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Prebiotics, as feed additives, can activate the antioxidant and immune systems of fsh and signifcantly improve the survival of
aquaculture animals in stressful conditions. Te exposure of fsh to copper sulfate leads to oxidative stress, suppression of the
immune system, and destruction of vital body tissues. Tis study aimed to investigate the protective efects of Sanyar prebiotic
on the immunity and tissue changes of common carp (Cyprinus carpio) exposed to CuSO4 stress. Two hundred common carp
fsh with an average weight of 12.33 ± 0.93 g were stocked in four treatments (triplicates) for 60 days. Te experimental
treatments contained Sanyar commercial prebiotics in 100 g of food, which included P1 (1ml prebiotic liquid), P2 (0.1 g
prebiotic powder), P3 (0.5ml liquid and 0.05 g powder), and treatment C (control treatment without any additives). At the end
of the experimental period, the fsh were exposed to acute toxicity of Cu (0.1m/l) for 96 hours. Gill, kidney, and liver tissue
samples were collected and evaluated after 96 hours. According to the results obtained, there were signifcant diferences in
specifc growth rate (SGR) and fnal weight (p< 0.05). Te lowest feed conversion ratio (FCR) was observed in the Sanyar
treatments (1.56± 0.37), which had a signifcant diference from the control treatment (1.85 ± 0.35) (p< 0.05). Te results
showed that immunity indices such as lysozyme, cortisol, and ACH50 increased in the experimental treatments compared to
the control treatment (p< 0.05). Te highest and lowest lysozyme activities were observed in P2 (16.35 ± 0.57) and control
treatments (13.15 ± 1.00), respectively (p< 0.05). Generally, no signifcant diference was observed between growth and
nutrition indices in Sanyar treatments (p< 0.05). Symptoms of kidney, liver, and gill tissue damage were reported from mild
(hyperemia and infltration of infammatory cells) to severe (hemorrhage and necrosis). Te lowest severity of tissue damage
was observed in the treatments fed with Sanyar food supplement. In general, the results of this study showed that the addition
of Sanyar prebiotic to the diet of common carp improves the growth indicators and immune response and can also be benefcial
in increasing fsh resistance to copper toxicity.

1. Introduction

Common carp (Cyprinus carpio) is one of the most im-
portant fsh cultivated in the world today and belongs to the
carp family (Cyprinidae) [1]. Tis fsh has an important role
in increasing the rate of aquaculture production worldwide

as one of the most valuable cultivated species [2, 3].
Nowadays, strengthening the immune system of aquatic
animals against environmental stress is one of the important
goals of the aquatic industry, and the use of immune
stimulants in the food diet leads to the growth and
strengthening of the health of aquatic animals [4]. It has
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been proven that the use of new food supplements such as
prebiotics, probiotics, and synbiotics is very efective on
growth, food efciency, and production of digestive enzymes
[5, 6].

A prebiotic refers to a food component that cannot be
digested and exerts a positive infuence on the host by spe-
cifcally promoting the proliferation and/or functionality of
a particular bacterium or a restricted group of bacteria within
the colon [7]. It has been reported that prebiotics as functional
compounds in the aquaculture industry improve growth, feed
efciency, intestinal microbiota, digestive enzyme activity,
intestinal morphology, immune status, disease resistance,
intermediary metabolism, and stress responses [8].

Sanyar prebiotic is derived from Saccharomyces cer-
evisiae yeast. Sanyar contains cell wall carbohydrates
mannan-oligosaccharide and beta-glucan, which mannan-
oligosaccharide as a prebiotic and beta-glucan as a strong
antioxidant are efective in strengthening the immune system
of aquatic animals. On the other hand, Sanyar is a very
nutritious substance that contains essential amino acids for
growth, B vitamins, and growth stimulants including peptides
and nucleotides and is also rich in minerals, especially
chromium, phosphorus, and selenium.Te types of prebiotics
used in the aquaculture industry include beta-glucans,
mannan-oligosaccharides, lactose, fructo-oligosaccharides,
and inulin, whose efects have been proven in aquatic animals
[9–11]. However, there is not enough scientifc information
about the efect of using Sanyar resources on aquatic animals
such as common carp. Especially, the protective efects of
Sanyar prebiotic against metals stress in fsh have not been
investigated.

Copper is an essential trace element that plays a crucial
role in the proper development and metabolic processes of
living organisms. Nevertheless, exceeding the prescribed
limit of copper can pose signifcant risks as it can form
persistent metallic compounds that have the potential to
accumulate in water and disrupt the delicate balance of the
biological system [12]. Te rise in environmental pollution
can also have adverse efects on aquaculture operations. Te
toxicity of copper has been observed to induce harmful
efects on fsh species [13]. Tis is because fsh are one of the
aquatic organisms that are able to accumulate heavy metals
in their tissue [12]. Based on the importance of the type and
quality of food on aquatic production and the role of fsh
immunity, the possibility of increasing the resistance of fsh
exposed to copper sulfate was investigated after feeding with
Sanyar prebiotic diet. Various studies have been carried out
related to the resistance of fsh to food supplements in-
cluding various types of prebiotics [14–18]. Several studies
have been conducted on the role of dietary supplements in
enhancing resistance against various stresses, such as toxins
and diseases [19, 20]. Farhangi et al. [17] investigated the
protective and histopathological efects of garlic extract
(Allium sativum) on rainbow trout (Oncorhynchus mykiss)
exposed to acute copper toxicity. Komar [21] conducted
a study to examine the benefcial and protective efects of

a prebiotic, microbial levan, on common carp (Cyprinus
carpio) fry during experimental exposure to fpronil.
Mokhbatly et al. [22] investigated the protective efects of
Spirulina platensis and β-glucan (BG) supplementation in
African catfsh (Clarias gariepinus) exposed to chlorpyrifos.
Hajirezaee et al. [23] reported the protective efects of vi-
tamin C in common carp (Cyprinus carpio) exposed to ti-
tanium nanoparticles. However, this study represents the
frst investigation into the efects of Sanyar prebiotic on
aquatic animals. Additionally, this study aimed to determine
the efectiveness of the Sanyar prebiotic on the growth and
resistance of common carp exposed to copper.

