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Pesticides are one of the most potent environmental contaminants, which accumulate in biotic and abiotic
components of ecosystems. Acetamiprid (Acm), a neonicotinoid insecticide, and Propineb (Pro), a
dithiocarbamate fungicide, are widely used to control sucking insects and fungal infections on crops,
respectively. The present study was undertaken to investigate the genotoxic effects of these compounds,
individually and in mixtures, in mouse germ cells by using the sperm morphology assay. Mice were injected
intraperitoneally with 0.625, 1.25, and 2.50 pg mL"! of Acm, 12.5, 25, and 50 pg mL™! of Pro, and their
mixture at the same concentrations over 24 and 48 h. Acm did not significantly increase the percentage of
abnormal sperm at any concentration. The frequency of abnormal sperm significantly increased after 24
and 48 h of exposure to 50 pg mL"! of Pro. The mixtures of 2.50 ug mL" of Acm and 50 pg mL"! of Pro
induced sperm abnormalities antagonistically both after 24 and 48 h of exposure. Results suggest that Acm
was non-genotoxic for mouse germ cells, while Pro may have been a germ cell mutagen due to the observed
increase in the frequency of sperm abnormalities. However, to gain better insight into the mutagenicity
and DNA damaging potential of both of these pesticides, further studies at molecular level should be
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done.
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At present times, the consumption and types of
pesticides used in agricultural production is increasing
considerably throughout the world due to the rise in
population and crop production. As much as 4.6
million tons of pesticides are released annually into
the environment and approx. 500 types of these
pesticides are considered a threat to the environment
and human beings (1).

Pesticides are commonly used in agricultural areas
as single compounds or in mixtures. However, many
are non-biodegradable and therefore inevitably expose
people occupationally or environmentally to pesticide
residues, through air, water, and food. Therefore,
studies on the mutagenic activity of pesticide mixtures

using different assays on the genetic system of a living
organism are vital.

Many investigations have focused on the evaluation
of genotoxicity of pesticides in occupational or
environmental settings using different methods (2-12).
It has been reported that exposure to environmental
contaminants including pesticides causes major
pathological effects in the human male reproductive
system as well as that of experimental animals (13,
14). The sperm morphology assay is one of the most
widely used genetic toxicology assays. Furthermore,
the development of sperm head abnormality has been
used as a reliable short-term biological indicator in
the evaluation of chemical genotoxicity (15-17). The
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mouse sperm morphology test also has potential in
identifying chemicals that induce spermatogenic
dysfunction and perhaps heritable mutations (18).

Acetamiprid (Acm), a neonicotinoid insecticide,
is widely used to control sucking insects on crops (19).
Neonicotinoids are crucially potent neurotoxic
insecticides that act as agonists of nicotinic acetycholine
receptors (nAChR) (20). Propineb (Pro), a
dithiocarbamate fungicide, is commonly used for
disease control in a wide range of crops (21).
Dithiocarbamate fungicides are mainly used for the
eradication of fungal infections on plants, fruit, and
vegetables (22).

Commercial formulations of Acm and Pro are
commonly used on agricultural crops such as tomato,
potato, melon, apple, and tobacco, either separately
or in mixture (23). Mixtures of chemicals are often
well-known to be considerably more toxic than its
individual components and their combined effect can
be additive, synergistic, or antagonistic (9).

Many researchers have reported that pesticides
caused genotoxic effects when used individually (8,
10, 11, 15). However, in reality all living organisms
are exposed to not only to individual chemicals, but
also to their mixtures. Additive, synergistic or
antagonistic effects of pesticide mixtures are due to
the interactions between the chemicals that comprise
them. Thus, in mutagenicity and carcinogenicity
studies, the combined use of substances investigated
provides results that are much more significant for
establishing genotoxic effects. Although there are a
few studies focused on the genotoxicity of Acm and
Pro (9,21, 24, 25), the mutagenicity of their mixtures
in vivo in mouse germ cells of mice has not been
investigated, which motivated us to use the sperm
morphology assay to perform precisely this type of
study.

MATERIALS AND METHODS

Chemicals

In the present study, commercial formulations of
Acm (Mosetam 20 SP®, containing 20 % acetamiprid
as active ingredient; CAS No. 135410-20-7) and Pro
(Antracol 70 WP®, containing 70 % propineb as active
ingredient; CAS No. 12071-83-9) were used as the
test materials. Mosetam 20 SP® was obtained from
Safa Agriculture (Turkey) and Antracol 70 WP® from

Bayer (Turkey). The chemical structures of Acm and
Pro are shown in Figures 1 and 2. Giemsa dye (CAS
No. 51811-82-6) was obtained from Merck®
(Darmstadt, Germany). Mitomycin C (MMC; CAS
No, 50-07-7) was obtained from Sigma® (Taufkirchen,
Germany). All test solutions were freshly prepared
prior to each experiment.
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Figure 2 Chemical structure of propineb

Experimental animals

In this study, 90 male mice (Mus musculus, 8-10
weeks of age, with average body weight of 20-25 g),
were used. They were purchased from Abant [zzet
Baysal University Experimental Animals Applications
and Research Center, Turkey. The animals were
maintained in a closely inbred colony under
conventional laboratory conditions at a room
temperature of 25+5 °C and in 12 h dark and 12 h light
cycles. Food pellets and water were provided ad
libitum. The experiment was approved by the Ethics
Committee of Abant Izzet Baysal University in Turkey.

