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ABSTRACT 

Electroporation is novel delivery system and Electrochemotherapy(ECT) is a novel treatment 

which consists of a combination of a chemotherapeutic agent and pulsed electric fields. Two types 

of Electroporation are reversible and irreversible Electroporation. This is relatively new treatment 

modality relies on the physical effects of locally applied electric fields to temporarily destabilize 

cell membranes in the presence of a drug to allow increased uptake of the agent into the cytosol. 

Clinical trial data suggests that irreversible electroporation may become an important and 

innovative tool in the armamentarium of surgeons treating cancer. Electrochemotherapy has been 

used effectively in preclinical and clinical studies. The therapy was shown to be effective 

regardless of histologic type of tumor including head and neck squamous cell carcinoma. 

Considering the proven safety in several different clinical applications electroporation should be 

viewed as a clinical platform technology with wide perspectives for use in ECT, gene therapy and 

DNA vaccination. In this review we gathered the data of the clinical trials that have been published 

so far.  

Keywords: Electroporation (EP), Electrochemotherapy (ECT), Magneto electric nanoparticles, 

Cancer etc.  
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INTRODUCTION 

In spite of the advantages of the transdermal delivery, only a small percentage of drugs can be 

delivered transdermally due to the barrier properties of the skin: only small potent lipophilic drugs 

can be delivered at therapeutic rates by passive diffusion. Moreover, transport of most drugs across 

the skin is very slow and lag-times to reach steady state fluxes are in hours. Achievement of a 

therapeutically effective drug level, is therefore, difficult without enhancing skin permeation. A 

number of approaches have been developed to enhance and control transport across the skin, and 

expand the range of drugs delivered. These involve chemical and physical methods, based on two 

strategies: increasing skin permeability and/or providing a driving force acting on the drug
1,2

. 

Electroporation or electropermeabilization, is a significant increase in the electrical conductivity 

and permeability of the cell plasma membrane caused by an externally applied electric field. 

Two types
3
 

Reversible electroporation (RE): Up to a certain degree of damage induced by nanoporation, the 

cell can be completely repaired and survive. This is called reversible electroporation or just 

electroporation.  

Irreversible electroporation (IRE): After a certain degree of damage to the cell membranes by 

electroporation, healthy and cancerous cells are irreversibly damaged. They die by apoptosis, 

which is unique to this ablation technique, in opposition to all other ablation systems which 

induce necrosis either by heat or radiation. Process by which IRE causes cell death is unclear. 

Parameters controlling drug delivery by electroporation 

Electrical parameters: Electrical pulses are characterized by their electri-cal parameters: 

waveform (exponential decay orsquare wave), voltage (50 –1500 V), duration (few As to ms), and 

interval between pulses (few s to min). These electrical parameters can be optimized, depend-ing 

on experiment requirements and clinical application of electroporation
4
. 

Pulse waveform: Two kinds of pulse generators are usually employed to transport molecules by 

electroporation: there are generators which can deliver exponentially decaying pulses
7,8,9

 or square 

wave pulses
5,6,10

.Both are used for different applications, i.e. drug delivery, electrochemotherapy 

and gene therapy. Due to its long voltage tail profile, the main potential advantages of 

exponentially decaying pulses are to maintain or expand the high permeability state of the skin 

induced by electroporation and to promote the electrophoretic movement. However, because the 

duration of exponential decay pulses depends on the resistance of the skin and the electro-poration 

system (electrodes, conducting medium), the reproducibility of the pulse conditions for clinical use 
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could be a problem. In contrast, voltage and duration of square wave pulses remain constant 

whatever the skin or drug reservoir. Hence, square wave pulses should be used to have a better 

control and repro-ducibility of drug transport. Until recently, the square wave pulses were 

exclusively used for electrochemo-therapy and DNA electrotransfer, whereas exponen-tially 

decaying pulses were restricted to transdermal drug delivery to take advantage of the long voltage 

tail. 

