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Abstract

Petroleum water soluble fraction (WSF) impairs organisms, but damages may vary among cell and tissue levels.
The aim of the present study was to evaluate the acute (24 h, 48 h, 72 h) and subchronic effects (36 days) of WSF
(0%, 25% and 100%) in juveniles of the Neotropical top predator fish Hoplias aff. malabaricus. The effects of WSF
were evaluated at a molecular level using the comet assay and micronucleus test for genome damage; and at a
morphological level through histological identification of liver pathologic lesions. In both acute and subchronic
exposure we found low levels of DNA damage (< 10% of comet tail) and non-significant frequency of micronucleus
in WSF exposed fish. The most significant liver lesions in WSF exposed fish were fatty vacuolization, hypertrophy
and focal necrosis. Since these tissue injuries were progressive and persistent, their irreversibility may negatively
affect fish recruitment, even in a such resistant top predator.

Keywords: Brazil, comet assay, micronucleus, necrosis, PAH.

Resumo

A fragdo soltvel de petréleo (WSF) prejudica os organismos, porém os danos podem variar entre os niveis celular
e tecidual. O objetivo do presente estudo foi avaliar o efeito agudo (24 h, 48 h e 72 h) e subcronico (36 dias)
da WSF (0%, 25% e 100%) em juvenis do peixe neotropical predador topo Hoplias aff. malabaricus. Os efeitos da
WSF foram avaliados no nivel molecular utilizando o ensaio do cometa e o teste do micronticleo para o dano
gendmico e no nivel morfolégico através da identificagdo histologica de lesdes patolégicas no figado. Em ambas
exposicdes (aguda e subcronica) encontramos baixos niveis de dano no DNA (< 10% de DNA na cauda do cometa)
e frequéncia de micronticleos ndo significativa em peixes expostos a WSF. As lesdes mais significativas no figado
dos peixes expostos a WSF foram a vacuolizagdo lipidica, hipertrofia e focos de necroses. Como estas lesdes foram
progressivas e persistentes, sua irreversibilidade pode afetar negativamente o recrutamento dos peixes, mesmo
sendo um predador topo resistente.

Palavras-chave: Brasil, ensaio do cometa, microntcleo, necrose, HPA.

1. Introduction

Brazil currently occupies the sixth position on crude
oil production, which comprises approximately 5.5% of
the world amount (Trading Economics, 2019). Within the
southeast coast of the country, the Campos Basin oil field
corresponds historically to one of the most productive
offshore areas, concentrating platforms, stocking ducts,

and heavy vessels traffic related to petroleum extraction
activities. Although marine compartments are much more
susceptible to contamination risks from offshore oil spills,
hundreds of coastal waterbodies, such as shallow lagoons
[that in Brazil are mostly concentrated along the southeast
coast (Petry et al., 2016)] may also be contaminated
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throughout seawater intrusion, percolation and sandbar
breaking. Within the freshwater fish assemblages that
inhabit these environments, the trahira Hoplias aff.
malabaricus (Bloch, 1794) occupies the top position of the
food chains. This species is widespread through almost all
hydrographic basins of South America and exerts a keystone
effect (Oyakawa, 2003; Petry et al., 2010; Silva et al., 2011).
This sedentary and ambush fish since the juvenile stage
has been used as a model in several experimental studies,
which investigated the effects of temperature over growth
and prey consumption (Petry et al., 2007); of pesticides
over liver tissue (Miranda et al., 2008); of metals and
pesticides over DNA (Cestari et al., 2004; Ferraro et al.,
2004; Ramsdorf et al., 2009); and of petroleum over
feeding and growth rates (Santos et al., 2016).