Study design

The used concentrations of pesticides were
selected according to the results of a preliminary study.
Based on the pesticide concentrations used to treat
plant disease (23). Acm and Pro were dissolved in
water in order to obtain the following mixtures:
0.625 pg mL"! of Acm + 12.5 pg mL"! of Pro;
1.25 pngmL! of Acm + 25 pg mL"! of Pro; 2.5 pg mL!
of Acm + 50 pg mL"! of Pro; 5 pg mL! of Acm +
100 pg mL"! of Pro; 10 pg mL! of Acm + 200 pg mL!
of Pro. It was observed that the mixtures of Acm and
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Pro exhibited high cytotoxic effects at two of the
highest concentrations (5 ug mL! of Acm +
100 ug mL" of Pro; 10 ug mL' of Acm + 200 pg mL"!
of Pro) and also decreased the ratio of dividing cells
at these same concentrations over a 48 h treatment
period. Therefore, these two mixtures were discarded
and the remaining three were selected to be tested in
this study. In addition, Acm and Pro were also tested
separately in order to determine whether these
pesticides are spermatotoxic individually.

In the present study, mice were intaperitoneally
(i.p.) injected with Acm and Pro at concentrations of
(0.625, 1.25, and 2.50) pg mL! and (12.5, 25, and
50) ug mL", respectively, over 24 and 48 h. In
addition, their mixture was administrated at the same
test concentrations over the same period.

MMC was used as a positive control, as it was
previously confirmed as a mutagenic agent (15). The
significant increase in the number of sperm
abnormalities in this group showed that the method
was correctly applied. Distilled water was used as a
negative control. The i.p. route was favoured since it
is one of the fastest and most efficient means of
delivering test chemicals in a short-term assay (26).
Ninety male mice were randomly allocated into fifteen
groups (n=3 per group) and treated over 24 and 48 h.
These groups are given in Table 1.

Sperm morphology assay

After the treatment, the animals were sacrificed by
cervical dislocation. Both of the cauda epididymises
were dissected out, cut into pieces in 5 mL of saline,
filtered, and smears were made according to the
standard protocol for sperm morphology assay, as
proposed by Wyrobek (18, 27). The smears were fixed
in methanol and stained with 10 % Giemsa in Sorensen
buffer for 10 min. A total of 1000 sperms per animal
were scored under a microscope (Olympus CX21°%,
Japan) with 100x10 magnification. Sperm head
abnormalities were determined as having either normal
or abnormal morphology according to Wyrobek and
Bruce (27). According to these criteria, a “hookless
head” does not have a spherical spot at the tip of the
sperm head; a “banana head” has a banana-like form;
an “amorphous head” lacks the usual hook and is
deformed; and a “folded sperm” is folded on itself.

Statistical analysis

The data were analysed by using SPSS 20 for
Windows (SPSS Inc., Chicago, IL, USA) and results

Table 1 Study design

Test . Concentration
T Chemical ([ i)

I Distilled water -

11 MMC 0.200

1T Acm 0.625

v Acm 1.250

\% Acm 2.500

VI Distilled water -

vl MMC 0.200
VII Pro 12.50

X Pro 25.00

X Pro 50.00

XI Distilled water -

XII MMC 0.200
XIIT Acm + Pro 0.625 + 12.50
X1V Acm + Pro 1.250 + 25.00
XV Acm + Pro 2.500 + 50.00

All of the treatments were performed over 24 and 48 h

obtained were expressed as mean+standard error (SE)
of three individual analyses. The Kruskal-Wallis test
was carried out followed by the Mann-Whitney U test
to compare the statistical significance of the differences
between the treated and control groups. The dose-
response relationship was determined using Pearson
correlation analysis. P<0.05 was considered significant.
The measured values were also compared with the
expected values. The expected mean value and SE
were calculated as follows (28): mean % (expected
for Acm + Pro) = mean % (Acm) + mean % (Pro) =
100 % (control); SE (expected for Acm + Pro) = [(SE
for Acm)*+ (SE for Pro)?]"2.

