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ABSTRACT 

 

 

Electroporation is a process of creating pores on cell by exposing the cell with 

electric field. This process increases the permeability of the cell. Neolamarckia 

Cadamba is a natural source that is widely used in the medical arena due to its 

pharmacological properties. Neolamarckia Cadamba known as kelempayang to 

Malaysian people. Its  mainly planted in the states of Pahang, Perak, Sabah and 

Sarawak. Electrochemotherapy is a combination of the electroporation process and 

chemotherapeutic drugs. The Standard electric field parameters for 

Electrochemotherapy (SEFPECT) are 1000V/cm of pulse amplitude, 100µs of pulse 

duration, 8 numbers of pulses and 1Hz of frequency. Electrochemotherapy process 

causes transient burns to patient due to the intensity of pulse amplitude used, which 

is 1000V/cm. The use of chemotherapeutic various drugs gives side effect to the 

patient. To overcome the problem, this research suggests to lower the pulse 

amplitude and longer pulse duration plus combining natural extract of Neolamarckia 

Cadamba Leaves. In this study, the combination of electroporation process and 

natural extract is conducted in vitro for 48 hours. The cell used is cervical cancer cell 

(HeLa cell) and the natural extract from Neolamarckia Cadamba Leaves. The 

experiment was started to determine the best parameter of pulse amplitude and pulse 

duration that gives lower viability percentage of HeLa cell. The pulse amplitude 

started with a 200V/cm, 400V/cm, 600V/cm, 800V/cm and 1000V/cm and the pulse 

duration at 100µs, 500µs, 1ms, 2ms and 5ms and the result revealed that the best 

parameter at 600V/cm of pulse amplitude and 5ms of pulse duration. Then the IC50 

value of Neolamarckia Cadamba Leaves extract were tested and found to be at 

40µg/ml. The findings of these studies have shown positive respond on the 

combination of these two methods. This was proven by the reduction in the 

percentage of anti proliferation of HeLa cell where with electroporation 30.08% cell 

can survive and by combining electroporation and extact of Neolamarckia Cadamba 

leaves only 2.12% HeLa cell can survive. 
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ABSTRAK 

 

 

Elektroporasi adalah proses mewujudkan liang-liang pada sel dengan mendedahkan 

sel dengan medan elektrik. Proses ini meningkatkan kebolehtelapan sel. 

Neolamarckia Cadamba adalah sumber semulajadi yang banyak digunakan di arena 

perubatan kerana sifat farmakologinya. Neolamarckia Cadamba dikenali sebagai 

kelempayang oleh rakyat Malaysia. Ia kebanyakannya ditanam di negeri Pahang, 

Perak, Sabah dan Sarawak. Elektrokimoterapi adalah gabungan dari proses 

elektroporasi dan ubat kemoterapi. Parameter bidang medan elektrik untuk 

Elektrokimoterapi (SEFPECT) adalah 1000V/cm nadi amplitud, 100μs nadi denyut, 

8 nadi dan 1Hz frekuensi. Proses elektrokimoterapi menyebabkan kesan terbakar 

sementara kepada pesakit kerana intensiti nadi amplitud yang digunakan, iaitu 

1000V/cm. Penggunaan pelbagai ubat kimoterapi memberi kesan sampingan kepada 

pesakit. Untuk mengatasi masalah ini adalah dengan cara menurunkan nadi amplitud 

dan panjangkan tempoh nadi denyut serta menggunakn ekstrak sumber semulajadi 

daun Neolamarckia Cadamba. Dalam kajian ini, gabungan proses elektroporasi dan 

ekstrak semula jadi dilakukan secara in vitro selama 48 jam. Sel yang digunakan 

adalah sel kanser serviks (sel HeLa) dan ekstrak semula jadi dari daun Neolamarckia 

Cadamba. Eksperimen ini bermula dengan menentukan parameter nadi amplitud dan 

nadi denyut yang terbaik memberikan peratusan daya tahan yang lebih rendah kepada 

sel HeLa. Nadi amplitud bermula dengan 200V/cm, 400V/cm, 600V/cm, 800V/cm 

dan 1000V/cm dan nadi denyut pada 100μs, 500μs, 1ms, 2ms dan 5ms dan hasilnya 

menunjukkan bahawa parameter terbaik pada 600V/cm nadi amplitud dan 5ms nadi 

denyut. Kemudian nilai IC50 yang ditunjukkan oleh ekstrak daun Neolamarckia 

Cadamba didapati berada pada 40μg/ml. Penemuan kajian ini telah menunjukkan 

tindak balas positif mengenai gabungan kedua-dua kaedah, ini dibuktikan dengan 

penurunan kadar peratusan percambahan sel HeLa apabila didedahkan medan 

elektrik hanya 30.08% sel HeLa Bertahan hidup manakala apabila sel HeLa 

didedahkan dengan gabungan medan elektrik dan ekstrak hanya 2.12% sel hidup.  
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CHAPTER 1 

     

 

 

 

INTRODUCTION 

 

 

1.1. Overview 

 

 

This chapter consists of background of research followed by problem statement, aim, 

objectives and scope of study.  

 

 

1.2. Background of Research 

 

 

HeLa cells are human cervical cancer cells (the cervix is found at the top of the 

vagina and the entrance of the uterus). The cells were first cultured or grown in the 

laboratory in 1951 and were the first type of human cancer cell to be cultured 

continuously for experiments. There are many different strains (subtypes) of HeLa 

cells that are now used (J. Zhang et al., 2015). 

