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ABSTRACT
Harmful effects of heavy metals are myriad. Copper (Cu) from the activity of human and industrial waste
contaminates water bodies and affects the aquatic animals. Our study confirmed the in vitro probiotics
potential of lactic acid bacteria (LAB) against Cu toxicity, but further investigation is necessary for gaining
insights into the related protection mode. Therefore, in this study, we investigated the protective effects of
the potential probiotics LAB against waterborne Cu exposure-induced toxicity in the freshwater fish
Oreochromis niloticus. Fish (average weight: 82.15±15g) were allocated to eight groups (variations Cu
concentrations 0, 0.75, 1.5 and 3 ppm and feed diets (containing probiotics LAB and commercial feed)) for
2weeks. Probiotics LAB supplemented diet was provided one time daily. Histopathology of hepatocyte in
fish liver were measured at the end of the study. When the fish were exposed to Cu, dietary supplementation
of probiotic LAB effectively decreased edema and necrosis hepatocyte of fish liver. Therefore probiotics
LAB may be a novel dietary supplement for enhancing growth performance and preventing Cu-exposureinduced toxicity in fish in aquaculture and aquatic products.
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Introduction
Aquatic systems are suitable sites for disposal of
toxic wastes of industrial and human activity. Many
fish have been known to concentrate toxic solution from their habitat (Dawodu et al., 2015). Copper (Cu) is a heavy metal that is often found in water, but high levels are toxic. Fish and aquatic animals absorbed Cu metals from water through the
skin, digestive tract, and gills (Usman et al., 2013;
Soegianto et al., 2013; Rahman et al., 2018). Toxicity
of Cu ions causes DNA fragmentation and affects
the health of organisms (Hamada et al., 2018). The
liver is particularly susceptible to damage from a

variety of toxicants. One of the most important functions of liver is to clean pollutants from the blood so
it is considered as indicator of aquatic environmental pollution. Accumulated metals may lead to
physiology and morphological structure alterations
in the livers tissues of fish (Monteiro et al., 2005).
Study of histopathology is important in the prevention of disease. The liver is a vital organ concerned
with metabolism and is the major organ of accumulation, biotransformation and excretion of toxicant
in fish (Figueiredo et al., 2006). Impact of contaminants on aquatic ecosystems can be evaluated by
measuring histopatological parameters in the liver
of fish (Barhoumi et al., 2012).
The use of bacteria for remediation of metals has
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been well studied. Some microorganisms, especially
soil bacteria, have the ability to tolerate these toxicants. Certain bacterial strains are capable of binding to heavy metals or transforming them into less
toxic forms. Probiotics are beneficial bacteria found
in the intestine of microbiota. They mainly help in
the digestion process and strengthen the immune
system within the body. Probiotics can also be isolated from different sources in the environment.
These bacteria species possess several desirable
characteristics that can be exploited to benefit human beings as well as the environment. There are
several types of microbes to remediate heavy metals, including lactic acid bacteria (LAB) (Wanguyun
et al., 2019). Lactic acid bacteria are mainly Grampositive and can be categorized as probiotics. The
term LAB are retained for the most important genera in the order Lactobacillales. LAB groups can
remediate heavy metals by forming metal bonds in
their cells (Jin et al., 2018). The consortium of
probiotic bacteria to the diet contributes to the number of intestinal bacteria, increases the assimilation
of nutrients and the immune response (Kathia et al.,
2018).
The present study was aimed to evaluate the
histopahological effects of Cu heavy metals on liver
of O. niloticus and to know of liver tissue damage
after exposure to Cu heavy metals.