Pulse voltage, duration, number and rate: Control on drug transport by skin electro-poration can 

be achieved by controlling the pulse voltage, duration, number and rate. The effect of varying 

these electrical parameters on transdermal transport has been extensively studied in vitro
7,8,11,12,13-15

 

Because significant voltage drop occurs within the electroporation system, the transdermal voltage 

is only a fraction (ca. 10 – 50%) of the voltage applied across the electrodes, depending of the 

relative resistance of the skin and the drug reservoir. Flux rate always enhances when electrical 

pulse conditions strengthen: when the number, the voltage or the duration of the pulses increase, 

the transder-mal drug transport increased (see Figs. 1 and 3). With increasing voltage of pulses, the 

transdermal flux increases but less steeply at high voltages
7,12

. When the pulse duration and pulse 

numbers increases the drug transport often linearly increases
8
. Increasing the pulse rate increases 

transdermal flux as well
8,16,13

. The electrical parameters influence transdermal flux but also onset 

time for transport, which decreases with increasing pulse duration and rate, but is inde-pendent of 

voltage
16,13

. 

Pulsing protocol: Two different types of pulsing protocols are usually reported in the literature. 

They can mainly be distinguished by the pulse duration: (i) numerous (>100), short duration (1 – 2 

ms), high voltage pulses; and (ii) a low number (<20), long duration (70– 1000 ms), medium 

voltage pulses. In the case of exponentially decaying pulses, at the same total electrical charge 

transported through the skin, a few long pulses allowed generally higher molecular transport than 

many short pulses
4
. 

Electrode design: The design of the electrodes is still a critical issue, both in terms of efficacy of 

drug transport and tolerance. The early research on skin electroporation was performed in vitro 

with electrodes placed on both sides of the skin. If insights on transdermal drug delivery were 

gained, the position and design of the electrodes were not representative of in vivo condi-tions. 

Various electrodes and reservoir systems, e.g. plate electrodes with a skin fold
16,17

, meander 

electrodes
17

, have been designed for in vivo applications. The efficacy of drug transport is 

influenced by the electrode design because the distribution and intensity of the electrical field in 

the skin are affected
18,19

. The simplest configuration to generate a more or less uniform electric 
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field is parallel plate electrodes in the form of calipers. However, underlying nerves and muscles 

could be subjected to electrical stimulus and superficial skin burning could be observed. The 

meander electrodes consist of an array of interweaving electrode fingers, allowing the electric field 

to be mostly localized within the super-ficial layers of the skin, thereby avoiding undesirable 

effects in underlying tissues. As the reaction is extremely fast, inert electrodes, e.g. platinum, are 

preferred to active electrodes, e.g. silver/silver chloride electrodes. As oxydoreduction occurs at 

the electrodes, hydrogen and hydroxyl ions are produced and could lead to a pH shift in the 

reservoir. 

Physicochemical properties of the drug: In addition to the electrical parameters of the pulses, the 

physico-chemical properties of drug can affect the transdermal drug delivery by electroporation. 

Charge: Because the electrophoretic movement is the main mechanism of transport for charged 

molecules through a highly permeabilized skin by electropora-tion, the pKa of the drug and the pH 

of the delivery solution are essential parameters influencing the elec-tric charges of the molecule 

to deliver. Increasing the charge of the permeant enhances its transport. Hence, the pH of the drug 

reservoir, which affects drug ionization, will influence the efficacy of drug delivery. The transport 

of neutral molecules is also enhanced by electroporation, due to passive diffusion through the 

permeabilized skin
20

. This transport of neutral molecules is lower, compared to the transport of 

charged molecules during pulses. At physiological conditions, the skin is negatively charged, 

presenting a better permselectivity to the cations. However, due to the short duration of current 

application, the contribution of electroosmosis is lim-ited
20

, suggesting that the skin 

permselectivity is not as important as for iontophoretic transport. 

