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ABSTRACT

Background: Formaldehyde (FA) and oxytetracycline (OTC) are the chemicals commonly used in aquaculture to
prevent or treat fish diseases due to protozoa, parasites, and bacteria.

Aim: The goal of the present study is to assess the liver injury and oxidative stress induced by exposure of sea bass
(Dicentrarchuslabrax L) to therapeutic doses of FA (200 ml.m3) and OTC (40 g.m) under the same conditions being
applied in intensive aquaculture systems in Tunisia.

Methods: The liver histopathological survey was achieved after 5 and 10 days of exposure to FA, OTC separately or
mixed. In parallel, liver catalase activity and malondialdehyde (MDA) were measured to assess oxidative stress.
Results: Results showed that treatment with FA and OTC used alone or in combinations induced liver damage as
measured by sinusoid dilatation, intensive vacuolization, blood congestion, and focal necrosis. Significant elevation in
catalyze activity and MDA levels were also observed in liver homogenates by the treatment (p < 005).

Conclusion: Combined treatment induced higher effects suggesting the critical hazards associated with FA and OTC
when released to the environment.

Keywords: Liver histopathology, Oxidative damage, Sea bass, Formaldehyde, Oxytetracycline.

Introduction organisms. Particularly in intensive aquaculture,

The decrease in fisheries worldwide has resulted in an
increased commercial interest in aquaculture (Naylor
et al., 2000) for the demand for fishery products,
which is about 80 million tons by 2016 (FAO, 2018).
However, aquaculture expansion is known to cause
many environmental problems, such as (a) organic
matter in water, (b) large use of chemicals (antibiotics,
antifoulants), (c) presence of pathogens, and (d)
introduction of new strains of cultured fish with a
clear reduction of biodiversity (Katranitsas et al.,
2003; Akeem et al., 2019). Among the panoply of
these impacts, special attention should be attributed to
chemical use regarding raising awareness of the need
to detect and assess their adverse effects on aquatic

the intake and the release of these chemicals are
continuous (Douet ef al., 2009). Among the most used
substancesall over the world, we found: formaldehyde
(FA) (Pedersen et al., 2010; Lalonde et al. 2015) and
oxytetracycline (OTC) (Austin, 1984; Leal et al., 2016;
Rodrigues et al., 2018).

FA, named also formalin was reclassified by the
International Agency for Research on Cancer (IARC) in
2006 as a human carcinogen (Group 1) with sufficient
evidence in humans for the carcinogenicity of FA
(IARC, 2006). In aquaculture, it is commonly applied
as an anti-parasitic agent (Andrade-Porto et al., 2017).
FA is known to be resistant in an environment with an
estimated half-life of about 24-168 hours in surface
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water under aerobic conditions and 48—-336 hours in
groundwater under anaerobic conditions (Kamata,
1966; Howard et al., 1991, Leal et al., 2018). Diverse
acute and chronic effects of formalin on many species
of fish were described in the literature. In fact, acute
toxicities were conducted in different species of fish
and the most sensitive freshwater fish was the striped
bass, Roccus saxatilis (Walbum) with 96 hours LC50
of 1084 mgL! in water (Reardon and Harrell, 1990).
In the same context, a study made in Ghana in response
to the consumption of several species of fish showed
the presence of FA in all analysed species with a value
ranging from 0.174 to 3.710 pgg'(4.233 x 10™* and
3.661 x 103 mg/kg BW/day) (Asare et al., 2018).
Indeed, it was reported that the acceptable daily intake
concentrations of FA suggested by the World Health
Organization and the United States Environmental
Protection Agency for FA intake were 0.15 and 0.2 mg/
kg BW/day suggested, respectively (Asare et al., 2018).
On rainbow trout, Oncorhynchus mykiss (Walbaum)
epithelial lesions have been described, as changes in
mucous cell densities and production of high levels
of stress hormone cortisol (Lumsden et al., 1994;
Buchmann et al., 2004; Jorgensen and Buchmann,
2007; Bulut et al., 2015).

On the molecular level, FA damages the oxidative
status and alters cell functions. Indeed, FA causes
protein denaturation and formscross linkages to avoid
protein unfolding (Aitcheson et al., 2000). However,
in spite of all these side effects, at present many fish
farms use high concentrations of FA to control parasitic
outbreaks.

