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Abstract

Aim : Toinvestigate the remedial potential of Rauwolfia serpentina root extract against genotoxic alterations
induced by exposure of carbofuran formulation in freshwater teleost, Channa punctatus.

Methodology : Ten days acclimatized fish were categorized in three groups, Group 1 (control), Group 2
(0.09 mg I" carbofuran formulation) and group 3 (0.09 mg I carbofuran formulation +10 ppm ethanolic

extract of Rauwolfia serpentina).
Genotoxic alterations were
recorded in terms of single cell gel
electrophoresis (SCGE) and
micronucleus (MN) assay in blood
cells. The variation in comet tail
length and micronuclei frequencies
were compared among Group 1, 2
and 3 after24,48,72and 96 hr.

Results : A significant (p<0.05)
increase was observed in comet tail
length and micronuclei induction in
carbofuran formulation exposed
group. The longest comet length
and peak of micronuclei
frequencies were observed after 96
hr of carbofuran formulation
exposure. However, an appreciable
and gradual decline in both
frequencies of micronuclei and
comet tail length were observed in
group 3 (combined Carbofuran

Carbofuran formulation in Rauwolfia serpentina, a
aquatic environment medicinal herb
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Geno-toxic manifestations Ethanolic root extract of
in fish Rauwolfia serpentina
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«

Simultaneous treatment of carbofuran
formulation and ethanolic extract

!

Remedial impact of ethanolic extract
against carbofuran toxicity in fish

!

Ethanolic extract of Rauwolfia serpentina has enough
potential to counter carbofuran induced genotoxicity

formulation and Rauwolfia serpentina root extract) in comparison to group 2 (Carbofuran formulation).

Interpretation : The study, thus, demonstrates ameliorative potential of Rauwolfia serpentina root extract
against carbofuran formulation induced genotoxicity in fish.
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Introduction

Water is an unequivocally essential and fundamental
constituent for life. It provides a life support system for aquatic
organisms, however, aquatic bodies are continuously getting
polluted by agrochemicals, used to increase the crop yield. A
major portion of agrochemicals comprise of chemical pesticides,
in which carbamates have strong impact. As these pesticides are
broad spectrum in nature and easily degraded due to their short
half-life, they are frequently used against insects and nematodes
(Rendon-Von Osten et al., 2005). Carbofuran, a carbamate
pesticide, is widely used in paddy fields (Ramesh et al., 2015) and
has been detected in ground, surface and rain waters (Pessoa et
al., 2011). After reaching the aquatic environment through run off
from agricultural fields, carbofuran contaminates water bodies
and adversely affects both flora and fauna (Saglio et al., 1996).
Similarly, when used in paddy cum fish culture, this pesticide
poses risk to the fish, generating various disorders and
restricting their growth and population, therefore making them
unfit for human consumption. Several studies have been
carried out to show its toxic effects on aquatic organisms by
evaluating the changes in the morphological, hematological
and biochemical parameters in various fish species (Ramesh
et al., 2015). Further more, carbofuran inhibits acetylcholine
esterase resulting in severe physiological disorders and
altering biochemistry in animals (Pessoa et al., 2011). Besides
genotoxicimpairment, induction of reactive oxygen species due
to carbofuran toxicity has also been reported (Hamed and
Osman, 2017; Soloneski et al., 2008).

Now a days, secondary plant metabolic compounds are
gaining importance for intensive research, as they reduce the
undesirable effect of xenobiotic compounds. Alcoholic extract of
various plants have been found to be effective and showed
amelioration against low dose radiation (Hasan et al., 2016).
Bioactive compounds of plants due to their antioxidant properties
can delay or inhibit oxidative damage of cell membrane as well as
cellular macromolecules by inhibiting the initiation or propagation
of oxidizing chain reactions (Velioglu et al, 1998). Several
phytochemicals viz., alkaloids, tannins, gums and flavonoids are
frequently used for therapeutic purposes. Rauwolfia serpentina
or “Sarpagandha” is one of the plants rich in bioactive compounds
like alkaloids, flavonoids, phenols, saponins and tannins (Kumari
etal., 2013; Bhardwaj and Yadav 2016). This has ample scope in
therapeutic purposes from ages. For centuries, it has also been
used as an antidote against snake venom (Parinitha et al., 2004;
Sankaranarayanan et al., 2010).

