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Abstract — Pesticides used to protect plants and animals against the competition of unwanted insects,
diseases, and weeds, and pests play a delicate role in living systems. It has adverse effects on the
environment and health. The most adverse effects of pesticide derivatives are the reduction in biodiversity,
water pollution, and health risks. Mancozeb is an ethylene bis dithiocarbamate (EBDC) pesticide containing
manganese and zinc. These pesticides are included in the fungicide group because they are used for treating
fungal diseases. In this study, the structure of oocytes developing in female zebrafish exposed to different
doses of mancozeb (5mgL~", 7.5mgL™") was examined. Compared with the control group, it was
determined that the number of developing oocytes reduced in the experimental groups. There was a
significant increase in atretic oocytes, an increase in the level of degenerate oocytes in a dose-dependent
manner, and deformation in oocytes became prominent.
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1 Introduction

Pesticides are used as chemical control agents to be
economically protected from the adverse effects of diseases,
pests, and weeds, which are a problem in agricultural
production. The high efficiency of pesticides against harmful
organisms, their rapid results, their ability to protect the
product from organisms releasing toxins, and their being
economical when used consciously and in a controlled manner
causing them to be widely used (Karakog¢ and Nakiboglu,
2010). They can threaten human and environmental health
directly or indirectly because of unconscious and improper use.
Nowadays, with the importance of food safety, the use of
pesticides derivatives by consumers is alarming because these
chemicals have some toxic effects on living things in the short
or long term.

Dithiocarbamates constitute a significant class of pesti-
cides introduced in the USA in 1962 as a broad-spectrum
pesticide (EPA, 2005). It has been widely used in recent years
as it is considered partially safe for mammals. Ethylene bis
dithiocarbamate (EBDC) pesticides are in second place in this
group of pesticides frequently applied to tomatoes in European
Union countries. Mancozeb is a pesticide from the EBDC
family, consisting of an EBDC and a manganese-zinc complex
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(Srivastava and Singh, 2013). It is used in different
concentrations as the main active ingredient of some pesticides
produced against pests to protect fruits in agricultural plants
(Pavlovic et al., 2015). Mancozeb is hydrolyzed to metabolites
such as ethylene urea (EU), ethylene bisisothi cyanate sulfide
(EBIS), and ethylene thiourea (ETU) in humid environments.
One of its metabolites is ETU, which translates into potential
developmental, neurotoxic, and carcinogenic effects on
wildlife and humans (Houeto ef al., 1995; Brouwer et al.,
2017; Cao et al.,2019). ETU decomposes spontaneously in the
presence of water and oxygen. Its metabolite ETU has
sufficient potential to contaminate groundwater (Srivastava
and Singh, 2013). Mancozeb has almost low persistence in
aquatic environments and is toxic to aquatic species (PPDB,
2018). According to Gullino (2010), annual sales and
co-formulation of mancozeb are $750 million globally.
Although mancozeb was banned in the European Parliament
EP in 2009, it is still used in countries like the UK, Spain,
Austria, and Denmark (PPDB, 2018).

Zebrafish are model organisms used in scientific studies.
Zebrafish are preferred in many research areas such as
developmental biology, genetics and ecotoxicology. Features
such as low maintenance cost, short breeding cycle, rapid
development, and resistance to variable environmental
conditions have made this model organism more popular
(Daietal.,2014; Hoo et al., 2016; Tanguay, 2018) and have led
us to prefer it in this study.
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A collection of animal studies examined the effect of
mancozeb exposure, a decrease in reproductive potential in
female animals at higher levels of exposure. In contrast,
different studies revealed that prenatal exposure to low doses
of mancozeb might lead to adverse developmental toxicity
(Kjeldsen et al., 2013; Runkle, 2017). Some evidence has
shown lasting premalignant changes in human ovarian cells
following exposure to mancozeb, elevating concerns of cancer
and reproductive health risks in exposed human populations
(Paro et al., 2012).

