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Abstract
Mercury (Hg) is a highly toxic heavy metal for all organisms. In the present study, the mitigative role of 190 mg/L and 
380 mg/L doses of green tea extract (GTex) against mercury(II) chloride  (HgCI2)-induced toxicity was evaluated in Allium 
cepa L. For this aim, selected physiological, genotoxicity, and biochemical parameters as well as meristematic cell inju-
ries in the roots were investigated. Ratios of catechin and caffeine in GTex were determined by HPLC analysis. Also, free 
radical scavenging activity of GTex was tested against superoxide and hydrogen peroxide radicals. As a result of  HgCI2 
application, germination percentage, root elongation, weight gain, and mitotic index (MI) declined, while the frequency of 
micronucleus (MN), chromosomal abnormalities (CAs), and meristematic cell damages increased.  HgCI2 administration 
also led to a significant increase in malondialdehyde content, superoxide dismutase, and catalase activities which are signs 
of oxidative stress. On contrary, applications of GTex together with  HgCI2 reduced  HgCI2-induced adverse effects in all 
parameters in a dose-dependent manner. Antioxidant components in GTex were listed as caffeine, epigallocatechin gallate, 
epigallocatechin, epicatechin gallate, and catechin according to their abundance. GTex exhibited a strong scavenging abil-
ity in the presence of superoxide and hydrogen peroxide radicals. The present study revealed the strong protective capacity 
of GTex against  HgCI2-induced toxicity in A. cepa owing to its high antioxidant content with a multifaceted perspective. 
With this study, a reliable starting point was established for future studies investigating the more common and diverse use 
of GTex against toxic substances.
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Introduction

Mercury (Hg) and Hg compounds are used in many fields 
ranging from agriculture to medicine. Most of the Hg depos-
its of the world are in certain countries, including China, 
Kyrgyzstan, Mexico, Peru, Russia, Slovenia, Spain, and 
Ukraine, and are used in various industries (UNEP 2013). 

Hg is utilized in the electrical, cement, mining, paint, and 
paper industries. It is also a catalyst in plastic production, a 
component in various measurement and control devices such 
as barometers and thermometers, a filling material in dental 
treatments, and a fungicide in agriculture (Özbolat and Tuli 
2016). Natural sources of Hg in the environment are soil and 
rocks. As a result of mining and various human activities, 
Hg compounds in rocks can be released and accumulate in 
high concentrations in soil or surface waters (Öztürk 2006). 
The increase in Hg contamination in nature with industriali-
zation has tripled the Hg pollution in the environment. As a 
heavy metal, even small amounts of Hg can cause adverse 
effects on organisms including humans (Kamynsky et al. 
2016). Hg toxicity varies depending on its chemical form. 
Hg exists in three forms: metallic, inorganic, and organic. 
Metallic Hg has a property that does not form a compound 
with other elements, is insoluble in water, and can evaporate 
in highly toxic amounts at room temperature. Inorganic Hg 
compounds, called mercury salts, are formed as a result of 
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the combination of Hg with chlorine, sulfur, and oxygen. 
They are soluble in water and can introduce human body 
through direct contact and diet (Liu et al. 2021). Mercury(II) 
chloride  (HgCl2), one of the inorganic compounds of Hg, 
has been classified as a “violent poison” (Kumari and Chand 
2021). Organic Hg, which is formed by the combination of 
Hg with the carbon atom, is the most toxic form and has a 
lipophilic character. Organic Hg, which is formed by micro-
organisms such as Desulfovibrio desulfuricans and by vari-
ous natural processes, is called methyl mercury and can also 
be obtained chemically by methylation of inorganic mercury 
(Akcan and Dursun 2008; Özbolat and Tuli 2016). Humans, 
aquatic organisms, and plants are open targets for Hg poi-
soning. The toxic effects of Hg in organisms are related to 
its high affinity for sulfhydryl groups. Hg is bound to mac-
romolecules through sulfur with an oxidation state of − 1 
and − 2. In most cases, the binding sites are the thiol groups 
of the Cys residue in the macromolecule (Ajsuvakova et al. 
2020). As a result of interaction between Hg and a mac-
romolecule containing the -SH group, irreversible damage 
to the cell membrane, enzyme inhibition, impairment in 
transport mechanisms, and dysfunction in structural/func-
tional proteins occur (Mutter et al. 2005; Zhu et al. 2021). 
Generally, Hg toxicity may increase neurological and neuro-
degenerative, metabolic, cardiovascular, and renal diseases 
while Hg in elemental form is especially harmful to the brain 
and kidneys (Ajsuvakova et al. 2020). Inorganic Hg forms 
are more accessible for plants than organic ones. Plants are 
contaminated with Hg as a result of irrigation with waste-
water or Hg-containing pesticide applications. In plants, Hg 
exhibits some toxic effects such as damage to the cell mem-
brane and aquaporin, inhibition of light and dark reactions of 
photosynthesis, and root damage. Foods contaminated with 
Hg, including edible parts of the plants, are the main routes 
of Hg exposure for humans (Natasha et al. 2020).

