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Abstract
Background Baicalin and baicalein have antioxidant, anti-inflammatory, hepatoprotective and anti-cancer properties. How-
ever, it is not known how a static magnetic field will modify these properties. Therefore, the aim of our study was to evalu-
ate the simultaneous exposure of melanoma cells to flavones and the static magnetic fields that are generated by permanent 
magnets on the gene expression and the activity of the antioxidant enzymes that are associated with the antioxidant defense 
system.
Methods and results Melanoma cells that had been treated with baicalin or baicalein were subjected to a static magnetic 
fields with a moderate induction. The static magnetic field was emitted by permanent magnets and the cell cultures were 
carried out in special test chambers. The research included determining the activity of the antioxidant enzymes (superoxide 
dismutase, glutathione peroxidase and catalase) as well as the gene expression profile. The addition of the flavones to the cell 
cultures at a concentration of 50 µmol/L resulted increase in the expression of the SOD1, SOD2 and GPX1 genes compared 
to the nontreated cell cultures. Simultaneous exposure of the melanoma cells to static magnetic field and baicalin or baicalein 
reduced their mRNA levels compared to the cultures to which only baicalin or baicalein had been added. The change in gene 
expression was accompanied by changes at the protein level associated with an increase in the activity of antioxidant enzymes.
Conclusion We showed that baicalin or baicalein have anticancer properties by disturbing the redox homeostasis in mela-
noma cells and also increases the antioxidant system gene expression. There was also an antagonistic interaction between 
the studied flavones and the static magnetic field, which cause a decrease in the anticancer effects of baicalin or baicalein.
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Introduction

The growing human exposure to factors that induce oxida-
tive stress has resulted in an increase in consumer curios-
ity about food that contains antioxidant substances. These 
compounds support the body's natural defenses in the fight 
against free radicals, an excess of which promotes the devel-
opment of many diseases such as atherosclerosis, arterial 

hypertension, neurodegenerative diseases or cancer [1]. 
Vegetables, fruits and coffee and tea, which are commonly 
consumed, are excellent sources of antioxidant substances. 
Baicalin and baicalein, which belong to the flavones, con-
stitute a characteristic group of compounds that present in 
various species of Scutellaria such as Scutellaria baicalensis 
and Scutellaria galericulata [2].

The research confirmed that these compounds exhibit 
a multidirectional effect on the molecular processes: they 
inhibit the development of neoplasms, have neuroprotective 
and hepatoprotective properties as well as antioxidant and 
anti-inflammatory properties. The antioxidant properties of 
poliphenols depend on the number of hydroxyl groups in the 
molecule, the more the stronger these properties. Due to the 
presence of hydroxyl gropus, baicalein and baicalin exhibit 
strong antioxidant properties that consists in a direct reaction 
with free radicals or the chelation of transition metal ions, 
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which protects the body against the formation of a very reac-
tive hydroxyl radical [3]. Baicalin and baicalein also have a 
potent anticancer activity, which is not only cytostatic but 
also cytotoxic to various human tumor cell lines in vitro. 
The antitumor functions of these flavones are largely due to 
their ability to scavenge oxidative radicals, to attenuate the 
NF-κB activity, to inhibit several genes that are important 
for regulating the cell cycle and to suppress COX-2 gene 
expression [4].

The anti-inflammatory and immunostimulatory effect 
of these flavonoids results from their ability to inhibit lym-
phocyte proliferation, inhibit the synthesis of IgE, IgM and 
IgG antibodies and release cytokines. Moreover, baicalein 
can inhibit the activity of the lysosomal enzymes, which 
are involved in the inflammatory and allergic processes 
and additionally inhibits the secretion of eotaxin, which is 
secreted by fibroblasts [5]. Studies have also confirmed the 
antifungal activity of flavones against many human patho-
gens and their antibacterial activity has been demonstrated 
against the bacteria that cause an inflammation of the oral 
cavity [6].

Magnetic fields are common in the natural environment 
and the effects of their influence on the human body have 
been the subject of many studies. The presence of magnetic 
fields in everyday life carries the risk of functional disor-
ders in the cells and tissues and biological systems [7]. The 
research results have not yet provided a clear answer about 
the positive or negative effects of a static magnetic field on 
the human body. Magnetic fields have been successfully 
used in medicine for many years in diagnosing and treat-
ing diseases of the musculoskeletal system, nervous system, 
organs of vision, the gastrointestinal tract, skin and soft tis-
sues. The basis for the use of a magnetic field in medicine is 
its participation in the regeneration processes of soft tissues, 
as well as its anti-inflammatory and anti-swelling properties 
[8]. However, there are many studies that have determined 
that a magnetic field may contribute to the generation of 
free radicals and, as a result, induce oxidative stress, which 
results in a disturbance of the cellular redox homeostasis [9].

