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ABSTRACT

Studies were conducted to investigate impacts of oxytetracycline on Barbonymus gonionotus
muscle. Oxytetracycline the most widely used antibiotics, was fed to Barbonymus gonionotus with
4 g kg~ rate through diet for 45 days. Growth rate was observed for different concentrations of
oxytetracycline. Water quality parameters and bacterial quantification were observed for a period
of 21 days. Pond water, sediment and fish muscle were tested before and after oxytetracycline
medicated feeding. Before feeding of oxytetracycline medicated feed, there was no oxytetracycline
in water, sediment and fish muscles. After 2 days of feeding the initial oxytetracycline
accumulation was 5070.0 ppb, which reduced considerably to 1190.0 ppb after 20 days from end of
medicated diet feeding and not detected after 42 days. Physico-chemical parameters of pond water
were determined. Before treatment dissolve oxygen, pH and total hardness of fish pond was
4.516+0.25 mg L', 7.413+0.09 and 822.33+1.52 ppm, respectively. After 21 days of study period,
reached to 5.27+0.025 mg L', 7.773+0.04 and 769.66+2.08 ppm. It indicates a little change after
21 days. Before oxytetracycline treatment, bacterial load in Barbonymus gonionotus pond was
9.417+0.035x10° CFU g ! in water, 7.31+0.04x10° CFU g~' in sediment, 6.51+0.04x0° CFU g~' in
fish gills and 8.52+0.035x10° CFU g 'in fish intestine, which was significantly reduced to
5.28+0.02x10°CFU g'in water, 2.91+0.02x10° CFU g~'in sediment, 2.21+0.02x10°CFU g~'in gills
and 2.39+0.02x10" CFU g~' in intestine.
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INTRODUCTION

Aquaculture is a fastest growing industry all over the world. Decreasing trend of marine catch
has lead to simultaneous intensification of aquaculture techniques, resulting more susceptibility
to disease outbreaks and ultimately it triggers the use of the medication and medicated diet
(Jerbi et al., 2011). Now, aquaculture is the major protein supplier all over the world. The most
hazardous point for aqua industries are that (1) A large proportion of the world’s antimicrobial
industrial production is used as prophylactics and (2) Growth promoters that far compensate their

323


http://crossmark.crossref.org/dialog/?doi=10.3923/jfas.2015.323.336&domain=pdf&date_stamp=2015-08-17

