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ABSTRACT

This work aimed to study the effect of new neonicotinoid thiamethoxam on the histological structure of common
carp (Cyprinus carpio, L.) gills. Three experimental groups of fish were treated with 6.6, 10 and 20 mg/l
thiamethoxam in laboratory conditions. Results showed different histological changes in the gill epithelium, which
included lamellar lifting, edema, proliferation of the glandular cells and epithelium, covering the gill filament,
fusion and degenerative alterations. The blood circulatory system showed mainly vasodilatation. All thiamethoxam
concentrations activated compensatory-adaptive mechanisms, which caused pathological changes in the gills.
Moreover, there was a tendency towards the enhancement of the gill histological changes, whose degree of
expression was proportional to the increasing thiamethoxam concentrations.
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INTRODUCTION fish and gill histology structure has not been well
studied.
Water pOIIution is the burning issue nowdays a“:|sh are among the group of non-target aquatic
over the world. Pesticides are the class 0Oprganisms, which represent the largest and most
Compounds that despite of their benefits mayjiverse group of vertebrates. A number of
produce a range of toxic effects that pose potentigharacteristics make them excellent experimental
hazards to the environment. It is well known thahjode|s for toxic0|ogica| research’ especia”y for
their application could present a contaminanthe contaminants, which are likely to exert their
source for the aquatic environment (Kolpin et alimpact on aquatic systems (Law 2003; Raisuddin
1998; Pathan et al. 2010) Thiamethoxam is one (a:nd Lee 2008) As an indicator of exposure to
the neonicotinoids, which is used for COﬂtrO”ingchemicajs, histo|ogy represents a useful tool to
insect pests from paddy and cotton fields. Thigssess the degree of pollution (Perry and Laurent
insecticide may reach the surrounding fresh waterggs). According to Wester and Canton (1991),
bodies through irrigation or rainfall. Insecticideshijstopathological changes have been widely used
cause severe destructive effects on aquatic faungs biomarkers for the evaluation of the health of
particularly fish. They not only affect the fish, exposed to contaminants in laboratory
respiratory system in the fish organism, but alseonditions. One of the important advantages of
interfere with the cellular level of respiration ysing histopathological biomarkers in
(Betoulle et al. 2000). In recent years,environmental monitoring is that this category of
thiamethoxam has been increasingly used iBjomarkers allows examining specific target
agricultural practices. However, its impact on theyrgans, including gills. They are responsible for

"Author for correspondence: stela.st@abv.bg

Braz. Arch. Biol. Technol. v.57 n.6: pp. 991-99&WDec 2014



992 Georgieva, E. et al.

vital functions such as respiration and regulatiotemperature (20.5°C * 0.9); dissolved oxygen (9.3
of osmotic and ionic balance (Gernhédfer et almg/L + 0.2); oxygen saturation (103.8 % + 0.9).
2001; Cengiz 2006). All the experiments were conducted in accordance
Common carp Qyprinus carpio, L.) is an with national and international guidelines of the
economically important fish species. In recentEuropean Parliament and the Council on the
years, it has been increasingly used for food sur@rotection of animals used for scientific purposes
and sport fishing. Carp has also been proposed asecording to Directive 2010/63/EU.

test organism in many toxicological assays

because it is relatively insensitive and as &listopathological analysis

consequence survives and accumulatelsish dissection was performed according to the
contaminants even at heavily polluted sitegrocedures given in the EMERGE Protocol
(Snyder et al. 2004). Thus, carp was selected as(@osseland et al. 2003). All the samples were
test organism in the present study, which aimed tplaced in vials with 10% neutral buffered
investigate the histological alterations of commorformaldehyde solution (pH 7.0). They were rinsed
carp exposed to different concentrations ofn tap water, dehydrated in a graded series of
thiamethoxam as well as to present the degree ethanol concentrations, cleared in Xxylene,
expression of each lesion. embedded in paraffin wax with melting point of
54-56°C, sectioned to a thickness of 5-7 pm using
a semi-automated rotary microtome (Leica RM
MATERIAL AND METHODS 2245) and mounted on sterilized glass slides.
Test animals Sections were then deparaffinised, stained with

Forthy healthy common carps were obtained frofReématoxylin and eosin (H&E) for histological
the Institute of Fisheries and Aquaculture, locate@Xaminations and prepared for light microscopy
in the city of Plovdiv, Bulgaria. They were of the analysis (Romeis 1989).