The toxicity of the water soluble fraction of petroleum
(hereafter named WSF) derives from the processes of
spreading, drifting, evaporation, dissolution, photolysis,
biodegradation of oil and its conversion to petroleum
metabolites (Mackay and McAuliffe, 1988; Daling et al.,
1990). WSF of crude oil contains aromatic hydrocarbons,
phenolic and heterocyclic compounds with nitrogen
and sulfur elements (Saeed and Al-Mutairi, 1999), most
of them potentially carcinogenic (Khan et al., 1995;
Woo et al., 2006). Polycyclic aromatic hydrocarbons
(PAH) such as pyrene, chrysene, benzo(b)fluoranthene,
benzo(a)pyrene (known as carcinogenic PAHs) are largely
recognized as genotoxic (Hamouten et al.,2002; Jha, 2004;
Lemos et al., 2007; Weber et al., 2013). Their toxic effects
have been widely reported on aquatic organisms after
oil-spillages (Collier et al., 1996; Nicodem et al., 1997;
Bue et al,, 1998; Saeed and Al-Mutairi, 1999; Peterson et al.,
2003; Akaishi et al., 2004; Pérez-Cadahia et al., 2004).
The high absorption rates of WSF components determine
immediate toxic effects in aquatic organisms and may
also bioaccumulate in some of them, in a process that
reverberate negative effects throughout the trophic chain
(Collier et al., 1996; Akaishi et al., 2004). Due to the presence
of polar components, WSF has been considered even more
toxic than droplets (Zhou et al., 1994; Nicodem et al., 1997;
Vanzella et al., 2007). As the increasing use of petroleum
and derivates makes practically impossible to escape from
environmental contamination (Laws, 1993), the evaluation
of the WSF of crude-oil from a top-down perspective (i.e.,
on top predators) is still necessary for both understanding
the sensitivity of aquatic organisms and consequences on
the population and food chain levels (Sedefio-Diaz and
Lopez-Lopez, 2012).

Bioassays allow to detect damage response both at
the genomic (ex. Gomes et al., 2019) and histological
levels (ex. Paulo et al., 2012; Al-Otaibi et al., 2019), where
micronucleus frequency and histopathological lesions may
represent the “early warning” of physiological disturbances
(Costa, 2018; Couoh-Puga et al., 2021). In this study, we
simulated both acute and subchronic petroleum WSF
contamination in Hoplias aff. malabaricus to understand
the extent of genomic and organ damage in such a top
predator fish at different times of exposure.
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2. Material and Methods

2.1. Animals and acclimation

Juveniles of Hoplias aff. malabaricus showing a size
range of 12.6 + 4.8 cm total length were captured in coastal
lagoons at the North of the state of Rio de Janeiro between
September 2011 and May 2012, and transported alive to
the aquatic bioterium of the Instituto de Biodiversidade e
Sustentabilidade, Universidade Federal do Rio de Janeiro
(NUPEM/UFR]). They were acclimated for 15 days in 12 L
tank of clean freshwater at 25 + 1 °C with constant aeration.
They were fed every 72 h with alive commercially acquired
tetra fish (Hyphessobrycon eques), when 70% of the water
was exchanged. Feeding was suspended 72 h before the
initiation of the acute and subchronic tests.

2.2. Preparation of Water Soluble Fraction (WSF)

Water soluble fraction in accordance to Anderson et al.
(1974) represents the behavior of crude oil in the
environment, which concentration will depend on the
proximity in time and distance of the spillage event and
the intensity of waves action. Therefore, a wide range
of concentrations of WSF will be observed between the
spillage event and the complete decontamination of the
affected area.

The heavy crude oil (API 17¢; Trevisan et al., 2009) was
obtained from the Jubarte oil field situated at 77 km off
the southeast of Brazil, which composition of benzene,
ethylbenzene, toluene and xylene (BTEX analysis) are
shown in Table 1. WSF preparation followed Anderson et al.
(1974) with modifications (for details, see Santos et al.,
2016). Modifications were based on a previous work
(Weber et al., 2013), which used the relation of Jubarte
crude oil:water (1:4 w.v') and proved to be not lethal for
a much more sensible organism (amphipod, Crustacea;
LC,y 701y = 51% WSF) at the level of 17.6% WSF. Afterwards,
in preliminary bioassays (48 h and 72 h; data not shown)
it was confirmed that these concentrations are sublethal
for the trahira. One part of crude oil (1.2 Kg) was mixed
with four parts of filtered and sterilized tap water (4.8 L)
(1:4w.v'') and homogenized with a magnetic stirrer for 24 h
at 500 rpm in dark. Afterwards, the mixture was transferred
to a settling funnel and left for 2 h, when the lower phase
(water fraction) was collected. This freshly obtained
fraction was considered the 100% WSF, from which the
25% dilution was prepared by adding freshwater. The 100%
WSF composition was determined in the CQA Laboratory
(Centro de Qualidade Analitica, Campinas, S3o Paulo) (see
Table 1). BTEX analysis of this fraction did not detected
components at the level of 0.0020 mg L. Therefore, a
qualitative analysis of this fraction was performed in the
Chemistry Laboratory of NUPEM/UFR] and employed gas
chromatography and mass spectrophotometry (Shimadzu
CGMS-QP2010 Plus). The WSF fraction was submitted to
liquid-liquid partition using solvents of increased polarity
(three steps): hexane, dichloromethane and butanol.
For each step, 600 mL of WSF and 30 mL of extraction
solvent were used. The mixture was stirred and the organic
phase was collected. The extraction was repeated with
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Table 1. Components in crude oil and in100% WSF used in this study.

