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AćĘęėĆĈę

Doxorubicin is a chemotherapeutic agent with a genotoxic effect on nor-
mal cells at its therapeutic dose itself. D-Pinitol is an abundantly avail-
able carbohydrate in Soybean plants and has been proven for antioxidant
and anti-inϐlammatory activities. Our investigation was examined by in vitro
comet assay to explore the genoprotective effect of D-Pinitol in normal cells
against Doxorubicin-induced genotoxicity in Vero cell lines. In vitro comet
assay treatment groups were: Vero Cell lines with culture medium (control
group), Doxorubicin (0.15µg/ml), D-Pinitol (0.05×103 mM, 0.125×103 mM,
and 0.25×103 mM) alone, and pretreatment with D-Pinitol (0.05×103 mM,
0.125×103 mM, and 0.25×103 mM) before Doxorubicin (0.15µg/ml) treat-
ment. When compared to the control group, D-Pinitol alone treated groups
showed no signiϐicant changes in the percentage of DNA damage. For the
evaluation of the genoprotective effect of D-Pinitol, the % DNA damage in the
D-Pinitol, and Doxorubicin simultaneously treated groups were compared to
the Doxorubicin alone treated group. The results showed that Doxorubicin-
induced genotoxic effect in Vero cell lines was signiϐicantly reduced by D-
Pinitol in a dose-dependent manner by reducing DNA damage. Our ϐindings
conϐirmed that D-Pinitol had no genotoxic effect and it showed a genoprotec-
tive effect against Doxorubicin-induced genotoxicity.
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INTRODUCTION

Doxorubicin (DOX) is a potent antibiotic of anthra-
cycline class in anticancer drugs. Although DOX
is very useful for treating various types of human
cancers, having severe side effects at its therapeu-
tic dose is one of the most undesired outcomes of
using it. Hence, management of its side effects is
essential to achieve patient’s treatment, tolerability,
and overall quality of life (Remesh, 2012). Previ-
ous reports suggested that oxidative stress and free
radicals production are the main reasons for DOX-
induced cardiotoxicity, cytotoxicity, and genotoxic-
ity (Hajra et al., 2018). Apart from these side effects,
DOX also induces severe inϐlammatory responses in
various organs, including the kidney, liver, blood
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vessels, and intestine. The previous reports also
showed an increase in pro-inϐlammatory cytokine
levels after DOX administration (Wang et al., 2016;
Xu et al., 2008). Since DOX has an important role
in cancer treatment, it is very crucial to minimize
its toxic effects on normal cells. This reduction in
DOX-induced toxicity to normal cells can be attained
by simultaneous administration of free radical scav-
enging agents, antioxidants and anti-inϐlammatory
agents. Decreasing DOX’s toxicity by attenuating
oxidative stress and pro-inϐlammatory mediators is
a forthcoming therapeutic approach against DOX-
induced toxicity (Hajra et al., 2018).

Hence, the compounds that can scavenge free rad-
icals and reduce the levels of pro-inϐlammatory
mediators will safeguard the normal cells from
DNA damage when they subjected to the genotoxic
agents (Čabarkapa et al., 2014). D-Pinitol has been
identiϐied as amajor carbohydrate present inGlycine
max L. Merr. (Streeter, 2001; Sripathi and Poon-
gothai, 2013). It has been reported for its free
radical scavenging capacity (Orthen et al., 1994),
antioxidant activity (Rengarajan et al., 2014; Sivaku-
mar et al., 2010), anti-inϐlammatory activity (Kim
et al., 2005a; Singh et al., 2001), hepatoprotective
effect (Choi et al., 2009; Zhou et al., 2008), and Car-
dioprotective effect (Kim et al., 2005b). These ther-
apeutic effects of D-Pinitol may be useful in the pre-
vention of the genotoxic effect of DOX on normal
cells. This research’s main goal was to evaluate the
genoprotective effect of D-Pinitol in the Vero cell line
from the DNA damage induced by DOX through in
vitro comet assay. The in vitro Comet assay presents
a visual technique to analyze DNA damage in the
cells when treated with chemicals inducing toxic
effects (Visvardis et al., 2000). Hence this assay is an
advantageous, fast, and effective in vitromethod for
studying the genotoxicity of chemical agents (Tice
et al., 2000; Anderson et al., 1994).