Non-parametric Mann-Whitney U test was used
to detect the significance of difference between the
expected and measured values. Additive, synergistic
and antagonistic effects were evaluated to interpret
effects of mixtures. When the measured values were
insignificantly higher than the expected values, there
was an additive effect. When the measured values
were significantly higher than the expected values,
there was a synergistic effect, whereas when the
measured values were significantly lower than the
expected ones, there was an antagonistic effect (28).
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RESULTS

The results obtained by the sperm morphology
assay are presented in Table 2. Acm induced different
types of sperm abnormalities such as “hookless”,
“banana”, “amorphous”, and “folded” sperms at all
concentrations for 24 and 48 h when compared with
the negative control (Figure 3), but these increases
were not statistically significant. Pro also increased
the frequency of abnormal sperm during the same
treatment periods. The frequency of abnormal sperm
induced by Pro was significant at the highest
concentration (50 ug mL") for 24 and 48 h when
compared with the negative controls. As shown in
Figure 4, these increases were concentration-
dependent (for 24 h: R?=0.8033, p<0.01 and for 48 h:
R?=0.9488, p<0.05). “Hookless head” was the most
common abnormality observed at the highest
concentration for 24 and 48 h.

It was also observed that the mixture of Acm and
Pro did not induce sperm head abnormalities at any
of the concentrations over 24 and 48 h when compared
with the negative controls. In addition, there was no
significant difference between the two time points

Figure 3 a) Normal sperm; b) Without hook (at 50 ug mL™' of
Pro for 24 h); c¢) Amorphous head sperm (at the highest
concentration of mixture for 48 h) (x1000)

(Acm 24 h vs. Acm 48 h, Pro 24 h vs. Pro 48 h, etc.)
regarding abnormal sperm frequency.

The results of individually applied pesticides were
also compared to results for their mixture at the same
concentrations. Interestingly, it was found that the
highest concentration (2.5 pg mL! of Acm +
50 ug mL-!' of Pro) significantly decreased the
percentage of abnormal sperm for 24 and 48 h when
compared with the individual concentrations of Pro
(50 pg mL") in both treatment periods.

In order to detect the possible combined actions
of the pesticides, the expected mean value and SE
were calculated and measured values were compared
to the expected values. According to the results, the
mixture of Acm and Pro at treatment durations
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Figure 4 Graphs showing concentration-response curve slopes
and correlation coefficients (R’) of % abnormal sperm in mice
germ cells treated with Acm, Pro, and their mixture for 24 and
48 h

produced mostly additive effects. However, it was
found that the measured abnormal sperm (%) was
significantly above the expected values, that is, a
synergistic effect was observed at the lowest
concentration of the mixture (0.625 pg mL"' of Acm
+ 12.5 pg mL! of Pro). Also, an antagonistic effect
was observed at the highest mixture concentration
(Figure 5).
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Table 2 Effects of acetamif?rid, propineb, and their
mixture on sperm morphology in Mus musculus

Test Abnormal sperm (%)
group 24h 48 h
I 5.10+0.30 5.13+£0.37
I 26.63+0.63* 28.60+0.66*
I 4.00+0.80 3.3340.69
v 4.60+0.30 5.06+0.40
\% 5.86+0.40 6.40+1.30
VI 4.86+0.35 5.20+0.30
VII 26.70+0.60* 28.60+0.69*
VIII 5.60+0.50 3.334£0.48
IX 6.00+0.50 5.46+0.29
X 11.20+£0.91* 10.46+1.23*
XI 4.76+0.39 5.33+0.37
XII 26.40+0.50* 28.80+1.15*
X111 6.93+2.68 9.66+2.36
X1V 7.13+1.27 3.9340.69
XV 5.86+1.00° 4.46+033"

Data are reported as mean value + SE

The treatments are explained in detail in Table 1
*p<0.001, when compared with negative controls

4 (p<0.01) each pesticide alone as compared to the mixture
of Acm and Pro

DISCUSSION

The present study reports for the first time in vivo
genotoxicity of combinations of Acm and Pro on
sperm in germ cells of mice. The results of the present
study revealed that Acm slightly, but not significantly,
increased the percentage of abnormal sperm in mouse
germ cells at all concentrations (0.625, 1.25 and
2.50) pg mL'and exposure times (24 and 48 h). These
findings suggest that Acm might not be a germ cell
mutagen. According to the United States Environmental
Protection Agency (US EPA) (29), Acm is classified
as an “unlikely” human carcinogen. It has relatively
low acute and chronic toxicity in mammals and there
is no evidence of carcinogenicity, neurotoxicity,
mutagenicity, and/or endocrine disruption. However,
studies (8, 9) have reported genotoxic effects for Acm
and other neonicotinoid insecticides (30-33). For
instance, Bal et al. (34) reported that the neonicotinoid
clothianidin induced impairment of the male mouse
reproductive system. Such claims are inconsistent with
the results of this study.

In the present study, Pro increased the percentage
of abnormal sperm in mouse germ cells at the highest
concentration (50 ug mL™") for 24 and 48 h. Quinto
and De Marinis (35, 36) reported that Pro did not
increase the percentage of abnormal sperm in mice.
These reports are also in disagreement with our results.

However, the results of the present study support
previous findings obtained by many other researchers.
Prasad et al. (37) have reported that thiram increased
the frequency of abnormal sperm in germ cells of mice.
Hemavathi and Rahiman (38) stated that the commonly
used dithiocarbamate fungicides ziram, thiram, and
dithane M-45 induced a significant increase in the
frequency of abnormal sperm at all tested doses. Giri
etal. (39) have observed that the highest concentration
of carbosulfan induced a >7-fold increase in the
frequency of abnormal sperm. Ma et al. (40) found
that the total sperm morphological abnormality was
significantly higher in carbon disulphide-exposed
workers.

