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Abstract: This study investigates the protective effects of components (Thymol; Thy, Carvacrol; Car, Linalool;
Lin, and a-Pinene; AP) and essential oil of Origanum onites L. (O. onites-EQ), against lead nitrate-induced
cytotoxicity and genotoxicity in Allium cepa L. (A. cepa) root tip cells. These components obtained from O. onites
were characterized by gas chromatography (GC). A. cepa bulbs were exposed to 6.25-12.5 mg/L concentrations of
the O. onites-EO/components of O. onites-EO for analyses of induction of cytogenetic damage. Then, these bulbs
were exposed to 10 mg/L concentrations of lead nitrate for analyses of the protective effects of O. onites and its
components. Mitotic abnormalities were evaluated for genotoxicity, and mitotic index (MI) for cytotoxicity. As a
result of this study, lead nitrate increased the total chromosomal abnormality amount in A. cepa, indicating
genotoxicity. MI was decreased with lead nitrate. However, this effect was significantly improved by components
of O. onites-EQ. This effect was shown with the decrease in the number of chromosomal abnormalities and
increase in MI rates in lead nitrate-induced root cells after exposure to the components of O. onites-EO. The
protective effect of O. onites-EO components against the damage caused by lead nitrate in cells can be listed as a-
Pinene > Thymol > Carvacrol > Linalool. Among all essential oil components tested, a-Pinene was determined to
have the strongest protective effect. Furthermore, the protective effect of the essential oil, which contains all the
components, could not be determined. It has been observed that the components of essential oil have different
effects, and it can be said that these components suppress the effects of each other in the mixture where they are
found together. In conclusion, this study shows that the components of O. onites-EO have a protective effect on
lead nitrate-induced A. cepa root cells.

Keywords: Anti-genotoxicity; essential oil; heavy metal toxicity; lead-nitrate; Origanum onites. © 2024 ACG
Publications. All rights reserved

1. Introduction

The contamination of the ecosystem with heavy metals is a major problem worldwide. Among
the primary pollutants, heavy metals are the most harmful substances [1]. Due to their toxic effects on
living organisms, heavy metals are a cause for significant concern worldwide [2]. Lead (Pb), one of the
heavy metals, is a toxic metal widely used in various industrial processes, leading to intense
environmental pollution and health issues in many parts of the world. The primary sources of lead
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include industrial processes, food, cigarette smoke, drinking water, and household items such as house
paint, storage batteries, and toys [3,4]. According to a report published in 2020 by UNICEF and Pure
Earth, approximately 800 million children worldwide have blood lead (Pb) levels of 5 pg/mL or higher,
which is a level of health concern. There is no safe level of lead exposure for the human body, and lead
can lead to systemic toxicity [4-6]. Lead, unlike other metals such as zinc (Zn), copper (Cu), and
manganese (Mn), shows toxicity by disrupting various physiological processes in cells, without having
any beneficial functions [7]. The main lead toxicity is the formation of oxidative stress and the
deactivation of sulthydryl groups of antioxidants [7]. Studies have shown that in a plant with high lead
concentration, the production of reactive oxygen species (ROS) accelerates, resulting in cell membrane
damage and photosynthetic processes. As a result of this toxicity, it has been determined that lead
inhibits the overall growth of the plant [8]. Furthermore, it is known that lead causes similar excessive
reactive oxygen species (ROS) production in human cells. It is established that heightened levels of ROS
can result in extensive and irreparable cell damage by oxidizing DNA, RNA, carbohydrates, proteins,
and lipids. As a result of this process, it has been determined that it causes cell death through apoptosis
or necrosis [9]. These toxicity consequences can cause oxidative damage that accumulates throughout
life and is associated with aging and age-related diseases such as cardiovascular diseases, cancer,
neurodegenerative disorders, and other chronic diseases [10]. Living organisms use molecules known
as antioxidants produced by antioxidant defense systems to counteract ROS generated. However, if
antioxidant molecules are not produced in the cell to detoxify such reactive intermediates or repair the
resulting damage and the ROS level continues to rise, oxidative stress occurs. Many researchers show
that oxidative stress in living cells results from an imbalance between the production of free radicals
and the production of antioxidants [7]. In this context, supplementation of herbal antioxidants is needed.
Several plants possess a range of antioxidant phytochemicals and bioactive compounds, making them
valuable for addressing diseases linked to oxidative stress. For this reason, the medicinal properties of
herbal products cause an increase in the demand and use of herbal products in the world [11]. Origanum
onites (O. onites) appears as an important alternative in the treatment of such diseases. O. onitfes-
essential oil (O. onites-EO) has been shown to have antiviral, antioxidant, anticancer, and proapoptotic
properties [12].

