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ABSTRACT

Most water bodies worldwide are polluted, predominantly by wastewater
containing detergents of both domestic and industrial origins. Studies have shown
that exposure to detergent can cause histochemical and even physiological
changes in an animal's body, especially in gills, skin and liver of fish and,
occasionally leading to death. Gill rakers are present in the gill arch and along with
it, play an important role in food selection and in the protection of gills, preventing
lesions caused by solid particles. Although a lot is known about the effects of
pollutants in gills, very little is investigated in regard to gill rakers. By virtue of the
role gill rakers play in fish health, this study aimed to identify possible
histochemical changes in the first left gill arch of Astyanax altiparanae (Lambeth)
caused by exposure to 01 ppm (01 mg/L) of biodegradable detergents diluted in
water for one and five months. The first month of exposure resulted in hyperplasia
of mucous cells, but with low mucous secretion on gill rakers. After five months of
experiment, the number of mucous cells decreased due to hypersecretion of
mucous. The mucous also plays a role in the defense against toxic agents and
assists ionic balance mechanisms in fish.

Key words: Gill raker, hyperplasia of mucous cells, hypersecretion, defense,
osmoregulation.

INTRODUCTION

Gill rakers are organs present in the ventral region of gill
arches (Rodrigues and Bemvenuti, 2001; Sampaio and
Goulart, 2011), whose main function is to capture and
select food (Oliveira Ribeiro and Menin, 1996; Sergipense et
al, 1999; Sampaio and Goulart, 2011). However,
inanastomid fish, gill rakers do not play their common
roles, such as protection of arches, gill filaments and
primary lamellae against injuries caused by solid elements
(Oliveira Ribeiro and Menin, 1996; Machado, 1999;
Rodrigues and Menin, 2006). In this case, it is the mucous
secreted by specialized cells present in the entire body that
perform the different functions rather than gill rakers
themselves (Fonseca Neto and Spach, 1999; Machado,
1999; Eiras-Stofella and Charvet-Almeida, 2000;. Kumari et
al,, 2005). The mucous, therefore, acts as a protective cover
(Eiras-Stofella and Charvet-Almeida, 1998).

Mucous cells have neutral or slightly acidic glycoproteins,
indicative of some acidity control of mucous cells over their
secretion (Lima et al,, 2009), which occurs according to the
viscosity grade (Paulino et al., 2012). The mucous protects
the organs in which they reside, being gills or gill rakers, of
pathogens, solid particles and toxic substances, and acts in
osmoregulation (Misra et al,, 1987; Saboaia-Moraes et al,,
1996; Machado, 1999; Aradjo et al.,, 2001; Lima et al., 2009;
Duncan et al, 2010; Saboaia-Moraes et al, 2011) in a
process of continuous renewal (Hara and Thompson,
1978).

The neutral mucous, which is composed of sugars and
sialic acids, serves to protect against possible injury due to
the passage of solid particles. Acid mucous, on the other
hand, which is composed of sialomucins and sulphomucins,
while exerting the same protection function performed by
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neutral mucus, is also responsible for the retention of
captured food (Duncan et al.,, 2010; Paulino et al., 2012).
However, Saboaia-Moraes et al. (2011) point out that
neutral mucous usually assists in chemical protection, while
acid mucous acts against mechanical abrasion.

Detergents are chemical agents whose toxicity increases
according to the chain length (Brown et al, 1968). Few
studies address toxicity values of biodegradable detergents.
According to Roy (1988a), LD50 for various groups of fish
varies between 7 and 22.5 ppm in a vast majority of studies
of fish liver and gills.

Given the importance of gill rakers in the capture and
selection of food and also in the defense of gills, this study
aimed to detect histological changes in response to
exposure to low concentrations of biodegradable
detergents, keeping in mind that river pollution occurs with
low doses.

MATERIALS AND METHODS

This project was approved by the local ethics committee.
Sixty individuals of the species Astyanax altiparanae in the
same stage of development were obtained from the ICMBio
/ CEPTA - Instituto Chico Mendes (Pirassununga, SP),
originally sampled in Mogi Guagu. The fish were kept in two
polyethylene tanks of 500 L capacity inside a greenhouse
and fed with the same feed provided in ICMBio / CEPTA -
Mendes Institute.

