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Abstract

Original Article

Introduction

Adult stem cells are undifferentiated cells with high renewable 
capacity that can differentiate into many other cell types. 
Currently, interest in mesenchymal stem cells (MSC) from 
adipose tissue (AT‑MSCs), (so‑called adipose stem/stromal 
cells  (ASCs), adipose‑derived stromal cells  (ADSCs); 
adipose stromal cells  (ASC); adipose MSCs  (AdMSCs); 
AT‑derived MSCs  (AT‑MSCs); lipoblasts; pericytes; 
preadipocytes; processed lipoaspirate cells) is increasing 
due to their abundance and high availability without ethical 
concerns.[1‑3] Adult stem cells, including mesenchymal stem 
cells participate in regenerative processes, wound healing, 

immunomodulation, and in particular they reveal high trophic 
activity.[4,5]

Even though electromagnetic fields (EMF) is existing naturally 
all over since ever, in the last few decades the human‑made 
EMF has been invading the human environment. Nowadays, 
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we do not have a well‑established knowledge about its 
biological impact. However, there are reports in the literature 
claiming that long‑term exposure to certain EMFs is a risk 
factor for diseases such as Alzheimer’s disease, some cancers, 
and male infertility.[6,7] The WHO/International Agency for 
Research on Cancer classified extremely low‑frequency EMFs 
as “a possibly carcinogenic to humans,” based on an increased 
risk for childhood leukemia and for malignant glioma (type 
of brain cancer).[8]

On the other hand, the EMF is used in medicine, as a safe, 
noninvasive method for treatment or diagnostic purposes. 
It is successfully adapted in physiotherapy for the treatment 
of osteoarthritis or bone disorders as well as for cartilage 
regeneration or pain reduction.[9] The nonionizing EMF has 
also found its application to brain cancer treatment in the case 
when the tumor is inoperable.[10]

We suppose, that there is a certain hierarchy at biological levels 
on which the subsequent effects occur–first, at the molecular 
level, then at the cellular level, and finally at the functional 
level. The ease of early detection of changes depends strictly 
on the level at which they appear. The changes at the molecular 
level take place at the very beginning, often at nanoscale 
ranges and therefore, they are the most difficult to capture. 
On the other hand, revealing of these very early effects is of 
high significance, because it gives us information that changes 
on subsequent levels will be implemented. At present, these 
processes are monitored via the use of a variety of molecular 
biological methods, such as in vitro and in vivo assays, flow 
cytometry, real‑time polymerase chain reaction  (RT‑PCR) 
or microarray technologies.[11] However, many of these 
routinely used techniques are time‑consuming (staining) and 
drying steps that destroy cellular characteristics.[4] So there 
is a need for nondestructive methods which can provide, in 
a reproducible manner, reliable information about natural 
processes within living stem cells. In this perspective, the 
vibrational spectroscopic techniques seem to be a proper tool 
for investigation on stem cells biology. Fourier transforms 
infrared (FTIR) spectroscopy method, which enable to gain a 
direct information about the biochemical composition on the 
molecular level. This technique does not require additional 
reagents/kits, is relatively simple, reproducible, nondestructive, 
and only small amounts of material with a minimum sample 
preparation are required.[12]

It can be clearly concluded from the studies in the literature 
that FTIR spectroscopy is a formidable technique used to 
obtain the molecular fingerprint in a tested sample, which 
absorbs the IR wave according to the chemical and structural 
bonds of molecules in biological samples. It can provide 
information about the structure of biomolecules such as 
lipids, proteins, carbohydrates, and nucleic acids, giving 
rise to a series of identifiable functional groups’ bands.[12,13] 
Obtained specific spectral bands are relatively narrow, easy 
to analyze and sensitive to molecular structure, conformation, 
and environment.[14‑16] One of the main difficulties of using 

FTIR spectroscopy for biological applications in fluid is the 
presence of water. Water has a strong absorption over a broad 
range and it can mask the absorption of the rest components of 
the examined tissue. This is why, many researchers decide to 
test liquids in dry form, which greatly affects the appearance 
of the spectrum but this is no longer a study on live cells in 
their natural aqueous state.[17‑22] The best way to get rid of 
this problem is to use FTIR spectrometers with an Attenuated 
Total Reflection (ATR) element. This technique allows on the 
measurements of IR absorption spectra in solution.[23‑25]

