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Abstract

Pyrethroid insecticides and heavy metals frequently co-exist in aquatic systems, due to
intensive anthropogenic activities, and their effects on aquatic organisms are needed to be
investigated. In the present work, single and combined effects of environmentally realistic
concentrations of cyfluthrin and copper on the digestive gland histology of the freshwater
pond snail (Lymnaea stagnalis) were evaluated. Snails were exposed to 1 pg/L cyfluthrin, 10
ug/L copper, and 1 pg/L cyfluthrin + 10 pg/L copper mixture for 96 h. Cyfluthrin-exposed
samples showed apparent vacuolization, basal lamina separations, and disrupted digestive
cells. Exposure to copper alone gave rise to enlargements of the tubule lumens and the
intertubular area, degenerated tubules, atrophied basophilic cells, prominently disrupted and
ruptured digestive cells, and nuclear enlargements in some basophilic cells. Cyfluthrin and
copper mixture caused more severe histopathological changes in the digestive gland. General
tissue appearance was altered by prominently degenerated, and fused tubules lacking cellular
structure; tubule lumens filled with cellular content were noted. Increased intertubular regions
were filled with connective tissue formations. Progressive disruption of digestive cells; and
basophilic cell atrophy were also observed. The findings of the current study highlighted that
cyfluthrin and copper at environmentally relevant concentrations caused a biological response
in L. stagnalis; however, this response was more intense following their co-exposure.

Keywords: Pyrethroid, heavy metal, toxicity, histopathology, snail
stressors from various sources found in

water simultaneously [1, 2]. Pesticides and
heavy metals are two of the common

1. INTRODUCTION

Surface waters are contaminated by
various environmental toxicants via
anthropogenic  activities, such  as
agricultural and industrial processes, and
water pollution is a global concern directly
affecting aquatic life. Aquatic organisms
are generally exposed to multiple chemical

pollutants detected in water bodies and
negatively impact aquatic organisms [3].

Copper is a trace element needed as a
micronutrient in the metabolic processes of
organisms. However, excessive copper
concentrations cause toxic effects on
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aquatic animals [4]. Laboratory works
have revealed the adverse effects of copper
exposure on various aquatic species
including mollusks [5], crustaceans [6],
and fish [7]. Although copper naturally
occurs in water sources, anthropogenic
release due to mining, industrial
discharges, waste management, antifouling
feature, and pest control efficiency leads to
increased copper concentrations in water
[8, 9]. Copper concentrations in pristine
waters are noted ranging between 0.3- 3
ug/L [8]; however, copper was detected at
concentrations of 4-2,500 pg/L in mined
areas, 0.4-15 pg/L in urban watersheds,
and 0-12.30 pg/L in agricultural
watersheds [10].

Pyrethroid insecticides have a wide range
of uses in agricultural, domestic, and
veterinary fields [11]. Pyrethroids show
lower toxicity in birds and mammals and
are  considered easily  degradable
insecticides; however, excessive
application of these chemicals causes
residual contamination in the environment
[12] and they are very toxic to fish and
aquatic invertebrates [11-13]. Cyfluthrin is
a broad-spectrum pyrethroid insecticide
widely used in agriculture and urban
environments against aphids, cabbage stem
flea beetles, mosquitoes, houseflies,
cockroaches, etc. [14]. Frequent cyfluthrin
application has enabled the detection of
this insecticide in aquatic environments. In
Sacramento-San Joaquin Delta water,
cyfluthrin concentration was measured at 5
ng/L [15]. 1388 ng/L cyfluthrin was
measured in water samples from the
Jiulong River in China [16]. Several
reports revealed cyfluthrin toxicity via
different aspects in various aquatic
specimens including; mollusks [17],
crustaceans, and fish [11, 18].

Lymnaea stagnalis, also known as the pond
snail, is a pulmonate gastropod widely
distributed in freshwater bodies. This
species can be easily housed in the
laboratory. L. stagnalis has been
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recognized as a beneficial model organism
and a bioindicator to evaluate the potential
impacts of environmental contaminants
[19, 20]. Adult pond snails are generally 2-
6 cm in shell length allowing researchers to
dissect sufficient sizes of tissue and
perform histopathological analysis [19,
21].