Otherwise, OTC is used in aquaculture systems as an
antibiotic worldwide (Miranda and Zemelmen, 2002;
Delépée et al., 2004; Reed et al., 2004; Ueno et al.,
2004). OTC is administrated through two modes; via
a diet of 50 to 60 mg kg' (Mayor et al., 2008) or via a
bath of 25 to 40 gm™ (Rigos et al., 2006). OTC presents
a broad spectrum with activity against Gram-positive
and Gram-negative germs. OTC is approved by the
US Food and Drug Administration for use in food fish
and for use in invertebrates (Nolan et al. 2007). It acts
against vibriosis and necrotizing hepatopancreatitis
infections in fish and other bacterial diseases (Reed et
al.,2004). Despite the fact that OTC is effective against
a large spectrum of infections, OTC was found to be
partially absorbed by the digestive tract (Cravedi et al.,
1987; Jacobsen, 1989; Bjorklund and Bylund, 1990).
Besides that, Rigos et al. (2004) found that Greek farms
release annually 1,900 kg of OTC.

The half-lives of OTC in marine sediments were
relatively high. In fact, it was about 151 days for the
surface layer until 1 cm deep and about 300 days to
be 5-8 cm deep (Hektoen et al., 1995). In addition,
it persists in fish tissues (Bjorklund et al., 1990;
Rodrigues et al., 2019), may cause hepatotoxicity
(Bruno 1989; Rodrigues 2019), immunotoxicity in fish
and freshwater mussels (Lundén and Bylund, 2000;

Gust et al., 2012), and alter the thyroid function in
zebrafish (Yu et al., 2020).

In most cases, FA and OTC are used together in
aquaculture practices. The goal of this study was the
assessment of the adverse effects induced by combined
treatment of FA and OTC. The experiment was carried
out with juvenile sea bass, Dicentrarchuslabrax L,
and exposure to these chemicals was applied under
the same conditions being used in aquaculture farms.
A histopathological examination and a survey of
the oxidative stress status of specimens’ livers were
performed to investigate the occurrence of any adverse
effects.

Materials and Methods

Chemicals

NOE Laboratories (FRANCE) was the supplier of OTC
in COMPOMIX TERRASOL in powder form (purity >
98%). Whereas FA 37% was commercially purchased
from BASF Company (GERMANY).

Animals acclimatation

150 specimens of sea bass with an average weight of
80 + 10 g, were supplied by Dr. Raouf Besbes from
the National Institute of Science and Technology of the
Sea, Monastir, where the experiment was performed.
Before the experiments, animals were acclimated under
laboratory conditions (25°C room temperature, 12 hours
light, 12 hours dark) for 1 week. Animal handling and
all experimental designs were approved according to
the National Institute of Health Guidelines for Animal
Care and approved by the local Ethics Committee.
Fish treatments

Specimens were randomly distributed in 12 tanks of 60
1 at a population density of 12 fish in each tank. Each set
of three tanks underwent the same treatment while three
tanks were kept as a control. The dosage was 40 gm™ for
OTC and 200 ppm for FA. The combined treatment was
administrated respecting the same doses of OTC and
FA. The experiment lasted for 10 days during which
specimens were exposed by bath to tested chemicals
for one hour every day. Sampling was achieved after
five days of exposure and by the end of the experiment.
Fishes undergoing the same treatment were, then, killed
by decapitation. Livers were separated and divided into
two portions; the first portion, which is intended for the
histological analysis, was fixed in aqueous BOUIN’s
solution, whereas the second was conserved at -80°C
for oxidative stress assessment.

Histological analysis

The tissues thus fixed were routinely dehydrated
in a graded series of alcohols, washed in toluene,
and enveloped in paraffin. Sections of 5 um using
a wax microtome (LEICA) were prepared. These
sections were placed onto microscope slides and
stretched using albumin and distilled water solution.
After overnight drying, the slides were stained
with hematoxylin-eosin before light microscopy
observation.
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All tissue samples were examined under an optical
microscope (ZEISS) for different abnormalities (lipid
infiltration, necrosis, and degeneration) in hepatocytes.
Oxidative stress assessment

Preparation of liver extracts

The frozen livers were homogenized (ULTRATURRAX
T25, GERMANY) 1/4, weight per volume) in an ice-
cold phosphate buffer (01M, pH 74) and centrifuged
(4,000 rpm for 15 minutes, 4°C); supernatants were
frozen at -80°C until enzymatic assays were used.
Protein concentrations were determined according to
the Protein BioRad assay where bovine serum albumin
was taken as a standard (Bradford, 1979).

