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Abstract

Some infectious diseases, such as Salmonella in ornamental fish, are important because of their
potential for human transmission and antibiotic resistance. In this study, 250 Koi fish with an
average length of 10+3 cm and a weight of 20£1 gr were randomly divided into four groups
with two repetitions. The test was performed for 24 days with diet and 72 hours' exposure to
Salmonella Typhimurium. Fish are classified into four groups T1; receiving lactobacillus casei
(1.5 x 108 CFU / ml) probiotic and not exposed to the pathogen, T2; getting probiotics and
exposed to the pathogen, T3; no probiotics received but exposed to the pathogen, and control
group (C). In the present investigation, to evaluate the damage caused by Salmonella
typhimurium, Alkaline phosphatase (ALP), Alanine aminotransferase (ALT), and Aspartate
transaminase (AST) were tested on days 0, 24 and 27 of the experiment. Based on the results,
the effect of Lactobacillus casei probiotic in comparison with the control group on the
improvement of liver function in this species of fish was investigated in such a way that the
presence of probiotics alone may cause liver function in fish under normal or optimized
conditions. However, the group that was not exposed to any probiotic agents showed a clear
increase in the level of ALP, AST and ALT in the liver, which indicates the destruction of liver
cells (p<0.05). However, in the group exposed to the pathogen along with the probiotic agent,
the pathogen first increased the amount of some enzymes, but finally, with the action of
probiotic factors, a decrease in enzyme levels in fish can be seen (p<0.05). In the third group,
which did not use any probiotics, to increase the level of liver function enzymes in fish is
observed significantly (p<0.05). In the study of three main indicators of liver diagnosis, it was
found that one of the proposed ways to have healthy fish both from the point of view of
aquaculture and as an animal model; using probiotics such as Lactobacillus casei can
significantly improve liver and therefore metabolic function.
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Introduction

Aquaculture is an important economical
priority in many countries. Stressful
conditions and deterioration in the
environment may result in serious
economic losses. This may occur when
large-scale productions perform, where
aquatic animals are exposed to
pathogens (Hasan and Banerjee, 2020).
Salmonella is a  gram-negative
bacterium that has been identified in
aquatic life for many years (Liu et al.,
2018).

Because of the potential of infection
transmission to  humankind  and
antibiotic resistance problem
considering to infected ornamental fish,
is important (Zhang et al., 2019).

Use antibiotic is one of the routine
ways against infectious factors.

However,  the  utilization  of
antibiotics as preventive agents against
infection has been questioned. There is
extensive  documentation of the
evolution of antimicrobial resistance
among pathogenic bacteria (Roope et
al., 2019).

A very strong selection pressure
towards resistance among bacteria to
these amounts of antibiotics which have
exerted happens to adapt them to this
situation, mainly by a horizontal and
promiscuous flow of resistance genes
(Peterson and Kaur, 2018).

Today utilization of probiotics the
beneficial bacteria, which control
pathogens through a variety of
mechanisms, is an important approach
increasingly viewed as an alternative
method against antibiotic treatment.
The use of probiotics in human and

animal nutrition is presented in
documents (Yim et al., 2019)

Use of probiotics in addition to being
used for increasing survival rates in
aquacultural and ornamental fish,
including Koi fish, probiotics can be
used as an alternative medicine against
antibiotics (Hasan and Banerjee, 2020).

Materials and methods

The Koi fish were supplied (n=120)
with an approximate size of 10+3 cm in
average weight of 20 grams from the
Ornamental  fish  aquaculture and
breeding center located in Shahriar-
Tehran. To make the animal compatible
with surrounding related factors they
were transferred to Razef Research
Complex located in Islamic Azad
University, Science and Research

branch, Shahriar-Iran.

Salmonella Typhimurium was supplied
in lyophilized form, from the Faculty of
Veterinary  Medicine of  Tehran
University of Veterinary Medical
Sciences.

Lactobacillus casei was supplied in
lyophilized form, from the Microbial
Bank of Iran Biological Resources
Center. To confirm the bacterial strain
and characteristics approval
microscopic examination and
biochemical tests were performed.
Lactobacillus casei cultured in 24 hours
at 37°C in microbial MRS medium. To
dilute the desired concentrations and
prepare a 0.5 McFarlandturbidity
(1.5x10% CFU /ml), using the optimal
density method, 0.9% normal saline
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was used (Mahdavi and Isazadeh,
2019).

After a period of adaptation with
light: dark conditions in 14:10 hours in
optimum temperature, Koi fish were
randomly categorized into 4 groups
with two experiments replicate in 12

tanks.