MATERIALS ANDMETHODS

Materials Required

Doxorubicin HCL (TCI chemicals, India), D-Pinitol
isolated from aerial parts of Soybean (Glycine max
L. Merr.,) plants, DMEM medium (Gibco, USA),
Fetal Bovine Serum (Gibco, USA), Antibiotic solu-
tion (Gibco, USA), Ethidium Bromide (Merck, India),
Lowmelting agarose (Merck, India), Normal agarose
(Merck, India), Phosphate Buffer Saline Solution
(Himedia, India) and Olympus BX 50 microscope
(Olympus Optical Co., Germany).

Methodology - In vitro Comet Assay

Cell line and cell culture

Vero cell lines (African green monkey kidney cells)
were cultured in liquid Dulbecco’s Modiϐied Eagle’s
medium (DMEM) enrichedwith 10 percentage Fetal
Bovine Serum (FBS), 100 u/ml penicillin and 100
µg/ml streptomycin, and maintained under an
atmosphere of 5 percentage CO2 stored at 37oC.

Brieϐly, Vero cells were incubated at 37◦C for 24 h
in a humidiϐied 5% CO2 incubator after they were
seeded (density of 10,000 cells/well) in a six-well
plate. After thewellswerewashedwith sterile Phos-
phate Buffer Saline Solution (PBS), the cell lines
were treatedwithD-Pinitol andDOXasper the treat-
ment protocol given in Table 1. Trypsinization was
done before harvesting of cells in a 1.5 ml tube.
Themicroscopic slideswere coated ϐirst with 200µl
of 0.75 % normal melting agarose (the ϐirst layer)
and 100 µl of 0.5% low melting agarose (the sec-
ond layer). Next, the slides were distributed with
20 µl cell suspensions in 60 µl of 0.5% low melt-
ing agarose (the third layer). Then incubation of
slides was done in cell lysis buffer (2.5 M NaCl,
0.2 M NaOH, 100 mM Na2EDTA, 10 mM Tris–HCl,
1% Triton X-100 and 10% dimethyl sulfoxide, pH
=10.0) for overnight at 4◦C. After that, the slides
were immersed in double- distilled water three
times, followed by 20 min incubation with unwind-
ing solution (3M NaOH). The slides were subse-
quently placed in a horizontal gel electrophore-
sis tank containing electrophoresis solution (1 mM
Na2EDTA and 300 mM NaOH, pH =13). The elec-
trophoresis was conducted at 25 V (1 V/cm, 300
mA) for 25min. The incubation of slideswas done in
neutralization buffer (0.4 M Tris–HCl, pH = 7.5) for
10min followedby immersion inultrapurewater for
three times and then air-dried. The staining of cells
was done with 50 µl of ethidium bromide (5 mg/L)
and then the cellswereobservedunder a ϐluorescent
microscope. 15 minutes after staining, the comets
of each group were examined on the microscope at
100 X magniϐication. In order to minimize extra
DNA damage, all steps in the procedure were car-
ried out in dim light. The percentage of DNAdamage
events was calculated by manual counting. Comets
were visually scored and classiϐied into ϐive classes,
a) Class 1 - no damage, <5%; b) Class 2 - low level
damage, 5–20%; c) Class 3 - medium level damage,
20–40%; d) Class 4 - high level damage, 40–95%;
e) Class 5 - total damage, >95% (Figure 4)based on
the level of DNA migration (Anderson et al., 1994).
The experimentwas performed in triplicate for each
group and, the analysis was performed on100 cells
for each experiment (Singh et al., 1988; Nandhaku-
mar et al., 2011).