2. Materials and Methods

2.1. ExperimentDesign. Two hundred common carp juveniles
(12.33± 0.93 g) were purchased from the local farm in Golestan
province (Voshmgir Dam) and transported to the fsheries
laboratory in Gonbad Kavous University. Te fsh were kept in
on 1500-L tank for two weeks to acclimatize with the condi-
tions laboratory [24]. Ten, fsh with similar weights were
selected and distributed in 12 tanks (35-L volume) at a density
of 15 fsh per tank (4 treatments with 3 replications).Te tanks
were continuously aerated, and 30% of water was exchanged
daily to maintain water quality [25]. Te fsh were reared for
60days under a daily feeding rate of 3% of the biomass, divided
into three times (7:00, 12:00, and 17:00). Te biomass in the
tank was recorded biweekly to adjust the feed amounts. Un-
consumed feed and fsh feces were siphoned daily.

Sanyar prebiotic product (liquid and powder) was pur-
chased from Sepehr Javan Kavoshgar Company (registered
number 37481, Dezful, Iran) (Table 1) for the resistance of fsh
against stress caused by copper sulfate. Sanyar prebiotic in
powder and liquid form was used in 100 g of carp fsh diet
(SFC code from Faradane company which contained 38%
protein, 4% lipid, 3% fber, 7% ash, 5% moisture, and 1%
phosphorus) based on the dose suggested by the manufac-
turer. Generally, four treatments were used in this experi-
ment, which include P1 (1ml prebiotic liquid), P2 (0.1 g
prebiotic powder), P3 (0.5ml liquid and 0.05 g powder), and
treatment C (control treatment without no additives).

2.2. Growth Indices. Bioassay of fsh was carried out in
3-time intervals (initial, middle, and fnal) after anesthesia
with 200mg·l−1 clove powder [26]. Half an hour after
feeding, the uneaten feed was siphoned, then dried (60°C for
24 h), and weighed for evaluation of feed efciency. Te
weight of the fsh was measured using a digital scale with an
accuracy of 0.01 g in each tank. Parameters including weight
gain rate (WGR, %), specifc growth rate (SGR), feed con-
version ratio (FCR), feed conversion efciency (FCE),
protein efciency ratio (PER), and survival percentage (SP)
were measured to investigate the performance of experi-
mental diets containing Ajwain supplements on fsh growth
based on the following formulas [27]:
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WGR(%) � 100 ×
(final weight–initial weight)

initial weight
,

SGR
%
day

􏼠 􏼡 �
(LnWF − LnWI)

t
×

100
days

,

FCR �
F

(Wf-Wi)
,where F and (Wf-Wi) are feed consumption and body weight gain,

FCE% �
g(live weight gain)

g(dry feed eaten)
􏼢 􏼣 × 100,

PER �
weight gain(g)

protein intake(g)
,

SP �
final number of fish
initial number of fish

􏼠 􏼡 × 100.

(1)

2.3. Pathological Studies under Stress Conditions with Copper
Sulfate. Te fsh were exposed to a concentration of 0.1mg
of copper sulfate for 96 h at the end of the experiment period
(60 days period) to determine the level of resistance [28].Te
studied concentration is obtained based on the minimum
efective concentration (LOEC� lowest observed efect
concentration) equal to LC10, 96 h of copper sulfate, and it is
a concentration without any losses [29]. After the toxicity
test and examining the lesions caused by copper toxicity on
fsh tissues, 3 fsh samples were randomly caught from each
treatment and placed in a 10% formalin solution. Ten, the
samples were transferred to the pathobiology laboratory,
and tissue sections were prepared. Histological and lesion
studies were performed using identifcation keys and light
microscopy [30]. After determining the volume of water per
volumetric unit, copper sulfate was weighed and added to
the water to determine the concentration of the poison. Te
behavior of fsh exposed to copper poison was recorded
during the experimental stages. Te experiment conditions
including temperature and pH were constant for all the
samples during the test period. Also, feeding was stopped at
this stage.

2.4. Mucus Immunity Assay. After 96 h of stress with copper
sulfate, the immunity indices of carp fsh fed with Sanyar
prebiotic were investigated by direct mucus collection based
on the method of Guardiola et al. [31]. Seven fsh were
randomly caught from each replication, and mucus removal
was carried out by massaging the surface of the fsh in less
than 2minutes. Briefy, skin mucus was obtained by gently
rubbing the dorsolateral surface of fsh in a front-to-caudal
direction, transferred to sterile tubes, and centrifuged for
10minutes at 3000 rpm at a temperature of 4°C by a centri-
fuge machine [32]. Ten, the samples were stored in 2ml
microtubes and kept at −80°C for the mucus immunity test.
Mucus protease activity was evaluated based on the azocasein
hydrolysis method described by Palaksha et al. [33]. Lyso-
zyme enzyme was measured by turbidity method using
a spectrophotometer [34]. Protease enzyme was measured
using the method of Walter [35]. Complement 50 (ACH50)
was measured using the method of Oriol Sunyer and Trot
[36] based on the analysis of rabbit red blood cells, and al-
kaline phosphatase enzyme activity, glucose, and total protein
were measured by a commercial kit of Pars Azmoun using
a spectrophotometer [37]. Total immunoglobulin (IgM) was

Table 1: Analysis of Sanyar prebiotic compounds.

Test type Results
Dry matter (%) 95
Total protein (%) 50
Total carbohydrate (%) 40
Mannan-oligosaccharide (%) 10
Beta-glucan (%) 15
Nucleotide (%) 5
Vitamin B1 (mg/100 g) 12
Vitamin B2 (mg/100 g) 20
Vitamin B3 (mg/100 g) 75
Vitamin B5 (mg/100 g) 60
Escherichia coli (CFU/g) Negative
Salmonella (in 25 g of sample) Negative
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measured by the method of Siwicki and Anderson [38]. Te
cortisol level of the skin mucus was measured by the com-
petitive ELISA method (ELISA) using a commercial kit (IBL
Co., Gesellschaft für Immunchemie und Immunbiologie).