J. Fish. Aquat. Sci., 10 (5): 323-336, 2015

use as therapeutics (Bush et al., 2011). Antibiotics are one of the most frequent groups used as feed
additives in the form of growth promoter. Aqua farm owners are using various preventive measures
to boost up production. To maintain good water quality and appropriate dietary management,
antibiotics are mixed with feed and feed ingredients with a sub-therapeutic dose. It has been
proved that using antibiotics at low dose mixed with feed remain active for long period rather than
direct application to fish pond. These antibiotic medicated diets keep fish healthy and works as safe
guard for disease occurrences (Islam et al., 2014). Antibiotics are still used as form of growth
promoters in most of the aqua farms in the world (Cabello et al., 2013). The most widely used
antibiotics in fish farms is oxytetracycline (Rigos and Troisi, 2005). Oxytetracycline is a tetracycline
broad spectrum antibiotic with bacteriostatic action produced by Streptomyces spp. fungi, used to
treat systemic bacterial infections of fish (Jerbi et al., 2011). Oxytetracycline is more active against
some bacteria than chloramphenicol (Burridge et al., 2010). In literature, the oxytetracycline safe
dosages for prophylaxis purpose well established but no information about safe dosages to use as
growth promoter and feed additives (Viola and DeVincent, 2006). In developing countries generally
fish feed producers use to mix antibiotics with aqua feed during formulation in order to make food
more effective. This type of practice is more intense mainly for lacking of law enforcement, feed
industries and farmers use antibiotics very frequently without any concern from aqua practitioner
(Serrano, 2005). Treated fish showed evidence of a considerable increase in weight achieves
suggesting a growth promoting action (Sanchez-Martinez et al., 2008). Earlier studies found in
the literatures showed the negative effects of antibiotics on the immune system of fish
(Lunden and Bylund, 2000; Guardiola et al., 2012). Oxytetracycline interferes with humoral
intrinsic immune parameters and increases the cellular parameters (Guardiola et al., 2012). Many
studies showed the side effects of extended time antibiotic use on fish which can cause
nephrotoxicity and liver damage or malfunctions (Hentschel et al., 2005). Moreover, the use of large
quantity of antibiotics may cause the presence of antibiotics residues in fish tissue and products
(Samanidou and Evaggelopoulou, 2007). Use of antibiotics in aquaculture has great impacts on
aquatic fauna and as well as microbial environment. Entrance of different chemicals through
consumption of aquatic food has significant impacts on human health (Kummerer, 2009).
Antibiotics used in terrestrial animals are well studied, but information for aquatic animals
available only for some worldwide recognized commercial fishes. Application of antibiotics in
aquatic environment interfere water quality by different means such as microbial growth control
and suppression/control of pathogenic microbes. The antibiotics exposed in the water bodies
deposited in organisms, soil sediments and water column. This process ultimately leads antibiotic
resistance and threatens human and animal health (Cabello et al., 2013). Thai silver barb
(Barbonymus gonionotus) is an important commercial species in Asian aquaculture. This species
have higher growth rate, food conversion ratio and preferable muscle quality, less pin bones made
the species demandable to consumer all over the world especially Asian peoples.

The aim of the present research was to determine the effects of dietary supplementation of
oxytetracycline for 49 days on Barbonymus gonionotus growth performance, the residual period and
changes in water quality parameters along with changes in bacterial load in water, sediment, gills
and intestine after termination of treatment by 21 days.

MATERIALS AND METHODS
Experimental design: Ninety B. gonionotus apparently healthy with an average body weight of
20+0.09 g. Fish were kept in two cement ponds (2.5X1.25X1.25 m) equipped with paddle aerator for
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14 days to acclimate before starting experiment. Fish were allocated into three groups
(30 fish/groups) in duplicate. Group 1 (G1) was fed a basal diet (consisted 26% crude protein and
2885 kcal kg™! metabolizable energy) as the control group; while group 2 (G2) and 3 (G3) were fed
by basal diet with oxytetracycline supplementation at dosage of 100 mg kg~"'. The fish of all three
groups were fed 5% from biomass regularly three times daily for 7 weeks. Water quality parameters
and microbial study of fish muscle, skin, intestine and gills were measured periodically.

Growth performance: Fish were weighed every week to assess the growth performance. The final
body weight (g), weight gain (g) and Food Conversion Ratio (FCR) were determined according to
Siddiqui et al. (1988).

Histopathological examination: Tissues were taken from kidney and liver of fish and fixed on
10% neutral buffered formalin for 24 h, dehydrated in ascending alcohol and cleared in xylene
earlier than embedding in paraffin. Five to seven micron sections were prepared according to
Bancroft and Gamble (2008).

Detection of oxytetracycline residues using LC-MS/MS: Sample preparation, extraction and
determination of oxytetracycline residue were applied using a validated liquid chromatography-
tandem mass spectrometry (LC-MS/MS) analytical assays on an Waters Alliance 2695 series
HPLC and Quattro Micro, API mass spectrometer instrumentation-Waters Corporation, USA
(Islam et al., 2014).

Microbial analysis: Microbial testing for soil, water, fish muscle, gill, skin and intestine were
done followed by APHA (1998) and Clesceri et al. (1998).

