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ARTICLE INFO ABSTRACT

Avrticle History: Exposure to lead (Pb) through aquaculture poses significant health risks to
Received: Sep. 28,2025  aquatic species and the environment. To help safeguard aquaculture health
Accepted: Nov. 19, 2025 and sustainability, prebiotics have emerged as a promising strategy. This
Online: Dec. 4, 2025 study investigated the protective effect of mannan oligosaccharides (MOS)
on Pb-induced growth inhibition and DNA damage in the juvenile Nile

tilapia (Oreochromis niloticus). Fish were divided into six treatment groups:

T\Ieim(i)lgd; a contaminant-free control, 10 ppm Pb exposure, MOS supplementation at
Lead toxFi)ci' 0.3% and 0.6% of diet, and combined Pb exposure with MOS
Mannan . supplementation (0.3% and 0.6%). DNA damage was assessed using the

comet assay, and growth performance was monitored throughout the
feeding trial. Tilapia exposed to Pb alone showed significant DNA damage,
evidenced by increased comet tail length and moment, and reduced growth
rates compared to other groups. In contrast, fish fed MOS-supplemented
diets exhibited improved feed intake, higher weight gain, and reduced DNA
damage, even when exposed to Pb. These findings indicate that MOS
supplementation may mitigate the adverse effects of lead exposure by
enhancing growth and reducing genotoxic stress.

INTRODUCTION

oligosaccharides,
Growth performance,
Comet assay

In Egypt, the Nile tilapia (Oreochromis niloticus) is a vital species for commercial
fishing. It's a common freshwater fish that can survive in highly contaminated
environments (Carvalho et al., 2012; Al-Asgah et al., 2015; Hashem, 2022; Heiba et
al., 2025a).

According to Mehrim and Refaey (2023), pond-based fish is an essential source of
fish farming in the Nile Delta's lakes, as it accounts for 85% of Egypt's total fish
production. Egypt produces over 73.8% of the fish raised in Africa and ranks tenth in the
world in terms of total cultured fish output, with an annual production exceeding millions
of tonnes (Al-Wakeel et al., 2019; FAO, 2022). Globally, tilapia is the most extensively
farmed fish group, with total production reaching 6.3 million metric tonnes in 2021,
valued at over USD 12 billion (FAO, 2023).
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On the other hand, one of the most hazardous threats for tilapia in Egypt is water
contamination with toxic compounds, particularly heavy metals, produced from
industrial, urban, and agricultural activities (Abdel-Mohsien & Mahmoud, 2015; Heiba
et al., 2021, 2025b). Lead (Pb), as a heavy metal, is one of the 129 priority pollutants
designated by the Environmental Protection Agency and acts as a cumulative toxin
(Kumar et al.,, 2007; Rajeshkumar et al., 2017). Exposure to lead has a variety of
harmful consequences on an animal's physiological, behavioral, and biochemical
processes (Hsu & Guo, 2002). Furthermore, it can severely damage various systems,
including the reproductive, cardiovascular, hematopoietic, and central nervous systems
and damage may extend to organs such as liver and kidney (Flora et al., 2012; Suboti¢ et
al., 2013; Bruce et al., 2024; Adriana et al., 2025). Among the naturally occurring forms
of lead is lead acetate which is considered one of the most hazardous (Ara et al., 2015).

Lead accumulates in the liver, where it forms lead—bile complexes to facilitate its
elimination. Like other heavy metals, lead damages the liver through oxidative stress
caused by reactive oxygen species (ROS), particularly when the antioxidant cellular
defense system is unable to prevent excessive ROS generation (Kim & Kang, 2015,
2017a). According to in vitro, in vivo, and human investigations (Garcia-Leston et al.,
2010), lead is a strong genotoxic substance that can result in chromosomal abnormalities,
sister chromatid exchange, DNA damage, and the production of micronuclei. Hydrogen
peroxide, as a ROS member, turns into a hydroxyl radical, which results in oxidative
stress, protein damage, lipid peroxidation, and DNA/RNA damage (Kim & Kang,
2017b; Dey et al., 2025).

