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ABSTRACT

Objective: The study was aimed to evaluate the DNA protective effects of ethanolic extracts of Tinospora cordifolia stem on Swiss albino mice
lymphocytes against the sodium arsenite-induced genotoxicity.

Methods: In this experiment, 25 animals of nearly the same age were equally divided. Group 1 (control) fed on tap water while rest four (2, 3, 4,
and 5) groups were treated with 4 mg/kg body weight, per orally sodium arsenite for 12 weeks. Sodium arsenite pretreated groups (4 and 5) were
followed by administration of 80 mg/kg body weight, per orally T. cordifolia extracts for the next 12 weeks. Animals were sacrificed at the 8" week
and 12" week, respectively, for the assessment of sodium arsenite-induced genotoxicity and comparative genoprotective effects of experimental plant
extracts. The extent of DNA migration is directly proportional to the magnitude of DNA damage. Percentage tail DNA content and olive tail moment
parameters were used in the comet to relate DNA damage.

Results: The findings suggested that the ethanolic stem extracts of T cordifolia significantly inhibited the sodium arsenite-induced oxidative
genotoxicity. The phytoconstituents of T. cordifolia shown to retard genetic damage associated with arsenic exposure.

Conclusion: T. cordifolia may be used as a preventive herbal preparation against chemical or arsenical toxicity.
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INTRODUCTION

Comet technique unlocks the mechanism of DNA damage including
its repair while it is widely useful in biomonitoring and genotoxicity
assessment [1]. Exogenous or endogenous mutagens cause oxidative
damage to DNA molecule [2]. Genotoxins interact with DNA molecule
which results in an alteration in number or structure of genes [3].
Comet assay involves insertion of cells in agarose and cells lysis by
high salt concentration, followed by electrophoresis, which resulting
comet tail from the deproteinized nuclei [4]. In genotoxicity study,
comet assay is a standard method in vivo or in vitro system [5] because
it is highly sensitive, simple, cheap, less time consuming and requires a
little number of cells [6]. The comet image shows a distinct head (intact
DNA) and a tail, which depicts the damaged or fragmented DNA [7].

Arsenic contaminated groundwater is probably the prime route of its
exposure [8]. The trivalent form of arsenical enters the living beings
mainly through diffusion while a little amount of pentavalent state
passes the cell through active process [9,10]. Genotoxicity of arsenic
is due to its ability to an alteration in methylation pattern of DNA,
cell death induction or proliferation, inhibition of DNA repair enzyme
cascades, and an induction of genomic damages [11,12]. Inorganic
arsenic and its compounds may have the clastogenic effects [13]
and it is a notorious Class I carcinogen for human beings [14].
Inorganic arsenic suppresses the expression of telomere length
and may promote the necrotic activities as well as reactive oxygen
species (ROS) production [15]. Hydroxyl radical is comparatively
more dangerous species because it directly or indirectly attacks DNA
molecule during the base excision repair mechanism and accelerates
the single- or double-strand breakdown [16,17]. Arsenic hampers
the DNA repair by the inhibition of ligation reaction or alteration in
gene expression of DNA polymerase [18]. Suppression of the DNA
repair system, an altered methylation pattern as well as glutathione

level through ROS production, is a major cause of genotoxicity due to
arsenical [19].

Tinospora cordifolia belongs to the family Menispermaceae and a
precious plant in the Ayurveda or the traditional medicine system; it
is large, glabrous, and deciduous climbing shrub [20]. Different class
of phytochemicals such as alkaloids, diterpenoid lactones, glycosides,
steroids, sesquiterpenoid, phenolic, aliphatic compounds, and
polysaccharides has been isolated from T. cordifolia [21] while the stem
is a rich source of steroids and contains (- or §-sitosterol including
hydroxyecdysone [22]. It exhibits various pharmacological activities
such as anti-inflammatory, immunosuppressive, diuretic, antidiabetic,
hepatoprotective, anticancer, and cholesterol lowering because it
contains powerful antioxidant phytochemicals [23,24].

In the present study, we examined the antigenotoxicity effects of
ethanolic stem extracts of T. cordifolia on albino mice circulating blood
lymphocytes using the comet assay against sodium arsenite-induced
DNA damage.

METHODS

Experimental animal

Adult Swiss albino mice (28-32 g; 4 months age) were reared in the animal
house of Mahavir Cancer Research Institute, Patna, India, for the present
study. The experimental protocol was approved by the Institutional Animal
Ethics Committee (2017/1B-10/08/17) of Mahavir Cancer Research
Institute, Patna, India. The experiments were conducted under the most
human effort to minimize threat or shock to the experimental animal. The
animals were kept in polypropylene cages with a metal lid placed on top of
the cage. To absorb waste and provide insulation, the cage was equipped
with a layer of porous bedding composed of sawdust. They were allowed
to acclimatize for 2 weeks under controlled conditions of alternate 12 h
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light/dark cycle and temperature 22-24°C. The animals were maintained
in the hygienic condition, and they had free access to food and water any
time. They were allowed to feed on a healthy and nutritious diet.

