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ABSTRACT

Nonylphenols are endocrine disrupting toxic compounds and
are widely used. For this reason, our study aimed to investigate
the genotoxic effect of nonylphenols applied at different doses
on mouse bone marrow cells. Groups were classified as control
group, the sham administered only group, low dose, medium
dose and high dose nonylphenol administered group. After
euthanasia,  polychromatic  erythrocyte/Normochromatic
erythrocyte ratio and micronuclear polychromatic erythrocyte
count were determined in femur bone marrow cells and
analyzed to detect DNA damage. While polychromatic
erythrocyte/Normochromatic erythrocyte ratio was found to be
lower in the groups treated with different doses of nonylphenol,
especially in the group treated with high-dose nonylphenol, this
decrease was not statistically significant. When the
micronucleated polychromatic erythrocyte values were
examined, it was observed that there was a statistically
significant increase, especially in the medium and high dose
groups compared to the control. High-dose nonylphenol has a
toxic effect and may have a long-term genotoxic effect such as
cancer development by interacting with genotoxic agents.
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Farkl1 dozajlarda uygulanan nonylphenol'iin
kemik iligi lizerine genotoksik etkisinin
degerlendirilmesi

0z

Nonilfenoller; endokrin bozucu toksik bilesiklerden olup
yaygin olarak kullanilmaktadir. Bu sebeple ¢alismamizda farkl
dozlarda uygulanan Nonilfenoller’in, fare kemik iligi hiicreleri
tizerine genotoksik etkisinin arastirilmast amaglanmustir.
Gruplar; kontrol grubu, sadece sham uygulanan grup, diisiik
doz, orta doz ve yiiksek doz nonilfenol uygulanan grup olacak
sekilde smiflandirildi.  Otenazi sonrasi, femur kemik iligi
hiicrelerinde Polikromatik eritrosit/Normokromatik eritrosit
oran1 ile mikrogekirdekli polikromatik eritrosit sayisi
belirlenerek DNA hasarini tespit etmek icin analizleri yapildi.
Farkli dozlarda nonilfenol uygulanan gruplardan &zellikle
yiiksek doz nonilfenol wuygulanan grupta Polikromatik
eritrosit/Normokromatik eritrosit oran1  kontrole diisiik
bulunurken, bu azalma istatistiksel olarak anlamli degildi.
Mikrogekirdekli polikromatik eritrosit degerlerine bakildiginda
ise Ozellikle orta ve yiiksek doz gruplarinda kontrole gore
istatistiksel olarak anlamli derecede bir artis oldugu gozlendi.
Yiiksek doz nonilfenol toksik etki gostermekte olup, genotoksik
ajanlarla etkileserek kanser gelisimi gibi uzun vadeli
genotoksik etkiye sahip olabilir.

Anahtar Kelimeler: Nonilfenol, genotoksisite, mikroniikleus.

1. INTRODUCTION

Short-term, low-dose exposure to xenobiotics may not
cause any permanent effects on DNA, but chronic
exposure to xenobiotics can cause mutations and future

cancer.! Nonylphenol (NP) is one of the xenobiotic
compounds  frequently  encountered in  many
environments directly or indirectly.” NP is a degradation
product of plastic compounds used in the manufacture of
dentistry, food packaging, textiles, pesticides, detergents,
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paints, and cosmetics.” NP is of great interest as a
hazardous pollutant due to its long-term persistence in the
environment and multiple toxic effects.* Trace
consumption of NPs in food and water is thought to be
the main source of human exposure.” It has been stated
that NP has a DNA damaging effect due to its
biotransformation to reactive intermediates that can
cause changes in DNA.® Most of the previous studies
have focused on the toxicity of 4-NP and its effects on
the developmental process and reproductive system,
especially in aquatic ecosystems, were evaluated.”® Little
information is available about its genotoxic effect on
bone marrow. The micronucleus (MN) test, which is one
of the popular tests preferred in the evaluation of
environmental genotoxicity, is an indicator of
cytogenetic damage.” MN is produced from fragments of
chromosomes or whole chromosomes that are delayed in
cell division due to centromere deficiency, damage to the
centromere, or defects in cytokinesis. In actively dividing
cells, the MN number reflects the effect of clastogenic or
aneugenic compounds.'’ The MN test, which is easy to
apply, is used to determine the damage of these agents.
An increase in the number of MN in cells is a marker of
genomic instability in somatic cells.’

