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WHAT  IS  ELECTROPORATION ?!  

 Pioneer works related to electroporation  started in 1968 with Sale 

and Hamilton who showed that the application of intense electric 

fields on cells induces the release of intracellular molecules that are 

unable to cross the cell membrane by themselves under physiological 

conditions. 

 In  1972 the first observations of transient permeability changes in the 

vesicle membranes as a consequence of vesicle exposure to an 

external electric field were reported .  

 The method was termed as  electroporation / electro-permeabilization 

and it is a bio-physical phenomenon. 



• Thus , electroporation  can  be  mentioned  as a  method 

used to apply an electric current across a cell membrane 

resulting in temporary “pore” formation enabling the cell 
membrane to be semi-permeable—allowing things to enter 

the cell for a time being. 

 



 Electroporation can be used as a tool for  

   extracting or introducing molecules from or  

   into a cell. 

 

 

MECHANISM  OF  ELECTROPORATION 

 Although the exact mechanisms of electroporation have not been fully 

elucidated, the scientific community has mostly come to agreement 

that permeabilizing nanoscale defects or ‘‘nanopores’’ are formed in 
cellular membranes upon exposure to high-amplitude electric fields of 

sufficient duration. 



                   EXTERNAL  APPLICATION  OF  ELECTRIC FIELD 

 

                   CHANGES IN  TRANSMEMBRANE POTENTIAL 

 

                  MEMBRANE IS TEMPORARILY DESTABILIZED 

 

               PERMEATION STRUCTURE OR ‘‘PORE’’ IS CREATED 

 

            





TYPES  OF  ELECTROPORATION 

 

 The 2 types  of  electroporation 

         1. reversible electroporation  

                      ( treated cells are survived ) 

 

         2. irreversible electroporation  

                                ( cells are lysed ) 

 

 The duration of the pulses and electric field intensity determine whether 
the structural changes in the cell membrane are reversible, allowing 
cells to survive or irreversible, leading to cell death because of the loss 
of homeostasis 
 

 

 



PHASES  OF  ELECTROPORATION 

 There are three different phases in electroporation technique  

            1. Pore formation  

            2. Pore expansion 

            3. Membrane recovery 

 

1. PORE  FORMATION 

 Response shown by the cell membrane by forming pore due to the 

induced threshold potential. 

 Lasts for few micro-seconds. 



2. PORE  EXPANSION 

  Expansion of pore size for micro-

milli seconds depending on the 

pulse duration 

 

3. MEMBRANE  RECOVERY 

 The membrane is recovered and 

the pores are re-sealed that lasts 

for several minutes. 
I - the lipid bilayer is a stable barrier exhibiting permeability only to 
select molecules. After exposure to an intense electric field, 
hydrophobic pores appear immediately 
 
II -  stabilized after reorientation of lipid head groups 
 
III - allows for passage of previously impermeable molecules 



MEDICAL  APPLICATIONS  OF  ELECTROPORATION 

 The first medical application of electroporation was used for 

introducing poorly permeant anticancer drugs into tumor 

nodules. 

 A recent technique called non-thermal irreversible 

electroporation (N-TIRE) is unique as it does not create thermal 

damage to the tissue around it. 

 A more recent technique called high-frequency irreversible 

electroporation (H-FIRE)  has the same tumor ablation success as 

N-TIRE and does not cause muscle contraction. 



                         ELECTROCHEMOTHERAPY 

 

 Electroporation can also be used to help deliver drugs or genes into 

the cell by applying short and intense electric pulses that 

transiently permeabilize cell membrane,  allowing transport of 

molecules  through a cellular membrane. 

 Some chemotherapeutic drugs  have poor membrane permeability, 

requiring high doses  and therefore produce pronounced side 

effects. 

 Since electroporation increases the permeability of the cell 

membrane, for such drugs access to the cell interior is much easier. 



 This procedure is referred to as 

electrochemotherapy when the molecules to be 

transported are chemotherapeutic agents. 

 ECT is a non-thermal and non-ablative local 

treatment of solid tumors   

 ECT was first introduced in the late 1980s and has 

now evolved into a clinically verified treatment 

approach for cutaneous and subcutaneous tumors. 

  ECT works very efficiently and without major side 

effects as it selectively kills the tumor cells and 

spares the normal non-dividing cells. 

 

 

 



 The efficacy of ECT is increased by three additional effects. 

       1. vascular lock  

       2. vascular disruption 

       3. immune response  

 

 The main advantage of ECT over other chemical-based anti-cancer 

treatments is to selectively target tumor cells  by applying electrical 

pulses locally.  

Under these conditions, ECT eliminates the cancer cells while 

sparing normal cells and histological structures. 

 



MECHANISM  OF  ECT 

     Cytotoxic / low permeant drugs delivered locally / systemically 

 

     Electric pulse is applied to the field(when the conc. Of drug is peak) 

 

                 altered  permeability of the cell membrane 

  

                                 formation of nano defects 

 

                        diffusion of the drugs into cytoplasm 

 

                                   cytotoxic effect of cells 



BASIC  STEPS  OF  ELECTROCHEMOTHERAPY 



DRUGS  USED  IN  ELECTROCHEMOTHERAPY  PROTOCOLS 

 Electrochemotherapy with bleomycin was used for 1st  time in 1991 in 

France, while ECT with cisplatin was used to treat for 1st time in 1995 at 

the Institute of Oncology,  Slovenia. 

