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ABSTRACT

Objective: The main objective of the present study is to assess the antioxidative and attenuating potential of aqueous extract of leaves of Thuja
orientalis (AET) against the genotoxicity induced by chlorpyrifos (CPF) (0,0-diethyl O-(3,5,6-trichloro-2-pyridyl) phosphorothioate).

Methods: Phytochemical analysis of the extract was performed to reveal the presence of various bioactive compounds. Free radical scavenging activity
was assessed using 2, 2-diphenyl-1-picrylhydrazyl (DPPH) assay and further genoprotective activity of AET was evaluated by in vivo studies using rat
as model. For this purpose, male healthy rats, 8-10 weeks old, weighing 120+10 g, were selected and divided into three groups, namely Group 1 fed
with corn oil, taken as control, Group 2 fed with CPF, and Group 3 treated with AET 1 week before CPF exposure. % of LD_, i.e., 38 mg/kg CPF was used
for experiment and was orally administered to rats.
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Results: The presence of bioactive compounds such as saponins, alkaloids, flavonoids, and terpenes was confirmed by phytochemical analysis. DPPH
assay revealed the IC, value which was deduced to be 205.04 pl/ml. In vivo study including exposure to pesticide alone for 24 h, 48 h, and 72 h showed
significant increase in DNA damage (p<0.01) in liver, kidney, and blood as compared to control. However, a dose of AET 400 mg/kg p.o. given 1 week
before each duration of CPF exhibited significant protection from CPF-induced genotoxicity.

Conclusion: Thus, the study suggests the positive effect of aqueous leaf extract of T. orientalis in ameliorating the damage induced by pesticide

exposure.
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INTRODUCTION

The excessive exposure to free radicals and other reactive oxygen
species (ROS) has made our body highly susceptible to ROS-mediated
tissue and genetic damage. Generation of these free radicals causes
lipid peroxidation, DNA damage, and may lead to carcinogenesis [1].
Therefore, to counteract the effect, antioxidants generated inside the
body quench the free radicals and prevent the oxidation of substrates,
thus preventing oxidative stress and DNA damage. Exposure to various
environmental and food contaminants resulted in shifting of the balance
toward the accumulation of free radicals, necessitating the need of
dietary supplements rich in antioxidants. Plants being highly rich in
metabolites that are involved in resisting the generation of free radicals
are considered to be best source of antioxidant dietary supplements.
Several plants and their isolates have been reported to possess various
antioxidants [2,3] and thus prevent the loss of DNA integrity induced by
genotoxicants [4].

Thuja orientalis currently known as Platycladus orientalis (L.) is one of
the herbs belonging to family Cupressaceae is native to China, Korea,
and Russian Far East and is widely cultivated as ornamental plant. Due
to the presence of various medicinal uses, the plant is also denoted as
tree of life. As the foliage is rich in Vitamin C, Thuja is identified as cure
against scurvy during the 16™ century [5]. It has been used to cure
uterine carcinomas, amenorrhea, and rheumatism [6]. It is reported
to contain many bioactive compounds including 1.4-4% essential
oils, flavonols, coumarins, and tannic acid [7,8]. Studies confirmed
the presence of monoterpenes and diterpenes in cell culture of Thuja
showing thujone-rich fraction possessing anticancer activity against
A375 cells [9]. It is also found to possess the hepatoprotective [10],
antibacterial [11], and antifungal activities [12]. Thuja has also been

reported to possess potential to inhibit the activity of HIV-1 virus
and common cold virus [6] and its protective effect against toxicity
induced by radiation is also reported [13]. Despite being considered as
moderately hazardous to humans by the World Health Organization,
chlorpyrifos (CPF) is one of the most commonly used organophosphate
pesticides used in industrial and domestic applications, particularly
in countries such as India, Pakistan, and China. It is the fourth
highest consumed insecticide after monocrotophos, acephate, and
endosulfan in India [14]. The adverse effects of CPF are assigned to
the irreversible inhibition of enzyme acetylcholinesterase (AchE)
which leads to the accumulation of acetylcholine, thus inhibiting the
smooth transmission of nerve impulses [15]. Along with inhibition of
AchE, it also induces oxidative stress, leading to the generation of free
radicals which leads to lipid peroxidation, protein oxidation [16], and
DNA damage [17]. Exposure beyond the recommended levels has been
reported to induce the neurological effects and autoimmune disorders
[18]. Thus, CPF is one of the highly concerned pesticide.

Although the number of activities has been found to be possessed
by T orientalis, yet the genoprotective activity is scarcely explored.
Therefore, the present study aimed to evaluate the antioxidant and
ameliorative potential of T orientalis against CPF-induced genotoxicity
in different organs of rat.