O. onites, a member of the Lamiaceae family, is used as a medicinal plant in the treatment of
some diseases thanks to its bioactive molecules. The genus Origanum is represented by 41 species and
52 taxa in the world, and 23 species and 32 taxa in Tirkiye [13]. It is known that the endemic rate of
Origanum taxa in Tlrkiye is more than 44%, and this high rate shows that TUrkiye is the gene center of
Origanum. Today, Origanum is used as herbal medicine and is very important in world trade [14]. This
is why Origanum attracts the attention of researchers [15,16,17]. Furthermore, the common feature of
all Origanum species is that they contain high amounts of essential oil, and the main component of the
essential oil is carvacrol and/or thymol [14]. Essential oil, which is a fragrant oily liquid obtained from
different parts of the plant, has many properties such as antifungal, and antimicrobial [18], antioxidant
[19], insecticide [20], hepatoprotective [21], cytotoxic activity [22] and anticancer [23,24]. It seems that
the phytochemicals of Origanum have various biological activities [12,24]. These activities are carried
out thanks to the phytochemicals contained in the essential oil of O. onites. The essential oil contains
mainly carvacrol and thymol, as well as a-terpinene, p-cymene, linalool, g-bisabolene, a-thujene, a-
pinene and other components [12].

In this study, the protective effect of O. onites-EO and some major elements of O. onites-EO
against cytotoxicity and genotoxicity in Allium cepa (A. cepa) root tip cells induced by lead nitrate was
investigated. In this way, both the direct activity of the molecules and their synergistic effects in the
essential oil were tested. Comparison of the protective effects of these molecules was carried out with
the A. cepa assay. A. cepa assay is frequently used to monitor the toxicogenetic activity of bioactive
compounds [25,26]. The rapid proliferation of A. cepa cells and the low number of chromosomes enable
better analysis of structural and numerical changes. Therefore, it is a method used in studies of
genotoxicity and protective effects of bioactive compounds [26,27].
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2. Materials and Methods
2.1. Plant Material

Aerial parts of Origanum onites were collected from Pelitli village of Ivrindi, Balikesir, on July
05, 2023. The species was identified by Prof. Dr. Tuncay Dirmenci, from Balikesir University. It was
identified by Dr. Tuncay Dirmenci (Balikesir University, Necatibey Education Faculty, Department of
Biology Education). A voucher specimen (TD 5341) was deposited at the Herbarium of Department of
Biology Education at Balikesir University.

2.2. Chemicals

Lead nitrate (LN) (Pb(NOs)2, 99.5 %) and Giemsa (G-5637) were purchased from Merck®. Glacial
acetic acid (Meck 100063, ) and ethanol (Sigma Aldrich 24105-M, 96%) and hydrochloric acid (Tekkim,
TK.400155, 30 %) were used. Carvacrol was isolated from the O. onites and its purity was determined
as 97 % by GC-FID. Thymol (98.5 %), linalool (97 %) and o-pinene ( 99 %) were obtained from Sigma-
Aldrich.

2.3. Isolation of Essential Oil

The essential oil of Origanum onites was obtained by hydrodistillation for 3 h in a Clevenger-
type apparatus. Essential oil was isolated using 100 g of finely chopped plants. The essential oil was
stored at + 4°C. The study was conducted according to previously described method in the literature
[28].

2. 4. Analysis of Essential Oil
2.4.1. GC MS Analysis

The essential oils were diluted with CH2Cl; (1:10) and analyzed using a Trace 1600 GC series
gas chromatograph (Thermo Scientific, Inc., Waltham, MA, USA) and a Thermo TSQ 9610 mass
spectrometer (Thermo Scientific, Waltham, MA, USA). The separation was carried out in a DB-5
capillary column. Helium was used as a carrier gas at a flow rate of 0.8 mL/min. The oven temperature
was kept at 60 °C for 5 min, programmed to 280 °C at a rate of 4 °C/min and kept constant at 240 °C
for 5 min. The split ratio was adjusted to 50:1, and the injector temperature was maintained at 250°C.
Mass spectra were recorded at 70 eV over a mass range from m/z 35 to 650 [28].

