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Abstract: The Melet is one of Turkey’s economically important rivers. Most of the petroleum plants are located at fairly nearby ofthe river.
This situation is considered as main source of heavy metal pollution in the river. The present study was designed to evaluate the protective
role of Ginkgo biloba (GB) on cytotoxicity induced by petroleum wastewater in Vicia faba root tip cells. For this aim, we used the germination
percentage, rootlength, weight gain and micronucleus (MN) frequency as indicators of cytotoxicity. Additionally to the cytological analysis,
lipid peroxidation analyses were also performed in V. faba roots. Heavy metal concentrations in wastewater were measured by atomic
absorption spectrophotometer (AAS). The V. faba seeds were divided into six groups. They were treated with petroleum wastewater and
10, 20 and 30 uM doses of GB. As a result, the mean concentrations of heavy metals in wastewater were observed in the order:
Pb>AI>Ni>Cr>Fe>Cu>Zn>Cd. The highest germination percentage was observed in the seeds ofthe control and positive control groups
(in proportion as 98 and 96%, respectively). Wastewater treatment caused a significant decrease in the germination percentage of Group
Il (in proportion as 44%). The highest root length and weight gain were observed in the seeds of the control and positive control groups at
the end of the experimental period. The least root length and weight gain were observed in the seeds of Group llltreated with wastewater
alone. In the control group, the final weights of all the seeds increased about4.08 g according to initial weight. The root lengths of the control
seeds were measured as 6.80 cm at the end of the experimental period. The final weights of the seeds exposed to wastewater alone
increased about 0.90 g according to initial weight. Besides, there was a significantly increase in the MDA levels of the roots exposed to
wastewater. Heavy metals in wastewater significantly affected the MDA production indicating lipid peroxidation. But, GB-treatment caused
amelioration in indlices ofthe germination percentage, rootlength, weight gain, MN frequency and lipid peroxidation when compared with group
Ill. Each dose of GB provided protection against wastewater toxicity, and its strongest protective effect observed at dose of 30 uM. In vivo
results showed that GB s a potential protector against toxicity induced by petroleum wastewater, and its protective role is dose-dependent.

Key words: Cytotoxicity, Ginkgo biloba, Heavy metal contamination, Lipid peroxidation, Melet river, Vicia faba

PDF of full length paper is available online

Introduction

The river and lake systems are the most important surface
water resources in Turkey. The most of the waters is commonly
used for irrigation purposes of agriculture, landscape, public parks
or for drinking. Nowadays, industrial, agricultural and domestic
wastes are continuously discharged into the water systems. These
waste materials also contain heavy metal compounds (Altundogan
et al., 1998; Shrivastava et al., 2003; Ozdilek et al., 2007).

Heavy metals have long been recognized as major
pollutants for both of aquatic and terrestrial habitats. They may affect
organisms directly by accumulating in their body or indirectly by
transferring to the food chain (Memon et al., 2001; Shah and Altindag,
2005; Obasohan et al., 2006; Akinola and Ekiyoyo, 2006). Most of
these metals are highly toxic and no know biological function. Hence,
they tend to accumulate in soil, sediment and different tissues of
plant and animals (Memon et al., 2001; Sharma and Dubey, 2005).
They can cause inhibition of photosynthesis in water plants, effect
on phytoplankton growth in water, cause to chromosomal aberrations
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in terrestrial plants and induce carcinogenesis in human (Kiran and
Sahin, 2005; Obasohan et al., 2006). Despite regulatory measures
carried out in many countries, heavy metals continue to increase in
the environment (Sharma and Dubey, 2005).

The use of certain materials may help to decrease the toxicity
created by chemical agent such as heavy metals (Aslanturk and
Celik, 2005). Recently, bio-polymers of various biological materials
such as Phyllanthus fruit extract, Ocimum sanctum L. leaf extract,
grape seed, royal jelly and lycopene have been used for this aim
(Pillai and Damodharan, 2007; Madhavi et al., 2007; Babu and
Uma Maheswari, 2006). Ginkgo biloba is considered the oldest
living tree in the world, dating back at least 200 million years. Some
ginkgo trees have been known to live well over an average of
1000 or more years. GB leaf extract is the most widely sold
phytomedicine in Europe, where it is used to treat the symptoms of
early—stage Alzheimer’s disease, vascular dementia, peripheral
claudication and tinnitus of vascular origin (Sierpina et al., 2003).

