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Abstract

It has been reported that baicalin (7-glucuronic
acid,5,6-dihydroxyflavone; molecular  weight=
446.36) has antioxidant, antitoxin and anti-
inflammatory  properties,  antitumor, antiviral,
hepatoprotective, antibacterial, anti-inflammatory and
antidiarrheal effects. The purpose of the present study
is determined the anti-genotoxic and antioxidative
effects of baicalin against carbon tetrachloride in the
human lymphocytes cell. For the study, the anti-
genotoxic potential of baicalin was investigated by
comet assay. In addition, biochemical analysis
including superoxide dismutase, catalase activities
and malondialdehyde level, were performed.
According to the obtained results; when the
concentrations were evaluated in terms of reducing
the level of DNA damage, it was observed that
baicalin gave the best results in the applications of
100 puM concentration. In conclusion, baicalin was
determined to exhibit anti-genotoxic activity by virtue
of its antioxidant potential, which is the genotoxic
effect caused by carbon tetrachloride. Baicalin, an
important compound for clinical applications and
known to have a short half-life; more successful
results can be obtained in treatment with high
concentrations and repeated applications.
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1. Introduction

Scutellaria baicalensis, a plant that generally
grows in China, is widely used in the treatment of
cardiovascular, inflammatory diseases, bacterial-
borne diseases, and cancer (Khanal et al. 2012; Lin et
al. 2011; Pan et al. 2012; Shiau et al. 2014). The root
of this plant is very rich in flavonoids and more than
50 different compounds have been identified
(Takahashi et al. 2011). Baicalin (BA), one of these
flavonoids and isolated from dried plant root, has
been used for centuries as a traditional Chinese herbal
medicine to treat allergic and inflammatory ailments
(Tarragé et al. 2008).

Hwang et al. (2005) showed that BA inhibits
tert-butyl hydroperoxide (t-BHP) induced cytotoxicity
and lipid peroxidation in the mouse liver system. In
the same study, it was reported that BA eliminates the
glutathione (GSH) deficiency created by t-BHP and
repairs DNA synthesis (Hwang et al. 2005). In
addition, in a study on mice, BA was shown to protect
hepatocytes from oxidative damage caused by carbon
tetrachloride (CCL4) (Park et al. 2008). BA showed
strong antioxidant, anti-inflammatory and anticancer
properties (Srinivas 2010). In addition, BA has been
determined to increase anti-inflammatory activity in
different in vivo and in vitro culture media such as
human mucosal tissue (Zhang et al. 2012), old mouse
kidneys (Lim et al. 2012), and cigarette smoke
induced inflammatory models (Li et al. 2012).
Researchers have reported that BA can reduce fever
in mice and remove free oxygen radicals with its
antioxidant properties (Guo et al. 2015). In the
literature review conducted on the anti-genotoxic and
antimutagenic properties of BA in human lymphocyte
cells, it was determined that there are very few
studies, and the existing studies were carried out on
Drosophila melanogaster using prokaryotic cells and
plant total extract. In this context, this study aimed to
determine the anti-genotoxic and anti-oxidative
properties of BA in human lymphocyte cells.
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2. Materials and Methods
2.1 Procurement of Baicalin

BA (299.0%) purchased from Sigma - Aldrich.
Stock solutions were prepared with distilled water.

2.2 Single-Cell Gel Electrophoresis Assay (Comet)

Comet test is widely used to measure DNA
damage and repair in many areas such as
ecotoxicology, biomonitoring studies, clinical studies,
radiation biology, nutritional studies, and cancer
studies (Gyori et al. 2014). Comet test is based on the
principle that damaged DNA is released from the
nucleus by electrophoresis (Kurtulmus and Aydin
2007).

For the Comet test system, Singh et al. (1988)
protocol has been applied. Peripheral blood from
healthy men and women aged 23-25, that did not
smoke and drink alcohol, have non-infectious
diseases, and were not exposed to any physical agent
such as X-ray was used.

Lymphocytes were extracted from whole blood
using the ficoll method and gradient centrifugation
(Dhawan et al. 2003). First, 1 ml of peripheral blood
was diluted with the same amount of buffer solution
[phosphate buffered saline (PBS)] and loaded into
ficoll (Histopaque). This solution was centrifuged at
2600 rpm for 20 min. The uppermost serum layer was
removed. Then the buffy coat was removed and
placed in the falcon tube. After mixing with 5 mL of
PBS, it was centrifuged at 1400 rpm for 10 min.
Afterwards, the pellet was resuspended in 1 ml of
RPMI 1640 medium and counted over a
Hemocytometer.

