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SUMMARY: Morphological and physiological responses of gills exposed to environmental contaminants are widely described
in the literature. Among the primary findings are the lamellar fusion, hyperplasia, aneurysms, proliferation of mitocleconci ks ri
and mucous cells. This work has as main objectives, to show the main changes caused by a polluted lake in gills, anchomderstand
each gill's cell type responds to pollutaetgdosure. To those individuals of the spedistyanax altiparanagere exposed to water from
an urban lake, which receives such contaminants from various sources. The gills were analyzed under a TEM. Our restigt phiowed t
to these changes, commonly found, only the mucous cells did not show structural changes. Among the main results, weeobserved th
emergence of Rodlet cells in the group exposed to contaminants, as well as severe damage to the mitochondria-ricliteelssttisvas
extremely relevant for demstrating that the proliferation of this cell type, widely described as an alternative ionic regulation, may in
some cases be completely inefficient because structurally these cells are no longer able to perform their basic metabslic funct
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INTRODUCTION

Water is essential to maintain vital functions in humafn the food chain and direct and indirect bioaccumulation

beings. As a result of the increasing population growth afd toxic substances through ingestion of dissolved
consequent rising of water consumption, preserving thg@mpounds or previously contaminated prey (Ramesh &
resource and conserving its quality have become importdgarajan).
issues (Biaginet al,, 2009). Aquatic ecosystems are the fi-
nal destination of industrial, residential and agricultural According to Harshbarger & Clark (1990), fish are
effluents that could affect water quality (Souza & Fontanettin Optimal test organism for monitoring water quality,
Domestic and industrial residues are in fact the main watggPecially small aquarium fish that can easily be maintained
contaminants (Calxtort al, 1998 apud Ramesh & in the laboratory and can be exposed to toxic substances
Nagarajan, 2013; White & Rasmussen, 1998 apud Ramd&dpnilarly to other superior vertebrates. After all, these
& Nagarajan, 2013), and sewage is one of the maffganisms can be used to evaluate contamination potentials
compounds responsible for water quality deterioration fven to humans (Biagiet al).
developing countries (Biagieit al).
Gills are the first organs to have contact with
Contamination of aquatic resources is currently giontaminants in the water. Due to their large surface, small

great public health concern (Magigal, 2003 apud Biagini blood/water diffusion distance (Fernané¢sil, 2013) and

et al), once that direct or in damage to organisms (BiagifiXternal position and, therefore are quite vulnerable to water
etal). One form of indirect consumption of water is througpollutants, being considered an efficient indicator of water
consumption of fish, which are commonly used aguality and contamination level (Barja-Fernaneezal,
biomarkers of aguatic ecosystems due to their important rd813).
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Generally, gills respond rapidly to various chemicaEpon-Araldite resin and acetone (1:1) for 24 hours and finally,
agents to overcome physiological stress or injuries that cambedded in pure Epon-Araldite resin polymerized at 60 °C
produce negative effects on the general function of gillfgr 72 hours in the incubator. Resin blocks were sectioned
increasing fish susceptibility to toxicants and lead to deattith a Porter Blum ultramicrotome, sections were mounted
(Fernande=t al). Hyperplasia, lamellar fusion andon copper meshes and stained with uranyl acetate for 45
hypertrophy of pavement cells are some modifications thatinutes and lead citrate for 15 minutes. Sections were analyzed
help prevent chemicals from reaching the bloodstreaand photographed on a Philips CM100 transmission electron
(Fernandest al). microscope at UNESP — Rio Claro — Departamento de

Biologia — Instituto de Biociéncias).

Moreover, gills perform numerous functions, such
as respiration, osmoregulation, excretion of nitrogenous All experimental procedures were repeated 3 times
residues and acid-base balance, so that functional impairmentonfirm the results.
of the organ can damage fish health (Barja-Fernaetc.

