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Background: Beta-galactosidase is the most widely used biomarker for highlighting the 

processes of cellular aging, including neurodegeneration. On this basis, we decided to test in 

vitro whether a set of rescuing/reparative events previously observed by us in subjects treated 

with radioelectric asymmetric conveyor (REAC) technology may also involve antagonism of a 

marker of aging-related degenerative processes, as assessed by a reduction in beta-galactosidase 

at the cellular level.

Methods: Human adipose-derived stem cells were cultured at different passages, ranging 

from 5 to 20, with or without REAC exposure for 12 hours. The cells were then processed for 

biochemical beta-galactosidase staining and morphological microscopy analysis.

Results: We observed a significant reduction in expression of senescence associated-beta-

galactosidase, and a persistence of fibroblast-like morphology typical of human adipose-derived 

stem cells, even at late passages.

Conclusion: Our results indicate the ability of REAC technology to counteract in vitro senes-

cence of human adipose-derived stem cells, and prompt the hypothesis that such technology 

may be exploited to antagonize in vivo senescence of tissue-resident or transplanted stem cells 

playing an important role in clinical treatment of age-related processes.
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Introduction
Aging of the human population is a problem with many social and economic 

implications. If aging is accompanied by disease, especially of the neurodegenerative 

type, the social and economic costs will increase even more dramatically. The aging 

processes are natural phenomena, but are accelerated and aggravated by environmental 

factors, often beyond the control or knowledge of the subject. It is also very difficult 

to implement real and effective strategies that can slow down the processes of aging 

and related diseases in a “biological” manner. On the other hand, biomarkers are pres-

ently available for close monitoring of the aging process. One of the most often cited 

in the literature for highlighting both the processes of cellular aging and neurodegen-

eration is beta-galactosidase.1–4 We have previously shown that radioelectric asym-

metric conveyer (REAC) technology, using specific protocols, is effective in eliciting 

reparative phenomena and is able to drive gene expression profiles controlling stem 

cell differentiation and pluripotency in vitro. Based on these findings, the purpose of 

this study was to verify whether REAC technology, using a specific protocol known 

as the “in vitro regenerative treatment protocol” (IVRTP), may be able to influence 

the in vitro production of beta-galactosidase from human adipose-derived stem cells 
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which have been subjected to an aging process throughout 

multiple passages in culture.

Materials and methods
REAC technology for therapeutic use
REAC is an innovative technology5,6 involving biostimula-

tion and/or bioenhancement techniques that induce weak 

radioelectric currents in tissues, thereby inducing cell repro-

gramming activity. The model used in this study (ASMED, 

Florence, Italy) is specific for regenerative treatment. REAC 

technology has demonstrated efficacy in ameliorating sev-

eral stress-related disorders,7–13 depression,12,14,15 anxiety,12,15 

social anxiety,16 agoraphobia,17 bipolar disorder,18 behavioral 

and psychiatric symptoms in Alzheimer’s disease,19 and 

impaired motor control.20–24 Recently, REAC technology 

using IVRTP has also demonstrated an ability to induce stem 

cell pluripotency and differentiation.25

In vitro regenerative REAC protocol
REAC IVRTP consists of a sequence of radiofrequency bursts 

250 msec in duration, with an off interval of 2.5 seconds. 

The REAC apparatus is placed into a CO
2
 incubator, set 

at a frequency of 2.4 GHz, and its conveyor electrodes are 

immersed into culture medium containing human adipose-

derived stem cells. The REAC-radiated power is about 2 mW, 

the electric field is 0.4 V/m, the magnetic field is 1 mA/m, 

the specific absorption rate 0.128 µW/g, and the density of 

radioelectric current flowing in the culture medium (J) during 

the REAC single radiofrequency burst is 30 µA/cm2.

Isolation and culture of human  
adipose-derived stem cells
According to the procedure approved by the local ethics 

committee, all tissue samples were obtained after informed 

consent. Human subcutaneous adipose tissue samples were 

obtained during lipoaspiration or liposuction procedures. 

After washing, the lipoaspirates were digested with 0.2% 

collagenase A type I solution (Sigma-Aldrich, St Louis, MO) 

under gentle agitation for 45 minutes at 37°C, and centri-

fuged at 2000 rpm for 10 minutes to separate the stromal 

vascular fraction from the adipocytes. If necessary, the mes-

enchymal stem cell fraction was treated with red blood cell 

lysis buffer for 5 minutes at 37°C, then centrifuged again. 

The supernatant was discarded and the cell pellet was resus-

pended and seeded in culture flasks containing Dulbecco’s 

modified Eagle’s medium-low glucose supplemented with 

20% heat-inactivated fetal bovine serum, 1% penicillin-

streptomycin, and 2 mM L-glutamine, and incubated at 

37°C in a  humidified atmosphere with 5% CO
2
. When the 

cultures were near confluence, the cells were detached using 

trypsin, and seeded into 6-well tissue culture plates at the 

appropriate passages. The REAC apparatus5,6 was placed 

into a CO
2
 incubator, set at 2.4 GHz, and its conveyor elec-

trodes were immersed for 12 hours in the culture medium 

containing human adipose-derived stem cells at passages 

5, 10, 15, and 20.

Senescence-associated beta-galactosidase 
staining
Beta-galactosidase staining was performed using a 

 senescence-associated β-galactosidase (SA-β-Gal) staining 

kit (Cell Signaling Technology, Danvers, MA) for 12 hours. 