The toxic effects of heavy metals and many xenobiotics 
can be reduced by various antioxidant compounds. Green tea 
is a powerful antioxidant with a high content of catechins 
(Larsen et al. 2010; Bettuzzi et al. 2021). In green tea pro-
duction, unlike black tea, Camellia sinensis L. leaves are 
dried and steamed to prevent fermentation (Cabrera et al. 
2003). Research on the health benefits of tea has focused 
on green tea, as it contains more catechins than other types 
of tea (black and oolong). Green tea is particularly rich in 
flavonoids (30% by dry weight) including catechins and 
catechin derivatives. The most abundant catechins in green 
tea are ( −)-epigallocatechin-3-gallate (EGCG) (70%), epi-
catechin-3-gallate (ECG), and ( −)-epigallocatechin (EGC) 
(Shirakami and Shimizu 2018). The main flavonols found 
in green tea are quercetin, kaempferol, and myricetin (Maiti 
et al. 2019). In addition, gallic acid, chlorogenic acid, neo-
chlorogenic acid, and p-coumaryl quinic acid are frequent 
phenolic acids found in green tea (Şahin and Özdemir 2006). 

These complex components contribute to many biologi-
cal activities of green tea. Anticancer, antiatherosclerotic, 
antiobesity, antidiabetic, antibacterial, immunostimulatory, 
and anti-viral properties of green tea are mostly associated 
with these compounds (Suzuki et al. 2012; Hemmati et al. 
2021). It was recently reported that EGCG extracted from 
green tea inhibits coronavirus replication (Jang et al. 2021).

As studies of toxic substances in humans raise ethical 
concerns, various plant, animal, and microbial analyses have 
been developed to assess toxicity and contamination (Xia 
et al. 2013). Allium assay, the most common plant experi-
ment, reveals chromosomal damages in the meristem cells of 
the root of A. cepa that resulted from genotoxicity of danger-
ous chemicals (Kaur et al. 2019). The Allium assay is well-
accepted for being cheap and simple as well as having highly 
correlated results with other assays (Özkara et al. 2015).

Determination of potential protectors against Hg poisoning 
is one of the important research topics. In this context, this work 
investigated whether the green tea extract (GTex) could mitigate 
damages caused by  HgCl2 in growth (germination rate, root 
elongation, weight gain), genotoxicity (Mitotic index, chromo-
somal aberrations), biochemical parameters (malondialdehyde 
level, superoxide dismutase, and catalase activity), and meris-
tematic cell damages of A. cepa. Mercury-induced toxicity was 
examined with multiple parameters and the mitigative effect of 
GTex in each parameter was investigated. As the catechins in 
green tea are associated with antioxidant potential, the catechin 
content of GTex was analyzed by HPLC. The radical scaveng-
ing effect of GTEx was tested against strong oxidant superoxide 
and hydrogen peroxide  (H2O2). With these analyses, the toxicity 
of  HgCl2 and the mitigative effects of GTEx were demonstrated 
with a versatile model.

Materials and methods

Chemicals

Among the forms of mercury,  HgCl2 was used because of 
its water-soluble properties and also inorganic forms of mer-
cury are more accessible to plants than organic ones.  HgCI2 
was obtained from Merck (≥ 99.5%, CAS Number 7487–94-
7). All standards and mobile phase solutions (purity: 99%) 
of HPLC were obtained from Sigma-Aldrich. Pure green tea 
extract (60 capsules × 380 mg) was obtained commercially 
from Sepe Natural (İzmir/Turkey). Uniform and healthy 
small bulbs (A. cepa L., 2n = 16) used for the assay were 
obtained from Giresun, Turkey.

Experimental design

In this study, the protective feature of GTex against  HgCl2 
toxicity was investigated. Mercury toxicity and green tea 
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protection were investigated using physiological, cytoge-
netic, and biochemical parameters. The protective property 
of green tea is related to its phytochemical composition and 
radical scavenging activity. For this purpose, HPLC analysis 
and radical scavenging activity were also investigated. All 
parameters used in the study were given in Diagram 1.

HPLC analysis

GTex samples were extracted before HPLC analysis. For 
extraction, 1 g of sample was incubated with 150 mL of 
acetonitrile:water (1:1) for 40 min at 25 °C. The extract was 
filtered and then used for HPLC analysis (Agilent, 1260 
Infinity series, RID) with an XDB-C8 analytical column 
(Zorbax Eclipse, 150 mm * 4.6 mm, 5 µm). The mobile 
phase consisting of water-acetonitrile-formic acid was used 
for HPLC analysis of GTex. Gradient elution program was 
applied for 20 min at a flow rate of 1 mL/min. Injection 
volume was 5.0 μL. Solutions of standard compounds such 
as epigallocatechin, epigallocatechin gallate, epicatechin 
gallate, catechin, and caffeine (100 μg/mL) were prepared 
in acetonitrile and stored at 4 °C. All samples were micro-
filtered before injection (Fernandez et al. 2000).

Radical scavenging activity of GTex

Free radical scavenging is one of the important mechanisms 
of antioxidants. In this study, free radical scavenging activ-
ity of GTex was tested against superoxide and hydrogen 
peroxide.

The superoxide radical scavenging activity of GTex was 
studied according to the modified method proposed by Gülçin 
et al. (2010). Light induction of the reaction mixture was car-
ried out using a fluorescent lamp (20 W). A mixture (3 mL) 

of riboflavin (1.33 ×  10−5 M), methionine (4.46 ×  10−5 M), 
and nitroblue tetrazolium (8.15 ×  10−8 M) was prepared and 
illuminated at 25 °C for 40 min. The un-illuminated mix-
ture was used as a blank. Different concentrations of GTex 
(0.125–1.0 mg/mL) were added to the reaction medium and 
the absorbance of all mixtures was measured at 560 nm. The 
reduced absorption of the reaction mixture indicated the 
increased scavenging activity. The percentage of superoxide 
scavenging activity was calculated using Eq. 1.

