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Abstract
Osteo intraorganelle nanoporation is a highly effective method to increase permeability of intraorganelle membrane 

of rigid bone cell under the influences of pico electric pulses and using this technique, we can introduce specific drugs 
into the nucleus of the rigid cell like osteoblast. It is also a promising technology in drug delivery system and localization 
of malignant cancer cell. In this research paper the characterization and usefulness of osteo nanoporation is described. 
In this context specific nanoporative device simulation and its effect on intra organelle nanoporation are explored and 
at the end different application of nanoporation are depicted.
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Introduction
The role of short and intense electric fields on biological cells have 

been studied for a long time as they are known to apply interrupt on the 
plasma membrane which can become permeable to various molecules 
[1]. This temporary permeabilization of the plasma membrane allows 
genes or drugs entering into the cell intraorganelle. This technique is 
very attractive in various applications such as electro-chemotherapy 
[2,3], cutaneous and subcutaneous tumour nodule treatments [4,5], 
evaluation of the cytotoxici of non-permanent or poorly permanent 
anticancer drugs [6], gene electro transfer to various animal tissues [7] 
and latterly with in various tests [8]. Permeabilization of the cell plasma 
membrane with high-amplitude electric pulses has been known for 
decades and is commonly employed for intracellular delivery of xeno-
biotic and cell destruction [9,10]. Shortening the pulse duration into 
nanosecond range has the potential to permeabilize not only the plasma 
membrane, but the intracellular membranous structures as well [11,12]. 
Multiple studies have attempted to verify this theoretical prediction, 
with rather diverse outcomes. Depending on the experimental 
approach, the studies reported only plasma membrane effects [13,14]. 
Different works have reported about the effects on animal cells of these 
kinds of pulses, commonly named nanosecond pulsed electric fields 
(nsPEF). However, the mechanisms implied in the effects of psPEF on 
living cells remain still misunderstood [15,16]. This is mainly due to the 
lack of real-time visualization and monitoring systems during psPEF 
application on biological cells [17,18].

The use of micro fluidic devices in nanoporation is a remarkable 
exploration in the field of drug delivery system [19]. Although the 
nanoporation process itself in sophisticated devices with full control 
over the process as well as cell debris separation and subsequent 
intracellular cell content analysis have not been reported yet [20]. 
Therefore, it is expected that integrated devices where combinations 
of electroporation, separation and analysis occur will emerge, such 
as devices with integrated chromatography [20], electrophoresis [21] 
or iso-electric focusing steps for separation, and mass spectroscopic, 
electrochemical and fluorescent methods for analysis [22]. Secondly, 
the present designs usually require multiple manual steps in order to 
insert the cells, electroporation them and measure the effects. Until 
now, no devices have been reported where all of these steps have been 
integrated in an automated way, preferably with multiple samples in 
482 parallel, which could greatly enhance the application of micro 
technological analysis [23-27]. Author also proposed integrated devices 

where combinations of nanoporation, separation and analysis occur 
will occur, and all of these steps have been integrated in an externally 
regulated automated way. As the cells are in contact together tightly so 
in this thesis the neighbour cells are also considered to make the result 
more important and realistic.

 In the other hand Electric stimulation has been used successfully 
to treat a wide range of bone disorders. However, the mechanism by 
which the electric fields can influence the bone cells behaviour remains 
poorly understood [28]. The purpose of this research was to assess the 
possible mechanism of the stimulatory effect of Pulsed Electromagnetic 
Field (PEMF) and intraorganelle pore formation on osteoblast like 
bone cells. Therefore further research is required to determine this 
interaction process between electric fields and bone cells. This was 
exactly the objective that motivated the present work “to identify the 
possible pathway(s) of interaction between electric fields and bone 
cells”. However, despite an abundance of undeniably valid data, from 
both basic and multicenter clinical trials, demonstrating the effects of 
electrical stimulation on skeletal biology and healing, little is known 
about the signal transduction that mediates the physiological response 
of bone to electrical stimulation [29].