There are no available investigations about the
mutagenicity of Acm and Pro mixtures in germ cells
of mice. Kocaman and Topaktas (9) have reported that
the mixture of Acm and a-cypermethrin synergistically
induced genotoxicity/cytotoxicity in human peripheral
blood lymphocytes. Many researchers have found
various pesticides, including Pro, to cause genotoxicity
in peripheral blood lymphocytes of people applying
pesticides in agriculture (2, 41-44). Furthermore, there
are many investigations about the genotoxic effects
of combinations of different pesticides (45-52).

For the sperm morphology assay, the treatment
period had a wide time range due to the process of
spermatogenesis. An understanding of the short-term,
as well as the long-term, effects is essential if the
causes of infertility and testicular atrophy are to be
revealed cytogenetically. Many investigations
evaluated effects of different chemicals using short-
term exposure (14, 53-56). This was why, in the
present study, 24 and 48 h applications were chosen
for the short-term assay.

The exact reason of the increase in the frequency
of abnormal sperm was not clear and opinions on this
subject differ. The induction of abnormal sperms was
assumed to be a result of an abnormal chromosome
(57), minor alteration in testicular DNA (15), and point
mutation (58). According to several studies (59-62),
small deletions, point mutations, and abnormal
chromosomes were proposed as possible genetic
causes of such alterations. Bruce and Heddle (63)
attributed the occurrence of sperm head abnormalities
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Figure 5 Percentage of abnormal sperm (Mean=SE) in germ cells of mice exposed to mixtures of acetamiprid (Acm) and propineb
(Pro) for 24 (a) and 48 h (b). Dark and white bars represent the measured values and the expected values, respectively.
* and ** represent significant antagonistic and synergistic effects, respectively (p<0.05)

to the chromosomal aberrations that occur during the
packaging of genetic material in the sperm head or
occurrence of point mutation in testicular DNA.
Several studies (64-67) reported that abnormalities
may also arise as a consequence of mistakes in the
spermatozoa-differentiating process during
spermatogenesis. Another two studies (66, 67)
reported that abnormalities in sperm heads may occur
by physiological, cytotoxic or genetic mechanisms or
alterations in testicular DNA which in turn disrupts
the process of differentiation of spermatozoa.

Conclusion and limitations

The results of the present study suggest that under
the experimental conditions studied, Acm was non-
genotoxic for mouse germ cells. Pro, however, may
be a germ cell mutagen due to the observed increase
in frequency of sperm abnormalities. Furthermore,
higher concentrations of the Acm and Pro mixture
antagonistically induced genotoxic effects of them on
germ cells of mice. However, it also has to be
mentioned that this study was limited by its use of
commercially available pesticide formulations. Some
of the effects observed in the present study might have
been mediated by the other constituents of the
pesticide formulations used. Although the biological
activity of a pesticide is mostly determined by its
active substance, the pesticide formulations available

on the market often consist of a pure active ingredient
and different technical materials, which are usually
used to improve the properties of a chemical for
handling, storage, and application (68). In many cases,
such materials contain various ingredients, some of
which are protected by patents, which make it difficult
to fully understand the results obtained with
commercially available pesticides, as was the case in
the present study.

Nevertheless, the findings of present study suggest
that the sperm head abnormality assay may be used
as a short-term and reliable biological indicator in the
genotoxic bioassay of pesticides. However, to obtain
better insight into the mutagenicity and DNA
damaging potential of Acm and Pro, further studies at
molecular level should be done.

Acknowledgements

This study was a part of a project entitled
“Micronucleus induction in mice bone marrow and
human lymphocytes after exposure to mixture of
pesticides acetamiprid-propineb” and supported by
the Duzce University Scientific Research Fund
[Project Number = 2011.05.01.070], Turkey. The
author thanks Meral Kekecoglu for support and Zekiye
Kiris and Salih Tunc Kaya for laboratory assistance.



Rasgele PG. SPERM MORPHOLOGY FOLLOWING Acm AND Pro EXPOSURE
Arh Hig Rada Toksikol 2014;65:47-56

53

REFERENCES

10.

11.

12.

13.

15.

Zhang WJ, Jiang FB, Ou JF. Global pesticide consumption
and pollution: with China as a focus. Proc Int Acad Ecol
Environ Sci 2011;1:125-44.