For the reasons cited above the present study aimRESULTS
to identify alterations on the fine structure of different cellular
types of gills from a neotropical fish species Astyanax
altirapanae after exposure to water from a contaminat&ills were composed of four types of cells:
urban lake, and understand if the histological responses to
pollutants are really efficient. 1. Pavement cells, which usually possess an elongated
nucleus (Fig. 1A) and micro ridges, mostly observed in
epithelial cells from primary lamellae (Fig. 1C). They also
MATERIAL AND METHOD exhibit elongated mitochondria with few crests, Golgi
apparatus and large amounts of the smooth endoplasmic
reticulum, ribosomes and free polyribosomes (Fig. 1B).
For this study, 40 juvenile individuals éftyanax
altiparanaedonated by CEPTA — Instituto Chico Mende2. Pillar cells, found amongst epithelial cells of secondary
(Pirassununga, SP) were divided into two groups of 20: damellae and whose function is to define and maintain a
control group kept in water from an artesian well at UNESPspace for erythrocyte traffic (Fig. 1A). They show irregu-
— Campus de Rio Claro - Sdo Paulo State and a groufar nucleus and mitochondria similar to the ones in
exposed to water from an urban lake (Lago Azul — Rio Cla-pavement cells, but endoplasmic reticulum or Golgi
ro, SP, Brazil) which receives residues from residencies andpparatus is rarely observed.
small industries. Oxygen levels and temperature were
controlled throughout the experiment and kept identical f&. Mucous cells, with basal nucleus and cytoplasm filled
all groups, this lake is contaminated and causeswith secretory vesicles (Fig. 1D).
histopathological damage in fish gills as reported by Torres
et al (2010) and Pereiret al (2012). 4. Mitochondria-rich cells (chloride cells) (Fig. 1E), showing
irregular nucleus, cytoplasm filled with elongated
Samples were obtained twice, once after 1 month ofmitochondria which possess many crests, large amounts
experiment and once after 5 months of the experiment. Fouof vesicles and a complex network of the endoplasmic
individuals were sampled each time. Before sacrifice, they wergeticulum (Figs. 1F and 2B). When found on primary
anaesthetized with a benzocaine solution (0.1 g of benzocainkamellae, these cells are surrounded by pavement cells and
on 1 mL of ethyl alcohol and 100 mL of deionized water).  only a small portion of the plasma membrane is exposed
to the water and is covered by glycocalyx (Fig. 2A).
For ultrastructural analyses, the samples were
processed according to Reynolds (1963). Gill fragments were Among alterations observed there was an increase in
fixed with 2.5 % glutaraldehyde in sodium cacodylate buffdslood cell volume in secondary lamellae (secondary lamellar
(0.1 M, pH 7.2) for 2 hours, refrigerated. Samples were thedilation), characterizing aneurisms along with smaller and
washed twice in sodium cacodylate buffer for 15 minutes arficee pillar cells that normally should adhere to pavement
post-fixed in 1 % osmium tetroxide. Another two washes witbells to form a channel (Fig. 2C).
buffer were performed before uranyl acetate staining (1 %
uranyl acetate in 10 % ethanol for 8 hours). At last, the gills In mitochondria-rich cells, cytoplasm degradation
were dehydrated in ethanol (70 % to 100 %), embeddedwas observed, with disappearance or disorganization of
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Fig. 1. A. Micrograph of control groups exemplifying pavement cells (CPV) with elongated nucleus (N) and a pillar cell (CP)
with irregular nucleus positioned between the pavement cells, forming the space for erythrocytes to pass through. B. Cytoplasm
of a control pavement cell showing the Golgi apparatus (G), round mitochondria (M) and free ribosomes (detail). C. Microrigde
(MR) in pavement cell from the control group. D. Mucous cell from the control group (CM), notice the basal nucleus and apical
region filled by secretion vesicles. E. Elongated mitochondria characteristic of mitochondria-rich cells from the control group

F. Mitochondria-rich cell (CRM) from the control group, notice that only a small region of the plasma membrane is exposed.

161



162

PEREIRA, B. F.; PITOL, D. L. & CAETANO, F. H. An ultrastructural approach for gill responses after pollutants expoiird. Morphol., 37(1)159-166, 2019.