A1 is the absorbance of resveratrol or standard solution, 
and A2 is the absorbance of the control. The experiment was 
repeated three times at each concentration.

H2O2 scavenging experiments were carried out according 
to the procedure of Ruch et al. (1989). A solution containing 
different concentrations of GTex (3.4 mL, 0.125–1.0 mg/
mL) and 0.6 mL  H2O2 (40 mM) was prepared. The absorb-
ance of the reaction mixture was measured spectrophotomet-
rically at 230 nm.  H2O2-free sodium phosphate buffer was 
accepted as blank. The scavenging activity was determined 
by monitoring the decrease in  H2O2 absorbance. The absorb-
ance of  H2O2 and the scavenging activity of resveratrol were 
calculated using Eqs. 2 and 3, respectively.

A1 is the absorbance of solution in the presence of GTex, 
and A2 is the absorbance of the control.

Butylated hydroxytoluene (BHT) was used as a standard 
antioxidant agent.
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[
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Diagram 1.  Experimental 
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Germination and physiological parameters

Equal-sized (4.7 ± 0.1 g) and healthy A. cepa bulbs were steri-
lized using NaClO (2.5%) solution for 10 min and then rinsed 
with distilled water. The bulbs of A. cepa were divided into 
six treatment groups and immersed in the prepared solutions in 
glass beakers: Control–Tap water, 190 mg/L GTex, 380 mg/L 
GTex, 100 mg/L  HgCI2, 190 mg/L GTex + 100 mg/L  HgCI2, 
and 380 mg/L GTex + 100 mg/L  HgCI2. All solutions were 
prepared in  dH2O. Bulbs were germinated at 23 °C in dark 
for 72 h. At the end of the  72nd hour, germination periods 
were ended, and then germination rates were calculated using 
50 bulbs (n = 50).  HgCI2 dosage was determined by consider-
ing our previous studies (Çavuşoğlu et al. 2018). The applied 
GTex concentration was chosen as a value above the dose 
at which the protective effect was observed in Allium cells 
(Çavuşoğlu 2020). A millimetric ruler was used to measure 
the root lengths of 10 bulbs (n = 10). The mean difference in 
weights before and after germination was measured with preci-
sion scales over 10 bulbs (n = 10).

Cytogenetic parameters

Root tips of (1–1.5 cm) A. cepa bulbs were used for cytoge-
netic analysis. Root tips were pretreated with saturated para-
dichlorobenzene solution for 4 h and then fixed for a day 
in solution of ethanol–acetic acid (75–25%). Fixated tips 
were hydrolyzed using 1 N HCl at 60 °C for 17 min before 
stained with Feulgen for 1.5–2 h. To prepare squash slides, 
stained root tips were crushed with a drop of 45% acetic 
acid (Sharma and Gupta 1982). Mitotic index (MI), frequen-
cies of micronucleus (MN), and chromosomal abnormalities 
(CAs) were observed at 500 × magnification with a micro-
scope (Olympus CX41) and photographed with a digital 
camera (Olympus C-5060). MI was calculated by analyzing 
1,000 of cells from ten slides prepared from each treatment 
(10,000 for each treatment). CAs and MN frequencies of 
each treatment were observed on ten slides (1,000 cells for 
each treatment) (Çavuşoğlu et al. 2021).

Antioxidant/oxidant dynamics

Lipid peroxidation

MDA levels of A. cepa roots were determined as an indica-
tor of lipid peroxidation in cells. Lipid peroxidation experi-
ment was conducted according to the method suggested by 
Unyayar et al. (2006). Root tissue (0.5 g) was homogenized 
in the presence of 1 ml of 5% trichloroacetic acid (TCA) 
solution. The homogenates of samples were centrifuged at 
12,000 rpm for 15 min at room temperature. Equal volumes 
of 0.5% thiobarbituric acid (TBA), TCA (20%), and superna-
tant were mixed in a glass tube and incubated at boiling hot 

bath (98 °C) for 30 min. At the end of 30 min, the mixture 
tubes were transferred to an ice-cold bath to stop the reac-
tion. Cooled mixtures were centrifuged at 10,000 rpm for 
5 min. The absorbance of the mixtures was read at 532 nm 
on a spectrophotometer.

Antioxidant enzymes

SOD and CAT activities were measured to understand the 
oxidative stress levels of root samples. SOD and CAT activity 
assays were performed using the same extraction methods. 
0.5 g of fresh root material from sample was homogenized in 
the presence of 5 mL sodium phosphate buffer (pH 7.8). The 
collected homogenates were centrifuged at 10,500 rpm for 
20 min at 4 °C and their supernatants were used for SOD and 
CAT enzyme analysis (Çavuşoğlu et al. 2021).

Activity of SOD was determined using the method pro-
posed by Beauchamp and Fridovich (1971). To obtain a 
reaction solution, 0.01 mL extract was added to a mixture 
containing 1.5 mL sodium phosphate buffer (0.05 M, pH 
7.8), 0.28 mL deionized water, 0.3 mL nitroblue tetrazolium 
chloride, 0.3 mL methionine, 0.3 mL EDTA-Na2, 0.3 mL 
riboflavin, and 0.01 mL 4% insoluble polyvinylpyrrolidone. 
A 215 W fluorescent lamp was used to start the reaction in 
glass tubes. At the end of the  10th minute, absorbance of the 
reaction mixture reaction was measured at 560 nm.

