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Abstract. Erythromycin (ERY) is an antibiotic that is widely prescribed in human and veterinary
medicine to treat several bacterial infections. This antibiotic was reported to have various effects
on aquatic environments. This study aimed to e valuate whether there is a difference in sensitivity
to ERY between male and female Oryzias javanicus. The experimental fish were exposed to
ERY (2 mg/L) for 96 hours. In this experiment, each experimental unit used five fish with five
replications. Male and female animals were kept in different containers during the experiment
The parameters measured were oxygen consumption and survival rate. The oxygen consumption
of male and female of O. javanicus before the experiment began showed a statistically significant
difference (p <0.05). The average oxygen consumption of female O. javanicus was 0.752 mgO,/g
body weight/hour, while the average oxygen consumption of males was 0.474 mg0O:/g body
weight/hour. After exposure to ERY , the oxygen consumption of male O. javanicus was reduced
to 0.353 mg0s/g body weight/hour. In contrast, there was 100% mortality of the female O.
Javanicus by the end of the experiment. After exposure to ERY, the percent mortality of male
and female O. javanicus were statistically no different (p <0.05). Males were not more resistant
to ERY than females. This study concluded that there was no difference in sensitivity to ERY
between male and female O. javanicus.

1. Introduction

Antibiotics are antimicrobial drugs that function to kill or inhibit bacterial growth. Worldwide, the use
of antibiotics reaches 100,000 tonnes per year [1]. The use of antibiotics in large quantities has an impact
on the environment. Antibiotics are drugs that are found as pollutants in water [2]. Antibiotic
concentrations have been detected in both freshwaters and marine habitats. Antibiotics used to treat
human and animal diseases are not fully absorbed by the body but almost 90% will be excreted together
with urine and feces which will then enter the aquatic environment [3].

The introduction of antibiotics into the waters can pose serious threats to the environment such as
the spread of bacteria and genes that are resistant to antibiotics. This can lead to an increase in the
number of infections that are increasingly difficult to treat as the antibiotics used are less effective [4].
Although antibiotics are specifically used to treat pathogenic infections [1], the introduction of
antibiotics in water will have an impact on non-target organisms even at ng/l concentrations [5]. The
presence of antibiotics continuously in the aquatic environment causes the organisms to be chronically
exposed. In addition, active antibiotics even in low concentrations can cause toxic effects either because
of their active ingredients or additives used in their formulations [6].
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One of the non-target organisms that can be affected by exposure to antibiotics is fish. In general,
fish is considered the most likely organisms for environmental monitoring because they occupy the
upper trophic level in the aquatic ecosystem as a carrier of low to high energy flow and absorption of
drugs through the surface of the skin and gills carried by water or sediment [2].

One of the most commonly used antibiotics is Erythromycin (ERY). ERY is a macrolide antibiotic
that has been used since the 1950s to treat diseases in humans and is also used in treating bacterial
infections in fish farms. ERY is of particular concemn in the aquatic field when compared to other
antibiotics due to its use, release and persistence, and toxicity [2]. Research shows that ERY exposure
can accumulate in the body of Carassius auratus fish and be maximally concentrated in muscle tissue
[7]. ERY can cause oxidative stress in fish, Labeo rohita [8]. Li & Zhang (2020) explained that a
concentration of 2 mg/l ERYs can reduce the swimming speed of Oryzias latipes [9]. Several studies
have shown that ERY exposure can affect fish metabolism.

Metabolism is all the organized chemical activities carried out by cells [10]. Metabolic rate can be
estimated by measuring the amount of oxygen consumed by living things per unit of time [11]. Increased
oxygen consumption indicates an increased metabolic rate in fish and indicates that the fish is
experiencing stress so that it takes a lot of energy to adjust [12]. Oxygen consumption is an important
physiological parameter for assessing the toxicity of toxins because it is an important indicator of energy
expenditure during metabolism [13]. Fish that are exposed to toxic materials require large amounts of
oxygen to detoxify these toxins [9].

It is important to consider sex as crucial in toxicological tests. This is because the distribution of
contaminants in the fish body can differ between sexes in both behavior and physiology of fish [14]. In
such cases, the mercury concentration in muscle tissue and liver of Petromyzon marinus 1. showed that
the mercury concentration in male fish muscle tissue was about 10% higher than that of female fish
while the mercury concentration in the liver of female fish was about 60% greater than that of male fish
[15]. The difference in accumulation will result in a difference in toxicity [14].