Determination of water quality parameters: The water quality parameters were recorded with
a 7 days interval until 21 days of the study period. Measurements of water quality and sample
collections were made between 8.00-10.00 am on each sampling day. Water samples were collected
from each pond to a 30 cm depth (Cole and Boyd, 1986). On each and every sampling day, 500 mL
of pond water was collected very carefully in a pre-cleaned black plastic bottle with cap, to prevent
and minimize any agitation as well as shaking. Each sample was taken with three replicates. Only
temperature, dissolved oxygen, hardness and pH were measured. Water temperature was recorded
on spot with a centigrade thermometer. Other parameters were measured using HACH Test Kit
(Model: FF-2, Cat No. 2430-01; Company: HACH Company World Headquarters, Loveland,
Colorado).

Statistical analysis: Statistical analysis of antibiotic contamination for feed and feed ingredient
was made using analysis of variance (one-way ANOVA). Differences between means were assessed
for significance test by Tukey-HSD test with a significance level of p<0.05.

RESULTS

Changes in water quality parameters: Water quality parameters especially (DO, pH, hardness
and temperature) were also determined periodically to know the culture environment conditions
for growth and well being of B. gonionotus.
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Temperature: Temperature fluctuations were studied to understand the growth fish and exact
effects of oxytetracycline. Temperatures of the fish ponds were found no significant differences
(p>0.5). There was no relation between oxytetracycline application and temperature increase. The
mean value of water temperature was 26.62°C. In 0 day (before treatment), the lowest pond
temperature was recorded 25.87+0.015°C and highest temperature 27.33+0.015°C was after 21 days
of antibiotic treatment (Fig. 1). These values were also found in control pond (feeding without
oxytetracycline medicated feed). Temperature might be increased gradually due to environmental
conditions not for oxytetracycline.

Changes in pH: During the day-0 (before treatment), there was lowest pH value (7.413+0.09).
After antibiotic treatment, pH values were increased slightly. In the day 7, 14 and 21, the pH
values were statistically similar (7.68+0.02) and there were no significant differences of pH among
day 7, 14 and 21 (after antibiotic treatments) (Fig. 2).

Changes in dissolve oxygen: From 0-21 days DO values rises from 4.516+0.25 to
5.27+0.025 mg L~'. This increased might be for reduction of bacterial quantity as well as less
Biological Oxygen Demand (BOD) (Fig. 2).

Changes in total hardness: During the 0 day there was highest total hardness value
(822.33+£1.52 ppm). After antibiotic treatment and at the end of 21 days, the total hardness
280+
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Fig. 1: Water temperature change pattern of Barbonymus gonionotus
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Fig. 2: pH and Dissolve Oxygen (DO) status of Barbonymus gonionotus culture pond during the
study period
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values were decreased to 769.66+2.08 ppm. The changes of hardness in antibiotic treatments in day
0, 7, 14 and 21 were statistically significant (p<0.037) (Fig. 3).

Growth parameters: The B. gonionotus in group 3 (G;) showed significant increase in final
body weight (g), weight gain (g) and significant decrease in Food Conversion Ratio (FCR)
followed by B. gonionotus in group 2 (G,) with respect to the values obtained in the control groups

(Fig. 4).

Histopathological findings: Liver tissue specimens of the control group show normal hepatocytes
and sinusoidal architectures (Fig. 5a). Liver tissue samples had congestion (arrowhead), severe
fatty change and vacuolations in the hepatocytes (arrow) (Fig. 5b). Kidney tissue samples of the
control group showed normal nephron structure (Fig. 6a). Histopathological alterations in kidney
tissue samples of G, manifested periglomerular lymphocytes aggregation (arrow) (Fig. 6b).

Oxytetracycline in edible flesh tissue/muscles: Initial oxytetracycline accumulation was
5070.0 ppb which reduced considerably to 1190.0 ppb after 45 days of stopping oxytetracycline
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Fig. 3: Total hardness changing trends throughout experiment of Barbonymus gonionotus rearing
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Fig. 4: Effect of oxytetracycline on Barbonymus gonionotus growth performance, Data presented
as MeantSD
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Fig. 5(a-b): Histopathological sections view of liver of Barbonymus gonionotus (a) Fed on basal diet
and (b) Fed on oxytetracycline at 100 mg kg™ diet showed congestion (arrow head),
severe fatty change and vacuolations in the hepatocytes (arrow)