 As electrical stimulation have been used electric and magnetic 
fields, direct current and ultrasound among others. Bone cells have 
responded in different manners that are considered key in the process 
of bone formation. Therefore it has not been questionable if bone cells 
respond to electrical stimulation, but what is the mechanism that is 
acting on the cells, and how it is transduced into biochemical signals 
for generating an appropriate physiological response [30]. In light of 
all research done with bone and electricity, there is enough evidence to 
say that electric fields exist into bone and play a role in bone physiology, 
and that external electrical stimulation can also alter profoundly many 
cellular events and modulate the bone physiology but the mechanism 
for pore formation is not properly investigate. However, until the 
advance mechanism of interaction between electric fields and bone 
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cells placed in a microfluidics is limited, little advance can be made 
in the intraorganelle pore formation into the osteoblast like bone cell 
forthe management of bone diseases with electrotherapy [31]. 

 The micro electroporation chip was designed and fabricated 
using standard silicon micro fabrication technology. With the 
ability to manipulate individual cells, the chip can be used to study 
the fundamental biophysics of intraorganelle nanoporation of 
single osteoblast like-cell level and in biotechnology, for controlled 
introduction of macromolecules, such as gene constructs, into 
individual cells. The general principle of the microelectroporation 
technology and the design, fabrication of chip and the characterization 
of nanoporations are presented after the first description of in vitro 
gene transfer to living cells by intraorganelle nanoporation (EP) this 
technique has been widely used. The use of intraorganelle nanoporation 
to transport non-permeant chemotherapy drugs has been termed 
electrochemotherapy. 

 Nanoporation-based technologies and medical applications have 
already shown their laboratory and clinical relevance. It is becoming 
a standard appliances in bi-medical applications are in progress. 
Although the number of successful applications is increasing, several 
questions concerning the optimization of pulse parameters for specific 
application are still open. Among them is determination of appropriate 
amplitude, duration, number, and repetition frequency of electric 
pulses that assure successful application or treatment with minimal 
possible side effects. 

 In this paper major focus will be on numerical analysis of 
nanoporation and simulation model of 3D micro device used for 
intraorganelle characterization for osteoblast cell and various bio-
medical applications of intraorganelle nanoporation under the 
influences of specific micro bio device.

Numerical Models
Analytical modelling of nanoporation

 The Smoluchowski equation defines a pore density function, n(r, t), 
such that the number of pores with radius between r and r + dr at any 
given time, t, is n(r, t)dr. n(r, t) is described as

( )n n n WD S r
t r r kT r

∂ ∂ ∂ ∂ + − − = ∂ ∂ ∂ ∂ 
(1)

 Where D is the pore diffusion coefficient, r is the pore radius, W 
is the formation energy of a pore with radius r, and S(r) describes the 
transition of hydrophobic pores to hydrophilic ones, as
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 where νc is the pore creation rate, h is the membrane thickness, Wo 
is the formation energy of a hydrophobic pore, νd is the pore destruction 
rate, r∗is the radius at which hydrophobic and hydrophilic pores have 
the same energy, and H(r∗-r) is a step function at r=r∗. Assuming that, 
(i) the expansion of the pores is negligible, and (ii) the temporal change 
of the minimum pore energy is negligible, a quasistatic asymptotic
model of ntraorganelle nanoporation simplifies the PDE equation to
I an ordinary differential equation. The ODE defines the pore density,
N(t), which is related to n(r, t) as
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Where Vm is the transmembrane voltage, Vep is the characteristic 
voltage of Intraorganelle nanoporation, N0 is the equilibrium pore 

density at Vm=0, and a and q are constants.
 It is reported that, when the transmembrane voltage achieves the 

required voltage of Intraorganelle nanoporation some pores are formed 
in the membrane. The formation of the pores increases the membrane 
conductivity of the membrane and is electrically modelled as an 
additional current density, Jep , inside the membrane. Jep is written as
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 where N is the density of the pores rp is the pore radius, pσ is the 
conductivity of the solution inside the pore, Vm is the transmembrane 
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 Where W0 is the energy barrier inside the pore, n is the relative 
entrance length of the pore, and vm=qe,KTV ,is the non-dimensional 
transmembrane voltage. Assuming that the electric field inside the 
membrane is uniform, the transmembrane voltage is written as