Petroleum effects on Hopplias aff. malabaricus

Crude Oil 100% WSF
BTEX Analysis Qualitative Analysis®

Component (mgL) Classes of Organic Compounds % FH % FD % FB
Benzene 392.45 Aliphatics Hydrocarbons (linear and branched) 223 33 1.8
Toluene 542.38 Monoaromatic Hydrocarbons 63.8 23.6 2.6
Ethylbenzene 58.96 Aromatics Hydrocarbons 51 0 90.9

Xylene 169.81 Olefins Hydrocarbons 0 4.4 0

Other components 5.5 40.8 0

2CQA laboratory, detection level of 0.0020 mg L'; ®°CG/MS at Laboratério Integrado de Quimica, NUPEM/UFRJ; Results were expressed as
relative percentage of organic classes in the fractions. % FH: hexane fraction; % FD: dichloromethane fraction; % FB: butanol fraction.

each solvent. At the end of each step, the solvent was
evaporated using a rotaevaporator Buchi R-210/R-215 and
the hexane, dichloromethane and butanol fractions were
obtained. Chemical profiles were then compared to the
NIST 2008 library. Results were expressed as relative
percentage of organic classes in each fraction.

2.3. Experimental design

Four independent experiments differing in time of
exposure (acute tests: 24 h, 48 h, 72 h; subchronic test:
36 days) were carried out between October 2011 and June
2012.In all experiments fish were exposed to the following
treatments: 0% WSF (control), 25% WSF and 100% WSF.
During the acute tests, 4 fish/treatment/time of exposure
were allocated in individual 8 L aquaria without feeding and
water exchange; constant aeration and water temperature
of 25 + 1 °C. During the subchronic test, 5 fish/treatment
were allocated in individual 8 L aquaria without feeding
and with weekly water exchange; constant aeration and
water temperature of 25 + 1 °C. At the end of each exposure
time, fish were sedated with 6.7 mL L' benzocaine bath
obtained from an ethanol stock solution of 80 g L'. Then,
blood was extracted from the caudal vein using a 0.1 M
EDTA pre-coated 1 ml-syringe for the subsequent tests
of genotoxicity. Fish were then euthanized by a cervical
section incision and immediately the liver was removed
and fixed in Bouin (75 mL picric acid; 25 mL formaldehyde
40%; 5 mL glacial acetic acid) for histological analysis.
Procedures were in accordance with the Brazilian legislation
and were authorized by the Ethics Committee of Animal
Experimentation of the Federal University of Rio de Janeiro
(#Macae09/2012).

2.4. Genotoxicity tests

2.4.1. Comet assay

Fresh blood (5 pL) was mixed with 100 pL 0.5% low
melting agarose (LMA) and poured over the pre-coated
slide with 1 mL 0.5% agarose. An additional layer of 100 uL
0.5% LMA was added to the slide. The preparation was
submitted first to lysis buffer (2.5 M NaCl, 10 mM Tris,
100 mM EDTA, 1% SDS, 10% DMSO, 1% de Triton X-100, pH
10) for 20 min at 4-7 °C in dark; secondly was denatured
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in alkaline solution (300 mM NaOH, 1 mM EDTA, pH > 13)
for 20 min and immediately submitted to electrophoresis
at 320 mA and 33 volts for another 20 min. On the last
step, slides were neutralized with Tris-HCI, pH 7.0 and
fixed with absolute ethanol. The reduced time of each step
was already tested by Weber et al. (2013). After drying at
room temperature, the samples in the slides were stained
with fluorescent DAPI (4'6’-diamidino-2-Phenylindol) dye
and visualized in epifluorescent microscope (Olympus).
One hundred comets (nucleoids of erythrocytes) per fish
were photographed and the following measurements
were taken from each comet using the CometScore™,
v.1.6.1.13 software (TriTek Co.): (CL) comet length, (TL) tail
length, (%T) % of DNA in tail, (TM) tail moment and (OM)
olive moment. Measures of central tendency of those
measures (means) were compared between fish exposed
and non-exposed to WSF by Mann-Whitney U test.

