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Abstract: Pulsed electric fields of specific frequencies emitted by a glass plasma antenna tube have 

been shown to slow the growth of Acute Lymphoblastic Leukemia cells by as much as 43% when 

exposed to a series of frequencies between 156kHz and 162kHz. This narrow band of frequencies is 

termed a “Destructive Cancer Resonant Frequency Formant” (DCRFF). 

Keywords: cancer; inhibition; resonant; frequency; formant 

 

1. Introduction 

Frequency-specific specially tuned alternating current (AC) electric fields have demonstrated an 

ability to inhibit cancer cell proliferation (1). There are two current methods of delivering these fields. 

One method uses electrodes that are insulated and attached to the outside of the patient’s body.  In 

this method, the electronic signal is not pulsed (1). The second method uses an electrified gas plasma 

enclosed in a glass tube to deliver pulsed electric fields to cancer cells up to eighteen inches away. In 

the first method, the frequency of treatment is modified based upon cancer cell type (1). In the second 

method, the pulse repetition rate (PRR) is modified based upon cancer cell type (2).  

Data from experiments using both methods of delivering these two types of cancer treatment E-

fields suggest that specific types of cancer cells are most vulnerable to specific frequencies. More 

specifically, different cancer cell types require the use of different frequencies. For TTField treatment, 

using attached electrodes, the rate of oscillation is specific to the cancer cell type (1). For pulsed electric 

fields delivered by a plasma antenna, “OPEF”, the frequency of repetition of the pulse is specific to 

the cancer cell type (2). We recently showed how a pulsed plasma frequency of 160kHz was able to 

induce an average of 38% reduction in the growth of acute lymphoblastic leukemia (3). Additional 

data now indicates that those same cells are most vulnerable to a narrow band of pulsed frequencies 

between 156kHz and 162kHz. This band of pulsed frequencies within which cancer cells are shown 

to be most inhibited by OPEF is here named a “Destructive Cancer Resonant Frequency Formant” 

(DCRFF). 

2. Methods 

Acute Lymphoblastic Leukemia cells (Coriell Institute Catalog #GM03638) were cultured in 

RPMI 1640 media (Life Technologies Catalog #61870036) with twenty percent FBS (Life Technologies 

catalog #A3160601) and incubated at 37C in a humidified incubator with five percent CO2. Starting 

cell density in flasks was 320,000 cells/mL. Cells were treated with pulsed plasma frequencies nine 

hours a day for three days, then incubated another forty-eight hours followed by an assay utilizing 

Trypan blue. Identical duplicate flasks, controls, were placed on the same heated microscope stage 

for nine hours a day, but without any plasma pulsed E-field treatments. 
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Optimal plasma treatment frequencies for the most effective reduction of leukemia cell growth 

were determined in vitro using heuristic methods. Various frequencies were tested nine hours per 

day over three consecutive days. Uniquely, all frequencies for TTFields and OPEF tested to date fall 

between 100kHz and 300kHz. There seems to be a correlation between the frequencies used by OPEF 

and TTFields for a specific cancer cell type, but this is not yet confirmed. Data from further refinement 

of frequency target acquisition suggest that specific types of cancers are most vulnerable to specific 

frequencies. For example, human glioma and ovarian cancer cells are most vulnerable to 200kHz, 

human breast and pancreatic cancer 150kHz, chronic leukemia 197kHz, Acute Lymphoblastic 

Leukemia 156kHz-162kHz, and melanoma 100kHz (1, 2, 3, 4, 5). 

3. Electronics Setup 

Pulsed plasma tube E-field emissions were broadcast by a specialized glass ‘Phanotron’ plasma 

tube antenna (billplasmatubes.com) located eighteen inches from the microscope where the cancer 

cells were placed on a heated stage for treatment. The plasma tube was driven by a three hundred-

Watt custom radio frequency amplifier (Plasmasonics) (6). The originating signal source was a square 

wave generator with a fifty-percent duty cycle (F125, Atelier Robin), driving an ‘OM2’ custom radio 

frequency transmitter (Plasmasonics) that over-modulates the amplitude of the incoming square 

wave causing a pulsing of the final radio frequency output at a pulse rate that matches the 

fundamental frequency of the incoming square wave. Impedance tuning between the Phanotron tube 

and the custom RF amplifier was accomplished by a customized MFJ antenna tuner (Plasmasonics). 