Chemicals

Sodium arsenite (Sigma, chemical abstracts service [CAS]: 7784-46-5),
ethidium bromide (Sigma, CAS: 1239-45-8), normal melting agarose
(Biochem Life Sciences, CAS: 9012-36-5), low melting point agarose (Sigma,
CAS: 9012-36-6), and Triton X-100 (HiMedia, CAS: 9002-93-1) were used.
All chemicals used in this experiment of molecular grade were locally
purchased from Bihar Scientific Chemicals, Ashok Raj Path, Patna, India.

Extracts preparation of test plant material

T. cordifolia plant was collected from the departmental glass house of
botany and plant was identified and authenticated; a voucher specimen
(TNB/60/2014) has been deposited in the Post Graduate Department of
Botany, Patna University, Patna, Bihar, India, for future references. The
departmental glass house is geographically located at the longitude of
85° 10°E and latitude 25° 36'N. The stem (100 g) of healthy T. cordifolia
was first passed through the running tap water to remove grime and
surface contaminates then allowed to dry for 15 days in hot air woven at
40°C. The fine powder milled dried plant material was dissolved in 90%
ethanol and for their complete dissolution; the resulting suspension was
moved to the horizontal shaker for 24 h. The separation of the extract
was facilitated by vacuum rotavator (Buchi, R-3) at bath temperature
55°C, rotation 6 rpm and the pressure was maintained at 310 millibars.
The extract was dried at room temperature by evaporation process and
stored in the refrigerator at 4°C for the subsequent use.

Herbal dose preparation of T. cordifolia (stem) extracts

The herbal dose was prepared by dilution of crude ethanolic stem
extracts of T. cordifolia in 5% ethanol, which was vigorously shaked for
2-3 min to their complete blending. To eliminate larger or coagulated
particles of extracts, the suspension was filtered by 110 nm pore size
Whatman filter paper 01 (Cat No: 1001110).

Experimental design and animal grouping

The 25 mice were divided equally into five groups. Animals were housed
in a numerically marked cage. Animals of Group 1 (control) were
received tap water supply of Patna city, India, while animals of Groups
2, 3, 4, and 5 received sodium arsenite at the rate of 4 mg/kg body
weight, per orally for 12 weeks. After completion of 12 weeks, Groups 4
and 5 (sodium arsenite pretreated group) were received 80 mg/kg
body weight, per orally T. cordifolia stem ethanolic extract for the next
12 weeks. Animals were sacrificed at the 8" week and 12* week for
evaluation of oxidative threat of DNA due to arsenite exposure as well
as genoprotective effects of T. cordifolia stem extract in day’s dependent
manner. The doses were administered to the mice through the gavage
method strictly with accordance of their body weight, daily once.

Cell viability test

Blood samples were obtained by puncture of the ocular artery of
anesthetized mice, on the same day of the comet test. The blood was
collected in vacutainer (BD, USA), internally coated with anticoagulant
ethylenediaminetetraacetic acid (EDTA). To check photo-oxidation of
genomic DNA, blood was protected from exposure of direct sunlight. Cell
viability was evaluated by the trypan blue dye exclusion principle [25].
0.4% trypan blue (5 pl) was mixed with 10 pl blood; resulting
suspension was smeared on a glass slide and covered with a coverslip
quickly. Approximately, a hundred cells of slides were focussed by a
light microscope (Olympus, UK) at magnification (400X) for physical
visualization of the number of stained or non-stained cells. The % of
viable cells was counted in haemocytometer by dividing the number of
viable cells with the total number of cells and multiplied by 100.