Activity of CAT was measured using the modified 
method of Beers and Sizer (1952). To prepare a reaction 
mixture, 1.5 mL of 200 mM sodium phosphate buffer (pH 
7.8), 0.3 mL of 0.1 M  H2O2, and 1.0 mL of distilled water 
were mixed in a glass tube. Addition of 0.2 mL sample 
extract to the mixture initiated the reaction. CAT activity 
was measured by monitoring the reduction in absorbance 
at 240 nm as a result of  H2O2 consumption. Activity was 
expressed as  OD240 nm min  g−1 FW. MDA, SOD, and CAT 
assays were repeated three times and performed in triplicate.

Anatomical alterations

Root tips were investigated for  HgCI2-induced anatomical 
alterations in meristematic cells. Before cross-sections were 
taken manually, root tips were thoroughly rinsed with dis-
tilled water to remove residues. Cross-sections were stained 
with a drop of 1% methylene blue. Meristematic damages 
were observed at 500 × magnification with a light microscope 
(Olympus CX41 with Olympus C-5060 digital camera). Meris-
tematic cell damages were classified as no damage, little dam-
age, moderate damage, and severe damage (Yalçın et al. 2021).

Statistical analyses

The statistical analyses of results were performed using 
SPSS (version 23) software (SPSS Inc., Chicago, IL, USA). 
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Data were shown as mean ± standard deviation (SD). The 
statistical significance between the means was assessed 
using One-way ANOVA (one-way analysis of variance) and 
Duncan tests, and it was considered statistically significant 
when the determined value (p) was less than 0.05.

Results and discussion

HPLC analysis of GTex

The presence of different ratios of catechin and caffeine in 
GTex was determined by HPLC analysis and the chromatogram 
was given in Fig. 1. In GTex, catechin species were found in the 
range of 0.559–0.991% (w/w), while caffeine was detected at 
a rate of 2.12% (w/w). Among the catechins, epigallocatechin 
gallate and epigallaocatechin were found in higher proportion 
compared to others. Catechins showed an order according to 
their presence in GTex as epigallocatechin gallate > epigallo-
catechin > epicatechin gallate > catechin. It has also been found 
that there is a higher rate of caffeine in GTex compared to cat-
echins. Fernandez et al. (2000) reported that the proportions 
of epigallocatechin gallate, epigallocatechin, and catechin in 
a commercially available green tea extract were 4.6%, 2.25%, 
and 0.55% (w/w), respectively. Catechins are antioxidant mol-
ecules capable of scavenging reactive oxygen species and 
reactive nitrogen species. Tea catechins are known to protect 
GSH, a powerful endogenous antioxidant, against oxidation. 
The relative efficiency of catechins in terms of GSH protection 
is ranked as epigallocatechin gallate > epigallocatechin > epi-
catechin gallate > epicatechin (Maurya and Rizvi 2009). Shi-
rakami and Shimizu (2018) reported that the most biologically 
active member of tea catechines is epigallocatechin gallate 
due to its suppressive effects against carcinogenesis. The high 

epigallocatechin gallate and epigallocatechin contents of GTex, 
as proved by HPLC analysis, show that GTex has an important 
role in the protection of endogenous antioxidants in cells.

Radical scavenging activity of GTex

There is a close relationship between the protective role of 
GTex and its antioxidant activity. Radical scavenging activity 
plays an important role in antioxidant activity mechanism. 
The radical scavenging property of GTex was tested against 
superoxide and  H2O2 and the results were given in Fig. 2. 
Superoxide and  H2O2 scavenging effects of GTex and BHT 
increased with the increasing concentrations of the solutions. 
Superoxide scavenging activities of 1 mg/mL GTex and BHT 
were found as 79% and 63.1%, respectively. There were statis-
tically significant differences in superoxide removal activities 
of GTex and BHT at all tested concentrations except for the 
0.25 mg/mL concentration (p < 0.05). The maximum hydro-
gen peroxide removal activities of GTex and BHT were 71% 
and 89%, respectively. There were statistically significant dif-
ferences in  H2O2 radical scavenging activities of GTex and 
BHT at all tested concentrations (p < 0.05).

These results indicated that GTex is a powerful antioxi-
dant and would have protective properties against induced 
oxidative stress. The HPLC analysis performed in this study 
showed that GTex contains high levels of catechins and that 
the high radical scavenging effect of GTex is directly related 
to these catechins. Catechins have the ability to inhibit free 
radical formation, scavenge free radicals, and chelate tran-
sition metal ions, which are catalysts of free radical reac-
tions. In addition, catechins scavenge free radicals such as 
hydroxyl, superoxide, and lipid radicals (Costa et al. 2007). 
It is stated in the literature that GTex is a good radical scav-
enging agent (Masek et al. 2017). Gramza et al. (2005) 

Fig. 1  HPLC chromatogram 
and the contents (% w/w, dry 
base) of GTex. a Epigallocat-
echin, b catechin, c caffeine, 
d epigallocatechin gallate, e 
epicatechin gallate
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reported that green tea and green tea polyphenols have a 
much stronger scavenging effect on active oxygen radicals 
than vitamin C and vitamin E.