When hematopoietic cells divide, the application of
various chemicals results in chromosome damage or the
suppression of mitosis.!" Bone marrow (BM) is the main
hematopoietic organ in adult rodents. Erythrocytes are
used in the micronucleus test, which is studied with
mouse bone marrow. After transforming into
polychromatic erythrocytes (PCE), erythroblasts lose
their nuclei approximately 6 hours after mitosis. In this
way, it is easier to determine the formation of MN."?An
increase in the amount of immature PCE containing MN
(MNPCE) is a sign of chromosomal or cytogenetic
damage caused by anaphase delay.!! The significant
decrease observed in the polychromatic
erythrocyte/normochromatic  erythrocyte (PCE/NCE)
ratio indicates that the applied chemical exerts a
cytotoxic effect on the division and maturation of
nucleated cells.”® This study aimed to investigate the
genotoxic effect of nonylphenol applied at different
doses on rat BM cells.

2. MATERIALS AND METHODS

An ethics committee approval (20/077) was obtained
from the Erciyes University Animal Experiments Local
Ethics Committee for the realization of this study. In the
study, 50 male Wistar-albino rats, 8-10 weeks old, were
reared in the Erciyes University Experimental and
Clinical Research Center. The rats weighed between 200
and 250 g. The rats were housed in plastic cages and fed
with normal pellets under standard laboratory conditions
throughout the study.
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2.1. Chemicals and working groups

In the study, Nonylphenol (cat no:84852-15-3, Sigma-
Aldrich) were obtained from the project and used.
Groups were created as following; 50 Wistar-albino adult
male rats were divided into 5 groups with 10 rats in each
group. Doses were determined for all applications and
administered at the same time of the day. Anesthesia was
administered intraperitoneally 24 hours after the last
administration with ketamine hydrochloride (50 mg kg™")
and 2% xylazine hydrochloride (10 mg kg'). After
removing the femoral bone of each rat, the BM was
placed in an eppendorf tube.

Control group: No intervention was administered.

Sham group: 150 pL of corn oil was given via gavage
for 15 days.

Low Dose Nonylphenol group: 25 pL dose of
nonylphenol dissolved in 125 pL corn oil was given for
15 days via gavage.

Medium Dose Nonylphenol group: 50 pL dose of
nonylphenol dissolved in 100 puL corn oil was given for
15 days via gavage.

High Dose Nonylphenol group: 75 pL dose of
nonylphenol dissolved in 75 pL of corn oil was given via
gavage for 15 days.

2.2. Micronucleus test

Rats' femurs were removed by cervical dislocation. The
supernatant was discarded by centrifugation at 2000 rpm
for 7 minutes. The remainder was suspended in 0.5 mL
fetal calf serum and spread on slides. After fixing with
methanol, it was painted with 20% Giemsa dye for 30
minutes and left to dry at room temperature. Each rat was
coded from the BM to prepare four preparations, and the
prepared preparations were covered with entellan. For
genotoxic activity, 1000 PCEs were randomly counted
from the preparation prepared for each rat at X100
magnification in all groups under the microscope
(Olympus BX51, Tokyo, Japan). Their percentages were
calculated by determining the MNPCE numbers in them.
In addition, the PCE/NCE ratio was determined by
counting 2000 erythrocytes to show cytotoxicity.'*

2.3. Statistical analysis

Statistical analyses of the data were performed using the
Graphpad PRISM (Graphpad Software Inc., Version
8.0d) software program. The conformity of the data to the
normal distribution was determined by the Shapiro-Wilk
and Kolmogorov-Smirnov tests. Percent vitality values
according to doses were compared with one sample t-test.
A one-way Anova test was used to compare normally
distributed data in multiple comparisons, and Kruskal-
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Wallis tests were used to compare non-normally
distributed data. Post-hoc comparisons of the variables
that were significant as a result of group comparisons
were made with the Bonferroni test for the one-way
Anova test and Dunn's test for the Kruskal-Wallis test. p

For the MN test, a total of 1.000 PCEs were counted in
the BM preparations of each animal, and the percentage
of PCEs with MN in them was determined (MNPCE)
(Figure 1). In total, 10.000 cells were counted per group
(10 rats per group). The change in the frequency of MN

< 0.05 was considered statistically significant. depending on the dose is given in Figure 2. In addition,
PCE/NCE ratios were calculated by counting 2.000
erythrocytes from each rat sample, that is, 20.000
erythrocytes (PCE and NCE) for each group. Table 1
displays the MNPCE and PCE/NCE ratios determined

for the control and experimental groups.