To improve tilapia productivity and sustainability, it is essential to provide diets
that are growth-promoting, immunostimulatory, and rich in antioxidants (Eissa et al.,
2024). In aquaculture, prebiotics have become safe and environmentally beneficial
functional dietary additives (EI-Nobi et al., 2021; Wang et al., 2022). These prebiotics
are indigestible dietary components derived from carbohydrates and yeast cell walls.
They primarily include oligosaccharides such as fructo-oligosaccharide (FOS), galacto-
oligosaccharide (GOS), xylo-oligosaccharide (XOS) and mannan-oligosaccharide (MOS)
(Hendam et al., 2023). As stated by Harikrishnan et al. (2023), MOS is widely used in
aquaculture as an effective prebiotic. Dietary MOS has been demonstrated to improve
growth rates (Selim & Reda, 2015; Azevedo et al., 2016), enhance the activity of the
antioxidant cellular defense system in the Nile tilapia (EI-Nobi et al., 2021; Mohanty,
2024), control glucose and lipid metabolism, and change gut microbiota in fish fed a
high-carbohydrate diet (Wang et al., 2022). It has been demonstrated that these
substances stimulate the growth of beneficial gut bacteria (probiotics) (Nawaz et al.,
2018). Probiotics can lessen the negative effects of lead toxicity in fish (Kirillova et al.,
2017). Thus, this study aims to investigate the protective effect of MOS biotherapeutic as
a prebiotic in the Nile tilabia (Oreochromis niloticus) against the genotoxicity and growth
suppression of lead.
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MATERIALS AND METHODS

The experiment started in July 2023 at the Genetic Engineering and
Biotechnology Research Institute, University of Sadat City. The experimental juvenile
Nile tilapia were obtained from a government hatchery. Eighteen rectangular glass tanks
(27 x 22 x 86 cm) each with a water volume of 52L, were used. Each tank housed 20
juvenile tilapia with an average initial weight of 18+0.64g. Fish were acclimatized for
14 days in water maintained at 28°C with a 12h light/12h dark cycle. They were fed twice
daily to apparent satiation. Water quality (pH, ammonia, nitrites, and dissolved oxygen)
was monitored regularly.

Experimental treatments

After acclimatization, the fish were divided into six groups, each replicated in
three tanks, and the total experimental duration was 60 days. Water was replaced every
three days to maintain water quality and treatment concentration. One group was used as
a control without any treatment and fed on a commercial diet, and two groups were used
for the treatment with two concentrations of MOS (0.3 and 0.6% of the diet). The other
three groups were used for lead treatments. One of these fish groups was reared in water
with 10 ppm of lead and fed on a control diet as reported by El-Fahla et al. (2022b), and
the last two groups were fed on a diet supplemented with the two concentrations of MOS
(0.3 and 0.6% of the diet).

I. Growth evaluation

The growth performance was evaluated by the determination of the specific
growth rate (SGR). Fish were weighed at the start of the experiment, at day 30 and
at day 60 at the end of experiment.

I1. Genotoxicity assessment by comet assay

The liver cells were subjected to the comet assay (single cell gel electrophoresis)
to determine the quantity of DNA damage of Pb-exposed fish liver tissues and to
identify the protective effect of MOS. The alkaline comet assay was applied according
to Singh et al. (1988). Liver cell suspension (10uL) was mixed with 90uL of 1% low
melting point agarose solution in phosphate buffer saline (PBS, pH 7.2) at 37°C and
pipetted onto fully frosted microscope slides, which contained a layer of 1% normal
agarose. The liver cells were then lysed by immersing the slides in a lysing buffer
solution pH:10 (2.5 M NaCl, 100 mM Naz-EDTA, 10 mM Tris base with freshly added
1% Triton X-100 and 10upg/ mL Proteinase K) at 37°C overnight to remove the
proteins. The slides were horizontally incubated in a freshly prepared cold alkaline
buffer (4°C, 200 mM Naz-EDTA, 10 N NaOH, pH > 13.0) for 20 minutes to relax DNA
and have expression of alkali-labile sites and single strand breaks. Alkaline buffer
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electrophoresis was performed for approximately 10 minutes (~280 V, 25 A) using a
compact power supply. The slides were neutralized after electrophoresis by washing
three times in a 0.4 M Tris buffer (pH 7.5), air-dried and stained with the fluorescent
dye Ethidium Bromide (20pg/ mL). Washed stained slides were kept in the dark at 4°C.
A total of 500 randomly stained cells (liver nuclei) were observed, captured and
analyzed using a LEICA DM3000 fluorescence microscope (magnification 400x). The
microscope was connected through a LEICA EC3 camera to a computer-based image
analysis system (Comet Assay IV Software, Perspective Instruments). The main
parameters of comet imaging were tail length, head intensity and olive tail moment.