Due to the growing use of biologically active substances, 
which have been known as components of drugs, dietary 
supplements or cosmetic preparations for many years and 
the search for new ways of using them in chemotherapy, the 
main aim of our study was to assess the impact of the simul-
taneous exposure of melanoma malignant cells to baicalin 
or baicalein and the static magnetic fields that are gener-
ated by permanent magnets on the gene expression profile 
related to the antioxidant defense system and on the activity 
of the antioxidant enzymes. It is not yet known whether a 
static magnetic field will modify the action of baicalin and 
baicalein on melanoma cells. One of the most malignant 
skin cancers is melanoma it has a high metastatic potential 
as well as a high resistance to treatment, which results in a 

high mortality rate. The basic method for treating early-stage 
melanomas is surgery alone. If surgery is not possible or as 
an adjuvant therapy, radiotherapy, chemotherapy is rarely 
used because of its low response rate. Therefore, it seems 
advisable to consider physical options such as using a mod-
erate-intensity static magnetic field (SMF) or the bioactive 
compounds that are found in foods as potential agents that 
can be used to support cancer therapy.

Material and methods

Reagent and chemicals

DMEM (Dulbecco's Modified Eagle Medium)—Lonza, 
Fetal Bovine Serum—Lonza, Penicillin—Sigma Aldrich, 
Amphotericin B—Sigma Aldrich, Trypsin EDTA solution—
Lonza, 0.4% Trypan Blue—Invitrogen, DMSO (dimethyl 
sulfoxide)—Sigma Aldrich, PBS (buffered saline solu-
tion)—Lonza, Baicalin—Sigma Aldrich, Baicalein—Sigma 
Aldrich, Protease inhibitor—Sigma Aldrich, Phosphatase 
inhibitor—Sigma Aldrich, TRIzol reagent—Invitrogen.

Equipment

Incubator—Haraeus, Countess TM Automated Cell Coun-
ter—Invitrogen, Centrifuge—MPW 223e, Incubator—Incu-
cell, Nano MN-913″—Maestrogen, DNA Engine Opticon™ 
System—MJ Research Inc, Multi-functional microplate 
reader—Victor.

Cell culture conditions

Amelanotic melanoma cells (C32 cell line) were obtained 
from ATCC (CRL-1585; Manassas, VA, USA) and routinely 
maintained in a DMEM medium, which was supplemented 
with 10% fetal bovine serum, penicillin (10,000 U/ml) and 
amphotericin B (0.25 mg/mL) at 37 °C in a 5%  CO2 incuba-
tor (Heraeus).

Both the number of cells and their viability were moni-
tored by cell counting in a Countess TM Automated Cell 
Counter (Invitrogen, USA) after staining with 0.4% trypan 
blue. The experiment was performed on cells that were in 
the logarithmic phase of growth under conditions of ≥ 98% 
viability as assessed by the trypan blue exclusion. For the 
experiments, the melanoma cells were used at three to five 
passages. The control melanoma cells and melanoma cells 
that had been treated with baicalin or baicalein were then 
subjected to a static magnetic field. The baicalin and baica-
lein concentration was selected with 0.1–250 µmol/L in a 
pilot study. The concentration 50 µmol/L was selected for 
the experiment because it was cytotoxic for the melanoma 
cells and non-cytotoxic for the skin fibroblasts (NHDF 



3159Molecular Biology Reports (2022) 49:3157–3165 

1 3

cell line). The addition of 50 µmol/L baicalin or baicalein 
to melanoma cells culture reduced cell viability by about 
20% compared to the control [10]. Melanoma cells were 
cultured in culture flasks. One million cells were intro-
duced into each flask, and after 24 h incubation, they were 
treated with 50 µmol/L baicalin or baicalein and placed 
in test chambers emitting a static magnetic field with an 
induction of 0.7 T. The cultures were maintained in the test 
chambers at 37 °C in a 5%  CO2 incubator (Heraeus) for 
24 h. Next, the cells were washed with PBS and the cell 
numbers were determined by cell counting in a Countess 
TM Automated Cell Counter (Invitrogen, USA) after stain-
ing with 0.4% trypan blue.