Although there are many published clinical studies on GB
in literature, unfortunately, the protective mechanisms of GB on
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heavy metal toxicity in plants are still poorly understood. The aim of
the present study was to evaluate the protective role of GB on
toxicity induced by petroleum wastewater in V. faba root tip cells.

Materials and Methods

Wastewater sampling procedure: The wastewater samples were
collected once in February 2008. The first point discharged into the
Melet River of petroleum wastewater for sampling was chosen. The
wastewater samples were taken down to a depth of at least 10 cm.
The water samples were stored in sterile 1000 ml amber-colored
plastic bottles, transported to the laboratory on the same day and
stored in the dark at 4°C until the experimental procedure. The
wastewater samples were filtered through 0.45 pm Millipore filter
paper. The measurement conditions were optimized for each metal
(Yilmazer and Yaman, 1999). The concentrations of Pb, Al, Ni, Cr,
Fe, Cu, Zn and Cd were measured by AAS. 20 ml of sample
solution was used for the determination of heavy metals in
wastewater.

Preparation of root tips and exposure to wastewater: Healthy
and proximate equal-sized V. faba seeds were selected. The seeds
were sterilized with 2.5% sodium hypochlorite solution for 10 min
and washed for 24 hrin ultra-distilled water. The seeds in each
treatment group were placed on filter paper in Petri dishes. 50
seeds of V. faba were planted in each Petri dish. The V. faba seeds
were divided into six groups. Group | (control) was treated with tap
water, Group Il (positive control) was treated with 30 uM dose of
GB, Group lll was treated with petroleum wastewater alone, Group
IV was treated with 10 uM dose of GB and wastewater, Group V.
was treated with 20 uM dose of GBand wastewater, Group VIwas
treated with 30 uM dose of GB and wastewater, for 7 consecutive
days. At the end of 7" day, the root lengths of the germinated seeds
were measured with a milimetric ruler. The root length was
determined by radicula formation bases of V. faba seeds non-
exposed and exposed to wastewater. Besides, the weight gain of
seeds was measured using a sensitive electronic balance. For the
cytological analysis, when the roots attained a length of approximately
1-2 cm, they were washed in distilled water and temporary squash
preparations were made.

MN analysis: The root tips were fixed for 6 hrin a Clarke’s fixator
(3:1i.e. acetic acid glacial and distilled water), washed for 15 min in
ethanol (96%) and stored in ethanol (70%) in the fridge at +4°C
until making the microscope slides. The root tips were hydrolyzed in
IN HCl at 60°C for 17 min, treated with 45% CH,COOH solution for
30 min and stained for 24 hrin Acetocarmine. After staining, the root
meristems were separated and squashed in 45% CH,COOH solution
(Wei, 2004; Staykova et al., 2005). For the MN analysis, 1000 cells
were scored for each slide to calculate the frequency of MN.
Micronucleated cells were evaluated under a binocular light
microscope (Japan, Olympus BX51) at X500 magpnification. For the
scoring of MN the following criteria were adopted from Fenech et al.
(2003): (i) the diameter of MN should be tenth of the main nucleus,
(ii) MN should be separated from or marginally overlap with main
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nucleus aslong as there is clear identification of the nuclear boundary,
(iii) MN should have similar staining as the main nucleus.