Evaluation of lipid peroxidation status

Our method was based on the formation of a
fluorescent complex between the MDA molecule and
thiobarbituric acid (TBA) which will be quantified
spectrophotometrically. To this end, 250 ul of each liver
and kidney extract was mixed with 750 ul of both acetic
acid (20%) and TBA (0.8%). The mixture was heated
at 90°C for 2 hours and then chilled on the ice for 10
minutes. Finally, 2.5 ml n-butanol pyridine (15:1/v/v)
was added before reading the optical density at 540
nm and the MDA level was reported as pmol mg ' of
proteins (Ohkawa et al., 1979).

Determination of catalase activity

To determine the catalase activity in fish livers, we
placed in a quartz spectrophotometer cuvette, 780 ul
of phosphate buffer solution (pH 7.0), 20 ul of each
liver extract, and 200 ul of H,O, (1 M) (the substrate
of the enzyme). Then, we measured the optical density
at 240 nm for an interval of time of 1 minute. For
controls, we introduced the same compounds except
the organ extract supernatants which were replaced
by phosphate buffer. Catalase activity results were

expressed in millimole of decomposed H,0O,/min/mg
of proteins.

Statistical analysis

Oxidative stress assessment results were expressed
as mean + standard deviation statistical differences
between the treated and control sgroups were assessed
by the Tuckey (HSD) test with p < 005.

Ethical approval

Animal handling and all experimental designs were
approved according to the National Institute of Health
Guidelines for Animal Care and approved by the local
Ethics Committee.

Results

Histopathological survey

The control group has largely presented a normal
hepatic architecture (Fig. 1), showing normal cells with
a transparent cytoplasm without inclusions; this shows
good storage of glycogen (Simpson, 1992). Nuclei are
constant in size and shape. Many sinusoids are observed
lining the hepatic cords and branch from large vessels.
In a global overview, histopathological changes in
the liver were observed for all treatments though, the
intensity of cell damage was more severe in the case
of combined treatment followed by the FA and the
OTC. After five days of exposure, no alterations were
observed in the treated group in reference to the control.
First, in the histological liver investigation of the OTC-
treated fish, the following was observed. Vacuolated
hepatocytes and slight sinusoid dilatation (SD) were
observed in areas of the liver of most specimens.
However, individual hepatocytes were clearly
identifiable. No congestion of major blood vessels
was evident. Notably, the liver histological structure
of all specimens appeared relatively intact and the

Fig. 1. A and B Liver tissue of the control specimens: (H) hepatocytes, (CLV) centro lobular vein; (S) sinusoids; (N) nuclei within

hepatocytes. A (HE x 20) and B (HE x 100).
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hepatic cord structure associated with normal fish liver
histology was clearly visible in all specimens (Fig. 2).

Second, the liver of the FA-treated specimens showed
a relative loss of liver integrity through the appearance
of significant vacuolization and SD in comparison
with OTC samples (Fig. 3). Several cases of nucleus
reduction were also obvious in many analyzed areas.
Moderate congestion was recorded in major blood
vessels. As an extreme impact of the application of FA,
a restrained focal necrosis of the hepatic tissue was
registered.

Finally, in the histological assessment of specimens’
livers exposed to the combination of FA and OTC, the
following alterations were observed. The histological
integrity was lost throughout the liver sample (Fig. 4).
Individual hepatocytes were not always clearly visible.
The histological structure did not appear relatively
intact. The hepatic cord structure associated with
normal fish liver histology was not clearly visible.
Highly vacuolated hepatocytes were observed in the
majority of investigated areas. As was the case with
specimens exposed to FA, congestion was observed
in most blood vessels with a prevalent SD. By the
end, and in a more severe level of alteration, nuclear

Fig. 2. Liver tissue of the OTC treated specimens:
(V) Vacuolisation, (N) Nucleus within hepatocytes; SD
(HE x 100).

degeneration and necrosis of the hepatic tissue were
also evident in several investigated areas.

Oxidative stress assessment

Catalase activities determination

Figure 5 showed significant changes in catalase activity
(p < 005) for all tested substances except OTC on day
5 where the induced catalase activity remains not
significantly different from the control group. However,
it seems evident that ten days of exposure is enough to
provoke catalase induction in sea bass liver exposed to
the latter component. Our analysis also showed a time-
dependent increase in catalase activity. The highest
value was reached for the combined treatment where
the measured activity was about 14 pmol min' mg!
reflecting a cumulative effect of FA37% and OTC
when applied at the same time. Finally, as can be seen
in Figure 5, the cumulative effect of FA37% + OTC
was observed only after 10 days of treatment.

MDA measurement

The potential oxidative stress of FA 37%, OTC, and
their combination was also assessed by MDAtest
and the results are reported in Figure 6. We found
significantly higher MDA levels in the exposure groups
compared with the control group on day 5 and day 10,
respectively (p <005). The MDA concentration showed
an increase in a time-dependent manner.

