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Abstract
For more than 16 years an electrotherapeutic technique developed by Dr.
Björn Nordenström has been effectively utilized in the treatment of a variety of cancerous conditions. This technique offers a
relatively comfortable, low cost and minimally toxic approach toward the treatment
of cancer, and it also provides an alternative treatment for malignancies that have
developed a resistance to conventional
therapeutic approaches. Many of the
mechanisms that have been proposed for the
tumor regression/remission results achieved
with Nordenström’s electrotherapeutic technique have been associated with the attraction of white blood cells to the tumor site,
pH gradients, water starvation and gas formation. The in vitro results reported in this
paper strongly indicate that some of the
mechanisms associated with electrotherapy
may also be occurring at the cellular level.
Introduction
An appreciable amount of electrical
and electrochemical activity occurs in living cells. It may be proposed that electrical
stimulation of cells can have harmful and/
or therapeutic effects depending upon the
method of stimulation and the type, magnitude and frequency of the stimulating
source.1-10
From a Western medicine point of
view, electrical stimulation of living systems
for therapeutic applications dates back to
the Franklin era (1745) with the development of the Leyden jar. 6 A variety of electrical techniques have been applied to the
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treatment of cardiovascular disease, skin
problems and cancer since the mid-1800s.6
Formal medical research dealing with the electrical stimulation of living cells has been reported since the early 1920s.7-9 Much of this
research involved the effect of electrical currents on cell properties and cellular multiplication. The effects of electric fields,10,11 magnetic fields,12,13 and electromagnetic fields14,-16
on cell properties and cell growth have been
studied since the early 1960s.
From an Oriental medicine point of
view, stimulation of living systems (nonelectrical and electrical) for therapeutic
applications has roots in acupuncture, dating back almost 5,000 years. One of the first
records of acupuncture treatment, the Nei
Ching, was written around 2600 BC.17,18
A significant number of scientists and
medical doctors have published the results
of their research on the therapeutic potential of various forms of electro and magneto
therapy. Albert Szent-Györgyi, who won the
Nobel prize for his discovery of vitamin C,
described semiconduction processes in proteins and proposed “putting electricity back
into living matter.” 19, 20 Dr. Robert Becker, an
orthopedic surgeon, developed a number of
theories on cell dedifferentiation, cell and
organ regeneration, fracture healing in bone
and electrical activation of repressed genes.20
In the early 1980’s, Dr. Björn Nordenström
introduced the first systems approach to
describe electrically driven life processes
when he introduced the concept of biologically closed electric circuits (BCEC).1
Nordenström essentially “closed the
loop” with respect to the electrical activity
in living systems and described a closed
system of adaptive electrical circulatory sys-
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tems that maintain and regulate various
functions in living systems and promote
healing processes as well. Nordenström utilized these concepts to develop an
electrotherapeutic technique (electrochemical therapy) to treat cancer.1, 2, 21, 22
Nordenström’s BCEC concept may extend into the cell as well. The BCEC conductive path in the human body utilizes
combinations of blood, blood vessels, interstitial fluid and nerve fiber. At the cellular
level, the BCEC conductive path could involve the cytoskeleton, cytoplasm and the
membranes of the cell and nucleus.
The concept of biologically closed electric circuits provides a fundamental way to
describe circulation of energy in living systems. BCEC also provides the self-regulating mechanisms that manipulate energy to
activate the healing process. Nordenström’s
concepts appear to have formed the strong
links and interconnections that will ultimately bind Oriental and Western medicine.
Background
Electrotherapeutic techniques utilized
in the treatment of well defined breast and
lung tumors have been quite successful
over the past 16 years. A number of
electrotherapeutic approaches were developed to destroy malignant tumors with
localized high frequency alternating current spark techniques in the early 1900s.23
Inducing tumor regression with the absorption of non-ionizing electromagnetic waves
for frequencies in the range of 20 MHz to
3 GHz (hyperthermia) has also been modestly successful for carcinoma of the breast
and cervix, especially for tumors that have
not responded to x-ray radiation therapy. 5
The application of direct current to
needle electrodes (galvanopuncture) has
been used to treat aneurysms as early as
1849. 24 An extension of galvanopuncture
has been developed and successfully utilized by Nordenström with percutaneously
applied platinum electrodes and direct
current electrical stimulation to decrease