Based on this, ERY exposure can have an effect on the metabolic rate of fish which can be measured
from the rate of oxygen consumption. Although there have been many studies on the effects of ERY
exposure in fish, there is still less research on differences in fish gender sensitivity as measured by the
level of oxygen consumption of male and female fish after exposure to pollutants, so this research needs
to be carried out. The test fish used in this study was Oryzias javanicus, which widespread in Indonesia
that has the potential to be a sentinel organism and is one of the test animals that are often used in
ecotoxicology, but the information is still lacking regarding differences in gender sensitivity to
pollutants such as antibiotics.

2. Materials and methods

2.1. Chemical
Erythromycin 500 mg was purchased at a local pharmacy.

2.2. Fish sampling

The sampling was carried out at the location of the Salarang River flow, Maros Baru District, Maros
Regency, South Sulawesi. The fish were caught using a fishing net with a mesh size of 3 mm. The fish
samples were put into a container that has been given an aerator and transferred to the laboratory.

(5]
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Figure 2. Oryzias javanicus from the Salarang River.

2.3. The exposure experiment

The collected Oryzias javanicus consisted of 50 fish with a length of 3 -3.5 cm consisting of 25 male
fish and 25 female fish which were acclimatized in the laboratory. The fish were separated into two
aquariums based on gender. Each aquarium was given aeration for maintaining oxygen supplies. This
acclimatization aims to adapt to the physiological conditions of fish in the laboratory and was carried
out for a minimum of 10 days. During the acclimatization process, the fish were fed two times a day
with the amount of feed 5% of the total body weight of the fish. The media were changed once a day to
maintain water quality.

The ERY concentration used in the study refers to the research of Li & Zhang (2020), which was 2
mg/l [9]. Five fish were used in each experimental unit in one liter of experimental media with five
replications. The exposure was carried out for 96 hours. During the exposure process, the fish are fed
once a day before changing the water. Observations were made every 6 hours. During the observation,
the number of dead fish and water quality such as pH and temperature are recorded.

Measurement of oxygen consumption was carried out twice for male and female test animals before
and after ERY exposure, using a respiration bottle. Oxygen consumption measurements after 96 hours
of ERY exposure were carried out on fish that were still alive at the end of the study. After 96 hours of
exposure, the fish were transferred to a glass jar without ERY exposure to measure their oxygen
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consumption. The dissolved oxygen measurement procedure in this study was carried out using the
iodometric titration method.

Figure 3. The exposure experiment.

24. Research variables

24.1. Oxygen consumption of fish. Oxygen consumption of fish (mgQO./g body weght/hour) is estimated
using the following formula:

OC=((D0O-DOYWxt)xV

OC = oxygen consumption (mgQO+/g body weight/hour), DOy = dissolved oxygen at the beginning of
observation (mg/1) DO, = dissolved oxygen at the end of observation (mg/1), W = weight of test fish (g),
V = volume of water (1), t = time of observation (hours)

2.4 2. Survival rate. The survival rate is the percentage of the number of llive fish and the number of fish
at the end of the study. The survival rate (SR) calculation formula is: R = Nt / No x 100%. SR =
survival (%) Nt = the number of fish at the end of the study (individual) No = the number of fish at the
beginning of the study (individual).

2.5. Data analysis

The student's t-test was used to determine differences in oxygen consumption of male and female fish.
To analyze the relationship between length and weight on oxygen consumption, Pearson correlation
analysis was carried out. Before the tests were performed, the data were first tested for normality and
homogeneity. Data analysis was performed using Ms. application. Excel, GraphPad Prism 8, and SPSS
25.

3. Results and discussion

The results of measuring the oxygen consumption of male and female Oryzias javanicus before exposure
to ERY 2 mg/l found that there was a statistical difference in oxygen consumption between male and
female Oryzias javanicus and female Oryzias javanicus (p <0.005).
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Figure 4. Comparison of oxygen consumption of male and female Oryzias javanicus before exposure
to ERY. * Asterix showed a statistically significant difference (P <0.05).

The results of statistical tests using Student's t-test analysis showed that oxygen consumption
between male and female 0. javanicus was significantly different (P <0.05). This shows that the oxygen
demand for female fish is more than that of male fish. This is thought to be related to the higher energy
requirements of female Oryzias javanicus compared to male O. javanicus, because female O. javanicus
fish are preparing to produce prime quality eggs with thick chorions as a consequence of the K strategy.