Quantification of lipid peroxidation: Lipid peroxidation was
determined by measuring the amount of MDA according to Unyayar
et al. (2006). About 0.5 g of root tissues from control and treated
groups were cut into small pieces and homogenized by the addition
of 5 ml of 5% trichloroacetic acid (TCA) solution. The homogenates
were then transferred into fresh tubes and centrifuged at 12,000
rpm for 15 min at room temperature. Equal volumes of supernatant
and 0.5% thiobarbituric acid (TBA) in 20% TCA solution were
added into a new tube and boiled at 96°C for 25 min. The tubes
were transferred into ice-bath and then centrifuged at 10,000 rpm
for 5min. The absorbance of the supematant was measured at 532
nm and corrected for non-specific turbidity by subtracting the
absorbance at 600 nm, 0.5% TBAin 20% TCA solution was used
as the blank. MDA contents were calculated using the extinction
coefficient of 155 m™ cm. Values of MDA contents were taken from
measurements of three independent samples, and SD of the means
were calculated.

Statistical analysis: For the statistical analysis, data were
analyzed using the SPSS for Windows software, Version 10.0 (SPSS
Inc., Chicago, USA). Statistically significant differences between
groups were compared using analysis of variance (ANOVA) and
Duncan test. The data are displayed as means + standard deviation
(SD), and p-values less than 0.05 are considered significant.

Results and Discussion

The Melet river is the longest river of Ordu province in
Turkey. The river is exposed to petroleum wastewaters discharged
from the gasoline industry. Periodical analysis of water, plankton,
fishand sediment samples showed that the river is contaminated by
various heavy metal ions (Atlas and Biyiikgiingér, 2007).

Table 1 shows the metal concentrations in petroleum
wastewater in the order: Pb>AI>Ni>Cr>Fe>Cu>Zn>Cd. The
average concentrations measured in the wastewater samples
were about 66.45+3.87 for Pb, 37.21£3.35 forAl, 27.17+3.35
for Ni, 22.98+2.25 for Cr, 18.09+1.91 for Fe, 14.50+1.28 for

Table - 1: Heavy metal concentrations (mg I") in petroleum wastewater
collected from the sampling site

Heavy metal Minimum Maximum Average

Pb 60.23 7043 66.45+3.87
Al 30.56 4043 37.21£3.35
Ni 20.86 3042 27174335
Cr 2044 2534 22.98+2.25
Fe 15.47 2044 18.09+1.91
Cu 11.56 15.96 14.50+1.28
Zn 6.14 9.14 7.25+0.91
Cd 0.78 412 2414113

All values the mean * SD (20 ml of sample solution was used for the
determination of heavy metals in wastewater)
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Table - 2: The effect of petroleum wastewater on germination (%) of V. faba seeds at the end of 7" day

Groups Number of seeds Number of Number of not Germination Percent germination
germinated seeds  germinated seeds percentage increase

I 50 49 1 B 54

Il 50 48 2 % 52

0 50 2 28 4 -

v 50 2 2 5% 12

Y 50 A 16 68 24

Vi 50 3 l 78 K

Group I: control, Group Il: positive control, Group IlI: wastewater, Group IV: 10 uM GB + wastewater, Group V: 20 uM GB + wastewater, Group VI:

30 uM GB + wastewater

Table - 3: The effect of petroleum wastewater on root length (cm)

Parameter Group | Group I

Group lll

Group IV Group V Group VI

Root length 6.80+0.63° 6.83+0.61°

2.22+0.18°

3.140.16° 3.90+0.11° 4.8410.14°

All values the mean + SD (n: 50). Group I: control, Group II: positive control, Group IlI: wastewater, Group IV: 10 uM GB + wastewater, Group V: 20
MM GB + wastewater, Group VI: 30 uM GB + wastewater. Statistical significance between means was performed using One-Way analysis of variance
(ANOVA) followed by Duncan as a post ANOVA test (p<0.05). Means with the same letter within the same parameter are not significantly different

Table - 4: Mean weight gain (g) of V. faba seeds at the end of 7" day

Groups Initial weight Final weight Difference
of seeds of seeds
I 1.82+0.14 5.90+0.13° 4.08
Il 1.83+0.15 5.92+0.16° 4.09
0 1.8410.13 2.74+0.26° 0.90
v 1.830.12 3.1410.16¢ 1.31
Y 1.84+0.11 3.88+0.15° 204
Vi 1.850.13 4.50+0.20° 265