Approximately 2x10* lymphocytes per 100 pL of
medium were placed in eppendorf tubes with 1 mL
medium (without FBS). Different concentrations of
BA (25, 50, 100 and 200 puM) were added to
eppendorf tubes with CCL4. The eppendorf was
inverted to mix the cells and test material. Eppendorfs
tubes were cultured for 3 h at 37 °C. After the
incubation, lymphocytes were centrifuged at 3000
rpm for 5 min and their supernatants were discarded.
The pellet was suspended in 100 pL. PBS. Then 100
pL of low melting point agarose (LMPA) solution
was added to the pellet (suspended in 100 puL PBS).
The agar was mixed with lymphocytes by pipetting

immediately before it solidified. Subsequently, 75 pL
of the mixture was spread on a slide pre-coated with
thin a layer of 1% normal melting point agarose
(NMA), and immediately covered with a cover slip,
and maintained for 5 min on 4 <C to solidify. After
removing the cover slips the slides were submersed in
freshly prepared cold (4 °C) lysing solution (2.5 M
NaCl, 10 mM Tris, 100 mM EDTA, 10% dimethyl
sulfoxide and 1% Triton X, pH 10.0 adjusted with
NaOH) for at least 2h. Slides were then placed in
alkaline electrophoresis buffer (0.3 M NaOH and 1
mM EDTA-Na2, pH >13.0) prepared at 4 ° C for
unwinding of the DNA (25 min) and then
electrophoresis was applied (24 V / 300 mA, 30 min).
All stages were performed wunder the least
illumination possible to prevent DNA damage. After
electrophoresis, the slides were removed from the
buffer. Slides were covered with neutralization buffer
(0.4 M Tris - HCI, pH 7.50) and left for 5 min. The
neutralization process was repeated twice. The dried
microscope slides were stained with 2 pg/mL
ethidium bromide (5 min). Slides were visually
evaluated under a fluorescence microscope (Leica®
DM5500B) at x400 magnification without waiting.
DNA damage in cells was divided into five groups
according to the degree of DNA released from the
nucleus: (a) no damage, <5%; (b) low level damage,
5-20%; (c) medium level damage, 20-40%; (d) high
level damage, 40-95%; (e) total damage, >95%
(Anderson et al. 1994). Cells evaluated in groups a, b,
¢, d, and e were calculated as 0, 1, 2, 3 and 4 points,
respectively. The total comet score was calculated by
counting a total of 100 cells (n = 4). As a result, the
total score ranges from 0 to 400 arbitrary units (AU),
depending on the level of DNA damage, as reported
by Collins (1995).

2.3 Oxidative Stress Parameters

Catalase activity was determined according to the
method of Aebi (1984). Superoxide dismutase (SOD)
activity and malondialdehyde (MDA) level were
measured as indicated in our previous studies (Ceker
et al. 2015).

2.4 Statistical Analysis

All experiments were performed in three
replicates and data was compared for reproducibility.
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For these procedures, SPSS 18.0 version for
Windows was used. The results are expressed as the
mean =+ standard error (SE), and one-way analysis of
variance (ANOVA) test was used for statistical
comparison between groups. Significance was
determined by Duncan’s test. The level of
significance was regarded p<0.05 for all statistical
analysis.

3. Results

CCL4 was used as a genotoxic agent in the study.
DNA damage levels and oxidative stress parameter
results determined by the treatment of different
concentrations of BA (25, 50, 100 and 200 puM)
against CCL4 were presented in Table 1.

According to these results, lymphocyte DNA
damage parameters were higher in the group exposed
only to CCL+ compared to the control group, and
DNA damage levels decreased with the addition of
BA. However, in the application of 200 uM
concentration, the level of DNA damage increased
again compared to 100 pM concentration. When
evaluating between concentrations in terms of
reducing the level of DNA damage caused by CCL.a,
it was observed that BA gave the best result in
applications at a concentration of 100 uM (p <0.05)
(Table 1).