2.5. Data Analysis. Te normality of the data was de-
termined by the Shapiro–Wilk test. Signifcant diferences
between treatments were considered by one-way analysis of
variance (one-way ANOVA). Duncan test was used at
a signifcant level of 95% (p< 0.05) to compare means
(mean± SD). Statistical analyses were performed by SPSS 21
and Excel 2019 software.

3. Result

3.1. Efects of Sanyar Prebiotic on Growth and Nutrition
Factors. Te growth and nutrition factors of common
carp, fed with diferent levels of Sanyar prebiotic, are
presented in Table 2. Te initial weight in all treatments
was about 12.33± 0.93 g, and no signifcant diference was
observed between the treatments (p> 0.05). At the con-
clusion of the 60-day rearing period, the treatments
supplemented with various levels of Sanyar prebiotic
demonstrated signifcantly higher fnal weight, weight
gain, and weight gain percentage compared to the control
group without prebiotic treatment. Te specifc growth
rate (SGR) in the treatment groups that received prebiotics
exhibited a signifcant increase compared to the control
group (1.00 ± 0.17) (p< 0.05). Feed conversion ratio (FCR)
was the lowest among the treatments fed with Sanyar
compared to the control treatment, so the lowest and
highest values were observed in the P2 treatments
(1.49 ± 0.31) and the control group (1.85 ± 0.35), re-
spectively. Te feed conversion ratio (FCR) decreased in
the treatments fed with Sanyar, feed conversion efciency
(FCE), had a signifcant increase (p< 0.05). Protein con-
version efciency (PER) of the treatments fed with dif-
ferent levels of Sanyar prebiotic had a signifcant increase
compared to the control treatment (p< 0.05).

3.2. Protective Efects of Prebiotics on Immunity and Mucus
Stress Indices. Te results of the protective efects of Sanyar
prebiotic on the mucus immunity of common carp exposed
to copper sulfate stress are shown in Table 3. Lysozyme
activity showed a signifcant diference between the exper-
imental and control treatments (p< 0.05), with the highest
value observed in the P2 treatment (16.35± 0.57U/ml/min)
and the lowest in the control treatment (13.15± 1.00U/ml/
min). A signifcant diference in the concentration of ACH50
was found between the diferent Sanyar prebiotic treatments
and the control treatment without additives (p< 0.05), with
the lowest concentration observed in the control treatment
(132.58± 3.12). Mucus protein levels also exhibited a sig-
nifcant diference between the experimental and control
treatments, with the highest amount observed in the P2
treatment. Mucus protease levels were signifcantly diferent
in fsh fed with Sanyar prebiotics and exposed to copper
sulfate stress, with the highest observed value. Te highest

was observed in the P2 treatment and the lowest in the
control treatment (p< 0.05) (Table 3).

Te results of the protective efects of Sanyar prebiotic on
mucus stress indices in common carp exposed to copper
sulfate stress are shown in Figure 1. Cortisol concentration
in the control and P3 treatments had a signifcant increase
compared to the P1 and P2 treatments (p< 0.05). Glucose
levels of fsh mucus in the control and P3 treatments were
signifcantly increased compared to other treatments
(p< 0.05). Alkaline phosphatase had a statistically signif-
cant increase in the control treatment compared to other
experimental treatments (Figure 1).

3.3. Te Results of Histological Studies. After exposing the
fsh fed with Sanyar prebiotic to copper sulfate for 96 hours,
the highest amount of lesions was observed in the gill tissue
and the least amount of lesions was observed in the liver
and kidney tissues. However, the severity of lesions ob-
served in the treatments fed with Sanyar was higher than in
the control treatment. Complications such as hyperemia
and bleeding in the gills and kidneys were more obvious
(Table 4). Te main lesions of the gill tissue included hy-
peremia of the secondary lamellae, edema, detachment of
the covering epithelium of the secondary lamellae, hy-
perplasia at the base of the secondary lamellae, and necrosis
of the covering cells (Figure 2). Mild levels of renal duct
destruction, hyperemia, bleeding, and the accumulation of
melanoma macrophages were observed in the kidney tissue
(Figure 3). However, the liver tissue showed minimal
damage, indicating that the severity of the lesions was
considerably lower in the treatments where Sanyar was
administered. Notably, liver lesions such as hyperemia and
the accumulation of melanoma macrophages were only
observed in the experimental group (Figure 4). It is worth
mentioning that no deaths occurred throughout the du-
ration of the experiment (Figure 4). No casualties occurred
during the experiment.

4. Discussion

Resilience and strengthening of aquatic animals against
environmental stress is one of the important objectives of
the aquaculture industry, which will be implemented by
adding immune stimulants to the diet. Tis study was
conducted based on the positive results obtained from
various probiotic and prebiotic food supplements in the
past and investigating the efects of a new prebiotic
compound (Sanyar). Based on this, Jafarian et al. [39]
reported that adding 0.1 g of Sanyar prebiotic powder to
the diet of common carp causes a signifcant increase in the
fnal biomass weight, fnal density, and protein yield ratio
and a decrease in the feed conversion ratio. In this study,
Sanyar prebiotic caused a signifcant increase in growth
and nutrition factors (p< 0.05), so the changes in weight
gain in the treatments fed with the ration containing
Sanyar were more than the control treatment. However, no
signifcant diference was observed in the treatments
containing Sanyar powder and liquid (p> 0.05). Although

4 Journal of Toxicology



Sanyar prebiotic had a good efect on the growth and
nutrition of fsh, no diference was observed in the type of
combination with food or in addition to water.

Prebiotics are benefcial food compounds that selectively
stimulate the growth and activity of a number of bacteria in
the digestive system of the host, which are known as growth

Table 3: Mean± SD of skin mucus immune parameters of common carp fed with diets containing Sanyar after 60 days.

Skin
mucus immune parameters

Treatments
P0 (control) P1 P2 P3

Lysozyme (U/ml//min) 13.15± 1.00c 15.51± 0.31ab 16.35± 0.57a 14.49± 0.25b
ACH50 (%) 132.58± 3.12b 138.47± 2.40a 142.13± 0.95a 139.40± 2.09a
TP (g/dl) 56.28± 0.86d 64.54± 1.24b 67.75± 1.56a 60.32± 1/47c
Protease (U/mg) 21.52± 1.34c 25.06± 1.05b 28.87± 0.59a 23.29± 0/65bc

Te lowercase letters indicate signifcant diferences between treatments (P< 0.05).