All values the mean + SD (n: 50). Group I: control, Group II: positive
control, Group IIl: wastewater, Group IV: 10 uM GB + wastewater, Group
V: 20 uM GB + wastewater, Group VI: 30 uM GB + wastewater.
Statistical significance between means was performed using one-way
analysis of variance (ANOVA) followed by Duncan as a postANOVAtest
(p<0.05). Means with the same letter within the same parameter are not
significantly different

Cu, 7.25+£0.91 for Zn and 2.41+1.13 for Cd, mg I'". The
average value of Pb was higher than values of the other
heavy metals.

The high concentrations of these heavy metals can inhibit
the seed germination, root length and seed gain. As shown in Table
2, the germination percentages of the control and positive control
groups were fairly similar. But, the germination percentages of the
seeds treated with wastewater were rather different than control
groups. The highest germination percentage was observed in the
seeds of the control and positive control groups (in proportion as 98
and 96%, respectively). Heavy metal-polluted wastewater caused
a significant decrease in the germination percentage of V. faba. But,
supplementation of three different doses of GB extract prevented
decrease inthe germination percentage compared to Group ll1. 10,
20and 30 uM doses of GB caused 12, 24 and 34% increase in the

seed germination according to Group ll, respectively. Even so,
these increases were still lower than the control values. In GB-
supplemented group, the largest effect of supplementation particularly
at 30 uM dose of GB was seen. The results showed that the
germination percentage can be considered as most sensitive
indicator of heavy metal toxicity. This information is parallel with the
other toxicity data available so far. The research results clearly
indicate that heavy metal ions can lead to decrease of the gemmination
percentage in seeds of different plant species (Munzuroglu and
Geckil, 2002; Kiran and Sahin, 2005; Wierzbicka and Obidzinska,
1998; Aybeke and Olgun, 2004; Neelima and Reddy, 2003).

The visual non-specific symptoms of heavy metal toxicity
on plant are inhibition of the root growth and seed weight (Burton et
al., 1984). In the present study, we observed changes in the weight
gain and root growth in the seeds exposed to wastewater. The
results related to root length is given in Table 3 and the weight gain
of seeds (V. faba) is given in Table 4. The data showed that
wastewater treatment significantly reduced the root length and weight
gain of seeds. The highest root length and weight gain were
observed in the seeds of the control and positive controls at the end
of the experimental period. The least root Ilength and weight gain
were also observed in the seeds of Group lll treated with wastewater
alone. In the control group, the final weights of all the seeds increased
about 4.08 g according to initial weight. The root lengths of the
control seeds were measured as 6.80+0.63 cm at the end of the
experimental period. The final weights of the seeds exposed to
wastewater alone increased about 0.90 g according toinitial weight.
But, GB supplementation caused again increase in the root length
and weight gain according to Group IIl, and differences were
statistically significant (p<0.05). Besides, there was a positive
correlation between GB doses and the increase in the root length
and weight gain. Besides, these increases were statistically significant
(p<0.05). The inhibitory effect of heavy metals on the root growth
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Table - 5: The effect of petroleum wastewater on micronucleus (MN) frequency at the end of 7" day

Groups Number of Minimum Maximum Average * SD
scored cell
I 1000 0 0 00.00+0.00°
Il 1000 0 0 00.00+0.00°
0 1000 55 66 60.87+3.52?
v 1000 43 53 49.33+2.88°
Y 1000 33 40 37.37+2.53°
Vi 1000 25 32 28.87+2.37¢

All values the mean + SD. Group I: control, Group II: positive control, Group IIl: wastewater, Group IV: 10 uM GB + wastewater, Group V: 20 uM GB
+ wastewater, Group VI: 30 uM GB + wastewater. Statistical significance between means was performed using one-way analysis of variance (ANOVA)
followed by Duncan as a post ANOVA test (p<0.05). Means with the same letter within the same parameter are not significantly different