Pasquini R, Scassellati-Sforzolini G, Angeli G, Fatigoni C,
Monarca S, Beneventi L, DiGiulio AM, Bauleo FA.
Cytogenetic biomonitoring of pesticide-exposed farmers in
central Italy. J Environ Pathol Toxicol Oncol 1996;15:29-39.
PMID: 9037262

Santamaria AB, Gobbi M, Cembran M, Arnaboldi A. Human
lymphocyte micronucleus genotoxicity test with mixtures of
phytochemicals in environmental concentrations. Mutat Res
1997;388:27-32. PMID: 9025789

Lander F, Knudsen LE, Gamborg MO, Jirventaus H, Norppa
H. Chromosome aberrations in pesticide-exposed greenhouse
workers. Scand J Work Environ Health 2000;26:436-42. doi:
10.5271/sjweh.565

Shaham J, Kaufman Z, Gurvich R, Levi Z. Frequency of
sister-chromatid exchange among greenhouse farmers
exposed to pesticides. Mutat Res 2001;491:71-80. PMID:
11287300

Costa C, Teixeira JP, Silva S, Roma-Torres J, Coelho P,
Gaspar J, Alves M, Laffon B, Rueff J, Mayan O. Cytogenetic
and molecular biomonitoring of a Portuguese population
exposed to pesticides. Mutagenesis 2006;21:343-50. doi:
10.1093/mutage/gel039

Rasgele PG, Kaymak F. The cytogenetic effects of logran on
bone marrow cells of Mus musculus. Pakistan J Biol Sci
2006;9:2781-6. doi: 10.3923/pjbs.2006.2781.2786
Kocaman AY, Topaktas M. In_Vitro_evaluation of the
genotoxicity of acetamiprid in human peripheral blood_
lymphocytes. Environ Mol Mutagen 2007;48:483-90. PMID:
17603792

Kocaman AY, Topaktas M. Genotoxic effects of a particular
mixture of acetamiprid and alpha-cypermethrin on
chromosome aberration, sister chromatid exchange, and
micronucleus formation in human peripheral blood
lymphocytes. Environ Toxicol 2010;25:157-68. doi: 10.1002/
tox.20485

Kaymak F, Rasgele PG. Genotoxic effects of raxil on root
tips and anothers of Allium cepa L. Caryologia 2009;62:1-9.
Gokalp Muranli FD, Giiner U. Induction of micronuclei and
nuclear abnormalities in erythrocytes of mosquito fish
(Gambusia affinis) following exposure to the pyrethroid
insecticide lambda-cyhalothrin. Mutat Res 2011;726:104-8.
doi: 10.1016/.mrgentox.2011.05.004

Kocaman AY, Renciizogullar1 E, Topaktas M. In vitro
investigation of the genotoxic and cytotoxic effects of
thiacloprid in cultured human peripheral blood lymphocytes.
Environ Toxicol 2012 [Epub ahead of print] doi: 10.1002/
t0x.21790

Sharpe RM. Declining sperm counts in men — is there an
endocrine cause? J Endocrinol 1993;136:357-60. doi:
10.1677/j0e.0.1360357

Hess RA. Effects of environmental toxicants on the efferent
ducts, epididymis and fertility. J Reprod Fertil
1998;53(Suppl):247-59. PMID: 10645284

Giri S, Prasad SB, Giri A, Sharma GD. Genotoxic effects of
malathion: an organophosphorus insecticide, using three
mammalian bioassays in vivo. Mutat Res 2002;514:223-31.
PMID: 11815260

17.

18.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

. leradi LA, Zima J, Allegra F, Kotlanova E, Campanella L,

Grossi R, Cristaldi M. Evaluation of genotoxic damage in
wild rodents from a polluted area in the Czech Republic.
Folia Zool 2003;52:57-66.

LuB, WuX, Tie X, Zhang Y, Zhang Y. Toxicology and safety
of anti-oxidant of bamboo leaves. Part 1: Acute and
subchronic toxicity studies on anti-oxidant of bamboo leaves.
Food Chem Toxicol 2005;43:783-92. PMID: 15778019
Wyrobek AJ, Gordon LA, Burkhart JG, Francis MW, Kapp
RW Jr, Letz G, Malling HG, Topham JC, Whorton MD. An
evaluation of the mouse sperm morphology test and other
sperm tests in non-human mammals. A report of the United
States Environmental Protection Agency Gene -Tox
Programme. Mutat Res 1983;115:1-72. doi: 10.1016/0165-
1110(83)90014-3

. Casida JE, Quistad GB. Why insecticides are more toxic to

insect than people: the unique toxicology of insects. J Pestic
Sci 2004;29:81-6.

Tomizawa M, Yamamoto 1. Structure-activity relationships
of nicotinoids and imidacloprid analogs. J Pestic Sci
1993;18:91-8.

Barrera CH, Pardo LC, Cortina GD. Antracol WP 70
genotoxicity in human lymphocyte cultures. Colomb Med
2008;39(Suppl 2):29-34.

Soloneski S, Reigosa MA, Larramendy ML. Effect of the
dithiocarbamate pesticide zineb and its commercial
formulation azzurro. V. Abnormalities induced in the spindle
apparatus of transformed and non-transformed mammalian
cell lines. Mutat Res 2003;536:121-9. doi: 10.1016/S1383-
5718(03)00038-X

Karaca C, Sahin ME, Turabi MS, Dursun N, Altunoglu CC,
Bedir C, Akyazi H, Keles R, Bahce UU, Ozer O, Algan N,
Ocalan G, Karatas P, Ocak Y, According to drug
recommendations, Plant Protection Products, T. C. Ministry
of Agriculture and Rural Affairs, General Directorate of
Protection and Control, System Offset, Ankara, TR: 2009.
P. 131, 238-39.