The relationship between length, weight, and oxygen consumption of Oryzias javanicus fish can be
seen in Figure 5. From the results of the correlation analysis using the Pearson correlation analysis, it
was known that the correlation between length and oxygen consumption was 0.425, and the correlation
between weight and oxygen consumption was -0.541. From the results of statistical analysis, it was
found that there was no correlation between oxygen consumption and fish length (p=0.2210 and weight
(p=0.107). This means that oxygen consumption for adult fish is not atffected by weight and total length.
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Figure 5. The relationship between length and weight of fish and oxygen consumption.
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After exposure to ERY 2 mg/l for 96 hours, it was found that the oxygen consumption of male fish
was 0.353 mgQO./g body/hour. This value indicates that the oxygen consumption of male fish after
exposure is lower than before exposure, namely 0.474 mgO»/g body/hour. Meanwhile, all-female fish
experienced total death at the end of the period. There was a decrease in oxygen consumption in male
Oryzias javanicus and total mortality in female Oryzias javanicus after exposure to ERY antibiotics.
These were presumably because ERY enters the fish's body more through the gills than other pathways
such as skin so that it can interfere with the performance of the gills which were the respiratory organs.
This disturbance ultimately resulted in death through an increase in the amount of mucus in the gills and
a decrease in the rate of oxygen consumption [2,16,17].

Based on the results of the study, it was found that male Oryzias javanicus fish experienced a
decrease in the survival rate to 92% in 6 hours. Meanwhile, the female experienced the same decrease
in survival rate as the male fish in the 12 hours. However, after entering the 48 hours it was found that
the survival rate of female fish was lower than that of male fish and continued to decline, resulting in
total mortality in the 72 hours. Male fish can survive until the end of the 96 hours with a survival rate
of 8%. The same decrease in survival rate at different periods between these fish indicates that male fish
were more sensitive in the early period to ERY contaminants than female fish. However, at longer
periods, female fish become more sensitive than male fish.
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Figure 6. The survival rate of male and female Oryzias javanicus.

The results of the current study were consistent with research by Amal and co-workers (2018) that
revealed Oryzias javanicus experienced mortality in the fourth period after being exposed to
Streptococcus agalactiae while female fish only experienced mortality in the sixth period [18]. Liu co-
workers (2014) who showed differences in sensitivity in Oryzias latipes that male fish were more
sensitive than female fish to exposure to 2 4,6-trichlorophenol [7]. This was in contrast to the current
study which showed no significant difference between the percent mortality of male and female animals.

ERY is a macrolide antibiotic. Macrolide antibiotics can cause DNA damage through the induction
of oxidative stress in fish. ERY also causes significant changes in gill with acute or chronic exposure
[19]. This research is also supported by Zhao (2016) research that the activity of antioxidant enzymes
in the liver, namely Superoxide Dismutase (SOD) and catalase (Cat), increases in females. This
mechanism can reduce the chemical content to maintain homeostasis. As the main defense system
against exterior compounds, COD and CAT activity play an important role in antioxidant defense.
Inhibition of SOD and lack of CAT response indicates some susceptibility to the antioxidant system and
oxidative stress in organisms caused by pollutants. SOD activity was significantly induced in the female
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Oryzias melastigma group during the initial period of sulfamethazine exposure. Meanwhile, male
Oryzias melastigma showed no significant increase in SOD induction at all concentrations of
sulfamethazine exposure. Male Oryzias melastigma at a period of two hours showed a slower response
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Figure 7. The percent mortality of male and female Oryzias javanicus.

than female fish. Hence, male fish are more susceptible than female fish to chemical exposure in the
early period. However, for CAT activity, there was a decrease within 12 hours in female fish. The
activity of this antioxidant enzyme also affects the time and concentration of exposure. SOD activity in
males was induced at high doses. It can be found that at a concentration of 40y g/l male fish had the
highest metabolites while female fish at a concentration of 40ug/l had liver damage and decreased
activity of CAT in 24 hours and CAT inhibition in the next section. This shows that the liver of female
fish is more susceptible than male fish. This is because the excessive accumulation of sulfamethazine in
the fish liver causes inhibition of CAT function [20].

4. Conclusion

The results of this study concluded that:

1. There was a difference in oxygen consumption between male and female Oryzias javanicus. The
average oxygen consumption of female Oryzias javanicus was 0.752 mgQO,/g body/hour, while the
average consumption of male Oryzias javanicus was 0.474 mgQs/gr. The results depicted that the
oxygen consumption of females was greater than that of male fish.

2. The correlation value between length and oxygen consumption is -0.425 and the correlation between
weight and oxygen consumption is -0.541. The results of statistical analysis showed that there was no
correlation between length and weight and oxygen consumptions.

3. There is no difference in the sensitivity of male and female Oryzias javanicus to erythromycin.
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