the size of breast tumors.1,2,25 Five year survival rates for breast cancer patients treated
with Nordenström’s electro-chemical
therapy (ECT) approach have been in excess of 60%.4 Also, combining herbal/nutritional therapy with ECT appears to
add another 5% to 10% to the five year survival rate for cancer patients.
Nordenström’s characterization of the
electrical processes occurring in vivo include a variety of mechanisms that are
driven by electrochemical polarization of
tissue.21,25 The driving force promotes the
transport of charged material by dielectrophoresis.1,21 Coupling these mechanisms
with electroösmosis, Nordenström describes an additional circulatory system for
electrogenous mass transport between
blood and tissue, or a vascular-interstitial
closed electric circuit.21
Figure 1. Nordenström’s Electrochemical
Therapy approach to tumors.
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Table 1. Mechanisms associated with in vivo tumor size reduction or remission
with the application of electrochemical therapy
•With a positive electrode inserted into the tumor, cancer-fighting white blood cells are
attracted to the site of the tumor because white blood cells possess a negative charge on
their membrane surface.
•Autolysis processes at the positively biased tumor site cause a significant decrease in pH,
which help to promote necrosis in the tumor. Also, the increase in acidity at the tumor site
appears to damage red blood cells, inhibiting delivery of oxygen to the tumor.
•The electric field at the tumor site draws water away from the tumor (electroösmosis).
The water starvation stresses the poorly formed tumor vascular system and causes the
tumor to shrink, thereby constricting tumor blood vessels and interfering with the tumor’s
blood supply.
•Cathodic and anodic gas formation (H2, Cl2 and O2) elevates the pressure in the cancerous
tissue and can produce further stress on the structure and blood supply of the tumor.

One of Nordenström’s ECT techniques
involves the insertion of a platinum electrode near the center of the tumor mass,
and the insertion of another platinum electrode in healthy tissue several centimeters
away from the tumor site. The electrodes
are connected to a DC voltage source, with
the tumor electrode connected to the positive terminal and the healthy tissue electrode connected to the negative terminal
(Figure 1, p. 174). Over a treatment period
of 6 weeks to 6 months, for most of the cancer patients, tumor reduction or remission
occurred at direct current levels less than
40mA at DC voltages less than 20V. 1
The mechanisms behind the tumor
reduction or remission results observed
using Nordenström’s ECT technique are
usually identified with large-scale effects
associated with the attraction of white
blood cells to the tumor site, pH gradients,
water starvation and gas formation as
shown in Table I (above). 22
Our in vitro research results strongly
indicate that some of the mechanisms associated with electrochemical therapy in175

duced tumor necrosis may be occurring at
the cellular level.26-28
Experimental Procedure
Normal and malignant cells were electrically stimulated with low-level direct currents in a microtiter plate (Figure 2, p. 174).
Normal splenocyte cell suspensions
were obtained from DBA/2J male mice sacrificed by cervical dislocation. The cells were
suspended in RPMI 1640 media with 10%
fetal bovine serum. Initially, two different
types of malignant cells were evaluated.
Murine EL4 lymphoma cells were obtained
from Dr. T. Whiteside of the Pittsburgh Cancer Institute, Pittsburgh, PA. The EL4 cells
were suspended in RPMI 1640 media with
5% fetal bovine serum. An IL-6 hybridoma
melanocyte line was purchased from American Type Culture Collection (ATCC),
Rockville, MD. The hybridoma cell line was
maintained in RPMI 1640 media, with 10%
fetal bovine serum supplemented with 5μM
2-mercaptoethanol. One and one half
milliliters of cell suspension were added to
the appropriate wells of 24-well tissue cul-
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Figure 3. Plot of an in vitro splenocyte cell
proliferation (compared with control) vs. DC
stimulation current using 2 mm diameter
platinum wire electrodes in a mixture of RPMI
1640 media with 10% fetal bovine serum (5 •106
cells/ml initial concentration). Error bars for
standard error of estimate are also shown.
1.2

