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Abstract

In this study, DNA damage and metallothionein levels were used as biomarkers to evaluate
the protective potential of geraniol, a monoterpen against lead stress, in rats. Hepatic 8-hydroxy-
2-deoxyguanosine (8-OHdG) level used as a marker of oxidative DNA damage was measured by
LCMSMS. Experimental groups were formed in four ways: control, lead acetate, geraniol and
lead acetate + geraniol. Seven animals were used in each group. Geraniol and lead acetate were
administered to rats for 30 days. In geraniol administered rats, 8-OHdG and metallothionein levels
decreased significantly compared to lead acetate administered rats. The highest DNA damage and
metallothionein levels were observed in lead acetate administered rats. According to the results
of this study, it can be suggested that geraniol protects cells against lead-caused damage by

reducing ROS production. In addition, studies on the measurement of 8-OHdG by LCMSMS in
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the literature are limited. Therefore, it is thought that the presented study will contribute to the

evaluation of the applicability of this method in the literature.
Keywords: 8-hydroxy-2-deoxyguanosine; Metallothionein; Geraniol; Lead; LCMSMS.

Kursun Asetat Uygulanmis Sicanlarda Geranioliin Koruyucu Roliiniin Degerlendirilmesi

icin Metallothionein Diizeyinin Ol¢iilmesi ve 8-OHdG’nin LCMSMS Analizi
Oz

Bu ¢alismada, siganlarda kursun stresine karst bir monoterpen olan geranioliin koruyucu
potansiyelini degerlendirmek i¢in DNA hasar1 ve metallotiyonein seviyeleri biyobelirte¢ olarak
kullanildi. Oksidatif DNA hasarmin bir belirteci olarak kullanilan hepatik 8-hidroksi-2-
deoksiguanozin (8-OHdG) seviyesi LCMSMS ile 6lgiildii. Her grupta yedi hayvan kullanildi.
Geraniol ve kursun asetat 30 giin boyunca uygulandi. Geraniol uygulanan siganlarda, 8-OHdG ve
metallotiyonein diizeyleri, kursun asetat uygulananlara kiyasla Onemli derecede diisiis
gostermistir. En yiiksek DNA hasar1 ve metallotiyonein seviyesi, kursun asetat uygulanan
siganlarda gozlenmistir. Bu ¢alismanin sonuglarina gore, geranioliin hiicreleri kursunun yol agtig1
hasara karg1t ROS tiretimini azaltmak suretiyle korudugu ileri siiriilebilir. Ayrica, literatiirde 8-
OHdG’nin LCMSMS ile 6l¢iimii konusunda calismalar sinirli sayidadir. Bu nedenle, sunulan
calismanin bu yontemin literatiirde uygulanabilirliginin degerlendirilmesine katkida bulunacagi

diisiintilmektedir.

Anahtar Kelimeler: 8-hidroksi-2-deoksiguanozin; Metallotiyonein; Geraniol; Kursun;

LCMSMS.
1. Introduction

Environmental or occupational exposures to numerous chemicals can occur during various
periods of human life. Metals such as mercury, cadmium, lead etc. could pose to serious health
problems [1, 2]. Lead causes to oxidative stress by increasing free radicals and reducing
antioxidant sources [3]. Additionaly lead displaces zinc in many proteins and may cause damage
to DNA [4]. Many scientists have suggested that various antioxidant treatments can prevent
oxidative stress caused by lead [5]. Herbs and spices have been used as alternative and traditional
medicines for many years. Terpenoid compounds found in essential oils of plants such as rose,
citronella and coriander have been reported to be beneficial to human health [6]. Geraniol (3,7-
dimethylocta-trans-2,6-dien-1-ol) is an acyclic monoterpene alcohol with the chemical formula
CioH50. Geraniol was isolated from palmarosa oil and has many biochemical, pharmacological

properties and the most important of which is a herbal insect repellent [7]. Geraniol exhibits

101



Alkan Uckun et al. (2020) ADYU J SCI, 10(1), 100-111

antitumor effect against many cancer types and has also been shown by many authors to have

antimicrobial activity [8, 9].

