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ORIGINAL ARTICLE

Genotoxic action of Luna Experience-SC 400 fungicide on rat bone marrow

Ayla Çelika , Gizem G€ulerb , Cuma Aktaşb and Serap Yalinc

aDepartment of Biology, Faculty of Science and Letters, Mersin University, Mersin, Turkey; bGraduate School of Natural and Applied Science,
Mersin University, Mersin, Turkey; cDepartment of Biochemistry, Faculty of Pharmacy, Mersin University, Mersin, Turkey

ABSTRACT
Background: Fungicides describe all chemicals used to control fungi that infect plants. Luna
Experience SC-400 is a new line of fungicide that consist of Fluopyram and Tebuconazole.
Objective: In this study, We investigated the genotoxicty and cytotoxicty of Luna Experience-SC 400
using comet assay, micronucleus test and polychromatic erythrocytes number in rat bone marrow. The
present study is the first report indicating the effects of genotoxic and cytotoxic of Luna experience
SC-400 on rat bone marrow cells.
Material and Methods: We used three different doses (5mg/kg, 10mg/kg, 20mg/kg) of Luna
Experience SC 400 at 48 h intervals during 30 days by gavage in rats.Genotoxicity was evaluated using
comet assay and micronucleus test and cytotoxicity was measured the PCE/NCE rate in rat
bone marrow.
Results: Based on these experimental results, we report that Luna Experience-SC 400 fungicide
presents genotoxic and cytotoxic potential on rat bone marrow. There is a significant difference
between negative control group and all the doses of Luna Experience-SC 400 (p< 0.05) for comet
assay and micronucleus. Even moderate and high doses of fungicides seem to have reached the val-
ues of almost positive control group for Genetic Damage Index (GDI) and Damaged Cell Percentage
(DCP). In this study, we also investigated the PCE/NCE rate. Fungicide caused a decrease in the level
of significant in the PCE/NCE ratio (p< 0.05).
Conclusion: Our in vivo study suggests that the gavage exposure to Luna experience SC 400 used in
the present investigation may be genotoxic and cytotoxic in rat bone marrow in view of these find-
ings. Because this findings is first report represented in the pesticide biology, it is important to carry
out more investigations using various cytogenetic tests under different experimental conditions to
definitively resolve the the possible genotoxic and cytotoxic risk associated with new generation pesti-
cides-fungicides.
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Introduction

Pesticides represent an important group of environmental
pollutants that humans are exposed to on a daily basis.
(Albert et al. 1992). These will probably continue and increase
in the near future, mainly due to their widespread use in agri-
culture. Although pesticides are economically beneficial for
food preservation, they cause pollution of water, soil and air
due to their ability to withstand natural degradation and dis-
rupt the ecological system (Ahmed et al. 1998).

Worldwide, pesticides have been used since 1940s.
Pesticides can be transported from the soil to aquatic envir-
onment and other organisms by means of water bodies.
Pesticides are used in cultivation between 75-80%, but they
are used as wood preservatives aside from cultivation, in
dyestuffs, adhesives, fabrics used in tent construction, in
combat and in industrial use with rodents and vectors. Long-
term exposure to low doses of pesticides may result in gen-
omic instability and genotoxic effects (Prince et al. 2001).

Fungicides are biocidal chemical compounds used to fight
fungal diseases both in cultivation and in animals (Haverkate
et al. 1969). Luna Experience-SC 400 is a new line fungicide

with Fluoropyram/Tebuconazole Combination. The LD50 val-
ues of Luna Experience-SC 400 is 2000mg/kg according to
product data sheet. Luna Experience-SC 400 contains 200 g/L
tebuconazole and 200 g/L fluoropyram as active substance.
In a toxicologic study, at the end of 24months in a 2-yeear
study without a specific cause, it was reported that deaths
occurred especially in male mice. The mean weights of
female and male individuals were recorded, and an increase
in liver weight was reported to indicate that the target organ
of the study was the liver (Norwegian Scientific Committee
for Food Safety Secondary 2014).

In a subchronic study performed in rats, tebuconazole
was administered in 93.4% purity in four different groups (0,
100, 400 and 1600 ppm) for 13weeks and the results
reported that one male and one female individual died dur-
ing the study, a decrease in mean body weight despite of
increased consumption of food in the high-dose group, an
increase in hepatic N-demethylhylase activity and cyto-
chrome P450 content (Shah et al. 2010).