Fig. 6(a-b): Histopathological sections view of kidney of Barbonymus gonionotus (a) Fed on basal
diet and (b) Fed on oxytetracycline at 100 mg kg™’ diet showed periglomerular
Ilymphocytic aggregation (arrow)

treated diets and this antibiotic was not detected later on. However, the result obtained from the

present study indicated that withdrawal period of oxytetracycline in B. gonionotus muscle is
45 days (Fig. 7).
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Fig. 7: Residual periods of oxytetracycline in feed after cessation of feeding of
Barbonymus gonionotus
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Fig. 8: Bacterial loads in pond water, sediment, gills and intestinal content of
Barbonymus gonionotus

Bacteriological findings: The results of the quantitative estimation of aerobic heterotrophic
bacteria in the experimental pond water, sediment, the gill filaments and intestine of olive barb
fish (Fig. 8).

Changes of bacterial quantity in culture environment: For pond water the highest
bacterial load was found at 0 days (9.417+0.035x10° CFU mL™"). Whereas, it decreases gradually
and reached to lowest value (5.28+0.02x10° CFU mL™) at 21-days subsequently. In case of pond
sediment the highest quantity was 7.31+0.04x10" CFU g~! at 0 days and finally decreased to
2.91+0.02x10"CFU g~'. There is great significance of reducing bacterial load in water among
day 0, 7, 14 and 21.

Changes of bacterial quantity in Barbonymus gonionotus: Bacterial load was found
highest load at intestine (8.52+0.035x10" CFU g') followed by gills (6.51+0.04x10° CFU g™
during 0 days of antibiotic medicated feeding. After 21 days of treatment the quantity
reduced to 2.21+0.02x10° and 2.39+0.02x10" CFU g~! for gill and intestine, respectively. The
bacterial load on the skin was not considered due its close contact with water (Fig. 8).
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DISCUSSION

Oxytetracycline a broad spectrum antibiotic widely used all over the world for human
(Sharma and Saxena, 2012), cattle farming, poultry and fish farming (Islam et al., 2014). It’s a very
cheap and available antibiotics and quickly effective for rapid metabolic characteristics
(Samuelsen et al., 1992; Boleas et al., 2005). Fish farmer, aquaculture professionals and aquarium
lovers used this antibiotic for the better growth as growth promoter and also for prophylaxis
purposes. Oxytetracycline frequently used with fish diet as growth enhancer and administer
directly to water (Bjorklund et al., 1991). Farm owner and local farmer always follow maximum
dosages limit to ensure their fish are healthy. That’s why we used 100 mg kg~ b.wt. (20 mg extra
than the recommended 80 mg). Another reason to use excess amount was our past experiences.
Microbes in water have gained significant resistance power against oxytetracycline. Water quality
parameters mainly temperature, DO, pH and total hardness were studied to know the quality of
culture environment for fish and to compare effect of oxytetracycline and environmental
parameters on growth of fish. Temperature ranges between 25.87-27.33°C, pH value ranges from
7.41-7.68 (Fig. 4), whereas DO level ranges from 4.51-2.27 mg L. Despite of slight increase in
temperate, a little increase in pH and DO values. This might be for decreased bacterial quantity
and Biological Oxygen Demand (BOD). We didn’t find significant relations between oxytetracycline
application and environmental parameters. Further study is needed to make precise understanding
about antibiotics effects on water quality parameters. Results was reported for temperature
22-37°C (Del Nery et al., 2013) and 25.8+1.0°C and pH 7.6+0.2 (Castine et al., 2012) and
6.2-9.2 (Losordo and Piedrahita, 1991), DO = 7+2 mg L' (Boyd et al., 1978) and 3-5 mg L"
(Diana et al., 1991). Total hardness ranges from 822.33+1.52-769.66+2.08 mg L' (Fig. 5), similar
results were recorded by Boyd (1982) and Geiger (1983). However, a lower value of total hardness
also reported such as 8-12 mg L' (Cole and Boyd, 1986), ratios of hardness from 5-10 mg L'
(Mandal and Boyd, 1980). We found a high value for total hardness; this was might be application
of lime stone for pond preparation before starting of experiment.