Exposure of melanoma cells to static magnetic fields

To study the cells in a static magnetic field, magnetic 
chambers composed of permanent magnets and a ferro-
magnetic yoke were used (patent P-396639). The ferro-
magnetic yoke is the bottom and cover of the chamber and 
there is a window in the front wall of the chamber that is 
matched to the dimensions of the cell culture flask [11]. A 
homogeneous distribution of the magnetic induction over 
the surface of the flask is conditioned by the structure of 
the test chamber. The static magnetic field is generated 
by neodymium magnets and the magnetic field intensity 
is proportional to the magnetic field strength. The cham-
bers are constructed with the following materials: N42SH 
magnets, Br = 1.28–1.34 T, HcB ≥ 955 kA/m, HcJ ≥ 1512 
kA/m, (BH)max = 310–342 kJ/m3, S235JR steel and a dia-
magnetic material. The maximum operating temperature 
of the chambers is 150 °C. A chamber with a field induc-
tion of 0.7 T was used for the tests, which was checked 
with a gauss meter before each experiment. The control 
chamber is made of steel instead of permanent magnets 
and the field induction in this chamber is 0 T.

Preparing the cell lysates

After 24 h, the cells were detached from the surface of the 
culture vessel using a trypsin/EDTA solution. After trypsin 
neutralization, the cells were centrifuged for 10 min at 2000 
RPM, the supernatant was removed, and the cell pellets were 
washed with a PBS solution and used to prepare the cell 
lysates. The composition of the lysis buffer was a protease 
inhibitor (1.4 mg) and a phosphatase inhibitor (10 µL) that 
had been dissolved in 1 mL of PBS. The tubes containing the 
suspension of studied material in a lysis buffer were placed 
in liquid nitrogen for 30 min and stored at − 80 °C until 
further analysis. All of the studied biochemical parameters 
were recalculated for  106 cells.

Determining the superoxide dismutase activity 
(SOD)

SOD activity was determined using a Cayman Chemical's 
Superoxide Dismutase Assay Kit (Cayman Chemical, USA) 
and were performed according to the manufacturer's proto-
col. Previously prepared cell lysates were used as the test 
material, centrifuged after thawing and the collected super-
natant was used for further studies.

The SOD activity was determined spectrophotometrically 
at 440–460 nm. Xanthine and hypoxanthine generate super-
oxide radicals which, when bound with a tetrazolium salt, 
transform it into red formazan. One unit of SOD activity is 
defined as the amount of the enzyme that is needed to con-
vert 50% of the superoxide radicals.

Determining the glutathione peroxidase activity 
(GPx)

GPx activity was determined using a Cayman Chemical's 
Glutathione Peroxidase Assay Kit (Cayman Chemical, 
USA) and were performed according to the manufacturer's 
protocol.

The GPx activity was also evaluated based on the spec-
trophotometric method. The GPx activity was indirectly 
measured using a coupled reaction with glutathione reduc-
tase (GR (glutathione reductase). GPx catalyzes the reduc-
tion reaction of cumene hydroperoxide and as a result, an 
oxidized form of glutathione is formed, which was then 
reduced in the presence of GR and NADPH oxidation to 
NADP + (accompanied by a decrease in absorbance). The 
decrease in A340 absorbance is directly proportional to the 
GPx activity in the sample.

Determining the catalase activity (CAT)

The CAT activity was measured using a Catalase Assay 
Kit (Cayman Chemical, USA). The method is based on 
the reaction of CAT with methanol in the presence of an 
optimal concentration of  H2O2. The formaldehyde that 
was produced was measured spectrophotometrically using 
4-amino-3-hydrazino-5-mercapto-1,2,4-triazole as the chro-
mogen. Purpald specifically forms a bicyclic heterocycle 
with aldehydes, which upon oxidation changes from color-
less to purple.

RNA extraction

Total RNA was extracted using a TRIzol reagent. The RNA 
extracts were treated with DNase I (RNeasy Mini Kit, Qia-
gen, Valencia, CA, USA) according to the manufacturer’s 
instructions. The quality of the extracts and the RNA con-
centration were determined as was previously reported [12].
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Quantitative real‑time RT‑PCR assay

The gene expression of SOD1 (superoxide dismutase 1), 
SOD2 (superoxide dismutase 2), GPX1 (glutathione peroxi-
dase 1), GSR (glutathione reductase), CAT (catalase) and 
β-actin were evaluated using real-time RT-qPCR and SYBR 
Green I chemistry (SYBR Green Quantitect RT-PCR Kit; 
QIAGEN, Valencia, CA, USA) as was previously described 
[13].