Metallothioneins (MTs) are cysteine rich intracellular proteins with low molecular weight
that bind to metals such as zinc and copper to provide intracellular metal homeostasis [10, 11].
MTs are responsible for maintaining transition metal ion homeostasis and redox stabilization by
protecting the cell against DNA damage and apoptosis [12]. Reduced expression of MT has been
observed in liver [13], colon [14] and prostate [15] cancer. The protective role of MT in these
cancer types has not been fully explained, but when considering the antioxidant effect and
protective properties against DNA damage, this reduction may increase sensitivity to toxin-

induced damage [16].

Reactive oxygen species are produced as a result of exposure to environmental factors
affecting human health such as xenobiotics, radiation and during normal cellular metabolic
functions [17, 18]. Among the cellular biomolecules, DNA is the most affected by reactive oxygen
species [19, 20]. An increase in the 8-OHdG level occurs after oxidative DNA damage in the cells
[21, 22]. For this, 8-OHdG is an important biomarker used in the monitoring of cancer and other
diseases [23]. Purpose of measuring 8-OHdG level in this study was to determine the level of
DNA damage caused by reactive oxygen species in rats treated with lead and the protective effect

of geraniol against this damage.

Many analytical methods such as including enzyme-linked immunosorbent assay (ELISA),
high-performance liquid chromatography with electrochemical detection (HPLC-ECD), gas
chromatography-mass spectrometry (GCMS) and liquid chromatography-tandem mass
spectrometry (LCMSMS) have been developed to measure 8-OHdG. Recently, due to its
specificity, reproducibility, accuracy and structural characterization, there is a great interest in
LCMSMS [24]. For these reasons, we preferred to measure the level of 8-OHdG by LCMSMS to
estimate lead acetate-induced DNA damage in our study. In the literature, the study of 8-OHdG
analysis with LCMSMS is very limited. Therefore, our study will also contribute to the 8-OHdG
analysis by LCMSMS.

The objective of this study was to determine whether geraniol had a protective effect

against lead damage by changing 8-OHdG and MT levels in rat liver.
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2. Materials and Methods
2.1. Animals and experimental procedure

In this study, twenty-eight Wistar albino rats with an average weight of 330 + 10 g were
used. Animals were grown under a standard light / dark cycle with regular temperature and
humidity. For the study of animal experiments, approval was obtained from the Ethics Committee
of Firat University, Elazig, Turkey (Document No: 146/2011-11). Experimental groups were
formed in four ways: control, Pb acetate, geraniol and Pb acetate + geraniol. Seven animals were
used in each group. Geraniol was administered to animals at 1 day intervals for 30 days by gavage
at a dose of 50 mg / kg by dissolving in corn oil. Pb acetate (dissolved in acetic acid) was
administered to the animals by adding 500 ppm of Pb acetate to each liter of drinking water daily
for 30 days. Only the solvents used to dissolve geraniol and Pb acetate were administered to the
animals in the control group. At the end of 30 days, the animals were sacrificed and the liver
tissues were removed and stored at -20 for biochemical analysis. The amount of Pb in liver was
determined by inductively coupled plasma mass spectrometry (ICP-MS, Perkin Elmer, MA,
USA) in Adiyaman University Central Research Laboratory by Ozkaya et al. [25].

