Environmental Science and Pollution Research (2022) 29:23794-23805
https://doi.org/10.1007/s11356-021-17313-9

RESEARCH ARTICLE q

Check for
updates

Protective role of green tea against paraquat toxicity in Allium cepa L.:
physiological, cytogenetic, biochemical, and anatomical assessment

Ferhat Yirmibes' - Emine Yalcin? - Kiiltigin Cavusoglu?

Received: 13 September 2021 / Accepted: 27 October 2021 / Published online: 24 November 2021
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2021

Abstract

In this study, the toxic effects of paraquat, one of the most commercially sold herbicides in the world, and the protective
role of green tea leaf extract (GTLE) against these effects were investigated. Allium cepa L. bulbs (n=16) were used as test
material. One hundred milligrams per liter dose of paraquat and 190 and 380 mg/L doses of GTLE were preferred. Paraquat
toxicity was investigated with the help of physiological (percent germination, root length, and weight gain), cytogenetic
(mitotic index = MI, micronucleus = MN, and chromosomal damages = CAs), biochemical (superoxide dismutase =SOD,
catalase = CAT, malondialdehyde = MDA), and anatomical (meristematic cell damages) parameters. A. cepa bulbs were
divided into 6 groups as 1 control and 5 applications. The control group was germinated with tap water, and the application
groups were germinated with paraquat and two different doses of GTLE. Germination was carried out at room temperature
for 72 h. At the end of the period, A. cepa bulbs were prepared for physiological, cytogenetic, biochemical, and anatomical
analyzes using routine preparation techniques. As a result, paraquat application caused a decrease in physiological parameters
and an increase in cytogenetic (except MI) and biochemical parameters. Compared to the control (group I), the germination
percentage decreased by 38%, root length 12.5 times, and weight gain 5 times decreased in group IV treated with paraquat.
MDA level increased 2.58 times, SOD activity 2.48 times, and CAT activity 4.51 times increased. Paraquat application
caused a decrease in the percentage of MI and an increase in the number of MN and CAs. Paraquat application caused CAs
in the form of fragment, sticky chromosome, unequal distribution of chromatin, bridge, nucleus with vacuoles, nucleus bud,
and reverse polarization. In the meristematic cells of the root tips applied paraquat, unclearly vascular tissue, flattened cell
nucleus, epidermis, and cortex cell deformation were observed. The application of GTLE together with paraquat caused
an increase in the physiological parameter values and a decrease in the cytogenetic (except MI) and biochemical parameter
values. An improvement in the severity of damages induced by paraquat was also observed in root tip meristematic cells.
It was determined that the improvements observed in all these parameters were related to the dose of GTLE applied. The
380 mg/L dose of GTLE provided more protection than the 190 mg/L dose. Compared to group IV in which paraquat was
applied, the germination percentage increased by 21%, root length 5.83 times, and weight gain 2.92 times increased in group
VI administered 380 mg/L dose of GTLE. In addition, MDA level decreased 1.78 times, SOD activity 1.59 times and CAT
activity 1.65 times. In conclusion, paraquat administration at a dose of 100 mg/L caused physiological, cytogenetic, bio-
chemical, and anatomical toxicity in A. cepa bulbs. GTLE application, on the other hand, resulted in improvements in the
severity of this toxicity induced by paraquat, depending on the dose. Therefore, GTLE can be used as an effective nutritional
supplement to reduce or prevent the toxicity caused by environmental agents such as pesticides.
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vent their reproduction or to control them, vectors, inva-
sive plant, or animal species that cause disease in humans,
domestic animals, and agricultural products. In other words,
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pesticides are toxic chemicals that are released into the envi-
ronment to combat pests (Zacharia 2011). However, most of
the pesticides applied to combat pests spread to the environ-
ment and cause various health problems in non-target organ-
isms together with environmental pollution. People are espe-
cially exposed to pesticides, during pesticide application in
agricultural areas, consuming pesticide-contaminated food
and water, or loading and transporting pesticide products.
Pesticides enter the structure of organisms via water, soil,
roots, leaves, skin, respiration, and nutrition. They cause
acute and chronic toxicity in living things, promoting revers-
ible or irreversible damage (Tosun et al. 2001; Hashmi and
Khan 2011). Pesticides are classified according to a wide
variety of criteria. The most widely used of these is the clas-
sification made according to the harmful organism on which
pesticides act and the function of the pesticide. Accordingly,
it is possible to classify pesticides as acaricides, algicides,
insecticides, avicides, fungicides, and herbicides (Akashe
et al. 2018).

Herbicides are chemical or biological agents used to spe-
cifically kill unwanted plants or inhibit their growth. Herbi-
cides can be a naturally derived or synthetically produced
substance. Each herbicide contains an active ingredient.
Herbicides containing active ingredients act by disrupting
various physical and biochemical processes of plants. For
example, some herbicides have a lethal effect by disrupting
the cellular membranes of plants and leaking the cell con-
tents out. Others affect specific processes such as respira-
tion, photosynthesis, or the production of aliphatic amino
acids. In general, enzymes are key molecules in plant cells
that perform functions necessary for normal plant growth.
Therefore, herbicides abolish the activities of plant enzymes
by binding to them from a target site. Thus, they cause the
disruption of a certain process and the death of the plant
(Tu et al. 2001).

