
           November 20 2001 

 
 
 
 
 

 
Effects on  
primary human lymphocytes  
of in vitro exposure  
to CRET1 signals  
in athermal conditions  
 
 
 
 
 
 
1 Capacitive-Resistive Electric Transfer 
 
 
 
 
 
 
 
 

 
Alejandro Úbeda 
María Luisa Hernández-Bule 
María Ángeles Trillo 
María Antonia Martínez 
Joaquín Matilla 
Teresa Montero 
Jocelyne Leal 
 
Bioelectromagnetics and Biochemistry Services 
Research Department 
Hospital Ramón y Cajal, 28034 Madrid 

 
 
PRELIMINARY RES ULTS  



 2 

 
Úbeda et al.          November 20 2001 
 
 
 

INTRODUCTION 
 

 
 
Previous studies on assessment of the in vitro response to the exposure to 0.575 MHz, sine wave electric 

currents used in CRET therapy, have permitted the definition of the effects of that treatment on cells of two 

different human cancer cell lines: NB69 (neuroblastoma) and HepG2 (hepatocarcinoma) [1-4]. These studies 

investigated the cellular response to exposure levels in the non-thermal and thermal ranges (current densities in 

the 0.001- 0.4 mA/mm2 range). The observed effects, which were cell type-specific, consisted of a reduction in 

cell viability (NB69 cells) and a decrease in cell proliferation (HepG2 cells). Studies of cell dynamics indicated that 

the aforementioned responses were mediated by disorders in the cell cycle, which led to a detention of the 

division and, eventually, to the death of the affected cells. The dose-response ratio did not follow a linear function, 

showing that the described responses are not generally imputable to a thermal effect. 

 

This block of evidence indicates that exposure to subthermal levels of CRET-type currents, which have been 

successfully applied in various types of therapy [5-7] induces cytotoxic effects in cultures of human cancer lines. 

The implications of these results for possible applications of the CRET system as a coadjuvant in oncostatic 

treatments cannot be evaluated on the basis of our present knowledge, but deserve to be studied. 

 

The obvious question, based on the data described above, arises in terms of the possible specificity of the 

response in cancer lines. In other words, does treatment with CRET  currents induce cytotoxic responses only in 

these lines of cancers, or, on the contrary, is the effect non-specific, also challenging the viability of normal cells 

in response to the treatment? The answer to this question is crucial for understanding the principles of cell 

response to CRET signal currents and for assessing the therapeutic potential of the treatment based thereon. 

This is the objective of this study. 

 
 
 
 
 

MATERIAL AND METHODS 
 
 
This study uses primary cultures of normal blood cells obtained from healthy donors. Lymphocytic cells were 

selected because of the additional interest in studying possible effects of the treatment on the functional response 

of immune system cells. The experimental protocol for isolating the cells is described below. 
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1 Isolation and seeding of the lymphocyte samples: 
 
The leukocytes are isolated from the blood through aggregation of the erythrocytes with Lymphoprep and 
subsequent centrifugation. The lymphocytes and monocytes are obtained by successive centrifugations of 
the resulting strip of mononucleated cells. Once isolated, the lymphocytes are seeded in petri dishes at a 
2.75•106 cells/ml density (Figure 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

2 Exposure of the cells to electric current: 
 
The exposure protocol is identical to that used for stimulating cancer lines, and has been described in 
previous reports. Briefly, stainless steel electrodes designed ad hoc for in vitro assays are used. These 
electrodes are placed in both control dishes, which are not stimulated, as well as in the experimental dishes, 
which are all connected in series to each other and to the stimulator. The stimulus is applied in short periods 
with ON/OFF cycles < 1/20 for 24 hours. The current density (0.05 mA/mm2) was selected for two reasons:  

a) given the characteristics of the medium, the thermal equilibrium of the cultures is guaranteed during 
the stimulation;  

b) this current density had induced significant and repeatable responses in both of the human cancer 
lines assayed in previous studies. 