 Electroporation or electropermeabilization is a molecular biology technique 

in which an electrical field is applied to cells in order to increase the permeability of 

the cell membrane, allowing chemicals, drugs, or  DNA to be introduced into the cell 

(C. Rosazza et al., 2016). In molecular biology, the process of electroporation is 

often used to transform bacteria, yeast, or plant protoplasts by introducing new 

coding DNA. When bacteria and plasmids are mixed together, the plasmids can be 

transferred into the bacteria after electroporation. Several hundred volts across a 
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distance of several millimeters are typically used in this process. Afterwhich, the 

cells have to be handled carefully until they are able to divide and produce cells that 

contains reproduced plasmids. This process is approximately ten times more effective 

than chemical transformation (A. Natarajan et al., 2012).  

  Electroporation is also highly efficient for the introduction of foreign genes 

into tissue culture cells, especially mammalian cells. For example, it is used in the 

process of producing knockout mice, as well as in tumor treatment, gene therapy, and 

cell-based therapy (C. R. Tracy et al., 2010). The process of introducing foreign 

DNA into eukaryotic cells is known as transfection. Electroporation is highly 

effective for transfecting cells in suspension using electroporation cuvettes. 

Electroporation has proven efficient for use on tissues in vivo, for in utero 

applications as well as in ovo transfection. Adherent cells can also be transfected 

using electroporation, providing researchers with an alternative of trypsinizing their 

cells prior to transfection (A. Rizk & B. M. Rabie, 2013).  

 Compound Extract Test as Anti-Proliferation (Neolamarckia Cadamba 

Leaves) also well-known as  “Anthocephalus Cadamba”, is a precious plant in 

Ayurvedic medicine. This Rubiaceae family tree, is commonly called as Kadam by 

the Indians and Kalempayan by Malaysians which it grows naturally in Australia, 

India, China, Malaysia, Indonesia, Philipines,  Vietnam, and Singapore. Moreover, 

Neolamarckia Cadamba tree can grow up to 45 m tall, with a diameter up to 100-160 

cm but normally less. Neolamarckia Cadamba has an umbrella shape crown and tiers 

arrangement of branches (C. P. Khare, 2007) 

 Importantly, Neolamarckia Cadamba is selected as one of the timber species 

for forest rehabilitation projects in Malaysia, due to its short rotation period and early 

commercial returns within 8-10 years. Whilst in India, the leaves are traditionally 

used in treating illnesses. It has been mentioned and described in many Indian 

medicine for the treatment of anemia, fever, uterine and liver complications, diabetes, 

diarrhea and much more. It also has antioxidant, anti-inflammatory also wound 

healing, anti-tumor, and anti-cancer properties. (A. Kumar et al., 2015). 
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1.3. Problem Statement 

 

 

Statistically, cancer is among the leading causes of morbidity and mortality 

worldwide with approximate 18 million cancer cases recorded based on World 

Health Organization in 2018. This number is expected to increase by about 63% over 

the next 2 decades. In Malaysia, the numbers of cancer cases are approximately at 43 

thousand recorded in 2018. This number is expected to increase by 47% over the next 

2 decades. In Malaysia the most common cancer diagnosed in 2018 are breast, 

cervical, prostate, lung and colorectal cancer (F. Bray, et al., 2018).   

Cancer can start at any part of the body. It starts when cell growth is out of 

control and crowds out the normal cell, thus making it hard for the body to function 

as it should. Cancer cells spread to other parts of the body. For instance, cancer cells 

in the lung can spread to the bones and grow. When cancer cells spreads, it is called 

metastasis. Some cancers cells grow and spread fast and others grow slowly. Most 

cancer form a lump called a tumor or a growth. But not all lumps are cancerous. 

Lumps that are cancerous are called malignant which have the potential to be 

dangerous (G. Cooper & R. E. Hausman, 2000). An alternative cancer 

chemoprevention is a medical intervention that aims to reduce the incidence and 

burden of cancer via the development of agents to prevent, reverse and delay the 

process of carcinogenesis (W. P. Steward & K. Brown, 2013).  

The current chemotherapy side effect on human depends on the cancer type, 

drug taken and dosage. The treatment is not controllable (J. B. Wolinsky, et al., 

2012). This study suggests an alternative treatment by used natural extract of 

Neolamarckia Cadamba leaves. This natural extract has phenolic found inside the 

leaves that have anti-cancer properties.  
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1.4. Aim 

 

 

The aim of this research is to investigate the effect of electroporation and natural 

extracts of Neolamarckia Cadamba Leaves on HeLa cell cultured 

 

 

1.5. Objectives 

 

 

This study embarks on the following objectives: 

 

 

a) To identifiy electric field parameter due to Electroporation process towards HeLa 

cell. 

 

b) To analyze the effect of Neolamarckia Cadamba Leaves on HeLa cell 

 

c) To evaluate the combined effect of Electric Field and Neolamarckia Cadamba 

Leaves on HeLa cell as anti-cancer mechanism. 
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1.6. Scope of study 

 

 

In order to achieve the objectives of this research, the following scope of work were 

identified as followed: 

 

 

a) HeLa cell lines were acquired and cultured in a physiological environment similar 

to mammalian cell. The cells were maintained at temperature of 37 
o
C similar to 

human temperature and humidified environment at 5% CO2 in order to maintain the 

pH of the medium as in the human blood plasma (J. T. Lee, et al., 2011).  