Statistical analysis
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Table 1: Treatment protocol
Groups Labeled Treatment

I Control Vero Cell lines with culture medium
II Positive Control Doxorubicin 0.15µg/ml
III D-Pinitol 0.05×103 mM
IV D-Pinitol 0.125×103 mM
V D-Pinitol 0.25×103 mM
VI Tests Doxorubicin 0.15µg/ml + D-Pinitol 0.05×103 mM
VII Doxorubicin 0.15µg/ml+D-Pinitol 0.125×103 mM
VIII Doxorubicin 0.15µg/ml +D-Pinitol 0.25×103 mM

Selection of doses of Doxorubicin and D-Pinitol were based on the articles Abd-ElAziz et al., and Al-Ashaal et al., respectively (Al-
Shdefat et al., 2014; Al-Ashaal et al., 2012).

Statistical analysis was performed by One way
ANOVAmethod. Valueswere expressed asmean and
for n = 6. All data were analyzed with The GraphPad
Prism 8.0.1 software. A difference at P < 0.05 was
considered statistically signiϐicant.

RESULTS AND DISCUSSION

Figure 1: Histogram of number of different
Classes of Comet events occurred in Vero cell
lines

We assessed the effect of D-Pinitol for its ability
to prevent DOX-induced genotoxicity. The values
were represented as the mean number of differ-
ent classes of comets that occurred in all groups
(Table 2 and Figure 1) and as the percentage of DNA
damage (Table 3 and Figure 2). Images of comets
that occurred in all groups were shown in Figure 3.
The obtained data elucidates that all three doses
of D-Pinitol did not express any signiϐicant differ-
ences in the percentage of DNA damage values in
D-Pinitol alone treated groups when compared to
the control group. While increased levels of DNA
damage was detected in cells treated only with DOX
(0.15µg/ml), a signiϐicant reduction in the levels of
DNA damage was seen in the Vero cell lines treated
simultaneouslywithDOX (0.15µg/ml) and threedif-

Figure 2: Histogram of genoprotective effect of
D-Pinitol on Doxorubicin-induced genotoxicity
by in vitro comet assay in Vero cell lines

ferent concentrations of D-Pinitol (0.05×103 mM,
0.125×103 mMand0.25×103 mM)when compared
with DOX alone treated group (Tables 2 and 3 & Fig-
ures 1 and 2). All three doses of D-Pinitol hope-
fully decreased the induction of DNA damage by
DOX. Concentration-response of D-Pinitol indicated
that protection against DOX-induced DNA damage
wasmore intense, with an increase in D-Pinitol con-
centration. The increased DNA damage reduction
was observed in the Vero cell lines pretreated with
0.25×103 mM concentration of D-Pinitol. Hence,
the higher concentration of D-Pinitol showed amore
signiϐicant protective effect.

The examination of dietary componentswith antiox-
idant and anti-inϐlammatory activities has gotten
much consideration because the essential factors
in the generation and progression of numerous
chronic diseases were oxidative stress and inϐlam-
mation (Arts and Hollman, 2005). D-Pinitol has
been shown its beneϐicial effects in several exper-
imental models of diseases emerging and worsen-
ing because of oxidative stress and inϐlammation.
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Table 2: Number of different classes of comet events occurred in Vero cell lines
Nature
of
Comet
events

Group
I(Vero
Cell
lines
and
culture
medium)

Group
II(DOX
0.15
µg/ml)

Group
III(D-P
0.05×
103 mM)

Group
IV(D-P
0.125×
103 mM)

Group
V(D-P
0.25×
103 mM)

Group
VI(DOX
0.15µg/ml
+D-P
0.05×
103mM)

Group
VII(DOX
0.15µg/ml
+D-P
0.125×
103mM)