 

3 Tests and analyses: 
 
The following types of tests were carried out: 
 

·  Assessment of cell viability through Trypan blue (TB) staining. This marker, added to a cell 
suspension can only pass through membranes the integrity of which has been significantly altered. 
According to this, TB will only penetrate damaged cells, the viability of which is affected, turning 
them blue under optic microscopy. The viable cells, impermeable to the marking molecule, will 
remain transparent. (Figure 2) 

 
·  Biochemical determination of protein and DNA concentration  through colorimetric assay (Lowry-

Burton) in each experimental group. 
 

·  Cytomorphological study of the samples through the May-Grunwald-Giemsa procedure. 
 
The number of live and dead cells is counted under blind conditions by two different investigators. 
 
So far, two variations of the experimental protocol have been used: A. 24 hours of post-seeding treatment, 
with processing of the samples at the end of the treatment (7 experimental replicates); B. 24 hours of post-
seeding incubation, followed by stimulation for 24 hours before processing the samples (5 replicates). In 
addition, in two of the experimental replicates of the B series, cell proliferation, viability and cytotoxicity tests 
were carried out through non-radioactive, colorimetric analysis and flow cytometry, which quantify the 
absolute number of units of each cell type present in the sample. 
 

Figure 1 : Lymphocytes seeded in a petri dish. 
 

Figure 2 :  Microphotograph of the lymphocyte culture 
stained with Trypan blue. The viable cells look like light-
coloured spheres; the damaged cells have taken on a dark 
blue colour. 
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RESULTS 

 

24-hour experiments: 
 
1. Cell viability study using the Trypan blue exclu sion technique: The TB count for determining viability 
reveals a greater number of live cells in the treated samples. The increase in viability is 10% above that in 
non-exposed cultures. The Student’s t-test indicates that such a difference is statistically significant (p<0.05) 
(Figure 3). 
 
2. Biochemical determination of protein and DNA: the total levels of protein and DNA in each sample, as 
well as the average levels of protein and DNA per cell, were quantified in cultures exposed to the 5-mA field 
and in their respective controls. 
 
The total protein levels in the samples exposed do not differ from those observed in their controls (Figure 3). 
Nevertheless, a 7% reduction, not significant according to the Student’s t-test, was observed in the average 
amount of protein per cell after stimulation. 
The amount of total DNA per sample in the exposed groups exceeds that of their controls by 10% (Figure 3). 
This difference, however, is not statistically significant. The treatment did not change the DNA/cell levels, 
either. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The protein/DNA ratio was calculated from the above data. This ratio provides indications of potential effects 
on cell differentiation and cell proliferation. In the present case, a slight reduction in the protein/DNA ratio 
was observed in the exposed group (approximately 7%). Nevertheless, this difference is too small to be 
significant (Student’s t-test). 
 
3. Study of the cell morphology: The May-Grunwald-Giemsa procedure revealed no changes in the 
morphology of the treated cells compared to that of their controls (Figure 4). 
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Figure 3 :  Response to the treatment in 24-hour experiments. Percentage 
of effect with respect to controls. (*:p < 0.05; NS: not significant) 

Total C prot. (mg)/sample DNA (mg)/sample 

CONTROLS  TREATED 

Figure 4 : Morphology of the lymphocytes. May-Grunwald-Giemsa staining. 24-
hour experiments. Exposure does not modify the cytomorphology 
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48-hour experiments:  Exposure during the second 24 hours of 
incubation. 
 
1. Study of cell viability using the Trypan blue exclusion t echnique : As in the experiments described 
above, where the cells were studied after the first 24 hours of incubation-exposure, in the present 
experiments, the cell viability in the exposed groups was greater than in the control samples. Nevertheless, 
that difference, about 7%, was not statistically significant (Figure 5). 

 
2. Biochemical determination of protein and DNA con centration : The treatment did not induce significant 
effects on the protein levels, in total proteins per sample (4% increase over the control, Figure 5) or in the 
average protein levels per cell (2% reduction with respect to controls). 
 