All of the samples were tested in triplicate. β-actin was 
also included as an endogenous positive control of the ampli-
fication and integrity of the extracts in order to monitor the 
RT-qPCR efficiency. Wells that did not contain a template 
were run as the negative controls. The thermal profile for 
the one-step RT-PCR was as follows: reverse transcription 
at 50 °C for 30 min, denaturation at 95 °C for 15 min and 
40 cycles consisting of the following temperatures and time 
intervals: 94 °C for 15 s, 60 °C for 30 s and 72 °C for 30 s.

Statistical analyses

All data are expressed as the mean ± the standard deviation. 
An ANOVA and Tukey’s post hoc test were used to evaluate 
the results of the experiments. The statistical calculations 
were performed using STATISTICA 12.0 and the statistical 
significance was defined at p < 0.05.

Results

Effect of baicalin or baicalein and SMF 
on the antioxidant gene expression

There was no significant difference in the expression of the 
SOD1, SOD2 or GPX1 genes in the melanoma cell cultures 
that had only been exposed to a static magnetic field (0.7 T) 
(Figs. 1, 2). The addition of the studied flavones to the cell 
cultures at a concentration of 50 µmol/L resulted in a statisti-
cally significant increase (p = 0.0012; p = 0.02; p = 0.003—
baicalin; p = 0.022; p = 0.007; p = 0.003—baicalein) in the 
expression of the SOD1, SOD2 and GPX1 genes compared 
to the control cell cultures. On the other hand, the simulta-
neous exposure of the melanoma cells to an SMF and bai-
calin or baicalein reduced their mRNA levels (p = 0.007; 
p = 0.009; p = 0.004—SMF + Baicalin; p = 0.0048; p = 0.01; 
p = 0.033—SMF + Baicalein) compared to the cultures to 
which only baicalin or baicalein had been added. The co-
exposure of the cells to an SMF and flavones normalized the 
mRNA levels of the studied genes compared to the control 
cultures.

Effect of baicalin or baicalein and an SMF 
on the activity of the antioxidant enzymes

There was no statistically significant difference in the 
SOD, GPx and CAT activity in the melanoma cell that had 
only been exposed to an SMF (Figs. 3, 4, 5). In the cul-
tures to which baicalein or baicalin had been added, there 
was a statistically significant increase in the activity of the 

Fig. 1  Effect of baicalin and 
SMF on the antioxidative 
defense parameters. The results 
are presented as the mean ± SD; 
ap < 0.05 vs. C (control); 
bp < 0.05 vs. SMF; cp < 0.05 vs. 
B (Baicalin)
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antioxidant enzymes (p = 0.002; p = 0.0015; p = 0.004—bai-
calin; p = 0.002; p = 0.004; p = 0.007—baicalein). The cul-
tures with the addition of baicalin showed an increase in the 
activity of SOD by about 80%, GPx by about 20% and CAT 
by about 115% compared to the cultures without the addi-
tion of baicalin. The cultures with the addition of baicalein 
showed an increase in the activity of SOD by about 44% and 
CAT by about 52% compared to the cultures without the 
addition of baicalein. The GPx activity decrease about 15% 
in cultures with baicalein. The simultaneous exposure of the 
melanoma cells to an SMF and the studied flavones caused 
a statistically significant decrease in the SOD, GPx and 

CAT activity compared to the control cultures (p = 0.012; 
p = 0.017; p = 0.019—SMF + Baicalin; p = 0.022; p = 0.019; 
p = 0.017—SMF + Baicalein).

Discussion

In recent years, there has been an increase in the consump-
tion of drugs and dietary supplements. This phenomenon is 
noticeable both among sick and healthy people. A balanced 
diet that provides the necessary nutrients in the amounts that 
are in accordance with the applicable standards should not 

Fig. 2  Effect of baicalein and 
SMF on the antioxidative 
defense parameters. The results 
are presented as the mean ± SD; 
ap < 0.05 vs. C (control); 
bp < 0.05 vs. SMF; cp < 0.05 vs. 
BA (Baicalein)
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Fig. 3  Effect of baicalin or 
baicalein and SMF on SOD 
activity in melanoma cell cul-
tures. The results are presented 
as the mean ± SD; ap < 0.05 vs. 
C (control); bp < 0.05 vs. SMF; 
cp < 0.05 vs. BA (Baicalein)/
B(Baicalin)
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be replaced by the consumption of one pill that is a panacea 
for all deficiencies. Antioxidants are a group of substances 
that are found in food, mainly of foods of a plant origin, 
and people who eat foods that are rich in antioxidants are 
healthier. Positive research results and TV commercials have 
increased the popularity of dietary supplements that contain 
antioxidants. Currently, more than half of the adults in high-
income countries are taking these supplements in the hope 
of improving their health and preventing aging. Unfortu-
nately, research results show that consuming dietary sup-
plements that are rich in antioxidants does not translate into 
the prevention of cancer or cardiovascular diseases, and it 