Group
VIII(DOX
0.15µg/ml
+D-P
0.25×
103mM)

Class
1

94.33±
1.453

29.67
±
4.372

94.67±
0.882

94±
0.577

93.33±
0.667

41.33±
3.283

53.33±
3.528

81±
2.082

Class
2

5.667±
1.453

33±
0.577

5.333±
0.882

6±
0.577

6.667±
0.667

25.33±
1.764

21±
1.155

5±
0.577

Class
3

0 7.333
±
0.667

0 0 0 15±
1.528

13.33±
0.882

11.33±
0.882

Class
4

0 18.67
±
2.333

0 0 0 15.33±
0.882

10.33±
1.202

2±
0.577

Class
5

0 11.33
±
1.764

0 0 0 3±
0.577

2±
0.577

0.667±
0.333

DOX – Doxorubicin;D-P – D-Pinitol

Table 3: Effect of D-Pinitol on Doxorubicin-induced genotoxicity by in vitro comet assay in Vero
cell lines
Criterion Group

I(Vero
Cell
lines
and
culture
medium)

Group
II(DOX
0.15
µg/ml)

Group
III(D-P
0.05×
103 mM)

Group
IV(D-P
0.125×
103 mM)

Group
V(D-P
0.25×
103 mM)

Group
VI(DOX
0.15µg/ml
+ D-P
0.05×
103 mM)

Group
VII(DOX
0.15µg/ml
+ D-P
0.125×
103 mM)

Group
VIII(DOX
0.15µg/ml
+ D-P
0.25×
103 mM)

% DNA
Damage

5.667±
1.453

70.33±
4.372
a∗

5.333±
0.882
aNS

6±
0.577
aNS

6.667±
0.667
aNS

58.67±
3.283
a∗bNS

46.67±
3.528
a∗b#

19±
2.082
a@b∗

DOX – Doxorubicin;D-P – D-Pinitol. Mean± SEM, n=6, where, a- Group II, III, IV, V, VI, VII &VIII compared with Group I. b- Group VI,
VII & VIII compared with Group II.∗ P < 0.001, # P < 0.01 & @ P <0.05

It’s antioxidant (Rengarajan et al., 2014; Sivaku-
mar et al., 2010) and anti-inϐlammatory proper-
ties (Singh et al., 2001; Kim et al., 2005a) were well
reported.

DOX, an anthracycline anticancer agent, can induce
reactive oxygen species (ROS) generation with
severe inϐlammatory responses. DNA damage
caused by inϐlammatory Reactive Oxygen Species
can inevitably lead to disturbance of genetic stabil-
ity. Hence the production of free radicals and pro-
inϐlammatory mediators is the primary mechanism
responsible for DOX genetic toxicity and DNA dam-

age to normal cells (Quiles et al., 2002).

The genotoxic evaluation of D-Pinitol by in vitro
comet assay in Vero cell lines indicated that this
compounddidnot induce any genotoxic effects. This
investigation also showed the capacity of D-Pinitol
to protect oxidative DNA damage caused by DOX in
Vero cell lines. In our results, all concentrations ofD-
Pinitol showed a genoprotective effect against DOX-
induced genotoxicity. The protective effect of D-
Pinitol is possibly due to the result of the expression
of several molecular pathways such as ROS scaveng-
ing effect through its antioxidant capacity and atten-
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Figure 3: Images of Comets visualized by comet
assay in Vero cell lines

Figure 4: Images of Classes of Comet events

uation of pro-inϐlammatory mediators by its anti-
inϐlammatory property. Genoprotective effect of D-
Pinitol was more pronounced at the larger concen-
tration than smaller concentrations.

CONCLUSIONS

Our ϐindings showed that D-Pinitol was not geno-
toxic to Vero cell lines. Our investigation conϐirmed
the genoprotective effect of D-Pinitol against DOX-
induced genotoxicity by protecting normal cell lines
from DNA damage.
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