Germination and physiological parameters

Effects of  HgCI2 and GTex on physiological parameters of A. 
cepa during germination are shown in Table 1. Administra-
tion of 190 mg/L and 380 mg/L GTex did not cause a statisti-
cally significant change in germination rate, root elongation, 

and weight gain in A. cepa bulbs (p > 0.05). Absence of dif-
ference in physiological parameters in physiological param-
eters can be interpreted as GTex has no toxic effect on A. 
cepa bulbs during germination. Application of on 100 mg/L 
 HgCI2 resulted in significant reduction in root elongation 
(75%) and weight gain (82%) (p < 0.05) as well apparent 
drop in germination rate (52%) compared to control. Adverse 
effect of mercurials on plant germination period documented 
on several plants (Patra and Sharma 2000; Muhammad 
et al. 2015). Similar to our results, Çavuşoğlu et al. (2018) 
reported depressive effects of  HgCI2 on germination per-
centage, weight gain, and root length of A. cepa bulbs. Patra 
and Sharma (2000) stated that Hg effects the embryo by 
causing -S-Hg-S- bridge formation and effecting -SH sys-
tem in cells. -SH system disruption causes more destructive 
consequences in the embryo than other tissues due to its high 
-SH content (Patra and Sharma 2000). Mercury is bound 
to macromolecules through sulfur with an oxidation state 
of − 1 and − 2. In most cases, the binding sites are the thiol 
groups of the Cys residue in the macromolecule (Ajsuva-
kova et al. 2020). Modification of thiol groups in proteins 
can cause serious functional damage in biological systems, 
including loss of enzyme activity. Reduced root elongation 
and weight gain showed severe damage on germinated A. 
cepa bulbs due to -SH degradation caused by  HgCl2 admin-
istration. It should be considered that Hg-induced oxida-
tive stress is associated with the interaction between Hg 
and -SH groups and is equally important in the terms of 
toxicity (Hansen et al. 2006). Administration of increasing 
GTex doses (190 mg/L and 380 mg/L GTex) with 100 mg/L 
 HgCl2 significantly reduced the adverse effect of  HgCl2 on 
the selected physiological parameters of A. cepa depending 
on the dose, but their physiological parameter results were 
still below control levels. The best reducing effect against Hg 
toxicity was observed in 380 mg/L GTex + 100 mg/L  HgCl2 
application with 22% reduction in germination rate, 34% 
reduction in root elongation, and 44% reduction in weight 
gain compared to control. GTex doses mitigated  HgCl2 
induced toxicity in germination process. Many experimental 
studies in the literature indicate that plant extracts, includ-
ing tea, can alleviate experimentally induced Hg toxicity 
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Fig. 2  Superoxide and  H2O2 scavenging property of GTex and BHT. 
Each histogram is a decimal average. The vertical lines on the bars 
indicate the standard deviation. Different letters (a–h) indicated aver-
ages p < 0.05 are significant

Table 1  Effects of  HgCI2 
and GTex on physiological 
parameters

*Means with the same letter within the same column are not statistically different (p > 0.05)

Treatments Germination rate 
(%)

Root elongation (cm) Weight gain (g)

Control 96 9.50 ± 1.70a  + 6.30a

190 mg/L GTex 98 9.60 ± 1.74a  + 6.41a

380 mg/L GTex 98 9.70 ± 1.75a  + 6.48a

100 mg/L  HgCI2 44 2.40 ± 0.96d  + 0.50d

190 mg/L GTex + 100 mg/L  HgCI2 60 4.10 ± 1.38c  + 1.85c

380 mg/L GTex + 100 mg/L  HgCI2 75 6.30 ± 1.55b  + 3.50b
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in animals (Bhattacharya 2018). In contrast, there is no 
previous study on the role of GTex in protecting against 
Hg toxicity in plants. Studies on plant extracts and heavy 
metals in A. cepa indicated that the protective roles of plant 
extracts were related to their antioxidant capacity (Glińska 
et al. 2007; Macar et al. 2020a; Kalefetoğlu Macar et al. 
2020a). Similarly, the protective property of GTex against 
mercury is also associated with its antioxidant activity. Mer-
cury acts by inhibiting antioxidants containing -SH such as 
glutathione, while green tea improves the deteriorated anti-
oxidant balance of the cell. Furthermore, GTEx also has 
a protective role on -SH groups in molecules. Miyagawa 
et al. (1997) reported that GTex and tea polyphenols play an 
important role in the inhibition of the loss of thiol groups in 
molecules. Especially catechin and its derivatives in green 
tea not only exhibit strong antioxidant properties in vitro, but 
also modulate the activity of antioxidant defense enzymes 
such as superoxide dismutase (SOD), glutathione peroxidase 
(GPx), and catalase (CAT). In this way, they mediate the 
recovery of the antioxidant balance disrupted by mercury 
(Simos et al. 2012).