Lipophilicity: The influence of the partition coefficient of the permeant has not been 

systematically investigated. In contrast to passive diffusion, increasing the lipophi-licity of the 

drug tends to decrease the enhancement ratio. The transdermal fluxes of nalbuphine and lipo-philic 

prodrugs were enhanced by electroporation, as compared to passive diffusion. The total amount of 

nalbuphine and its prodrugs were similar but the enhancement ratio decreased as the lipophilicity 

in-creased
15

 

Molecularweight:  Another physicochemical property of the drug influencing the transdermal 

transport by skin electro-poration is its molecular weight. Using FITC dextran of increasing 

molecular weight, Lombry et al.
21

 showed that significant transport and intracellular penetration in 

the skin were detected after high voltage pulse application (Figure. 4). The greater the molecular 

size, the lower the transdermal transport. The absence of molecular weight cut off (at least up to 40 

kDa) suggested that electroporation could be useful for macromolecule delivery. 
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Formulation of drug reservoir: Because the drug concentration affects the trans-dermal transport 

of drug by electroporation, the choice of drug concentration in the reservoir could allow control on 

drug delivery. The higher the drug concentration, the higher the transport. However, a non-linear 

relationship between the quantity of drug delivered in the skin and the drug concentration of the 

reservoir has been reported
11,22

. 

Table 1: Parameters affecting drug transport by electroporation (adapted from Pre´at and 

Vanbever 
23

) 

Parameters Increase in Effect 

Electrical Pulse voltage + 

parameters Pulse number + 

 Pulse length + 

Physicochemical Charge + 

properties of drug Molecular weight _ 

 Conformation ? 

 Lipophilicity _ 

Formulation Competitive ions _ 

of drug reservoir Ionization (pH) + 

 Viscosity _ 

+, Positive effect; _, negative effect. 

The current theory is as follows
24

 

When an electrical field of more than 0.5 V/nm is applied to the resting trans-membrane potential, 

it is proposed that water enters the cell during this dielectric breakdown. Hydrophilic pores are 

formed. After the application of an electrical field, water molecules line up in single file and 

penetrate the hydrophobic center of the bilayer lipid membrane; These water channels continue to 

grow in length and diameter and expand into water-filled pores, at which point they are stabilized 

by the lipid head groups that move from the membrane-water interface to the middle of the bilayer. 

This entire process can occur within a few nanoseconds. 

 

Figure 1: Application of electroporator in to diseased area 

http://www.ajptr.com/


Naik et. al.,  Am. J. PharmTech Res. 2015; 5(2)  ISSN: 2249-3387 

www.ajptr.com  138 

 

 

Figure 2: Absorption of drug into cell during E- field 

 

Figure 3 (a): Pulse Generator and applicator 

 

Figure 3 (b): Different types of applicator 

 

Figure 4: Different types of pulse generated during generation of electric impulses. 
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Recent technique 

1. Non-thermal irreversible electroporation (N-TIRE)
25

: This procedure is done using small 

electrodes (about 1mm in diameter), placed either inside or surrounding the target tissue to apply 

short, repetitive bursts of electricity at a predetermined voltage and frequency. These bursts of 

electricity increase the resting transmembrane potential (TMP). When the electricity applied to the 

tissue is above the electric field threshold of the target tissue, the cells become permanently 

permeable from the formation of nanopores. As a result, the cells are unable to repair the damage 

and die due to a loss of homeostasis.N-TIRE is unique to other tumor ablation techniques in that it 

does not create thermal damage to the tissue around it. 

2. High-frequency irreversible electroporation (H-FIRE)
26

: This technique uses electrodes to 

apply bipolar bursts of electricity at a high frequency, as opposed to unipolar bursts of electricity at 

a low frequency. This type of procedure has the same tumor ablation success as N-TIRE. 

However, it has one distinct advantage, H-FIRE does not cause muscle contraction in the patient 

and therefore there is no need for a paralytic agent. 

Side effects 

In patients with smaller tumors, Slight discomfort is common when the electric pulses are 

delivered under local anesthesia. This is because the pulses cause the muscles just under the skin to 

contract. If you are treated using a general anesthetic, you will not feel these contractions at all. In 

patients with larger tumors, wound formation and there is also a risk of infection, in which case 

treatment with antibiotics may be necessary. The wound is treated according to standard guidelines 

for wound care. 