also does not extend life. Moreover, combining various anti-
oxidants such as β-carotene, vitamins A and E increases the 
risk of death when the average daily requirement for these 
substances is exceeded. Moreover, it is not known whether 
the large amounts of antioxidants that are supplied to the 
body via dietary supplements will have pro-oxidative and 
cytotoxic effects on cells [14, 15].

Baicalein and its aglycone baicalin are commonly found 
in dietary supplements and cosmetic preparations often in 
doses that could cause a cytotoxic effect. In this study, we 
used the studied flavones at a concentration that were proven 
to be cytotoxic to melanoma cells, but not cytotoxic to skin 

Fig. 4  Effect of baicalin or 
baicalein and SMF on GPx 
activity in melanoma cell cul-
tures. The results are presented 
as the mean ± SD; ap < 0.05 vs. 
C (control); bp < 0.05 vs. SMF; 
cp < 0.05 vs. BA (Baicalein)/
B(Baicalin)
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Fig. 5  Effect of baicalin or 
baicalein and SMF on CAT 
activity in melanoma cell cul-
tures. The results are presented 
as the mean ± SD; ap < 0.05 vs. 
C (control); bp < 0.05 vs. SMF; 
cp < 0.05 vs. BA (Baicalein)/
B(Baicalin)
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fibroblasts in our previous study [10]. In the studies of Chan 
et al. [16], the cytotoxic effect of baicalin at concentrations 
of 150 µmol/L and higher was also observed on prostate can-
cer cell cultures. The studies by Zhu et al. [17] showed that 
the cytotoxic effect of baicalin on human chondrosarcoma 
cells was dependent on both the concentration of the tested 
flavone and the exposure time. For the cultures that were 
conducted for 24 h, baicalin at a concentration of 54 µmol/L 
caused a cytotoxic effect. Additionally, the studies by Yang 
et al. [18] demonstrated the cytotoxic effect of baicalin on 
the neoplastic cells of primary liver cancer. This antitumor 
effect was observed at concentrations of 40 µmol/L and 
higher.

The results that were obtained in this study indicate that 
the incubation of melanoma cells to which baicalin and bai-
calein had been added was accompanied by an increase in 
the activity of SOD, GPx and CAT. It should be empha-
sized that these changes were significantly dependent on the 
chemical form of the added flavones. The observed increase 
in the SOD activity was probably caused by an increased 
concentration of the substrate superoxide anion. At the same 
time, an increase in the activity of catalase was observed 
as catalase is involved in the reaction of hydrogen perox-
ide decomposition when its concentration in a cell is high. 
While a few reports have suggested that if the number of 
free radicals is small, there is an increase in the activity of 
the antioxidant enzymes, in particular SOD and GPx, while 
a high level of ROS leads to the failure of the enzymatic 
defense mechanisms, which results in a decrease in the activ-
ity of the antioxidant enzymes [19, 20]. In the present study, 
it was found that the addition of the studied flavones caused 
oxidative stress in the melanoma cells, for which there was 
also an increase of the SOD1, SOD2, GPX1 and CAT  gene 
expression. Although the anticancer activity of baicalin may 
involve a pro-oxidant mechanism, these compounds also 
cause a depletion of the GSH content in human hepatoma 
cells [21]. Kong et al. [22] investigated the effect of baicalin 
on the bladder cancer cells 5637 and KU-19-19 and found 
that baicalin performed its anticancer activity by inducing 
apoptosis and cell death in bladder cancer cells. Baicalin-
induced ferroptotic cell death in vitro and in vivo, which is 
accompanied by an accumulation of reactive oxygen spe-
cies (ROS) and the enrichment of intracellular chelate iron. 
They also detected the expression of several iron regulatory 
proteins. Western blotting showed that increased transferrin, 
phosphorylated histone H2AX (γ-H2AX), P53, the tumor 
suppressor P53 binding protein 1 (53BP1) and decreased 
FTH1 were found in baicalin-treated bladder cancer cells. 
Moreover, many studies have shown that baicalin induces 
the apoptosis of cancer cells by increasing the expression of 
the pro-apoptotic protein Bax [23–25].