Rolandi A, De Marinis E, De Caterina M. Dithiocarbamate
pesticides: Activity of Propineb in the micronucleus test in
mice. Mutat Res 1984;135:193-7. PMID: 6424007

Cavas T, Cinkili¢ N, Vatan O, Yilmaz D, Coskun M. In vitro
genotoxicity evaluation of acetamiprid in CaCo-2 cells using
the micronucleus, comet and gamma-H2AX foci assays. Pest
Biochem Physiol 2012;104:212-7. doi: 10.1016/j.
pestbp.2012.08.004

Bakare AA, Okunola AA, Adetunji OA, Jenmi HB.
Genotoxicity assessment of a pharmaceutical effluent using
four bioassays. Genet Mol Biol 2009;32:373-81. doi:
10.1590/S1415-47572009000200026

Wyrobek AJ, Bruce WR. Chemical induction of sperm
abnormalities in mice. Proc Natl Acad Sci USA 1975;72:4425-
9. doi: 10.1073/pnas.72.11.4425

Segvi¢ Klari¢ M, Rumora L, Ljubanovi¢ D, Pepeljnjak S.
Cytotoxicity and apoptosis induced by fumonisin B1,
beauvericin and ochratoxin A in porcine kidney PK15 cells:
effects of individual and combined treatment. Arch Toxicol
2008;82:247-55. doi: 10.1007/s00204-007-0245-y

United States Environmental Protection Agency (US EPA).
Office of Prevention, Pesticides and Toxic Substances
(7501C), Pesticide Fact Sheet, Name of Chemical:
Acetamiprid, Reason for Issuance: Conditional Registration
2002 [displayed 14 January 2014]. Available at http://www.



54

Rasgele PG. SPERM MORPHOLOGY FOLLOWING Acm AND Pro EXPOSURE

Arh Hig Rada Toksikol 2014;65:47-56

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

epa.gov/pesticides/chem_search/reg_actions/registration/
fs PC-099050 15-Mar-02.pdf

Calderon-Segura ME, Gomez-Arroyo S, Villalobos-Pietrini
R, Martinez-Valenzuela C, Carbajal-Lopez Y, Calderon-
Ezquerro Mdel C, Cortés-Eslava J, Garcia-Martinez R,
Flores-Ramirez D, Rodriguez-Romero MI, Méndez-Pérez
P, Bafuelos-Ruiz E. Evaluation of genotoxic and cytotoxic
effects in human peripheral blood lymphocytes exposed in
vitro to neonicotinoid insecticides news. J Toxicol
2012;2012:612647. doi: 10.1155/2012/612647

Zhang Y, Zhong Y, Luo Y, Kong ZM. Genotoxicity of two
novel pesticides for the earthworm, Eisenia fetida. Environ
Pollution 2000;108:271-8. PMID: 15092957

Bal R, Naziroglu M, Tiirk G, Yilmaz O, Kuloglu T, Etem E,
Baydas G. Insecticide imidacloprid induces morphological

and DNA_damage_through oxidative_toxicity on the

reproductive organs of developing male rats. Cell Biochem
Funct 2012;30:492-9. doi: 10.1002/cbf.2826

Bal R, Tiirk G, Tuzcu M, Yilmaz O, Kuloglu T, Gundogdu
R, Giir S, Agca A, Ulas M, Cambay Z, Tuzcu Z, Gencoglu
H, Guvenc M, Ozsahin AD, Kocaman N, Aslan A, Etem E.
Assessment of imidacloprid toxicity on reproductive organ
system of adult male rats. J Environ Sci Health B
2012;47:434-44. doi: 10.1080/03601234.2012.663311

Bal R, Tiirk G, Yilmaz O, Etem E, Kuloglu T, Baydas G,
Naziroglu M. Effects of clothianidin exposure on sperm
quality, testicular apoptosis and fatty acid composition in
developing male rats. Cell Biol Toxicol 2012;28:187-200.
doi: 10.1007/s10565-012-9215-0

Quinto I, De Marinis E. Effects of propineb and dowther A
on sperm morphology in mice. Mutat Res 1982;97:215.
Quinto I, De Marinis E. Evaluation of Propineb, a
dithiocarbamate pesticide, in the mouse-sperm morphology
assay. Mutat Res 1983;124:235-40. PMID: 6656825
Prasad MH, Pushpavathi K, Rita P, Reddy PP. The effect of
thiram on the germ cells of male mice. Food Chem Toxicol
1987;25:709-11. PMID: 3653825

Hemavathi E, Rahiman MA. Toxicological effects of ziram,
thiram, and dithane M-45 assessed by sperm shape
abnormalities in mice. J Toxicol Environ Health 1993;38:393-
8. PMID: 8478981