Table 2: Mean± SD of growth parameters of common carp fed with diets containing Sanyar after 60 days.

Growth parameters
Treatments

P0 P1 P2 P3
Initial weight (g) 12.62± 1.02 12.43± 0.99 12.32± 0.86 11.97± 0.88
Final weight (g) 20.69± 1.71b 22.32± 2.13a 22.51± 2.09a 21.94± 1.84a
Body weight (%) 64.51± 14.07b 80.40± 19.82a 83.39± 19.51a 83.98± 18.05a
Feed intake (g) 14.44± 0.23 14.78± 0.34 14.63± 0.12 14.78± 0.22
SGR (%/day) 0.82± 0.14b 0.97± 0.18a 1.00± 0.17a 1.00± 0.16a
FCR 1.85± 0.35a 1.56± 0.37b 1.49± 0.31b 1.53± 0.28b
FCE 55.93± 10.94b 66.98± 14.87a 69.64± 14.75a 67.44± 12.36a
PER 1.47± 0.28b 1.76± 0.39a 1.83± 0.38a 1.77± 0.32a
SP 100 100 100 100
Te lowercase letters indicate signifcant diferences between treatments (P< 0.05).
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Figure 1: Mean± SD of stress parameters of common carp fed with diets containing Sanyar after 60 days. Diverse letters show signifcant
diferences (p< 0.05) in diferent groups in the Duncan test. Signifcant diferences (p< 0.05) between the means obtained are marked by
asterisks.

Journal of Toxicology 5



stimulants and immune stimulants in aquatic animals [40].
Types of prebiotics used in the aquaculture industry include
beta-glucans, mannan-oligosaccharides, lactose, fructo-

oligosaccharides, and inulin, which have been proven ef-
fective in aquatic animals. Numerous studies have been
published on this topic, indicating that the inclusion of

Table 4: Te common lesions of the fsh exposed to the concentration of copper after 96 h.

A: gill

Hyperplasia Epithelial cells necrosis
of gill

Expansion of secondary
lamella Hyperemia Hemorrhage Edema Concentrations (mg/l)

+++ ++ ++ ++ ++ ++ P0
+++ ++ ++ ++ ++ ++ P1
++ ++ ++ ++ ++ ++ P2
++ ++ ++ ++ ++ ++ P3

B: kidney
Infammatory cells
infltration Hyperemia Hemorrhage Necrosis of tubule Concentrations (mg/l)

++ + + + P0
++ + − + P1
+ − − − P2
+ − − − P3

C: liver
Infammatory cells
infltration Hyperemia Hemorrhage Necrosis Concentrations (mg/l)

++ + − − P0
++ + − − P1
+ − − − P2
+ − − − P3
(−): No lesions; (+): lesions <20%; (++): lesions> 20–60%; (+++): lesions> 60%.

A1 A4

Figure 2: Tissue section prepared from fsh gill exposed to copper sulfate (H&E, bar� 25 μm, ×400). A1: control treatment fed with basal
diet and arrowheads: hyperemia of secondary lamellae (a), edema and detachment of covering epithelium in secondary lamellae (b), and
basal hyperplasia in secondary lamellae (c). A4: P3 treatment fed with Sanyar supplement and arrowheads: hyperemia of secondary lamellae
(a), edema and detachment of covering epithelium in secondary lamellae (b), and basal hyperplasia in secondary lamellae (c).

B1 B3

Figure 3: Tissue section prepared from fsh kidney exposed to copper sulfate (H&E, bar� 40 μm, ×400). B1: control treatment fed basal diet
and arrowheads: normal renal tubules (a) and accumulation of melanoma macrophages (b). B3: P2 treatment fed with Sanyar supplement
and arrowheads: normal renal tubules (a), accumulation of melanoma macrophages (b), and destruction of renal tubules (c).
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Immunogen® as a dietary supplement, specifcally at a level
of 1.5%, can have a benefcial impact on growth parameters
and immune responses in shabout (Tor grypus) fsh [41]. Te
combined efects of thyme essential oil (TEO) and prebiotic
(Immunogen®) on growth performance and innate im-
munity of rainbow salmon, Oncorhynchus mykiss, showed
an increase in the performance and well-being of rainbow
salmon in the treatment 2% TEO+0.2% Immunogen [42].
Prebiotic compounds improve intestinal microbial fora,
facilitate digestion and absorption, and increase the value of
food through the production of enzymes and specifc
metabolic substances [43, 44]. In this research, the Sanyar
prebiotic facilitates the absorption of nutrients and weight
growth in fshes through an indirect efect on the microbial
fora of the digestive system. According to the study of Laice
et al. [6], adding 0.2mg/l of synbiotic to water in the biofoc
system (Bacillus toyi, Bacillus subtilis, Bifdobacterium bif-
dum, Enterococcus faecium, Lactobacillus acidophilus,
mannan-oligosaccharides, lysine, methionine, choline, vi-
tamin C, vitamin E, and dextrose) caused an increase in the
fnal weight, fnal length, weight gain, and specifc growth
rate in biofoc + synbiotic treatment compared to the control
treatment. In the past years, functional additives such as
various prebiotics have been introduced as good candidates
to reduce the health efects and disease resistance caused by
this replacement by strengthening the fsh immune
system [45].