*mV E h= (7)
Where *E is normal electric field.
 The pore current density inside the membrane can be translated as 

an increase in the membrane conductivity using the relation 

*cp mJ Eσ= (8)
The conductivity of the membrane at the points that pores are 

formed is calculated as
20( ) ( )m m p pt N t r Kσ σ σ σσ σ= + (9)

where 0mσ is the conductivity of the membrane before 
Intraorganelle nanoporation. The nonlinearity of the equation 3.4 
comes from N which was described as
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 Under equilibrium conditions (9) and (10) maintain the 
transmembrane voltage below the required voltage of Intraorganelle 
nanoporation, which is about 1 V. Required voltage of nanoporation 
is the threshold at which notable increase in the density of the pores 
and membrane conductivity and consequently decrease in the 
transmembrane voltage occur. The increase in the transmembrane 
voltage leads to the increase of pore density which lowers the 
conductivity of the membrane and subsequently the transmembrane 
voltage.

Simulation model bio chip

Design of bio chip: It is reported that the effective nanoporation 
in intraorganelle membrane or nucleolus membrane need specific type 
of pulse, microfloudic chip and suspension media. It is reported that 
the optimum value of the applied pulse having the duration of 5 pico 
second, pulse intensity of 1 volts is suitable and effective intraorganelle 
nanoporation of osteoblast cell. It also exposed that intraorganelle 
nanoporation can easily obtained if the shape of the electrode is 
triangular or saw tooth which are made by gold bismuth alloy in 
specified micro channel having the height and width of micro-fluidic 
channel should be moderate and same and it would be taken as 200 
micrometer for successful and effective intraorganelle nanoporation. 
The resistances of micro channel should be as high as possible for 
above purpose. With the help of above discussion the author optimised 
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the system and design a simulating micro fluidic chip on the bases of 
following specification with in which the osteoblast cell is placed, to 
explore the numerical and analytical characterization of intraorganelle 
nanoporation. The simulation tool is composed of a 100µm thick SU8 
micro fluidic channel including thick bi metallic electrode (Bi and Au) 
electrodes with a typical thickness of 50µm, 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 (Table 1).

Characterization of Micro chip: The biochip is validated by its 
frequency and time domain analysis. The electromagnetic property 
is measure by LCR meter along with dielectric probe and relative 
permittivity and reflection co efficient are measured by vector network 
analyser. The impedance is calculated from the reflection coefficient. 
Figure 1 explores the real part of impedances of bio chip. The measured 
results present a very good level of consistency. The good impedance 
matching is obtain up to 100 MHz. As shown in Figure 2 at low 
frequency the biochip is purely resistive but in high frequency the 

impedance of bio chip is reduced. In Figures 3 and 4 the voltage is 
measured, i.e. generated and applied pulses are present and it explores 
the good level of consistency. The rice time is slightly modified by the 
biochip and make it reliable for intraorganelle nanoporation.

Devices Parameter Value  Unit

Chip

Length 2300 μm
Height 100 μm
Width 900 μm
Inlet 10 μm

Outlet 10 μm

Micro

Electrode

Length 1000 μm
Width 900 μm
Height 100 μm

Inter electrode gap
Central part 50 μm
Medial part 150 μm
Lateral part 250 μm

Material Au ,Bi μm

 Micro channel(Bi-
lateral)

Length 2300 μm
Width 250 μm
Height 100 μm

Table 1: Design consideration of the microchip in COMSOL software [33].