Further, Rauwolfia is rich in many flavonoids (Gupta et
al., 2015) which are potent water-soluble antioxidants known for
their free radical scavenging capabilities that prevent oxidative
cell damage and have also shown anticancer activities (Treml
and Smejkal, 2016). These compounds may be attributed to
impart ameliorative role in counteracting toxicity generated by
carbofuran in Channa punctatus. Due to the presence of
potential phytochemicals, Rauwolfia serpentina root extract

can be used against carbofuran formulation induced toxicity
and, therefore, in the present study an attempt was made to
explore mitigating potential of ethanolic extract of Rauwolfia
serpentina root powder against carbofuran formulation induced
toxicological alterations in freshwater teleost, Channa
punctatus in terms of two cytogenotoxic endpoints,
micronucleus assay for cytogenetic damage and single cell gel
electrophoresis comet assay for DNAdamage.

Materials and Methods

Test animal : Apparently, healthy and fresh water teleost,
Channa punctatus (14.8 £ 1.0 cm and 30 + 2.0 g) were obtained
from local lotic habitats of Lucknow. After prophylactic dip in
formalin (0.4%) for 15 min, they were treated with KMnO, (1 mg ")
for 1 hrto keep away dermal infections, if any. For acclimatization,
they were kept in large glass aquaria (100x40x40 cm®) containing 7
days-old tap water for 10 days and maintained in laboratory
conditions following standard procedure (APHAet al., 2012). During
acclimatization in the Environmental Toxicology and
Bioremediation Laboratory, Department of Zoology, University
of Lucknow, fishes were fed twice a day with fresh minced goat
liver and artificial fish food pellets.

Preparations of ethanolic root extract of medicinal plant
Rauwolfia serpentina : Dried whole plants of Rauwolfia
serpentina (Family Apocynaceae) were procured from local
market of Lucknow, India. The plant samples were sent for
taxonomic identification to the Department of Botany, University
of Lucknow. The roots were seprated from the plants and washed
thoroughly in tap water and shade dried for a minimum period of
10 days. Dried roots were cut into small pieces and then
powdered with the help of an electric grinder. For preparation of
ethanolic root extract of Rauwolfia serpentina, 40 g of powdered
root was taken in Soxhlet apparatus and extracted with ethanol
(95%) for about 12 hr at 25°C. The obtained filtrate was further
concentrated by rotary vacuum evaporator till a semi solid state
was achieved. The alcoholic root extract of Rauwolfia serpentina
was stored in a refrigerator at 4°C for further use.

Experimental design : Atotal number of 36 fishes, after 10 days
of laboratory acclimatization, were randomly divided into three
groups, each containing 12 specimens. Group 1 served as
untreated control. Group 2 was exposed to a sub-lethal
concentration of 0.09 mg I" (1/10 of 96 hr-LC,, of carbofuran
formulation (Furadan 3 G) alone while in group 3, fish were
treated with 0.09 mg I" of carbofuran formulation along with 10
ppm of Rauwolfia serpentinaroot extract.

The concentration of technical grade carbofuran with
product name Furadan 3G manufactured by FMC India Private
Ltd. was taken in terms of fraction of LC,,, which was already
reported by Tiwari et al., (2016). The test media of all the groups
were replenished without disturbing the test animals on alternate
day to maintain desired concentration of carbofuran formulation
and Rauwolfia serpentina root extract.
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At the end of itemized period (24, 48, 72 and 96 hr) of
exposure, 3 fish were taken from each group and immersed in a
solution of tricaine methanesulphonate (MS 222; 0.1 g 1" of water)
for anesthetization, blood samples were taken by puncturing
caudal vessel by using disposable syringes. The blood was kept
in vials without using any anticoagulant and samples were
immediately used for assessment of micronuclei induction (MN)
and single cell gel electrophoresis (SCGE). Experiments were
runin triplicate to verify reproducibility of results.

Micronuclei assay : Freshly collected peripheral blood samples
were smeared on dried, cleaned microscopic slides and fixed in
methanol for 10 min. Slides were left overnight for air drying at
room temperature. After fixation, slides were stained with May-
Grunwald's solution 1 for 3 min, followed by solution 2 for 5 min.
Finally, slides were stained with second stain, i.e., 5% Giemsa in
0.04 M phosphate buffer (pH 6.8) for 30 min. After dehydration
through graded alcohol series and clearing in xylene, slides were
finally mounted in DPX and observed under oil immersion
microscope (Nikon Corporation K 12432) using 40/100 X
objective lenses. To calculate the frequency of micronuclei
induction, a minimum of 1000 erythrocytes were examined for
each specimen. Micronuclei were scored following the method of
Fenech etal. (2003).