Table - 6: The effect of petrol wastewater on lipid peroxidation MDA content

Parameter Group | Group |l Group llI Group IV Group V Group VI

MDA 14.65+2.30° 14.45+2.09° 33.40+£4.01° 27104265 24.10£3.28° 19.40+3.33¢

All values the mean + SD (5 g root tip sample from each treatment group were used for MDA content). Group I: control, Group Il: positive control, Group
Il: wastewater, Group IV: 10 uM GB + wastewater, Group V: 20 yM GB + wastewater, Group VI: 30 uM GB + wastewater. Statistical significance
between means was performed using one-way analysis of variance (ANOVA) followed by Duncan as a post ANOVA test (p<0.05). Means with the same

letter within the same parameter are not significantly different

was widely reported by bio-monitoring studies. These studies
showed that toxic concentrations of Pb, Hg, Zn, Cd and Cu may
lead to inhibition of vegetative organ growth rates in plants (Dimitrova
and Ivanova, 2003). Shafiq and Igbal (2006) determined decrease
of the root length at all concentrations (25-100 ppm) of Pb and Cd in
Cassia siamea. Malekzadeh et al. (2007) investigated the inhibitory
effect of Cd*2on root growth in maize plant. As aresult, they indicated
inhibition of the root growth in maize seedling treated with Cd*2,
Besides, Godbold and Kettner (1991) observed a significant
decrease in primary, secondary and tertiary root growth of Picea
abies seedlings treated with different Pb solutions. Although the
ultimate mechanism of metal toxicity on the weight gainis completely
unknown, it seems plausible that these metals act as a blocking
agent by interaction with the cell components. Sharma and Dubey
(2005) reported that heavy metal ions may block the entry of cations
and anions, cause a decline in transpiration rate and water content
resulting into significant alterations in nutrient status and nutrient
contents of tissues, thereby reducing seed weight.

The MN formation in V. faba root tip meristem cells was
not observed in both the control and positive control. But, a
significant increase in the MN formation was observed in all the
seeds exposed to petroleum wastewater (Fig. 1) and the
frequency is indicated in Table 5. The maximum frequency of MN
was observed in the seeds treated with wastewater alone and
minimum frequency of MN was observed in the seeds treated with
different doses of GB. The MN frequency showed a decrease
with rising in GB dose. There was a strong dose-effect relationship
between the MN frequency and GB doses. It also appeared that
30 uM dose of GB had greater effect than those observedin 10
and 20 uM doses on MN frequency. There was statistically
significant difference between MN frequencies of the control and
treatment groups (p<0.05). There was also statistically significant
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difference among 10-30 uM doses of GB (p<0.05). These findings
suggested that heavy metals in petroleum wastewater had cytotoxic
activity induced MN formation in the root tips of V. faba. These
observations are also in agreement with cytotoxicity data reported
by other authors so far. In most of the studies, results indicated that
the test substances as heavy metalsions can produce chromosomal
or spindle damage and mitotic apparatus damage leading to
formation of MN (Inceer et al., 2003). Especially, the inhibition of
spindle formation has been shown to lead to severe abnormalities
such as stickiness, unequal distribution, multipolar anaphase,
chromosal bridges and laggards. Heavy metal ions interact with
biomolecules and bind them via reactive groups such as hydroxyl
and sulphydryl. As aresult, they cause breaks and conformation
changes in 3D structure of biomolecules (protein, nucleic acid) or
alteration in metabolic pathways (Kark, 1979). In our opinion
about this matter, heavy metals may enter into cell nucleus and
may bind to purine and pyrimidine bases or proteins such as
spindle. These interactions may denature spindles and may cause
adelay in the formation of chromosome-spindle complex, and this
condition may causes to MN formation. This knowledge is also in
agreement with results reported by Staykova et al. (2005). They
reported high MN frequency induced by the lagging of whole
chromosomes or the immobility of large acentric fragmentsin Allium
cepa. In a similar study, it was showed a systematically increase
inthe MN frequency and chromosome aberrations with increased
concentration of CrQ, in V. faba (Wei, 2004). In another study,
Rosa et al. (2003) observed a significant increase in the MN
frequency at 20 uM dose of Cd**.