same size-group (mean length 16.3 cm = 2.7; o ,

mean body mass 47.8 g + 15.2) with no externapMi—quantitative Scoring _
pathological abnormalities. After transportation,From the gills of each specimen, ten paraffin
the fish were moved in glass aquaria with 100 LSections were produced. Each section was taken
chlorine-free tap water (by evaporation) toffom & different location from the paraffin block,
acclimatize for four days. The individuals wereinstéad of in series. The main purpose was to
divided into four groups (n=10). Fish were not fedfollow the histological changes in a maximum part

48 h prior to the experiment. of the sample. Histological alterations in the gill
structure of each paraffin section were analyzed by
Chemicals and experimental setup observing the whole gill surface. The degree of

Thiamethoxam is a second generatiorfXPression of histological changes in each of them
neonicotinoid insecticides, which belongs to theVas studied, including corresponding changes on
subclass of thianicotinyl and have unique chemicdl® 9ill surface in relation to the normal
properties (Fishel 2008). Three groups of fish Wer@lstolo_glcal structure. Histological a_Iteratlons in
exposed to the test chemical at concentrations §i€¢ gill epithelium were determined semi—

6.6 mg/L, 10 mg/L and 20 mg/L, representing 309uantitatively by using the grading system of
20, 10 times dilution of the stock solution,beebua et al. (2006), with a slight modification.

prepared according to the instructions of the/ N€ System enabled an objective assessment of the
manufacturer. The fourth group served as contrdlistological  integrity  of fish  gill  in
and no insecticide was added. The aquaria had/istopathological  analyses ~ and ~ clearly
filtration system and the water was kept oxygerlistinguished between the normal gill structure
saturated. For the entire duration of the2nd gill pathology. Each grade represented specific
experiment, the fish were maintained under &istological characteristics and was categorized as
natural light/dark cycle (12:12 h). Physico-follows: () — no histological alterations, which
chemical characteristics of the aquarium watefePresented normal histological structure;)(+/
such as pH, temperature, dissolved oxygen arf@ild histopathological alterations; (+) — moderate
oxygen saturation were measured once per da?gstopatholog!cal alterations; (++) — severe
according to standard procedure (APHA 2005)histopathological alterations; (+++) — very severe
which were as follows: pH (8.1 = 0.1);
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histopathological alterations of the gill surfacedetected along the length and at the apical part of

architecture. the blood vessels of the secondary lamellae (Table
1).
RESULTS AND DISCUSSION Table 1 -Histopathological alterations in common carp

_ _ _ _gills, exposed to different concentrations thiarogem.
Fish respond to environmental toxic changes witlpjistopathological Concentration thiamethoxam

adapting of their metabolite functions (Mishra andhlterations Control 6.6 mg/L10 mg/L 20 mg/L

Shukla 2003). They have been successfully used . group

as a model to study the negative effects of variodmellar lifting oo A A e

pesticides to the environment (Wenderlaar Bonggd€m? - * T A

and Lock 1992). Gills of most teleost fish are roliferation of i * o i
. . . stratified epithelium

typically composed of four pairs of gill arches,p,qjiteration of ) ) +- +-

which are supported by a bone skeleton. Filamentgandular cells

come from the gills arches, supported by cartilageysion - - +/- +/-

(primary lamellae), from which the secondaryDegeneration ofitf - +- +- +

lamellae exit. The secondary lamellae arepithelium

constituted by a simple epithelium, where gadasodilatation of

exchanges occur (Laurent and Perry 1995). Néecondary lamellae: - +/- + +

histopath'ologi(':al chqnges were obsgrved in thEIong the length of

control fish gills. Gill _struptural detall_s of the 1 00d vessel

control carpsare shown in Figure 1A. With regard s pagy) partof the - +- . +-

to the grading system, proposed as the contr@|ood vessel

common carp histological characteristics, thesgt apical part of the - +- +- +-

were evaluated as relatively normal (-). blood vessel

Histopathological results indicated that theVasodilatation of - +- +- +-

different concentrations of thiamethoxam cause@entral venous sinus
morphological alterations in the gill epithelium
. Aneurysms
and the blood circulatory system. Lamellar . . . . .