Half of the fish composed the control group (CG), that was
kept in water from the artesian well on campus (UNESP Rio
Claro - Sao Paulo, Brazil - 22 ° 24 '36 "S, 47 ° 33'36" W).
Such water is treated with chlorine before becoming
available for use in obedience to the legislation by regional
authorities (SABESP, 2012), but it was recirculated to
reduce chlorine levels prior to experimentation (Pereira et
al, 2014). The remaining fish comprised the detergent
group (DG) and were kept in a dilution of a mixture of ten
brands of commercial biodegradable detergents in the
same artesian well water, in a 1: 1000000 ratio.

Water from both groups was analyzed according to the
Standard Methods for the Examination of Water and Waste
water (Apha, 2005). The parameters are listed in Table 1.

Exposure time was set to five months with two sampling
campaigns, one after thirty days from the beginning of
experimentation and one after the fifth month. Fish were
anaesthetized with benzocaine solution before each
sampling campaign (0.1 g of benzocaine in 1 ml of ethyl
alcohol for each 100 mL of deionized water) to ease the
suffering during the dissection process.

Light microscopy

For histological analyses, 24 subjects were sacrificed, 6
from each group in every sampling campaign. The first left

Table 1: Chemical parameters of water analysis from the control and
detergent groups.

Control Detergent
Parameter

group group
HCO3-(mg/L) 1.2 49
Li*(mg/L) <0.01 <0.01
Na*(mg/L) 17.5 20.1
NHa*(mg/L) 10.7 2.15
K*(mg/L) 6.39 6.68
Cl0z-(mg/L) <0.01 <0.01
F-(mg/L) 0.25 0.23
CL-(mg/L) 8.56 5.56
NO2-(mg/L) <0.04 1.15
NOs3-(mg/L) 121 106
P043-(mg/L) 18.9 9.33
S042-(mg/L) 11.6 10.4
Acetato (mg/L) <0.10 <0.10
C204%2(mg/L) <0.03 <0.03
Al (mg/L) 0.10 0.079
Ba (mg/L) 0.075 0.092
Ca (mg/L) 18.6 17.8
Cd (mg/L) <0.010 <0.010
Co (mg/L) <0.010 <0.010
Cr (mg/L) <0.010 <0.010
Cu (mg/L) <0.010 0.010
Fe (mg/L) 0.021 0.029
Mg (mg/L) 3.69 4.55
Mn (mg/L) 0.27 0.21
Ni (mg/L) <0.010 0.066
P (mg/L) 6.79 3.46
Pb (mg/L) <0.020 <0.020
Si (mg/L) 5.72 6.30
Sr (mg/L) 0.12 0.12
Zn (mg/L) 0.84 0.50
Temperature (°C) 15.6 15.4
Conductibility (uS/cm) 282 237
pH 5.39 6.04
LAS concentration (mg/L) 0 0.375

Note: Analyses are based on the standard methods for the examination of
water and wastewater, 21st edition, 2005.

gill arches of all animals were removed and fragments were
fixed in aqueous Bouin, paraformaldehyde 0.4% and
neutral formalin. The material was stained with PAS, Alcian
Blue (AB) pH 1.0 and 2.5 simultaneously and separately, for
the detection of mucous cells according to Becak and
Paulete (1976), and Von Kossa, for the visualization of
mitochondria-rich cells according to Pereira and Caetano
(2009).

Mucous cells that reacted to the PAS technique, AB pH =
2.5, PAS/AB pH = 2.5/AB pH 1.0 and AB pH=1.0, were
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Table 2: Means and standard deviation of the four types of mucous cells for each group at one month of experiment and statistical results (p) of
the Mann-Whitney test for CGs and DGs. Note significant differences for cell types 2 and 4 between groups.