In an in vitro study of tebuconazole in bovine lymphocyte
cultures, cytotoxic and genotoxic effects have been studied
and results have shown increased cytotoxicity and
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genotoxicity (�Sivikova et al. 2013). In a rat-based study in
which 96.2% pure tebuconazole was used, it was indicated
that the liver is the target organ, the liver weight is increased
and the serum enzyme levels are increased. Adenomas and
carcinomas have been reported in the highest dose group
(1500 ppm) (Tebuconazole, Summary of Toxicology Data
2008). According to data obtained as a result of
Tebuconazole exposure study in Rhamdia quelen liver, it is
shown that Tebuconazole cause the increasing oxidative
damage potential (Ferreira et al. 2010). Tebuconazole expos-
ure studies in brain and liver tissues and white muscle cells
of Cyprinus carpio have been shown to increase oxidative
damage potential with TBA (thiobarbituric acid) (Toni
et al. 2011).

Micronucleus test method has been used to evaluate the
potential effects of chemicals for decades in many researches
in in vitro and in vivo studies in different living systems
(Çelik et al. 2003, 2005, Çelik and Kanık 2006, Çavaş 2011) for
genotoxicity. The single cell gel electrophoresis assay (SCGE)
or alkaline comet assay provides the opportunity evaluating
the DNA damage responses of individual cells exposed to
DNA damaging agents and visualizes DNA migration within
nucleus embedded in agarose (Singh et al. 1988). The depth
of migration is related to the greatness of single strand
breaks in damaged DNA (Collins et al. 1997). Thus, the aim of
this study was to evaluate, for the first time, the genotoxic and
clastogenic/aneugenic potential of Luna Experience SC 400 fun-
gicide in rat bone marrow.

Clinical significance

� The study of genotoxicity induced in rat bone marrow
cells by fungicide (Luna Experience SC 400) may be useful
to identify biological markers that predict damage
in DNA.

Materials and methods

Chemicals

Luna Experience SC-400 is produced by Bayer Crop Science
(Tebuconazole CAS No.:107534-96-3, Fluopyram CAS No.:
658066-35-4, 619-797-7) was supplied as grade form and
purchased from Sigma.

Dose selection

In this study, we selected the doses according to LD50 dose
of Luna Experience SC 400 for rats. LD50dose of Luna
Experience SC 400 is 2000mg/kg for rats according to data
sheet of product. Therefore, the highest dose was set at
20mg/kg body wt, i.e. 1% of the LD50 dose. The rats were
treated by gavage with doses of 5mg/kg, 10mg/kg and
20mg/kg of Luna experience SC400 dissolved in saline. The
study was carried out in five groups of seven animals in
each group. For this purpose, dose groups prepared by
means of gavage were applied to female rats weighing 380-
400 g and 12months old at Mersin University Experimental

Animal Lab at intervals of 48 hours for 30 days. In this study,
Mitomycin C (MMC) (2mg/kg), was used as a positive control.
We injected rats in single doses of 2mg/kg b.w. per rat via
i.p. As indicated by Hayashi et al. (1994) positive control may
be administered by a route different from or the same as the
test substance and that is only a single time at the 5th week.
Untreated control rats were treated identically with equal
volumes of normal saline.

Animals and diet program

In this study, healthy adult female Swiss albino rats (Wistar
rat) [12months old and average body weight (body wt) of
380-400 g] were used. Rats were obtained from the
Experimental Animal Center, University of Mersin, Turkey.
This study was approved by the ethics committee of the
University of Animal Studies of Mersin University. The rats
were randomly selected and housed in polycarbonate boxes
(seven rats per box) with steelwire tops and rice husk bed-
ding. They were maintained with 12 h dark/light cycle in an
atmosphere of 22 �C temperatures and 60–70% humidity
with free access to pelleted feed and fresh tap water. The
animals were allowed to acclimate for 14 d before treatment.
Therefore, this study was carried out with five different diet-
ary programs at a dose of 48 hours for 4weeks. (�30 d). Rats
were anesthetized with Ketalar (Ketamine-HCl, Pfizer,
Istanbul), 2/4 h after the last treatment and sacrificed. The
same rats were used for Comet assay and Micronucleus test.