Paraquat is a nitrogenous herbicide expressed as
1,1'-dimethyl-4,4'-bipyridlium dichloride. It is widely used
around the world due to its high productivity and non-selec-
tive property, especially in the control of broadleaf weeds.
It is the second best-selling herbicide in the world with its
availability rate. It is highly toxic to different organisms.
It causes acute respiratory distress syndrome (ARDS) in
humans. It is also reported that intense paraquat toxicity
causes multi-organ failure in the kidneys, liver, and lungs
and increases the risk of developing Parkinson’s disease. It
has also been reported that paraquat plays a role in the devel-
opment of leukemia, lymphoma, and brain and skin cancers.
Death is due to respiratory failure due to advanced pulmo-
nary fibrosis. Although the mechanism by which paraquat
produces toxicity has not been fully elucidated, the toxicity
is thought to result from the production of reactive oxygen
species (ROS) via the redox cycle. Because these radicals
are highly reactive, they are thought to promote oxidative

stress induced damages to cellular organelles, chlorophyll,
protein, fatty acids, nucleic acids, and lipids. This situation,
especially in plants, disrupts the integrity of the cell mem-
brane, causing rapid wilting and rusting of the leaves, and
eventually the death of the plant. Today, although the EU
bans the use of paraquat, it is still used extensively as a pesti-
cide in many countries (Acar et al. 2015; Reddy et al. 2019).

Tea is a type of beverage obtained by boiling the leaves,
flowers, and seeds of the Camellia sinensis L. plant. Tea is
the second most consumed beverage in the world after water.
Since the beneficial effects of tea consumption in human dis-
eases show promising results, it has been used as an antioxi-
dant beverage in alternative medicine for centuries in India
and China. C. sinensis is a perennial and evergreen plant that
grows naturally in the tropical and subtropical forests of the
world. Although its homeland is South and South East Asia,
it is also widely cultivated in some countries of Africa and
the Middle East. Green tea (GT) is obtained by collecting
the leaves of C. sinensis, slightly steaming and drying. It
has many antioxidant molecule groups such as flavonoids,
flavonols, polyphenols, theaflavins, and tannins. Catechins
are highly potent flavonoids found in tea. The most abundant
are epigallocatechin (EGC), epicatechin (EC), epicatechin
gallate (EKG), and epigallocatechin gallate (EGCG). The
antioxidant activity of this catechin is approximately 25-100
times stronger than vitamins E and C. Polyphenols and cat-
echins found in tea prevent the formation of free radicals
and play a role in scavenging of ROS. In this case, it makes
GT have anti-inflammatory, antioxidant, photoprotective,
and chemopreventive properties. Some studies carried out
in recent years have revealed that GT extracts are effective in
suppressing environmentally induced breast cancers, auto-
immune diseases, inflammatory responses in coronary ves-
sels, and protect genetic material. In addition, GT has shown
positive effects in skin diseases and carcinogenesis. All these
results have caused becoming a popular trend of GT con-
sumption in western cultures in today (Gupta et al. 2009;
OyetakinWhite et al. 2012; Mohabbulla Mohib et al. 2016).

The aim of this study is to investigate the toxic effects of
paraquat which one of the herbicides widely used worldwide
especially in the fight against weeds, and the protective role
of GTLE against these effects, with the help of cytogenetic,
physiological, anatomical, and biochemical parameters in
Allium cepa test material.

Materials and methods
Experimental design

In this study, the protective effects of GTLE against para-
quat toxicity were investigated. Paraquat toxicity and GTLE
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protection were investigated using different parameters. All
parameters used in the study are given in Diagram 1.

Test material and experimental groups

Commercially available A. cepa bulbs were used as test
material and GTLE (60 capsules X 380 mg) from SepeNat-
ural Company as protective biological product. Bulbs are
divided into 6 groups as follows.

Group I:Control.

Group I1:190 mg/L GTLE.

Group III:380 mg/L. GTLE.

Group IV:100 mg/L paraquat.

Group V:100 mg/L paraquat+ 190 mg/L GTLE.
Group V:100 mg/L paraquat+ 380 mg/L. GTLE.

Bulbs were germinated at room temperature for 72 h in
sterile glass beakers (85 100 mL). During germination,
tap water was applied to the bulbs of the control group and
100 mg/L of paraquat and two different doses of GTLE (190
and 380 mg/L) to the bulbs of the application group. During
the germination period, all groups were checked daily, and
the missing solutions were added. At the end of the period,
the bulbs were washed with distilled water and prepared for
experimental analysis with the help of routine preparation
procedures (Wei 2004). The 100 mg/L dose of Paraquat was
determined based on previous similar studies (Ozen et al.
2011; Acar et al. 2015). GTLE doses were preferred by
nutritionists based on the recommended dose amounts to be
taken in the daily diet.
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Physiological parameter analyzes

The effects of paraquat and GTLE treatments on physiologi-
cal parameters were determined as follows.

e Effects on root length were determined by measuring
radicula (embryonic root zone — the structure that forms
roots in the mature plant) lengths with a millimetric ruler
(mm).

e The effects on the weight were determined by weigh-
ing of the bulb weights with the help of precision scales
before and after the experiment.

e The effects on germination were calculated using the for-
mula in (Eq. 1) (Atik et al. 2007).

