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ABSTRACT

, Ceyda OZTURK * ¥, Nazan Deniz YON ERTUG!*

Due to the high use of pesticides, undesirable effects are observed in the
environment and toxic effects occur in terrestrial and aquatic organisms via
pesticide bioaccumulation. Although bioaccumulation levels are low,
especially in aquatic ecosystems, toxicological effects on aquatic
organisms have been observed. Synthetic pyrethroids are pesticides
produced for domestic and agricultural pests and tau-fluvalinate is also a
broad-spectrum synthetic pyrethroid. Our study investigated the
histopathological effects of zebrafish exposed to tau-fluvalinate at two
different doses (8ug/L,16ug/L) on testicular tissue. After 5 days of
exposure, testicular tissues were dissected and routine histological methods
were applied. Tissues were investigated under a light microscope after they
were stained with hematoxylin & eosin. As a result of tau-fluvalinate
exposure, deterioration in seminiferous tubule morphology, interstitial
fibrosis, vascular  congestion, karyorrhexis and  hypertrophic
spermatogenic cells were detected. Tau-fluvalinate exposure was found to
induce apoptosis and cause germ cell deterioration.

1. INTRODUCTION

Environmental pollution due to toxic components is among the most
critical problems globally [1]. In recent years, the use of pesticides has
increased remarkably to protect plant products. The unconscious use of
toxic components and pesticides has increased and undesirable adverse
effects on organisms, depending on the exposure period. Depending on the
increased use, pesticides contaminate the aquatic environment and
negatively affect the organisms [2].

The use of synthetic pyrethroids, an important pesticide group, started in
the 1970s. Although increases were observed in the number of agricultural
products with the use of these substances, it was determined that they also
caused damage to non-target organisms [3]. These substances, which have
high insecticidal activities can act rapidly, and are neurotoxins that interact
with sodium channels [4-5].

Tau-fluvalinate is a synthetic pyrethroid pesticide and environmental toxin
used to control parasites and protect trees, plants, and vegetables against
pests in large areas [6-7]. Like synthetic pyrethroids, it exerts an inhibitory
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effect on sodium channels. Tau-fluvalinate acts on the nervous system by keeping sodium channels open
in nerve cells in insects [8-9].

Zebrafish is a model organism species preferred by researchers in many fields such as biology,
pharmacology, toxicology, genetics, neurophysiology, ecology and evolutionary biology since the 1930s
[10]. One of the most critical reasons zebrafish are preferred in studies is that they are resistant to changing
environmental conditions. Zebrafish frequently used in environmental toxicology studies to detect toxins
in water samples or investigate the mechanisms of environmental toxins and related diseases [11].

Although tau-fluvalinate is an environmental hazard, reproductive toxicity in many aquatic organisms,
including zebrafish, is still unknown. Gonads are the primary reproductive organs responsible for producing
germ cells like sperms and oocytes. Histology is an important tool for toxicologists to detect adverse effects
of environmental contaminants in the study of reproductive health of fishes [12-13]. In this study, it was
aimed to investigate the histopathological effects of sublethal concentrations of tau-fluvalinate in testis
tissue of adult zebrafish.

2. MATERIALS AND METHODS

2.1.Test Chemical

Tau-fluvalinate (CAS No: 102851-06-9) commercially named Mavrik® 2F, was obtained from Adama
(Turkey).

2.2.Animal Husbandary

The zebrafish used in this study were obtained from Sakarya University Aquaculture Lab. Esentepe,
Sakarya, Turkey. Sexually mature zebrafish (approximately 3-4 cm in length, 1 year old) were used. They
were raised in dechlorinated tap water and maintained as follows: a 12 h light/12 h dark photoperiod, 28 +
1°C temperature, 7.0 = 0.5 pH, and 6.0 mg/L dissolved oxygen. Zebrafish were fed with an artificial diet
Tetramin Pro Energy®, (Tetra Werke, Germany) twice a day.