Cytogenetic parameters

Normal appearance of mitotic phases in root tips of control 
group is presented in Fig. 3. Effects of GTex and  HgCI2 on 
MI, MN, and CAs are shown in Table 2 and Fig. 4. Similar 
to physiological parameters, application of 190 mg/L and 
380 mg/L GTex did not induce statistical changes on the 
frequencies of MI, MN, and CAs. MI measures the propor-
tion of cells in the mitosis phase and is a common indicator 
of cell proliferation (Jaiswal et al. 2021). MI results of GTex 

exposed bulbs revealed that GTex did not hinder cell mitosis 
as a toxic substance. GTex also did not increase incidences 
of MN (Fig. 4a) and CAs which are reliable biomarkers of 
genotoxicity (Grant 1982). In contrast to the effects of GTex, 
administration of 100 mg/L  HgCl2 resulted in a statistically 
significant decrease in MI (43%) and a sudden increase in the 
frequencies of MN (54.4 ± 5.83) and CAs compared to con-
trol (p < 0.05). In the presence of  HgCl2, fragment (Fig. 4b, 
c) formation (40.2 ± 4.85) was the most observed CAs fol-
lowed by sticky chromosomes (Fig. 4d) (35.7 ± 3.24) and 
vagrant chromosomes (Fig. 4e, f) (28.5 ± 3.12) (p < 0.05). 
Bridge formation (Fig. 4f), unequal distribution of chromatin 
(Fig. 4g), irregular mitosis (Fig. 3h), and nucleus damage 
(Fig. 4i) were also observed as a result of  HgCl2 exposure. 
These results provided strong evidence for Hg toxicity. In 
line with our results, the reduction of mitotic index and 
induction of CAs in A. cepa caused by Hg treatment were 
previously reported (Patra et al. 2004; Sharma et al. 2012; 
Çavuşoğlu et al. 2018). In addition, Çavuşoğlu et al. (2018) 
also mentioned that the most common Hg-induced CAs in 
A. cepa were MN, fragment formation, and sticky chromo-
somes. Crespo-López et al. (2009) explained the genotoxic 
effect of Hg with oxidative stress caused by free radical and 
reactive oxygen species (ROS) formation caused by Hg. 
Although the main reason of Hg genotoxicity is oxidative 
stress, adverse effects of Hg on microtubules, DNA repair 
mechanism, and DNA (directly) are also important in geno-
toxicity (Crespo-López et al. 2009). Briefly, the genotoxic 
effect of mercury is attributed to its ability to bind to the 
sulfhydryl groups of tubulin, impairing spindle function, 
causing chromosomal aberrations and polyploidy. Another 
important mechanism of mercury genotoxicity is its ability 

Fig. 3  Normal mitosis phases 
in meristems of A. cepa root tip 
cells (a interphase, b pro-
phase, c metaphase 2n = 16, d 
anaphase, e telophase. Scale 
bar = 10 μm)
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to produce free radicals that can cause DNA damage (Tela-
higue et al. 2020).

Parallel to physiological parameters, administration of 
190 mg/L and 380 mg/L GTex doses with 100 mg/L  HgCl2 
restored the genotoxic effects of Hg in a dose depending 
manner. The MI level was restored to 81% of the control 
in the 380 mg/L GTex application with Hg, and 65% in 
the 190 mg/L GTex application with Hg (p < 0.05). Hg-
induced MN frequencies also decreased with the 190 mg/L 
(40.1 ± 4.36) and 380 mg/L (31.5 ± 3.98) GTex applica-
tion given with Hg (p < 0.05). All CAs resulting from Hg 
treatment declined with increased GTex administration 
(p < 0.05). Although the levels in control had not been 
reached, the application of GTex had a significant mitigating 
power on the adverse effects of the Hg on the genotoxicity 
parameters. Our findings regarding the antigenotoxic proper-
ties of GTex were consistent with previous studies based on 
different test systems such as Chinese hamster V-79 (Roy 
et al. 2003), mice (García-Rodríguez et al. 2013), and human 
leucocytes (Glei and Pool-Zobel 2006; Jo et al. 2008). The 
main focus of these studies was on catechins and polyphe-
nols, powerful antioxidants found in abundance in green tea. 

Hasegawa et al. (1995) noted that the rich antioxidant con-
tent of tea prevented induction of DNA damage and DNA 
scission from genotoxic agents. Hg-induced genotoxicity 
might be alleviated by GTex preventing the formation of 
free radicals or facilitating their scavenging. GTex reduces 
the genotoxic effects by reducing free radicals and protect-
ing thiol groups and also has a positive effect on the DNA 
repair mechanism. Chong et al. (2019) reported that GTex 
enhances expression of DNA repair genes in yeast cells.

Antioxidant/oxidant dynamics

Oxidative stress related to  HgCI2 and GTex applications 
in A. cepa was investigated using MDA level, SOD, and 
CAT activity analyses (Table 3). Applications of 190 mg/L 
and 390 mg/L GTex did not induce a significant change in 
MDA levels as well as SOD and CAT activities compared to 
control in A. cepa root tissue. In contrast,  HgCl2 treatment 
significantly increased MDA level (2.7 times), SOD activity 
(2 times), and CAT activity (2.9 times) compared to control 
(p < 0.05). On the other hand, co-administration of increas-
ing GTex doses with  HgCl2 significantly reduced SOD and 

Table 2  Effects of GTex and  HgCI2 on genotoxicity parameters

*Means with the same letter within the same line are not statistically different (p > 0.05). MI, mitotic index; MN, micronucleus; FRG, fragment; 
SC, sticky chromosome; VC, vagrant chromosome; B, bridge; UDC, unequal distribution of chromatin; IM, irregular mitosis; ND, nucleus dam-
age

CAs Control 190 mg/L GTex 380 mg/L GTex 100 mg/L  HgCI2 190 mg/L 
Gtex + 100 mg/L 
 HgCI2

380 mg/L 
Gtex + 100 mg/L 
 HgCI2

MI 851 ± 30.5a 864 ± 32.6a 871 ± 34.5a 485 ± 20.4d 551 ± 24.8c 691 ± 27.6b

MN 0.26 ± 0.32d 0.16 ± 0.24d 0.10 ± 0.15d 54.4 ± 5.83a 40.1 ± 4.36b 31.5 ± 3.98c

FRG 0.00 ± 0.00d 0.00 ± 0.00d 0.00 ± 0.00d 40.2 ± 4.85a 32.3 ± 3.95b 25.6 ± 3.14c