No effects were observed on the total DNA levels in the samples (Figure 5). The DNA/cell ratio in the treated 
groups showed a slight, non-significant reduction (6%). The protein/DNA ratio was not affected by the 
treatment either. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. Study of the cell morphology : No morphological alterations were observed among the exposed cells 
(Figure 6). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. Colorimetric test of viability: In two additional experiments in this series, in addition to the Trypan blue 
study and the determination of protein and DNA content, a non-radioactive, colorimetric test was performed 
to quantify the cell viability in terms of the metabolic state of the cells. The objective was to confirm the 
results obtained with the TB technique (which estimates the cell viability from the state of the cell membrane) 
with a colorimetric assay that estimates viability in terms of the metabolic state of the cells. 

 
In these two experiments, the TB technique again confirmed an increase in the cell viability of the treated 
samples. The colorimetric study, on the contrary, revealed no difference between the exposed groups and 
their controls. This inconsistency was addressed through a positive control colorimetric test, treating the cells 
with a biochemical agent with well-known effects on the viability of lymphocytes. This test provided negative 
results, which indicates that the chosen colorimetric test is not reliable when applied to the cell type with 
which we are working. 

48-hour experiments 
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Total C. prot. (mg)/sample DNA (mg)/sample 

Figure 5 : Response to the treatment in 48-hour experiments. Percentage of 
effect with respect to controls. (NS: not significant; p > 0.1) 

TREATED CONTROLS 

Figure 6 :  Morphology of the lymphocytes. May-Grunwald-Giemsa staining.  
48-hour experiments.  Exposure does not modify the cytomorphology. 
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CONCLUSIONS 
 
The described results are not indicative of  cytotoxic or cytostatic responses in primary cultures of normal 
human lymphocytes exposed, during periods of 24 hrs, to the in vitro action of the electric current with 
signals used in CRET therapies. Under the same exposure and incubation conditions, these signals had 
provoked cytostatic and/or cytotoxic responses in cultures of human cancer cells. 
 
The experimental data suggest that in vitro treatment could contribute to preserve cell viability in primary 
cultures. In these cultures of normal cells, which tend to degrade quickly under control conditions, exposure 
to the CRET signal from the onset of the incubation would allow prolonging viability in a significant proportion 
of cells (10%, p<0.05) which would have died without the treatment (Figure 7). In cultures whose degradation 
process had begun 24 hours before, exposure could reduce or delay the deterioration of cell viability, at least 
temporarily (Figure 8). Nevertheless, the change in the kinetics of the degradation that normal cells undergo 
starting 24 hours post-seeding, would prevent the possible differences due to the treatment (7%; p =0.07: not 
significant) from reaching statistically significant levels (p<0.05). 
 
The data on protein and DNA levels not revealing significant differences between exposed groups and their 
controls, do not provide consistent information on the possible effects of the treatment on cell proliferation 
and differentiation. 
 
In summary, the results of these studies show that the cytotoxic effects provoked by in vitro treatment with 
CRET signals in human cancer cells (NB69 and HepG2) do not occur in primary cultures of normal human 
cells (lymphocytes) obtained from volunteer donors. On the contrary, the normal deterioration of these 
lymphocytes seems to be reduced or delayed in response to 24-hour exposures. The information currently 
available is insufficient to identify the molecular basis, the cell processes and the biophysical mechanisms 
responsible for the effect. The idea that an increase in the viability of normal human cells may underlie some 
clinical effects of CRET treatments seems plausible. In any case, the potential implications of the described 
cell response in the explanation of the therapeutical action of CRET treatments in traumatology or other 
areas cannot be estimated exclusively on the basis of the present experimental data and must be explored 
further. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
. 
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Figure 7 :  Lymphocytes; 24-hour 
experiments. Evolution of the culture. 
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Figure 8 :  Lymphocytes; 48-hour 
experiments.  Evolution of the culture. 
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