Results of in vitro studies have also shown that the sen-
sitivity of cells to an SMF depends on many factors such 

as the SMF induction, the duration of enrichment exposure 
to it and the type of cells that are used for the studies. It is 
also difficult to compare test results due to the use of differ-
ent sources to emit a static magnetic field. This field can be 
generated by either magnetic coils or magnetic neodymium 
disks that are placed in Petri dishes or by permanent mag-
nets. In our work, in the melanoma cells that had only been 
exposed to a static magnetic field with an induction of 0.7 T, 
there was no disturbance in their oxidation–reduction bal-
ance. This was evidenced by the lack of changes in the activ-
ity of the antioxidant enzymes as well as the mRNA levels. 
In the studies of Vergallo et al. [26], human neuroblastomas 
were treated with a 0.2 T SMF and after two hours of treat-
ment, the cell viability decreased 30% due to the overexpres-
sion of the caspase-3 protein. In another study, Li et al. [27] 
treated human hepatoma cell lines with an SMF with an 
induction 0.2 T for 3 and 6 days. After 6 days, apoptosis was 
induced in the BEL-7402 cells, but these treatment condi-
tions had no influence on HepG2 cells.

The main aim of our research was to evaluate the interac-
tion of the studied flavones and an SMF on the oxidative-
reduction homeostasis of melanoma cells. In the present 
study, it was found that the melanoma cell cultures that had 
simultaneously been exposed to the baicalin or baicalein and 
an SMF normalized the activity of the antioxidant enzymes 
and the mRNA level compared to the cultures that had only 
been treated with flavonoids. As a result of the interaction 
between an SMF and the flavones, the anticancer effect bai-
calin and baicalein decreased. The antioxidant properties 
of flavonoids involve the presence of 2,3-unsaturation in 
conjugation with a 4-oxo group in the C-ring, the amount of 
the hydroxyl groups in the B-ring and the 5-hydroxy group 
in the A-ring. Baicalin and baicalein have the 2,3-unsatura-
tion and the 4-oxo in the C-ring and hydroxyl group in the 
A-ring [28, 29]. Studies by Kotani et al. [30] and Torbet 
and Ronziere [31] indicated that exposure to a strong static 
magnetic field of 1 T can result in a change in the orienta-
tion of the macromolecules such as, e.g., collagen but Panc-
zyk et al. [32] suggested that it is very unlikely that a static 
magnetic field could lead to any changes in the structure of 
small molecules because Lorentz forces do not affect ions 
or larger molecules in solutions. Recent studies showed that 
SMF have a strong influence on the reactivity of chemo-
therapeutic drugs, which can decrease drug dosage and its 
side effects [33]. The synergistic effects of an 8.8 mT SMF 
and cisplatin to chronic myelogenous leukemia cells was 
observed in the studies of Chen et al. [34] and the studies 
of Babincova et al. [35], cisplatin, an SMF and radiation 
induced hyperthermia on the lung carcinoma cell line. In our 
study, the antagonistic effect of an SMF and flavones was 
observed. The observed differences with the studies of other 
authors may result from various sources and various flux 
densities of static magnetic field. Difficulty in comparing test 
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results also results from the use of different sources emit-
ting a static magnetic field. This field can be generated both 
by magnetic coils or magnetic neodymium disks placed in 
Petri dishes, and by permanent magnets. In our study were 
used special magnetic test chambers with SMF, in which 
cell culture flasks were placed. In turn, in other report the 
compact electromagnets were applied.

To summarize, we showed that baicalin and baicalein 
have probably anti-cancer properties as they disrupt redox 
homeostasis in melanoma cells as well as increase gene 
expression of the antioxidant system. Further research is 
needed to confirm the anti-cancer properties of baicalin 
and baicalein. There was also an antagonistic interaction 
between the studied flavones and a static magnetic field, 
which caused a decrease in the anticancer effects of baica-
lin and baicalein.

Funding This study was funded by Grant No. PCN-2-045/K/0/F from 
the Medical University of Silesia, Katowice, Poland.

Declarations 

Conflict of interest Author Synowiec-Wojtarowicz declares that she 
has no conflict of interest. Author Pawłowska-Góral declares that she 
has no conflict of interest. Author Krawczyk declares that she has no 
conflict of interest. Author Gawron declares that he has no conflict 
of interest. Author Kimsa-Dudek declares that she has no conflict of 
interest.