The digestive gland, also known as
hepatopancreas, is  responsible  for
digestion, metabolism, and detoxification
in gastropods [22]. Digestive gland tissue
is considered a useful bioindicator to
evaluate the histopathological alterations
caused by environmental toxicants [21, 23-
25].

This study aimed to investigate the
histopathological  alterations in  the
digestive gland of L. stagnalis in response
to single and combined exposure to
environmentally realistic concentrations of
cyfluthrin and copper.

2. MATERIALS AND METHODS
2.1. L. stagnalis Maintenance

Adult L. stagnalis for the starter culture
was obtained from Vrije Universiteit
Amsterdam, and they have been reared and
reproduced at Sakarya  University,
Department of Biology. Snails were held in
20-L  glass aquaria  filled  with
dechlorinated and aerated Sakarya City tap
water at 20+2 °C, under a photoperiod of
12 h light:12 h dark. They were fed with
lettuce and commercial fish flakes
(Tetraphyll, Tetra GmbH). Snails were also
supplied with cuttlebones to support shell
growth.

2.2. Test Chemicals

Cyfluthrin (CAS No: 68359-37-5) was
purchased in a commercial wettable powder
formulation (Solfac ® WP 10, registered
trademark of Bayer). The copper stock
solution was prepared from hydrated copper
sulfate (CuSO4.5H20) (Merck, Germany).
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2.3. Experimental Setup

Four different experimental groups
including chemical-free control and three
exposure tanks (1 pg (a.i.) /L cyfluthrin
alone, 10 pg/L copper alone, 1 pg/L
cyfluthrin + 10 pg/L copper mixture) were
prepared. Six snails (2.31 = 0.05 g in
weight, 2.72 £ 0.048 cm in shell height,
1.73 = 0.034 cm in shell width) were used
in each tank filled with 3 L test solution.
Test containers were continuously aerated
with air pumps during the experiment, and
the snails were not fed. The static test
method was conducted for 96 h. Test
solutions were not renewed during the
experiment. Faeces were removed daily by

pipetting.
2.4. Histology

Following exposure, the snails were
anaesthetized with 25% Listerine ®
solution [26]. They were removed from
their shells, and the digestive gland tissues
were dissected. Samples were fixed in
Bouin’s fluid for 24 h at room temperature.
They were dehydrated in ascending series
of ethanol concentrations, cleared with
xylene, and embedded in paraffin. 5 um-
thick serial sections were prepared with
Leica microtome (RM2125RT). Sections
were stained with Harris” hematoxylin and
eosin and investigated by Leica DM500
light microscope. Images were captured
with a Leica MC170 HD camera.

3. RESULTS

No mortality was observed during the
experiment in the control and 1 pg/L
cyfluthrin exposure groups. At the 48"
hour, one dead individual was observed in
10 ng/L copper and 1 pg/L cyfluthrin + 10
ug/L copper exposure groups each. Dead
snails were immediately removed from the
tanks. No behavioural alteration was
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noticed in the experimental groups.

The digestive gland of L. stagnalis was
greenish brown. It consisted of unequal
lobes. The tissue preserved its shape during
the removal process of the body from the
shell. The exposure groups did not exhibit
any colour or texture difference compared
to the control.

The digestive gland of the control
specimens was composed of many tubules
and intertubular areas (Figure 1a). The
tubule (Figure 1b) epithelium had two
major types of cells, including digestive
cells and basophilic cells. Digestive cells
were more prevalent than basophilic cells,
and they were mainly columnar, while
basophilic cells were triangular and
relatively shorter than digestive cells
(Figure 1c). Digestive cells contained
vacuoles and many endocytotic vesicles in
their cytoplasm. Their nuclei were located
in the basal region of the cell. Microvilli
were also distinguishable on the apical
surface of the cells, which border the
tubule lumen (Figure 1d).