. . e f . (-) — no histological alterations, which represegtinormal
ep|th9||um I.|ft|ng_, edema, proliferation of t_he histological structure; (+/-) — mild histopatholoai alterations;
stratified epithelium and glandular cells, fusion,+) — moderate histopathological alterations; (++)severe
and degeneration were found in the gi”histopathological alterations; (+++) — very severe

. . . . . . . histopathological alterations in the gill surfacehdtecture.
epithelium. In addition, mainly vasodilatation in
the blood circulatory system of the common carp

gills was instituted. There were no aneurysms, gmellar epithelium lifting and edema in all the
which in fact represent the most severgpecimens treated with 10 mg/L thiamethoxam
disturbances in the blood vessels (see Table 1). \yas observed with a very severe degree of
Pronounced  lamellar  epithelium lifting  at expression. Proliferation of the stratified gil
concentration of 6.6 mg/L thiamethoxam wasgpithelium was severe and also included areas
observed (Table 1, Fig. 1B). Edema andyong the length of particular gill filaments. Farsi
proliferation of stratified epithelium were foundl i 55 3 more severe form of proliferation of the
a moderate degree of expression (Fig. 1C). Ifamentous stratified epithelium was in a mild
contrast, proliferation of glandular cells and arsi degree, as well as increasing amount of glandular
at the lowest thiamethoxam concentration were nQlg|is was observed (Fig. 1D). Similarly Neskovic
observe(_j. GiI_I epitheliqm _degeneration Wasst al. (1993) andOropeca et al. (2005) found
present in a mild degree in single areas of the gihynerplasia of gill epithelial cells after pestieid
surface. Santhakumar et al. (2001) found similagynosure. Degenerative changes in the gills were
histopathological effects, such as degeneration @fisg presented in a mild degree of expression.
epithelial cells of gill filament, but following \asodilatation could be seen more frequently in
monocrotophos insecticide exposure. Furthermorene plood vessels in the secondary lamellae as well
relatively slight changes in the blood circulatoryys i single sections of the central venous sifius o

system were also observed in the present studie gill filament. With regard to the secondary
They were presented in vasodilatation, which Waimellae, this histological alteration was in a
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moderate degree, located mostly along its lengtischwaiger et al. (2004) increased number of
Moreover, vasodilatation was presented in a milglandular cells among the epithelium covering the
degree at the apical part of the blood vesse@ll filament was observed in the present study
(Table 1). (Table 1). Fusion in a mild degree was found (Fig.
At the highest thiamethoxam concentration of 2AE). In parallel, with hyperplasic alterations,
mg/L, the most pronounced histological alterationglegenerative changes, which were expressed in a
were lamellar lifting, edema and proliferation ofmoderate degree of expression, were also
filamentous epithelial cells, which were expressedbserved. Vasodilatation affected mainly the
in a very severe degree. Rao et al. (2005; 2008gecondary lamellae (Table 1), which was in a
also reported histopathological alterations in thenoderate degree, and was along the length of the
gills of the mosquito fishGambusia affinis under  blood vessel. Vasodilatation at the basal and apica
the effect of high concentrations monocrotophopart of the blood vessels was present in a mild
insecticide. As reported by Pane at al. (2004) andegree of expression (Fig. 1F).

Figure 1 - Histological alterations in common carp gills, sad by thiamethoxam, (H&E}R - normal gill
histological structure, 200X - lamellar lifting in gills, exposed to 6.6 mg/hiamethoxam, 400X
- edema in gills, exposed to 6.6 mg/L thiamethoxd@9X; d - proliferation of glandular cells and
filamentous epithelium<€$— ) in gills, exposed to 18/mthiamethoxam, 400X - fusion in gills,
exposed to 20 mg/L thiamethoxam, 40GX; degenerative alterations in gills, exposed tavifiL
thiamethoxam, 400Xg - degenerative alterations in gills, exposed torfiL thiamethoxam, 400X;
h - vasodilatation in blood vessels of secondary eltae in gills, exposed to 6.6 mg/L
thiamethoxam, 400X;j - vasodilatation in gill filament blood vesselsspesed to 6.6 mg/L
thiamethoxam, 400X.

Braz. Arch. Biol. Technol. v.57 n.6: pp. 991-99&WDec 2014



Histopathological Alterations in Cyprinus Carpidl&i 995

Lamellar lifting, edema and filamentous epithelialgills and also activated compensatory-adaptive
proliferation are histopathological alterations,mechanisms, resulting in pathological changes.
which have been described by other authors whohese histological lesions affected the gills by
investigated the effects of pesticide contaminatiodisrupting their functions. There was a tendency
on aquatic species (Cengiz and Unlu 2002; Cengipwards enhancing the morphological alterations
2006; Velmurugan et al. 2009). Similarly to theand their degree of expression was proportional to
present results, they found that these changes wehe increasing concentration of thiamethoxam.
the most frequent in the gill histological struetur
under the influence of different pesticides. These
pathological alterations could be due to a two-waREFERENCES
process. On one hand, the histological changes in
the gill structure could be a reaction of the fish APHA. Standard methods for examination of water and
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