Many researchers try to identify mechanisms based on 
molecular or cellular changes that are brought about by 
the EMF‑this would provide people to know how physical 
forces might be converted into a biological action.[26‑28] FTIR 
spectroscopy should allow testing of our hypothesis that 
the EMF influences and directs the stem cells towards the 
different programs (such as differentiation, death, neoplastic 
transformation. etc.), depending on the EMF dose  (EMF 
frequency, magnetic induction, shape of signal, and time of the 
treatment, continuous or intervals), each of them having great 
influence on very sensitive biological systems within adipose 
tissue‑derived mesenchymal stem cells.[29]

The purpose of this study was the attempt to use FTIR 
spectroscopy in studies of the effects of low‑frequency EMF 
on the micromolecular changes in adipose tissue‑derived 
mesenchymal stem cells.

For this purpose, measurements in the range of 800–3500 cm−1, 
using FTIR spectroscopy were used and the following analyzes 
were performed:
•	 Comparison of EMF exposed and nonexposed stem 

cells’ spectroscopic spectra. Presented data represent 
changes in the structure of proteins, lipids, and nucleic 
acids between samples (AT‑MSC in three different EMF 
continuous exposure durations: 24  h, 48  h, 72  h and 
AT‑MSC control: 24 h, 48 h, 72 h (without EMF exposure)

•	 Performing of principal component analysis  (PCA) 
analysis of the obtained spectra.

Materials and Methods

Adipose tissue‑mesenchymal stem cells culturing
Commercially available StemPRO® Human Adipose‑Derived 
Stem Cells, lot no  1001001, Invitrogen™) were cultured 
in reduced serum  (2%), human mesenchymal stem cell 
growth‑supporting medium  (MesenPRO RSTM Medium, 
Gibco™), recommended by a manufacturer. To the cell culture 
medium was added L‑glutamine  (2 mM; Gibco™) and an 
antibiotic and antimycotic mixed solution (100 U/ml penicillin, 
0.1  mg/ml streptomycin, and 0.25 μg/ml amphotericin B; 
Gibco™). The cells were cultured at 37°C in a humidified 
atmosphere in the presence of 5% CO2  (New Brunswick 
Galaxy® 170R CO2 Incubator). Then, at 80% confluence, 
the cells were trypsinized and resuspended using TrypLE™ 
Express Enzyme without phenol red (Gibco™).
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Electromagnetic field exposure system
The EMF device consists of magnetic field applicator and a 
dedicated precision electric signal generator (COMEF, Poland). 
The cylindrical in shape magnetic field applicator (length of 
24.5 cm and a diameter of 9.5/14 cm (inside/outside)) is based 
on low inductance coreless solenoid with the length of 19.9 cm 
and a diameter of 10.5 cm. The number of turns per coil is 280, 
the resistance of the coil is 3.6 Ω and inductance is 2.5 mH. 
The whole coil is within an amagnetic Teflon tube to keep it 
clean and sterile. This system enables to produce magnetic field 
frequency from 0.01 Hz to 1 kHz and magnetic flux density up 
to 2 mT (amplitude). The magnetic field applicator is located 
in the cell culture incubator (New Brunswick Galaxy® 170R 
CO2 Incubator), where atmosphere composition temperature 
and humidity regulation were provided and continuously 
controlled.

Low‑frequency electromagnetic field exposure of adipose 
tissue‑mesenchymal stem cells
The AT‑MSCs were exposed to continuous vertically applied 
sinusoidal EMF with a frequency of 50 Hz and a flux density 
of 1.5 mT for 24, 48, and 72  h. After the third passage, 
AT‑MSCs were plated at a density of 9 × 103 cells/cm2 in 
cell culture dish  (22.1 cm2 of growth surface area). The 
cells were cultured overnight at 37°C under a humidified 
5% CO2 environment. Then, cells were placed in the center 
of the homogeneous EMF area, while the control cell were 
grown in a separate incubator without an EMF exposure 
system. The incubators were maintained under identical 
conditions, with 5% CO2 at 37°C. Treated (n = 3) cells were 
conducted without additional heat generation, nor vortex 
motions. For the control group, cell were cultured for the 
same duration (24, 48, 72 h), without EMF exposure. After 
an appropriate time (24, 48, 72 h) cells were washed with 
PBS, scrubbed, and immediately taken into FTIR analyses. 
This experiment was carried out three times to obtain the 
average results and appropriate statistical value for each of 
the analyzed samples.