Control specimens did not exhibit any
histopathological lesions. The
histopathological  alterations in  the
exposure groups were summarized in
Table 1.

1 pg/L cyfluthrin exposed samples showed
apparent vacuolization. Vacuole numbers
were distinctly increased compared to the
control tissue (Figure 2a,b). Basal lamina
separations from the tubule cells were
partly noticed (Figure 2c). Furthermore,
some of the digestive cells were disrupted
and microvilli were not observed (Figure
2d).
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Table 1 Digestive gland tissue lesions of Lymnaea stagnalis exposed to cyfluthrin and copper

Experimental groups Lesions Severity
Control - R

1 pg/L cyfluthrin Vacuolization, basal lamina separations, disrupted digestive +

cells
10 ng/L copper Enlargements of the tubule lumens and the intertubular area, ++
degenerated tubules, atrophied basophilic cells, disrupted and
ruptured digestive cells, nuclear enlargements
1 pg/L cyfluthrin + Altered appearance of the tissue, degenerated and fused +++

10 pg/L copper

tubules, enlarged intertubular regions filled with connective
tissue formations, disrupted digestive cells, basophilic cell
atrophy

Figure 1 Normal digestive gland histology of
the control samples of L. stagnalis a) General
view of the digestive gland histology at lower
magnification. T: Tubule; asterisks:
Intertubular area b) A digestive gland tubule.
L: Tubule lumen, arrow: Basal lamina,
asterisk: Intertubular area c) Epithelial cells
compose a digestive gland tubule. dc:
Digestive cells, bc: Basophilic cells d)
Digestive cells in detail. L: Tubule lumen,
asterisk: Intertubular area, dc: Digestive cells,
n: Nucleus, v: Vacuole, arrowhead:
Endocytotic vesicle, circle: Microvilli
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Figure 2 The digestive gland histology of L.
stagnalis exposed to 1 pg/L cyfluthrin a)

General view of the gland histology at lower

magnification b) Increased vacuolization. v:

Vacuoles ¢) Separations of the basal lamina

(arrowheads) from the tubule epithelium d)
Disrupted digestive cells (asterisks)

The digestive gland histology of 10 pg/L
copper-treated snails exhibited distinct
alterations. The general appearance of the
tissue was altered by enlargements of the
tubule lumens and the intertubular area
(Figure 3a). Some of the tubules
prominently degenerated, and atrophied
basophilic cells were also noticed (Figure
3b). Digestive cells were more disrupted
than the cyfluthrin-exposed samples, and
cell borders were not distinguishable
(Figure 3c). Ruptured digestive cells; and
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nuclear enlargements in some basophilic
cells were also observed (Figure 3d).
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Figure 3 The digestive gland histology of L.
stagnalis exposed to 10 pg/L copper a)
General view of the gland histology at lower
magnification. Note the tubule lumen
enlargements (L) and increased gaps between
the tubules (asterisks) b) A degenerative
digestive tubule (long arrow) consisting of
atrophied basophilic cells (short arrows) ¢)
Disrupted digestive cells lacking cell borders
(encircled) d) Ruptured digestive cells (arrows)
and nuclear enlargement (arrowhead)

Cyfluthrin and copper together gave rise to
more serious histopathological changes in
the digestive glands of the exposed snails.
General tissue appearance altered, the
tubules  severely  degenerated, and
neighbour tubules were fused. Enlarged
intertubular regions were filled with
connective tissue formations (Figure 4a).
Progressive disruption of digestive cells
and basophilic cell atrophy were observed
(Figure 4b). Some of the tubules were
strikingly degenerated, lost their cellular
structure, and their lumens were filled with
cellular content (Figure 4c). Increased
connective  tissue  formation  with
adipocytes was notable in the intertubular
region (Figure 4d).
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Figure 4 The digestive gland histology of L.
stagnalis co-exposed to 1 pg/L cyfluthrin and
10 pg/L copper a) General view of the gland
histology at lower magnification. Note
increased connective tissue formation
(asterisks) between the progressively
degenerated tubules b) Severely disrupted
digestive cells (encircled) and atrophied
basophilic cells (arrows) ¢) Prominent
degeneration of the tubules (dt) and the lumens
filled with cellular content (L) d) Increased
connective tissue formation with adipocytes in
the intertubular region (asterisk) between the
degenerated tubules (dt)