2.4.2. GC Analysis

The GC analysis was carried out using a Thermo Scientific Trace GC 1600. The FID detector
temperature was 300°C. To obtain the same elution order with GC-MS, simultaneous auto-injection was
done on a duplicate of the same column applying the same operational conditions. Relative percentage
amounts of the separated compounds were calculated from FID chromatograms [29,30].

2.5. Test Material and Experimental Design

Allium cepa (A. cepa) (2n=16) bulbs used as the test material were obtained from a commercial
market. The bulbs were used for the modified A. cepa assay to evaluate the genotoxic and anti-genotoxic
effect of the O. onites-EOQ/Components of O. onites-EO [31]. For genotoxic and anti-genotoxic tests, A.
cepa bulbs were placed in 50 mL sterile tubes filled with dH,O and the bulbs were germinated at room
temperature for 24 h. For the genotoxicity test, five germinated A. cepa bulbs per concentration were
transferred into a tube with two different concentrations (12.5-6.25 mg/L) of the O. onites-
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EO/Components of O. onites-EO for 24 h. The distilled water and lead nitrate (10 mg/L) were used as
negative control and positive control, respectively. After 24 h exposure to O. onites-EO/Components of
O. onites-EO, the meristematic cell region of the root tip cells was excised and prepared for analysis
with the help of routine preparation techniques [32]. The microscopic analysis of cells was performed.
For the anti-genotoxicity test, five germinated A. cepa bulbs per concentration were transferred into a
tube with two different concentrations (12.5-6.25 mg/L) of the O. onites-EOQ/Components of O. onites-
EO for 24 h. After 24 h exposure to O. onites-EO/Components of O. onites-EO, the bulbs were
transferred into a tube with lead nitrate (10 mg/L) for 24 h. To briefly summarize, in this study, to
investigate the protective effect of O. onites-EO/components of O. onites-EO, the A. cepa bulbs were
first exposed to the phytochemicals of O. onites essential oil and then were exposed to lead nitrate. At
the end of the period of exposure, the A. cepa bulbs were washed in distilled water and prepared for
analysis with the help of routine preparation techniques [32]. The microscopic analysis of cells was
performed. Distilled water was used as the negative control and lead nitrate (10 mg/L) was used as the
positive control.

2.6. Genotoxic and Antigenotoxic Analysis

For cytological examinations, preparation methods such as fixation, staining, and squashing
were used with minor modifications following the procedure described by Darlington and La Cour
(1979) [28]. At the end of the 24-hour treatment period, A. cepa bulb roots were cut to a length of 1-2
cm and placed in a mixture of alcohol and glacial acetic acid (3:1) for fixation overnight at +4°C. The
roots were kept in 70% alcohol until microscopic examination. After removing them from alcohol, the
roots were washed with distilled water and hydrolyzed in 1IN HCI at 60°C for 15 min. Squash
preparations were made using acetocarmine stain. Additionally, 3000 cells were counted to calculate the
mitotic index (MI). The mitotic index represents the ratio of cells undergoing mitotic division to the
total number of cells in a cell population. The mitotic index and chromosomal aberrations were
computed following the established procedure detailed by Bakare et al. [33]. The mitotic index was
obtained as follows:

Mitotic Index (%) = Number of Dividing Cells / Total Number of Cells x 100
The percentage of aberrant cells was obtained as follows:

Aberrant cells (%) = Number of Aberrant Cells / Total Number of Cells x 100
2.7. Statistical Analysis

The data were analyzed using SPSS 20 for Windows (SPSS Inc., Chicago, IL, USA) software,
and the results were expressed as mean + standard error. The significance of differences between

treatment groups and the negative control was evaluated using the Kruskal-Wallis test, which is a non-
parametric test. A p-value of less than 0.05 was considered statistically significant.