Germination(%) = (number of germinated seeds [total number of seeds) x 100

(1)
Cytogenetic analyzes

In order to determine the cytogenetic parameters (CAs, MN,
and MI), root slides were prepared according to Staykova
et al. (2005). Detection and counting of CAs and presence
of MN were made at X 500 magnification (Irmeco IM-450
TI) by two different observers and photographed. MN deter-
mination was made according to the criteria suggested by
Fenech et al. (2003). MI was calculated as a percentage
using Eq. (2).

MI(%) = (Dividing cell number /Total cell number) X 100
(2)
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Table 1 Effects of paraquat and

GTLE on selected physiological Groups ngrmination percent- Root length (cm) Weight gain (g)

parameters
| 99 7.50+1.85% +7.50* (6.12+0.65-13.62 + 1.85)
I 98 7.40+1.88" +7.62% (6.32+0.68-13.94 +1.90)
I 100 7.60+1.83% +7.84% (6.25 +0.66-14.09 + 1.95)
v 62 0.60+0.77¢ +1.509 (6.30£0.67-7.80 +0.84)
Vv 71 1.40+1.23¢ +2.66° (6.15+0.64-8.81 +£0.92)
VI 83 3.50+1.58° +4.38° (6.20+0.65-10.58 + 1.16)

*Group I: control, group II: 190 mg/L. GTLE, group III: 380 mg/L GTLE, group IV: 100 mg/L paraquat,
group V: 100 mg/L paraquat+ 190 mg/L GTLE, group VI: 100 mg/L paraquat+ 380 mg/L GTLE. Data

were given as mean + SD. Different letters

Biochemical analyzes

In biochemical analyzes, MDA level, SOD, and CAT activi-
ties were measured in root tip. MDA levels were measured
by a standard protocol suggested by Unyayar et al. (2006)
and presented as pM g~! FW. Before SOD and CAT activity
analysis extraction procedure was applied. Enzyme extrac-
tion was carried out at+4 °C. 0.5 g of root tips were washed
with distilled water, homogenized in 5 mL of monosodium
phosphate buffer. Homogenate was centrifuged at 10,500 g
for 20 min, and the supernatant was used in biochemical
analysis (Zou et al. 2012). SOD activity was measured in
accordance with the method suggested by Beauchamp and
Fridovich (1971) with a light induction analysis and the
SOD activity shown as U mg™' FW. CAT activity was meas-
ured in accordance with the method suggested by Beers
and Sizer (1952) and shown as OD240 nm min g'l (Zou
et al. 2012).

Observation of anatomical damages

Root tips cut in 1 cm length were cleaned in distilled water
and placed between foam materials. In the next step, cross-
sections of samples were taken with the help of a heat-
sterilized razor blade. The sections placed on the slide were
stained with 5% methylene blue for 2 min, covered with
a coverslip with the help of entellan, and the preparation
process was completed. Detection of root tip meristematic
cell damages were investigated with a research microscope
at x 500 magnification by two different observers and pho-
tographed (Cavusoglu et al. 2020).

Recovery effect of GTLE

Protective effect of GTLE (recovery effect=RE) against para-
quat toxicity was calculated by using Eq. (5). In determining
RE, data belonging to group VI, where GTLE showed the
highest recovery, and data from group IV, in which paraquat
was administered alone and control groups data were used.

s@9 in the same column are statistically important at p <0.05.

RE values for all tested parameters were calculated separately
(Giindiiz et al. 2021).

RE(%) = [(Dy = D,)/(Ds = D, )] x 100 3

D, is the data of paraquat 4+ GTLE-treated group, D, is
the data of paraquat-treated group, D; is the data of control.

Statistical analyzes

Experimental data were evaluated with the help of SPSS
Statistics 22 (IBM SPSS, Turkey) package program. Data
are shown as mean =+ standard deviation (SD). The statisti-
cal significance between the means was determined using
the “One-way ANOVA”, which are expressed as one-way
analysis of variance and “Duncan” test. The obtained value
was considered statistically significant when p <0.05.