Te results of stress and immunity indices of carp fsh
exposed to copper sulfate indicate an increase in fsh re-
sistance due to prebiotic function (Table 3). Cortisol and
glucose levels increased in the mucus of the control treat-
ment at the end of the fsh feeding period and exposure to
copper sulfate, while the cortisol level in fsh fed with Sanyar
prebiotic decreased and had a signifcant diference with the
control treatment. Exposure of fsh to copper sulfate as
a toxic substance and nervous system stimulant causes stress
in fsh. Te results showed that there was less stress in the
treatments fed with a ration containing Sanyar, and a sig-
nifcant diference was observed compared to the control
treatment. Also, this result shows the efect of the Sanyar
prebiotic in reducing stress and increasing the level of
immunity in common carp fsh. Several studies have shown
that the increase of toxic elements in water causes direct
efects on fsh organs, severe reduction of oxygen due to

stress, and increased oxygen consumption by fsh [46]. Te
level of alkaline phosphatase as a stress factor in the
treatment containing Sanyar prebiotic showed a signifcant
decrease compared to the control treatment, and the lowest
level was observed in the P2 treatment. Tese diferences
show the efect of these food supplements on reducing the
stress level in fsh. Alkaline phosphatase activity (ALP) is
a polyfunctional enzyme involved in membrane transport
activities [47, 48]. Te increase in the level of these enzymes
is probably related to cytolysis and the leakage of enzymes in
the immune system, which indicates tissue damage in organs
such as the liver and kidney [49]. In our study, the use of the
Sanyar prebiotic increased the activity of lysozyme and
complement 50 (ACH50) in common carp. However, the
highest amount was obtained in the P2 treatment (0.1 g per kg
of food). Te results of this study are consistent with the
fndings of Zarei Nozari et al. [50] and Razavi Amri et al. [51].
In this regard, immune factors were signifcantly increased in
treatments containing Sanyar commercial prebiotics (0.2 g
powder and 1ml liquid) [39]. Te functional results of im-
proving the immune response of common carp inMatala Har
are consistent with the fndings of Hosseinifar et al. [11] and
Abasubong et al. [52]. In research, food supplements with
0.5% of galactomannan and oligosaccharide (GMOS diet) or
0.02% of a combination of essential oils (PHYTO diet) in-
creased fsh serum lysozyme after Vibrio anguillarum in-
fection, so the combined use of both additives can be useful to
combat infection in European sea bass [45]. Te increase in
the activity of lysozyme enzyme and serum complement
protein can indicate the strengthening of the fsh immune
system, which is probably due to the efectiveness of the active
ingredients in Sanyar. Te serum complement protein is
a strong nonspecifc defense mechanism to protect fsh
against a variety of invasive organisms. Immune stimuli in-
crease the power of xenophagy and increase the production of
lysozyme [53]. Numerous studies have highlighted the en-
hanced resistance of aquatic animals when fed with prebiotics,
exhibiting increased resilience to various biotic and abiotic
stresses. In the context of immunological indicators, a study
on rainbow trout (Oncorhynchus mykiss) infected with Aer-
omonas hydrophila demonstrated the protective efects of
a prebiotic on these indicators. Specifcally, the challenge
group exhibited higher levels of serum cortisol and glucose.
However, fsh that were under challenge and fed a diet

C1 C2

Figure 4: Tissue section prepared from fsh liver exposed to copper sulfate (H&E, bar� 40 μm, ×400). C1: control group fed basal diet and
arrowheads: normal hepatocytes (a) and central vein (b). C2: P2 treatment fed with Sanyar supplement and arrowheads: normal hepatocytes
(a) and central vein (b).
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supplemented with Immunogen showed lower levels of
cortisol and glucose compared to the challenge group [54].

Te study on gilthead sea bream (Sparus aurata) in-
vestigated the efects of mannan-oligosaccharide and synbiotic
supplementation on growth performance and immune response
both before and after thermal stress at 34°C. Following thermal
stress, the experimental diets led to a signifcant increase in
monocyte counts, lysozyme activity, and alanine aminotrans-
ferase (ALT) and aspartate aminotransferase (AST) levels in the
fsh. Notably, the fsh fed with a biomin-supplemented diet
exhibited the lowest concentration of cortisol. It is important to
note that “synbiotic” refers to a combination of prebiotics and
probiotics working together synergistically to promote benefcial
efects on the host health [55].

Histopathology is a suitable method to observe the toxic
efects of chemicals in the aquatic environment.Tis method
provides valuable insights into the extent of tissue damage
resulting from the intensity and duration of exposure to
toxic substances. Additionally, it helps assess the tissue
capacity for adaptation and tolerance when exposed to such
harmful agents [56]. Chemical pollutants stimulate various
organs such as gills, kidneys, and liver, and these tissues are
suitable evidence to investigate the efects of external pol-
lutants. Te gill tissue has less protection than other tissues
and is directly adjacent to water. Terefore, this organ is
more sensitive and can be the frst defense barrier of the fsh
body against chemical pollutants. In this study, the de-
struction of gill tissue of fsh exposed to copper sulfate stress
included lesions such as hyperemia, bleeding, hyperplasia of
the apex in the gill flaments, edema, and expansion of
secondary lamellae in all treatments. However, these lesions
were diferent and less in fsh fed with Sanyar. Major lesions
in liver and kidney tissues included cellular infammation
and hyperemia. Several studies have also reported the efects
of pollutants and environmental stress on gill tissue [57, 58].
However, the investigated damages (hyperplasia, hyper-
trophy, hyperemia, and edema) were more in the control
group than in the Sanyar-treated fsh, and fewer damages
were observed in the Sanyar-treated fsh. Tis fnding in-
dicates the protective efect of Sanyar on fsh organs exposed
to copper toxicity. Similar to our results, several other
studies evaluated the positive performance of prebiotics in
exposure to toxins. Mokhbatly et al. [22] investigated the
protective efects of Spirulina platensis and β-glucan (BG)
supplementation in African catfsh (Clarias gariepinus)
exposed to chlorpyrifos. Te obtained results showed that
the fsh exposed to the poison had lower growth and nu-
tritional factors than the control treatment. Also, the blood
factors of the fsh fed with the used supplements had a better
condition. Te study conducted by Gupta [59] demonstrates
the ameliorative and protective efects of microbial levan,
a prebiotic, on common carp (Cyprinus carpio) fry exposed
to fpronil experimentally. Te fndings indicate that the
inclusion of microbial levan at a concentration of 0.75%
efectively mitigates the stress induced by fpronil, owing to
its potent nutraceutical properties. One of the methods of
removing heavy metals from the environment is the use of
microorganisms [60]; therefore, strengthening bacteria with
nutrients such as prebiotics can help to increase the

population of benefcial bacteria in the digestive system of
fsh. According to Zoghi et al. (2014), many microbes have
the ability to remove heavy metals, and some of them are
lactic acid bacteria (LAB). Lactic acid produced by these
bacteria could suppress the growth of pathogenic microbes
by making the environment more acidic. Sanyar commercial
prebiotic plays a vital role in creating an optimal environ-
ment that promotes the growth of benefcial bacteria while
suppressing the proliferation of pathogenic bacteria. Tis
unique mechanism strengthens the fsh’s immune system,
empowering it to efectively combat and mitigate the adverse
efects of copper sulfate contamination. By enhancing the
fsh’s natural defense mechanisms, Sanyar prebiotic con-
tributes to a healthier and more resilient aquatic ecosystem.