2.2. Quantification of 8-hydroxy-2-deoxyguanosine in rat livers by LCMSMS

DNeasy tissue kit (Qiagen) was used for DNA isolation from the control, Pb acetate,
geraniol and Pb acetate + geraniol exposed liver of rats. DNA isolation was performed according
to the protocol of kit. The level of 8-OHdG in the liver was measured by liquid chromotgraphy
tandem mass spectrometry (LCMSMS, Shimadzu Quadropole 8040) in Adiyaman University
Central Research Laboratory. Information on LCMSMS analysis conditions is shown in Table 1
and Table 2, respectively. The Inertsil ODS-4 (2.1 mm [.D. X 50 mm L., 3 um) column was used.
Mobil phase A (5 mM ammonium formate in 100% water) and mobil phase B (5 mM ammonium
formate in 100% methanol) were used at a flow rate of 0.2 mL min™'. The retention time of 8-
OHAG was around 5.16 minutes. The curve was linear (r*= 0.9998). The calibration curve range
prepared from the standards for the calculation of 8-OHdG concentrations was in the range of 1-
10 pg/L. The samples were spiked over the samples so that the resulting values corresponded to
the calibration curve values, and the total concentration of standart was given to the LCMSMS as
5 pg/L. The standard of 8-OHdG were gotten from Sigma-Aldrich with > 98% purity. This
method quantifies the molecular level of DNA damage by measuring the level of 8-OHdG
directly. One milliliter purified DNA extract was imported to a vial. Quantitative readings were

made in three replicates.
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Table 1: LCMSMS conditions

Instrument Shimadzu Prominence LC-20A/XR Shimadzu
LCMS-8040

Mobil phase A 5 mM ammonium formate in 100% water

Mobil phase B 5 mM ammonium formate in 100% methanol

Column Inertsil ODS-4 (2.1 mm I.D. x 50 mm L., 3 pm)

Column oven temperature 40 °C

Flow rate 0.2 mL/min

Interface current 4.5kV

Spraying gas flow rate 3 mL/min

Drying gas flow rate 15 mL/min

DL temperature 250 °C

HB temperature 450 °C

Table 2: Gradient mode of LCMSMS

Step Time Module Command Value
1 2.00 Pumps Pump B Conc. 5

2 2.01 Pumps Pump B Conc. 80

3 3.00 Pumps Pump B Conc. 80

4 3.01 Pumps Pump B Conc. 5

5 9.00 Controller Stop

2.3. Quantification of metallothionein in rat livers by microplate reader

To measure the MT level, the method was used developed by Viarengo et al. [26] which
was modified for the microplate reader. The livers were homogenized for one minute at 2000 rpm
on ice in 20 mM Tris HCI buffer (pH 8.6) containing 0.5 M sucrose, 0.5 M PMSF and 0.01% b-
mercaptoethanol. The homogenates were centrifuged at 15000 g for 30 minutes and the
supernatants obtained from this assay were used for analysis. To each 1 ml supernatant was added
1.05 ml of cold (-20 °C) absolute ethanol and 80 pL of chloroform, and these mixtures were
centrifuged for 10 min at 6000 x g at 4 °C. The mixtures were allowed to incubate for one hour at
-20 © C and then centrifuged for 10 minutes at 6000 x g at 4 °C. Supernatants discharged after
centrifugation, the pellets were washed with homogenizing buffer containing 87% ethanol and
1% chloroform and centrifuged at 6000 x g for 10 min at 4 °C. Finally, the pellets were
resuspended in 300 pL 5 mM Tris-HCI buffer (pH 7.0) containing 1 mM EDTA, and 4.2 mL
0.43mM. DTNB buffer containing 0.2 M Na-phosphate (pH 8.0) was added to each sample and
then these mixtures were incubated at room temperature for 30 minutes in the dark and centrifuged
at 3000 x g for 5 minutes. For the calculation of the MT concentration using GSH as a reference,

samples were read at 412 nm absorbance.
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2.4. Statistical analysis

In the statistical analysis of the data, computer software package SPSS 22 was used. Data
normality was determined using Shapiro-Wilk test (p < 0.05). Kruskal Wallis test was used to
determine the comparison of biochemical data between groups. Bonferroni Mann Whitney-U test
was used to determine whether there was a significant difference within the groups. The statistical

significance level was based on p < 0.05.
3. Results and Discussion

The levels of Pb determined by ICPMS in rats [25] were shown in Table 3. The
concentration of Pb was found significantly higher in Pb acetate (843.7 + 111 pg/kg) group than
the geraniol group (26.0 + 8.69 ug/kg) (p < 0.05). Likewise, the amount of Pb was significantly
higher in Pb acetate group than Pb acetate + geraniol group (574.2 £ 58.03 pg/kg) (p < 0.05). Pb
exposure is known to cause an increase in reactive oxygen species and a decrease in cellular
antioxidant capacity. Also it is known that an imbalance in the prooxidant / antioxidant ratio

causes damage to membranes, DNA and proteins in tissue and cellular components [27].