T Control Group Detergent Group Statistical results
e
yp 1 month 1 month (p)
Type 1 M=31.1 M=39.5 ns
Mucous cell [PAS+] SD=14.8 SD=19.9
Type 2 M=9.4 M=18.6 <0.05
Mucous cell [AB+ (pH= 2.5)] SD=7.8 SD=3.7 '
Type 3 M= 8.6 M= 28.5 005
Mucous cell [PAS/AB* (pH= 1.0)/AB* (pH= 2.5)] SD=9.3 SD=17.2 '
Type 4 M=10.7 M=16.3 .
Mucous cell [AB* (pH= 1.0)] SD=11.1 SD=8.6

Notes: SD= standard deviation, M= mean, ns= non-significant.

respectively named type 1, 2, 3 and 4, according to Paulino
etal. (2012).

Statistical analysis

Mucous cells present in 10 gill rakers of approximately the
same size were considered for statistical analyses. Average
count scores of the above cells from control and detergent
groups were compared with the F test for homogeneity of
variance (Berqud, 1981; Zar, 1999). Normality was verified
by the Shapiro-Wilk test and, since no group passed the
test, the Mann-Whitney test was used to compare the
differences between groups (Berqud, 1981; Zar, 1999;
Ayres, 2011). Analyzes were run in the BioEstat 5 software
(Ayres et al.,, 2007).

RESULTS
Thirty-day analysis

The Mann-Whitney test found no significant changes in
mucous cell number for types 1 and 4 (p>0.05). However,
types 2 and 3 proliferated in DGs(p<0.05) (Table 2) (Figure
1) as compared with CGs (Figure 2). Mucous cells present in
gill rakers of the DG fish also reacted to the Von Kossa
technique (Figures 3 and 4).

Five-month analysis
Mucous cell counts of types 2, 3 and 4 showed no significant

difference between groups (p<0.05), unlike type 1, which
suffered a reduction in DGs as compared with CGs (p <0.05)

according to the Mann-Whitney test (Table 3). Also, mucous
cells present in the rakers of DG fish reacted to Von Kossa
(Figures 5 and 6), including cells from the distal region of
rakers during the process of content release (Figure 6).
Mucous cells in the gill rakers of subjects from the CG did
not respond to Von Kossa(Figure 7); however, no
mitochondria-rich cells were visualized with this technique
either, in both experimental groups. The decrease in
mucous cell number (Table 3)in the DG can be directly
observed as compared with CGs fish due to mucous
hypersecretion (Figures 8 and 9, 10).

DISCUSSION

No significant changes in mucous cell numbers were found
with the Mann-Whitney test for types 1 and 4 in the first
month of the experiment(p> 0.05), meanwhile types 2 and
3 proliferated in the DG (p<0.05) (Table 2). In the fifth
month of experiment, no significant differences between
groups were found for types 2, 3 and 4 (p> 0.05), unlike
type 1 mucous cells, which reduced in number in DGs in
relation to CGs (p <0.05) (Table 3).

Roy (1988b) found different results in the operculum,
arch and gill filament epithelium of Rita rita exposed to SDS
detergent: stressed fish secreted mainly neutral mucous,
while those free of stress secreted acid mucus. However,
Saboaia-Moraes et al. (2011) warn that when comparing
the effects of pollutants on gills and gill rakers, they may
react differently to the same stimulus; for example, gill
rakers are less sensitive to salinity variations as compared
with gills. Thus, gill raker responses to stress caused by
detergent exposure could be acid mucous production
instead of neutral mucous as reported for gills of Rita rita
(Roy, 1988b).
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Figure 1: Gill rakers of A. altiparanae after 30 days of experimentation. Mucous cells (MC) scattered on
the gill raker surface (GR) from the detergent group. TB: taste bud. PAS technique. Scale bar = 100 pm.
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Figure 2: Gill rakers of A. altiparanae after 30 days of experimentation. Fewer mucous cells positively
reacting to PAS in the gill raker surface (GR) from the control group. Scale bar = 100 pum.
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Figure 3: Gill rakers of A. altiparanae after 30 days of
experimentation. Mucous cells (MC) in gill raker (GR) of the detergent
group that reacted to the Von Kossa technique. Scale bar = 100 pm.
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Figure 4: Gill rakers of A. altiparanae after 30 days of
experimentation. Mucous cells releasing content (arrow). Von Kossa
technique. GR: gill raker. Scale bar = 100 pm.