5. Conclusion

Te results of this study showed that the use of Sanyar
prebiotic can improve the feed and growth of fsh, reduce
stress, and increase immunity in fsh exposed to environ-
mental factors. Based on the results, 1mg/kg Sanyar prebiotic
is recommended for common carp feed supplementation.
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A. Rybakovas, “Impact of copper and zinc mixture on hae-
matological parameters of rainbow trout (Oncorhynchus
mykiss): acute exposure and recovery,” Ecotoxicology, vol. 30,
no. 5, pp. 873–884, 2021.

[14] H. Mallahi, A. Hedayati, H. Hosseinifar, A. Jafar, and
T. Bagheri, “Haematological response of Cyprinus carpio in
the face of nano silver after feeding with food supplements,”
Utilization and Cultivation of Aquatics, vol. 8, no. 4, pp. 1–10,
2020.

[15] F. Z. Karimtabar, H. Jafaryan, and H. Adineh, “Te efect of
commercial probiotics addition in biofoc system: water

quality, feed and growth performance and body composition
of Common carp (Cyprinus carpio),” Aquaculture Sciences,
vol. 7, no. 3, pp. 141–151, 2020.

[16] F. Kakavand, A. Hedayati, N. A. Jafar, S. Maddah, and
S. M. Rezaei, “Dietary efect of prebiotic pretreatment on
hematological indices of tilapia (Oreochromis niloticus) ex-
posed to silver nanoparticles,” Quarterly Journal of Physiology
and Animal Development, vol. 13, no. 3, pp. 1–13, 2020.

[17] M. Farhangi, H. Adineh, and M. Harsij, “Protective, immu-
nologic, and histopathologic efects of garlic extract (Allium
sativum) on rainbow trout (Oncorhynchus mykiss) exposed to
acute toxicity with copper (Cu2+),” Iranian Journal of Vet-
erinary Science and Technology, vol. 14, no. 4, pp. 26–36, 2022.

[18] S. Hosseini, E. Abdollahzadeh, V. Ranaei, M.Mahmoudzadeh,
and Z. Pilevar, “Efect of Zataria multifora Boiss. essential oil,
NaCl, acid, time, and temperature on the growth of Listeria
monocytogenes strains in broth and minced rainbow trout,”
Food Science and Nutrition, vol. 9, no. 4, pp. 2290–2298, 2021.

[19] S. R. Khaleghi, S. A. A. Hedayati, H. Kashiri, H. Paknejad, and
S. H. Hosseinifar, “Efect of Pediococcus acidilactici probiotic
and Agaricus bisporus prebiotic supplements on the ex-
pression of immune-related genes in common carp (Cyprinus
carpio) exposed to silver nanoparticles,” Aquatics Physiology
and Biotechnology, vol. 6, no. 4, pp. 155–174, 2019.

[20] A. Iri, S. A. Hedayati, H. Paknejad, T. Bagheri, and
S. R. Khaleghi, “Efects of diferent mushroom levels on
immunity indices of tilapia (Oreochromis niloticus) exposed to
chlorpyrifos in experimental condition,” Aquatic Animals
Nutrition, vol. 5, no. 2, pp. 61–70, 2019.

[21] S. Komar, “Ameliorative and protective efects of prebiotic,
microbial levan in common carp, (Cyprinus carpio) fry under
experimental exposure to fpronil,” International Journal
Aquatic Biology, vol. 9, no. 3, pp. 134–147, 2021.

[22] A. A. Mokhbatly, D. H. Assar, E. W. Ghazy et al., “Te
protective role of spirulina and β-glucan in African catfsh
(Clarias gariepinus) against chronic toxicity of chlorpyrifos:
hemato-biochemistry, histopathology, and oxidative stress
traits,” Environmental Science & Pollution Research, vol. 27,
no. 25, pp. 31636–31651, 2020.

[23] S. Hajirezaee, G. H. Mohammadi, and S. S. Naserabad, “Te
protective efects of vitamin C on common carp (Cyprinus
carpio) exposed to titanium oxide nanoparticles (TiO2-NPs),”
Aquaculture, vol. 518, Article ID 734734, 2020.

[24] M. Yousef, H. Adineh, M. Reverter et al., “Protective efects of
black seed (Nigella sativa) diet supplementation in common
carp (Cyprinus carpio) against immune depression, oxidative
stress and metabolism dysfunction induced by glyphosate,”
Fish & Shellfsh Immunology, vol. 109, pp. 12–19, 2021.

[25] A. Widanari, J. Ekasari, and S. Maryam, “Evaluation of biofoc
technology application on water quality and production
performance of red Tilapia Oreochromis sp cultured at dif-
ferent stocking densities,” HAYATI Journal of Biosciences,
vol. 19, no. 2, pp. 73–80, 2012.

[26] M. A. Dawood, N. M. Eweedah, Z. I. Elbialy, and
A. I. Abdelhamid, “Dietary sodium butyrate ameliorated the
blood stress biomarkers, heat shock proteins, and immune
response of Nile tilapia (Oreochromis niloticus) exposed to
heat stress,” Journal of Termal Biology, vol. 88, Article ID
102500, 2020.

[27] G. Luo, J. Xu, Y. Teng, C. Ding, and B. Yan, “Efects of dietary
lipid levels on the growth, digestive enzyme, feed utilization
and fatty acid composition of Japanese sea bass (Lateolabrax
japonicusL.) reared in freshwater,” Aquaculture Research,
vol. 41, no. 2, pp. 210–219, 2010.