Clinical Application 

 

Figure 5: Perspective Clinical Applications of Electroporation. 
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1. The first research looking at how electroporation might be used on human cells was 

conducted in 2003. 

2. Tissue Ablation with Irreversible Electroporation in 2005 study suggested that irreversible 

electroporation may become an important and innovative tool in the armamentarium of 

surgeons treating cancer. 

3. The first successful treatment of malignant cutaneous tumors implanted in mice was 

completed in 2007. 

4. In oral tongue cancer
27

 the ECT showed good functional outcome for speech and eating in 

2011. 

5. The nanotechnology capable of high-specificity targeted delivery of anti-neoplastic drugs 

would be a significant breakthrough in Cancer in general and Ovarian Cancer in particular. 

The difference in the membrane electric properties between the tumor and healthy cells and 

the capability of magneto-electric nanoparticles
28

 (MENs) to serve as nanosized converters 

of remote magnetic field energy into the MENs’ intrinsic electric field energy. This 

capability allows to remotely control the membrane electric fields and consequently trigger 

high-specificity drug uptake through creation of localized nano-electroporation sites. In in-

vitro studies on human ovarian carcinoma cell (SKOV-3) and healthy cell (HOMEC) lines, 

applied a 30-Oed.c. field to trigger high-specificity uptake of paclitaxel (PTX) loaded on 

30-nm CoFe2O4@BaTiO3 MENs. The drug penetrated through the membrane and 

completely eradicated the tumor within 24 hours without affecting the normal cells. 

 

Figure 6: Magneto electric nanoparticles control electric field and increase specific drug 

uptake 
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Figure 6: Magnetic field verses drug release percentage. 

6. IRE has proven effective in treating human cancer, with surgeons at Johns Hopkins and 

other institutions now using the technology to treatpancreatic cancer
29

 previously thought 

to be unresectable in 2014. 

7. DRUG VS DRUG PLUS EP (2014)
30

: 

 

Figure 7: DCF3 cell survival cultured in the presence of bleomycin 10
-8

 M or cisplatin 15 μM 

and exposed to electroporation 

Electrochemotherapy (ECT) is the result of a combined treatment associating chemotherapeutic 

drugs and local application of electric pulses to induce cell membrane electroporation (EP). In 

vitro bleomycin cytotoxicity increased up to 1000-fold and that of cisplatin by 80-fold. 

Subsequently, prospective randomized studies clearly showed that the combined treatment was 

more effective than the two components used separately in the treatment of metastatic tumor 

nodules in patients. 

Manufacturer of Electroporation Equipments 
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Figure 8: Angiodynamics 

Angiodynamics is manufacturer of Naniknife
TM

 bult on treatent based on IRE. Applicator output: 

1-6, Number of Pulses: 10-100, Pulse amplitude: 100-3000V,Pulse Length: 20-100 µs,Max. 

current: 50A. Percutaneous and laproscopic treatment of prostate, liver, lung, kidney, bone. 

Targeting Hepatocellular carcinoma clinical trial 2010. 

 

Figure 9: IEGA 

IEGA is manufacturer of CliniporatorTM built for ECT and gene elctrotransfer . 

Applicator output: 1, Number of Pulses: 1-20, Pulse amplitude: 100-1000V,Pulse Length: 30-

5000 µs,Max. current: 16 A  

Treatment of skin tumor lesions, cutaneous and subcutaneous applications. Also for deeper lying 

tissues. 

CONCLUSION 

Electroporation is an efficient method for enhancing drug delivery in vitro and in vivo, and 

expands the range of compounds delivered. Combined with other enhancing methods, 

electroporation can provide adequate delivery according to the treatment. Pulse protocol and 

electrode design need to be optimized to reduce the adverse effects. A high response to treatment 

rate (approximately 90%) accompanied by a low local relapse rate (10.6%) may be achieved after 
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one ECT procedure. In addition, a positive effect of ECT on the patients’ quality of life was 

demonstrated. No serious adverse events or deaths related to ECT have been reported. 
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