METHODS

Chemicals

CPF (99%) was purchased from Sigma-Aldrich, St Louis, US, while all
other chemicals were of analytical grade purchased from Hi-Media
Research Laboratory, Mumbai, India.
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Animals and care

Sexually mature male rats weighing 110+20 g were kept in cages at
room temperature (25+2°C) with relative humidity of 50-60% on a
12 hlight-dark cycle and were fed with commercial pellet diet and water
ad libitum. The experiments were conducted as per the guidelines of
Committee for the purpose of Control and Supervision of Experiments
on Animals number 226/CPCSEA2013/20. Animals were acclimated
15 days before the experiment.

Procurement of plant material

The leaves of T. orientalis collected from trees growing in GNDU campus,
Amritsar, and were identified by Herbarium of Department of Botanical
and Environmental Sciences, G.N.D.U.,, Amritsar. The specimen was
submitted to herbarium with reference no. 820, dated: 5/6/2018.

Preparation of plant extract

The leaves of T. orientalis were thoroughly washed in water by adding
0.2% of sodium hypochlorite. The preparation of extract was done
by shade drying and grinding process to obtain homogenate sample.
The prepared powder was soaked in distilled water (plant material
to solvent ratio was 1:10, w/v) and extracted for 3 hours in orbit
shaker at 30°C at 230 rpm. The supernatant collected was filtered
using Whatman No.1, pooled, and concentrated at room temperature.
The concentrated extract was further lyophilized and kept at 4°C for
further use.

Preliminary phytochemical analysis
Plant extract was evaluated for the presence of flavonoids, alkaloids,
saponins, and terpenes [19] using the following protocols

Saponins
1 ml of the stock solution of extract in a test tube was shaken vigorously
for 2 min. Frothing observed indicates the presence of saponins.

Alkaloids

2 drops of Wagner’s reagent was added to 1 ml of stock solution of
extract. A reddish-brown precipitate observed indicates the presence
of alkaloids in extract.

Flavonoids

1 ml of 10% NaOH was added to 3 ml of stock solution of extract.
A yellow coloration showed the presence of flavonoids.

Terpenes

1 ml of acetic anhydride was added to 1 ml of plant extract followed by
the addition of 1 ml of concentrated sulfuric acid down the wall of the
test tube to form a layer underneath. The test tube was observed for red
coloration showing the presence of terpenes.

Determination of antioxidant potential by 2, 2-diphenyl-1-
picrylhydrazyl (DPPH) assay

The antioxidant activities of plant extracts were assessed by method
described by Brand-Williams et al. [20]. In this assay, 4 mg DPPH in
100 ml methanol solution was prepared. Different concentrations
of sample were prepared in which 1 ml of above solution was added
and was left for incubation for 30 min in dark at room temperature.
When DPPH reacts with an antioxidant compound, which can donate
hydrogen, ititself gets reduced. The changes in color (from deep violet to
light yellow) were read using a spectrophotometer. The optical density
was recorded at 517 nm and percentage inhibition was calculated using
the formula given below:

Absorbance control

-absorbance sample

Percent inhibition of DPPH activity = x100

Absorbance
control
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Where, absorbance control refers to DPPH+methanol solution without
any sample and absorbance sample refers to DPPH+methanol+sample
solution.

In vivo studies

After range finding, LD, value for CPF was found to be 152 mg/
kg body weight using probit analysis software [21], % of LD,
i.e, 38 mg/kg b.wt CPF (sublethal dose) was used for experiment and
was orally administered to rats using gavage. Three groups of rats were
taken which include Group 1 as control treated with corn oil, Group 2
treated with CPF in corn oil, and Group 3 pretreated with AET 1 week
before CPF exposure. After 24, 48, and 72 h of exposure, blood, liver, and
kidney were collected and used for comet assay.

Determination of genoprotective potential by comet assay
Alkaline comet assay is a gel electrophoresis method that is used to
measure DNA damage using microscope. Blood was collected from
heart. The tissues collected after dissection in phosphate-buffered
saline solution were homogenized and centrifuged to obtain cells. The
cells were placed on the slides along with 1% low melting point agarose
melted at 37°C, over the slides precoated with 1% normal melting point
agarose. Afterward, the slides were covered by cover glasses for few
minutes and then immersed in a lysis solution (pH=10.0) for 60 min.
Then, the slides were put in a weak buffer (pH >13.0, for 20 min)
and electrophoresis was performed, which was done at 25 V with an
electricity current adjusted to 300 mA. DNA was stained with ethidium
bromide (20 pg/ml) for 5 min and viewed under x400 magnification
using a fluorescence microscope with an excitation filter of 510-560 nm
and barrier filter of 590 nm. Individual images were taken and analyzed
using CaspLab software for analyzing the percentage tail DNA and olive
tail moment.

Statistical analysis

The data were analyzed using SPSS. The significance of differences
was calculated using one-way analysis of variance followed by post hoc
Tukey test.

RESULTS

Preliminary phytochemical analysis

Phytochemical analysis of the aqueous extract of leaves of T. orientalis
reveals the presence of saponins, alkaloids, flavonoids, and terpenes as
indicated by the preliminary tests.