Table 3: Means and standard deviation of the four types of mucous cells for each group at five months of experiment and statistical results (p)
of the Mann-Whitney test for CGs and DGs. Note significant differences for cell type 1 between groups.

Control group Detergent group Statistical results

Type

5 months 5 months (p)
Type 1 M= 24.8 M=11.0 005
Mucous cell [PAS*] SD=10.8 SD=5.6 '
Type 2 M= 14.2 M= 6.2

ns

Mucous cell [AB* (pH= 2.5)] SD=12.8 SD=5.3
Type 3 M=20.8 M=11.8 .
Mucous cell [PAS/AB* (pH= 1.0)/AB* (pH= 2.5)] SD=6.9 SD=12.4
Type 4 M= 14.1 M= 6.1
Mucous cell [AB* (pH=1.0)] SD=17.6 SD=3.0 ns

Notes: SD= standard deviation, M= mean, ns= non-significant.



Academia Journal of Environmental Science; Lopes et al. 100

GR

100 pm

Figure 5: Gill rakers of A. altiparanae after 30 days of experimentation. Non-reactive
gill raker from the control group. Von Kossa technique. GR: gill raker. Scale bar = 100

pm.
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Figure 6: Gill rakers of A. altiparanae after 5 months of experimentation. Non-reactive
gill raker from the control group. Von Kossa technique. TB: taste bud. Scale bar = 100 pm.

Duncan et al. (2010) point out that the viscosity of the
mucous glycoconjugates determines its role in the body
when released. In having a lower viscosity, neutral
glycoconjugates are important to protect and lubricate the
body against injury, whilst acid mucous, presenting a

higher viscosity, has the role of fixing small organic and
inorganic material and defending the body against injury
and pathogen proliferation (Duncan et al., 2010).
Accordingly, when gill rakers came into contact with
detergent in the first 30 days, many of the acid mucous cells
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Figure 7: Gill rakers of A. altiparanae after 5 months of experimentation. Mucous cells releasing

content, as can be observed on the borders (light brown) of the gill raker(GR) apex. Detergent
group. Von Kossa technique. Scale bar = 100 pm.
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Figure 8: Gill rakers of A. altiparanae after 5 months of experimentation. Mucous cells (MC)
in gill raker (GR) of the control group. Alcian Blue technique pH= 1,0. Scale bar = 100 pm.

were produced in an attempt to protect the animal from
any damage caused by the contaminant toxicity. As the
body remained in contact with the chemical agent, at the

end of five months, the neutral mucous cell production
dropped, possibly due to its wide use in the protection
against potential injuries caused by the detergent.
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Figure 9: Gill rakers of A. altiparanae after 5 months of experimentation. Fewer mucous
cells (MC) in gill raker (GR) of the detergent group, some releasing their content (blue
borders). Alcian Blue technique pH= 1,0. Scale bar = 100 pm.

Figure 10: Gill rakers of A. altiparanae after 5 months of experimentation. Detail of a
mucous cell releasing its content(arrow). Alcian Blue technique pH= 2,5. GR:gill raker.
Scale bar =100 pm.

One month of exposure also caused higher mucous cell
production in gill rakers of DG fish as compared with CG
fish (considering the sum of average mucous cell numbers
of all types in gill rakers, Mcs= 59.2 and Mpe= 102.9),
accompanied by low mucous secretion. However, five
months exposure caused an increase in the release of
mucous in DG fish and a decrease in the number of mucous
cells as compared with CGs (Mcg= 73.9 and Mpg= 35.1).

