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Background: In Aquaculture sector, antibiotics are commonly used for treating many diseases and to promote fish growth. Since,
many antibiotics have been used improperly, their deposition in aquatic environment causes toxic effects in fish. However, studies
on the toxicity of antibiotics in fish is very low. This study explains about the adverse/toxic effects of commonly used antibiotics
(Oxytetracycline hydrochloride, florfenicol, Sulphadimethoxine and ormetoprim) in fish. Inspite of their positive effects, antibiotics
are able to cause damage to metabolic system and organs. Accordingly, there are serious worries about the harmfulness of antibiotics
in fish and further exploration and methodologies are expected to forestall them in different regions of the world.

Methods: The study explores whether the presence of antibiotics alter the normal functioning of organs in Tilapia (Oreochromis
niloticus). Hematology, biochemical parameters and histopathological examination have been carried out to determine the effect of

antibiotics.

Result: The present study revealed that the presence of antibiotics elevates toxic and biochemical lesions in Tilapia (Oreochromis
niloticus). This study will contribute to the updating on the effect of antibiotics on fish.
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INTRODUCTION

Antibiotics are widely used for preventing and treating
bacterial diseases and its efficiency vary in different
environmental conditions, like ground water, surface water
and residue (Danner et al., 2019). Antibiotics are biotically
active which repress proteins, cell wall and nucleic acid
synthesis as well as DNA replication and cell division.
Antibiotics are not totally removed after wastewater
sewage treatment and hence low amount of antibiotics
make non-target toxic effects to aquatic organisms (Fent
et al., 2006).

Different types of toxicity tests are performed in
animals to detect the toxic levels of various
pharmaceutical products. Among those, the most common
toxicity tests performed in fish are acute, subacute,
subchronic and chronic. In acute toxicity testing fish are
exposed to the drug for 96 hours, under any of the
conditions like static, semi-static or flow through.
Appearance, behaviour and mortalities of the fish are
recorded (OECD, 2019). Toxicological parameters such
as hematology, serum biochemistry and histopathological
examination of tissues will be carried out to assess the
toxicity.

The current study aims to investigate the toxicological
effects of antibiotics in fish in order to determine their
adverse effects at therapeutic dose and maximum residue
limit (MRL) level.
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MATERIALS AND METHODS

The study was conducted during the year 2019-2022 at the
Pharmacovigilance Laboratory for Animal Feed and Food
Safety, TANUVAS, Chennai, Tamil Nadu.

Collection and preparation of sample

The fingerlings of Oreochromis niloticus were procured from
the Rhea Fish Farm and Incubation facility Unit, Tirupati
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Street, Bandikavanoor, Tamil Nadu. The experimental fish
were acclimatized in the fish trough (20 litre trough) with
standard circumstances for 7 days. Every one of the fishes
was graded according to their weight preceding the
investigation upto the hour of examination. A sum of 150
fingerlings was chosen for the experimental trial.

The fish were exposed to the antibiotics (oxytetracycline
hydrochloride, florfenicol, sulphadimethoxine and ormetoprim)
at a therapeutic dose and maximum residue limit (MRL) level
for 5 days by dissolving in water. Blood was collected from
caudal peduncle of fish using the methodology of
Udomkusonsri et al. (2007) with minor modifications. The fish
were forfeited at 96 hours subsequent to gathering the blood.
Hematology and biochemical parameters were investigated
utilizing blood and serum of fish. Liver was collected and
preserved in 10 percent neutral buffered formalin for
histopathological examination. Experimental design and
experimental fish groups were shown in the Table 1 and 2.

Blood sampling and hematological examination

At the end of the experiment, all the experimental fish were
famished for 24 hours. Fish from every trough were
anesthetized utilizing 0.05 ml of clove oil in 500 ml of water.
For acquiring the blood sample, the peduncle area of the
body surface was cleaned and dried utilizing blotching paper.
Blood samples were collected from six fishes in each
gathering using a disposable 1 ml tuberculin syringe. The
blood samples were collected in to Lavender top (EDTA)
tube for hematological examination and yellow top (non-
EDTA) tube for serum biochemical examination. Hemoglobin
(Hb) content was determined by Cyanmethemoglobin
Method and Packed Cell Volume (PCV) was determined by
Microhematocrit method (Drabkin, 1946; Bull et al., 2000).

Table 1: Experimental design of fish exposed to antibiotics.

Biochemical parameters examination

Blood samples from non-EDTA tube were allowed to clot at
4°C for 2 hours and the serum was separated by
centrifugation at 3000 rpm for 20 min. As per the technique
of Reitman and Frankel (1957) and Henry et al. (1974),
aspartate aminotransferase (AST), alanine transaminase
(ALT) and creatinine were determined. total protein (TP),
albumin, cholesterol, calcium, phosphorus and glucose were
also determined as per the standard procedure.