Pesticides can reach surface and ground waters due to
water runoff, soil leaching, and spraying applications
(Pimentel, 2004). Moreover, water contamination raises
enormous concern, considering the extensive range of non-
target organisms that might end up endangered. In particular,
fish could be notably affected, considering that dissolved
pesticides might be taken up through gills, skin, or
gastrointestinal tract (Bisson, 2002). Mancozeb exposure is
considered highly toxic to aquatic organisms, including fish
(Maltby, 2009). The endocrine system of fish has differences
compared to mammals, yet the reproductive endocrine system
is similar in fish and mammals. Hence, hormones that affect the
endocrine system of fish can be considered as potential
endocrine disruptors in mammals, including humans
(Di Giulio, 2008). In this context, it is crucial to examine
the ovary, one of the reproductive organs, to reveal the
potential endocrine-disrupting effect. Therefore, this study
aimed to examine the histopathological effects of mancozeb on
zebrafish (Danio rerio) ovarian tissue.

2 Materials and methods
2.1 Animal husbandry

In this study, a total of sexually mature female zebrafish
(4.5cm in length, approximately 2 g in weight) were used.
Zebrafish individuals were kept in an aquarium of 10 x 20 x
35cm and 20 L capacity. 24-hour dechlorinated water in the
aquariums was fixed at 26-28°C (pH 7.7, dissolved oxygen
7.9mgL™"). The aquariums were kept in the photoperiod of
14 h light/10 h dark.

2.2 Exposure and the experimental design

Mancozeb (Dikozin, M 45, CAS 8018-01-7) was obtained
from the farm supplier (Agrofarm, Istanbul) and dissolved in
water to form a stock solution. Within the scope of the
experiment, a total of 3 groups (n: 10) were formed as a control
group and two experimental groups (5mgL ™" and 7.5 mgL™").
After five days of exposure, the fish were euthanized in ice-cold
water, and ovary tissues were dissected. The experiment was
carried out in triplicate.

2.3 Histology

The ovarian tissues were kept in Bouin’s fixative for
24 hours, and fixation procedures were completed. After
passing through a series of ascending alcohol (70%, 80%,
90%, 96%, and 100%), the tissues were enclosed in xylene for

the clearing step. Tissues were embedded in paraffin, and after
that, sections of 5um thickness were taken with a Leica
RM2125RT microtome. Ovarian tissues which went through
routine histological procedures were stained with Ehrlich’s
Hematoxylin-Eosin (HE), Masson Trichrome, and Periodic
Acid Schiff (PAS). The Leica DM500 was examined with a
light microscope, and figures were taken with the Leica
MC170 HD camera.

3 Results

Oocytes at different developmental stages (primary oocyte,
cortical alveolar oocyte, vitellogenic oocyte, mature oocyte)
were determined in the ovarian tissue of the zebrafish control
group. In the primary oocyte stage, a large nucleus structure
compared to the cytoplasm was observed. This is a
characteristic feature for primary oocytes. Oocyte diameter
increased in the cortical alveolar stage. In the vitellogenic
stage, an increase in oocyte diameter was found depending on
the progress of development. At this stage, the zona radiata
was distinctively selected around the oocyte with its striped
structure. It was identified that the nucleus was deformed in
shape, and its membrane was disrupted during the maturation
stage (Fig. 1A and B).

Mild histopathological changes were observed in the
5mgL~' mancozeb group. A decrease in the number of
primary and cortical alveolar oocytes was detected. Gaps
were observed between the nucleoplasm (karyoplasm) and
ooplasm. Nucleoplasm shrinkage was detected (Fig. 2A, B,
C, D). Morphological deformations were noted in primary
oocytes, cortical alveolar oocytes, and vitellogenic oocytes.
In some oocytes, discharges were observed in the areas
where they were completely positioned due to atresia
(Fig. 2A). Vacuolization was observed in some parts of the
ooplasm. An opening was observed between the follicular
epithelium and the zona radiata (Fig. 2A, C, D). Compared
to the control group, an increase in the number of atretic
oocytes was also detected. A reduction in connective tissue
was noticed (Fig. 2A, D). In the first stage of development,
complete loss of oocyte integrity was observed in some
oocytes. In addition, it was determined that this exposure
concentration inhibited oocytes, especially in the first stage
of development. It was observed that oocytes in the later
stages of development tended to atretic oocyte appearance
(Fig. 2B).