 

b) Investigation of the best electric field parameter effect on HeLa cell lines 

proliferation in vitro followed by the standard electric field parameter for 

electrochemotherapy (SEFPECT) not more than 1000V/cm of pulse amplitude using 

the following parameter: 

Pulse Amplitude: 200V/cm, 400V/cm, 600V/cm, 800V/cm and 1000V/cm  

Pulse Duration: 100µs, 500µs, 1ms, 2ms and 5ms 

 

c) Investigation of anti-cancer properties and determination 50% Inhibitory 

Concentration (IC50) of Neolamarckia Cadamba leaves effect on HeLa cell lines 

proliferation, this is by considered the following range of concentration: 1µg/ml, 

5µg/ml, 10µg/ml, 20µg/ml, 30µg/ml, 40µg/ml, 50µg/ml, 60µg/ml, 70µg/ml, 

80µg/ml, 90µg/ml and 100µg/ml   

 

d)  Analyse the Combined effect of electric field and Neolamarckia Cadamba leaves 

extract on HeLa cell lines  

e) Experiment to be repeated minimum thrice or more to ensure the reading is 

accurate and to get an average value.   
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CHAPTER 2 

 

 

 

LITERATURE REVIEW 

 

 

2.1. Overview 

 

 

This chapter focuses on previous research done by other researchers that is similar 

and related to this research. This chapter is important to give an idea, guide and 

knowledge to the researcher on the commencement of the experiment. 

 

 

2.2. Living Cell 

 

 

Based on Mariana (2007) cells are called “Building blocks of life”. The author 

described that cells are the functional and structural unit of all organisms that are 

living in this world. Cells are divided into two types that are prokaryotic cells and 

eukaryotic cells. The characteristics of prokaryotic cells can be described by the size 

that is usually less than 5µm and smaller compared to eukaryotic cells. This type of 

cell does not have a nucleus. Prokaryotic cells mass typically is around 1 nano gram. 

Examples of prokaryotic cells are bacteria and archaea. Figure 2.1 showed the 

structure of the prokaryotic cell. 



PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

7 

 

 

 

Figure. 2.1  Prokaryotic cell 

 

(http://legacy.hopkinsville.kctcs.edu/instructors/Jason-

Arnold/VLI/Module%202/m2cellstructure/m2cellstructure4.html and 

http://7marshscience.blogspot.com/2015/09/) 

 

 

For a eukaryotic cell, the characteristics are opposed to a prokaryotic cell. Eukaryotic 

cells usually have more complex structures. The structures of eukaryotic cells are 

called organelles. Organelles contain many structures such as the nucleus, 

endoplasmic reticulum that consists of rough endoplasmic reticulum (contain 

ribosomes) and smooth endoplasmic reticulum (does not contain ribosomes), Golgi 

apparatus, lysosomes, mitochondria, chloroplast ( found inside plant cells), vesicles, 

vacuoles and many more. Animal cell, plant cell, fungi, and protista are examples of 

eukaryotic cells. Figure 2.2 shows the structure of the eukaryotic cell. 
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Figure. 2.2  Eukaryotic cell 

 

(http://legacy.hopkinsville.kctcs.edu/instructors/Jason-

Arnold/VLI/Module%202/m2cellstructure/m2cellstructure4.html and 

http://7marshscience.blogspot.com/2015/09/) 

 

 

2.3. HeLa Cells (Human Cervical Cancer Cells) 

 

 

HeLa cells are one of the examples of eukaryotic cell type. It is derived from human 

cervical cancer cells. HeLa is named based on cancer patient name Henrietta Lacks. 

This cell was taken from Henrietta Lacks who passed away on 4 October 1951 after 

fighting for eight months from her cervical cancer disease. HeLa cells were first 

cultured in 1951 in a laboratory (J. Zhang et al., 2015). It has been continuously 

grown as first human cells known. HeLa cells have a high capability of division and 

growing indefinitely and continuously as long as the environment of the cell is still 
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suitable for HeLa cells to grow and adapt. This characteristic made HeLa cells easily 

immortalize literally. 

 For a decade in cancer research area, many scientists and researchers 

explored and studied the HeLa cells characteristics due to its availability and easiness 

to find because it is cultured continuously in the laboratory. HeLa cells are very 

tough and adaptable cell. It can survive in any ambient where other cells cannot and 

die easily. HeLa cell is also a very potent cell that is able to contaminate another cell. 

Figure 2.3 showed the structure of HeLa cell taken during experiment. 

 

 

 

Figure. 2.3  Human Cervical Cancer Cell (HeLa Cell) scale bar 50µm 
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2.4. Electroporation 

 

 

Electroporation is the method of external application of electric field to the cell 

membrane to increase the permeability of the cell membrane. This method is widely 

used in medicines, food processing and pharmaceutics (M. Yarmush et al., 2014). 

Electroporation also is a method to create pores on cell membrane to allow any 

substances to enter the cell easily (N. J. Yang & M. J. Hinner, 2014). 

 

 

2.4.1. Membrane Electroporation 

 

 

R. Stampfli (1958), stated that our bodies are built from trillions of biological cells 

enveloped by the plasma membrane. The plasma membrane is largely composed of a 

double layer (bilayer) of lipids. Its size is about 5nm. The inside of the membrane is 

partly gel and partly liquid. It functions as a protector and separator of the cell from 

its surroundings environment. It is very stable and reliable. The lipid bilayer contains 

different types of proteins which act as pumps and channel for transporting purpose. 

It can transport specific molecules that want to across the plasma membrane. Plasma 

membrane can be electrically be viewed as a sheet of thin insulator surrounded by 

electrolyte aqueous solutions on both sides.  