Result and discussion
Physiological effects

The effects of paraquat and GTLE application on selected
physiological parameters in A. cepa are shown in Table 1.
The highest weight gain, germination percentage, and root
length were observed in the control group and in groups
II and III, which only applied GTLE. Paraquat exposure,
on the other hand, caused statistically significant (p <0.05)
decreases in all selected physiological parameters. Com-
pared to the control group, germination percentage
decreased by 38%, root length by 12.5 times and weight gain
by 5 times in group IV exposed to paraquat. These decreases
observed in physiological parameter values can be associ-
ated with the toxicity caused by paraquat directly in A. cepa
tissues. It has been reported in the literature that paraquat is
directly taken up by epidermal and cortical cells through a
protein-mediated system that functions to transport polyam-
ines in plant roots. In this way, the paraquat can move freely
through the xylem and be transported to the roots, stems,
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Table 2 Protective role of GTLE against paraquat-induced CAs

Damages Control 190 mg/L GTLE 380 mg/L GTLE 100 mg/L Paraquat 100 mg/L Para- 100 mg/L Para-
quat+ 190 mg/L quat+380 mg/L
GTLE GTLE

DCN 894.00+49.52% 912.00+50.75* 905.00+48.87° 536.00+31.90¢ 613.00 +38.66° 702.00 + 45.48°

MI (%) 8.94 9.12 9.05 5.36 6.13 7.02

MN 0.16+0.24 0.12+0.18¢ ND 56.00+6.78% 42.80+5.53° 29.50+4.84¢

FRG ND ND ND 70.40+8.56* 58.30+7.14° 41.70+5.82°

SC 0.16+0.28¢ 0.13+0.20° 0.10+0.16 50.90+6.88" 41.50+5.13 30.60+4.72¢

UDC ND ND ND 38.10+5.24% 26.20+4.16" 19.40+3.56°

B ND ND ND 35.40+4.68% 25.90+4.12° 17.50+3.78°

NV ND ND ND 28.60+4.25% 21.70+3.48° 13.50+2.14¢

NB ND ND ND 21.10+3.52% 15.30£2.75° 6.80+1.26°

RP ND ND ND 11.30+2.15° 7.40+1.38° 2.90+0.78°

(a—d) ;

*MN and CAs were scored in 1.000, MI was scored in 10.000 cells in each group. Different letters

in the same line are statistically important

at p<0.05. ND not determined, DCN dividing cell number, MI mitotic index, FRG fragment, MN micronucleus, UDC unequal distribution of
chromatin, SC sticky chromosome, B bridge, NV nucleus with vacuoles, NB nucleus bud, RP reverse polarization.

and leaves of the plant and accumulate there. As a result, by
affecting the enzyme systems, it can cause a decrease in root
elongation, weight loss, membrane destruction, oxidative
stress, loss of biosynthetic activity, and ion leakage in the
plant (Chaneva and Petrova 2014). Statistically significant
(p <0.05) increases were observed again in all physiologi-
cal parameters examined in groups V and VI, in which 190
and 380 mg/L doses of GTLE were applied together with
paraquat. It was determined that these increases were more
pronounced at the dose of 380 mg/L of GTLE. Compared
to the paraquat exposed group IV, the germination percent-
age increased by 21%, root length 5.83 times and weight
gain 2.92 times increased in group VI exposed to 380 mg/L
dose of GTLE. Although the number of studies on the physi-
ological changes that paraquat application induces in A. cepa
is quite limited in the literature, there are different studies
using different plant species or herbicide varieties. Acar
et al. (2015) investigated the physiological toxicity induced
by three different doses of paraquat (10, 50, and 100 ppm)
in A. cepa. Germination percentage, root length, and weight
gain were used as indicators of toxicity. As a result, it was
reported that Paraquat administration caused a decrease in
all physiological parameter values examined in all three
doses, and these decreases were even more pronounced at
the 100 ppm dose of paraquat. Chaneva and Petrova (2014)
investigated the toxicity of paraquat using two different
application methods, spraying and adding the herbicide to
the feeding medium, using pea and corn plants as indicators.
As a result, it was shown that the addition of paraquat to the
medium caused more paraquat uptake by the plants com-
pared to the spraying method, and a greater reduction in the
growth rates, dry weights, and shoot lengths of the plants. It
was also observed that these decreases were higher in corn
plant than in pea plant. Cavusoglu et al. (2011) investigated
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the effects of glyphosate herbicide on the physiology of A.
cepa. As a result, it was determined that glyphosate expo-
sure caused statistically significant decreases in root length,
germination percentage, and weight gain depending on the
dose. Aydin and Liman (2020) investigated the effects of
three different doses of pinoxaden herbicide (1.25, 2.5, and
5.0 mg/L) on A. cepa root growth. As a result, pinoxaden
significantly reduced root growth depending on the applica-
tion dose.