Figure 1: Frequency domain characterization of biochip with 
measurements of reflection coefficient.
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Figure 2: Frequency domain characterization of biochip, measurements 
of impedances.
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Figure 3: Time domain characterization of biochip, Measurements of 
voltage applied and generated within the bio chip. (Rice time 0.5 ps).
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Figure 4: Time domain characterization of biochip, Measurements of 
voltage applied and generated within the bio chip. (Rice time -1.5 ps).
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Biological Experiments
Experimental process

In this study the experimental biological tests are performed 
with 20 ps duration pulses. A train of 200 psPEF, square shaped, 20 
ps duration is applied with a repetition frequency of 234 Hz. A view 
(fluorescence or bright field microscopy) of cells within the 3D hybrid 
microchip is recorded before and just after the application of psPEF. As 
shown in Figure 5, Cells fluoresce in red after the application of psPEF, 
proving that PI introduces into the cytosol, due to the disturbance of 
the plasma membrane. Viability of cells submitted to psPEF treatment 
was checked by trypan Blue test. An average of 90 ± 1% of exposed cells 
remains still alive 30 min after being exposed to ps PEF. The number of 
nano pulses that were applied (200 or 300 pulses), to confirm the effect 
of these parameters on the intra cellular nanoporation. As expected, 
the number of pulses and their amplitude both influence the level of 
permeabilization. These preliminary characterizations of the effect of 

nanoporation on intra organelle, in particular on the permeabilization 
of the plasma membrane, were permitted thanks to the real time 
Observation on the miniaturized bio device. Deeper exploitation of 
this type of device will be conducted together with the development of 
new psPEF generators. Actual results demonstrate the capability of the 
developed 3D hybrid bio microchip to address the effect of psPEF to 
the intra organelle nanoporation of multilayer osteoblast cell within the 
microchip. The experimental data are given bellow.

Experimental results

The below table shows the percentage of permeabilized cells 
depending both on the number and amplitude of applied electric field. 
By the influences of above pulse it is observed that at pico pulse a large 
amount of dedicated chemicals entered into the intra organelle (Table 
2).

The effects of pico second electrical pulses on the intra organelle 
are also demonstrated by the uptake of dyes and the orientation of 
phosphatidylserine in the membrane after applying pulses. Three 
of the dyes most often used to study changes in plasma membrane 
permeability are trypan blue, propidium iodide (PI), and ethidium 
homodimer. The above figure shows the uptake of PI by osteoblast cells. 
It is interesting that the increase in fluorescence is observed only after 
approximately 12 minutes and then completed in one minute. This 
indicates that the formation of pores large enough to allow passage of 
propidium iodide is a secondary effect, following the formation of nano 
pores, which occurs on a pico second timescale. It is likely that the nano 
pores are too small to allow PI uptake immediately and the secondary 
PI uptake is due to rapture of intra organelle (Table 3).

Characterization of Osteo Nanoporation
Pore radius

The Figure 6 shows the variation of intra organelle pore radius 
along with pole position of applied electric field in different pulse 
intensity under the influences of pico electric field. It clears that the 
radius of all the pores are not same it is sinusoidal distributed over 
the membrane. 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 pore radius is gradually increase as the angle 
of applied electric field is increase and maximum pore radius is obtain 

        
Figure 5: Design view of 3D micro device.

Condition
% of permeabilizationsApplied electric field 

(KV/Cm) No of pulse

35 150 58
40 175 60
45 200 72
50 200 85
55 250 87
60 250 90
65 300 95

Table 2: Percentage of permeabilized cells.

