases 

and the angular positions of the highest voltage and the 

biggest nanopores move toward the equator (E). In all 

cases no voltage is obtain at the pole      &        
and negative TMP is exposed during poles               
             due to the effect of rest potential. We also 

find out that the curve analysis of cytoplasm and nucleus 

are opposite in nature which reflects their reverse dielectric 

property and applied pulse nature provides the new 

information about the window effects in intra organelle of 

the rigid cell. 

 
Fig 9: Pulse evaluation of the intra organelle pore 

radius of a dense osteoblast cell located in the micro 

chip of height (500μm), cell of radius a (12μm), 

electrodes of width (50μm).in a different pulse intensity 

   The above figure explores the variation of intra organelle 

pore radius along with pole position of applied electric 

field. It clears that the radius of all the pores are not same it 

is sinusoidal distributed over the whole surface of nucleus. 

The value of the pore lies in between 60 to 200 nano meter. 

The biggest nano pores are generated at pole   
            where we get the maximum potential as the 

nanopores are created, intra organelle potential increases 

and the biggest nanopores move just opposite to the 

equator (E).  It is also shown that the location of the pores 

are as same as outer membrane and pore radius   is 

gradually increase   as the angle of applied electric field  is 

increase & maximum pore radius is  obtain at an angle of 

      after that it starts decrease . We also find out that 

the pore radius of outer membrane is greater than the 

radius of inner membrane of the organelle due to the higher 

elasticity of layers.  

  

 

7. CONCLUSION 
It is  observed that When the micro pulse is applied the cell 

starts to response but it is unable to penetrate the cell 

membrane where as the expected results will come when 

we apply the Pico pulse on the cell, a number of Nano 

pores are generated on the intra organelle and chemicals 

are entered into the cell.After completion of study  It is 

exposed that pores are formed only when the pulse 

duration is in Pico second range and the intra organelle 

potential is gradually decrease until the nanopores are 

generated and once the nanopores are generated, the TMP 

increase. The TMP has a sharper decrement at the poles 

(           ).When the value of TMP reaches the 

critical value it may cause the generation of nano pores.  It 

clears that the radius of all the pores are not same and it is 

sinusoidal distributed over the whole surface of nucleus. 

The value of the pore lies in between 60 to 200 nano meter. 

The biggest nano pores are generated at pole   
            where we get the maximum potential. For 

pore current we get the response only when the pulse 

intensity & width are in above Pico scale range and the 

minimum pore current at pole             where 

organelle potential is also minimum but biggest nanopores 

are generated. It is also exposed that pressure is directly 

link with intra organelle current and both non uniformly 

distributed over the whole surface of the organelle. There 

the minimum value is exposed at pole             
which is independent of pulse, electrode, micro channel 

and suspension media specification.   

All these are related to the dielectric, elect kinetic 

properties of multilayer dense osteoblast cell which can 

also aid in understanding the basic physiological difference 

between normal and cancerous bone cells on a molecular 

level and finally all the information   given in this article 

might provide a new light on drug delivery system and 

cancer treatment in bone cell. We are in process and more 

work has to be done to explore these possibilities. 
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