2.4.2. Micronuclei test

Fish blood sample was smeared over a clean slide
immediately after extraction. Those slides were left to
dry overnight at room temperature and then fixed with
methanol. Afterwards, smears were stained with fluorescent
dye, 0.01% acridine orange, and 2,000 cells/fish were
counted using an Olympus epifluorescent microscope.
The number of micronuclei (MN) was expressed every
1,000 cells. Due to large variances within each treatment
(and therefore non-normality checked by Kolmogorov-
Smirnov test), MN data were logarithm transformed [Log
(MN +1)]. MN transformed values were compared between
WSF exposed (25%WSF and 100% WSF) and non-exposed
(0%WSF) fish by Mann-Whitney U test.

2.5. Histopathological analysis

Liver samples were dehydrated in a serial of ethanol
dilutions followed by the inclusion in Paraplast-Plus
(Sigma) resin. Inclusions (resin blocks) were submitted
to an automatized microtome (Leica, RM-2155) to obtain
sections of liver tissue of 5 pm thickness. On average, ten
sections per replicate were stained with hematoxylin/
eosin and examined in an optic Olympus microscope
using the PDC Controller software for image capture.
Histological alterations were identified and categorized
using quantitative and qualitative criteria in accordance
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to Bernet et al. (1999). Histopathological lesions in four
reaction patterns encompassed liver tissues alterations
(ALT): 1. Circulatory disturbances, which evaluated the
conditions of blood and fluid flow, herein limited to blood
vessel congestion; 2. Regressive changes, which determine
malformation or dysfunction of cellular structures as a
result of cell damage, herein a) fatty vacuolization, b)
granule deposits, ¢) nuclear alterations and d) necrosis;
3. Progressive changes, which lead to an increased activity
of cells and tissues, herein limited to hypertrophy;
and 4. Inflammation, often associated to other reaction
patterns, herein a) cell infiltrations, b) melanomacrophage
aggregates and c) lipogranulomes. Each alteration received
a pre-stablished value in accordance to its pathological
importance sensu Bernet et al. (1999), called “importance
factor” (w): where, w = 1, represents minimal pathological
importance (lesions that are easily reversed as exposure
ends); w =2, represents moderate pathological importance
(still reversible lesions in most cases if the stressor is
neutralized) and w = 3, represents marked pathological
importance (generally non-reversible lesions, leading to
partial or total loss of organ function). Therefore, most
alterations received score 1 (w = 1), whereas nuclear
alterations and inflammatory infiltrates received score
2 (w = 2) and necrosis, score 3 (w = 3). The extension of
the pathological change (a) is rated by a “score value”
(Bernet etal., 1999), where a = 0 means unchanged, a=2 is
mild occurrence, a = 4 is moderate occurrence, and a =6 is
severe occurrence (diffuse lesion). The alteration index
(I,=w x a) was calculated for each fish and the average
of each treatment was compared. The reaction pattern
index (I =1, ) represents the sum of the mean alteration
indexes, whereas the liver index (Iorg= ) Irp) represents
the sum of the reaction patterns (see Bernet et al., 1999).
The Induction Factor (IF; Srut et al., 2011) represents the
ratio between the I obtained from WSF exposure unit and
I, fromits respective control. Mean comparisons between
WSF exposed and non-exposed units and between different
treatments were performed using Mann-Whitney U test,
whereas for the effect of time of exposure comparisons
were performed by Kruskal-Wallis test. Whenever the
multiple comparisons detected significant differences, the
post-hoc Duncan test was performed to determine which
exposition times most affected the response variables.
We assumed a significance level a = 0.05 and used the
statistical package STATISTICA for Windows, v. 5 (Statsoft,
Inc.) for graphs and analyses.