On the other hand, by adding CCLs as a
genotoxic substance to culture media; It was observed
that CAT and SOD activities decreased, while the
level of MDA increased. By treating different
concentrations of BA (25, 50, 100 and 200 pM)
together with CCL4; It was determined that CAT and
SOD enzymes increased their activities significantly,
and the level of MDA decreased. Different
concentrations of BA used with CCLy4; It has been
determined that its effect on CAT, SOD and MDA
were significant (p <0.05) (Table 1).

Table 1. The effects of CCL4 and BA on Comet and
enzymes activities (SOD, CAT and MDA)
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¢ Means = SE; values within each column not
sharing a common superscript are significantly
different (p<0.05) as determined by Duncan test.
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4. Discussion

Phenolic compounds derived from plants can
protect cellular components against oxidative damage
due to their antioxidant properties, thereby reducing
the risk of many degenerative diseases associated
with oxidative stress. However, it has been reported
that the chemical properties and activities of phenolic
compounds commonly found in plants may have both
antioxidant and pro-oxidant effects (Hadi et al. 2007).
In this context, in this study in which we investigated
the anti-genotoxic and anti-oxidative properties of
BA, it was observed that the treatment of BA with
CCL4 reduced the levels of DNA damage. In addition,
thanks to its anti-oxidative properties, BA increased
the CAT and SOD activities and decreased the MDA
level by removing the oxidative stress induced by
CCL4(Table 1).

Liu et al. (2007) BA's; reported that it scavenges
free radicals, prevents the formation of reactive
oxygen species, and exhibits cytotoxic properties in
inflammatory liver diseases. It has been reported that
BA can scavenge free oxygen species by preventing
platelet accumulation and, moreover, it can reduce
endotoxin production in vivo studies (Zhang et al.
2007). Against the liver toxicity induced by CCL4
administration, the concentration of 100 mg / kg
provided the most effective reduction on serum
alanine aminotransferase and aspartate
aminotransferase activity levels in the groups given
BA 30 minutes before and 120 minutes after CCL4
administration at 25, 50, 100 and 200 mg / kg
concentrations, it has been observed that it decreases
the elevated MDA level and increases the GSH level
(Park et al. 2008). Researchers have reported that BA
protects hepatocytes against oxidative damage caused
by CCL. and BA protects oxidants from brain and
ischemia / reperfusion damage with its cleansing
effect (Kim et al. 2010a). Kim et al. (2010b) reported
that BA causes an increase in GSH level and a
decrease in MDA level. In a study model done by
giving high amounts of iron to mice, BA; It has been
determined that it increases catalase activity,
decreases lipid peroxidation levels and protein
oxidation (Zhang et al. 2011). These data are in line
with the results we have obtained from biochemical
analyzes (Table 1).

In a study investigating the anti-genotoxic effect
of Scutellaria lindbergii Rech. f. extract containing

large amounts of BA, it was determined that the plant
extract prevented DNA damage induced by H,0,, and
this was explained by the phenolic compounds with
antioxidant properties contained in the plant extract
(Ehtesham-Gharaee et al.2015). Ding et al. (2015)
attributed the antioxidant effect of BA to its ability to
activate Nrf2, which regulates gene induction and is
known to be an important transcription factor.

The limited number of studies conducted with the
anti-genotoxic property of BA support our results.
Hwang et al. (2005) determined that BA
concentrations of 2, 22 and 220 M do not have a
cytotoxic effect on mouse hepatocytes but reduce the
lactate dehydrogenase level. Zhang et al. (2007)
because of his study in mouse kidneys; It has been
reported that because of the short half-life of BA,
more successful results can be obtained in treatment
with high concentrations and repeated applications of
BA. In another study, it was reported that BA, which
does not show toxic and carcinogen properties, is an
important compound in clinical applications (Wang et
al. 2015).

The results obtained coincide with the findings of
different studies on the anti-genotoxic property of BA
(Hwang et al. 2005; Zhang et al., 2007) and anti-
oxidative properties (Kim et al. 2010b; Zhou et al.
2011). The protective effect of BA is due to its feature
on DNA repair mechanism (Zhou et al. 2011); Its
anti-oxidative effect is due to its ability to activate
Nrf2, which regulates gene induction and is known to
be an important transcription factor (Ding et al.
2015). In this context, BA, which is an important
compound candidate for clinical applications with its
non-toxic feature; it can be used as an alternative
treatment for many diseases; It is thought that
successful results can be obtained in the treatment of
many diseases, especially cancer, by using the
optimum concentration and time.
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