Statistical Analysis

Statistical analyses were conducted on the data using one-way analysis of
variance (ANOVA) followed by the Duncan’s test for multiple comparisons. A
significance level of P< 0.05 was statistically significant. All statistical analyses were
performed in SPSS (v. 25.0).

RESULTS

The treatment effects on the specific growth rate (SGR)

As illustrated in Fig. (1), the results indicated that, on the 30" day post-treatment,
differences in SGR were observed among the experimental groups. Fish in the MOS
(0.3%) and MOS (0.6%) groups exhibited the highest SGR values of 2.28 and 2.25%
compared to the control group (1.85%). However, fish in the lead group showed a
reduction in SGR (1.15%) compared to the control. Lead with different concentrations of
MOS (0.3% and 0.6%) groups showed a moderate increase (1.76% and 1.85%,
respectively). On the 60" day, a similar trend was observed with the MOS 0.3 and 0.6%
groups that displayed the highest SGR values (2.22 and 2.20%) compared to the control
group (2.10%). An increase in SGR (1.42%) was observed in the lead group compared to
its value at day 30, albeit lower than that of the control and MOS groups. Meanwhile, the
lead + MOS (0.3% and 0.6%) groups demonstrated further improvements (1.91% and
1.94, respectively).
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specific growth rate (SGR)
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Fig. 1. Specific growth rate (SGR) of the Nile tilapia after exposure to lead (10ppm) and treated with MOS
(0.3% and 0.6%) at days 30 and 60

The treatment effect on the total survival rate (TSR)

As illustrated in Fig. (2), in the different groups, the survival rates were high on
the 30" day after treatment, with the control group exhibiting 100%. The MOS (0.3%)
and (0.6%) groups showed a minor decline of 99.3%. A larger decline in the survival rate
was recorded in the lead group (98%). On the other hand, in the two groups of lead +
MOS treatments (0.3% and 0.6%), the survival rate was 98.7% for both. In every group,
survival rates decreased somewhat by the 60t day. In the control group, the survival rate
was 99.3%. In addition, in the two concentrations of the MOS (0.3% and 0.6%), the
survival rate was recorded at 98.7% and 98%, respectively. In the lead group, the survival
rate was 95.3%. However, in the lead + MOS (0.3% and 0.6%) groups, the survival rates
of 97.3% and 98% were observed.
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Fig.(2): Total Survival Rate (TSR) of Nile tilapia after exposure to the lead (10 Ppm) and treated with
MOS (0.3% and 0.6%) on days 30 and 60.

The treatment effect on the tail length of comet

The comet assay grading (grades 0-4 ) is shown in Fig. (3). On the 30™ day post-
treatment, significant increases (P<0.05) in the tail length were observed in fish exposed
to lead and lead + MOS (0.3% and 0.6%) groups (27.90+1.23, 15.40+0.80, and
14.30+0.53, respectively) when compared to the control and MOS (0.3% and 0.6%)
groups (6.70+0.26, 7.20+0.35, and 6.90+0.45 , respectively) as observed in Fig. (4).

Fig. 3. Comet assay grading (grades 0-4 )
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-

Fig. 4. Fluorescence photomicrograph (x 400) of liver cells of the Nile tilapia at day 30 showing the comet
assay and stained with ethidium bromide. A) Negative control group; (B) 0.3% MOS group; (C)
0.6% MOS group; (D) Lead group; (E) Lead + 0.3% MOS group; and (F) Lead + 0.6% MOS group

On the 60" day, a similar trend was observed in the tail length of comet, with a
significant increase (P<0.05) in tail length in the lead-treated groups (33.90+0.73,
18.70£0.78, and 17.90£1.02) compared to the control, MOS (0.3% and 0.6%) groups that
were 6.90+0.27, 7.10£0.34, and 7.00£0.44, respectively (Fig. 5).

--

Fig. 5. Fluorescence photomicrograph (x 400) of liver cells of the Nile tilapia at day 60 showing the comet
assay and stained with ethidium bromide. A) Negative control group; (B) 0.3% MOS group; (C)
0.6% MOS group; (D) Lead group; (E) Lead + 0.3% MOS group; and (F) Lead + 0.6% MOS group
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The duration effect on tail length showed that the tail length in the lead, lead +
MOS (0.3%), and lead + MOS (0.6%) groups significantly increased (P< 0.05) at day 60
compared to day 30, as presented in Fig. (6).