4. DISCUSSION

The increasing growth of the human

population  brings along intensive
domestic, industrial, and agricultural
activities. These activities lead to

threatening environmental health issues by
releasing toxic chemicals into nature [1].
Water sources are considered a major
compartment for receiving a variety of
chemicals raised from anthropological
processes [27]. Pesticides and heavy
metals are among the widely known water
contaminants causing adverse effects on
aquatic organisms [3]. These organisms are
rarely exposed to a single type of pollutant;
rather, they are exposed to a chemical
cocktail due to their co-occurrence [2]. The
mixture toxicity of two or more chemicals
involves additive, synergistic, or antagonist
effects [28, 29]. The coexistence of
pyrethroids and heavy metals in the
environment was previously reported [30].
In the current work, single and combined
effects of environmentally relevant
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concentrations of cyfluthrin and copper on
the digestive gland of L. stagnalis were
investigated.

Only cyfluthrin-treated samples showed
relatively slight histopathological
alterations, including increased
vacuolization, separation of the basal
lamina from the tubule epithelium, and
disrupted digestive cells. Previous studies
highlighted that the digestive gland tissues
of molluscs were sensitive to pyrethroid
exposure. For instance, bifenthrin brought
about distinct histopathological alterations
in  Corbicula  fluminea, such as
vacuolization and degeneration in the
digestive tubules [31]. Cypermethrin-
induced hemocyte infiltration, increased
number of basophilic cells, epithelial
atrophy, and necrosis were observed in the
digestive gland tissue of Pomacea
canaliculata [32].

The current work showed that copper alone
caused enlarged tubule Ilumens and
intertubular areas, degenerated tubules,
atrophied basophilic  cells, disrupted
digestive cells lacking cell boundaries,
ruptured digestive cells, and nuclear
enlargements in some basophilic cells.
These alterations were more striking than
those induced by cyfluthrin. Previous
studies proved copper toxicity in L.
stagnalis. 96-h median lethal concentration
(LCso) of copper was reported as 31 pg/L
for juvenile pond snails [33]. 28-d
exposure to 7.5 pg/L copper gave rise to a
decrease in egg number per clutches [34].
Enzymatic antioxidant responses were
observed in hepatopancreas following 48-h
copper treatments at concentrations
between 2 ug/L to 90 ng/L [35]. Digestive
gland histopathology in L. stagnalis caused
by other heavy metals also exists in the
literature. Karakas and Otludil [21]
examined the histopathological alterations
induced by 7 to 28 days of cadmium
exposure in L. stagnalis. The authors noted
vacuolization in the digestive cells,
deteriorated connective tissue, increased
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amoebocytes, swelling of basophilic cells,
expanded lymphatic areas, increased lipid
vacuoles between the tubules, connective
tissue atrophy, pyknotic cells, and necrosis
[21].

Microscopic observations revealed that the
samples of cyfluthrin + copper exposed

groups showed more severe
histopathological changes than those
induced by individual  chemicals.

Prominently degenerated and fused tubules
lacking their cellular structure, increased
intertubular regions filled with connective
tissue formations, progressive disruption of
digestive cells and basophilic cell atrophy
were noted. Several reports evaluated the
effects of exposure to mixtures of
pyrethroids and heavy metals via various
biological aspects [36-38]. These effects
might be antagonistic or synergistic
(reviewed in [30]). This study presents
preliminary results suggesting that the
coexistence of cyfluthrin and copper might
have additive or synergistic effects in the
digestive gland of L. stagnalis; however,
further studies are required to fully
understand the in vivo cyfluthrin-copper
interactions.
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