3. Results and Discussion

3.1. Chemical Composition of the O. onites-EO

The essential oil yield of Origanum onites was found to be 3.2 % (v/w). Table 1 presents the
outcomes of the components found in the essential oils of O. onites. The relative percentage of carvacrol
in O. onites essential oil was determined as 83.21%. It has been once more determined that carvacrol is
the highest among the phytochemicals contained in the essential oil of O. onites. The relative
percentages of thymol, linalool, and a-pinene, which are the other phytochemicals used on genetoxicity
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assay in this study, were found to be 2.10%, 3.04%, and 0.17%, respectively (Table 1) as described in
the literature [12]. Essential oil components used for bioactivity assays are shown as bold in Table 1.

Table 1. Essential oil composition of O. onites

Compound RRI Range of RRI? Relative amounts Identification method
(%)
a-Tuhujen 935 920-940Q° 0.15 RRI, MS
a-Pinene 937 924-941° 0.17 RRI, MS, ST
Camphene 953 933-954° 0.10 RRI, MS
1-octen-3ol 970 964-979 ar 0.01 RRI, MS
Sabinene 973 944-980° 0.01 RRI, MS
S-Pinene 986 964-985° 0.01 RRI, MS, ST
3-octonal 993 980-996' 0.01 RRI, MS
Mycrene 995 981-993b 0.52 RRI, MS
A3-Carene 1006 1010-1020° 0.01 RRI, MS
a-phellandrene 1008 995-1011° 0.09
a-Terpinene 1018 1010-1020f 0.69 RRI, MS, ST
p-Cymene 1026 1014-1027° 2.38 RRI, MS
pS-Phellandrene 1030 1026-1032° 0.01 RRI, MS, ST
Limone 1032 1028-1038° 0.19 RRI, MS, ST
Eucalyptol 1035 1030-1035f 0.03 RRI, MS, ST
y-Terpinene 1062 1042-1064° 2.77 RRI, MS, ST
Linolool oxide 1076 1061-1090¢ 0.02 RRI, MS, ST
o-Terpinolene 1089 1086-1089f 0.14 RRI, MS, ST
Linalool 1097 1098-1101¢ 3.04 RRI, MS, ST
Sabinene hydrate 1098 1084-1115¢ 0.03 RRI, MS
Isoborneol 1160 1156-1196°P 1.02 RRI, MS
Borneol 1165 1152-1177° 0.02 RRI, MS
Terpinen-4-ol 1175 1154-1189¢ 0.51 RRI, MS
p-Cymene-8-ol 1190 1163-1207° 0.02 RRI, MS
a-Terpineol 1193 1178-1203¢ 0.19 RRI, MS
Carvacrol methyl ether 1240 1233-1246 0.06 RRI, MS
Carvone 1244 1231-1250%! 0.19 RRI, MS
Thymol 1288 1288-1298° 2.10 RRI, MS, ST
Carvacrol 1298 1298-1390°" 83.21 RRI, MS, ST
Carvacrol acetate 1371 1341-1372° 0.15 RRI, MS
Trans-caryophyllene 1420 1396-1444¢ 0.38 RRI, MS, ST
Aromodendren 1448 1430-1450¢ 0.03
Humulene 1458 1452-1470¢ 0.01 RRI, MS
Bisabolene 1507 1495-1509¢ 0.01 RRI, MS
6-Cadinene 1528 1515-1547¢ 0.01 RRI, MS
Spathulamol 1583 1566-1601f 0.16 RRI, MS, ST
Caryophyllene oxide 1586 1578-1613° 0.32 RRI, MS, ST
Sclareol 2215 2212-220" 0.02 RRI, MS, ST
Total 98.79

RRI, relative retention indices calculated against n-alkanes. Identification methods: RI, identification based on the
retention times (tR) of genuine compounds on DB5 column; MS, identified on the basis of computer matching of the
mass spectra with those of the Wiley and NIST and Doruk Analitik and ACG libraries and comparison with literature
data. ST, co-injection with standard compounds. GC analyses were replicated three times (mean RSD% value is 0.05)
3L iterature RRI values for the compounds. the following letters shows the related references. b:[34]; c:[35]; d:[36];

e: [37]; £:[38]; 9:[39]; h:[40];i:[41]; j:[42]; k:[43]; I:[44]; m:[45]; n:[46]; 0:[47]; p:[48]; q: [49]; r:[50]; t:[51].