Based on A. J. H. Sale & W. A. Hamilton (1967), when strong 

electroporation is exposed to the membrane, it will undergo electrical breakdown that 

allows it to be permeable to other molecules to freely cross it. This process is called 

the electroporation of the membrane. If the exposure of electric field is sufficiently 

short, then the membrane can effectively undergo rapid recovery for the cell to 

remain viable. It is called reversible electroporation. Otherwise, it is called 

irreversible electroporation (E. Neumann & K. Rosenheck, 1972).  

Electroporation becomes a useful tool in biotechnology and medicine area. As 

for irreversible electroporation, it becomes popular for electrochemotherapy where 

the method is by introducing drugs into tumor cells (G. Sersa et al., 2008). Another 



PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

88 

 

 

REFERENCES 

 

 

A. Agarwal, I. Zudans, E. A. Weber, J. Olofsson, O. Orwar, S. G. Weber, “Effect of 

cell size and shape on single-cell electroporation”, Analytical chemistry 

79(10):3589-3596 (2007).  

A. Dwevedi, K. Sharma, & Y. K. Sharma,“Cadamba: A miraculous tree having 

enormous pharmacological implications,” Pharmacognosy Reviews, 9(18), 

107–113, (2015).  

A. Gupta, M. Anand, S. Yadav, J. Gautam, “Phytochemical studies and antioxidant 

activity of different leaves extracts of A. Cadamba,” International Journal of 

Futuristic Science Engineering and Technology, Vol 1, ISSN 2320 – 4486, 

(2013). 

A. J. H. Sale, & W. A. Hamilton, “Effects of high electric fields on microorganisms  

killing of bacteria and yeasts,”  Biochem. Biophys. Acta 148, 781-788, (1967). 

A. Kumar, S. R. Chowdhury, K. K. Jatte, T. Chakrabarti, H. K. Majumder, T. Jha, S. 

Mukhopadhyay, “Anthocephaline, a new indole alkaloid and cadambine, a 

potent inhibitor of DNA topoisomerase IB of Leishmania donovani 

(LdTOP1LS), isolated from Anthocephalus Cadamba,” Nat. Prod. Commun. 

10, 297–299, (2015). 

A. M. Gonzalez-Augulo, F. Morales-Vasquez, and G. N. Hortobagyi, “Overview of 

resistance to systemic therapy in patients with breast cancer”, Ch 1, pp. 1-22, in 

Breast Cancer Chemosensitivity, D. Yu and M-C Hung (Eds), Springer Science 

Business Media, LLC, Landes Bioscience, New York, USA, (2007). 

A. M. Lebar, G. Sersa, R. Kranjc, A. Groselj,  & D. Miklavcic, “Optimisation of 

pulse parameters in vitro for in vivo electrochemotherapy. Anticancer 

Research,” 22(3), pp. 731-1736. (2002).  



PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

89 

 

A. Natarajan, L. Campana, and R. Sundararajan, “Electrically-Enhanced Delivery of 

Drugs and Conjugates for Cancer Treatment,” Antibody-Mediated Drug 

Delivery Systems, pp. 129–143, (2012). 

A. Rizk and B. M. Rabie, “Electroporation for Transfection and Differentiation of 

Dental Pulp Stem Cells,” BioResearch Open Access, vol. 2, no. 2, pp. 155–162, 

(2013). 

A. V. Titomirov, S. Sukharev, et al., “In vivo electroporation and stable 

transformation of skin cells of newborn mice by plasmid DNA,” Biochim. 

Biophys. Acta 1088, 131-134. (1991). 

B. D. Sukhendu, P. Dietmar, Rabussay, G. Widera, and G. A. Hofmann, “Medical 

Applications of Electroporation”, Ieee Transactions On Plasma Science, Vol. 

28, No. 1, February (2000). 

C. De. Martel, J. Ferlay, et al., “Global burden of cancers attributable to infections in 

2008: a review and synthetic analysis,” The Lancet Oncology 2012;13: 607-

615, (2012) 

C. P. Khare, “Indian Herbal Remedies: Rational Western Therapy, Ayurvedic and 

Other Traditional Usage, Botany,” Springer Science & Business Media, 

NewYork, USA, pp.66–67, (2011). 

C. P. Khare, “Indian Medicinal Plants: An Illustrated Dictionary,” Springer, New 

York, USA. (2007). 

C. Rosazza, S. Haberl Meglic, A. Zumbusch, M. Rols and D. Miklavcic, "Gene 

Electrotransfer: A Mechanistic Perspective", Current Gene Therapy, vol. 16, 

no. 2, pp. 98-129, (2016). 

C.R. Tracy, W. Kabbani, J.A. Cadeddu, “Irreversible electroporation: a novel method 

for renal tissue ablation”, BJU International, (2010). 

D. A. Dean, T. Ramanathan, D. Machado, and R. Sundararajan, “Electrical 

impedance spectroscopy study of biological tissues,” Journal of 

Electrostatics,vol. 66, no. 3-4, pp. 165-177, (2008). 



PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

90 

 

D. Ganjewala, N. Tomar, A. K. Gupta “ Phytochemical Composition And 

Antioxidants Properties of Methanol Extracts of Leaves and Fruits of 

Neolamarckia cadamba (Roxb.)”, Journal of Biologically Active Products from 

Nature , 3(4), 232-240. (2013) 

D. Joker, “Neolamarckia cadamba (Roxb.) Bosser (Anthocephalus chinensis (Lam.) 

A. Rich. ex Walp),” (2000)  

D. P. Mishra, M. A. Khan, D. K. Yadav, A. K. Rawat, R. K. Singh, T. Ahamad, M. 

K. Hussain, M. Saquib, and M. F. Khan, “Monoterpene Indole Alkaloids from 

Anthocephalus cadamba Fruits Exhibiting Anticancer Activity in Human Lung 

Cancer Cell Line H1299,” ChemistrySelect, vol. 3, no. 29, pp. 8468–8472, Jan. 

(2018). 

D. Patel, V. C. Darji, A. H. Bariya, K. R. Patel, R. N. Sonpal, “Evaluation of anti-

fungal activity of Neolamarckia cadamba (Roxb.)Bosser leaf and bark extract,” 

Int. Res.J.Pharm.2,192–193, (2011) 

E. Neumann and K. Rosenheck, “Permeability changes induced by electric impulses 

in vesicular membranes,” J. Membrane Biol., vol. 10, pp. 279–290, (1972). 

E. Neumann, M. Schafer-Ridder, et al, “Gene transfer into mouse lyoma Cells by 

electroporation in high electric fields,” EMBO J. 1, 841-845 (1982). 

E. W. Lee, S. Thai, and S. T. Kee, “Irreversible electroporation: A novel image-

guided cancer therapy,” Gut Liver, vol. 4, pp. S99–S104, (2010). 

F. André and L. M. Mir, “DNA electrotransfer: Its principles and an updated review 

of its therapeutic applications,” Gene Ther., vol. 11, pp. S33–S42, (2004). 

F. Bray, J. Ferlay, I. Soerjomataram, R. L. Siegel, L. A. Torre, and A. Jemal, “Global 

cancer statistics 2018: GLOBOCAN estimates of incidence and mortality 

worldwide for 36 cancers in 185 countries,” CA: A Cancer Journal for 

Clinicians, vol. 68, no. 6, pp. 394–424, (2018). 

F. Xiao, J. F. Leary, L. Reece, I. G. Camarillo, M. Sundararajan, R. Sundararajan, 

“Nanosecond, Low Voltage Electro-Endocrine-Therapy for Breast Cancer 



PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

91 

 

Treatment, 2010 Annual Report Conference on Electrical Insulation and 

Dielectric Phenomena, (2010) 

G. Cooper and R. E. Hausman, The cell ; a molecular approach. Oxford: Sinauer 

Associates, (2000). 

G. M. Cragg and D. J. Newman, “Plants as a source of anti-cancer agents,” Journal of 

Ethnopharmacology, vol. 100, no. 1-2, pp. 72–79, (2005). 

G. Pucihar, L. M. Mir, & D. Miklavcic, The effect of pulse repetition frequency on 

the uptake into electropermeabilized cells in vitro with possible applications in 

electrochemotherapy. Bioelectrochemistry, 57(2), pp. 167-172.(2002). 

G. Sersa, “Electrochemotherapy: Animal model work review. 

In:Electrochemotherapy, electrogenetherapy and transdermal drug delivery,” 

pp. 119-136. Eds., Jaroszeski, M. J., Heller, R., Gilbert, R., Humana Press, 

Totowa, NJ. (2000). 

G. Sersa, D. Miklavcic, “Electrochemotherapy of Tumours”, Journal of Visualized 

Experiments, (2008). 

G. Sersa, D. Miklavcic, M. Cemazar, Z. Rudolf, G. Pucihar, and M. Snoj, 

“Electrochemotherapy in treatment of tumours,” Eur. J. Surg. Oncol., vol. 34, 

pp. 232–240, (2008). 

G. Sersa, M. Cemazar, & M. Snoj,  Electrochemotherapy of tumours. Curr Oncol, 

16(2), pp. 34-35. (2009) 

H. A. Pohl, & J. S. Crane, “Dielectrophoresis of cells,” Biophys. J.11, 711-727. 

(1971). 

H. B. Mamman, M. M. A. Jamil, M. N. Adon, “Low amplitude pulse electric field for 

elimination of unpleasant sensation associated with high amplitude electric 

field for electrochemotherapy,” Journal of Advances in Technology and 

Engineering Studies, 3(2): 27-33, (2017). 



PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

92 

 

H. B. Mamman, M. M. A. Jamil, M. N. Adon, “Optimization of Electric Field 

Parameters for HT29 Cell Line towards Wound Healing Application,” Indian 

Journal of Science and Technology, Vol 9 (46), (2016). 

H. G. L. A. Coster, “Quantitative analysis of the voltage-current relationships of 

fixed charge membranes and the associated property of “punch-through”,” 

Biophys. J. 5, 669-686. (1965). 

H. Gurjar, S. K. Jain, R. Irchhaiya, R. Nandanwar, V. K.  Sahu, H. Saraf, “Hy-

poglycemic effects of methanolic extract of Anthocephalus cadamba bark in 

alloxan induced diabetic rats (RoxB),” Miq. Int. J. Pharm. Sci. Res. 1,79–83, 

(2010). 

H. H. Aung, C. Z. Wang, M. Ni, A. Fishbein, S. R. Mehendale, J. T. Xie, A. Y. 

Shoyama, C. S. Yuan, “Crocin from crocus sativus possesses significant anti-

proliferation effects on human colorectal cancer cells,” Exp Oncol., 29(3): 

175–180. (2007). 