Determination of antioxidant potential by DPPH assay
Antioxidants potential of the extract was assessed using DPPH free
radical scavenging assay (Fig. 2). The amount of DPPH reduced was
quantified by measuring a decrease in absorbance at 517 nm. The AET
samples reduced the DPPH radicals and showed antioxidant activity
using DPPH. IC, value was calculated by plotting the graph (Fig. 1) and
was found to be 205.04 pl/ml

Genoprotective potential

The results revealing the genoprotective activity of T orientalis have
been summarized in Fig. 3a-f. The activity was studied by comet assay
using the different tissues, namely blood, kidney, and liver of the rat.
The parameters such as percentage tail DNA and olive tail moment were
considered for assessment. It is clear from the results that treatment
with 38 mg/kg (b.wt) of CPF has resulted in significantly higher DNA
damage as compared to control in all the tissues considered. The values
of both the parameters of comet assay were found to be increased
significantly in all the three tissues considered (post hoc Tukey Test).
However, a significant (p<0.01) decrease in genotoxicity for percentage
tail DNA and olive tail moment was observed at the end of the all-time
intervals in the group treated with AET 1 week before CPE.

Percentage tail DNA was found to be decreased by 53%, 60%, and 61%,

and olive tail moment was found to be decreased by 60%, 53%, and
68%, respectively, in case of blood at 24,48, and 72 h, respectively. In the
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Fig. 3: (a-f) Percentage tail DNA and olive tail moment in all the treatment groups at different hours of exposure in different tissues.
Results are shown with mean * standard error. Means that do not share common letters are significantly different. Different letters a, b,
and c signify the effect of treatment

case of kidney, percentage tail DNA was found to be decreased by 63%,
64%, and 61%, and olive tail moment was decreased by 51%, 64%, and
67%, respectively, at 24, 48, and 72 h, and in case of liver, percentage tail
DNA was found to be decreased by 65%, 74%, and 73%, and olive tail
moment was decreased by 51%, 49%, and 45%, respectively, at 24, 48,
and 72 h. Hence, overall, the percent reduction in all the parameters in
different tissues was more than 50% and up to 74%.

DISCUSSION

Organophosphate pesticides are one of the highly concerned
compounds that have been most widely used in developing countries;
therefore, concerns regarding the negative impact of these chemicals
to environment and human health are being enhanced. CPF an
organophosphate insecticide used in both agriculture and domestic
domains, is suspected to produce very serious toxic effects in humans
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as high concentration of it has been detected in vegetables, fruits,
and human breast milk in Punjab, India [22]. It has also been found
to induce immunological abnormalities [23] and decreased sperm
count and mobility [24]. During the present investigation, CPF was
found to have genotoxic potential as revealed by significant increase
in percentage tail DNA and OTM in all the three tissues of rats as
compared to controls. Earlier studies suggested that both acute and
chronic intoxication by pesticides including CPF lead to the induction
of oxidative stress by generating ROS which may further attack lipids,
proteins, and DNA, causing oxidation and membrane damage, enzyme
inactivation, and even cell death or cancer [1,25,26]. The increased ROS
attacks the biomolecules like DNA resulting in increase in DNA damage,
as observed in the present study.

The aim of the present study is to depict the ameliorative effect of AET
on the DNA damage, induced by CPF in rats. Significant reduction in the
percentage tail DNA and olive tail moment was observed in the group
pretreated with AET. Similarly, supplementation of Thuja extract has been
earlier reported to reduce the toxic effects induced by CCl, and benzo(a)
pyrene [10,27]. In the present study, AET was found to show high free
radical scavenging activity, assessed by DPPH assay revealing IC,; to be
205.04 pl/ml. Hence, high DPPH radical scavenging activity indicates
the antioxidant potential of Thuja extract, and as a result, it prevents
the formation of free radicals, leading to the reduction in DNA damage
as observed in the present observation. Recently Daryoush et al. [28],
revealed the antioxidant and antihemolytic effect of leaves of T orientalis
revealing the potential to reduce free radicals. Among all the leaf extracts
prepared in methanol, ethanol, ethyl acetate, and water, the water
extract showed the highest antioxidant and antihemolytic activity. Thuja
occidentalis is reported to possess antioxidative and antiproliferative
components including alpha-thujone, beta-thujone, and other bioactive
compounds such as flavonols, tannic acid, saponins, monoterpenes,
and diterpenes, which all are considered as free radical scavengers [7].
Phytochemical studies performed during the present study also reveal
the presence of saponins, alkaloids, flavonoids, and terpenes.

Therefore, the presence of bioactive compounds and high free radical
scavenging activity might be contributing for the genoprotective
potential of aqueous extract of leaves of T. orientalis.

CONCLUSION

The AET is found to reduce the pesticide-induced DNA damage by
virtue of its antioxidant potential and the bioactive compounds present
in it. Hence, it can be used as natural antioxidants rich food supplement.

This is preliminary study and further studies to find out main bioactive
compound in AET are needed.
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