Cometassay/ Single cell gel electrophoresis (SCGE) : Comet
assay/ SCGE was performed by the method of Singh et al. (1988)
with slight modifications. Before SCGE assay, cell viability of
erythrocytes was evaluated by trypan blue exclusion test method
(Strober, 2015) and samples showing more than 84% cell viability
were used. One side frosted slides were coated with 1% molten
NMA followed by cell suspension in 0.75% LMA. They were kept
at 37°C till solidification. The slides were immersed in lysis
solution (2.5M NaCl, 100mM EDTA, 10mM Tris-HCI, pH 10 and
1% Triton X-100 and 10% DMSO, added fresh) and kept in dark at
4°C for 24 hr. After cell-lysis, slides were placed in alkaline
electrophoresis buffer (300 mM NaOH, 1mM Na,-EDTA and 0.2%
DMSO, pH>13) for 20 min to allow DNA unwinding. DNA
electrophoresis was done (24V, 300mA in the same buffer with pH>
13) for 20 min and placed in neutralizing solution (0.4MTris-HCI
buffer with pH 7.5) followed by staining with ethidium bromide (20
ug m1"). Analyses of comet images were done using a fluorescent
microscope (Nikon Corporation K 12432) under 40 X objective. A
total number of 25 cells per slide were scored for each group and
DNA damage was determined by software, Komet-5.5 Kinetic
Imaging, Merseyside, UK.

Statistical analyses : All data are presented as mean £S.E.
Values were analyzed by one-way ANOVAwith Tukey’s post hock
analysis and the significance for all experimental groups
measured atp <0.05 using SPSS (version 20.0).

Results and Discussion

During experimentation, significant physio-chemical
parameters of test medium viz., alkalinity, hardness, chemical

oxygen demand (COD), dissolved oxygen (DO), pH and
temperature were recorded up to 96 hr, at an interval of 24hr, for
both control and treated groups. These parameters were found
wellwith in the prescribed reference limits (APHA et al., 2012).

In the present study, the frequency of micronuclei and
mean comet tail length were recorded every 24 hr up to 96 hr of
exposure period. The evaluation of comet was done with intense
head and sharp tail only (Fig. 2). Less instance comets were over
looked. Micronuclei having staining similar to main nucleus and
not connected with it were scored (Fig. 1). After different exposure
periods, frequency of micronuclei induction and mean comet tail
length were recorded for all three groups. A statistically significant
(p<0.05) increase in micronuclei induction and average comet
length were recorded in fishes of group 2 incomparison to group
1. However, in Group 3, micronuclei frequencies decreased as
compared to Group 2 at each subsequent exposure period.
Similarly, the average comet tail length in Group 3 also decreased
as compared to Group 2 for speculated period. So, the obtained
results clearly reflect the cytotoxic as well as genotoxic nature of
carbofuran formulation at exposed concentration, and the
simultaneous mitigating impact of Rauwolfia serpentina root
extractin terms of micronuclei and comet assay.

Fishes, placed at higher tropic level in the aquatic
ecosystem, are highly sensitive to xenobiotics as they cannot
escape the stressed environment they inhabit. Thus, they are
excellent models for monitoring toxicants in aquatic ecosystem
(Bhatnagar et al., 2016; Luzhna et al., 2013). Ample studies have
documented noxious nature of common pesticide contaminants
in fishes (Giri et al., 2000; Rai and Sharma, 2007;Ibrahim and
Harabawy, 2014; Pandey et. al., 2014, 2018). Among these most
of the toxicants, including pesticides and their residues induce
genotoxicity by generating oxidative stress (Ratn et al., 2017).
Disruptive changes in DNA by over production of ROS as well as
electrophilic free radical metabolites have also been documented
by Farah et al. (2006). Being lipophilic, carbofuran easily
accumulate in tissues and hinders biotransformation reactions
(phase | and phase Il) which generate 3-hydroxycarbofuran and 3-
ketocarbofuran resulting in biochemical and enzymological
alterations (Ramesh et al, 2015). Moreover, its accumulation
accelerate oxidative stress and perturbs cellular biochemistry and
genomic stability (Ibrahim and Harabawy, 2014).