The classification was as follow, T1;
feeding with probiotic diet and no
exposure to S. Typhimurium, T2; the
Probiotic ~ supplement  diet  with
exposure to S. Typhimurium, T3;
feeding with commercial nutrients and
they were exposed to S. Typhimurium
and the control group which was fed
with commercial nutrients with no

exposure to S. Typhimurium.

Nutritional diet was arranged based
on 5% of the bodyweight of fish and
fed twice a day, the diet contains the
basic diet with  probiotics in
combination and also the basic diet with
equal amounts of PBS, for 24 days
twice a day at 9 am. and 4 p.m.
(Tachibana et al., 2020). At the end of
the feeding period, T2 and T3 groups
were exposed to S. Typhimurium for 72
hours (Wanka et al., 2018).

Sampling was done to evaluate liver
serum enzymes in the first days, after
the feeding period and after the end of
exposure, from all replications by blood
sampling from the tail of fish. The
samples prepared for biochemical tests
were immediately transferred to the
laboratory in the icebox and the test
was performed using the commercial
kit of Pars Azmoon Company.

Results

Based on the study of liver enzyme
levels, evidence suggests that in the T1,
who were fed only probiotic agents,
over time, from days 0 to 24 and 27,
liver function status improved slightly,
which in Figures 1, 2 and 3 can be seen.
Although this difference was not
statistically significant in the study of
Alkaline phosphatase, the two enzymes
Aspartate aminotransferase and Alanine
aminotransferase in comparison
between the groups of days 24 and 27
was meaning full (p<0.05). The second
group called T2, which was exposed to
pathogens in addition to the probiotic
agent showed an increase in the level of
alkaline phosphatase enzyme on the
twenty-fourth day compared to the first
day, which indicated the approximate
action of the pathogen on liver activity,
but on the twenty-seventh day, the
decrease was seen to indicate the
resistance of the probiotic agent to the
pathogen (p<0.05)(Fig. 1).

The behavior of the third group (T3)
fed with a normal diet and pathogens
showed that the pathogen gradually
harmed liver activity and causes more
destruction of liver cells (p<0.05),
while the normal and control groups in
terms of alkaline phosphatase enzyme
levels. They lived in almost equal
conditions and without statistical
differences (p<0.05).

Study of serum Alanine
aminotransferase levels in probiotic-
exposed Koi fish in the first group, T1,
revealed that serum Alanine
transaminase levels decreased sharply
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during exposure to probiotic, and this
significant decrease with the first-day
level indicated that probiotic could be a
successful approach in improving liver
function (p<0.05), while in the T2,
which fed with the probiotic and also
been exposed to pathogens, initially
there was a slight increase in blood
levels of mentioned liver enzyme,
without any statistical significance
(p<0.05). But on the 27th day, a
decrease in the level of Alanine
aminotransferase was observed, which
lacks statistical significance (p<0.05).
In the third group, the use of normal
diet with pathogens results revealed the
rate of liver cell destruction had
increased over time, which showed the
difference between the levels of days 24
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and 27 it was clear that probiotic action
against the pathogen was quite
significant compared to the first
day(p<0.05). However, the control
group did not have significant changes
in liver status during 27 days (p<0.05)

(Fig. 2).

Aspartate aminotransferase enzyme is
also presented that the use of probiotics
can improve liver function under
normal conditions (p<0.05).

The presence of probiotics along with
the pathogen indicates that probiotics
can prevent very large changes in liver
function, which is  significantly
different from the group that was
exposed to the pathogen alone(p<0.05).
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Figure 1: The changes in ALP serum level. The data were analyzed Average+2SD Error bars on
the columns indicate statistical difference by Tukey’s test (p<0.05) for the changes in
ALP serum level. ALP: Alkaline phosphatase, T1 group fed with normal diet and
Probiotic, T2 fed with normal diet and pathogen, T3 fed with normal diet in combination
with both probiotic and pathogen, C stands for Control group just fed with normal diet
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Figure 2: ALT values are expressed as mean+2SD for days 0, 24 and 27. Error bars on the columns
indicate statistical difference by Tukey’s test (p<0.05) for the changes in ALT serum
level. Alt: Alanine aminotransferase, T1 group fed with normal diet and Probiotic, T2
fed with normal diet and pathogen, T3 fed with normal diet in combination with both
probiotic and pathogen, C stands for Control group just fed with normal diet.

Aspartate aminotransferase enzyme is
also presented that the use of probiotics
can improve liver function under
normal  conditions (p<0.05). The
presence of probiotics along with the
pathogen indicates that probiotics can
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prevent very large changes in liver
function, which is  significantly
different from the group that was
exposed to the pathogen alone (p<0.05)

(Fig. 3).