Ethical approval This article does not contain any studies with human 
participants performed by any of the authors.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Sen S, Chakraboty R, Sridhar C, Reddy YSR, De B (2010) Free 
radicals, antioxidants, diseases and phytomedicines: current status 
and future prospect. Int J Pharm Sci Rev Res 3:91–100

 2. Singhab S, Meenaab A, Luqmana S (2021) Baicalin mediated 
regulation of key signaling pathways in cancer. Pharmacol Res 
164:105387

 3. Dinda B, Dinda S, Das Sharma S, Banik R, Chakraborty A, Dinda 
M (2017) Therapeutic potentials of baicalin and its aglycone, bai-
calein against inflammatory disorders E. J Med Chem 131:68–80

 4. Li-Weber M (2009) New therapeutic aspects of flavones: The anti-
cancer properties of Scutellaria and its main active constituents 
wogonin, baicalein and baicalin. Cancer Treat Rev 35:57–68

 5. Hung K-C, Huang H-J, Wang Y-T, Lin A (2016) Baicalein atten-
uates a-synuclein aggregation, inflammasome activation and 
autophagy in the MPP treated nigrostriatal dopaminergic system 
in vivo. J Ethnopharmacol 194:522–529

 6. Rajkumari J, Busi S, Cherukunnel A, Reddy P (2017) Facile green 
synthesis of baicalein fabricated gold nanoparticles and their anti-
biofilm activity against Pseudomonas aeruginosa PAO1. Micro-
bial Pathogen 107:261–269

 7. Chekhun VF, Demash DV, Nalieskina LA (2012) Evaluation of 
biological effects and possible mechanisms of action of static 
magnetic field. Fiziol Zh 58:85–94

 8. Pasek J, Pasek T, Sieroń A (2013) Stałe pole magnetyczne w 
medycynie – aktualny stan wiedzy. J Ecol Health 17:21–26

 9. Okano H (2008) Effects of static magnetic fields in biology: role 
of free radicals. Frontiers Biosci 13:6106–6125

 10. Synowiec-Wojtarowicz A, Kimsa-Dudek M, Krawczyk A, 
Pawłowska-Góral K (2019) Ocena cytotoksyczności bajkaliny 
i bajkaleiny wobec wybranych linii komórkowych. Food Sci 
3:28–34

 11. Glinka M, Gawron S, Sieroń A, Pawłowska-Góral K, Cieślar G, 
Sieroń-Stołtny K (2013) Test chambers for cell culture in static 
magnetic field. J Magn Magn Mater 331:208–215

 12. Kimsa-Dudek M, Synowiec-Wojtarowicz A, Derewniuk 
M, Gawron S, Paul-Samojedny M, Kruszniewska-Rajs C, 
Pawłowska-Góral K (2018) Impact of fluoride and a static mag-
netic field on the gene expression that is associated with the 
antioxidant defense system of human fibroblasts. Chem Biol 
Interact 287:13–19

 13. Pawłowska-Góral K, Kimsa-Dudek M, Synowiec-Wojtarow-
icz A, Orchel J, Glinka M, Gawron S (2016) Effect of static 
magnetic fields and phloretin on antioxidant defense system of 
human fibroblasts. Environ Sci Pollut Res 23:14989–14996

 14. Bjekavic G, Nikolova D, Gluud C (2014) Antioxidant supple-
ments nad mortality. Curr Opin Clin Nutr Metab Care 17:40–44

 15. Rautiainen S, Manson JE, Lichtestein A, Sesso HD (2016) Die-
tary supplements and disease prevention: a global overview. Nat 
Rev Endocrinol 12:407–420

 16. Chan F, Choi LH, Chen ZY, Chan P, Huang Y (2000) Induction 
of apoptosis in prostate cancer cel lines by a flavonoid, baicalin. 
Cancer Lett 160:219–228

 17. Zhu M, Ying J, Lin C, Huang K, Zhou Y, Teng H (2019) Bai-
calin induces apoptosis death of human chondorsarcoma cells 
throught mitochondrial dysfunction and down regulation of the 
PI3K/Akt/mTOR pathway. Planta Med 85:360–369

 18. Yang Y, Pei M, Li L (2015) Baicalin induces opotosis in hepatic 
cancer cells in vitro and suppresses tumor growth in vivo. Int J 
Clin Exp Med 8:8958–8967

 19. Cai Q, Shi Y, Shan D, Jia W, Duan S, Deng X, Yang Y (2015) 
Osteogenic differentiation of MC3T3-E1 cells on poly(1-lac-
tide)/Fe3O4 nanofibres with static magnetic field exposure. 
Mater Sci Eng 55:166–173