¥ E 7 = ____ 57| S g L ;
Fig. 2. A. Mitochondria-rich cell (CRM), notice the highlighted area, the plasma membrane exposed to the environment,
covered by a glycocalix layer. B: Mitochondria-rich cell cytoplasm, notice the highlighted area, a complex web formed by
the endoplasmic reticulum. C. Aneurism in secondary lamella. Observe pillar cells (CP) detached and pavement cells
partially detached. D. Mitochondria-rich cell after exposure to pollutants, observe cytoplasmic degradation and vacuolization.
E. Mitochondria-rich cell after exposure to pollutants, observe rigde and intermembrane space dilation (M). F. Mitochondria-
rich cell after exposure to pollutants, observe increased exposed plasma membrane area.
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Fig. 3. A. Mitochondria (M) in a pavement cell exposed to urban lake water. B. Degenerated mitochondria after exposure to
pollutant. C. Rodlet cell nucleus (CR) and apoptotic rodlet cell (CRA), observe apoptotic body formation. D. Pavement cell
nucleus in apoptotic process (NA), observe fragmentation of genetic material. E: Pavement cell (CPV) in secondary lamella
after exposure to urban lake water, observe reduction and detachment of cytoplasm (highlighted area). F: Peroxisome aggregation
in pavement cell after exposure to urban lake water.
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endoplasmic reticulum network and mitochondrial These morphological effects, even due to low
degradation evidenced by mitochondrial crest degeneratiooncentrations of metals, can functionally affect fundamental
and dilation of intermembrane space (Figs. 2D and 2Ejrocesses such as osmoregulation and antioxidant defense in gills
Generally, mitochondria-rich cells lose glycocalyx afte(Puertcet al, 2010). Although most of the brachial lesions caused
exposure to pollutants, whereas contact area of the plasbyaxperimental dosages of contaminants occur on the epithelium,
membrane with the exterior increases considerably (Fig. 2fptential toxic effects can indirectly affect other organs in the
This event is due apparently to a coordinate loss oase of agents with systemic toxicity (Barja-Fernaredes).
derangement of junction complexes that connect pillar cells
to pavement cells. Abdel-Moneim et al. (2012) classified main
histological alterations observed in fish gills captured in me-
Pavement cells in both primary and secondartal contaminated Egyptian rivers into three reaction patterns:
lamellae exhibit mitochondrial fusions that generatél) circulatory disturbs, which include aneurisms, lamellar
extremely long mitochondria that occupy almost the entitdood congestion and hemorrhage; (2) proliferative cellular
length of the cell (3A). Even when mitochondria are fusesponses, which include hyperplasia, hypertrophy and fusion;
together the same patterns of inter membrane space dilatf8hosmoregulatory responses, which include epithelial lifting,
and crest degradation are identified (Fig. 3B). dilation and interstitial edema. Our results indicate that both
contaminants cause the three types of alterations described
Rodlet cells were found in primary lamellae, whictabove, often simultaneously in the same portion of tissue as is
in some cases possessed degenerate cytoplasm #redcase of aneurisms and epithelial lifting.
organelles, cytoplasm and nuclear fragmentation that form
apoptotic corps (Figs. 3C and 3D). Some peculiarities found Several authors have reported alterations on the gill
in secondary lamellae were a reduction of cytoplasm volummascular system, such as congestion of erythrocytes, aneurisms
in some pavement cells, in which no organelles can la&d necrosis exposed to lead, and in some cases, its frequency
identified, cells partially detached from the lamella and, igrows concomitantly to lead concentration (Martie¢al,
extreme cases, cells completely detached from the tissue (Ri§04). Non-metallic contaminants such as 2,2’,4,4’ —
3E). Peroxisome groups also accumulated in pavement cédisabromodiphenyl ether (BDE-47) also affect the gill vascular
after exposure to pollutants (Fig. 3F). system of brills, inducing blood congestion, indicated by
enlargement of the lamellar vascular channel and accumulation
of blood cells (Barja-Fernandez al). These alterations can
DISCUSSION be related to rupture of pillar cells, which induces loss of
vascular integrity and enhance blood flow inside the lamella
(Barja-Fernandeet al).
Normal morphological features of Prochilodus scrofa
gills comprise a stratified epithelium in filaments between Blood congestion due to contaminated environments,
lamellae, along with mitochondria-rich cells and mucousometimes by organophosphates (Faettal, 2003; Barja-
cells. Lamellar epithelia consists of one superficial layefsernandezt al) is considered a severe injury of difficult
of pavement cells and one layer of undifferentiated celtscovery, when compared to epithelial alterations and probably
aligned to the basal lamina that wraps around pillar celtsauses damage to functions associated to other gill tissues (Barja-
and whose projections form vascular channels. Our contiegrnandeet al;).
data corroborate such statements for both species.
Ultrastructural description of cellular structures and organelle Cellular responses such as epithelial filament cell
frequency of all four cellular types presented in our studyroliferation, lamellar pavement cell hypertrophy have been
are also compatible with descriptions by Wilson & Laurentbserved by several authors (Fishelson, 1980; Mar&het,
(2002) for freshwater fishes. 2004; Barja-Fernandezt al;) in fish exposed to metallic and
non-metallic contaminants. These types of lesion can be unilate-
Gills are considered to be the primary target-orgaral (affect only one surface of the lamellar epithelium) or bilate-
of all aquatic pollutants due to an extensive contact surfa@ (affect both surfaces) (Barja-Fernandszal) and its
and reduced distance between internal and exterrfgguency varies according to the type of contaminant and dosage.
environments (Cerqueira & Fernandes, 2002). Toxic effedis some cases alteration such as hyperplasia has only been
of metals and other types of contaminants in morphologpserved in high doses of toxicant — for example, P. lineatus
and physiology of gills have been investigated by severspecimens exposed to lead — and occasionally lead to fusion of
authors during acute or chronic exposure (Cerqueira &ljacent lamellae and even of lamellae from adjacent filaments
Fernandes). (Martinezet al).
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Our experiments showed bilateral modificationare those on the membrane ridge. Normally these ridges
However, we considered ultrastructural modifications to beccur at the membrane periphery parallel to adjacent cells
more severe than proliferation or cellular hyperplasia. In sucellular junctions, while close to the center they diverge and
case mitochondrial degeneration in epithelial celldprm a structure similar to a labyrinth, specifically shaped
degeneration of other cytoplasmic organelles and peroxisoimeseveral species (Fishelson). Some ridge from the superfi-
proliferation, which is involved in detoxing processes. Theial cells project over mitochondria-rich cell openings that
results demonstrate that even with cellular proliferation, thebased on electronic microscopy images is called microvilli
cells that would serve as a barrier against pollutants a(Eishelson). IriP. scrofaspecimens exposed to copper micro
greatly affected by combinations of contaminants and witldge of epithelial pavement cells from the filament change
be rapidly eliminated, once that mitochondrial damagghape, reduce in number and the pattern of the cellular
triggers apoptotic processes. surface, once composed by elongated forms becomes nearly