Cytogenetic effects

The cytogenetic effects of paraquat and GTLE application
are shown in Table 2 and Fig. 1. The highest MI and lowest
MN and CA numbers were observed in the control group and
groups II and III, which were administered GTLE at doses of
190 and 380 mg/L. The only CAs observed in these groups
was the formation of sticky chromosomes. Exposure to para-
quat at a dose of 100 mg/L caused a decrease in the MI values
of the root tips, and an increase in the number of MN forma-
tion and CAs. Compared to the control group, MI decreased
approximately 1.46 times (2.81%), the frequency of MN
increased approximately 350 times and fragment formation,
which is the most observed CAs, increased approximately
70 times in paraquat applied group IV. It was determined
that this increase and decrease was statistically significant
(p <0.05). MN is a nuclear formation arising from an entire
chromosome or chromosome fragments. Similarly, damages
such as fragments, sticky chromosomes, and bridges are also
caused by damaged DNA and chromosomes. In addition, the
main reason for the decrease in the MI is the damages in
DNA and chromosomes, the decrease in microtubule and
microfilament density, and the deterioration in its distribu-
tion. All these cytogenetic changes that occur as a result of
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Fig. 1 Chromosomal damages induced by paraquat. a MN; b fragment; ¢ sticky chromosome; d unequal distribution of chromatin; e bridge;

f nucleus with vacuoles; g nucleus bud; h reverse polarization

paraquat exposure can be explained by the direct/direct con-
tact of paraquat with DNA and chromosomes. Vivarelli et al.
(2013) reported that paraquat directly induces DNA damage,
promoting changes in the splicing patterns of genes involved
in cell cycle control, DNA repair, and apoptosis. In addition,
there are similar studies in the literature that paraquat can
cause DNA damage indirectly through the formation of ROS
(Ali et al. 1996). The application of GTLE at two different
doses (190 and 380 mg/L) together with paraquat decreased
the genotoxic effects of paraquat and caused an improve-
ment in the cytogenetic parameter values examined. It was
observed that this improvement was even more pronounced
at a dose of 380 mg/L of GTLE. Compared to the paraquat
exposed group IV, MI increased approximately 1.31 times
(1.66%), the frequency of MN was approximately 1.90 times,
and fragment formation approximately 2.30 times decreased
in group VI exposed to 380 mg/L dose of GTLE. In the lit-
erature, there are different studies investigating the effects of
other herbicides on this subject with the studies carried out
by our study team regarding the cytogenetic changes pro-
moted by paraquat in the A. cepa root tips. Ozen et al. (2011)
investigated the cytogenetic changes in A. cepa root tip cells

by the application of paraquat at three different doses (10, 50,
and 100 ppm). MI, MN, and CAs were used as indicators of
cytotoxicity. As a result, a decrease in MI and an increase in
the numbers of MN and CAs were reported depending on the
dose of paraquat. Paraquat administration promoted CAs in
the form of bridge, vagrant, and scattered phase formations.
Similarly, Acar et al. (2015) investigated the genotoxicity
induced by 10, 50, and 100 ppm paraquat doses in A. cepa
root tip cells. As a result, it was determined that paraquat
administration dose-dependently increased the frequency of
MN, promoted CAs such as fragment, spindle yarn abnor-
mality, abnormal polarization, sticky chromosome, bridge,
c-mitosis, binucleated cell, and unequal distribution of chro-
matin. Gomiirgen (2000) investigated the genotoxicity caused
by 7 different doses of 2,4-D isooctylester 48% (Esteran 48)
herbicide, ranging from 50 to 50,000 ppm during 3, 6, 12,
and 24 h in A. cepa root tip cells. As a result, it was observed
that Esteran 48 caused a decrease in MI, depending on the
dose and duration applied, and also caused CAs in the form
of c-metaphase, sticky chromosome, bridge, tetraploid cells,
vagrant chromosome, tripolar anaphases-telophases, and
MN.
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Table 3 Effects of paraquat and GTLE on selected biochemical
parameters

Groups MDA (uM g~ FW) SOD (U mg™! FW) CAT (ODyyg

min g~! FW)
I 5.50+1.75¢ 60.50+5.18¢ 0.35+0.13¢
II 530+ 1.66 58.70+5.12¢ 0.32+0.11¢
I 5.10+1.52¢ 59.30+5.24¢ 0.30+0.10
I\% 14.20+2.63 150.20+9.14% 1.58+0.85%
v 11.80+2.14° 130.10+8.18° 1.22+0.63°
VI 8.00+1.84¢ 94.40 +6.52° 0.96+0.51°

*Data are given as mean=+SD (n=10). Different letters®? in the
same column are statistically important at p <0.05.