 

BLEOMYCIN 

 Bleomycin is commonly used for the treatment of head and neck cancer. 

 

CISPLATIN 

 Cisplatin is a  common antineoplastic agent. 

 

 

 



PROTOCOLS  FOR  ELECTRIC  PULSE  DELIVERY 

Nowadays, most clinical protocols for electrochemotherapy follow 

the European Standard Operating procedures (ESOPE). 

 According to ESOPE,  

               8 pulses of 1000 V/Cm amplitude and 0.1 ms pulse length 

are delivered as a pulse train of 8 pulses at a rate of 5 kHz or 1 Hz 

 The pulses used in ECT are typically square wave electric pulses of 

~100 µs using a field strength of 1300 V/cm. 

 Pulses are grouped in runs of 4, 6, or 8. 

 



ELECTRODES  AND  PROBES 

 There are two types of electrodes 

                 plate electrodes 

                 needle electrodes. 

 

PLATE  ELECTRODES 

 Treatment of superficial lesions are typically 

performed with plate electrodes. 

 The depth of penetration of the electric field 

is small and is subject to the distance 

between the electrodes 

 The  greater the distance is, the deeper the 

penetration of the electric field into the 

tissue.  



NEEDLE  ELECTRODES 

Needle electrodes can be positioned either in two parallel  

   rows or in a circular array. 

 In contrast to plate electrodes, needle electrodes must be  

   inserted throughout the tumor tissue up to the deep  

   tumor border. 

 

INJECTION  SITES  AND DRUG  DOSAGES 

 Bleomycin can be delivered intratumorally or systemically. 

 The comparatively limited increase in efficacy of ECT with intravenous 

cisplatin  and  hence been confined to administration via the intra-

tumoral route. 

 



 For systemic delivery, pulses require 

administration during the pharmacokinetic peak, 

which is between 8–28 min following drug 

administration. 

 Intra-tumoral delivery must be performed between 

1–10 min from drug delivery for maximum 

treatment efficacy. 

 The intravenous injection of bleomycin requires a 

dose of  15,000 IU/m2 

 



PROTOCOLS  FOR  BLEOMYCIN  ADMINISTRATION 

1. 15 USP (units/m2) injected intravenously as a slow 

bolus 8 mins before the electric pulse delivery. 

2. 15 USP of bleomycin dose was injected I.V and 15 USP 

diluted with 10 ml of distilled water injected intra 

tumorally 10 mins before the electric pulse delivery. 

3. Adriamycin and cyclophosphamide were administered 

I.V according to the body surface area guided dose, 

and was within 24 hours  

1 USP unit corresponds to 1000 IU units which 

correspond to about 1 mg of bleomycin potency. 
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SIDE EFFECT S  

Common side effect – involuntary muscle contraction 

Mild burning sensation 

Minor side effects -  skin ulceration, hyperpigmentation, 
maculopapular rash, skin suppuration, odor and 
headaches 



TREATMENT  OUTCOME 

 In 2006, the multicentric European Standard Operating Procedures 

of ECT (ESOPE) study established the standard operating procedures 

for ECT use in the clinic. 

 The European Research on Electrochemotherapy in Head and Neck 

Cancer (EURECA) group has achieved promising results with ECT in 

skin and mucosal tumors of the head and neck 

 Another clinical study of EURECA group on recurrent mucosal head 

and neck tumors reported positive results with an objective response 

to ECT of 56% 

 



 A phase II trail by Landstrom et al. in patients with early stage(T1-2) 

oral and tongue carcinomas treated with ECT, followed by radiation 

therapy observed no recurrence during the entire follow-up period 

and all patients were alive at 5 years and reported only mild local 

toxicity. 

 Bertino et al. in 2016 demonstrated that better responses are obtained 

with small lesions , that primary tumors responded better than 

secondary (recurrent or metastatic) tumors . 

 According to Gargiulo et al., the role of ECT is not limited to palliative 

treatment, but may also be the definitive treatment in patients with 

inoperable head and neck cancer, especially in elderly patient.   



 

CONCLUSION 

 Electrochemotherapy has demonstrated its safety and efficacy in skin 

metastases of head and neck tumors and with some limitations, in 

primary and relapsing neoplasms of this region. 

 It can be repeated as needed and does not interfere with or preclude 

subsequent therapy with primary treatment modes. 

  Although at present, ECT is a palliative treatment, the high success rates 

of ECT and good level of tolerability, considered against the scarcity of 

alternative treatments in advanced stage cancers, make it worth 

consideration among treatment options in selected patients. 

EVERYTHING  IS  THEORETICALLY  IMPOSSIBLE  UNTILL  IT  IS  

DONE 



                                  THANK  YOU 