Alkaline single-cell gel electrophoresis

Comet assay was conducted as a three-layer procedure with slight
modifications [7]. Among several versions of the comet assay, alkaline
comet assay (pH > 13) is superior for evaluating a broad spectrum of
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DNA lesions or breaks because it enhances the sensitivity for detection
of low levels of damage. Methanol surface sterilized glass slides (Blue
star) of dimensions 75 mmx25 mmx1.35 mm with variation in thickness
+ 0.1 mm were dipped (1/3 frosted area) into 1% molten normal
agarose. The slides were gently removed from agarose; undersides were
wiped out and air dried up to the agarose solidification. 75 ul (0.5%)
low melting agarose dissolved in phosphate buffer solution was mixed
with the 8 pl blood sample to form cell suspension for each slide. The
cell suspension was a pipette onto agarose layer, spread by pressing the
coverslip, kept on ice cooling packs for 10 min for their solidification.
Coverslip was gently removed and 80 pl of the third layer of low melting
agarose was added with the pipette, immediately coverslip is placed,
pressed with thumb, and allowed to solidify for 10 min on an ice pack.
After removal of the coverslip, the slides were immersed in the freshly
prepared cold lysing solution (2.5 M NaCl, 100 mM EDTA, 10 mM
Trizma, and pH 10.0) with 1% Triton X-100 for 120 min at 4°C. Slides
were washed 3-4 times with chilled distilled water to remove salt of
the lysing solution. After lysis, slides were placed in horizontal gel
electrophoresis tank (Fisher Biotech, FB-SB-1316) as close as possible
and filled with cold freshly prepared electrophoresis solution (1 mM
EDTA, 300 mM NaOH, and pH 13.0) for 20 min incubation for expression
of alkali-labile DNA damage sites. After incubation, the power supply of
the electrophoresis chamber was turned on for 30 min with a setup of
300 milliamperes and 22 volt. After electrophoresis, slides were gently
washed 3 times with a neutralization solution (0.4 M Trizma, pH 7.5)
for 5 min for nullification of excess alkali. All procedural steps were
performed under dim light conditions to minimize additional damage
of DNA.

Staining and examination of slides

About 20 ul of 20 pg/ml ethidium bromide was added directly onto each
slide in dropwise and allowed to left for 5 min, which was followed by
washing with cold water to remove excess of stain. Slides were wiped
out underside and covered with a clean coverslip. Slides were studied
using a fluorescent microscope (Nikon Ti-U inverted, Tokyo, Japan),
attached with a charge-coupled device camera (DS-Qi2) having a NIS
element software. The microscope was equipped with an excitation
filter of 560 nm and a barrier filter of 590 nm. Randomly approx. 40-50
lymphocytes were analyzed per slide at magnification x200 and the
extent of DNA migration among the cells was compared among the
different sample. Comet image was analyzed using Komet 5 software
developed by Kinetic Imaging, Ltd. (Liverpool, UK). DNA damage was
expressed as percentage tail DNA and olive tail moment (OTM), where
percentage tail DNA = (Tail DNA/[Tail DNA+Head DNA])x100 and
OTM = (Tail mean-Head mean)xTail % DNA/100. The comparatively
higher value of percentage tail DNA and OTM indicates higher DNA
damage [26].

Statistical analysis

Statistical analyses were carried out using GraphPad Prism for Window
software, version 5.0. Differences between the groups were evaluated
by one-way analysis of variance followed by paired t-test. Values were
expressed as mean * standard deviation. Statistical significance was
accepted at p<0.05 level [27,28].

RESULTS

The viability of lymphocytes was measured by means of trypan blue
assay before conduction of comet assay and the percentage of viable
cells was found 280 (Fig. 1).

DISCUSSION

The results showed that sodium arsenite is genotoxic to rodents or
mammalian cells and induces the DNA damage on its exposure. Sodium
arsenite-treated animal was sacrificed at the 8™ week and 12™ week,
depicted enhanced percentage tail DNA content and OTM values when
the data were compared with control for their corresponding values,
but such values fall down sharply after administration of test plant
extracts in day’s dependent fashion (Table 1). A graphical presentation

209



Ambasta et al.

Asian ] Pharm Clin Res, Vol 12, Issue 5, 2019, 208-212

Table 1: Mean values of a percentage tail DNA content and an olive tail moment of treated mice lymphocytes in comet analysis

Parameters of DNA damage Treatment 8" week (mean+SD) 12" week (mean+SD)
% Tail DNA content Tap water 0.1417+0.1041 0.1413+0.1039
Sodium arsenite 7.440+0.1217? 10.21+0.500°¢
T cordifolia 2.540+0.2000° 0.040+0.0100¢
Olive tail moment Tap water 0.070£0.0529 0.073+0.053
Sodium arsenite 5.610+0.2000" 22.77%1.120¥
T. cordifolia 2.730£0.2000* 0.013+0.0546"