2.3.Exposure

The fish used in the study were randomly divided into 3 groups, one control and two experimental groups.
Each group received 10 fish. 8 and 16 ug/L tau-fluvalinate was applied to the experimental groups by
dilution from the prepared stock solution. After the 5-days of exposure, zebrafish were dissected.

2.4.Histopathology

Dissected testicular tissues were fixed in 10% neutral buffered formaldehyde solution for 24 hours. In order
to remove excess water from the tissues, dehydration was carried out by ascending series of ethyl alcohol
concentrations. Tissues were cleared with xylene and embedded in paraffin. Sections of approximately 5
pum thickness were taken from the tissues in the paraffin blocks with the help of a Leica RM2125RT brand
rotary microtome. hemotoxylin & eosin staining method was used to examine the tissues under the light
microscope (Leica DM500).
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2.5.  Semi-quantitative Scoring

Semiquantitative scoring was performed according Mishra and Mohanty [14]. 10 slides of 3 randomly
selected individuals from each group were examined. The histomorphological changes were categorized as
none, mild (25% of sections), moderate (25-50% of sections), and severe (>50% of sections).

3. RESULTS

3.1.Semiquantitative scoring

The results of this study revealed that tau-fluvalinate exposure cause histopathological changes in testicular
tissue of zebrafish. The histopathological lesions according to the exposure concentrations are showed in
Table 1 by semiquantitative scoring as mild, moderate, and severe.

Tablo 1. Semiquantitative scoring of testicular tissue of zebrafish exposed to 8 and 16 pg/L of tau-fluvalinate

Histopathological Lesions Control 8ug/L 16pg/L
Fusion of seminiferous tubules - ++ +++
Testicular degeneration - + +++
Hypertrophic spermatocytes - + +++
Hypertrophic Leydig cells - + +
Karyorrhexis and apoptosis - + +++
Vascular congestion - ++ +
Spermatogenic cells with pyknotic nuclei - + +++
Interstitial fibrosis - + ++

Histopathological lesions were scored to the to their severity (-: none, +: mild, ++: moderate, +++: severe)
3.2.Histopathological Evaluation

3.2.1. Control Group

Histopathological alternations were not observed in control group. Seminiferous tubules and surrounding
connective tissue were visualized in testicular tissue (Fig. 1a). Spermatogenetic cell groups located in the
seminiferous tubule and Leydig cells responsible for hormone production between the seminiferous tubules
were seen. In seminiferous tubules, spermatogonia, the largest spermatogenic cells, were distinguished with
large and pale nuclei. Spermatocytes were observed to be smaller in size than spermatogonia. Primary
spermatocytes were oval and with dense cytoplasm. On the other hand, secondary spermatocytes were
similar to primary spermatocytes but were smaller in size and had a rounded structure. The spermatids in
the seminiferous tubule were detected as round, small in size, and little cytoplasm. Sperms, the smallest
spermatogenic cell, were observed in the central part of the seminiferous tubules (Fig. 1b).
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Figure 1 Testicular histology in the control group, a) general view of the seminiferous tubules, b) Spermatogenic
cells in the seminiferous tubule, T: seminiferous tubule, LC: Leydig cells, SG: spermatogonia, PS: primary
spermatocytes, SS: secondary spermatocytes, St: spermatides, S: sperms, arrow: Sertoli cell, H&E stain.

3.2.2. 8 pg/L Tau-Fluvalinate Exposed Group

In the 8 pg/L tau-fluvalinate exposed group, the integrity of the seminiferous tubule structures was
impaired, the borders between the tubules were lost, the intercellular space was expanded and the fusion of
the seminiferous tubules was detected compared to the control samples (Fig. 2a, 2b). A relative increase in
the proportion of sperm cells to other spermatogenic cell types in the seminiferous tubule was observed
(Fig. 2a, 2b, 2c). Hypertrophy of spermatocytes was apparent (Fig. 2a, 2b, 2c, 2d, 2e). Hyperplasia and
hypertrophy were detected in Leydig cells (Fig. 2b, 2c) was observed. Vacuolization was seen among
spermatogenetic cell clusters (Fig. 2a, 2b, 2d, 2e). Karyorrhexis was detected in some spermatogenic cells.
The presence of karyorrhexis in a large number of spermatogenic cells suggested that these cells might be
apoptotic (Fig. 2a, 2b, 2c, 2d). In addition, some spermatogenic cells with pyknotic nuclei were also
visualized (Fig. 2d). In the interstitial area, vascular congestion was apparent (Fig. 2a, 2b, 2e). Interstitial
fibrosis was observed between tubules (Fig. 2d, 2e).