The higher dosages of oxytetracycline have a great impact on growth rate of B. gonionotus and
significantly reduce the Food Conversion Ratio (FCR) (Fig. 4). Oxytetracycline significantly
enhanced growth on channel catfish (weight and length), as they were heavier (12.5%) than
controls at the end of the trial. In literature prophylaxis dosages were well established for most of
commercially important species. About 30-80 mg kg~' b.wt. of oxytetracycline is frequently
prescribed by aquaculture practitioner (Reda et al., 2013). Residual periods of different antibiotics
in various species are not well studied and thus have very little information (Islam et al., 2014). The
concentrations commonly used in aquaculture, exposure of healthy channel catfish to
oxytetracycline enhanced growth (Sanchez-Martinez et al., 2008). The performance effects of
oxytetracycline have been known for the food animals e.g. fish, chicken, bovine and swine etc.,
where it progress weight increase and feed effectiveness (Quigley et al., 1997,
Dibner and Richards, 2005). Additionally, significant changes occurred in liver and kidney tissues.
Congestion of hepatocytes cells, void space and severe fatty changes were observed in liver whereas,
periglomerular lymphocytic aggregation was found in kidney tissues. Similar results also reported
for tilapia and channel catfishes (Reda et al., 2013). Applications of higher dosages of antibiotics
cause immune disruptions and fish become more susceptible to disease occurrence after antibiotic
residual periods (Sanchez-Martinez et al., 2008). Although, the effects of oxytetracycline medicated
feed on growth of fish have not been confirmed and the mechanism as growth promoter is not clear
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and has not been explicated, it is assumed that it’s working function by reducing intestinal
bacterial load (Gaskins et al., 2002; Collier et al., 2003).

The maximum effective and safe dosage of oxytetracycline was used (Sarker et al., 2000).
However, the amount of dosages and frequency of application, application methods have impacts
on efficiency and residual periods (Cabello et al., 2013). The residual periods of oxytetracycline was
found until 42 days of experiment (Fig. 7). However, more controlled studies are needed to make
a conclusion about safe dosages for treatment purpose and growth promoter. Our study objective
was to determine the residual periods for this popular commercial fish. Although, it is easily
degradable drugs, but can stay in muscle as metabolites forms and in sediment of culture
environment for a certain periods (Burridge et al., 2010; Muhammad et al., 2011). Scientists have
investigated the length of time that certain drug residues (sulphamerazine and tetracycline)
remain in fish (Wen et al., 2006; Ansari et al., 2012; Pham et al., 2015). They found sulphamerazine
and tetracycline residues could still be detected in fish muscle 3-7 days and 17 days after oral
treatment, respectively (Pham et al., 2015). The excretion rate of oxytetracycline in trout and were
unable to detect residues present in muscle 10 or 35 days after oral administration dependant on
the water temperature (Guardiola et al., 2012). Into residues of oxytetracycline in catfish tissues
which were undetectable, 2 days after oral administration (Yonar, 2012) and describes an
investigation into the length of time drug residues could be detected in the muscle of young rainbow
trout after administration by various routes (Fallah and Barani, 2014; Koh et al., 2014).