Table 3: Pb concentrations in the liver of rats

Group N Pb + S.E. (ng/kg)
Control 7 31.0 £9.95

Pb acetate 7 8437+ 1112
Geraniol 7 26.0 +8.69

Pb acetate + Geraniol 7 574.2 + 58.03&P

2 : p <0.05 compared with the control group
b p < 0.05 compared with the Pb acetate group

The concentrations of 8-OHdG determined by LCMSMS were presented in Table 4. The
recovery value was calculated over seven samples and was found in the range of 90% - 105 %.
The % relative standard deviation (RSD) value was between 1.23 and 27.64. Measurement of 8-
OHAJG level in the liver is an integral indicator of many parameters such as free radical production,
antioxidant defense system and cellular redox potential [28]. The mean concentration of 8-OHdG
in DNA of liver from Pb acetate applied group was in the range of 181 = 16.09 — 664 + 79.22 ng
L'. A significant increase was observed in 8-OHdG level in the Pb acetate and Pb
acetate+geraniol groups, compared to the control group (406.57 = 63.07; 124.14 = 10.04; 93.43
+ 8.7 ng/L respectively), however there was no significant difference between the control and
geraniol group. In short, we can say that there was significant DNA damage in the group where
Pb is applied alone, compared to the other groups, whereas there was little or no damage in the

geraniol-treated groups. Oxidative stress increases ROS production, which can cause oxidative
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damage to DNA and proteins [29]. Since 8-OHdG is a product of oxidative DNA damage induced
by ROS, its level indirectly reflects the level of ROS in the body [30]. In our study, elevation of
the 8-OHdG level in Pb acetate-treated rats may be attributed to oxidative stress resulting in an
increase in the amount of free radicals because of metabolic activation between the blood and
membrane. Significant declines in the level of 8-OHdG in geraniol administered rats can be
interpreted as the reduction of reactive oxygen species by geraniol. At the same time, geraniol
may have reduced hepatic DNA damage which caused by Pb acetate. Similarly, Bolin et al. [31]
found that 8-OHdG levels increased significantly in rats treated with Pb compared to the control
group. Xu et al. [32] exposed rats to different doses of Pb acetate for 4 weeks and as a result they
observed an increase in DNA damage along with ROS production. In a study conducted by Liu
et al. [33] the liver of rats exposed to 500 mg/L Pb acetate for 75 days by drinking water showed
an increase in the 8-OHdG level in parallel with ROS production, and it was suggested that DNA
was a target in ROS-induced liver injury, furthermore, the increase of 8-OHdG induced by Pb
was effectively suppressed by puerarin. In a study investigating the linkage of Pb-induced DNA
damage to oxidative stress, Wang et al. [34] observed that an increase in ROS production in the
mitochondria of mice exposed to 0.2% Pb acetate for 42 days was associated with apoptosis
induced by caspase 3 activation and 8-OHdG lesion. Tiwari and Kakkar [35] reported that
geraniol has antioxidant potential by reducing lipid peroxidation and inhibiting ROS production.
It has been reported by Ong et al. [36] that geraniol plays a protective role against liver cancer by
inhibiting cell proliferation and DNA damage. Ozkaya et al. [25] observed that 8-OHdG
immunoreactivity in rats did not differ significantly between the control and geraniol treated
groups, but there was a significant difference between the Pb acetate and Pb acetate + geraniol
treated groups. In our study, there was no significant difference between the control and geraniol

group in terms of 8-OHAG level.