Histological Disruptive Effects of Tau-Fluvalinate in Zebrafish (Danio rerio) Testis 4



© Environmental Toxicology and Ecology \ ' 4

2024, Vol. 4 (1) ETOXEC Research Article

|SSN 2757'9719 / Environmental Toxicology and Ecology

Figure 2 Testicular histology in the 8 pug/L tau-fluvalinate exposed group, a, b) general view of the seminiferous
tubules, ¢, d, e) Spermatogenic cells in the seminiferous tubule, PS: primary spermatocyte, SS: secondary
spermatocyte, IF: interstitial fibrosis, star: fusion of seminiferous tubules, black arrow: vascular congestion, red
arrow: karyorrhexis, green arrow: spermatogenic cells with pyknotic nuclei, double headed arrow: vacuolization, red
circle: hypertrophic spermatocytes, triangle: hypertrophic Leydig cells, arrow head: hyperplastic Leydig cells. H&E
stain.

3.2.3. 16 pg/L Tau-fluvalinate Exposed Group

In the 16 ug/L tau-fluvalinate exposed group, severe histopathological changes were observed. Fusion of
seminiferous tubules was displayed (Fig. 3a, 3b). Disintegration was seen in some seminiferous tubules
(Fig. 3a, 3e). As in the 8 pg/L tau-fluvalinate exposed group, a decrease in the number of spermatogenic
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cells due to increase in sperm proportion was detected (Fig. 3a, 3b). Hypertrophic spermatocytes were
remarkable (Fig. 3a, 3d, 3e). Syncytium was detected in primary spermatocytes (Fig. 3a, 3b, 3c, 3d).
Karyorrhexis was observed in the spermatogenic cells in this group either (Fig. 3b, 3c). Some
spermatogenic cells with pyknotic nuclei were detected (Fig. 3d, 3e). Apoptotic germ cells were identified.
Vacuolization was apparent between spermatogenic cells in seminiferous tubule (Fig. 3a, 3b, 3c, 3d).
Vascular congestion (Fig. 3a, 3b) and interstitial fibrosis (Fig. 3c, 3e) were observed between tubules.

e ; ) E\ p #‘\‘\‘ ‘ A 20 ym

Figure 3 Testicular histology in the 16 pg/L tau-fluvalinate exposed group, a, b) general view of the seminiferous
tubules, c, d, ) Spermatogenic cells in the seminiferous tubule, IF: interstitial fibrosis, star: fusion of seminiferous
tubules, black arrow: vascular congestion, red arrow: karyorrhexis, green arrow: spermatogenic cells with pyknotic
nuclei, double headed arrow: vacuolization, red circle: hypertrophic spermatocytes, square: syncytium, H&E stain.
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4. DISCUSSION

Pesticide derivatives, which are preferred for chemical control against harmful species due to the increase
in their populations, have had negative effects on different organisms over time. Chemical structure and
formulation are important in the effect of pesticides on the organism. These harmful chemicals, which
contaminate the aquatic environment in different ways, show a wide variety of toxic effects on aquatic
organisms.