Journal of Toxicology 9



[28] M. Farhangi and H. Jafaryan, “Te assessment of histo-
pathological change induced in the tissues of the Cyprinus
carpio and Rutilus caspicus fry after acute exposure of Copper
(CuSO4),” Journal of Aquaculture Development, vol. 14, no. 4,
pp. 69–81, 2021, http://aqudev.liau.ac.ir/article-1-668-en.
html.

[29] A. Sadeghi and M. R. Imanpour, “Investigation of LC50,
NOEC, and LOEC of oxadiazon, deltamethrin and malathion
on platy Fish (Xiphophorus Maculatus),” Iranian Journal of
Toxicology, vol. 9, no. 28, pp. 1271–1276, 2015, http://ijt.
arakmu.ac.ir/article-1-400-en.html.

[30] R. J. Roberts, Fish Pathology, Wiley-Blackwell, Cambridge,
UK, 4th edition, 2012.

[31] F. A. Guardiola, A. Cuesta, E. Abellán, J. Meseguer, and
M. A. Esteban, “Comparative analysis of the humoral im-
munity of skin mucus from several marine teleost fsh,” Fish &
Shellfsh Immunology, vol. 40, no. 1, pp. 24–31, 2014.

[32] H. Adineh, M. Naderi, M. Harsij, S. A. Shirangi, M. Yousef,
and S. H. Hoseinifar, “Interactive efects of culture systems
(biofoc and clear water) and dietary protein levels on growth,
digestive activity, mucosal immune responses, antioxidant
status, and resistance against salinity stress in the Caspian
roach (Rutilus caspicus) fry,” Aquaculture, vol. 570, Article ID
739418, 2023.

[33] K. J. Palaksha, G. W. Shin, Y. R. Kim, and T. S. Jung,
“Evaluation of non-specifc immune components from the
skin mucus of olive Flounder (Paralichthys olivaceus),” Fish &
Shellfsh Immunology, vol. 24, no. 4, pp. 479–488, 2008.

[34] S. Subramanian, S. L. MacKinnon, and N. W. Ross, “A
comparative study on innate immune parameters in the
epidermal mucus of various fsh species,” Comparative Bio-
chemistry and Physiology Part B: Biochemistry and Molecular
Biology, vol. 148, no. 3, pp. 256–263, 2007.

[35] H. Walter, “Proteinase’s methods with hemoglobin, casein
and azocoll as substrates,” in Methods of Enzymatic Analysis,
H. U. Bergmeyer, Ed., Verlag Chemie, pp. 270–277, Berlin,
Germany, 1984.

[36] J. Oriol Sunyer and L. Tort, “Natural hemolytic and bacte-
ricidal activities of sea bream Sparus aurata serum are efected
by the alternative complement pathway,” Veterinary Immu-
nology and Immunopathology, vol. 45, no. 3-4, pp. 333–345,
1995.

[37] Z. Roosta and S. H. Hoseinifar, “Te efects of crowding stress
on some epidermal mucus immune parameters, growth
performance and survival rate of Tiger barb (Pentius tetra-
zona),” Aquaculture Research, vol. 47, no. 5, pp. 1682–1686,
2016.

[38] A. K. Siwicki and D. P. Anderson, Nonspecifc defense
mechanisms assay in fsh: ii. Potential killing activity of neu-
trophils and macrophages, lysozyme activity in serum and
organs and total immunoglobulin level in serum, Fish Disease
Diagnosis and Prevention Methods, Olsztyn, Poland, 1993,
https://pubs.er.usgs.gov/publication/95381.

[39] S. Jafarian, H. Adineh, M. Farhangi, M. Harsij, and
Z. Kordjazi, “Interaction of two levels of Sanyar commercial
prebiotics (powder and liquid) in reduction of water pollution
load, feed and growth performance, digestive enzyme activity,
non-specifc immunity of common carp (Cyprinus carpio) in
bio-foc system,” Journal of Fisheries, vol. 75, no. 1, 2022.

[40] Z. Li, N. T. Tran, P. Ji, Z. Sun, X. Wen, and S. Li, “Efects of
prebiotic mixtures on growth performance, intestinal
microbiota and immune response in juvenile chu’s croaker,
Nibea coibor,” Fish & Shellfsh Immunology, vol. 89,
pp. 564–573, 2019.

[41] T. Mohammadian, R. Ghanei-Motlagh, T. Molayemraftar
et al., “Modulation of growth performance, gut microfora,
non-specifc immunity and gene expression of proin-
fammatory cytokines in shabout (Tor grypus) upon dietary
prebiotic supplementation,” Fish & Shellfsh Immunology,
vol. 112, pp. 38–45, 2021.

[42] M. Yousef, H. Ghafarifarsani, S. M. Hoseini et al., “Efects of
dietary thyme essential oil and prebiotic administration on
rainbow trout (Oncorhynchus mykiss) welfare and perfor-
mance,” Fish & Shellfsh Immunology, vol. 120, pp. 737–744,
2022.

[43] E. Ahmadifar, N. Sheikhzadeh, K. Roshanaei, N. Dargahi, and
C. Faggio, “Can dietary ginger (Zingiber ofcinale) alter bio-
chemical and immunological parameters and gene expression
related to growth, immunity and antioxidant system in
zebrafsh (Danio rerio)?” Aquaculture, vol. 507, pp. 341–348,
2019.

[44] Z. Pilevar, H. Hosseini, E. Abdollahzadeh et al., “Efect of
Zataria multifora Boiss. Essential oil, time, and temperature
on the expression of Listeria monocytogenes virulence genes
in broth and minced rainbow trout,” Food Control, vol. 109,
Article ID 106863, 2020.

[45] A. Serradell, S. Torrecillas, A. Makol et al., “Prebiotics and
phytogenics functional additives in low fsh meal and fsh oil
based diets for European sea bass (Dicentrarchus labrax):
efects on stress and immune responses,” Fish & Shellfsh
Immunology, vol. 100, pp. 219–229, 2020.