Pulse duration
( X-axis) second

Flu recent intensity (Y- axis)no of 
molecules

10-6 0
10-7 11,000
10-8 16,000
10-9 21,000
10-10 41,000
10-11 81,000
10-12 101,000
10-13 101,000
10-14 101,000

Table 3: Experimental data.
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Figure 6: Variation of intraorganelle pore radius with respect to 
azimuthal angle in different pulse intensity.
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at an angle of 100θ =  which is independent of pulse, electrode, micro 
channel and suspension media specification due to the higher elasticity 
of layers. 

Ion uptake of nanopores

 The Figure 7 shows the variation of intra organelle ion uptake 
along with pole position of applied electric field for intraorganelle. It is 
observed that the amount of ion which is uptake by the intra organelle 
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Figure 7: Variation of ion selectivity with respect to azimuthal angle in 
different pulse intensity.

is only occurred at pico scale pulse and its value is not same throughout 
the whole surface of the layer of the nucleus. The maximum ion uptake 
occurs at pole (θ= 100 and 250) where the surface tension is minimum 
and it implies that such part of membrane will inherently have an 
inverse Kelvin vapor pressure effect, that resulting in increased water 
condensation.

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. In this research 
papers, the fraction of the osteoblast cell that were nanoelectroporated 
was determined from the experiment as explained above. It should 
be noted that the right information of the cell nanoporation is rather 
complex. 

 Figure 8 shows the dependences of the fraction (Fp) of 
electroporated cells versus the amplitude of the single squarewave 
electric field pulse, determined for pulses whose duration varied from 
50 to 100 ps. The amplitude of the electric pulse was changed from 0 
to 100 kV/cm. From Figure 9, an increase of the pulse amplitude or 
duration increases the fraction of the cells being electroporated. For 
the 100-ps duration pulse, pores permeable to sodium ions appeared 
in the cell plasma membrane at 10-kV/cm electric field strength. The 
field required to electroporate 50% of the cells in this case was ∼20 kV/
cm. When the pulse duration was decreased to 75 ps, the strength of 
the electric field required to electroporate 50% of the cells increased up 
to 65 kV/cm In the 50-ps duration pulse with amplitude of 110 kV/cm, 
only about 20% of osteoblast like cells was nanoporated. To date, there 
has been a lack of studies in which the threshold of the intraorganelle 
nanoelectroporation was determined for pulses=100 ps. However, the 
fraction of the cells that were electroporated was not estimated. It is 
observed that when this process for increasing the permeability of the 
intraorganelle osteoblast like cell membrane (because of picosecond 
pulse) to the smallest ions (Na+, K+, and Rb+) is used, this makes it 
possible to detect with sufficient accuracy the threshold of the field of 
poration and allows one to determine the dependence of this field on 
the pulse duration. It also has to be noted that the electric field strength 
required to porate the cell plasma membrane using picosecond pulses 
increases more abruptly with the decrease of the pulse duration.

 Since not all cells responded at the same time with a calcium 
increase (Figures 10 and 11) calcium responses were analyzed in steps 
of 50 seconds. Thus it was identified the number of cells that reached 
their peak value in the first 50 seconds, in 100 seconds, etc. It was 
compared the Peak value in cell number percentage this mean that was 
compared the percentage of cells that reached their maximum calcium 
concentration in steps of 50 seconds. It was evident that most cells 
(50%) had their maximal calcium increase in the first 50 seconds and 
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then cell number percentage was decreasing as time went by. Thus a 
shorter period of stimulation may have a greater influence intracellular 
rearrangement. This concept is key resources of our idea and we explore 
concept for nan pore formation over the intraorganelle of osteoblast 
like cell.

Application 
Drug delivery system

Practically, intraorganelle nanoporation is used to deliver drugs or 
other molecules opposed by intraorganelle membranes. Intraorganelle 
nanoporation has been shown to be safe and effective in humans to 
overcome with the potential problems for DNA delivery by viruses. 
It was also observed that only minor histological changes occurred 
in osteo intraorganelle during nanoporation with either little or no 
changes in gene profiles nor in DNA stability. One practical medical 
application for Intraorganelle nanoporation is to permeabilize tumor 
cell membranes for the delivery of poorly permeable drugs, such as 
electrochemotherapy and ultra sound in different developed countries.