Such an increase in mucous cell number at the start of
experimentation, followed by a decrease due to
hypersecretion, has also been observed in studies by Roy
(1988b), Misra et al. (1985) and Venhuis and Mehrvar
(2004) in response to detergent exposure. In the latter case,
Venhuis and Mehrvar (2004) found that fish exposed to
0.02 -1 mg/L of LAS-based detergent showed mucous
hypersecretion, which often hindered gas exchanges.
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The role of mucous in the ionic balance between water
and blood plasma is an important aspect of the mucous
cell’s function observed in the present study and denoted
by these cells reaction to the Von Kossa technique. Other
than contributing to food retention and protecting
squamous cells, mucous may also assist in the diffusion of
water and ions (Fonseca Neto and Spach, 1999) because its
glycoprotein’s electric charge attract ions and cations from
the environment to be absorbed by mitochondria-rich cells
(Pauline et al., 2012). Such an attraction generates an ionic
gradient on the body surface which helps protect the
respective organ (Paulino et al., 2012), in this study’s case,
gill rakers.

ACKNOWLEDGMENTS

The authors are thankful to FAPESP, process number:
2009/17118-9, for their financial support and to
ICMBio/CEPTA—Instituto Chico Mendes for providing the
specimens used in these experiments.

REFERENCES

Apha (2005). American Public Health Association. Standard methods for
the examination of water and wastewater. 21st ed. Washington.

Araujo EJA, Morais JOR, Souza PR, Sabdia-Morais SMT (2001). Efeito de
poluentes quimicos cumulativos e mutagénicos durante o
desenvolvimento ontogenético de Poecilia
vivipara(Cyprinodontiformes, Poeciliidae). Acta Sci. 23(2): 391-399.

Ayres M (2011). Elementos de Bioestatistica: a seiva do agaizeiro. 2nd ed.
Belém: [s.n.].

Ayres M, Ayres Jr. M, Ayres DL, Santos AS (2007). BioEstat 5.0: Aplicac¢des
estatisticas nas areas de Ciéncias Biologicas e Médicas. Belém:
Sociedade Civil Mamiraud; Brasilia: CNPq.

Becak W, Paulete ] (1976). Técnicas de citologia e histologia. Sdo Paulo:
LivrosTécnicos e Cientificos. 2 v.

Berqué ES, Souza JMP, Gotlieb SLD (1981). Bioestatistica. Sio Paulo: EPU.

Brown VM, Mitrovic VV, Stark GTC (1968). Effects of chronic exposure to
zinc on toxicity of a mixture of detergent and zinc. Water Res. 2(4): 255-
263.

Duncan WP, da Costa OT, Sakuragui MM, Fernandes MN (2010). Functional
morphology of the gill in amazonian freshwater stingrays
(Chondrichthyes: Potamotrygonidae): Implications for adaptation to
freshwater. Physiol. Biochem. Zool. 83(1): 19-32.

Eiras-Stofella DR, Charvet-Almeida P (1998). Ultrastructure (SEM) of the
gills of Prochilodus scrofa Steindachner (Pisces, Teleostei). Rev Bras.
Zool. 15(2): 279-287.

Eiras-stofella DR, Charvet-Almeida P (2000). Gills scanning images of the
seawater fish Eugerres brasilianus (Gerreidae). Braz. Arch. Biol. Technol.
43(4): 421-423.

Fonseca Neto, JC, Spach HL (1999). Morfologia e ultraestrutura de arcos
branquiais de juvenis de Mugilplatanus Giinther (Pisces, Mugilidae).
Rev. Bras. Zool. 16(4): 489-500.

Hara T], Thompson BE (1978). The reaction of whitefish, Coregonus
clupeaformis, to the anionic detergent sodium lauryl sulphate and its
effects on their olfactory responses. Water Res. 12(10): 893-897.

Kumari U, Yashpal M, Mittal S, Mittal AK (2005). Morphology of the
pharyngeal cavity, especially the surface ultrastructure of gill arches
and gill rakers in relation to the feeding ecology of the catfish Rita
rita(Siluriformes, Bagridae). ]. Morphol. 265(2): 197-208.

Lima FB, Braccini MC, Diaz AO, Pinheiro Jr. C, Guimardes ACG (2009).
Morfologia das brinquias de Steindachnerina brevipinna (Eigenmann
and Eigenmann, 1889) (Characiformes, Curimatidae). Biotemas, 22: 87-
92.

Machado MR (1999). Uso de branquias de peixes como in dicadores de
qualidade das dguas. UNOPAR Cient,CiéncBiolSatide. 1: 63-76.