3.2.Cytological Examinations

It was determined that the mitotic index (MI) value of the group treated with lead nitrate
(positive control) decreased 4.18 times compared to the negative control group and this decrease was
statistically significant (P <0.001). The decrease in MI level in cells is associated with the inhibition of
DNA synthesis or the blocking of the G2 phase in the cell cycle [52]. In this context, it can be said that
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lead nitrate (10 mg/L) seriously stops cell division and has high toxicity. In this study, it was observed
that the tested dosages of essential oil, carvacrol, thymol, linalool, and a-pinene (12.5 mg/L and 6.25
mg/L) increased the MI values. It was observed that the MI values calculated by cytological
examinations because of the treatment of these molecules were quite high compared to the negative
control. It can be said that these dosages do not cause cytotoxicity and promote cell division. It has been
observed that high dosages of O. onites-EO/components of O. onites-EO, except thymol, have higher
M1 values. It is seen that a high concentration (12.5 mg/L) of thymol reduces the Ml level by 2.7 times
compared to its low concentration (6.25 mg/L). There is no toxicity compared to negative control (Table
2). It was observed that chromosomal abnormalities rates (0.10%-0.40%) were quite low in A. cepa bulb

root cells exposed to O. onites-EO/Components of O. onites-EOs (Table 2 and Figure 1).

Table 2. The effects of different concentrations of O. onites-EO/components of O. onites-EO and Lead nitrate
on genotoxicity/antigenotoxicity parameters in A. cepa root tip cells.

Treatment Irreg. Meta. Stickness C-Mitosis MN Vag. Chr. T.Ab. C. Ml
(mg/L) (%) (%)

NC 4.00 £1.58 7.75+0.85 0.00+£0.00 0.00+0.00 275+0.47 1.45+0.25% 10.65+£0.49
LN10 1550 £2.06® 18.00+1.73% 9.75+2.28% 050+050 3.50+2.06 4.75+0.48% 2.55+0.82%
EO12.5 9.50 + 3.69 11.00+537 050+0.29 0.00+0.00 3.50+1.94 0.20 +0.00 24.50 + 8.37"
E06.25 5.25+3.09 5.00 +2.92 0.25+0.25 0.00+0.00 1.25%0.95 0.35+0.00 11.75 + 6932
Carl2.5 9.00 +2.97 16.25+3.75 1.25+0.95 0.00+0.00 2.25+1.65 0.10+0.00 28.75 + 4,11
Car6.25 7.75+2.06 5.00+1.83 1.75+0.85 0.00+0.00 350+1.85 0.25+0.25 18.25 + 3.94%
Thyl12.5 3.50+£3.18 5.00 +5.00 0.00+0.00 025%0.25 1.75%1.75 0.25+0.25 10.75 £ 10.42%
Thy6.25 1050+240 1425+390 0.75+048 0.00+0.00 3.50+0.87 0.15+0.00 29.00 + 6.47"
Lin12.5 9.25 +3.59 1825+3.82 0.75+048 0.00+0.00 6.00+2.20 0.25+0.25 34.50 + 5.87%3
Lin6.25 10.25 +3.97 8.00 +4.69 050+050 0.00+0.00 3.00+1.78 0.50 + 0.50 22.25 +7.90
AP12.5 11.25 +3.50 22.25+2.69 0.75%0.75 0.25+0.25 4.50+0.87 0.25+£0.25 33.25 + 4,610
AP6.25 8.00 +3.49 6.00 + 3.67 0.00+0.00 0.00+0.00 3.50+2.18 0.40 + 0.00 17.50 +9.08"
Pre-treatment

(mg/L)