SC 0.24 ± 0.34d 0.13 ± 0.22d 0.00 ± 0.00d 35.7 ± 3.24a 25.8 ± 2.96b 18.7 ± 2.38c

VC 0.00 ± 0.00d 0.00 ± 0.00d 0.00 ± 0.00d 28.5 ± 3.12a 21.9 ± 2.85b 14.6 ± 2.23c

B 0.00 ± 0.00d 0.00 ± 0.00d 0.00 ± 0.00d 24.3 ± 2.52a 15.2 ± 1.80b 9.60 ± 1.45c

UDC 0.00 ± 0.00d 0.00 ± 0.00d 0.00 ± 0.00d 18.8 ± 1.53a 10.4 ± 1.12b 6.60 ± 0.92c

IM 0.18 ± 0.24d 0.00 ± 0.00d 0.00 ± 0.00d 15.1 ± 1.24a 8.70 ± 0.91b 4.30 ± 0.66c

ND 0.00 ± 0.00d 0.00 ± 0.00d 0.00 ± 0.00d 5.00 ± 0.84a 3.10 ± 0.69b 1.50 ± 0.52c

Table 3  Effect of  HgCI2 
and GTex on biochemical 
parameters

*Means with the same letter within the same column are not statistically different (p > 0.05)

Treatments MDA (µM  g−1 FW) SOD (U  mg−1 FW) KAT 
 (OD240 nm 
min.g−1 FW)

Control 2.70 ± 1.48d 66.8 ± 5.32d 0.92 ± 1.15d

190 mg/L GTex 2.60 ± 1.45d 64.1 ± 5.19d 0.88 ± 1.12d

380 mg/L GTex 2.50 ± 1.42d 65.3 ± 5.24d 0.87 ± 1.10d

100 mg/L  HgCI2 8.80 ± 1.86a 135 ± 9.16a 2.68 ± 1.60a

190 mg/L GTex + 100 mg/L  HgCI2 7.30 ± 1.62b 110 ± 8.25b 2.20 ± 1.48b

380 mg/L GTex + 100 mg/L  HgCI2 5.00 ± 1.48c 92.4 ± 6.58c 1.83 ± 1.30c
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CAT activities and MDA levels compared to  HgCl2 admin-
istration alone. Decreases in MDA, SOD, and CAT values in 
380 mg/L GTex + 100 mg/L  HgCl2 application were higher 
than the 190 mg/L GTex + 100 mg/L  HgCl2 group, although 
they were still above the control levels. While MDA content 
is an indicator of lipid peroxidation in cells caused by oxida-
tive stress, CAT and SOD are protectors against oxidative 
stress (Macar 2020). In parallel with the physiological and 
genotoxic results of this study, application of GTex did not 
trigger any oxidative stress in A. cepa bulbs. Unlike GTex, 
application of  HgCI2 caused severe oxidative stress in A. 
cepa.  HgCI2 administration caused a significant increase in 
MDA level and abnormality in antioxidant enzyme levels, 
resulting in deterioration of antioxidant/oxidant balance. Hg 
can damage the cells by increasing the ROS level (Ercal 
et al. 2001). Free radicals generated by Hg have different 
effects, but genotoxic effect is the most important one. Lipids 
are very sensitive to ROS and mercury-induced free radi-
cals cause lipid peroxidation (Rabeh et al. 2019). In the cell 
membrane, which has a high lipid content, changes occur 
in membrane structure and permeability due to lipid per-
oxidation. MDA is a mutagenic product formed as a result 
of lipid peroxidation. At the end of the normal biochemi-
cal process, low levels of MDA can occur in cells and can 
be removed with the antioxidant system. Increasing MDA 
level indicates oxidative stress and lipid peroxidation in the 

cell (Rana et al. 1995; Crespo-López et al. 2009). Oxida-
tive stress caused by mercurial was observed on a variety 
of organisms such as tomato (Cho and Park 2000), mallard 
ducks (Hoffman and Heinz 1998), cucumber (Cargnelutti 
et al. 2006), and human (Marcusson and Jarstrand 1998; 
Granitzer et al. 2020). In addition, modifying effect of Hg 
on SOD and CAT activities in A. cepa was mentioned by 
other researchers (Subhadra et al. 1991; Fatima and Ahmad 
2005). Medicinal plants and their products have protective 
effects against Hg-induced oxidative stress by raising of 
endogenous enzymatic and non-enzymatic defense systems 
(Bhattacharya 2018). With GTex application, a decrease in 
MDA levels and an improvement in antioxidant/oxidant bal-
ance were observed. The decrease in MDA levels is closely 
related to the radical scavenging activity of GTex. The abil-
ity of GTex to scavenge free radicals was determined by 
previous analyzes in this study. GTex exhibited a significant 
scavenging effect against superoxide and  H2O2 that cause 
oxidation in the cell and especially in cell membrane lipids. 
Especially catechins in GTex content have an important 
role in scavenging free radicals. Catechins perform their 
activities with H-donating antioxidant processes, reducing 
oxidative stress and maintaining the antioxidant balance in 
the cell. Catechins also have mechanisms that directly or 
indirectly regulate the expression of enzymatic antioxidants 
including SOD (Simos et al. 2012). Caffeine, another active 