Misra V, Chawla G, Kumar V, Lal H, Viswanathan PN (1987). Effect of linear
alkyl benzene sulfonate in skin of fish fingerlings (Cirrhinamrigala):
Observations with scanning electron microscope. Ecotox. Environ. Safe.
13(2): 164-168.

Misra V, Lal H, Chawla G, Viswanathan PN (1985). Pathomorphological
changes in gills of fish fingerlings (Cirrhinamrigala) by linear alkyl
benzene sulfonate. Ecotox. Environ. Safe. 10(3): 302-308.

Oliveira Ribeiro CA, Menin E (1996). Anatomia da cavidadebucofaringeana
de Trichomycterus brasiliensis (Reinhardt) e suas relagdes com os
habitos alimentares (Siluroidei, Trichomycteridae). Acta Biol. Parana,
25:159-171.

Paulino MG, Souza NES, Fernandes MN (2012). Subchronic exposure to
antrazine induces biochemical and histophatological changes in the gills
of a Neotropical freshwater fish. Prochilodus lineatus. Ecotox. Environ.
Safe. 80: 6-13.

Pereira BF, Alves AL, Senhorini JA, Rocha RCGA, Scalize PH, Pitol DL,
Caetano FH (2014). Effects of Biodegradable Detergents in
Morphological Parameters of Liver in Two Neotropical Fish Species
(Prochilodus lineatus and Astyanax altiparanae). Microsc. Res. 2(2): 39-
49.

Pereira BF, Caetano FH (2009). Histochemical technique for the detection
of chloride cells in fish. Micron. 40(8): 783-786.

Rodrigues FL, Bemvenuti MA (2001). Habito alimentar e osteologia da
boca do peixe-rei, Odontesthes humensis de Buen (Atheriniformes,
Atherinopsidae) na Lagoa Mirim, Rio Grande do Sul, Brasil. Rev. Bras.
Zool. 18(3): 793-802.

Rodrigues SS, Menin E (2006). Anatomia da cavidade bucofaringeana de
Salminus brasiliensis (Cuvier, 1817) (Pisces, Characidae, Salmininae).
Biotemas. 19(1): 41-50.

Roy D (1988a). Toxicity of an anionic detergent, dodecylbenzene sodium
sulfonate, to a freshwater fish, Rita rita: Determination of LCso values by
different methods. Ecotox. Environ. Safe. 15(2): 186-194.

Roy D (1988b). Statistical analysis of anionic detergent-induced changes in
the goblet mucous cells of opercular epidermis and gill epithelium of
Rita rita (Ham.) (Bagridae: Pisces). Ecotox. Environ. Safe. 15(3): 260-
271.

SABESP (2012). Disponivelem: <http://site.sabesp.com.br>Acesso em: 22
abr. 2012.

Saboaia-Moraes SMT, Hernandes-Blazquez F], Mota DL, Bittencourt AM
(1996). Mucous cell types in the branchial epithelium of the euryhaline
fish Poecilia vivipara. ]. Fish Biol. 49(3): 545-548.

Saboaia-Moraes SMT, Saldiva PHN, Silva JRMC, Yamada AT, Aloia TPA,
Hernandez-Blazquez F] (2011). Adaptation of the gill epithelium of
aneuryhaline fish, the guppy (Poecilia vivipara), to freshwater. Braz. J.
Vet. Res. Anim. Sci. 48(1): 5-13.

Sampaio ALA, Goulart E (2011). Ciclideos neotropicais: ecomorfologia
trofica. Oecol. Aust. 15(4): 775-798.

Sergipense S, Caramaschi EP, Sazima [ (1999). Morfologia e
habitosalimentares de duasespécies de Engraulidae (Teleostei,
Clupeiformes) na Baia de Sepetiba, Rio de Janeiro. Rev. Bras. Oceanogr.
47(2): 173-188.

Venhuis SH, Mehrvar M (2004). Health effects, environmental impacts, and
photochemical degradation of selected surfactants in water. Int. J.
Photoenergy. 6(3): 115-125.

Zar JH (1999). Biostatical Analysis. 4thed. New Jersey: Prentice Hall. pp.
633.