NC 4.00 £1.58 7.75+0.85 0.00+£0.00 0.00+0.00 275+0.47 1.45+0.25% 10.65 +0.49
LN10 1550 £2.06® 18.00+1.73% 9.75+2.28% 050+050 3.50+2.06 4.75+0.48% 2.55+0.82%
EO12.5+LN10 0.00 +£0.00 125+0.752 0.25+0.25 0.00+0.00 0.00+0.00 0.15=+0.093:5 2.00+0.12%
E06.25+LN10 0.00 +0.00 3.75+0.75 225+0.62 0.00+0.00 0.00+0.00 0.60+0.12% 2.25+0.51%
Carl2.5+LN10 4.25+1.10 9.50 +1.25 050+0.28 1.00+0.758% 250+0.50 1.77 £0.13% 5.95 +(.38%b!
Car6.25+LN10 1.75+1.03 2.00 +1.228 1.25+0.75 0.00£0.00 0.00+0.00 0.50 +0.23% 7.42 +0.4103
Thy12.5+LN10 6.50 +1.19 750+1.44 2.50+0.28 0.00+0.00 275+0.85 1.92+0.31% 6.80 * 1.2531.h2
Thy6.25+LN10 0.75+£0.25 6.25+1.10 0.75+£0.47 0.00+0.00 0.75+0.47  0.85+0.10 7.70 +0.85
Lin12.5+LN10 0.75+£0.47 3.00+£0.70 2.25+0.94 0.25+0.25 0.75+0.47 0.70 £0.23% 2.75 £ 0.29%
Lin6.25+LN10 1.25+0.48 300+0.70 450+1.93* 0.00+0.00 0.25+0.25 0.90 +0.26 3.55+0.88%
AP12.5+LN10 1.00£0.70 1250 £2.17 1.00 £0.57 0.00+0.00 1.75+110 1.62+0.37"% 9.20 £ 0.46
AP6.25+LN10 5.25+1.37 2.75+1.25 050+0.50 0.00+0.00 0.00+0.00 0.85+0.22%  20.57 +1.82%.08

NC: Negative Control; LN10: Lead Nitrate-10mg/L; Thy6.25 /12.5:Thymol:6.25 mg/L/12.5 mg/L ; Car6.25
/12.5:Carvacrol-6.25 mg/L/12.5 mg/L; EO6.25 /12.5:Essantial Oil-6.25 mg/L/12.5 mg/L; Lin6.25 /12.5: Linalool-6.25
mg/L/12.5 mg/L; AP6.25 /12.5:a-Pinene; 6.25 mg/L/12.5 mg/L; Irreg. Meta: Irregular Metaphase; MN: Micronucleus;
Vag. Chr: Vagrant Chromosome; MI: Mitotic Index; T.Ab.C.; Total Aberrant Cells; MI: Mitotic Index. al:(*) P < 0.05;
aZ:(**) P <0.01; a®:(***) P < 0.001 when compared with negative control. b%:(*) P < 0.05; b%(**) P < 0.01; b%:(***) P <
0.001 when compared with lead nitrate.

As a result of this study, it can be said that lead has a serious toxic effect (Figure 2E-J). The lead

nitrate reduces the Ml values in A. cepa root tip cells can be explained by the disruption of DNA integrity
in the cells because of chromosomal damage induced by lead nitrate and the possible negative effects of
these damages on the cell cycle. Considering the results in Table 2, it is seen that M1 levels increased in
all treatments except essential oil compared to the positive control (lead nitrate; 10 mg/L). This result
reveals the protective effect of components of O. onites-EOs. The protective effect of O. onites-EO
components against the damage caused by lead nitrate in cells can be listed as
AP6.25>AP12.5>Thy6.25>Thy12.5>Car6.25>Car12.5>Lin6.25>Lin12.5 (Table 2 and Figure 1). It
appears that the protective effect is higher at lower dosages. Furthermore, AP6.25 significantly increased
the Ml rate. It was observed that the M1 value in the AP6.25 treatment increased approximately 8 times



149

Ugras et.al., Rec. Nat. Prod. (2024) 18:1 143-154

when compared to the positive control. As a result of this study, it was determined that a-pinene
(AP6.25-AP12.5) had the strongest protective effect among all essential oil components tested.
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Figure 1. The percentages of Total abnormality (A for treatment and C for pre-treatment) and Mitotic
index (B for treatment and D for pre-treatment) in A. cepa treated with O. onites-
EO/components of O. onites-EO