3. Results

The exposure of juveniles of H. aff. malabaricus to
petroleum WSF revealed in general low levels of DNA
damage (< 10% tail DNA), but most comet measurements (CT,
TL, %T, TM, OM) revealed significant differences between
exposed and non-exposed individuals in both acute and
subchronic tests (Figure 1). The pairwise comparison
evidenced that 25% WSF was the most genotoxic treatment
by the higher damage both on acute (48 h) and subchronic
(36 days) exposure, whereas 100% WSF was most significant
on acute (72 h) exposure (Figure 1). Micronuclei were
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low in the first 48 h of exposure, not differing among
treatments. After 72 h of exposure the increase of variation
in individual fish response was more evident (Figure 2A),
although this pattern was also evident in the controls.
Therefore, no significant differences were detected in MN
between treated and control fish (Figure 2B).

The hepatic parenchyma shows pancreatic tissue
formed by acinar cells rich in zymogenic granulations with
diffuse distribution and associated to the blood vessels.
Hepatocytes arranged in linear structures, surrounding
sinusoidal capillaries and irradiating in direction to the
central vessel were observed in liver tissue of most of the
non-affected fish, those from control units. These ones
also showed hepatocytes characterized by homogeneous
cytoplasm and granulations, spherical nucleus and
prominent nucleolus. The central veins, hepatic sinusoids
and biliary ducts were preserved (Figure 3A, C, E). On the
other hand, WSF exposed fish showed accumulation of
lipid drops in hepatocytes (lipid vacuolization) (Figure 3B)
and brown and eosinophilic coarse grains were observed
in the cytoplasm. Perivascular inflammatory infiltrated
areas were also seen in those samples. The presence of
melanomacrophage aggregates of various sizes were
mainly observed around the capsule region containing
macrophage-like cells with brown pigmentation and
inflammatory infiltrated cells. Also, discrete number of
lipogranulomes in the parenchyma were observed, which
were formed of fat globules in different number and sizes,
surrounded by mononuclear inflammatory cells and brown
pigments deposits. Some significant changes were also
observed in WSF treated fish, such as fatty vacuolization
(Figure 3B), nuclear degenerations, hypertrophy (Figure 3D)
and necrosis (Figure 3F). Most alterations, such as nuclear
alterations, focal areas of necrosis, increase of cell volume
(hypertrophy) and leucocyte infiltration were observed at
the first 24 h of exposure.

Discrete blood vessels congestions, granule deposits
and the increase of lipid drops in the hepatocytes (fatty
vacuolization) began at 48 h of WSF exposure (Figure 4A).
Fatty vacuolization and necrosis were observed at the
end of the subchronic test (at 36 days) as increased and
persistent lesions (Figure 4A). Bile stagnation and increase
of melanomacrophage aggregates were not related to
WSF exposure, since they were present in both controls
and treated fish.

The significantly toxic effects of WSF in the trahira
was evidenced by nuclear alterations on the first 24 h of
exposure (p = 0.0006), characterized by abnormal size and
form, chromatin condensation and glycogen inclusion,
which were not maintained afterwards. Significant toxicity
was also observed by perivascular focal necrotic points at
both concentrations (25%, p = 0.0420; 100%, p =0.0110) in
the acute test and also in the subchronic test (p =0.0052).
Hypertrophy was characterized by the significant increase
of hepatocyte volume only at 25% WSF (p =0.0170), but no
more evident in the subchronic test (p = 0.0212), showing
a positive effect of time. Fatty vacuolization, on the other
hand increased with time of exposure (p = 0.0159). When
comparing the global mean changes, fatty vacuolization,
necrosis and hypertrophy were significantly altered in
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Figure 1. Levels of DNA damage (mean * standard error) in erythrocytes of Hoplias aff. malabaricus in four independent experiments
with different times of exposure: three acute tests (24 h, 48 h and 72 h; N = 4/treatment and time of exposure) and one subchronic
test (36 days; N = 5/treatment). Controls were represented by 0% WSF, and all experiments tested 25% WSF and 100% WSF. For each
fish, 100 comets (nucleoids) were evaluated. The mean of a treatment represents the mean across individual means. (CL) comet length,
(TL) tail length, (%T) % of DNA in tail, (TM) tail moment and (OM) olive moment. Significance of DNA damage (*) at WSF treatments

were evaluated against the respective control.

the trahira under WSF exposure (Figure 4B), with values
significantly higher than those observed in controls.