Tumor cell treatment

 Electro-gene therapy is widely used for cancer treatments. Initial 
thoughts were to use EGT for replacing defective genes. However, a 
major focus has been on several basic strategies for cancer therapy, 
including immune potentiation, suicide gene therapy, restoration of 
tumor suppressor genes, inhibition of oncogenes, anti-angiogenic gene 
therapy, delivering genes encoding toxins, or siRNAs to knockdown 
proteins important for survival and growth. In addition, 2 of 19 patients 
with non-electroporated distant lesions and no other systemic therapy 
showed complete regression of all metastases. Cell survival and DNA 
delivery during intraorganelle nanoporation of course EGT requires 
that cells survive Intraorganelle nanoporation treatment, so they can 
express the gene of interest. Finally, there is a threshold that completely 
compromises cell viability, such that cells are irreversibly permeabilized. 
It is now clinically used for liver cancer.

In intrinsic and extrinsic cell death

 It was hypothesized that nsPEF-induced apoptosis resulted from 
supra-intraorganelle nanoporation, this could be due to extrinsic effects 
on plasma membranes, or intrinsic effects on endoplasmic reticulum, 
mitochondria and/or nuclei/DNA. lysosomes could also be affecting, 
but have not been analyzed. When these clones were treated with ten 
60 ns pulses with increasing electric fields(0-60 kV/cm), there were 
no differences in electric field effects on cell viability. However, it did 
show that like other apoptosis stimuli, nsPEFs activate similar can pass-
independent cell death mechanisms in the absence of caspase activities. 
To more specifically test for nsPEF-activated extrinsic apoptosis.

Intra cellular cell death activation

 Our present understanding of possible sub cellular targets and cell 
death mechanisms in response to nsPEFs, and summarizes the finding 
presented above. Based on the evidence presented above and elsewhere, 
mitochondria.

Conclusion
The theoretical model of intra organelle nanoporation of osteoblast 

cell placed in a 3D hybrid micro biochip under the influences of pico 
pulse has been reported. This study encourage the specific microchip 
multiple dimension microfloudic channel with irregular bi metallic (Bi 
and Au) side wall electrodes that are designed to deliver a maximum of 
energy to the biological medium containing multilayer osteoblast cell. 
The reported nanoporative device aided by a quantitative understanding 
of the interactions between cells and an external electric field to provide 
more advantageous conditions than conventional systems with small 
voltages and power consumptions, continuous flow, small sample 
volume, and negligible heating.

 Intraorganelle nanoporation is a promising technique for targeted 
drug delivery with various applications in cancer therapy. The initial 
studies on the treatment of superficial and deep seated tumours with 
intraorganelle nanoporation showed significant outcomes. To improve 
the intraorganelle nanoporation as a new modality in cancer treatment, 
different studies should be performed to determine the mechanisms of 
action of the technique. Conducting in-vivo and in-vitro experimental, 
as well as exact modelling studies can shed light on the different aspects 
of mechanisms of action of this technique. In summary, the present 
data provide evidence that psPEF introduce the ions with specified 
microchip possibly through the nucleus mediated pathway. The use 
of picoseconds pulses not only allows entering a new field of field-
cell interactions, but it may open the door to a range of non-invasive 
therapeutic applications. 

 We have designed a micro electroporation device aided by a 
quantitative understanding of the interactions between cells and an 
external electric field. The micro device is effective in lying cells while 
operating at more advantageous conditions than conventional systems: 
small voltages and power consumptions, continuous flow, small sample 
volume, and negligible heating. This device has the potential for 
integration with other micro fluidic components as part of a lab-on-
chip system for sub cellular analysis, which would greatly facilitate large 
scale bio medical applications.
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