Alkaline comet assay in bone marrow
The two femurs were removed and bone marrow cells were
evacuated from the femur into 1,5ml of fetal bovine serum
(FBS). Isolated bone marrow cell suspension was washed
three times with RPMI supplemented with 10% FBS. One
part of the isolated cells was used directly for the comet
assay. Comet assay was performed under alkaline conditions
according to the method of Singh et al. (1988) with slight
modifications. Firstly, microscopic slides were covered by a
thin layer of 0.5% normal melting agarose (NMA) [dissolved
in Ca2þand Mg2þ free phosphate buffer saline (PBS)] at
about 50 �C a night before. Eppendorf tubes were placed in
water bath at 33 �C. 110 ml of bone marrow suspension were
diluted with 1,5ml of PBS in tube. Then 110ml of mixtures
were mixed with 110 ml of Low Melting agarose (LMA) (0.5%).
110 ml of this mixture was spreaded on slides coated with
NMA using micropipette and immediately was covered with
lamella. Slides were preserved in refrigerators at þ4 �C for
25min. The lamella was removed by sliding the slide over
the slide. Then slides were placed in chalets filled with lysis
solution and kept for 1 h in refrigerator in dark. Slides were
placed on a horizontal gel electrophoresis tank filled with
electrophoretic buffer (300mM NaOH þ 1mM EDTA) to allow
DNA unwinding before electrophoresis for 25min.
Electrophoresis was conducted at 20 �C using 25 V and
300mA for 25min in dark to avoid DNA damage. After elec-
trophoresis, slides were placed in neutralizing buffer (pH ¼
7.5) for 17min. Then slides were placed chalets including
chilled ethanol for 15min and was stained with ethidium
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bromide (0.1mg/ml, 1:4) and the slides were examined with
a fluorescent microscope (BX51, Olympus, Japan).

Scoring of comet images

Comet images were analyzed according to Collins et al.
(1997). One hundred comet images were scored for each
treatment-animal by two scorers (Gizem G€ULER and Cuma
AKTAŞ) visually under fluorescence microscopy (BX51
Olympus). An intensity score from class 0 (undamaged) to
class IV (ultra high damage) (Sun et al. 2004) was assigned to
each cell. The observation method is blindly blocked that the
observers have no knowledge of the identity of the slide.

AU ¼
X4

i¼0

i� Ni

Ni: is the number of scored cells in i level, i is the level of
DNA damage (0, 1, II, III, and IV).

� Genetic damage index: GDI: [(0xType 0) þ (1xType I) þ
(2xType II) þ (3xType III) þ (4xType IV)]

GDI (AU values) indicating the comet assay scores show
levels of UD (undamaged, 0), Type 1 (low damaged, 1), Type
II (moderate damaged, II), Type III (high damaged, III), and
Type IV (ultra high damaged, IV).

� Damaged cell percentage (DCP): Type II þ Type IIIþ
Type IV

Bone marrow micronucleus test
The bone marrow was evacuated from both femora using
1,5ml of fetal calf serum and centrifuged at 4000 rpm for
10min and the supernatant was allocated. Bone marrow
smears were smeared on clean microscope slides, air dried,
fixed in methanol and stained with acridine orange (125 mg/
ml in pH 6.8 phosphate buffer) for 1min just before the
evaluation with a fluorescence microscope (Olympus BX51)
using a 40X objective. The frequency of micronucleated
erythrocytes in femoral bone marrow was evaluated accord-
ing to the procedure of Schmid (1973), with the slight
modifications.

Scoring of micronucleus frequency
The frequency of Polychromatic Erythrocytes (PCEs) per total
erythrocytes was determined using a sample size of 200

erythrocytes per animal. The number of Micronucleated
Polychromatic Erythrocytes (MNPCEs) was determined using
2000 PCEs per animal. Briefly, immature erythrocytes, i.e.
PCEs are characterized by red orange colors, mature erythro-
cytes are characterized by their green color and micronu-
cleus as yellowish green.

Statistical analysis

Data were compared by one-way variance analysis. All statis-
tical analysis wasperformed using the SPSS for Windows 21.0
package program. Multiple comparisons were performed by
Tukey test. p< 0.05 was considered as level of significance.
Dose dependent effect each ratio parameters of MNPCE/
2000PCE, PCE/total erythrocytes, GDI and DCP were eval-
uated using General Linear Model (GLM). Accuracy in estima-
tion values obtained using GLM. Goodness of fit of GLM
model were evaluated using adjusted R2 and this values
were acceptable (R2 > 60%).