Histological observations were found for both kidney and liver tissues (Fig. 5-6). Exposure to
drug oxytetracycline could result in adaptive alterations, changes in tissue and cellular damages
(Nunes et al., 2015). Liver tissue specimens of the control group show normal hepatocytes and
sinusoidal architectures (Fig. 5a) whereas, severe fatty change and vacuolations in the hepatocytes
(Fig. 5b). Kidney tissue samples of the control group showed normal nephron structure (Fig. 6a)
and alterations in kidney tissue samples of G, manifested periglomerular lymphocytes aggregation
(Fig. 6b). The absorption and elimination period 1is greatly influenced by temperature
(Bjorklund et al., 1992), which was not our study objectives. The distribution profiles of
oxytetracycline in tissue was found and tissue absorption decreased in the orderly from
liver-bone- kidney to skin muscle at the end of the experiment (Ueno et al., 1989;
Namdari et al., 1996). The serum residue of oxytetracycline in fish did not decline until 8 weeks and
at end of this time it was found at 3-7 ug mL~' and two days after injection the value was
13 pg mL~". Tow folds higher concentration was determined in liver tissue than body muscles and
substantial hepatocytes damage were found in histopathological examination (Islam et al., 2014).
Moreover, distribution profiles of oxytetracycline in both liver and kidney were found to be very
similar; oxytetracycline concentrations was found decreased after end medication feeding and
detection value reached below 0.05 pg g~' at day 8 and 30 post medication (Wang et al., 2004). The
oxytetracycline presence in fish muscle showed a dosage and responsive pattern. It was found at
295 ug kg~! after 10 days of continuous medication with the dosage of 75 mg kg~". So, after 10 days
all residues are not eliminated properly and substantial alteration were recorded in both kidney
and liver tissues (Elia et al., 2014) and functioned as prooxidant (Nunes et al., 2015). Our finding
indicates the same results we found all residues eliminated after 45 days from end of medication
feeding (Fig. 7). The values for the detected antibiotics in fish bile, plasma, liver and muscle
tissues were at the range of 2.06-4.08, 1.85-3.47, 1.41-3.51 and 0.48-2.70 ppb, respectively
(Zhao et al., 2015).

Bacterial load was found highest load at gills (6.51+0.04x10° CFU g™') and in intestine
(8.52+0.035%10"CFU g!) during 0 day of antibiotic medicated feeding. After 21 days of treatment,
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the quantity reduced to 2.21+0.02x10° and 2.39+£0.02x10" CFU g~' for gill and intestine,
respectively (Fig. 8). Seasonal bacterial quantity were studied and result showed that Total Viable
Counts (TVC) of bacteria in the fish intestine ranged between 6.8+1.9x10° to 7.5+1.4x10" CFU g~!
in early summer, 1.6+2.0x10°%-5.1+2.5%10” CFU g~' in summer, 3.1+1.4x10%1.3+2.2x10° CFU g*
in autumn and 8.9+1.8x10°-1.3+0.9x10" CFU g~' in winter (Al-Harbi and Uddin, 2004). Our study
is supported by Al-Harbi and Uddin (2003, 2005). Although, intestinal bacterial quantity varied
highly with fasting period of fish, food types and abundances (Margolis, 1935). After 3 weeks of fish
meal feeding trial with oxytetracycline shows significant decrease in bacterial count with crucial
improvement of cell repairing activities (Smith et al., 1994; Bakke-McKellep et al., 2007). Log
cultivable adherent bacteria in the foregut varied between 3.85 (7x10°)/g wet weight for fish when
fed soybean meal and 4.85 (7x10%/g when fed with BPSBM. The quantity of bacteria colonizing the
mid-gut were 9x10° (log = 3.95)/g (fish fed soybean meal) and 6x10* (log = 4.78)/g (fish were fed fish
meal). Generally, bacterial load was higher a hind gut region than foregut part of fish intestine
(Ringo et al., 2006). At the end of 21 days of oxytetracycline medicated feeding trial, the bacterial
quantity reduced significantly in gill, gut and skin (DePaola et al., 1995) as we found similar
results. As many as 10® viable bacteria per gram wet weight of alimentary tract contents were
counted. Total alimentary tract bacteria contents of salmon from 1.4x10°-9.9x10” CFU g~' wet
weight of sample (Trust and Sparrow, 1974). Moreover, bacterial content is greatly dependent of
water quality, drainage pattern and runoff from catchment area (Islam et al., 2012). Microbes in
gut, skin, intestines and gills are significantly impacted by oxytetracycline.
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