Severe histopathological changes were observed in the
7.5mgL~" mancozeb group due to an increase in concentra-
tion. It was determined that the number of primary, cortical
alveolar, and vitellogenic oocytes was also decreased.
A significant increase in connective tissue was identified. It
was noted that deteriorated and fragmented zona radiata in
some oocytes. Separation was monitored between the vitelline
envelope and zona radiata in vitellogenic oocytes (Fig. 3A).
Distortions such as swelling and fusion that occurred in the
cortical alveoli of vitellogenic oocytes were observed. Also,
shrinkage and deterioration were noticed in the karyoplasm of
vitellogenic oocytes (Fig. 3A, C). In some oocytes, it was
determined that there was a membrane folding in the zona
radiata (Fig. 3B).
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Fig. 1. Ovarian tissue of control group. PO: primary oocyte, CAO: cortical alveolar stage oocyte, VO: vitellogenic oocyte, M: mature oocyte,
O: ooplasm, Kp: karyoplasm, ZR: zona radiata, A, B: H&E staining.

Fig. 2. Ovarian tissue of 5mgL™~' mancozeb exposed group, PO: primary oocyte, CAO: cortical alveolar stage oocyte, M: mature oocyte,
AT: atretic oocyte, O: ooplasm, Kp: karyoplasm, ZR: zona radiata, FE: follicular epithelium, asteriks: detachment at epithelium, arrow:
shrinkage at karyoplasm, A,D: Masson Trichrome, B: PAS, C: H&E staining.
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Fig. 3. Ovarian tissue of 7.5 mg L' mancozeb exposed group, CAO: cortical alveolar stage oocyte, VO: vitellogenic oocyte, M: mature oocyte,
Ct: connective tissue, N: nucleus, Kp: karyoplasm, ZR: zona radiata, Fe: follicular epithelium, arrow: shrinking karyoplasm, square:
vacuolization at cortical alveoli, yellow rectangle: deteriorated and fragmented in the zona radiata, red rectangle: separation between vitelline

envelope and zona radiata, A,B: PAS, C: H&E staining.

4 Discussion

Industrial developments have caused many organic
pollutants to enter our lives as in the whole world. The
random and unconscious use of pollutants such as pesticides
also causes us to face many problems in the ecosystem.
Although they are generally used in doses that are not harmful
in practice to humans and the environment, harmful effects are
seen on living things.

These results suggest that histopathological changes were
observed in the ovarian tissues on the zebrafish, which was
conducted to demonstrate the effects of mancozeb, a pesticide
product. It was determined that this pesticide derivative
negatively affected ovarian tissue and oocyte development.
Morphological deformations in primary oocytes, cortical
alveolar oocytes, and vitellogenic oocytes, vacuolization in
some regions of the ooplasm, the separation between a follicle
epithelium and zona radiata, clumping in the karyoplasm and
nucleus, and an increase in the number of atretic oocytes
occurred.

Mancozeb has been shown in many studies to cause
adverse health effects in both humans and laboratory animals.
High doses of mancozeb caused general toxicity and
neurotoxic effects in rats (Kackar et al, 1997, Trivedi
et al., 1993). As a result of mancozeb administration to rats, a
decrease in the ovary, testis, epididymis weight, and
histopathological changes in gonads were observed (Baligar
and Kaliwal, 2001; Kackar et al., 1997; Mahadevaswami et al.,
2000).

It has also been shown by Haider and Imbaraj (1988) that
endosulfan and malathion inhibit LH-induced oocyte matura-
tion in Cyprinus carpio. In a study conducted by Pandey
(1988), when endosulfan was applied to the ovaries of the
freshwater fish Colisa fasciatus, it delayed ovarian activity and
significantly decreased oocyte diameter. In a study by Dutta
et al. (1994), Heteropneustes fossilis were exposed with
malathion (1.2mgL™"). As a result of the study, it was stated
that there was degeneration in the ovary, tearing in the follicle
epithelium, clumping in the cytoplasm, and an increase in the
number of atretic oocytes. The findings in this study conducted
with malathion are like those in our study. In another study,
H. fossilis was exposed to carbofuran, and degeneration of the
follicle wall and vacuolization in the plasma of oocytes were

reported (Chatterjee et al., 1997). This study supports the
results we observed in our study. Channa orientalis
were exposed to the organophosphorus pesticides Nuvan
(0.27mgL™") and Dimecron (0.55mgL~") for a period of
30 to 45 days. In the ovary, a decrease in oocyte cap, a decrease
in oocyte development stages, and an increase in the
percentage of atretic follicles have been reported (Saksena,
1999). This study is similar to our study in terms of the increase
in atretic follicles.