Results

Table 1 represents the frequencies of micronucleus, the ratio
of polychromatic erythrocytes to normochromatic erythro-
cytes and the comet parameters, GDI and DCP, of negative/
positive control and groups treated with Luna Experience SC
400 fungicide in rat bone marrow. Figure 1 presents comet
assay views (a-b) and the micronucleus in polychromatic
erythrocytes (c). In this study, statistical analysis indicated
that there is a significant difference between groups and
within groups for MN frequency, PCE and Comet parameters,
GDI and DCP values. It was observed that there is a dose-
related statistically significant increase in the MN frequency
on rat bone marrow exposed to Luna Experience SC 400 fun-
gicide (Table 1). The results of the MNPCE analysis indicate
that there was a difference between negative control and all
the doses of Luna Experience SC 400 fungicide (p< 0.01 or
p< 0.001). MN frequency reached to 3.42 ± 0.20, 4.00 ± 0.30,
6.00 ± 0.30 in group exposed to Luna Experience SC 400 fun-
gucide, 5mg/kg, 10mg/kg, 20mg/kg, respectively and to
2.28 ± 0.18 in negative control group. The statistical differ-
ence between 20mg/kg dose of Luna Experience SC 400 and
negative control reached at level of p< 0.001. It is found
that Luna experience SC 400 induced the DNA damage level
in both GDI and DCP parameters in alkaline comet assay ana-
lysis. MMC administered intraperitoneally as positive control
induced a statistically significant increase in the mean num-
ber micronucleus (p< 0.001) compared with negative control.

Table 1. Comet assay scores (genetic damage index and damaged cell percentage) and Micronucleus frequency/polychromatic erythrocytes number in bone
marrow of rats exposed to Luna Experiece SC 400 bygavage (mean± S.E.).

Groups MN PCE/2000 PCE Mean ± S.E
PCE/200 total

erythrocytes) Mean ± S.E
Genetic damage index

(GDI) Mean ± S.E
Damaged cell Percentage

(DCP) Mean ± S.E

Negative control 2.28 ± 0.18 102.57 ± 1.36 50.85 ± 2.77 11.28 ± 0.83
Luna Experience SC 400
5mg/kg 3.42 ± 0.20� 76.57 ± 1.55��� 155.14 ± 1.14��� 42.00 ± 5.99���
10mg/kg 4.00 ± 0.30�� 61.28 ± 1.53��� 186.00 ± 1.79��� 54.14 ± 6.58���
20mg/kg AQ96.00 ± 0.30��� 51.42 ± 1.08�� 295.14 ± 1.54��� 91.14 ± 4.79���
Positive control (MMC-2mg/kg) 22.00 ± 0.57��� 45.14 ± 0.50��� 273.00 ± 1.44��� 82.00 ± 0.48���
*p< 0.05; **p< 0.01; ***p< 0.001.
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In the analysis of trend of a dose-response, General Linear
Model was used. It is determined that increases and
decreases in all parameters are determined as units. The
increments in the parameters are 9.55, 0.17 and 3.38 units,
for GDI, MN and DCP respectively and -1,57 for PCE/total
erythrocytes (Table 2). There is a significant difference
between all the doses of Luna Experince SC 400 (p< 0.001).
Goodness of fit of General Linear Model is a acceptable value
(R2 > 60%) (Table 3).

Discussion

This study is the first genotoxicity assessment for the Luna
Experience SC 400 fungicide in bone marrow of Wistar rats
as in vivo. Animal studies provide a complete living system
capable of assessing the overall effect of sensitive changes
observed in the cell (Meyer 1993). In this study, Luna experi-
ence SC 400 fungicide induced the micronucleus formation
in polychromatic erythrocytes based on micronucleus test
and single strand breaks relation with damage on DNA
based on alkaline COMET assay in bone marrow. In this
study, parallel to the increase in dose, both micronucleus fre-
quency and DNA damage parameters, GDI and DCP
increased. The genotoxicity studies concerning the fungicides
and their combinations have produced polemic results
depending on the compound or test method and experi-
mental organism used. Many epidemiologic human and ani-
mal studies have shown that exposure to different pesticides
is positively correlated with genotoxic effects and DNA dam-
age (Çelik et al. 2003, 2005, Ergene et al. 2007, Çavaş 2011)
reproductive and immune dysfunction (Ayub et al. 2003),
and cancer (Kalantzi et al. 2003).