Histopathological examination

At the end of the experiment, liver tissue was collected in
10% neutral buffered formalin to assess the histopathological
changes due to exposure of antibiotics. After fixation tissue
samples were dehydrated in ascending grades of 70%, 90%
and 100% of ethanol, cleared in xylene and embedded in
paraffin wax. Sectioned tissue of 6—8-micron thickness was
mounted on glass slides and stained with Haematoxylin (H)
and Eosin (E) stains (Bancroft and Gamble, 2008). All areas
of liver section was examined using a microscope equipped
with camera.

RESULTS AND DISCUSSION
Hematological examination

Hematological parameters in fish have been widely used
as good indicators for analysing the harmful effects of
antibiotics, an environmental pollutant PCBs and fish
physiological status (Kumar et al., 2011).

The results of hematology parameters of Oreochromis
niloticus treated with antibiotics at therapeutic dose and
maximum residue limit (MRL) level are presented in the Table 3.
There were no major alterations in the values of hemoglobin

No. of fish Dose Treatment days
Antibiotics Therapeutic Maximum residual Therapeutic Maximum residual
dose limit (MRL) level dose limit (MRL) level
Oxytetracycline hydrochloride 18 18 200 mgl/l 100 pg/kg 5
Florfenicol 18 18 10 mgl/l 1000 pgrkg
Sulphadimethoxine and ormetoprim 18 18 50 mg/l 100 pg/kg
Table 2: Experimental fish groups.
Groups?® Antibiotic Inclusion
C1 - Fish without treatment
Al Oxytetracycline hydrochloride (Therapeutic dose) Fish were treated with oxytetracycline hydrochloride at
200 mg/l for 5 days
A2 Oxytetracycline hydrochloride (Maximum Residue Limit) level Fish were treated with oxytetracycline hydrochloride at
0.1 mg/l for 5 days
A3 Florfenicol (Therapeutic dose) Fish were treated with florfenicol at 10 mg/l for 5 days
A4 Florfenicol(Maximum Residue Limit) level Fish were treated with florfenicol at 1 mg/l for 5 days
A5 Sulphadimethoxine and ormetoprim (Therapeutic dose) Fish were treated with sulphadimethoxine and
ormetoprim at 50 mg/l for 5 days
A6 Sulphadimethoxine and ormetoprim (Maximum Residue limit) level Fish were treated with sulphadimethoxine and

ormetoprim at 0.1 mg/l for 5 days
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and packed cell volume between the control group and
experimental group. The data were subjected to statistical
analysis by ANOVA and found a significant difference at 1%
level (P<0.01) between groups. The present study confirmed
that the hematological parameters were not influenced in
the fish exposed to antibiotics.

Kondera et al. (2020) reported that there were no crucial
changes in the values of hematological parameters of carp
which was fed with 75 mg/g of OTC for every two days/4
times. Consistent with the results of the present study, EI-
Adawy et al. (2018) also demonstrated that there were no
changes in the values of hematology and thrombocytes in
Oreochromis niloticus fed with OTC at 500mg/kg for 60 days.
Reda et al. (2016) reported that there were no changes in
values of hematology however, a decrease in hematocrit
and thrombocyte count in Oreochromis niloticus fed with
OTC at 500 mg/kg for 2 weeks.

Karadeniz et al. (2007) also noticed that there were no
changes in the values of hematological parameters of fish
following the administration of florfenicol at 100 and 300
mg/kg body weight.

Ittikhar and Hashmi (2021) reported that sulffamethoxazole
exposed to Cyprinus carpio reduced the level of hemoglobin,
platelet and erythrocyte and increased the value of leukocyte
which was contrary to the findings in the present study and
it might be due to long term exposure of SMX to fish i.e., 28
days.

Most of the studies done in fish to demonstrate
hematology parameters were not comparable to our findings
which might be due to the differences in the fish species
studied, environmental differences and the aligned stress
factors apart from the type and dosage of the antibiotics.

The dosage of antibiotics and the sensitivity of fish play
a major role in causing changes in the blood parameters.
The changes in the hematology parameters mainly depend
on the concentration of the antibiotics. In our study,
concentration of the drug administered to fish and the
duration of exposure of fish to the drug did not pose any
changes in the hematological parameters.