Materials and Methods
Animals
Male tilapia (O. Niloticus), mature gonads, acclimation is done for one week. Thirty-two fish were divided into eight groups; two controls and six treatments. In the control: Cu (0 ppm), given a commercial feed and added probiotics supplement. In the
treatment were given different concentrations of Cu
(0; 0.75; 1.5 and 3 ppm), each group was given commercial feed and probiotic. Feeding is carried out
for 14 days. Feed is given two times daily as much
as 1% of body weight of fish.
Feed Supplement
The feed used was commercial feed with a composition of 25.57% crude protein, 6.72% raw fat, 3.49%
crude fiber, 9.16% ash and energy 2974.80 kcal/kg.
Feed with probiotics was made by spraying a solution of probiotics as much as 25 mL/kg of commercial feed, then was dried.
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Histopathological studies
Liver tissues were fixed in Bouins for 48 h with a
change after 24 hours. Fixed tissues were washed
with 50% ethanol and dehydrated further through
70%, 90% and absolute ethanol and cleared in xylene. The tissues were then embedded in paraffin
wax and sections of 5 microns were obtained on rotary microtome. The sections were then stained with
Harrys haematoxylin and eosin to observe the architecture of liver treated and control fish. Stained
slides were observed under compound microscope,
photographed and assessed (Humason, 1972).
Statistical analysis
Statistical analysis use Statistical Package for the
Social Sciences (SPSS version 17.0; SPSS, Inc., Chicago, IL). The statistical test used was the normality
test and homogeneity test followed by the ANOVA
test to check the differences between treatments (P
<0.05).

Results and Discussion
Exposure to Cu in high concentrations significantly
affected hepatocyte damage in fish (P<0.05). The
control group had the highest number of normal
hepatocyte cells than other treatments. At Cu (0.75;
1.5; and 3 ppm) there was a significant decrease in
the number of normal cells along with an increase in
Cu concentration. The concentration of 3 ppm
showed the lowest percentage of normal cells. In
contrast, Cu exposure caused a significant increase
in edema cells with increasing concentration. The
control group had the lowest number of edema cells
than other treatments. In addition, Cu exposure also
caused a significant increase in the number of necrotic cells along with an increase in concentration.
The control group was the lowest compared to other
treatments and Cu 3 ppm showed the highest percentage of cell necrosis (Table 1).
The effect of probiotic supplementation on fish
feed significantly increased the number of normal
hepatocyte cells (P <0.05) than without probiotics.
Positive control (addition of probiotic supplements)
had the highest number of normal cells. Conversely,
administration of probiotics could significantly reduce the number of edema cells. The positive control group had the lowest percentage of edema
hepatocyte cells compared to other treatments,
while the increase in Cu (3 ppm) showed the high-
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est number of edema cells. In addition, probiotic
also significantly decreased the number of necrosis
cells compared to treatment without probiotics
(Table 1).
Copper (Cu) exposure will cause toxic effect due
to its accumulation over time in a variety of tissues,
including digestive systems. Toxicity of Cu affects
proliferation and death cells. These activities interact with the generation of ROS such as superoxide
ion, hydrogen peroxide, and hydroxyl radicals,
DNA fragmentation mechanism, and the induction
of apoptosis (Rani et al., 2014); inhibits the activity of
antioxidant enzymes, such as catalase, manganesesuperoxide dismutase, and copper/zinc-dismutase
(Filipic, 2012); and modulate the cellular level of ion
calcium and the activities of caspases and nitrogenactivated protein kinases in the cells, in which these
processes cause apoptosis indirectly (Brama et al.,
2012).
Histological examination of fish liver treated
with Cu showed loss of cellular architecture.
Haemolysis due to destruction of erythrocytes,
inflammation of hepatic cells was also observed.
The most prominent alterations of liver after Cu
exposure were cytoplasmic vacuolation in blood
vessels. Hepatic function to detoxify toxic metal
could be detected by lowering metal level in the
liver (Hayati et al., 2017).
LAB was able to interact with a range of toxic
heavy metals, including Cu. This ability was attributed by differences between the net negative charge
of bacteria and the cationic charge of many heavy
metals (Fein et al., 2001). The sites on the bacteria cell
surface had the ability to bind heavy metals of opposite charge. Once bound to the bacterial cell wall,
this results in a nucleation site where large concentrations of metals can bind and settle to the bacterial