Furthermore, the protective effect of the essential oil, which contains all the components, could
not be determined. It has been observed that the components of essential oil have different effects, and
it can be said that these components suppress the effects of each other in the mixture where they are
found together. Considering that the component dosages in the essential oil have decreased, it can be
thought that the phytochemicals are not in protective dosage, that is, they are insufficient (Table 2 and
Figure 1). However, this study generally shows that the most important chromosome abnormality in A.
cepa root cells is the formation of sticky chromosomes (Table 2 and Figure 2F). Sticky chromosome
abnormality is associated with DNA depolymerization, partial dissolution of nucleoproteins, and
increased chromosomal condensation. Chromosomal stickiness also causes irreversible cell damage
[53]. Chromosomal abnormalities observed in A. cepa indicate a toxic effect on the cell, and serious
abnormalities have been observed in lead nitrate treatments. This result reveals the genotoxic effect of
lead nitrate. It can be said that this genotoxicity is suppressed by Origanum- EO components, mainly a-
pinene. In conclusion, this study shows that Origanum-EO components have a protective effect on lead
nitrate-induced A.cepa root tip cells.
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Anaphase, (D) Telophase; Mitotic division abnormalities determined in Lead nitrate groups
(E-J): (E)Irregular metaphase, (F) Stickiness, (G) C-mitosis, (H) Micronucleus, () Vagrant
chromosome, (J) Bridge

In recent years, there has been a growing interest in the utilization of medicinal and aromatic
plants [54]. These plants yield essential oils containing a wealth of biologically active compounds
renowned for their antioxidant and radical scavenging properties [55,56]. Recently, the biological
activity of O. onites-EO and its components has become a focus of interest for researchers [11].
However, no study has been found on the use of O. onites essential oil and its components in the
protection of A. cepa root tip cells induced by lead nitrate. In this context, in this study, the protective
effect of O. onites-EO and essential oil components (Thymol, Carvacrol, Linalool, and a-Pinene) on
lead nitrate-induced A. cepa root tip cells were investigated. As a result of the study, the protective effect
of all components except essential oil was determined. Alpha pinene showed the highest protective
effect. The protective effect of essential oil components can be listed as a-pinene, thymol, carvacrol,
and linalool. a-Pinene, which is among the monoterpene compounds, is found in the essential oils of
many plants. Numerous pharmacological activities have been documented, encompassing antibiotic
resistance modulation, anticoagulant, antitumor, antimicrobial, antimalarial, antioxidant, anti-
inflammatory, anti-Leishmania, and analgesic effects [57]. In this study, although alpha-pinene is not
very high (0.16%-0.18%), it is contained in the essential oil of O. onites. As in this study, there are some
studies in the literature regarding its protective effect against cytotoxicity. The protective effect of a-
pinene against aspirin-induced cytotoxicity was detected in IEC-6 cells (small intestinal epithelial cells)
of rats [58]. In a different study, the protective effect of a-pinene on UVA-induced oxidative imbalance
in human skin epidermal keratinocytes (HaCat cells) was determined [59]. In this study, the high
protective effect of a-pinene on A. cepa root tip cells against the cytotoxic/genotoxic effects of lead
nitrate was detected for the first time. Thymol, a phenolic monoterpene, is found in the essential oils of
many plants and is known for its versatile activity, including antioxidant, antimicrobial, and anti-
inflammatory properties [60,61]. In a study, biochemical results and histological findings revealed that
thymol may have a protective effect against cisplatin ototoxicity by increasing antioxidant levels and
reducing oxidative stress parameters [62]. A different study suggests that thymol protects the liver
against toxicity caused by carbon tetrachloride (CCls) and that this protection may be mediated through
its ability to inhibit lipid peroxidation [63]. Carvacrol, another O. onitum-EO component whose
protective effect was tested in this study, is present in the essential oil at a very high rate (83.21%).
Various studies have shown that carvacrol has antioxidant, anti-inflammatory, antitumor, analgesic,
antihepatotoxic, antimicrobial, and insecticidal activities [64]. Carvacrol has strong antioxidant
properties and may be effective in preventing and preventing various diseases [65]. A study revealed
the protective effect of carvacrol against oxidative stress caused by chronic stress in the brain, liver, and
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kidney of rats [66]. Linalool, another molecule whose protective activity was tested in this study, is
known to have various biological activities such as antimicrobial, anti-inflammatory, anticancer, and
antioxidant properties [67]. Linalool has been found to induce apoptosis of cancer cells and protect
normal cells [68]. The protective effect of linalool has been proven by previous studies and it has been
shown that linalool reduces neurodegeneration and neural damage that may occur due to rifampicin [69].
As a result, the protective effects of the O. onites-EO components (a-pinene, thymol, carvacrol, and
linalool) tested in this study on A. cepa root tip cells against the cytotoxic/genotoxic effect of lead nitrate
were determined, in parallel with other studies.
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