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Histopathological Effects of Fonofos on Gills of Zebrafish (Danio rerio)
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Abstract. Organophosphate pesticides are commonly used to increase agricultural efficiency worldwide.
However, it has been proved that these chemicals generally do not show target specificity and non-target
vertebrate organisms are adversely affected by pesticide exposure. The aim of the present study was to examine
the potential harmful effects of fonofos, an organophosphate insecticide, on the gill tissues of zebrafish (Danio
rerio). Adult zebrafish were exposed to 1, 2 and 4 mg/L fonofos for 96 hours. Gill tissues were removed, fixed
with Bouin’s fluid and embedded in paraffin. 5 pm serial sections were stained with hematoxylin-eosin, Gomori
trichrome or periodic acid-Schiff. Samples were investigated by light microscopy and histological alterations
were compared with the 0.1% dimethyl sulfoxide (DMSQ) exposed solvent control samples. Fonofos caused
epithelial lifting, curling of secondary lamellae, desquamation, epithelial hyperplasia, and lamellar fusion in the
gills. Gills showed distinct histopathological changes through fonofos exposure. It was determined that fonofos
is a threat to non-target organisms living in aquatic ecosystems.
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Fonofos’un Zebra Bahgi (Danio rerio) Solungaclarindaki
Histopatolojik Etkileri

Ozet. Organofosfath pestisitler diinya ¢apinda tarimsal verimliligi artirmak igin yaygin olarak kullanilmaktadr.
Ancak, bu kimyasallarin genel olarak hedef 6zgilliigii gostermedigi ve hedef disindaki omurgali canlilarin da
pestisit maruziyetinden etkilendikleri ortaya konmustur. Bu ¢alismanin amaci, organofosfatli bir insektisit olan
fonofosun zebra baligimin (Danio rerio) solunga¢ dokularindaki potansiyel zararh etkilerini arastirmaktir. Ergin
zebra baliklar1 96 saat boyunca 1, 2 ve 4 mg/L fonofosa maruz birakildi. Solungaglar ¢ikartilarak Bouin
stvisinda tespit edildi ve parafine gomiildii. 5 pm kalinliktaki kesitler hematoksilen eozin, Gomori trikrom veya
periyodik asit Schiff boyalar1 ile boyandi. Ornekler 151k mikroskobunda incelenerek histolojik degisimleri %0, 1
dimetilsiilfoksit (DMSO) uygulanan ¢oziicii kontrol grubu drnekleriyle karsilagtirildi. Fonofos solungaglarda,
epitel dokuda kalkma, sekonder lamellerde kivrilma, deskuamasyon, epitelyal hiperplazi ve lamellar fiizyona
yol agti. Solungaglar fonofos maruziyeti ile belirgin histopatolojik farkliliklar gosterdi. Fonofosun sucul
ckosistemlerde yasayan hedef dis1 organizmalar i¢in bir tehdit olusturdugu belirlenmistir.

Anahtar Kelimeler: Fonofos, insektisit, solungag, histopatoloji, zebra baligi, Danio rerio.

1. INTRODUCTION

It is an essential concern to develop agricultural
productivity to support the food requirement of the
increased human population. Pesticides are being
commonly used worldwide for this purpose and
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manufacturing industry progresses to satisfy the
demand. There are various classes of pesticides
based on their chemical structures such as
organochlorines, organophosphates and more
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recently developed carbamates, pyrethroids, and
neonicotinoids. Persistent organochlorines have
substantially fallen into disuse; however, it is
predicted that organophosphates (OP) will be used
widely in the near future due to their low cost, low
cumulative ability, and short-term persistence in
nature [1,2]. On the other hand, low- persistence
obliges farmers to do repeated applications, and
this case makes OP pesticides get through to water
sources [3]. It is pointed out that OPs are harmful
to fish [4-6]. Researches focusing on the
investigations of adverse effects of OP pesticides
on teleost fish have been conducting for a long
time.

Fonofos (O-ethyl S-phenyl
ethylphosphonodithioate) is an OP insecticide
applied directly to soil to control various worms
that are hazardous for corn, sugarcane, peanuts, and
tobacco [7,8].

Zebrafish (Danio rerio) is a model organism for
many research areas such as developmental
biology, genetics, and toxicology. Small size,
diversified adaptability, and low cost make
zebrafish a useful experimental material [9,10].

Teleost gills are responsible for the gas transfer,
osmoregulation, acid-base balance, and ionic
regulation. In toxicological studies, gills are helpful
tools to observe the effects of environmental
pollutants [11].

The aim of this study is to examine the harmful
effects of fonofos on gills of zebrafish by
histological techniques.

2. MATERIALS AND METHODS

The experiment was conducted in accordance with
the guidelines for animal research established by
the Local Ethics Committee of Animal
Experiments at Ege University (the date and the
number of the document: 2016-090).

Adult zebrafish were obtained from a commercial
fish dealer in Izmir. They were acclimated under
laboratory conditions for two weeks before the
treatment. They were maintained in a glass
aquarium with dechlorinated tap water at 26+2 °C
and natural photoperiod regime. They were fed
with artemia twice a day.