cell wall then enter the enzymatic metabolic cycle in
the cytoplasm and produce non-toxic compounds.
The observed hepatic cellular swelling or edema
may be due to an acute reversible change resulting
as a response to toxic of heavy metal Cu. It is an intracytoplasmic accumulation of water due to incapacity of the cells to maintain the ionic and fluid
homeostasis. Suggestive of homeostasis disorders as
a consequence of the exposure of heavy metal Cu as
toxic agents. The observed necrosis cell was indicative of exposure to toxic heavy metal Cu. These
changes are in agreement with the fact that heavy
metals are known to cause cellular damages of the
liver fish. These necrotic might probably be due to
decrease the function of the liver in the metabolism.
Although liver damage are not usually specific to
pollutants, but relationship between metal concentrations and fish liver necrotic has been established.
The addition of probiotic supplements can restore damage of liver of fish exposed to heavy metal
Cu. This is indicated by the low number of edema
cells and necrosis (Fig. 2) when compared without
probiotic supplements (Fig. 1).
The formation of bacterial bonds with heavy metals can reduce toxic heavy metals level thus the addition of probiotics can restore cell damage by toxic
materials. Probiotics contain lactid acid bacteria
colonized in the intestine of fish. Lactid acid bacteria can help increasing the digestive enzyme such as
amylases, lipases, and proteases. Incresing of total
bacteria as feed supplement already reported in
other research. Wanguyun et al. (2018) found that
probiotic added contain Lactobacillus buchneri (DSM
20057), Lactobacillus casei (DSM 20011), Lactobacillus
bulgaricus (NBRC13953), and Lactobacillus fermentum
(ME3) in food can increase total of intestinal bacteria for reduce toxic heavy metals.

Table 1. Histophalogy of hepatocyte counts after exposure to Cu and probiotic supplements
Cu concentration
(ppm)
Control (0)
0.75
1.5
3
Control (0)
0.75
1.5
3

Probiotic
supplement

Normal
cell (%)

Edema

Abnormal cell (%)
necrosis

+
+
+
+

54.5 ± 0.8f
47.6 ± 1.2d
43.1 ± 0.9c
35.4 ± 0.7a
57.0 ± 1.2g
51.0 ± 1.1e
46.9 ± 0.9d
39.7 ± 0.9b

25.4 ± 0.8b
28.4 ± 0.9d
30.3 ± 1.0e
33.2 ± 0.6g
24.6 ± 0.8a
26.8 ± 0.7c
28.6 ± 0.9d
31.2 ± 0.8f

19.9 ± 0.8b
23.8 ± 0.8d
26.5 v 0.9e
31.3 v 0.7g
18.4 ± 1.3a
22.1 ± 1.0c
24.4 ± 0.9d
29.0 ± 0.8f
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Conclusion
Pollution of heavy metals Cu in the waters increases
the occurrence of edema and necrosis of fish hepatocyte cells, but the provision of probiotic supplements in fish feed can repair hepatocyte cell damage
by Cu. Therefore probiotics LAB may be a novel dietary supplement for enhancing growth performance and preventing Cu induced toxicity in fish in
aquaculture and aquatic products.

Acknowledgments
Authors are thankful to University of Airlangga,
Indonesia, which provided funding for the
University’s Superior Basic Research Activities in
2019.
Fig. 1. Histopathology of the liver Oreochromis niloticus
after exposure to Cu (A = 0; B = 0.75; C = 1.5; and
D = 3 ppm, respectively). Normal hepatocytes
(white arrows) show normal lobular architecture
of the liver; hepatocyte edema (green arrow); and
hepatocyte necrosis (blue arrow).

Fig. 2. Histopathology of the liver Oreochromis niloticus
after supplementation with probiotics and Cu (A
= 0; B = 0.75; C = 1.5; and D = 3 ppm, respectively).
Normal hepatocytes (white arrows) show normal
lobular architecture of the liver; hepatocyte edema
(green arrow); and hepatocyte necrosis (blue arrow).
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