81.50+0.7642
72.50+0.764°
55.50+0.764°
62.50+0.764¢
58.50+0.764¢
65.50+0.764¢°
58.50+0.764f
145.633**

5.65+0.0762
6.25+0.076°
5.95+0.076°
7.55+0.076°
7.05+0.076°
6.35+0.076¢
72.00**

Phosphorus (mg/dL) Glucose (mmol/L)
6.35+0.076¢

26.50+0.7632
23.55+0.076°
24.95+0.076°
22.05+0.076°
23.35+0.076¢
24.05+0.076¢
24.95+0.076¢
23.028**

107.50+0.764°
103.50+0.764¢
122.50+0.764¢
119.50+0.764¢°
110.50+0.764f
115.50+0.7649
190.776**

Cholesterol (mg/dL) Calcium (mg/dL)
91.50+0.7642

Albumin (g/dL)
1.35+0.0762
2.05+0.0762
1.85+0.076%°
1.75+0.076%¢
1.55+0.076%¢
1.95+0.076%¢
1.85+0.076¢

9.959**

TP (g/dL)
3.15+0.0762
4.05+0.076"
3.65+0.076b°
3.65+0.076b°
3.45+0.076%¢
3.95+0.076¢
3.85+0.076¢

16.408**

Table 3: Hematological parameter of Oreochromis niloticus exposed
to antibiotics at therapeutic dose and maximum residue
limit (MRL) level.

282.476**

AST (Unit/L)
66.50+0.7642
109.50+0.764°
79.50+0.764¢
80.50+0.764¢
70.50+0.764¢
110.50+0.764°
102.17+0.764°

Parameter Haemoglobin PCV

C1 4.15+0.0762 13.25+0.0762
Al 4.45+0.076° 13.05+0.076°
A2 4.05+0.0762 12.25+0.076°
A3 3.95+0.0762° 11.95+0.076°
A4 4.05+0.076P¢ 12.55+0.076¢
A5 4.35%0.076° 12.75+0.076¢
A6 4.55+0.076°¢ 13.05+0.076¢
F-value 8.980** 38.204**

**_Statistically significant at 1% level (P<0.01). Values are presented

ALT (Unit/L)

17.50+0.7642
36.50+0.764°
21.50+0.764°
44.50+0.764°
28.50+0.764¢
25.50+0.764¢
22.50+0.764f

152.490**

as meanzSE (n-6) and values with different superscripts indicate

1% level (P<0.01).

Group
F-value

significant differences as determined by Dunkan’s test (P<0.01).

Values are presented as mean+SE (n-6) and values with different superscripts indicate significant differences as determined by Dunkan’s test (P<0.01), ** -Statistically significant at

Table 4: Biochemical parameters of Oreochromis niloticus exposed to antibiotics at therapeutic dose and maximum residue limit (MRL) level.

C1
Al
A2
A3
A4
A5
A6
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Biochemical profile

Biochemical parameters are one of the important parameters
for toxicity studies and are also used to evaluate the
physiological systems of an organism (Vutukuru, 2003). The
results of biochemical parameters for Oreochromis niloticus
treated with antibiotics at therapeutic dose and maximum
residue limit (MRL) level are presented in Table 4. All the
parameters expressed some changes in their values
between the control and experimental groups.

Oreochromis niloticus exposed to antibiotics showed
elevation of the values for all the parameters and the
statistical analysis revealed a significant difference between
the groups studied.

The present study revealed that there was an increase
in the values of alanine aminotransaminase (ALT), aspartate
aminotransferase (AST), albumin, total protein (TP),
cholesterol, phosphorus and a decrease in the values of
calcium and glucose for all the antibiotic treated groups
which indicated damage to the liver and kidney tissues.

Similar to the present study, El-Adawy et al. (2018)
found that when Nile tilapia (Oreochromis niloticus) treated
with 500 mg OTC/kg, there was an increase in total protein
and globulin level.

Soltan et al. (2013) stated that Oreochromis niloticus
exposed to 40 mg OTC/kg increased the level of alanine
aminotransaminase (ALT) and aspartate aminotransferase
(AST). In addition, Nakano et al. (2018) demonstrated that
the exposure of Coho salmon (Oncorhynchus kisutch) to 100
mg OTC/kg/day for two weeks increased the activity of alanine
aminotransaminase (ALT) accompanied by increase in the
hepatosomatic index. Ambili et al. (2013) illustrated that OTC
treatment for Labeo rohita increased the activity of hepatic
ALT and AST which were similar to the findings of this study.

The outcome of the present study was similar to the
results of KuHua et al. (2009) , who reported that there was
an increase in the alanine aminotransaminase (ALT) activity
following the exposure of sea bass to 30, 60, 120 mg FF/kg
body weight for seven days.