H. Takayamma, S. Tsutsumi, M. Kitajima, D. Santiarworn, B. Liawruangrath, N. 

Aimi, “Gluco-indole alkaloids from Nauclea cadamba in Thailand and 

transformation of 3 alpha-dihydrocadambine into the indolopyridine alkaloid, 

16-carbomethoxynaufoline,” Chem. Pharm. Bull. 51,232–233, (2003) 

I. Kitagawa, H. Wei, S. Nagao, T. Mahmud, K. Hori., M. Kobayashi, T. Uji, H. 

Shibuya, “Indonesian Medicinal Plants XIV. Characterization of 3′O 

Caffeoyls- weroside, a new secoiridoid glucoside, and kelampayosides A and 

B, two new phenolic apioglucosides, from the bark of Anthocephalus chinensis 

(Rubiaceae),” Chem. Pharm.Bullet.44,116–127, (1996) 

J. B. Wolinsky, Y. L. Colson, and M. W. Grinstaff, “Local drug delivery strategies 

for cancer treatment: Gels, nanoparticles, polymeric films, rods, and 

wafers,” Journal of Controlled Release, vol. 159, no. 1, pp. 14–26, (2012). 

J. J. M. Landry, P. T. Pyl, T. Rausch, T. Zichner, M. M. Tekkedil, A. M. Stütz, A. 

Jauch, R. S. Aiyar, G. Pau, N. Delhomme, J. Gagneur, J. O. Korbel, W. Huber, 

and L. M. Steinmetz, “The Genomic and Transcriptomic Landscape of a HeLa 



PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

93 

 

Cell Line,” Genes Genomes Genetics, vol. 3, no. 8, pp. 1213–1224, Nov. 

(2013). 

J. L. Hartwell, "Plants used against cancer. A survey." Lloydia, 32, 153, 1969. 15,  

(1969). 

J. M. Crowley, “Electrical breakdown of bimolecular lipid membranes as an 

electromechanical instability,” Biophys. J. 13, 711-724. (1973). 

J. T. Lee, Y. Leng, K. L. Chow, F. Ren, X. Ge, K. Wang, and X. Lu, “Cell culture 

medium as an alternative to conventional simulated body fluid,” Acta 

Biomaterialia, vol. 7, no. 6, pp. 2615–2622, (2011). 

J. Zhang, J. Jia, L. Zhao, X. Li, Q. Xie, X. Chen, J. Wang,  and F. Lu, Down-

regulation of microRNA-9 leads to activation of IL-6/Jak/STAT3 pathway 

through directly targeting IL-6 in HeLa cell. Molecular Carcinogenesis, 55(5), 

pp.732-742, (2015). 

J.C Weaver and Y.A. Chizmadzhev, “Theory of electroporation : A review, 

”Bioelectrochem.Bionerg.,vol.41,pp.135-160, (1996). 

J.C Weaver, “Electroporation of cells and tissues,” IEEETrans.Plasma Sci.,vol.28,pp. 

24-33, (2000). 

L. D. Kapoor, “Handbook of Ayurvedic Medicinal Plants: Herbal,” Reference 

Library. CRC Press,p.43, (2000). 

L. M. Mir, & S. Orlowski, Mechanisms of electrochemotherapy. Advanced Drug 

Delivery Reviews, 35(1), pp. 107-118. (1999). 

L. M. Mir, J. Gehl, G. Sersa, C. G. Collins, J. R. Garbay, V. Billard, & M. Marty, 

Standard operating procedures of the electrochemotherapy: instructions for the 

use of bleomycin or cisplatin administered either systemically or locally and 

electric pulses delivered by the Cliniporator TM by means of invasive or non-

invasive electrodes. European Journal of Cancer Supplements, 4(11), pp. 14-

25.(2006). 



PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

94 

 

L. M. Mir, M. Belehradek, et al., “Electrochemotherapy,a novel antitumor treatment: 

first clinical trial,” C.R. Acad. Sci. Paris 313, 613-618, (1991). 

L. Miller, J. Leor, and B. Rubinsky, “Cancer cells ablation with irreversible 

electroporation”, Technology in Cancer Research and Treatment, Vol. 4, No. 6, 

pp. 1-7, Dec (2005). 

M. A. Alam, R. Akter, N. Subhan, M. M. Rahman, M. M. Majumder, Nahar, S. D. 

Sarker, “Anti diarrhoeal property of the hydro ethanolic extract of the Fruits of 

Anthocephalus Cadamba,” Rev. Bras. Farmacogn. 18, 155–159, (2008). 

M. A. Hassan, M. A. Ferdous, R. Chowdhury, K. A. Khan, “Evaluation of analgesic, 

anthelmintic and cytotoxic, potential activity of bark of Anthocephalus 

Cadamba,” Int. J. Innov. Pharm. Sci.d Res.1, 99–107, (2013) 

M. A. Hossain, M. Z. Sultan, A. M. S. Chowdhury, C. M. Hasan, M. A. Rashid, 

“Preliminary cytotoxicity and antimicrobial investigation of Anthocaphalus 

chinensis,” J. Sci. Res. 3,689–692, (2011) 

M. A. M. Zaltum, M. N. Adon, and M. M. A. Jamil, “Electroporation effect on the 

growth of  

M. A. S. Rafshanjani, S. Parvin, M. A. Kader, “Antimicrobial and preliminary 

cytotoxic effects of ethanol extract and its fractions of Anthocephalus cadamba 

(Roxb.) Miqstem bark. Int. J. Pharm. Life Sci.5,4038–4044, (2014) 

M. Arora, “Cell Culture Media: A Review,” Materials and Methods, vol. 3, (2013). 

M. B. Sporn & N. Suh, “Chemoprevention: an essential approach to controlling 

cancer,” Nat Rev Cancer. 2(7): 537-543,(2002). 