Biochemical effects

The effects of paraquat and GTLE application on selected
biochemical parameters are shown in Table 3. The lowest
MDA, SOD, and CAT levels were measured in group I,
group II, and group III. Paraquat administration caused sta-
tistically significant (p < 0.05) increases in levels of MDA,
SOD, and CAT. Compared to the control group, MDA
level increased 2.58 times, SOD activity 2.48 times, and
CAT activity 4.51 times increased in group IV exposed to
paraquat at a dose of 100 mg/L. MDA is a small and reac-
tive organic molecule containing two aldehyde groups and
three carbon molecules. MDA formation can be induced
by ROS attack (non-enzymatic) or lipoxygenase activity
(enzymatic). Determination of lipid peroxidation in the
cell is usually done by measuring aldehydes such as MDA.
The amount of MDA is used as an indicator of damage to
plant membranes, since most of the MDA originates from
polyunsaturated fatty acid lipid peroxidation in plant mem-
branes in response to oxidative stress. However, in recent
years, some scientists have suggested that the increase in
MDA in the cell plays an important role in cell protec-
tion by activating the regulatory genes. In other words,
it has been suggested that although MDA is an important
indicator of cell damage, it may also function as a protec-
tion mechanism that prevents further progression of cell
damage. Genetic evidence has shown that membranes
rich in polyunsaturated fatty acids act as antioxidants that
trap ROS, thereby decreasing the cell damages. In this
process, it continuously produces lipid degradation prod-
ucts such as MDA. Therefore, MDA is considered both a
toxic (harmful) molecule and a gene activator (protector)
(Morales and Munne Bosch 2019). In our study, the main
reason for the increase in MDA levels in root cells treated
with paraquat is that paraquat promotes the formation of
ROS, which in turn attacks the polyunsaturated fatty acids
in the membranes of the stem cells and increases MDA
production. Because epidermis and cortex cell damage
obtained from microscopic examination of root tip cells
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of A. cepa also supports our view. ROS can be composed
of non-radical species such as hydrogen peroxide and free
radical species such as superoxide (O,-) or hydroxyl radi-
cal (‘OH). In this context, some studies have revealed that
the mechanism of Paraquat toxicity is related to a redo-
cyclic reaction that produces singlet oxygen, superoxide
anion, and other free radicals and leads to lipid peroxida-
tion of cell membranes (Ranjbar 2014).

Antioxidant enzymes are a set of proteins found in
the cellular environment, regulating antioxidants in the
process of scavenging free radicals and facilitating their
work. The main function of these enzymes is to facilitate
the electron-donating mechanisms of antioxidants. Two of
the most important antioxidant enzymes in the biological
system are CAT and SOD. Thanks to these two enzymes,
organisms can deal with hydrogen peroxide, superoxide
ion (O, —) and hydroxyl radicals (OH). Environmental
negativities such as drought, low—high temperatures,
macro-nutrient deficiency, exposure to heavy metals or
pesticides in plants encourage the formation of ROS, and
CAT and SOD activity in the cell increases in order to
combat the formed ROS (Stephenia et al. 2020). In this
study, the increase in CAT and SOD activities in root
cells treated with paraquat was attributed to the increase
in CAT and SOD enzyme activities during the process of
paraquat promoting the formation of ROS in stem cells
and clearing these ROS from the cell. Hu et al. (2018)
reported that paraquat, as an electron acceptor, induces
the formation of a large number of ROS after entering
the cell, thereby causing cell damage. The application of
GTLE at doses of 190 and 380 mg/L together with para-
quat caused a decrease in paraquat toxicity and again
caused a statistically significant decrease in the investi-
gated biochemical parameter values, although not as much
as the control group. In addition, these decreases were
observed to be more pronounced at the dose of 380 mg/L
of GTLE. Compared to group IV in which paraquat was
administered, the MDA level decreased 1.78 times, SOD
activity 1.59 times, and CAT activity 1.65 times in group
VI administered 380 mg/L dose of GTLE. Although the
number of studies investigating the biochemical toxicity
of paraquat in A. cepa root cells is quite limited in the
literature, there are different studies investigating the bio-
chemical changes caused by other herbicides in A. cepa
and other plant materials. Ozen et al. (2011) investigated
the biochemical toxicity induced by paraquat at 10, 50,
and 100 ppm doses in A. cepa root tip cells. CAT, SOD,
and MDA levels were used as indicators of biochemical
toxicity. As a result, statistically significant increases in
CAT, SOD, and MDA levels were reported depending on
the dose of paraquat administered. Cavugoglu et al. (2011)
reported that glyphosate increased MDA levels in A. cepa
root. Canakci-Giilengiil and Karabulut (2020) investigated
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Table 4 Protective role of GTLE against paraquat-induced anatomi-
cal damage

Groups UVT ECD CCD FCN

1 . . . .

1 . . . .

11 . . . .

v ++ +++ ++ +++
\% + ++ + ++
VI - + - +

*UVT unclearly vascular tissue, ECD epidermis cell deformation,
CCD cortex cell deformation, FCN flattened cell nucleus. (-) no dam-
age, (+) little damage, (++) moderate damage, (+++) severe dam-
age.

the biochemical changes induced by atrazine and metola-
chlor herbicides at 100 pM, 300 pM, and 1000 pM doses
in Triticum aestivum L. (wheat) varieties. As a result, it
was observed that both herbicides caused an increase in
MDA levels and SOD activity, and a decrease in CAT
activity, depending on the dose.