4. Discussion

The resistance of H. aff. malabaricus for adverse
environmental conditions have been reported previously,
from long-term food deprivation to contamination
with heavy metals (Rantin et al., 1992; Rios et al., 2002;
Petry et al., 2007; Ramsdorf et al., 2009). Nonetheless,
an immediate negative response to the contact with
contaminated waters are not the rule in fish species
and responses to PAH may vary largely among species

Brazilian Journal of Biology, 2024, vol. 84, 253731

(Gernhofer et al., 2001). We found that the timing of
genotoxic response of H. aff. malabaricus varied accordingly
to WSF concentrations. Fish absorption rates depends
both on the degree of exposure to the contaminant and
also onits lipid content (Moore and Ramamoorthy, 1947).
Petroleum is a mixture of thousand hydrocarbons and non-
hydrocarbons compounds, where the first may compose
up to 75% of the mixture (Albers, 2003). All hydrosoluvel
and dropped lipid compounds may enter in different
proportions into the WSF and aromatics may represent
96% of these compounds, being the monoaromatics and
naphthalenes the most represented PAHs (Frantzen et al.,
2012). Hydrocarbons compounds are absorbed selectively
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Figure 2. Results of Micronucleus Test in erythrocytes of Hoplias
aff. malabaricus measured in 2,000 cells/fish. A) Number of
micronucleus every thousand cells (MN/1,000) found in every fish
after acute exposure (24 h, 48 h, 72 h) and subchronic exposure
(36 days) to different WSF concentrations (0%WSF, representing
the control; 25%WSF and 100% WSF); B) Means of Log transformed
micronuclei/1,000 cells [Log(MN + 1)] (means + standard deviations)
for each treatment at different time of exposure. N = 4/treatment/
time of exposure for the acute tests and N = 5/treatment for the
subchronic tests.

at different rates and may be deposit in different tissues
such as liver, adipose and bone tissues; may be catalyzed
by enzymes to hydrosoluvel components and be excreted
(Pedrozo et al., 2002). By using the same WSF as those
adopted in the present work, we previously detected only
mild effects on growth and prey consumption of juvenile
H. aff. malabaricus and attributed the resistance and/or
the capacity of excretion of components metabolized by
the liver of the top-predator as reasonable mechanisms
to explain those findings (Santos et al., 2016). But the high
metabolic and hydrocarbon metabolites excretion rates
of fish (Mason, 1945) may explain the low cellular and
molecular damage found in H. aff. malabaricus.
Polycyclic aromatic hydrocarbons require metabolic
activation before the occurrence of DNA damage, which
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involves the generation of reactive oxygen species by
quinones and other aromatic nitro compounds (Lee and
Steinert, 2003). By considering that genotoxicity should
be a more sensible test than effects on the level of the
individual, we expected a higher damage response in
trahiras submitted to WSF exposure. At 36 days of WSF
exposure, trahiras showed levels of DNA damage much
lower (39.5 £ 33.4 um tail length) than those found in
the flounder Paralichthys olivaceus after 48 h exposure to
sediments contaminated with 10 ppb of benzo[a]pyrene
(76 £ 9.5 pm tail length; Woo et al., 2006). Micronucleus
formation normally requires longer exposure to
contaminant than the DNA damage detected by the comet
assay, thus suggesting mutagenesis and potential future
decline of the population. Cavas and Ergene-Goziikara
(2005) found as much as 6.5 MN/1,000 in grey mullet
erythrocytes in areas contaminated with PAH. Since
trahira did not show significant frequency of MN after
36 days of WSF exposure, we cannot predict mutagenesis
in the population, neither to rule out the possibility of
recovery, since it has been reported in other fish species
(Moreira et al., 2014; Medeiros et al., 2017).

The liver is one of the most affected organs by
contaminants (ex. Paulo et al., 2012; Al-Otaibi et al.,
2019) and plays a key role in metabolism with the
subsequent excretion of xenobiotics, detoxification and
biotransformation processes (Bernet et al., 1999; Camargo
and Martinez, 2007; Agamy, 2012). Histological lesions
(circulatory disturbances, inflammatory processes,
regressive and progressive changes) observed in the
trahira were mostly similar to those found in the licking
fish Astyanax sp. (Akaishi et al., 2004) and in the rabbit
fish Siganus canaliculus (Agamy, 2012). Fatty vacuolization
in the trahira was evident mainly after 72 h of exposure,
which may be an indicative of the liver oil retention
and probable subsequent elimination. Increased lipid
vacuolation were also observed in the rabbit fish (Agamy,
2012) and has also been attributed to increased glycogen
reserve in stressed animals (Camargo and Martinez, 2007).
However, differently from Camargo and Martinez (2007)
findings, we did not found differences in bile stagnation
neither in melanogranulomes in the liver of the exposed
and non-exposed trahiras.