smooth. Also mitochondria-rich cell surface augments after

Mitochondria-rich cells, which are absorption site®xposure to copper.
for Na+, Cl- e Ca2+ in freshwater fish (Fernandesal)
can also suffer proliferative changes and are characterized  Normally neighboring cells of the pavement epithelial
by numerous mitochondria and a ATPase Na+/K+-riclayer are connected amongst themselves and to basal cells
tubular membrane system (DAN& al, 2000 apud by occlusive junctions and desmosomes seem to behave
Fernandegt al). Apical morphology of mitochondria-rich differently in freshwater and marine fish (Fishelson). Gills
cells varies amongst freshwater species and superficial acé&ish adapted to marine environments have looser junctions,
correlates to the Na+/Cl- exchange system and fractiomabny opened, and form spaces between epithelial cells
area of mitochondria-rich cells (Fernaneésl). (Fishelson).

Despite hyperplasia being classified as a proliferative Epithelial lifting and micro ridge loss are probably
alteration, changes in mitochondria-rich cells density ardlie to cytoskeleton damage, once that cytoplasmic
apical surface indicate ionic disturbances (Matal, 2003; degeneration was accompanied by cellular deformation and
Fernandest al). Aquatic contaminants can cause ionidoss of cellular junctions, which are directly connected to
imbalance by enhancing loss of diffusion ions and/arytoskeleton filaments.
reducing mitochondria-rich cell activity due to toxic action
(Fernandest al). A special type of mucous cell, rodlet cells show si-

milar ultrastructure in several teleost species and their

Other than that, proliferative responses irdevelopmental stages are identified based on capsule
mitochondria-rich cells caused by exposure to metals atgckness and chromatin differences (Proc@pial, 2011).
considered compensatory responses to maintain ionic Iigedlet cells are enveloped by a fibrillar thick capsule, possess
lance but their turnover results in recently emergecytoplasmic granules described as club-shaped pockets that
augmented subpopulations, apoptotic and necrotic cells witbntain a center of highly electron-dense material and an
low ATPase Na+/K+ activity and ionic imbalance (Cerqueiralectron-lucid periphery (Procopet al). Several studies
& Fernandes). evaluate rodlet cell occurrence as a biomarker for

environmental impact in teleosts exposed to contaminants

The present study demonstrates that mitochondriéRrocépioet al).
rich cell hyperplasia was accompanied by mitochondrial
degeneration and endoplasmic reticulum web aside from Only fish exposed to contaminated group in our study
enhancement of the contact surface. These interrsllowed Rodlet cells and in some cases they were apoptotic.
modifications indicate that even when attempting to regulaiéis result indicates that there cells can truly be considered
ionic imbalance generated by pollutants, the cells al@oindicators.
probably not capable of functioning anymore. Moreover, loss
of glycocalyx, a selective filter can also lead to undue the
entry of substances in the organism. ACKNOWLEDGMENTS

Low doses of lead provoked lamellar epithelial lifting
in gills of P. lineatugMartinezet al) which was probably a The authors are thankful to FAPESP, process number:
consequence of severe edema formation between t2@#9/17118-9, for financial support and to ICMBio/CEPTA
vascular lamellar channel and the site of the lifting (Barja- Institute Chico Mendes for providing the specimens used
Fernandeet al). Other alterations also recorded by literaturen this experiment.