It is known that heavy metal stress causes molecular
damage to plant cells either directly or indirectly through the formation
of reactive oxygen species (ROS) such as hydrogen peroxide,
hydroxyl and superoxide radicals (Zhang et al., 2007). Harmful
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Fig. 1: The appearance (arrow) of MN in V. faba acetocarmine
staining, X500

ROS can damage biological molecules such as lipids which are
altered by peroxidation. Measurement of MDA levels is routinely
used as an indicator of lipid peroxidation under stress conditions
(Meng et al., 2007). Lipid peroxidation as MDA data are given in
Table 6. The results showed that there was a significantly increase
in the MDA levels of the roots exposed to wastewater. Heavy metal
ionsin wastewater significantly affected the MDA production indicating
lipid peroxidation. There was a statistically significant difference
between control and treatment groups (Table 6, p<0.05) for MDA
content. GB treatment decreased the toxic effects of heavy metal
ions manifested by lower lipid peroxidation, lesser production of
hydrogen peroxide and reduction in the generation of superoxide
radicals. In decreased MDA content was observed in roots at all
three dose of GB. In GB-treated roots, the level of MDA reduced
about 19, 28 and 42% according to Group Il at 30 uM dose of GB,
respectively. These observations are also in agreement with results
reported by Hong et al. (2000), Choudhury and Panda (2004),
Unyayar et al. (2006), Meng et al. (2007) and Pandey et al.
(2007) on the generation of lipid peroxidation products under different
heavy metal stresses. These researchers reported a significantly
increase in the MDA content in the roots treated with different doses
of heavy metals.

Consequently, GB had a protective effect on the cytotoxicity
and lipid peroxidation induced by petroleum wastewater in seeds of
V. faba, and its protective effectwas dose-dependent. The protective
role of GB on wastewater-induced toxicity may be explainable with
the antioxidant properties of GB. Antioxidants are significant
molecules that act as free radical scavengers and they trap the free
radicals and give up own electrons. Thus, antioxidants with stated
functions, are protect molecules as protein, lipid, enzyme,
chromosome and DNA against free radical damage (Feri, 1994;
Halliwell et al., 1995) Although it is not a general rule, antioxidants
and GB appear to share similar mechanisms of protection against
the toxicity. Researchers have shown that GB contains antioxidant
properties (Mix and Crews, 2002). GB is also known to be efficient
in helping to treat or prevent diseases associated with free radicals.
Pharmacologically, there are two groups of substances which are

significant compounds found in GB. These are the flavonoids as
myricetin and quercitin which give ginkgo its antioxidant action
and the terpenes which help to inhibit the formation of blood clots
(Oberpichler et al., 1990). These compounds have the capability
of decreasing cell damage which results from the presence of
free radicals. Besides, these compounds scavenge and destroy
free radicals and reactive forms of oxygen, such as O,, OH
and lipid peroxide radicals (Oberpicher et al., 1990; Sierpina et
al., 2003). No study so far has been undertaken to examine the
protective role of GB in plant tissues. But, most human laboratory
tests and animal studies were performed on antiradical or
antioxidant properties of GB. Sener et al. (2006) investigated
the possible beneficial effect of GB against the analgesic
acetaminophen (AAP) toxicity in mice. Ergun et al. (2005)
investigated the anti-apoptotic effect of GB in gossypol-treated
human lymphocytes. Harputluoglu and Demirel (2006)
investigatedthe protective effects of GB on thioacetamide (TAA)
induced fulminant hepatic failure in rats.

The results of the present study indicated that there was a
serious pollution problem caused by petroleum wastewater in the
Meletriver. This pollution caused significant toxic effects in the root
tip cells of V. faba. Nevertheless, our observations indicated that GB
enhanced the antioxidant status and decreased the incidence of
heavy metals-induced toxicity. In conclusion, GB supplementation
may decrease toxic damages induced by petroleum wastewater.
Therefore, its protective role may be used as “a toxicity-limiting
agent” inthe future.
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