Anatomical effects

The anatomical damages induced by paraquat in A. cepa
root tip meristematic cells and the protective effect of GTLE
against these damages is shown in Table 4 and Fig. 2. Under
the light microscope, no damage was observed in the root
tip meristematic cells of the bulbs in the control group
and groups II and III, which two different doses (190 and
380 mg/L) of GTLE were applied. In root tip meristematic
cells of the bulbs in group IV exposed to paraquat at a dose
of 100 mg/L were determined damages such as flattened cell
nuclei, unclearly vascular tissue, epidermis, and cortex cell
deformation. This suggests that these damages may have
occurred due to the defense mechanisms developed by A.
cepa exposed to paraquat to minimize herbicide toxicity.
Under the light microscope, it was observed that the roots
of A. cepa exposed to paraquat increased the number and
order of the epidermis and cortex cells in order not to take
the herbicide inside. Since these increases will increase the
contact and pressure of the cells with each other, the forma-
tion of damages such as deformation of cell and the cell

Fig.2 Anatomical damages induced by paraquat in root tip cells. a
Vascular tissue normal appearance (X 50), b epidermis cells normal
appearance (x200), ¢ cell nucleus normal appearance-oval (X500),

unclearly d vascular tissue (x50), e epidermis (white arrow,x200)
and cortex (black arrow,x200) cell deformation, f flattened cell
nucleus (X 500)
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nucleus may be inevitable. There is a lot of information in
the literature, that plants develop various defense mecha-
nisms against pesticide toxicity, such as the activation of
the antioxidant defense system, various physiological and
morphological changes (trichomes, increase in the number
of leaves and roots, increase in the number of cells and lay-
ers, etc.), release of different chemical defense compounds
(alkaloids, terpenoids, phenolic compounds, etc.), accumu-
lation of toxic substances and thickening of the cortex cell
wall in certain regions (Mithofer and Maffei 2016; Sharma
et al. 2019; Kalefetoglu Macar et al. 2021). The application
of GTLE at two different doses (190 and 380 mg/L) together
with Paraquat reduced the toxicity of Paraquat and caused an
improvement in the severity of the damages observed in root
tip meristem cells. It was observed that this improvement
was even more pronounced at a dose of 380 mg/L of GTLE.
Such that, in Group VI, which was applied of 380 mg/L dose
of GTLE unclearly vascular tissue and cortex cell deforma-
tion damages were no longer observed. Although the number
of studies investigating the anatomical changes caused by
paraquat in A. cepa root cells is very limited in the literature,
there are similar studies investigating the effect of other her-
bicides. Acar et al. [6] investigated the anatomical changes
induced by paraquat application at 10, 50, and 100 ppm
doses in A. cepa root tip meristematic cells. Anatomical
damages such as flattened cell nuclei, necrosis, unclearly
vascular tissue, accumulation of some substances in the vas-
cular tissue and cell deformation have been reported in root
tip meristematic cells, depending on the dose of paraquat
applied. Cavusoglu et al. (2011) investigated the anatomi-
cal damages caused by three different doses of glyphosate
herbicide in A. cepa roots. In conclusion, light micrographs
showed that glyphosate exposure induced anatomical dam-
ages such as unclearly vascular tissue, flattened cell nucleus,
cell deformation and binucleated cell in root tip cells at all
three doses. Ogeleka et al. (2016) investigated the phyto-
toxic effects induced by 0.625, 1.25, 2.5, 5, and 10 mg/L
doses of Roundup (glyphosate) herbicide in A. cepa bulbs.
As aresult, it was determined that growth slowed down, bulb
deformation, tissue, and root damage occurred, especially at
10 mg/L dose which highest dose of Roundup.