T3 C

MO0 W24 w27

Figure 3: AST values are expressed as mean+2SD for days 0, 24 and 27. Error bars on the columns
indicate statistical difference by Tukey’s test (p<0.05) for the changes in ALT serum
level. AST: Aspartate aminotransferase, T1 group fed with normal diet and Probiotic,
T2 fed with normal diet and pathogen, T3 fed with normal diet in combination with both
probiotic and pathogen, C stands for Control group just fed with normal diet.
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Discussion

Extensive use of antibiotics in aquaculture
and fish farming can seriously cause
antibiotic resistance of bacteria and
pathogens in the environment.

For this reason, it is quite clear that we
must look for an alternative way to prevent
the use of antibiotics or reduce them in
food sources and the environment as well.
A similar study by Adorian et al. In 2019
showed that feeding Bacillus subtilis and
B. Lishiniformis as probiotics reduced liver
enzyme activity (AST, ALT, and ALP) in
fish, which was consistent with findings of
the present study, but with different results
in the study of (Abdel-Moneim et al.,
2020) Bacillus subtilis, increased the
activity of liver enzymes in Carp, which is
in contradiction with the results of the
present study (Young et al., 2021). Also
stated in 2021 that the use of Lactobacillus
acidophilus, Streptococcus thermophilus,
Bifidobacterium bifidum and the yeast
Saccharomyces cerevisiae as a single
probiotic affected serum AST levels while
ALT did not change significantly.

Regarding the effect of exposure to the
pathogen on liver enzymes, (Vignesh et
al., 2019) stated that Aeromonas
hydrophila infection can increase ALT and
AST blood level, which was also observed
in the present study in the presence of
Salmonella. The difference was that the
increase in liver enzyme activity in the
groups receiving the probiotic diet was
significantly less than the group receiving
the basal diet.

As  previously proven, probiotic
nutrition with pathogen inhibition (Zhang
et al., 2018) and reduction of liver

enzymes AST, ALT, ALP serum (Adorian
et al., 2019) is effective in reducing the
complications of  pathogenicity  of
infectious agents and damage to internal
organs of fish. According to the results of
the Lactobacillus casei probiotic test, it
can be considered as a valuable
supplement in the prevention and control
of complications caused by Salmonella
typhimurium pathogenesis in the liver as a
very important organ in the immune
system of valuable ornamental Koi fish.

In the present study, the probiotic
Lactobacillus casei was used as a dietary
supplement for Koi fish exposed to the
pathogen Salmonella typhimurium. The
effect of this probiotic bacterium on the
liver function of Koi fish in the face of the
pathogen was investigated. To evaluate
liver function, three important enzymes of
Alkaline phosphatase, Aspartate
aminotransferase and Alanine
aminotransferase were measured. Samples
freshly taken from the tail end of the fish
were tested by biochemical enzymatic
methods. Based on the results, the effect of
Lactobacillus  casei probiotic in
comparison with the control group on the
improvement of liver function in this
species of fish was investigated in such a
way that the presence of probiotics alone
may cause liver function in fish under
normal or optimized conditions. However,
the group that was not exposed to any
probiotic agents showed a clear increase in
the level of Alkaline phosphatase in the
liver, which indicates the destruction of
liver cells.

Regarding the results of Alanine
aminotransferase levels in comparison
with the control group and other groups, as
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well, it can be argued that the fish were
exposed to the probiotic factor alone
experienced optimal liver function in terms
of liver status. However, in the group
exposed to the pathogen along with the
probiotic agent, the pathogen first
increased the amount of Alanine
aminotransferase enzyme. But finally, with
the action of probiotic factors, a decrease
in enzyme levels in fish can be seen. In the
third group, which did not use any
probiotics, to increase the level of Alanine
aminotransferase in fish is observed
significantly.

The study of Aspartate aminotransferase
showed that the use of probiotics can
improve liver function, which in fact with
a behavior similar to the enzyme Alanine
aminotransferase. Based on the results of
the present study, the presence of
probiotics in the diet of fish can improve
liver function, which is evident in the
study of two enzymes ALT and AST. The
simultaneous presence of pathogens and
probiotics can cause a slight increase in the
two enzymes ALP and ALT, which can be
due to the response of hepatocytes to the
pathogen.  However,  this  process
progresses to recovery after day 24, which
indicates an improvement in liver function.
It should be noted that this issue has no
statistical significance in the presented
graphs.

The most significant changes were
observed in the group that had a normal
diet and were exposed to the pathogen. In
group T3, the presence of a pathogen
without the presence of a contributing
factor to the liver indicates that the
condition of the liver deteriorates on the
24th and 27th day of the test with a

significant difference compared to the day
of onset.

In the study of three main indicators of
liver diagnosis, it was found that one of the
proposed ways to have healthy fish both
from the point of view of aquaculture and
as an animal model, using probiotics such
as Lactobacillus casei can significantly
improve liver and therefore metabolic
function.
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