Figure 4. Proliferation of IL-6 hybridoma
melanocyte cells (compared with control)
vs. DC stimulation current in a mixture of
RPMI 1640 media with 10% fetal bovine serum using 2 mm diameter platinum wire
electrodes. Error bars for standard error of
estimate are also shown.
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Figure 5. Plot of an in vitro EL4 lymphoma cell
proliferation [16] (compared with a control) vs.
DC stimulation current using 2 mm diameter
platinum wire electrodes in a mixture of RPMI
1640 media with 5% fetal bovine serum (106
cells/ml initial concentration). Error bars for
standard error of estimate are also shown.
(with permissionfrom J Nat Cancer Inst, Vol 83,.
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Figure 6. Plot of an in vitro EL4 lymphoma
cell proliferation (compared with a control)
vs. DC stimulation current using 2 mm
diameter platinum wire electrodes in a
mixture of RPMI 1640 media with 10% fetal bovine serum (0.66 •106 cells/ml initial
concentration). Error bars for standard error of estimate are also shown.
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ture cluster plates, and electrically stimulated in an incubation chamber at 37°C in
an atmosphere of 95% air and 5% carbon
dioxide for 16-24 hours.
Platinum wires, 2 mm in diameter,
spaced approximately 0.8 cm apart and
immersed in the cell growth medium were
utilized as stimulating electrodes. After
the incubation period, the cell proliferation characteristics were measured and
compared with various controls. Cell proliferation was assayed using liquid scintillation counter measurements of radioactive thymidine uptake into newly
synthesized DNA.
The cell proliferation index provides a
method to compare proliferation characteristics for different stimulation currents and
different cell species. The proliferation index is the ratio of the electrically stimulated
cell population density over the non-stimulated cell population density (control).
population density measurement for
electrically stimulated cells using
the liquid scintillation counter

Proliferation
Index =
population density measurement for
non-stimulated cells (control) using
the liquid scintillation counter

Results
Data obtained for different kinds of
eukaryotic cells indicate that stimulation
with low-level direct currents can promote
or inhibit cell proliferation. For instance,
non-malignant murine splenocytes exhibit
a region of promotion, reaching a maximum
value at a certain direct current magnitude
(Figure 3 p. 176). Then, as the direct current is increased further, the data shows a
steady increase in the amount of suppression for the cell proliferation characteristics.
Electrical stimulation data obtained for a
number of different types of malignant cells
show significantly different cell proliferation
characteristics compared with the non-malignant cell proliferation data.
Measurements obtained for the prolif177

eration characteristics of the IL-6 hyridoma
and EL4 lymphoma cell lines indicate that
a window of suppression exists for low-level
direct currents in the range of 10μA to
20μA as shown in Figures 4 and 5. (p. 176)
The amount of proliferation suppression for
the malignant cells (compared with controls) is approximately 95% to 99.9% within
the 10μA wide windows of suppression.
The reverse transcriptase polymerase
chain reaction (RT-PCR) technique was
utilized in an attempt to measure the production of cytokines from immunologically
responsive white blood cells that are also
under the influence of the low-level direct
currents. Macrophage cells were stimulated with different levels of direct current
for approximately 24 hours. Some of the
cells were stimulated with low current (approximately 0.55 μA), others were stimulated with a higher current (approximately
5μA). A current of 5μA appears to be close
to the value of the maximum useful current
because one of the high current samples did
not register any housekeeping gene band at
all (Figure 7, p.178). Apparently, the high
current caused the cells to break apart (lyse).
In this case, the electrical stimulation
can have an effect on cytoplasmic chemical processes, organelles and the nucleus.
It has been proposed that electromagnetic
fields associated with frequencies in the
range of 10 Hz to 100 Hz could interact
directly with DNA, producing intramolecular charge movements resulting in gene
activation and transcription activity. 31
Higher frequencies (such as those associated with millimeter wave electromagnetic fields) can induce chromosomal
damage.32 As the frequency increases even
further to the ultraviolet range, select regions of DNA strands can be broken and
recombined. 33
Therefore, as the frequency of the electrical of electromagnetic stimulating
source increases, its effect tends to progress
from the membrane to the cytoplasm to the
nucleus as shown in Table 2 (p. 178).
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Table 2. Impact of electromagnetic waves on biological systems.
• At DC, the primary interaction appears to be at the receptor and cell membrane level.
• At ELF frequencies, the effects appear in the cytoplasm and nucleoplasm.
• Radio frequencies (RF) affect a variety of processes and systems at the cellular and organ level.
• At millimeter wave frequencies, the effects are noticed at the level of the organelle and
chromosome.
• Electromagnetic waves at sub millimeter, infrared and visible wave lengths would tend to
be absorbed at body surfaces.
• Photo dynamic therapy (at 630 nm - laser light) can be implemented by combining visible
light frequencies and photosensitive drugs (hematoporphyrin or dihematoporphyrin)–
which destroy the tumor’s network of blood vessels by raising porphyrin levels. (The drugs
mimic hemoglobin and attach to structures with rich blood supplies.) This is applied
toward cancers of esophagus, colon, rectum and bronchial passages.
• Electromagnetic waves at U.V. wavelengths (~200 nm) can affect selected regions within
a DNA strand causing thymine dimerization (through cross linking).
• Electromagnetic waves at X-ray and g ray wavelengths (<1 nm) can interact directly with
a DNA molecule or indirectly (producing free radicals) which will damage a DNA strand. g
rays can cause thymine dimerization, cleavage of ribose sugar - base bonds and cleavage
of phosphodiester bonds.
Figure 7. Housekeeping gene bands for ß-actin from electrically stimulated macrophage
cells. Starting from the left, the first two bright bands are the controls (cells not electrically stimulated); the second two bright bands are associated with the low current (approximately 0.55 μA) stimulated cells; the last bright band to the right is associated with
one of the high current (approximately 5 μA) stimulated cell suspensions. The band in
the sixth position (high current cell suspension) is missing. These cells appear to have
lysed under the influence of the higher current.
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Table 3. Some of the cell membrane structures that can be affected by direct current
stimulation.
• Cyclic AMP receptor - Impacts glycolysis, cell aggregation, cell differentiation, cell
proliferation, inhibits tumor growth in mammalian cells.
• Glucocorticoid receptor - Regulates gene transcription, cell differentiation and proliferation.
• Na+/H+ antiporter - Regulates cell pH in virtually all cells.
• Ion channels - Control cell pH and polarity.
• Immunological system receptors - Assist in proliferation of T-cells, B-cells and antibody
production. Serve as identification badges for immune system.