There are limited studies about the measurement of 8-OHdG level in LCMSMS, which is
a marker of DNA damage, so our use of this method will have contributed to the literature. Chen
et al. [37] developed a stable isotope dilution by using an automated on-line SPE LCMSMS
method to simultaneously measure 8-OHdG and cotinine in human urine. Guo et al. [24] have
developed a sensitive, specific and applicable method to detect 8-OHdG in human urine in UPLC-
MSMS. They observed higher levels of 8-OHdG in patients with colorectal cancer and tumor
metastasis compared to the control group and patients without tumor metastasis respectively. Li
et al. [38] determined the levels of 8-OHdAG in the livers and kidneys of cetaceans through isotope-
dilution LCMSMS and based on the results of the study, it has been suggested that measurement
of 8-OHdG by LCMSMS is possible and can be associated with environmental pollutants.
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Table 4: Levels of 8-OHAG in the liver of rats

Group N Mean + S.E. (ng/L) P values P value
(Other groups against Pb acetatet+Geraniol group
control) against Pb acetate group

Control 7 9343 £8.7

Pb acetate 7  406.57+63.07* 0.002

Geraniol 7 12043 +23.14 0.405

Pb 7 124.14 £10.04*° 0.047 0.002

acetate+Geraniol

2 : p <0.05 compared with the control group
b p < 0.05 compared with the Pb acetate group

Table 5 shows the changes in MT levels between groups. As can be seen in this table, the
highest MT level was observed in the Pb acetate group but there was no significant difference
between Pb acetate and Pb acetate + geraniol groups (276 + 6 and 262 + 2 umol/gr wet weight
tissue; respectively) (p > 0.05). The lowest MT level was detected in the geraniol treated group
(221 £ 6 pmol/gr wet weight tissue). There was no significant difference between the geraniol
treated and control groups in MT levels (p > 0.05). Metallothionein is a protein that is slightly
induced by lead but more induced by zinc and cadmium. The lead is better bonded to a pre-
induced MT by zinc and cadmium so that a lead-thionine complex is formed. In our study, MT
levels were higher in Pb acetate group than geraniol treated and control groups. There are many
studies showing increases in MT expression due to the protective mechanism of MT against Pb
administration. It was observed that MT synthesis was increased in liver, kidney and other tissues
of rats exposed to sublethal doses of Pb [39, 40]. MT gene expression was increased by more than
3-fold in cultured human mononuclear blood cells due to Pb exposure [41]. MT expression was
significantly increased due to the intra cerebral administration of Pb [42]. Similarly, Ikebuchi et
al. [40] observed that when they applied sublethal dose of Pb acetate intraperitoneally to the rats,
there was an increase in the synthesis of lead metallothionein and zinc metallothionein. Chidinma
et al. [43] observed increased MT expression in mouse livers exposed to different concentrations
of Pb. In addition, several studies have shown that geraniol has an antioxidant effect by preventing
oxidative stress. Ozkaya and his colleagues [25] suggested that hepatic MDA level, which is an
important indicator of lipid peroxidation, was lower in the group where geraniol was administered
alone than the group in which Pb acetate was applied alone, and this may be caused by the
antioxidant effect of geraniol. Wang et al. [44] stated that at a dose of 250 mg kg™ geraniol can
reduce oxidative stress by reducing lipid peroxidation and affecting the activity of GSH and other
antioxidant enzymes. Prasad and Muralidhara [45] have also suggested that geraniol can be a

promising antioxidant by reducing oxidative stress.
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Table 5: The MT levels in the liver of rats

Group N MT = S.E. (umol/gr wet weight tissue)
Control 7 240+ 5

Pb acetate 7 276 £ 6"

Geraniol 7 221+6

Pb acetate + Geraniol 7 262+£2°
*: p < 0.05 compared with the control group

In conclusion, it can be said that Pb causes oxidative and DNA damage in the liver of rats,
and geraniol may reduce these damages by inhibiting ROS production. 8-OHdG and MT are also
useful biomarkers reflecting lead toxicity in rats. In addition, it can be said that exogenous
supplementation of geraniol may play an advantageous role in antioxidant defense of cells to

prevent Pb toxicity.
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