Many studies has been shown to be toxic and genotoxic
effects of the fungicides (Y€uzbaşıo�glu et al. 2006, Demsia
et al. 2007, Lone et al. 2017). Demsia et al. (2007) investi-
gated the genotoxic effects of imidaclorpid, methalaxyl and
imidaclorpid-methalaxyl combination in rat bone marrow
and human peripheral lymphocytres cultures. In in vitro
micronucleus analysis, they found that MN frequencies after
treatment with pesticide combination separately or a mix-
ture, do not significantly differ from those in the controls

Table 2. Trend of a dose response of genetic damage index (GDI), damaged cell percentage (DCP), Micronucleus (MN) and Polychromatic
erythrocyte (PCE).

Parameter. Std.Err t p �95,00% Cnf.Lmt þ95,00% Cnf.Lmt

GDI Intercept 100,5714 18,45370 5,449934 0,000029 61,94740 139,1955
GDI 9,5592 1,39497 6,852617 0,000002 6,63948 12,4789

MN Intercept 2,428571 0,337198 7,202208 0,000001 1,722807 3,134335
MN 0,175510 0,025490 6,885511 0,000001 0,122159 0,228861

PCE Intercept 81,50000 2,291037 35,57342 0,000000 76,70481 86,29519
PCE �1,57755 0,173186 �9,10899 0,000000 �1,94003 �1,21507

DCP Intercept 21,92857 7,205895 3,043143 0,006690 6,846459 37,01068
DCP 3,38163 0,544714 6,208083 0,000006 2,241532 4,52173

Table 3. Goodness of fit of general linear model for GDI, MN, PCE, DCP.

Dependent Variable Adjusted R2 SS Model df Model MS Model SS Residual df Residual MS Residual F p

GDI 0,696778 74625,36 1 74625,36 30194,45 19 1589,182 46,95836 0,000002
MN 0,698842 25,16 1 25,16 10,08 19 0,531 47,41026 0,000001
PCE 0,803871 2032,41 1 2032,41 465,40 19 24,495 82,97376 0,000000
DCP 0,652417 9338,94 1 9338,94 4604,01 19 242,316 38,54029 0,000006

Figure 1. Ethidium bromide stained-comet views (a-b) and acridine orange
stained-micronucleated polychromatic erythrocytes (c) of rat exposed to Luna
experience SC 400 fungicide. Arrow indicates the MN.
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except after treatment with metalaxyl alone at 50 mg/ml
(p< 0.05). It is determined that there is a statistically signifi-
cant increase (p< 0.05) in SCE frequency after treatment
with 5, 10 and 100 mg/ml doses of metalaxyl and the com-
bination of imidacloprid and with 100 and 200 mg/ml of met-
alaxyl. The results of study performed by Demsia et al. (2007)
support the findings of our study because Luna experience
SC 400 is a mixture of fluopyram and tebuconazole fungi-
cides, it is important to see the additive effect. Studies
investigating separately the effects of fluopyram and tebuco-
nazole have been reported to be genotoxic and cytotoxic in
in vitro cell cultures or in vivo animal studies and in exposed
populations (Remor et al. 2009, �Sivikova et al. 2013,
Schwarzbacherov�a et al. 2017, �Sivikova et al. 2018).

Y€uzbaşıo�glu et al. (2006) reported that there is a signifi-
cant dose-response correlation in SCE and MN test and afu-
gan fungicide did not affect the replicative index (RI) but it
significantly decreased the Mitotic index at all concentrations
at except dose of 2,5mg/ml. They indicated that afugan fun-
gicide is clastogenic and cytotoxic under in vitro conditions.
Micronucleus is a reliable and sensitive marker of genotoxic
events. Micronucleus formation results from either an acen-
tric chromosome fragment or a whole chromosome left
behind during mitotic cell division. During mitotic division,
formation of mitotic spindle is dependent the presence of
many protein factor such as Op18/stathmin (Larsson
et al. 1997).

In conclusion, our in vivo study suggests that the gavage
exposure to Luna experience SC 400 used in the present
investigation may be genotoxic and cytotoxic in rat bone
marrow in view of these findings. Because this findings is
first report represented in the pesticide biology, it is import-
ant to carry out more investigations using various cytogen-
etic tests under different experimental conditions to
definitively resolve the the possible genotoxic and cytotoxic
risk associated with new generation pesticides-fungicides. In
further studies, the in vivo studies to be performed at doses
below the doses used in this study will shed light on the lit-
erature and on the understanding of the effects of the new
generation fungicide, suh as Luna Experience SC 400.
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