SD: Standard deviation. T. cordifolia: Tinospora cordifolia. Results are mean of triplicate determinations. “p<0.0001 and ‘p<0.0001 compared to the corresponding values
for control animal (Group 1).*p<0.0001 and “p<0.0001 compared to the corresponding values for the sodium arsenite-treated group animals. *p<0.0001 and Yp<0.0001
compared to the corresponding values for control animal (Group 1). *p<0.0001 and “p<0.0001 compared to the corresponding values for the sodium arsenite-treated

group animals

Fig. 1: Viable and dead lymphocyte stained with trypan blue
dye (400 x). Cells were counted using hemocytometer. The
experiment was run in triplicate
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Fig. 2: Antigenotoxic effects of Tinospora cordifolia extract on
sodium arsenite-induced DNA damage in lymphocytes, expressed
as a percentage of DNA in the tail. Each bar represents the results

in terms of meanzstandard deviation. Analysis of variance,
p<0.05

has shown the reduction in percentage tail DNA after administration
of T cordifolia extract (Fig. 2). Similarly, arsenite exposed animal
groups sacrificed at the 8" week and 12™ week, showed an increase in
OTM values, but a sharp decrease in OTM values was observed after
T cordifolia administration (Fig. 3). The random microphotographs
captured during the study showed that DNA migration increased in
sodium arsenite exposed group, but after administration of the test
plant ethanolic extract, DNA migration decreased surprisingly (Fig. 4).
Arsenic and its compounds introduce oxidative damage or stress which
may cause an alteration in the antioxidant defense system [29,30]. Many
ailments including DNA damage, cancer development, and degeneration
of cellular envelop may be caused due to oxidative stress [31]. Arsenicals
probably replace phosphorous group from the backbone of DNA moiety
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Fig. 3: Protective effects of Tinospora cordifolia ethanolic
extract on sodium arsenite-induced oxidative DNA damage
in lymphocytes, expressed as an olive tail moment. Each bar
represents the results in terms of meantstandard deviation.
Analysis of variance, p<0.05

and form the arsenodiester bond which may be the major cause of
clastogenicity or chromosomal fragmentation [32]. NaAsO, may cause
mutagenicity and carcinogenicity and dose-dependent enhancement
of ROS which leads to DNA damage, chromosomal breakages, and cell
transformation [33].

It was reported that alkaloids of T. cordifolia augmented the antioxidant
molecules synthesis on exposure of xenobiotic compounds [34].
Secondary derivatives or metabolites of medicinal plants such as
terpenoids, alkaloids, and flavonoids actively participate in the remedies
of the several diseases [35]. Flavonoids can modulate the antioxidant
enzymes activity as well as inhibit the cell proliferation because it
scavenges the free radicals [36]. T. cordifolia ethanolic extract possesses
the metal chelating property so it has reducing power against the free
radicals [37]. Medicinal plants may attribute lots of pharmacological
activities such as antiviral, anticancer, antifungal, antioxidant, and
antiparasitic [38,39], and rarely, it possesses toxic alkaloids, phorbol
ester, or other toxic metabolites [40]. T. cordifolia extract may facilitate
significant protection against the oxidative damage of biomolecules
such as proteins, DNA, and lipids [41]. Alcoholic extract of this plant
showed the antineoplastic and antioxidant properties [42]. It is evident
that ethanolic extracts of medicinal plants may be useful in preventing
the deleterious effects of oxidative stress caused by arsenicals [43].
T. cordifolia has the capability of curing a lot of diseases in the modern
system of medicine [44] and such plant showed the antioxidative and
amelioration effect on cyclophosphamide-induced toxicity [45]. Such
shrubs probably protect the DNA damage against radiations through
several mechanisms including free radicals scavenging, inhibition of
free radicals chain reaction, and repair of DNA and cell membrane [46].
Several studies have been conducted on T cordifolia efficacy on
antioxidant and anticancer activities [47] and in monomethyl sulfonate
treated mice; it repairs the DNA damage and reduces the micronucleus
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Fig. 4: Images of single cell electrophoresis of lymphocytes showing arsenite-induced DNA damage and its reduction by Tinospora
cordifolia (a) control; (b-d) treated with sodium arsenite; (e) treated with T. cordifolia

counts probably due to its antigenotoxic potenza [48]. The probable
mode of action may be due to binding of bioactive molecules of
T cordifolia to the nucleophilic sites of DNA; hence, mutagen is unable to
attack or bind to the theses site [49]. The protective efficacy of natural
antioxidants is higher than the laboratory synthesized antioxidants due
to relatively more bioavailability of antioxidants from the natural plant
sources [50]. It was reported that secondary metabolites obtained from
T. cordifolia work against the four different cancer cell lines [51]; in
addition to these, it may be antimutagenic and effective against various
virus-related diseases including HIV [52].

CONCLUSION

The ethanolic stem extracts of T cordifolia possess the antioxidant
activity against the sodium arsenite-induced genotoxicity. Such plant
may protect the DNA through free radical scavenging, termination of
free radical chain reactions mechanisms and promote the DNA repairs
through activation of DNA repair enzyme cascades.
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