[46] F. A. Nekuie, D. Azadikhah, and S. Rasouli, “A comparative
study of dsogerm 2A, copper sulfate and potassium per-
manganate on FCR, rearing period and mortality rate in
rainbow trout (Oncorhynchus mykiss),” Journal of Large
Animal Clinical Science Research (JLACSR), vol. 5, no. 2,
pp. 53–60, 2011.

[47] S. K. Ramaiah, “A toxicologist guide to the diagnostic in-
terpretation of hepatic biochemical parameters,” Food and
Chemical Toxicology, vol. 45, no. 9, pp. 1551–1557, 2007.

[48] A. Taheri Mirghaed, M. Ghelichpour, A. Zargari, and
M. Yousef, “Anaesthetic efcacy and biochemical efects of 1,
8-cineole in rainbow trout (Oncorhynchus mykiss, Walbaum,
1792),” Aquaculture Research, vol. 49, no. 6, pp. 2156–2165,
2018.

[49] C. Bacchetta, A. Rossi, A. Ale, M. Campana, M. J. Parma, and
J. Cazenave, “Combined toxicological efects of pesticides:
a fsh multi-biomarker approach,” Ecological Indicators,
vol. 36, pp. 532–538, 2014.

[50] A. Zarei Nozari, H. Gholipour Kanani, H. Jafaryan, and
M. Harsij, “Study on efect of shirazi thyme extract (Zataria
multifora) and Zingiber powdered (Zingiber ofcinale) on
growth parameters non-specifc immunity index and re-
sistance of rainbow trout (Oncorhynchus mykiss) juvenile
against of Yersinia ruckeri pathogen,” Journal of Animal
Environment, vol. 12, no. 3, pp. 283–292, 2020.

[51] S. R. Razavi Amri, H. Gholipour Kannani, M. Farhangi, and
H. Adineh, “Te study on the efect of oregano essential oil
(Zataria multifora) and ginger powder (Zingiber afcinale)
on growth performance immunity system and blood pa-
rameters of Common carp (Cyprinus carpio),” Aquatics
Physiology and Biotechnology, vol. 9, no. 3, pp. 67–88, 2021.

[52] K. P. Abasubong, X. F. Li, J. J. Y. Adjoumani, G. Z. Jiang,
H. E. Desouky, and W. B. Liu, “Efects of dietary xylooli-
gosaccharide prebiotic supplementation on growth, antioxi-
dant and intestinal immune-related genes expression in
common carp Cyprinus carpio fed a high-fat diet,” Journal of

10 Journal of Toxicology

http://aqudev.liau.ac.ir/article-1-668-en.html
http://aqudev.liau.ac.ir/article-1-668-en.html
http://ijt.arakmu.ac.ir/article-1-400-en.html
http://ijt.arakmu.ac.ir/article-1-400-en.html
https://pubs.er.usgs.gov/publication/95381


Animal Physiology and Animal Nutrition, vol. 106, no. 2,
pp. 403–418, 2022.

[53] M. Sakai, “Current research status of fsh immunostimulants,”
Aquaculture, vol. 172, no. 1-2, pp. 63–92, 1999.

[54] P. Yarahmadi, H. Ghafari Farsani, A. Khazaei, M. Khodadadi,
G. Rashidiyan, and M. A. Jalali, “Protective efects of the
prebiotic on the immunological indicators of rainbow trout
(Oncorhynchus mykiss) infected with Aeromonas hydro-
phila,” Fish & Shellfsh Immunology, vol. 54, pp. 589–597,
2016.

[55] K. Khosravi-Katuli, Y. Mohammadi, M. Ranjbaran et al.,
“Efects of mannan oligosaccharide and synbiotic supple-
mentation on growth performance and immune response of
Gilthead Sea Bream (Sparus aurata) before and after thermal
stress,” Aquaculture Research, vol. 52, no. 8, pp. 3745–3756,
2021.

[56] P. Samanta, S. Pal, A. K. Mukherjee, D. Kole, and A. R. Ghosh,
“Histopathological study in stomach and intestine of Anabas
testudineus (Bloch, 1792) under Almix exposur,” Fisheries
and Aquaculture Journal, vol. 7, no. 3, pp. 1–7, 2016.

[57] T. L. A. D. B. Carvalho, A. A. DoNascimento, C. F. Gonçalves,
M. A. J. Dos Santos, and A. Sales, “Assessing the histological
changes in fsh gills as environmental bio indicators in Paraty
and Sepetiba bays in Rio de Janeiro, Brazil,” Latin american
journal of aquatic research, vol. 48, no. 4, pp. 590–601, 2020.

[58] Y. Xiao, Y. MeiZhang,W. BinXu et al., “Te efects of salinities
stress on histopathological changes, serum biochemical index,
non-specifc immune and transcriptome analysis in red
swamp crayfsh Procambarus clarkia,” Science of the Total
Environment, vol. 840, pp. 20–27, 2022.

[59] S. K. Gupta, “Ameliorative and protective efects of prebiotic,
microbial levan in common carp, (Cyprinus carpio) fry under
experimental exposure to fpronil,” International Journal of
Aquatic Biology, vol. 9, no. 20, pp. 134–147, 2021.

[60] A. P. Wanguyun, A. Hayati, and B. Utomo, “Te efects of
probiotics feed supplementation on tilapia (Oreochromis
niloticus) in copper-tainted water,” Ecology Environment and
Conservation, vol. 25, no. 2, pp. 13–17, 2019.

[61] G. R. Gibson and M. B. Roberfroid, “Dietary modulation of
the human colonic microbiota: introducing the concept of
prebiotics,” Te Journal of Nutrition, vol. 125, no. 6,
pp. 1401–1412, 1995.

[62] S. Jafaryan, H. Adineh, M. Farhangi, M. Harsij, and
Z. Kordjazi, “Efcacy of using Sanyar prebiotics in biofoc
environment: evaluation of production performance, water
nitrogen compounds, hematological and metabolic responses
of common carp, Cyprinus carpio,” Aquatic Animals Nutri-
tion, vol. 7, no. 2, pp. 39–55, 2021.

Journal of Toxicology 11