Abdolhossein et al. (2016) studied the effect of
florfenicol on biochemical parameters. Common carp
(Cyprinus carpio) received florfenicol for 10 days at 5 mg/l
and 10 mg/kg concentration. The results revealed that there
was an increase in the activity of alanine aminotransaminase
(ALT), aspartate aminotransferase (AST) and alkaline
phosphatase (ALP) with respect to the control group.

lfikhar and Hashmi (2021) observed that sulfamethoxazole
exposed to Cyprinus carpio increased the level of alanine
aminotransaminase (ALT) which was similar to the present
findings. In this trial, common carp (Cyprinus carpio) were
exposed to sulfamethoxazole for 28 days at a concentration
of 25, 50, 100 and 200 pg/l.

The increase in the activity of alanine aminotra
nsaminase (ALT) and aspartate aminotransferase (AST)
indicated liver damage and a decrease in calcium level reflected
kidney damage (Mikulikova et al., 2013). The rise in the level
of ALT and AST and the decrease in the level of calcium were
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due to stress conditions caused by antibiotics. Irregular
metabolism of protein and carbohydrates was the reason for
the high levels of transaminase activity when exposed to
antibiotics (Akrami et al., 2013; Sampaio et al., 2016).

Histopathology of liver

The histopathological results of liver collected at the end of
treatment with antibiotics at therapeutic dose and maximum
residue limit (MRL) level from Oreochromis niloticus are
depicted in Fig 1-7 .

The control group (C1) showed normal features of the liver,
whereas, the A1 (OTC-200 mg/l) and A2 (OTC-0.1 mg/l) groups
showed multifocal moderate hydropic degeneration. The A3 (FF-
10 mg/l) group showed multifocal mild to moderate vacuolar
degeneration and the A4 (FF-1 mg/l) group showed multifocal
mild hydropic degeneration. The A5 (Sm and O-50 mg/l) group
showed hydropic degeneration and the A6 (Sm and O-0.1 mg/l)
group showed mild hydropic degeneration of hepatocytes.

A |

Fig 1: Liver of control (C1) group showing normal architecture,
H&E, 20X.

Fig 2: Liver of Al group showing multifocal moderate hydropic
degeneration, H&E, 20X.

Fig 3: Liver of A2 group showing hydropic degeneration H&E, 20X..
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The result of the present study was similar to Reda et al.
(2013) who reported that the OTC fed at 100 mg/kg for 12
weeks to Oreochromis niloticus led to congestion, vacuolations
in the hepatocytes and fatty changes in the liver and in kidney.

Fig 4: Liver of A3 group showing multifocal mild to moderate
vacuolar degeneration, H&E, 20X.

~

Fig 5: Liver of A4 group showing multifocal mild hydropic
degeneration, H&E, 20X.

Fig 6: Liver of A5 group showing hydropic degeneration, H&E, 20X.

Fig 7: Liver of A6 showing mild hydropic degeneration, HandE, 20X.

Similar to the results obtained in this study, Dey et al. (2022)
also reported that when monosex Oreochromis niloticus fries
exposed to OTC at 350, 700, 2100, 3500 and 7000 mg/l for 30
days at 3 h/day showed dilatation of vascular duct, diffuse
necrotized hepatic parenchyma, fatty changes and vacuolation
in hepatocytes and necrosis, dissolution of the nephritic tubule
and glomerulonephritis.

Florfenicol administered to tilapia via the feed at 15,
45, 75 mg/kg BW for twenty days caused hepatocellular
vacuolation and tubular epithelial cell degeneration and
necrosis (Gaikowski et al., 2012).

Iftikhar et al. (2022) reported that the fresh water fish
exposed to sulfamethoxazole at 25-200 pg/l concentration
for 28 days caused stagnation of bile, vacuolization of
hepatocytes and congestion of liver parenchyma, which were
similar to the present research findings.

Hentschel et al. (2005) stated that the long-term
exposure with high dosage of antibiotics leads to hepatoxicity
(liver damage) and nephrotoxicity (kidney damage). The
histological changes and elevated activity of ALT and AST
were due to the stress caused by antibiotics which in turn
led to the damage of liver and kidney.

CONCLUSION

Hematology results revealed that there were no alterations
in the value of haemoglobin and packed cell volume of
fish exposed to antibiotics. Biochemical profile of the serum
showed that there was an increase in the activity of alanine
transaminase (ALT), aspartate aminotransferase (AST) and
in the levels of total protein, glucose, cholesterol and
phosphorus and decrease in the level of calcium which
were known to indicate damage to liver and kidney tissue
which were further confirmed by histopathological
examination. The present study indicates that the exposure
of antibiotics, leads to their accumulation in the liver which
in turn elevated the level of biochemical parameters and
caused more damage to liver tissue which were confirmed
by histopathological examination.
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