Pulsed ‘OPEF’ E-fields are considered to cause nonthermal biological effects (7). Calculation of our E-

field strength has been presented in another of our publications (8). 

 

 

Figure 1. 160kHz OPEF Pulses. 

4. Results 

Recent experiments using OPEF demonstrated an average 38% reduction in leukemia cell 

growth at 160kHz (3). Acute Lymphoblastic Leukemia cell response was also tested at different 

frequencies and was found to be most vulnerable to electric field frequencies between 156 kHz and 

162 kHz. Pulsed OPEF delivered by an enclosed gas plasma antenna within this DCRFF narrow band 

of frequencies demonstrated a consistent reduction in cancer cell proliferation between 24% and 43%. 

Our calculated P value is: P= 0.000001813 

5. Discussion 

Spectral formants are most typically associated with regions of the audio spectrum (20Hz-

20kHz) where a narrow band of frequencies rise as a group in amplitude as compared to other 

spectral components. These audio-band spectral formants are often caused by resonant acoustic 

structures in musical instruments and create unique timbral colors associated with specific musical 

instruments (9,10). In the case of cancer cells, it has been posited that the inhibition of proliferation by 

OPEF may be due to resonant destruction of cell microtubules (8). It has also been posited that ‘cell 
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escape’ from TTFields is due to expanding cell sizes caused by heat generated inside the cell by 

continuous (non-pulsed) AC electric fields delivered via specially insulated electrodes (11).  

While cell heating may play a role in changes in cell size and thus ‘cell escape’ from TTFields, it 

is also known that cell sizes vary somewhat even within the exact same cell line. Further, cancer cells, 

like all cells, increase their sizes during mitosis (prophase and prometaphase). The effects of TTFields 

and OPEF fields both, disrupt the mitotic process. Variations in cell size, even within the same cell 

line, require the use of several different frequencies for maximum impact in slowing the growth of 

cancer (12,13,14). These frequencies are often close to one another for cells within the same cell line and 

thus form a “band of effective frequencies” in the spectrum, i.e. a DCRFF. 

‘Cell escape’ caused by cell heating is avoided with OPEF because the effects of the pulsed signal 

are non-thermal (7). In OPEF, field strength, PRR (frequency), pulse shape, spectral envelope shape 

and spectral content play an important role in the effectiveness of OPEF against cancer cells in vitro. 

“Cell escape” from TTFields as well as variations of cell size within the same cell line both support 

the concept of a “Destructive Cancer Resonant Frequency Formant” (DCRFF), with each formant 

range specific to cancer type.  156kHz-162kHz was found to be such a Destructive Cancer Resonant 

Frequency Formant range for acute lymphoblastic leukemia. 

 

 

Figure 2. Cell Density/mL for Control and OPEF Treated Cancer Cells. The Red Line Suggests a 

Region Termed. A “Destructive Cancer Resonant Frequency Formant”. 
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Figure 3. Electronics Setup Schematic Diagram. 

 

Figure 4. Leukemia Cells Treated with Pulsed E-Fields From a Plasma Antenna. 

6. Conclusion 

Specific ranges of frequencies are necessary for the treatment of cancer as a consequence of 

several factors, which include:  natural variations in cell size, changes in cell size during mitosis, and 

during extended exposure to static E fields which can cause the cell to swell in size. The optimal 

narrow band of frequencies to which a particular cancer cell line is most vulnerable is termed the 

"Destructive Cancer Resonant Frequency Formant" (DCRFF). The DCRFF for Acute Lymphoblastic 

Leukemia cells lies between 156kHz and 162kHz.   

 

The authors wish to express their appreciation to Tom O’Connell, of Skidmore College, for assistance in 

analyzing the data from these experiments. 
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