Micronuclei and comet assay are commonly employed
tools for assessment of genotoxicity in fishes (Yadav and Trivedi
2009; Pandey et al., 2011). Formation of micronuclei results due
to improper segregation of chromosomes during meiosis or
fragmentation of DNA (Fenech et al, 2011) and other
abnormalities induced by spindle failure (Luzhna ef al., 2013).
Micronuclei may also be induced due to improper functioning of
Topoisomerase |l enzyme, responsible for double strand breaks
(DSBs) (Xu et al., 2011). Further, induction of micronuclei may
also be due to deficiencies in chromosome segregation during
anaphase, usually caused by defects in the cell cycle control
system, mitotic spindle failure, centromeric DNA hypomethylation
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Fig.1 : Graphical representation of alterations in micronuclei frequencies in erythrocytes of Channa punctatus in different experimental groups after 24,
48, 72 and 96 hrs of exposure. Group 1 (control), Group 2 (0.09 mg I carbofuran formulation) and Group 3 (0.09 mg I carbofuran formulation +10 ppm

ethanolic extract of Rauwolfia serpentina).
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Fig. 2 : Graphical representation of alterations in comet tail length in erythrocytes of Channa punctatus in different experimental groups after 24, 48, 72
and 96 hrs of exposure. Group 1 (control), Group 2 (0.09 mg I carbofuran formulation) and Group 3 (0.09 mg I carbofuran formulation +10 ppm ethanolic

extract of Rauwolfia serpentina).

and kinetochore damage (Mateuca et al., 2006). The present
results are in agreement with the findings of Chauhan et al. (2000)
and Zeliezic et al. (2006) who reported that carbofuran
formulation causes induction of micronuclei in mouse and rats,
respectively. Moreover, in vitro studies on carbofuran formulation
toxicity showed that it induces micronuclei formation in Chinese
hamster ovary cells (Soloneski et al, 2008) and human
lymphocytes (Akyil et al., 2015). Oxidative stress induced DNA
damage is easily detectable by comet assay (Sharma et al., 2012)
and can be appreciably applied in toxicogenomics, ecotoxicology

and DNA repair research (Pandey et al., 2011). The findings of
present study exhibit significant (p < 0.05) increment in comet tail
length establishing DNA damage in fish of Group 2. However,
Group 3 illustrated appreciable reduction in comet tail length
recorded in fish co-exposed to both carbofuran formulation and
root extract of Rauwolfia serpentina. Several phytochemicals
have already been proved for their protective role against several
genotoxicants. Prasad and Trivedi (2018) reported chromosomal
repairing potential of curcumin in Channa punctatus against sub
lethal exposure of chromium trioxide.
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Amelioration against genotoxicity induced by methyl
methane sulfonate in mice by aqueous and hydro-methanol
extracts of Spondias mombin, Nymphaea lofus and Luffa
cylindrical (Oyeyemi et al., 2015) and Melissa officinale against
arsenite (As®*) induced oxidative stress and cytogenotoxicity
(Dwivedi et al., 2017) has already been established. Similarly,
efficacy of Lawsonia inermis leaf extract was observed against
copper induced toxicity in fish (Kumar and Trivedi, 2015).
Flavonoids present in Rauwolfia serpentina have high
scavenging activities against free radicals (Keshavkant ef al.,
2008), and thus they exhibit antigenotoxic capabilities (Tiwari et
al., 2016). The findings of the present study recorded a decline in
both the frequencies of micronuclei induction and mean comet tail
length in fish of Group 3 as compared to Group 2.

This suggests the ameliorative potential of Rauwolfia
serpentina root extract against sub-lethal exposure of carbofuran
formulation in fish. This happens due to antioxidant properties of
root extract of Rauwolfia serpentina which helps in mitigation of
cellular and nuclear damages. Flavonoid rich methanolic extract
of Alchemilla mollis was also estimated for its antioxidant potential
against DPPH radicals (Trendafilova et al, 2011). In fish,
mitigating properties of Mellisa officinalis and Acacia catechu
have been reported by Tiwari et al., (2017) and Dwivedi et al.
(2015). Prasad and Trivedi, (2018) also reported the protective
role of curcumin against chromium induced chromosomal
aberrations in, Channa punctatus. Rauwolfia serpentina root
extract has enough potential to mitigate Carbofuran formulation
induced genotoxicity as evident by appreciable reduction in
micronuclei frequencies and comet tail length in fish specimens
simultaneously treated with Rauwolfia serpentina root extractand
sub-lethal concentration of carbofuran formulation. Therefore,
after proper standardization, Rauwolfia serpentina root extract
can be used effectively as a safety measure for fish against
carbofuran toxicity. The present study clearly demonstrates that
carbofuran can impart significant genobiotic impact on Channa
punctatus, while Rauwolfia serpentina root extract has an
ameliorative effect and can improve the ability of C. punctatus to
with stand the severity of exposure. In future, more elaborate
analysis with varying levels of root extract in commercially
important fishes and also using different toxicants will help to
devise a new cultural strategy to counter the negative impact of
pesticide toxicity in fishes.
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