Adipose tissue‑mesenchymal stem cells morphology
After 24, 48  h, and 72  h of EMF exposure, before FTIR 
analyses treated cells, as well as corresponding control cells, 
were observed under inverted microscope (ZEISS Primovert).

Fourier transform infrared analysis
The FTIR spectrometer, Verte × 70 v from Bruker, was used 
for the measurements. The advantage of the spectroscopic 
methods is that there is no need for the pre‑processing of cells. 
Spectra were collected by imposition 10 ml of each sample 
directly on the ATR crystal and a measurement was carried out 
immediately (in liquid form). Each sample was examined in 
the mid‑range of the infrared‑assisted total reflection technique 
using a single reflection snap ATR (Attenual Total Reflectance) 
with diamond crystal. Data points were collected at a resolution 
of 2 cm−1 in the range of 700–3500 cm−1 of wavenumber. The 
background was measured as saline solution. All measurements 
were made in triplicates. Data collection and analysis were 

performed using OPUS 7.0 Bruker Optik GmbH 2011. The 
spectra were normalized and baseline corrections (the concave 
rubberband method with 64 baseline points) were made.

Data analysis
For all obtained spectra, baseline correction and vector 
normalization were applied. These operations were performed 
using OPUS 7.0 software (Bruker Optics Inc., Ettlingen, 
Germany).  To obtain information about the spectra variation 
depending on the type of samples the PCA was performed. PCA 
is a nonparametric method for extracting relevant information 
from confusing data sets allowing to identify patterns in data 
and to highlight their similarities and differences. PCA reduces 
the dimensionality and the number of variables of the data, 
by maintaining as much variance as possible. Moreover, to 
obtain information about the similarity between the samples, 
hierarchical cluster analysis  (HCA) was done. These two 
procedures were performed using Past software based on the 
selected spectral in fingerprint regions between 800 cm−1 and 
1800 cm−1. Further data analysis was performed using Wire 
3.4 software.

Results and Discussion

Adipose tissue‑mesenchymal stem cell morphology
Figure 1 shows the morphology of human adipose tissue‑derived 
mesenchymal stem cells. A phase‑contrast microscope ZEISS 
Primovert inverted microscope was used for the analysis, 
phase  ×20 was used. The phase‑contrast images of cells 
cultured with and without (control) exposure to the EMF are 
shown at three selected times (24 h, 48 h, and 72 h). It can be 
seen that the cells at the morphological level did not show any 
visible changes under the influence of EMF. The cells have the 
correct fusiform shape and the same size.

Analysis  of  the infrared spectra of  adipose 
tissue‑mesenchymal stem cells
The FTIR absorption spectra of cells incubated with and without 
EMF, during 24 h (EF24 h and control‑C24 h), 48 h (EF48 h 
and control‑C48 h), and 72 h (EF72 h and control‑C72 h) are 
reported in Figure 2. As can be seen, the spectra are highly 
complex, rich in many spectral lines characteristic for specific 
molecules building the cells. In Table 1 the positions of the 
observed lines and bands as well as their identification are 
presented.[12,30-35] This indicates the presence of changes in the 
cells at the molecular level, caused by the action of the EMF.

The registered spectra possess some interesting differences in 
their shape, as well as positions and intensity of the spectral 
bands. The analysis of the IR spectra of cells treated and 
not treated by EMFs indicates that the current changes are 
caused by the action of the EMF as an external environmental 
factor. This is visible for cells exposed to the EMF for 24 and 
48 h [Figure 2a and b], comparing them to control cells (cultured 
for 24 and 48 h, respectively). The observed effect of the EMF 
on AT‑MSC cells, identified by IR spectra analysis, will be 
discussed in detail in the next parts of this article.