M. Chandel, S. Kaur, S. Kumar, “Studies on the genoprotective/antioxidant potential 

of methanol extract of Anthocephalus cadamba (Roxb.),” Miq. J. Med. Plants 

Res.5, 4764–4770. (2011). 

M. Chandel, U. Sharma, N. Kumar, B. Singh, and S. Kaur, “Antioxidant activity and 

identification of bioactive compounds from leaves of Anthocephalus cadamba 

by ultra–performance liquid chromatography/electrospray ionization 



PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

95 

 

quadrupole time of flight mass spectrometry,” Asian Pacific Journal of 

Tropical Medicine, 5(12), pp.977-985, (2012). 

M. Greenwell and P. K. S. M. Rahman, “Medicinal Plants: Their Use in Anticancer 

Treatment.” International journal of pharmaceutical sciences and research 6.10 

(2015)  

M. Heish, T. Salameh, I. Camarillo and R. Sundararajan, “Irreversible 

Electroporation Effects:A Drug-Free Treatment for Cancer,”(2011).  

M. L. Lucas, L. Heller, et al., “Electrogene-therapy for the successful treatment of 

established subcutaneous B16F10 melanoma,” Mol. Therapy 5, 668-675, 

(2002). 

M. Morales-de la Peña, P. Elez-Martínez, and O. Martín-Belloso, “Food preservation 

by  pulsed electric fields: An engineering perspective,” Food Eng. Rev., vol. 3, 

pp. 94–107, (2011). 

M. Okino, M. Marumoto, et al., “Electrical impulse chemotherapy for rat solid 

tumors,” Proc. Jpn. Cancer Congress, 46, 420, (1987). 

M. P. Rols,, “Electropermeabilization, a physical method for the delivery of 

therapeutic molecules into cells”, Biochimica et Biophysica Acta, 1758, 423, 

(2006). 

M. Sack, J. Sigler, S. Frenzel, C. Eing, J. Arnold, T. Michelberger, W. Frey, F. 

Attmann, L. Stukenbrock, and G. Müller, “Research on industrialscale 

electroporation devices fostering the extraction of substances from biological 

tissue,” Food Eng. Rev., vol. 2, pp. 147–156, (2010). 

M. Yarmush, A. Golberg, G. Serša, T. Kotnik and D. Miklavčič, "Electroporation-

Based Technologies for Medicine: Principles, Applications, and 

Challenges", Annual Review of Biomedical Engineering, vol. 16, no. 1, pp. 

295-320, (2014). 



PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

96 

 

Min Rui, Yingyu Chen, et al, “Transfer of anti-TFAR19 monoclonal antibody into 

HeLa cell by in situ electroporation can inhibit the apoptosis”, 71, 1771–1778, 

(2002). 

N. A. A. Rahman, M. M. A. Jamil, “Investigation of Pulsed Electric Field on Cancer 

Cell Cultured on Patterned Surface,” 6th IEEE International Conference on 

Control System, Computing and Engineering, (2016).  

N. Dolai, I. Karmakar, K. R. B. Suresh, B. Kar, A. Bala, P. K. Haldar, “Evaluation of 

antitumor activity and in vivo antioxidant status of Anthocephalus Cadamba on 

Ehrlich ascites carcinoma treated mice,” J.Ethnopharmacol.142,865–870, 

(2012) 

N. J. Yang and M. J. Hinner, “Getting Across the Cell Membrane: An Overview for 

Small Molecules, Peptides, and Proteins,” Site-Specific Protein Labeling 

Methods in Molecular Biology, pp. 29–53, Aug. (2014). 

N. P. Julie, T. Hop, T. Hung, A. P. Tuyet, D. Christiane, F. Jeremy, H. T. Tinh, C. 

Philippe, B. Bernard, G. Philippe, “Antimalarial and cytotoxic activities of eth-

nopharmacologically selected medicinal plants from South Vietnam,” J.Ethno-

pharmacol. 109,417–427, (2007). 

N. Pavselj, & D. Miklavcic, Numerical modeling in electroporation-based biomedical 

applications. Radiology and Oncology, 42(3), pp. 159-168, (2008). 

Nordahlia, As & Lim, Seng & Husain, Hamdan & Uyup, Mohd Khairun Anwar. 

Tb54_Wood Properties Of Selected Plantation Species_Teak Kelempayan 

Binuang And Batai. (2014). 

P. Nagakannan, B. D. Shivasharan, V. P. Veerapur, B. S. Thippeswamy, “Sedative 

and antiepileptic effects of Anthocephalus cadamba Roxb.in mice and rats,” 

Indian J.Pharmacol.43,699–702, (2011) 

P. Nagar, K. Diwakar, A. Nagar, S. Gullaiya, V. Dubey, V. Singh, “A pre-liminary 

study of the effects of petroleum ether and alcoholic bark extract of 

Anthocephalus cadamba (Roxb.) Miq. In acute and chronic in-vivo 

inflammatory rat models,” Int.Res.J.Pharm.3,217–221, (2012) 



PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

97 

 

R. Heller, M. Jaroszeski, et al., “In Vivo Gene Electroinjection and Expression in Rat 

Liver,” Fed. Europ. Biochem. Soc. (FEBS) Letters 389, 225-228, (1996). 