 20. Amara S, Abdelmelek H, Garrel C, Guiraud P, Douki T, Ravant 
JL, Favier A, Sakly M, Rhouma KB (2007) Zinc supplementa-
tion ameliorates static magnetic field induced oxidative stress 
in rat tissue. Environ Toxicol Pharm 23:193–197

 21. Yu JQ, Liu HB, Tian DZ, Liu YW, Lei JC, Zou GL (2007) 
Changes in mitochondrial membrane potential and reactive 
oxygen species during Wogonin-induced cell death in human 
hepatoma cells. Hepatol Res 37:68–76

 22. Kong N, Chen X, Feng J, Duan T et al (2021) Baicalin induces 
ferroptosis in bladder cancer cells by downregulating FTH1. 
Acta Pharm Sinic B. https:// doi. org/ 10. 1016/j. apsb. 2021. 03. 036

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.apsb.2021.03.036


3165Molecular Biology Reports (2022) 49:3157–3165 

1 3

 23. Wan D, Ouyang H (2018) Baicalin induces apoptosis in human 
osteosarcoma cell through ROS-mediated mitochondrial path-
way. Nat Prod Res 32:1996–2000

 24. Huang Q, Zhang J, Peng J, Zhang Y, Wang L, Wu J, Ye L, Fang 
C (2019) Effect of baicalin on proliferation and apoptosis in 
pancreatic cancer cells. Am J Transl Res 11:5645

 25. Gao C, Zhou Y, Li H, Cong X, Jiang Z, Wang X, Cao R, Tian 
W (2017) Antitumor effects of baicalin on ovarian cancer cells 
through induction of cell apoptosis and inhibition of cell migra-
tion in vitro. Mol Med Rep 16:8729–8734

 26. Vergallo C, Ahmadi M, Mobasheri H, Dini L (2014) Impact 
of inhomogeneous static magnetic field (317–2320 mT) expo-
sure on human neuroblastoma SH-SY5Y cells during cisplatin 
administration. PLoS ONE 9:113530

 27. Li J, Ma Y, Li N, Cao Y, Zhu Y (2014) Natural static magnetic 
field – induced apoptosis in liver cancer cell. Electromagn Biol 
Med 33:47–50

 28. Williams RJ, Spencer JP, Rice-Evans C (2004) Flavonoids: antiox-
idants or signaling molecules? Free Radic Biol Med 36:838–849

 29. Valko M, Rhodes CJ, Moncol J, Izakovic M, Mazur M (2006) 
Free radicals, metals and antioxidants in oxidative stress-induced 
cancer. Chem Biol Interact 160:1–40

 30. Kotani H, Iwasaka M, Ueno S (2000) Magnetic orientation of 
collagen and bone mixture. J Appl Fiz 87:6191–6193

 31. Torbet J, Ronziere MC (1984) Magnetic alignment of collagen 
during self-assembly. Biochem J 219:157–159

 32. Panczyk T, Camp P (2021) Lorentz forces induced by static 
magnetic field have negligible effects on results from classical 
molecular dynamics simulations of aqueous solutions. J Mol Liq 
330:115701

 33. Hao Q, Wenfang C, Xia A, Qiang W, Ying L, Kun Z (2011) 
Effects of a moderate intensity static magnetic field and adriamy-
cin on K562 cells. Bioelectromagn 32:191–199

 34. Chen WF, Qi H, Sun RG, Liu Y, Zhang K, Liu JQ (2010) Static 
magnetic fields enhanced the potency of cisplatin on K562 cells. 
Cancer Biother Radiopharm 25:401–408

 35. Babincova M, Kontrisova K, Durdik S, Bergemann C, Sourivong 
P (2014) Radiation enhanced efficiency of combined electromag-
netic hyperthermia and chemotherapy of lung carcinoma using 
cisplatin functionalized magnetic nanoparticles. Pharmazie 
699:128–131

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	The effect of a static magnetic field and baicalin or baicalein interactions on amelanotic melanoma cell cultures (C32)
	Abstract
	Background 
	Methods and results 
	Conclusion 

	Introduction
	Material and methods
	Reagent and chemicals
	Equipment
	Cell culture conditions
	Exposure of melanoma cells to static magnetic fields
	Preparing the cell lysates
	Determining the superoxide dismutase activity (SOD)
	Determining the glutathione peroxidase activity (GPx)
	Determining the catalase activity (CAT)
	RNA extraction
	Quantitative real-time RT-PCR assay
	Statistical analyses

	Results
	Effect of baicalin or baicalein and SMF on the antioxidant gene expression
	Effect of baicalin or baicalein and an SMF on the activity of the antioxidant enzymes

	Discussion
	References