Giri S, Giri A, Sharma GD, Prasad SB. Mutagenic effects of
carbosulfan, a carbamate pesticide. Mutat Res 2002;519:75-
82. PMID: 12160893

Maly, JilJJ, Ding Q, Liu WD, Wang SQ, Wang N, Chen GY.
The effects of carbon disulfide on male sexual function and
semen quality. Toxicol Ind Health 2010;26:375-82. doi:
10.1177/0748233710369127

Bolognesi C, Parrini M, Merlo F, Bonassi S. Frequency of
micronuclei in lymphocytes from a group of floriculturists
exposed to pesticides. J Toxicol Environ Health 1993;40:405-
11. PMID: 8230311

Falck GC, Hirvonen A, Scarpato R, Saarikoski ST, Migliore
L, Norppa H. Micronuclei in blood lymphocytes and genetic
polymorphism for GSTM1, GSTT1 and NAT?2 in pesticide-
exposed greenhouse workers. Mutat Res 1999;441:225-37.
PMID: 10333536

Pastor S, Gutiérrez S, Creus A, Xamena N, Piperakis S,
Marcos R. Cytogenetic analysis of Greek farmers using the
micronucleus assay in peripheral lymphocytes and buccal
cells. Mutagenesis 2001;16:539-45. doi: 10.1093/
mutage/16.6.539

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

Paz-y-Mifo C, Bustamante G, Sanchez ME, Leone PE.
Cytogenetic monitoring in a population occupationally
exposed to pesticides in Ecuador. Environ Health Perspect
2002;110:1077-80. PMID: 12417477

Dolara P, Salvadori M, Capobianco T, Torricelli F. Sister
chromatid exchanges in human lymphocytes induced by
dimethoate, omethoate, deltamethrin, benomyl and their
mixture. Mutat Res 1992;283:113-8. PMID: 1381487
Roloff DB, Belluck AD, Meisner FL. Cytogenetic studies of
herbicide interactions in vitro and in vivo using atrazine and
linuron. Arch Environ Contam Toxicol 1992;22:267-71. doi:
10.1007/BF00212084

Renciizogullari E, Topaktag M. Sister chromatid exchange
in cultured human lymphocytes treated with carbosulfan,
ethyl carbamate and ethyl methanesulfonat separately and
in mixtures. Tr J Biol 1998;22:369-87.

Renciizogullari E, Topaktas M. Chromosomal aberrations in
cultured human lymphocytes treated with the mixtures of
carbosulfan, ethyl carbamate and ethyl methanesulfonate.
Cytologia 2000;65:83-92. doi: 10.1508/cytologia.65.83
Chauhan LKS, Chandra S, Saxena PN, Gupta SK. In vivo
cytogenetic effects of a commercially formulated mixture of
cypermethrin and quinalphos in mice. Mutat Res
2005;587:120-5. PMID: 16185912

Karabay UN, Oguz MG. Cytogenetic and genotoxic effects
of the insecticides, imidacloprid and methamidophos. Gen
Mol Res 2005;4:653-62. PMID: 16475109

Demsia G, Vlastos D, Goumenou M, Demetrios PA.
Assesment of the genotoxicity of imidacloprid and metalaxyl
in cultured human lymphocytes and rat bone-marrow. Mutat
Res 2007;634:32-9. doi: 10.1016/j.mrgentox.2007.05.018
Das PP, Shaik AP, Jamil K. Genotoxicity induced by pesticide
mixtures: in-vitro studies on human peripheral blood
lymphocytes. Toxicol Ind Health 2007;7:449-58. doi:
10.1177/0748233708089040

Dobrzyn¢ska MM, Gajewski AK. Induction of micronuclei
in bone marrow and sperm head abnormalities after
combined exposure of mice to low doses of X-rays and
acrylamide. Teratog Carcinog Mutagen 2000;20:133-40.
PMID: 10820423

Latchoumycandane C, Chitra KC, Mathur PP.
2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) induces
oxidative stress in the epididymis and epididymal sperm of
adult rats. Arch Toxicol 2003;77:280-4. PMID: 12734642
Chandra P, Khuda-Bukhsh AR. Genotoxic effects of cadmium
chloride and azadirachtin treated singly and in combination
in fish. Ecotoxicol Environ Saf 2004;58:194-201. PMID:
15157573

Uzunhisarcikli M, Kalender Y, Dirican K, Kalender S, Ogutcu
A, Buyukkomurcu F. Acute, subacute and subchronic
administration of methyl parathion-induced testicular
damage in male rats and protective role of vitamins C and
E. Pestic Biochem Physiol 2007;87:115-22.