Briefly, human adipose-derived stem cells cultured at 

 passages 5, 10, 15, and 20 with or without REAC exposure 

were cultured in 6-well plates (3 × 103 per well) for 12 hours, 

fixed with fixative solution, and then processed according 

to the kit instructions. All the experiments were repeated 

three times, and one of the representative set of results is 

shown. The cells were then photographed under an inverted 

microscope at 100× magnification for qualitative detection 

of SA-β-Gal activity. The numbers of positive (blue) and 

negative cells were counted in five random fields under the 

microscope (at 200× magnification and bright field illumi-

nation), and the percentage of SA-β-Gal-positive cells was 

calculated as the number of positive cells divided by the total 

number of cells counted.

Data analysis
Statistical analysis of the data was performed using the 

 Statistical Package for Social Science version 13 (SPSS Inc, 

Chicago, IL). For this study, nonparametric  statistical tests 

were used, ie, the Kruskal-Wallis and Wilcoxon signed-

rank tests. P , 0.05 was considered to be  statistically 

significant.

Results
Figure 1 shows controls and REAC-treated human 

 adipose-derived stem cells at passages 1, 5, 10, 15 and 20. 

Figure 2 shows beta-galactosidase staining in human adipose-

derived stem cells exposed or not exposed to REAC during 

the observation period of 50 days. It is evident that the num-

ber of SA-β-Gal-stained cells (blue) is already significantly 

reduced at passage 5 in human adipose-derived stem cells 

exposed to REAC, as compared with untreated cells at the 

same passage. This behavior becomes more evident with a 

progressive increment of this difference on the passage of 
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stem cells treated and not treated with REAC. In particular, 

unlike control cells, which developed a deranged morphology 

in their final passages, REAC-treated cells still showed their 

typical fibroblast-like morphology, even at passage 20.

Discussion
Aging is a natural part of life for any organism. At the cellular 

level, senescence tends to block cell proliferation  irreversibly. 

The speed and quality with which this process occurs is deter-

mined by several factors, many of them determined at the envi-

ronmental level and often with little or no chance of defense 

or protection. The lengthening of the average life span is a 

worldwide phenomenon, and it is now evident that this process 

may be associated with pathological aging, as in a number of 

neurodegenerative conditions, including Alzheimer’s disease. 

Nowadays, there are still no effective therapies for such dis-

eases, which result in considerable patient discomfort and 

impaired quality of life, as well as having a high socioeconomic 

impact. This scenario has prompted researchers to seek new 

strategies and tools for counteracting the onset and progres-

sion of aging at the cellular and molecular levels. Within 

this context, our results showing that REAC-IVRTP acts on 

human adipose-derived stem cells, a remarkable multipotent 

cell population, to counteract the onset of beta-galactosidase 

expression, which is one of the main biomarkers of aging and 

neurodegeneration, and may hold promise for future develop-

ment in both cell therapy and antiaging. Such a perspective 

is reinforced by the already established clinical evidence for 

the efficacy of REAC technology, administered using specific 

protocols as a bioenhancer and neuroenhancer.

Conclusion
The findings of this study, albeit initial, open up the 

 possibility of REAC technology being a cost-effective and 

easily applicable prevention tool in anti-aging medicine.

Acknowledgment
We would like to thank the Italian Society of Neuro Psycho 

Physical Optimization, which provided financial support 

for this study.

Disclosure
SR and VF are the inventors of the radioelectric asymmetric 

conveyor.

References
1. Geng YQ, Guan JT, Xu XH, Fu YC. Senescence-associated beta-

galactosidase activity expression in aging hippocampal neurons. Biochem 
Biophys Res Commun. 2010;396:866–869.

time in culture. Moreover, in the last passages, in unexposed 

human adipose-derived stem cells both the number of SA-β-

Gal-positive cells and the intensity of the staining were 

remarkably increased. In the same figures, it is evident that the 

cellular morphology differs between human adipose-derived  

submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

193

REAC as an antiaging tool

20

REAC treated
S

A
-β

G
al

 a
ct

iv
it

y
Control

10

0
1°p 5°p 10°p 15°p 20°p

Figure 1 Effect of the radioelectric asymmetric conveyor on percentage of 
senescence-associated β-galactosidase-positive cells. 
Notes: Human adipose-derived stem cells at passages 1, 5, 10, 15, and 20 were 
cultured in 6-well plates at a concentration of 3 × 103 cells per well. Senescence-
associated β-galactosidase activity was measured after culturing for 12 hours with 
(blue line) or without the radioelectric asymmetric conveyor (red line) stimulus. 
The cells were then photographed under a microscope at 100× magnification for 
qualitative detection of senescence-associated β-galactosidase activity. The numbers 
of positive (blue) and negative cells were counted in five random fields under the 
microscope (at 200× magnification and bright field illumination), and the percentage 
of senescence-associated β-galactosidase-positive cells was calculated as the number 
of positive cells divided by the total number of cells counted. All the REAC-treated 
cells were significantly different from the untreated group (mean ± SD, n = 3, 
P , 0.05). 
Abbreviations: REAC, radioelectric asymmetric conveyor; SD, standard deviation.
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Figure 2 Senescence-associated β-galactosidase activity. 
Notes: Human adipose-derived stem cells at passages 0 (Panel A and B) and 20 
(Panel C and D) were plated into 6-well plates (3 × 103 cells per well). After overnight 
culture for attachment, the cells were cultured in the presence or absence of the 
radioelectric asymmetric conveyor for 12 hours. Human adipose-derived stem cells 
were then processed for senescence-associated β-galactosidase and photographed 
under a microscope at 100× magnification.
Abbreviation: REAC, radioelectric asymmetric conveyor.
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