165



PEREIRA, B. F.; PITOL, D. L. & CAETANO, F. H. An ultrastructural approach for gill responses after pollutants expoiird. Morphol., 37(1)159-166, 2019.

PEREIRA, B. F.; PITOL, D. L. & CAETANO, F. H. Unenfo- Pereira B. F.; da Silva Alves, R. M.; Pitol, D. L.; SenhorhiA.; de
que ultraestructural de las respuestas branquiales después de Alcantara Rocha, R. C. G.; Caetano, F. H. Morphological gill analysis

exposicién a contaminantet. J. Morphol., 37(1)L59-166 of fish speciedrochilodus lineatusafter exposure to pollutantsl.
2019 T v ' Environ. Anal. Toxicol., 2(31000130, 2012.

Procépio, M. S.; Ribeiro, H. J.; Rizzo, E.; Sato, Y. & Corréa Junior, J. D.

) . ) Rodlet Cell as Environmental Biomarker in Gill of Curimba

RESUMEN: Las respuestas morfolégicas y fisioldgicas  (prochilodus Argenteus): Assessment of Gender Influence by Light and
de las branquias expuestas a contaminantes ambientales se degtectron MicroscopyIn: Anais do XXIIl Congresso da Sociedade
criben ampliamente en la literatura. Entre los hallazgos principa- Brasileira de Microscopia e Microanalise. Buzios, Sociedade Brasileira
les se encuentran la fusion laminar, la hiperplasia, los aneurismasgde Microscopia e Microanalise, 2011.
la proliferacion de células ricas en mitocondrias y las célul&gerto, M.; Prieto, A. I.; Jos, A.; Moreno, I.; Moyano, R.; Blanco, A. &
mucosas. Este trabajo tiene como objetivo principal, mostrar los €@mean, A. M. Dietary N-Acetylcysteine (NAC) prevents
principales cambios en las branquias, causados por un lago Con_hlstopathologlcal changes in tilapi@@réochromis niloticusexposed

. p . J to a microcystin-producing cyanobacterial water bloAguaculture,
taminado y comprender cémo responde el tipo de célula de I<'=1s,306(1_4)35§/48 2%10_ 9oy o

branquias a la exposicion de los contaminantes. Individuos delgmesh, F. & Nagarajan, K. Evaluation of DNA damage of the fish Clarias
especiéistyanax altiparanatieron expuestos al agua de unlago batrachus exposed to Sago effluent using comet @&saynt. J. Sci.
urbano, receptor de contaminantes de diversas fuentes. LasTechnol., 2(3)L2-6, 2013.

branquias se analizaron bajo un TEM. Nuestros resultados mgsguza, T. S. & Fontanetti, C. S. DNA damage of erythrocytes of fish
traron que antes de estos cambios, comiinmente encontrados, sofgreochromis niloticugPerciformes, Cichlidae), after acute exposure
las células mucosas no mostraban cambios estructurales. Entr%cgt‘:)‘iric"(‘)’ft‘;ré;%eg’é”% ;lﬁz'“em from an ol refinedy. Braz. Soc.

los resultados principales, Observamo_s la aparlc[on de Celujl%%res, R. G. A,; Gonzélez, S. P. & Pefia, S. E. Anatomical, Histological
Rodlet en el gtupo ex_puesto a .Contaml_nantes, a§| _como el danc%ind Ultraestructural Description of the Gills and Liver of the Tilapia
severo a las células ricas en mitocondrias. Este Ultimo resultado(oreochromis niloticus Int. J. Morphol., 28(3703-12, 2010.

fue extremadamente relevante para demostrar que la prolifef@ison, J. M. & Laurent, P. Fish gill morphology: inside GutExp. Zool.,
cion de este tipo de células, ampliamente descrito como una re-293(3)192-213, 2002.

gulacién idnica alternativa, en algunos casos puede ser comple-

tamente ineficiente porque estructuralmente estas células ya no

son capaces de realizar sus funciones metabdlicas basicas. Corresponding author:
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