Bruce WR, Furrer R, Wyrobek AJ. Abnormalities in the shape
of murine sperm after acute testicular X-irradiation. Mutat
Res 1974;23:381-6. PMID: 4407800

Narayana K, D’Souza UJ, Seetharama Rao KP. Ribavirin-
induced sperm shape abnormalities in Wistar rat. Mutat Res
2002;513:193-6. PMID: 11719104

Mendoza-Lujambio I, Burfeind P, Dixkens C, Meinhardt A,
Hoyer-Fender S, Engel W, Neesen J. The Hook1 gene is
non-functional in the abnormal spermatozoon head shape




Rasgele PG. SPERM MORPHOLOGY FOLLOWING Acm AND Pro EXPOSURE
Arh Hig Rada Toksikol 2014;65:47-56

55

60.

61.

62.

63.

(azh) mutant mouse. Human Mol Genet 2002;11:1647-58.
doi: 10.1093/hmg/11.14.1647

Pyle A, Handel MA. Meiosis in male PL/J mice: a genetic
model for gametic aneuploidy. Mol Reprod Dev 2003;64:471-
81. doi: 10.1002/mrd.10231

Escalier D, Bai XY, Silvius D, Xu PX, Xu X. Spermatid
nuclear and sperm periaxonemal anomalies in the Mouse
Ube2b null mutant. Mol Reprod Dev 2003;65:298-308. doi:
10.1002/mrd.10290

Lamara AS, Fonseca G, Fuentes JL, Cozzi R, Cundari E,
Fiore M, Ricordy R, Perticone P, Degrassi F, De Salvia R.
Assessment of the genotoxic risk of Punica granatum L.

(Punicaceae) whole fruit extracts. J Ethnopharmacol
2008;115:416-22. PMID: 18036756

Bruce W, Heddle J. The mutagenicity of 61 agents as
determined by the micronucleus, Salmonella and sperm
abnormality assays. Can J Cytol Genet 1979;21:319-34.
PMID: 393369

64.

65.

66.

67.

68.

Bakare AA, Mosuro AA, Osibanjo O. An in vivo evaluation
of induction of abnormal sperm morphology in mice by land
fill leachates. Mutat Res 2005;582:28-34. PMID: 15781207
Otitoloju AA, Obe [A, Adewale OA, Otubanjo OA, Osunkalu
VO. Preliminary study on the induction of sperm head
abnormalities in mice, Mus musculus, exposed to
radiofrequency radiations from global system for mobile
communication base stations. Bull Environ Contam Toxicol
2010;84:51-4. doi: 10.1007/s00128-009-9894-2

Odeigah PGC, Nurudeen O, Amund OO. Genotoxicity of oil
field wastewater in Nigeria. Hereditas 1997;126:161-8. doi:
10.1111/5.1601-5223.1997.00161.x

Agunbiade SO, Okonko 10, Alimba CG, Folarin AC,
Anugweje KC. Effects of a carbonaceous bottling plant
effluent on albino mice sperm morphology and testes
histopathology. Nat Sci 2012;10:154-60 [displayed 10 May
2013]. Available at http://www.sciencepub.net/nature/
ns1008/024 10572ns1008 154 160.pdf

Knowles DA. Chemistry and Technology of Agrochemical
Formulations. London: Kluwer Academic Publishers; 1998



5 6 Rasgele PG. SPERM MORPHOLOGY FOLLOWING Acm AND Pro EXPOSURE
Arh Hig Rada Toksikol 2014;65:47-56

Sazetak

Abnormalna morfologija miSjih spermija nakon kratkotrajne izloZenosti acetamipridu, propinebu
i njihovoj mjeSavini

Pesticidi su snazni zagadivaci okoliSa, a akumuliraju se i u biotickim i abioti¢kim sastavnicama
ekosustava. Acetamiprid (Acm), insekticid iz skupine neonikotinoida, i propineb (Pro), fungicid
iz skupine ditiokarbamata, imaju Siroku primjenu u kontroli sisajucih insekata, odnosno gljivicnih
infekcija, na usjevima. Ovim se radom istrazuju genotoksic¢ni u¢inci spomenutih spojeva, pojedinacno i
u mjesavini, na misje spolne stanice testom morfoloske analize spermija. MiSevima je intraperitonealno
ubrizgano 0,625, 1,2512,50 ug mL' Acm-a, 12,5, 25,001 50,00 pg mL™! Pro-a, te njihova mje$avina
pri istim koncentracijama tijekom 24 i 48 sati. Acm nije povecao postotak abnormalnih spermija
ni pri jednoj koncentraciji. Ucestalost abnormalnih spermija znacajno je porasla nakon 24 i 48 sati
izloZenosti 50 pg mL! Pro-a. Mjesavina od 2.50 pg mL"' Acm-a i 50,00 ug mL"' Pro-a uzrokovala je
abnormalnosti spermija antagonisticki i nakon 24 i nakon 48 sati izlozenosti. Nasi rezultati pokazuju
kako Acm nije bio genotoksi¢an za misje spolne stanice, a primijeceni porast ucestalosti abnormalnosti
spermija nakon izlaganja Pro upuéuje na to da bi on mogao biti mutagen. Medutim, kako bi se stekao
bolji uvid u mutagenost i potencijal obaju pesticida za oste¢enje DNA, nuzna su daljnja istrazivanja
na molekularnoj razini.
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