In the last 10 years, various herbal extracts have been
used to reduce pesticide toxicity in scientific studies carried
out on the toxic effects of pesticides. Some of these products
can be listed as Ginkgo biloba L., lycopene, carotene, grape
seed, nettle, echinacea, blackberry, and green coffee. In this
study, GTLE was used to reduce the physiological, cytoge-
netic, biochemical, and anatomical toxicity induced by para-
quat herbicide in A. cepa. One hundred milligrams per liter
paraquat exposure caused adverse changes in all selected
cytogenetic, biochemical, physiological, and anatomical
parameters in A. cepa. The application of GTLE at two dif-
ferent doses (190 and 380 mg/L), on the other hand, reduced
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the toxicity caused by paraquat and caused an improvement
in all investigated parameters, depending on the dose. This
protective role of GT has been attributed to its antioxidant
activity. Because GT is a beverage rich in flavonoids, fla-
vonols (myricetin, kaemferol, quercetin, chlorogenic acid,
coumaylquinic acid, and theogallin), polyphenols, caf-
feine, minerals (F, Mn, Cr, Se, Ca, Mg, and Zn), vitamins,
amino acids, and carbohydrates. GT is mainly composed of
catechin flavonoids. For example, GT contains higher cat-
echins than apples, red grapes, and wine. EGC, EC, EKG,
and EGCG are the main catechins found in GT. All these
substances in its content give GT an antioxidant property.
Thus, by increasing the antioxidant power of the organism,
GT consumption provides benefits in many processes such
as clearing ROS from the cell, preventing cancers, eliminat-
ing cardiovascular disorders, regulating cholesterol, delay-
ing aging, and reducing inflammation (Prasanth et al. 2019).
There are similar studies in the literature on the antioxidant
role of GT extract. Yapar et al. (2009) investigated the pro-
tective role of GT extract against nephrotoxicity induced by
the cancer drug cisplatin in albino mice. As a result, it was
determined that cisplatin administration caused an increase
in kidney MDA, creatinine, and blood urea nitrogen (BUN)
levels and a decrease in kidney glutathione (GSH) levels.
The administration of GT extract with cisplatin caused an
improvement in nephrotoxicity caused by cisplatin, resulting
in a decrease in kidney MDA, BUN and creatinine levels,
and an increase in kidney GSH levels again. Yal¢in et al.
(2015) investigated the protective role of GT extract against
toxicity induced by formaldehyde. As a result, exposure to
formaldehyde caused an increase in ALP, ALT, and AST
enzyme activities and in MDA levels and a decrease in GSH
levels. It also promoted hepatocyte degeneration and necro-
sis damages in the liver. GT extract application provided
significant protection against formaldehyde-induced toxic-
ity. Thanks to this protection, necrosis damages, hepatocyte
degeneration, ALP, ALT, and AST enzyme activities, and a
decrease in MDA levels and an increase in GSH levels were
observed again. Akgiindiiz et al. (2019) investigated the pro-
tective role of GT extract against physiological and genetic
toxicity caused by chronic formaldehyde exposure in albino
mice. Body weight and organ weights were used as indica-
tors of physiological toxicity, and the frequency of MN in
leukocyte cells was used as indicators of genetic toxicity. As
a result, it was determined that formaldehyde toxicity caused
a decrease in body weight, liver, and kidney organ weights,
and an increase in the frequency of leukocyte MN. Feeding
rats with GT extract together with formaldehyde caused a
significant improvement in formaldehyde toxicity, again an
increase in body and organ weight values, and a decrease
in leukocyte MN frequency. Sagir et al. (2013) investigated
the protective role of GT extract against the physiological
and genetic changes induced by 1,4 dioxane exposure. Body
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Fig. 3 RE of GTLE. GP:
germination percentage, RL:
root length, WG: Weight gain,
MDA: malondialdehyde, SOD:
Superoxide dismutase, CAT:
Catalase, MN: micronucleus,
FRG: fragment, SC: sticky
chromosome, UDC: unequal
distribution of chromatin,

B: bridge, NV: nucleus with
vacuoles, NB: nucleus bud, RP:
reverse polarization

weight was used as indicators of physiological toxicity; MI,
MN, and CAs were used as indicators of genotoxicity. In
conclusion, exposure to 1,4 dioxane caused a decrease in
body weight and MI, and an increase in the frequency of
MN in erythrocyte and buccal mucosal epithelial cells. In
addition, 1,4 dioxane exposure induced CAs such as fracture,
acentric, dicentric, and gap in bone marrow cells. GT extract
application reduced the toxic effects of 1,4 dioxane exposure
and caused an improvement in all the parameters examined.
An increase in body weight and MI values, and a decrease
in the number of MN and CAs were detected again. It has
also been reported that these improvements observed in all
investigated parameter values were even more pronounced
at a dose of 100 mg/kg b.w of GT extract.

Recovery effects of GTLE

The protective effect of 380 mg/L GTLE against all abnor-
malities induced by paraquat is given in Fig. 3. GTLE
exhibited protective properties against each abnormality at
different rates. It exhibited a RE in the range of 42-56.7%
compared to the physiological parameters such as root
length, germination percentage and weight gain. The highest
protective effect in biochemical parameters was determined
as 19% against MDA level. While it provided a protection in
the range of 40-73.6% against CAs, it exhibited the highest
protective effect against reverse polarization. All these pro-
tective properties are related to the multibiological functions
and phochemical content of GLTE.

Conclusion

In this study, the toxicity induced by paraquat, one of the most
commercially sold herbicides in the world, in A. cepa and the
protective role of GTLE against this toxicity were investigated
with the help of cytogenetic, physiological, biochemical, and

anatomical parameters. The number of studies investigating the
toxic effects of paraquat on A. cepa is quite limited in the lit-
erature. On the other hand, in current studies, paraquat toxicity
has not been addressed in all its aspects with the help of cytoge-
netic, physiological, biochemical, and anatomical parameters.
In addition, to date, there is no other study investigating the pro-
tective role of GTLE against paraquat toxicity in A. cepa. Con-
sidering all these issues, this study is quite original in terms of
introducing new information to the literature. As a result of the
research, it was determined that exposure to paraquat at a dose of
100 mg/L caused toxicity in terms of all parameters investigated
in A. cepa. GTLE application at doses of 190 and 380 mg/L, on
the other hand, induced a decrease in paraquat toxicity, thanks to
the antioxidant property of GT, and caused an improvement in
all investigated parameter values. In addition, it was determined
that this improvement was even more pronounced at the dose
of 380 mg/L of GTLE. For this reason, GT is a beverage that
must be included in the daily diet as an antioxidant nutrient in
reducing or protection from the toxic effects of environmental
chemical agents such as pesticides.
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