R. Heller, R. Gilbert, et al., “Clinical trials for solid tumors using 

electrochemotherapy. In: Electrochemotherapy, electrogenetherapy and 

transdermal drug delivery,” pp. 137-156. (2000). 

R. P. Mishra, “A Comparative Study and Extract Optimization for Antimicrobial 

Properties of Different Parts of Anthocephalus Cadamba,” ISSN 2046-1690, 

(2013). 

R. Stampfli, “Reversible electrical breakdown of the excitable membrane of a 

Ranvier node,” An. Acad. Brasil. Ciens., vol. 30, pp. 57–63, (1958).  

R. V. Davalos, L. M. Mir, and B. Rubinsky, "Tissue ablation with irreversible 

electroporation,"Annals of Biomedical Engineering, vol. 33, no. 2, pp. 223–

231, Feb. (2005). 

R. Ziv, Y. Steinhardt, G. Pelled, D. Gazit, and B. Rubinsky, “Micro-electroporation 

of mesenchymal stem cells with alternating electrical current pulses,” 

Biomedical Microdevices, vol. 11, no. 1, pp. 95–101, (2008). 

S. G. Razafimandimbison, “.A systematic crevision of Breonia (Rubiaceae-Nau-

cleeae)”, Ann. Missouri Bot.Gard.89,1–37.(2002). 

S. Li, X. Zhang, et al., “Regression of tumor growth and induction of long-term 

antitumor memory by interleukin 12 electro-gene therapy,” J. Natl. Cancer Inst. 

94, 762-768. (2002). 

S. Mondal, G. K.  Dash, S. Acharyya, “Analgesic, anti-inflammatory and an-tipyretic 

studies of Neolamarckia cadamba barks,” J.Pharm.Res.2, 1133–1136, (2009). 

S. P. Umachigi, G. S. Kumar, K. N. Jayaveera, D. V. K. Kishore, K. C. K. Ashok, R, 

Dhanpal, ”Anti microbial, wound healing and antioxidant activities of 

Anthoce-phalus cadamba”, (2007) 



PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

98 

 

S. Rashid, A. Unyayar, M. Mazmanci, S. Mckeown, I. Banat, and J. Worthington, “A 

study of anti-cancer effects of Funalia trogii in vitro and in vivo,” Food and 

Chemical Toxicology, vol. 49, no. 7, pp. 1477–1483, (2011) . 

S. S. Handa, R. P. Borris, G. A. Cordell, J. D. Phillipson, ”NMRspectral analysis of 

cadambine from Anthocephalus chinensis,” J. Nat Prod. 46,325–330, (1983). 

S. Singh, M. P. S. Ishar, A. K. Saxena, A. Kaur, “Cytotoxic effect of Anthocephalus 

cadamba Miq. Leaves on human cancer cell lines,” Pharmacogn. J. 5,127–129, 

(2013) 

T. Jeyalalitha, K. Murugan, M. Umayavalli, “Preliminary phytochemical screening of 

leaf extracts of Anthocephalus Cadamba,” Int. J. Recent Sci. Res.6, 6608–

6611, (2015). 

T. Nishi, K. Yoshizato, et al., “High-efficiency in vivo gene transfer using intra 

arterial plasmid DNA injection following in vivo electroporation,” Cancer Res. 

56, 1050-1055 (1996). 

U. Zimmermann, & Pilwat, et al., “Dielectric breakdown of cell membranes”. 

Biophys. J. 14, 881-899. (1974) 

V. Jothi, V. Raman, R. Sharma, I.Camarillo, and R. Sundararajan, “Electroporation-

based Enhanced Anti-Cancer Effect of Veliparib on Triple Negative Breast 

Cancer Cells,” Proc. Electrostatics Joint Conference. (2016).  

V. Mlakar, V. Todorovic, M. Cemazar, D. Glavac,  G. Sersa, “Electric pulses used in 

electrochemotherapy and electrogene therapy do not significantly change the 

expression profile of genes involved in the development of cancer in malignant 

melanoma cells,” BMC Cancer, (2009) 

W. Korohoda, M. Grys, Z. Madeja, “Reversible And Irreversible Electroporation Of 

Cell Suspensions Flowing Through A Localized Dc Electric Field,” Cellular & 

Molecular Biology Letters, (2012). 

W. Krassowska, P. D. Filev, “Modeling Electroporation in a Single 

Cell,” Biophysical Journal, 92(2), 404–417. (2007). 



PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

99 

 

W. P. Steward and K. Brown, “Cancer chemoprevention: a rapidly evolving 

field,” British Journal of Cancer, vol. 109, no. 1, pp. 1–7, (2013). 

W., Ahmad, F., Ho, W., & Pang, S., “Gc-Ms Analysis Of Phytochemical 

Constituents In Leaf Extracts Of Neolamarckia Cadamba (Rubiaceae) From 

Malaysia,” International Journal of Pharmacy and Pharmaceutical Sciences, 

6(9), 123-127, (2014). 

Z. Shankayi, S. M. P. Firoozabadi, H. Z. Saraf,  “The Endothelial Permeability 

Increased by Low Voltage and High Frequency Electroporation,” Journal of 

Biomedical Physics & Engineering, 3(3), 87–92, (2013). 

Z. Zhou, H. P. He, N. C. Kong, T. J. Wang, X. J. Hao, “Indole alkaloids from the 

leaves of Anthocephalus chinensis,” Helv. Chim. Acta91, 2148–2152, (2008). 

 

 

 

 

 

 

 

 

 

 

 

 

 