3. RESULTS AND DISCUSSION

3.1. Micronucleus frequency in control and
experimental groups
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Figure 1. Polychromatic erythrocytes (PCE), normochromatic erythrocytes (NCE), and micronucleated polychromatic erythrocytes
(MNPCE) in rat BM (Giemsa staining X40, Olympus BX51). A) Control group, B) Sham group, C) Low-dose group, D) Medium-
dose group, and E) High-dose group.
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Figure 2. Change of micronucleus frequency according to groups.

Table 1. PCE/NCE ratio and MNPCE frequencies between different groups.

Control Sham Low-dose Medium-dose High-dose
Groups p
(n=10) group group group group group
(mean£SD) (mean=SD) (mean£SD) (mean=SD) (mean£SD)
PCE/NCE (0.99 £ 0.37)* (1.44 £0.34)® (1.61 £0.26)° (1.92+£0.51)° (0.65+0.32)¢ <0.0001
MNPCE, % (0.31 +£0.20) (1.56 +0.38)° (1.01 £0.19)® (1.72 £0.36)° (4.13 £1.38)¢ <0,0001
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3.2. PCE/NCE ratios in control and experimental
groups

When the PCE/NCE ratios were considered, it was found
that the high-dose NP group was lower than the control
group. However, this change was not statistically
significant (p = 0.4595). When the MNPCE values were
examined, a statistically significant increase was
observed in the medium and high dose groups compared
to the control (respectively p = 0.0002, p < 0.0001). At
the same time, a statistically significant increase was
observed when the high-dose NP-administered group
was compared with the low-and medium-dose NP-
administered groups (p < 0.0001).

Genotoxic agents are substances that disrupt genetic
material by causing adverse effects on cell DNA.
Genotoxic effects cause mutation. Mutations can
manifest themselves with various idiosyncratic and
allergic reactions, as well as with carcinogenic effects.
For this reason, it is of great importance to investigate
and reveal mutating agents in terms of health. Some
pharmaceutical and chemical substances, cytotoxic
agents used in cancer treatment, radioactive drugs, or
wastes containing such substances can cause genotoxic
effects. While such genotoxic substances can be directly
effective, some of them are activated by metabolic
reactions and cause genotoxicity. '’

Identifying mutagenic and toxic substances is
particularly important because of their potential to cause
cancer and cause adverse changes in future generations.
From this point of view, the risk associated with the
DNA-damaging effect caused by NP needs scientific
studies to deepen its knowledge. In a previous study,
mice were subchronically exposed to X-rays (0.05 Gy
and 0.10 Gy), nonylphenol (NP) (25 mg kg! and 50 mg
kg!), or a combination of both. As a result of the study,
it was stated that NP increased the DNA damage both
when used alone and in combination with X-rays.’
Dobrzynska® investigated the effects of NP and ionizing
radiation on DNA damage in mouse (male and female)
somatic cells, separately or in combination, using the
Comet Assay Method. The induction of DNA damage by
NP differs according to tissue and gender. Although NP
alone is not mutagenic in female mice, it has been shown
to increase DNA damage in some organs with combined
administration, whereas in male mice the damage has
been shown to be reduced after exposure. At the same
time, there are different studies in which the frequency of
MN increases after exposure to 4-NP.!*!" In this study,
unlike other studies, the effect of NP on DNA damage in
the BM was evaluated depending on the dose by
administering three different low, medium, and high
doses of NP.

4. CONCLUSIONS

According to our results, the increases in NP cause
significant increases in MNPCE in cells. Due to the
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activation of the chemical in the bone marrow, the
erythrocytes in the division phase could not perform the
correct division. As the nonylphenol dose increases,
genomic instability increases, preventing cells from
adopting the correct structures. Therefore, the genomic
instability occurring in erythrocytes, and mature
erythrocyte formation cannot be observed. The low
number of NCEs in the microscopic field is important
proof that the transition of cells to the mature erythrocyte
is less. Additionally, it is also conceivable that NPs have
negative effects on specific transcription control
mechanisms that are affected during the mitosis stage. As
a result of our findings, the toxicity of NP increases
depending on the dose increases, especially high-dose
NP. From this point of view, it shows that when NP
interacts with other genotoxic agents, it may cause an
increase in long-term genotoxic effects such as cancer
development, and it shows that care should be taken
about the use of NP in daily life. We believe that these
findings will shed light on further studies to find new
agents to be used against the genotoxicity of NP.
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