Obviously, there are no significant differences between
the MDA levels after the exposure to FA37% and to
OTC. As was the case with catalase, the combined
exposure induced a cumulative effect particularly well
pronounced on the tenth day where the MDA level in
the assessed liver reached 059 uM (Fig. 6).

Discussion

Cancer, cardiovascular, and neurodegenerative diseases
were related to the cellular imbalance in the antioxidant
defense system and the overproduction of free radicals
(Pizzino et al., 2017). This phenomenon is called
oxidative stress and can alter proteins, lipids, and DNA
which results in their oxidations (Lopez-Pedrera ef al.,
2016).

Therefore, oxidative stress is one of the most
implicated processes in many chemicals’ toxicity
(Satpute et al., 2017). In the present study, we assessed

Fig. 3. A—C: Liver tissue of the formaldehyde 37% treated specimens: (V) vacuolation; (BC) blood congestion, (Ne) Necrosis; (H)

hepatocyte; SD; (N) Nucleus within hepatocyte (HE x 100).
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Fig. 4. A-D: Liver tissue of the formaldehyde 37% and OTC treated specimens: (Ne) Necrosis; (V) vacuolation;
(SC) sinusoid congestion; (CV) central vein with melanomacrophage centers (MMCs); SD; (CLVC) centrolobular vein
congestion; (RBCs) red blood cells. A and B (HE x 10) and C and D (HE x 100).
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Fig. 5. Catalyse activity in the liver of sea bass control group, sea bass exposed to FA 37% (Formaldehyde), OTC
(oxytetracycline), and FA 37% + OTC, respectively. (a) Significantly different from the control at P < 0.05. (b)
Significantly different from other treatments at P < 0.05.
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Fig. 6. Malondialdehyde (MDA) assessment in the liver of the sea bass control group, sea bass exposed to FA
37% (Formaldehyde), OTC (oxytetracycline), and FA 37% + OTC, respectively. (a) Significantly different from the
control at P < 0.05. (b) Significantly different from other treatments at P < 0.05.

histopathological alterations and oxidative stress
induction in sea bass liver after exposition to two
chemicals commonly used in aquaculture; FA and
OTC. The namely compounds are known as treatments
to prevent fish diseases caused by protozoa, parasites,
and bacteria.

To investigate the probable interaction between these
chemicals, their combined effects were evaluated. The
exposure lasted for 10 days during which two samples
were achieved; the first at day 5 and the second by the
end of the experiment.

Results indicate that the exposure to FA and OTC
induced significant histological alterations in the
sea bass liver. In the case of FA, obtained results are
expected since it was previously reported that fish
species are particularly sensitive to formalin, and even
lower doses could adversely affect many fish species
if used repeatedly (Omoregie et al., 1994; Omoregie
et al., 1998; Yacoob et al., 2002; Santos et al., 2012).
From histopathological viewing, FA induces many
changes in the Amazon ornamental fish, blue-spotted
coridora (Corydoras melanistius). Indeed, when
exposed to ten concentrations of formalin (40%) (0, 3,
6,12,25,50,100, 150, 200, and 250 mgL'for 96-hours,
Rainbow trout showed severe histopathological changes
such as gill hyperplasia, with a filling of interlamellar
spaces, disorganization of liver arrangement (Santos et
al., 2012).

Moreover, liver tissues of Nile tilapia, Oreochromis
niloticus L. fingerlings showed vacuolated areas
(Perera and Pathiratne, 2005). Moreover, FA induces
toxic effects in both liver and kidney silver pomfret
(Pampus argenteus).

More recently, Bulut et al. (2015) showed that 250 mg
L (1 hour) and 500 mg L' (45 minutes) concentrations
of FA in aquaculture of Rainbow Trout caused
interlamellar necrosis and degeneration of the muscle
tissue, dilatation in the liver, congestion in veins, and
degeneration in hepatocytes and damage in the blood
vessels. It is mentioned that formalin causes tissue
damage and shows genotoxic effects even at 15 mg L-!
in Nile tilapia.

All these observations are in agreement with our
findings, as a matter of fact, we found that the
therapeutic exposure to FA has mainly induced SD and
intensive vacuolization. Hepatocytes from FA-treated
groups were distinguished from the reference by a
greater degree of vacuolation.