The pronounced windows of suppression for malignant cell proliferation (shown
in Figures 4-6, p. 176) strongly indicate that
ECT induced tumor size reduction and remission also involve mechanisms at the cellular level. A variety of cell structures and
constituents could be contributing to the
suppressed proliferation characteristics for
the malignant cells including hormonal
and immunological receptors and ion channels. Oncogene derived proteins could also
be incorporated into malignant cell membrane structures initiating a variety of
events that contribute to the suppressed
proliferation characteristics of malignant
cells under electrical stimulation conditions. Media pH variations produced electrically can have a significant and very different impact on malignant cell proliferation compared with normal cell proliferation. There are a variety of cell structures
that an electrical stimulus can affect, as
shown in Table 3 (above).
In addition, a number of ECT practitioners have noticed increases in therapeutic effectiveness in the range of 5% to 10%
when ECT is combined with herbal/nutritional therapy.34 The effect of combining
herbal/nutritional therapy with conventional radiation therapy yields even larger
179

increases in cancer survival rates. One
study involving 272 nasopharyngeal cancer
patients reported a five year survival rate
of 67% for the patients who received the
combined therapies vs. 48% for those who
received radiation therapy alone. 35,36
Certain herbs (and herbal combinations), used in Traditional Chinese Medicine, appear to stimulate the immune system and inhibit metastasis. These include
Rhizoma Atractylodis Macrophalae (bai
zhu), Radix Ginseng (ren shen), Tuber
Dioscoreae Bulbiferae (huang quin) and
Radix Astragali (hang qui). 35 Herbal and
non-herbal antioxidants such as Turmeric
(Curcuma Ionga), Schizandra (Schizandra
chinensis), vitamin C (10 g to 200+ g/day
administered orally and injected), Vitamin
E (d alpha tocopherol at 4000+ IU per day),
coenzyme Q10 (300+ mg/day) and vitamin
A (less than 250,000 IU per day to minimize liver toxicity problems) appear to
complement therapeutic techniques in the
treatment of cancer. 35,37-39
Conclusions
A considerable amount of research
done with cell stimulation indicates that for
direct currents and voltages, the primary
electrical effects associated with electrical
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stimulation involve cell membranes and
cell receptors.
Nordenström has discussed a number
of mechanisms that can induce necrosis
and inhibit the proliferation of cancer cells
under the influence of low-level direct currents. Our results indicate that the proliferation of certain eukaryotic cell species
can be controlled with low-level direct current stimulation. Also, it appears that the
proliferation of certain malignant cells can
be inhibited by low-level direct currents.
The magnitude of malignant cell suppression compared with normal cell suppression produced within the same low-level
direct current range suggests the possibility of optimizing and extending the therapeutic techniques pioneered by Nordenström in the mid 1970s.
The therapeutic value of the electrical
stimulation approach will be dependent
upon the ability to operate at current
stimulation levels and proliferative states
that will maximize malignant cell suppression while minimizing suppressive effects
for normal cells. Our data indicates that for
different cells of the same species, there can
be a considerable amount of variability in
the response to an electrotherapeutic approach, just as there is for chemotherapy
and radiation therapy.
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