In a study, it was found that when Rasbora daniconius was
administered 0.1 mg/L carbamate carbofuran and 0.001 mg/L
endosulfan, ovarian tissue degeneration occurred (Rastogi and
Kulshrestha, 1990; Kogan et al., 2000). It has been reported
that C. punctatus ovary exposed to carbofuran has degenera-
tion, ooplasmic fragmentation and clumping (Ram et al,
2001). These findings are also consistent with the results of
our study.

In another study by Dutta et al. (2008), Lepomis
macrochirus was exposed to 1pg/l endosulfan at 25%,
75%, 100% concentration. In the histological examinations
performed after 24 hours. It has been reported that adhesion
between follicles, nuclear retraction, cytoplasmic retraction,
clumping in the karyoplasm, and an increase in the number of
atretic oocytes have been reported. In another study, zebrafish
exposed to different doses of deltamethrin causes degeneration
in ovarian tissue. It has been stated that deltamethrin chemical
causes the emergence of morphological changes such as a
reduction in primary oocytes in ovarian tissue, chromatin
irregularities, degeneration in the nucleolus structure and
deformation in the ooplasm, reduction in cortical alveoli
numbers, irregularities in nuclei, and openings in the nucleus
membrane (Koc et al., 2009). It has been stated in our study
that similar effects were caused by the mancozeb.

In a study, 4 and 15 days of application of malathion
0.8mgL~"' was applied to C. punctatus species. While a
reduction in size in mature oocytes and vacuolization in the
cytoplasm were found in the 4-day dose group; In the 15-day
dose group, disrupted oocytes, necrosis and elongated follicles
were detected (Magar et al., 2013). Findings in this study are
partially consistent with our findings. In another study
investigating the effects of monocrotophos, one of the
organophosphorus pesticides, on the ovaries of C. punctatus,
it was stated that, unlike the control group, a decrease in
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vitellogenesis and atresia was observed after exposure to each
concentration for 15 days. After 45 days of exposure,
significant vacuolization findings and an increase in oocyte
atresia accompanying tissue necrosis, and signs of reduced
vitellogenesis were reported (Magbool and Ahmed, 2013). The
findings of this study are consistent with the results we obtained.

In another study, fish of the Oreochromis mossambicus
were exposed to mancozeb. In this study, excessive mucus
secretion on all body surfaces of fish, possibly due to high toxic
substances, was observed in a state of extreme stress (Saha
et al., 2016). It has been determined that the survival rate of
P ticto decreases due to the increase in mancozeb concentra-
tion (Sharma et al., 2016). In a study by Luzio et al. (2016),
17-ethinylestradiol and fadrozole that are endocrine disruptors
were reported to cause a decline in zebrafish sexual
development. Furthermore, in the zebrafish testis tissue, it
has been reported that pathological changes such as basement
membrane separation, expansion in the sperm canal, interstitial
changes, in the zebrafish ovarian tissue, increase in atretic
oocytes, degenerative mineralization and interstitial proteina-
ceous fluid accumulation has been found. Molina et al. (2018)
applied bisphenol A to female zebrafish in which follicles are
affected, follicular populations are observed at different atresia
levels, atretic degenerations and changes occur between the
oocyte and follicular cells in primary follicles, hyalinization in
oocyte cytoplasm in cortical alveolar oocytes, follicular
atresia, follicular atresia, vacuolization in oocytes, degenera-
tion of all components in mature oocytes, and structural
deterioration in all organelles.

The findings of this study suggest that the use of fungicides
which are frequently used in agriculture today should
be controlled. In our study, mancozeb, a type of dithiocarba-
mate pesticide, has been found to cause deformations and
adverse effects on the zebrafish (Danio rerio) ovary tissue. All
these histological changes are closely related to reproduction.
Great efforts are needed to understand the dithiocarbamate
pesticide adverse effect on the reproductive system of animals
and humans.
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