In parallel, OTC-exposed specimens did not differ
significantly from the reference group, and the hepatic
damage was limited to SD and slight vacuolization.
Accordingly, Elsayed et al. (2013), revealed that a 40
mg kg! dose of OTC basal diet showed non-significant
increases in chromosomal aberrations compared with
control in Nile Tilapia fish.

In a retrospective view, it is clear that recorded
alterations depend on the treatment at both quantitative
and qualitative levels. Hence, FA-treated groups have
shown more severe damage than the OTC ones. It is
also noteworthy to mention that the observed alterations
were particularly well pronounced at the end of the
experiment and that five days of exposure was not
enough to induce relevant liver changes in comparison
with the control.

In the present study, the absence of necrosis and
fibrosis in specimens’ livers exposed to OTC and to
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FA separately suggests that the accumulation of lipids
was relatively mild and that consequently may not be
pathological. However, as was mentioned in our results,
the combined exposure to FA and OTC has induced
more severe histopathological alterations characterized
by necrosis and intensive blood vessel congestion.
Thus, it is obvious that the combined use of both tested
chemicals presented a considerable additive effect and
precautions should be paid during their parallel use
and particularly during their release to the receiving
environment especially because of the persistent
proprieties of OTC (Kerry et al., 1996; Coyne et al.,
1997). Observed alterations were particularly well
pronounced at the end of the experiment and those five
days of exposure were not enough to induce relevant
liver changes in comparison with control.

The administration of FA and OTC disrupted the hepatic
architecture of the treated fish. Thus, histopathological
changes covered inflammatory disorder, which might
be due to the generation of reactive oxygen species
(ROS) that provoked damage to different membrane
constituents in hepatocytes (Rjeibi et al., 2016).
Besides that, variations of CAT and MDA between
treated and control groups are an indication of
oxidative stress induction and consequently a general
metabolism perturbation Correspondingly, in our study
it was obvious that FA has induced significant oxidative
stress seen as CAT activity induction and increase in
the MDA tissue content as shown by the generation
of ROSs of animal exposed to FA, inflammation,
neurodegenerative  disorders and carcinogenesis
(Lambert and Shank, 1988; Kilburn, 1994; Gurel et al.,
2005; Saito et al., 2005; Jung et al., 2007; Vosoughi et
al.,2013).

As was the case with FA, the present study clearly
shows that OTC induced oxidative stress in the liver
tissue. However, the magnitude of oxidative damage
was significantly less important than FA treated group.
It is demonstrated that OTC acts through the inhibition
of mitochondrial B-oxidation disturbing the respiratory
chain and generating superoxide anion which are
important in the production of both ROSs and nitrogen
species (Gibson, 2005).

In the same context, showed that OTC increased
lipogenesis, induced oxidative stress, damaged the
mitochondrial structure and functions, and inhibited the
lipolysis in the liver tissues and hepatocytes of grass
carp Ctenopharyngodon Idella (Xu et al., 2021).

These reactive species could damage the cell membrane
as a result of lipid peroxidation (Skakun and Vysotski,
1982; Lopez-Pedrera et al., 2016). In accordance
with our study, Reda et al. (2013), reported that after
12 weeks of the feeding of cultured O. niloticus with
a basal diet supplemented with OTC at 100 mg kg'!
diet, pathological alterations in the liver and kidney
of the treated fish were observed. Other studies have
also demonstrated that OTC produces steatosis of the

liver in men (Pessayre ef al., 2001) and hepatic damage
(Rodrigues et al., 2018).

Thus, both assessed chemicals have induced oxidative
stress in the liver tissue with a significant dominance of
the signals induced by the FA treatment In accordance
with the histopathological findings, the latter result may
clearly indicate that FA presents a more toxic potential
than OTC. In conclusion, the mixture of FA and OTC
has induced the most important effect reflecting thus
the already enounced postulate about the cumulative
effect of tested chemicals when administrated by bath
at the same time.

It was reported that the FA and OTC could be
accumulated in fish mussels. Indeed, the study of Saha
and Sahoo (2021) detected the presence of FA in some
storage fish samples with a concentration of 3.90 uM.
In addition, Abraham et al. (2021) showed that OTC
caused mortality reduced feed intake, and biomass
reduction in Nile tilapia (O. niloticus). The authors
indicated the presence of OTC residues in this fish, at
the concentration of 161.40 = 11.10 ng/g.

The present study reveals serious threats to the
combined use of FA-OTC in intensive aquaculture to
prevent adverse effects, these recommendations should
be taken into account:

— Optimize administered doses.

— Do not use FA and OTC at the same time in large-
scale fish aquaculture.

— Develop less toxic chemical compounds to prevent
or treat diseases.
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