Fig. 4  Chromosomal aberra-
tions promoted by  HgCI2 (a MN 
in interphase MN, b fragment in 
interphase, c fragment in meta-
phase, d sticky chromosome, 
e vagrant in early telophase, f 
vagrant in anaphase (Straight 
arrows), bridge (dotted arrow), 
g unequal distribution of 
chromatin, h irregular mitosis, i 
nucleus damage)

27870 Environmental Science and Pollution Research  (2022) 29:27862–27874

1 3



ingredient in GTex, also scavenges various radicals such as 
peroxyl and hydroxyl, thereby reducing oxidative stress in 
the cell (Demirtaş et al. 2012). In short, the catechin deriva-
tives and caffeine found in GTex allow the protection and 
continuation of the antioxidant balance that has been dis-
turbed by the mercury.

Anatomical alterations

Since the roots are the first contact areas with heavy metals, 
cell damage can be seen easily in the meristematic tissue in 
the roots. Table 4 shows the severity of meristematic cell 
damages in GTex and  HgCI2 treatments. Meristematic cell 
damages induced by  HgCI2 are presented in Fig. 5. No mer-
istematic cell injury was observed in control, 190 mg/L, and 
380 mg/L GTex treatments. Application of  HgCI2 resulted in 
severe epidermis cell damage (Fig. 5e), moderate thickening 
of the cortex cell wall (Fig. 5f), moderate cortex cell damage 
(Fig. 5f), severely flattened cell nucleus (Fig. 5g), and mod-
erate indistinct transmission tissue (Fig. 5h). Severity of all 
meristematic cell damage types was decreased with increas-
ing GTex doses. Scarce Hg in the soil tends to accumulate 
in the root tissue, indicating that the roots act as a barrier to 
Hg (Patra and Sharma 2000). Roots are more vulnerable than 

other parts of the plant due to Hg accumulation. Similar to 
our findings, Çavuşoğlu et al. (2018) reported meristematic 
cell damages in A. cepa induced by Hg exposure. In addition, 
copper-induced injuries in the A. cepa root meristem have 
been reported previously (Macar et al. 2020b; Kalefetoğlu 
Macar et al. 2020b). The most likely causes of meristematic 
cell damages are direct attack of ROS arising from Hg-related 
oxidative imbalance to the macromolecules in the cells as 
well as cell membrane injuries caused by lipid peroxida-
tion. Results of meristematic cell damages were in line with 
growth retardation, genotoxicity, and oxidative stress finding 
of this study. Thanks to its high antioxidant power, GTex 
prevented root damage by reducing the toxic effects of Hg.

Conclusion

In conclusion, mitigative and healing capabilities of GTex against 
 HgCI2-induced toxicity revealed with detailed A. cepa assay. 
Although toxicity of Hg has already been investigated, this is 
the first work that demonstrated the preventive and restorative 
role of GTex extract against a dangerous heavy metal in A. cepa. 
Results of the study clearly exhibit  HgCI2 exposure has serious 
adverse effects on all investigated parameters. On the contrary, 

Table 4  Protective role of 
GTex against  HgCI2-induced 
meristematic cell damage

*ECD, epidermis cell damage; TCCW , thickening of the cortex cell wall; CCD, cortex cell damage; FCN, 
flattened cell nucleus; ITT, indistinct transmission tissue. ( −), no damage; ( +), little damage; (+ +), mod-
erate damage; (+ + +), severe damage

Damages ECD TCCW CCD FCN ITT

Control - - - - -
190 mg/L GTex - - - - -
380 mg/L GTex - - - - -
100 mg/L  HgCI2  +  +  +  +  +  +  +  +  +  +  +  + 
190 mg/L m GTex + 100 mg/L  HgCI2  +  +  +  +  +  +  + 
380 mg/L GTex + 100 mg/L  HgCI2  +  + -  + -

Fig. 5  Meristematic cell dam-
age caused by  HgCI2 applica-
tion (a normal appearance 
of epidermis cells, b normal 
appearance of cortex cells, c 
normal appearance of nucleus, 
d normal appearance of trans-
mission tissue, e epidermis cell 
damage, f cortex cell damage 
(black arrows), thickening of the 
cortex cell wall (white arrows), 
g flattened cell nucleus, h indis-
tinct transmission tissue)
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GTex application mitigated and restored the harmful effects of 
Hg-induced toxicity on all parameters depending on the dose. 
Results of biochemical parameters pointed that well-known anti-
oxidant power of GTex closely related to alleviation of toxicity 
caused by Hg. The absence of a negative effect of GTex in this 
study answered some concerns regarding the use of this product. 
The overall results of this study provide a reliable starting point 
for studies investigating the more widespread and diverse use of 
GTex against toxic substances, especially heavy metals.

As a result, it was determined that  HgCI2, which is widely 
used in industrial sectors and polluting the environment in 
various ways from these sectors, has a toxic effect on A. cepa. 
For this reason, the use of  HgCI2 in industrial areas should be 
avoided as much as possible or its contamination should be 
reduced. Within the scope of the study, it was determined that 
GTex plays a role in reducing  HgCI2 toxicity and the A. cepa 
test material is a useful biological indicator to observe these 
effects. A. cepa, a model eukaryotic organism, is very useful in 
determining the toxic effects of chemical agents in eukaryotes 
and in detecting agents that will reduce these toxic effects.
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