Studies have been conducted on the negative effects of environmental and industrial pollutants on the
reproductive system. In these studies, it has been shown that environmental pollutants cause a decrease in
sperm count, abnormal sperm formation, and deterioration in the morphology of testicular tissue, especially
in male individuals [15-19]. In a study, clustering of sperms and deterioration of seminiferous tubules were
observed in testicular tissue of Lepomis macrochirus exposed to diazinon, an organophosphate insecticide.
Adverse effects were observed in testicular tissue from the beginning of spermatogenesis and diazinon
application was reported to prevent sperm formation [20]. Similarly, disruption in the structure of
seminiferous tubules and aggregation of sperms occurred in the testicular tissue of zebrafish exposed with
tau-fluvalinate.

As a result of the exposure of endosulfan, a polychlorinated hydrocarbon insecticide, deterioration in the
structure of the seminiferous tubules, decrease in the number of spermatogonia and irregularity in the
structure of the testicular tissue in Lepomis macrochirus was stated [21]. These histopathological changes
observed in the seminiferous tubule and spermatogonia were similar to our study.

As a result of cypermethrin exposure in the testicular tissue of Channa punctatus, clustering and
vacuolization among spermatogenic cells in seminiferous tubule and deteriorated spermatids occurred [22].
Staicu et al. [23] determined that there was a decrease in sperm count in Corassius auratus gibelio exposed
to deltamethrin for 14 days. In a study conducted by Bayar et al. [24], it was stated that deltamethrin had
adverse effects on the testicular tissue in Oreochromis niloticus, such as a decrease in the number of
spermatogenic cells and structural deterioration in spermatogonia. It was observed that the adverse effects
of deltamethrin on testicular tissue was more than tau-fluvalinate.

In Rocha et al. [25]’s study, histopathological effects in testis tissue of zebrafish were investigated after
exposure to carbamazepine, fenofibric acid, propranolol, sulfamethoxazole and trimethoprim for 21 days.
Compared to the control group, a decrease in sperm count and an increase in the number of spermatocytes
were observed in exposure groups. It has been determined that these chemicals cause testicular damage
during the maturation period of the fish. In our study, unlike other chemicals, it was determined that the
tau-fluvalinate exposure caused an increase in sperm proportion, while it caused a decrease in the number
of other spermatogenic cells.

The histopathological effects of etofenprox, a synthetic pyrethroid, were investigated in zebrafish testicular
tissue. While no histopathological effect was observed in tissue samples dissected after 48 hours, sperm
cells decreased and the number of Leydig cells increased in testicular tissues dissected after 96 hours. It has
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been showed that the tissue structure deteriorated and became unable to perform its normal function [26].
The histopathological effects of etofenprox were much more than the tau-fluvalinate was concluded.

In a study examining the effects of fenvalerate on the Barbus carnaticus testis structure, disruption of the
seminiferous tubules and aggregation of the spermatogonia, spermatids and sperms was reported [27]. Chen
et al. [28] investigated the reproductive toxicity of dibutyl phthalate and diisobutyl phthalate in male
zebrafish. It has been stated that these chemicals disrupt the spermatogenesis process in the testis, has affect
testicular morphology adversely, and cause an enlargement in the intercellular area. Considering these
results, it can be said that tau-fluvalinate has similar effects with dibutyl phthalate and diisobutyl phthalate
in testicular tissue.

In another study, it has been determined that adverse effects occur on spermatogonium, spermatid and
sperm cells in zebrafish exposed to pyriproxyfen. It has been reported that spermatids and sperm are
significantly reduced and spermatocyte and spermatogonia are increased [29]. As a result of exposure to
pyriproxyfen, an increase was observed in the size and number of spermatogonia in the testicular tissue,
while no change was observed in the number and size of the other spermatogenetic cells [30]. The
application of tebucosanol and diphenicosanol causes a significant increase in the percentage of
spermatogonia in the early spermatogenesis stage and a decrease in the percentage of spermatocyte was
reported in zebrafish testis [31].

In this study, it has been showed that tau-fluvalinate exposure cause several histopathological changes and
induced apoptosis in testicular tissue of zebrafish. As a result of excessive and unconscious use of
pesticides, the aquatic ecosystem has been polluted, which harms the reproductive potential of organisms.
Therefore, biological control should be preferred in agriculture or the use of biopesticides should be
encouraged.
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