Fonofos (99.5%) (CAS No: 944-22-9) and DMSO
(>99.5%) were purchased from Sigma-Aldrich.
The stock solution was freshly prepared before the
experiment by solving fonofos in DMSO (0.1%).
Treatment concentrations (1, 2 and 4 mg/L
fonofos) were diluted from the stock solution. The
control group samples were treated with the same
concentration of DMSO (0.1%) of the stock
solution. Five fish were used for each treatment and
the control groups. They were exposed to the
chemical for 96 h. Fish were anaesthetized with
MS222 (tricaine methanesulfonate), gill tissues
were removed, fixed with Bouin’s fluid [12] for 24
h and embedded in paraffin. 5 um serial sections
were stained with Mayer’s hematoxylin-eosin (H-
E), Gomori trichrome (GT) or periodic acid-Schiff
(PAS) [13]. Histological alterations were
investigated by light microscopy. Micrographs
were taken with Zeiss Axio Scope Al (Carl Zeiss,
Germany) equipped with Zeiss Axiocam ERc5s.

3. RESULTS

No histological anomaly was observed in the
control samples. Gill filaments were rich in blood
vessels consisted of primary lamellae that had
central cartilage axis and secondary lamellae which
were covered by squamous epithelium. Supportive
pillar cells were observed. Additionally, central
veins were noticed clearly (Fig. 1.).

1 mg/L fonofos treatment group samples showed
slightly curled secondary lamellae and epithelial
hyperplasia (Fig. 2.).
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Figure 1. Gill sections of zebrafish from the control group. a) Central vein (CV), pillar cells (arrows), and epithelial cells
(arrowheads), H-E, X100. b) Primary lamella (PL), and secondary lamella (SL), GT, X100. c) Cartilage (C), PAS, X100.

Figure 2. 1 mg/L fonofos treatment group. a) Curling of secondary lamellae (white arrows), H-E, X100. b) Epithelial hyperplasia
(rectangles), PAS, X100.

2 mg/L fonofos exposed group exhibited severe curling of secondary lamellae, epithelial hyperplasia,
desquamation, and epithelial lifting (Fig. 3.).
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Figure 3. 2 mg/L fonofos treatment group. a) Curling of secondary lamellae (white arrows), H-E, X100. b) Epithelial hyperplasia
(rectangels), H-E, X100. c¢) Desquamation (arrows), H-E, X100. d) Epithelial lifting (asterisks), H-E, X100.

4 mg/L fonofos treatment caused curling of secondary lamellae, epithelial lifting, progressive epithelial
hyperplasia, and lamellar fusion (Fig. 4.).
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Figure 4. 4 mg/L fonofos treatment group. a) Curling of secondary lamellae (white arrows), PAS, X100. b) Epithelial lifting
(asterisks), GT, X100. c) Epithelial hyperplasia (rectangles), PAS, X100. d) Lamellar fusion (ellipse), PAS, X100.
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4. DISCUSSION

This is the first study that revealed fonofos caused
histopathological alterations in the gills of non-
target zebrafish. Fish are sensitive organisms that
are directly affected by environmental
contaminants or pollutants, so they are useful
indicators for monitoring the effects of chemicals
in aquatic environments [14,15]. Histopathological
observations have been widely used to prove the
damage of xenobiotics to a specific tissue rapidly.
Various staining methods could be used to mark or
highlight the special departments of the tissue, so
in this study we performed GT and PAS methods
in addition to H-E staining in parallel with the study
of Adali and Koca [16]. However, no significant
pathology was noted in particular structures just as
in red blood cells indicated by GT or in cartilage
reacted with PAS, thus only general gill
morphology was evaluated after fonofos exposure.
Several reports are examining the histopathological
alterations in teleost fish gills caused by various OP
pesticides. Malathion exposure gave rise to
necrosis and desquamation of secondary lamellar
epithelium, epithelial lifting, intraepithelial edema,
a fusion of adjacent secondary Ilamellae,
disorganization, and rupture in secondary lamellae,
hypertrophy and hyperplasia of epithelial cells in
the gills of Gambusia affinis [17]. Oreochromis
mossambicus gills were also affected by malathion
treatment. The authors noted thickening of
secondary lamellae, hemorrhage at primary
lamellae, epithelial lining in the tips, lamellar
aneurysm, lifting up of epithelium, deformation of
the cartilage core, erosion and curling of secondary
lamellae in O. mossambicus [18]. Cirrhinus
mrigala gills exhibited epithelial hyperplasia,
aneurysm, epithelial necrosis, desquamation,
epithelial lifting, edema, lamellar fusion, and
curling of secondary lamellae after monocrotophos
exposure [19]. Dichlorvos caused hyperplasia,
desquamation, necrosis, epithelial lifting, edema,
lamellar fusion, collapsed secondary lamellae, and
aneurysm in the secondary lamellae of C. mrigala
[3]. Trichlorfon treatment gave rise to hyperplasia,
swelling of blood sinuses in the secondary
lamellae, subepithelial edema, lamellar fusion, and

blood congestion in the gills of Piaractus
mesopotamicus [20]. Labeo rohita gills showed
epithelial lifting, lamellar fusion, and epithelial
necrosis after profenofos treatment [15].
Chlorpyrifos  exposure caused hyperplasia,
hemorrhage and necrosis at primary lamellae,
intraepithelial edema, destruction of epithelial
lamella and epithelial lifting in Salmo trutta
caspius gills [21].

In the present study fonofos adversely affected the
gills of zebrafish and the alterations were noted as
epithelial lifting, curling of secondary lamellae,
desquamation, epithelial hyperplasia, and lamellar
fusion. All histopathological changes observed in
the gills were in a concentration-dependent
manner.

In conclusion, fonofos caused acute toxic effects in
zebrafish gills. Gills have critical roles in the
metabolism of fish and fonofos exposure may
destroy the function of gills. It is evident that
fonofos is a threat to non-target organisms living in
aguatic ecosystems.
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