Irreversible liver damage in the trahira, such as focal
necrosis, was evident from the first 24 h of WSF exposure.
Although liver necrosis did not result in death during
the trials, these liver disorders may induce to population
declination with time. It is possible that most severe
damage might occur earlier in the ontogeny, due to the
higher sensitivity of the embryonic and larval stages
compared to the juveniles. Systemic effects have been
verified in other fish species after exposure to PAH due
to high accumulation and low biotransformation at those
initial stages (Barron et al., 2004; Frantzen et al., 2012).
In addition, Bue et al. (1998) and Heintz et al. (2000)
observed decline of gametes survival in adult pink salmon
after two years of being exposed in the embryonic stage
to PAH from the Exxon Valdez oil spill. We recorded
values (I, = 5) of necrosis at 36 days of WSF exposure in
the trahira, similar of those found in S. canaliculus after
21 days of exposure to water accommodated fraction

Brazilian Journal of Biology, 2024, vol. 84, 253731
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Figure 3. Histological alterations of reaction patterns observed in Hoplias aff. malabaricus liver observed in 4 fish/treatment/time of
exposure for the acute tests (24 h, 48 h, 72 h) and 5 fish/treatment for the subchronic tests (36 days): A) Normal fatty vacuolization
(control, 0%WSF), B) Increased fatty vacuolization (FV) after 36 days of exposure to 25% WSF; C) Normal cells (control, 0%WSF); D)
Nuclear alterations (NA) and hypertrophy (HP) after 24 h of exposure to 25% WSF; E) Normal cells (control, 0%WSF) and F) focal necrosis
(NC) after 72 h exposure to 100% WSF. (BD) biliary ducts, (SN) sinusoids, (VS) veins.

(6% WAF) of petroleum (Agamy, 2012). Necrotic areas in
acute exposure observed in this study after 24 h were also
found in Astyanax sp. liver from the first 12 h of exposure
at different WSF concentrations (Akaishi et al. 2004),
indicating that liver necrosis may be a useful histological
parameter for tissue damage by contamination even in
more resistant species.

The toxicity of petroleum and WSF still remains an
important task due to the increasing petroleum industry
and use of those components for energy supply, leading
to a higher probability of leaking events and oil spills,

Brazilian Journal of Biology, 2024, vol. 84, e253731

such as the recently thousands of tons of crude oil residue
dispersed on the Brazilian coast (Barboza et al. 2019).
The top predator fish Hoplias aff. malabaricus showed to
be resistant at the molecular level (low genomic damage:
<10% tail DNA and non-significant micronucleus number) at
25% -100% WSF (1:4 w/v) heavy oil exposure from Jubarte
oil field. Nonetheless, somatic effects as liver pathologic
lesions were the most significant and persistent effects,
from which fatty vacuolization and focal necrosis persisted
at short and long-term WSF exposure. The progressive and
irreversible tissue injury represented by the focal necrosis
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Figure 4. Induction factor as a measure of liver histopathologic damage at different kind of alterations of reaction patterns in Hoplias
aff. malabaricus exposed to different WSF concentrations and times of exposure, as observed for 4 fish/treatment/time of exposure
for the acute tests (24 h, 48 h, 72 h, here expressed in days) and 5 fish/treatment for the subchronic tests (36 days). (BVC) blood vessel
congestion; (FV) fatty vacuolization; (GD) granule deposits; (NA) nuclear alterations; (NC) necrosis; (HP) hypertrophy; (CI) cell infiltrations;
(MA) melanomacrophage aggregates; and (LG) lipogranulomes. Horizontal line indicates IF = 1, when tissue alteration level in WSF
exposed units are equal to those in control units. A) Levels of damage by kind of alteration at different time of exposure; B) Mean level
of damage by kind of alteration (mean + standard error). In accordance to Duncan test, the letter “a” indicates those alterations (with IF
significantly different from 1) that differed from those alterations indicated by the letters “b” and “c” (with IFs that not differed from 1).

recorded herein, may compromise liver function with time
and, therefore, may negatively affect fish recruitment even
in a such resistant top predator.
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