Tail length
of Comet assay at 30 and 60 days

40
35 ==
30 =
25
20 - =
15 = -
10
== == = = = I
5
0
Control B-MOS 0.3% B-MOS 0.6% Lead Lead +p- Lead +p-

MOS0.3% MOSO0.6%

Day 30 ™ Day 60

Fig. 6.Tail length in the comet assay (mean * SE) on liver cells of the Nile tilapia after exposure to lead (10
Ppm) and treated with MOS (0.3% and 0.6%) at days 30 and 60

The treatment effect on the head intensity of the comet

On the 30" day post-treatment, the head intensity shows a significant (P<0.05)
decrease in the treated groups compared to the control (99.78+£0.14). In the lead group
and lead + MOS (0.3% and 0.6%) groups, the head intensity was 92.03+2.00,
94.40+1.87, and 96.78+2.15, respectively. In the MOS (0.3% and 0.6%) groups, the head
intensity was 99.92+0.07, and 99.92+0.03, respectively. This significant decrease (P<
0.05) was still evident on the 60" day, with the fish treated with lead showing reduced
head intensity (89.62+1.29, 93.35+2.01, and 94.92+2.39, respectively) compared to the
control, MOS (0.3%), and MOS (0.6%) groups (99.65+0.17, 99.85+0.09, and 99.90+0.03,
respectively).

The Impact of the treatment duration on the head intensity illustrates that the head
intensity in fish groups treated with lead significantly decreased (P< 0.05) at day 60
compared to day 30, as shown in Fig. (7).
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Fig. 7. The head intensity in the comet assay (mean + SE) on liver cells of the Nile tilapia after exposure to
lead (10 Ppm) and treated with MOS (0.3% and 0.6%) at days 30 and 60.

Treatment effect of the olive tail moment of the comet

As illustrated in Fig. (5), On the 30t day post-treatment, the olive tail moment
revealed a significant increase (P<0.05) in fish exposed to the lead, lead + MOS (0.3%
and 0.6%) groups (2.24+0.51, 0.92+0.31, and 0.51+0.36, respectively) compared to the
control and MOS (0.3% and 0.6%) groups that were 0.01+0.01, 0.00+0.00, and
0.00+0.00). On the 60™" day, significant differences (P< 0.05) were again observed in the
lead-treated groups (3.48+0.41, 1.22+0.39, and 0.92+0.43, respectively) compared to the
control, MOS (0.3% and 0.6%) groups (0.02+0.01, 0.01+0.00, and 0.00+0.00,
respectively).

The time-dependent effect on the olive tail shows that the olive tail moment
significantly increased (P<0.05) from day 30 to day 60 in the lead group, with a similar
trend detected in the lead + MOS (0.3% and 0.6%) groups, as presented in Fig. (8).
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Fig. 8. Olive tail moment in the comet assay (mean + SE) on the liver cells of the Nile tilapia after exposure
to the lead (10 Ppm) and treated with MOS (0.3% and 0.6%) at days 30 and 60

DISCUSSION

Lead is one of the major environmental contaminants affecting aquatic ecosystems
worldwide. Through bioaccumulation in the food chain, Pb poses a threat to human
health and causes harmful damage to fish (Zhai et al., 2017; Bruce et al., 2024; Adriana
etal., 2025).

Recently, there was a growing push to reduce the harmful impacts of heavy metals
on farmed fish by utilizing ecologic feed additives rather than antibiotics (Giri et al.
2021). Although there is currently no proven therapy for lead toxicity in aquaculture, the
application of MOS, as a prebiotic, has received considerable attention due to its
beneficial effects on health (Dimitroglou et al., 2010; Ringg et al., 2010; Asbury &
Saville, 2025).

The current study evaluated the genotoxic effects of lead (Pb) exposure in the Nile
tilapia (Oreochromis niloticus) and its impact on growth, as well as the protective effect
of different concentrations of MOS (0.3% and 0.6% of diet) at day 30 and day 60 post-
treatment.

Exposure of the Nile tilapia to 10ppm Pb resulted in a reduction in growth
performance, indicated by a decline in SGR, beside significant elevations in comet assay
parameters (tail length, head intensity, olive tail moment), reflecting pronounced DNA
breaks. The severity of DNA damage peaked at day 30 and day 60 post-treatment. MOS
supplementation improved growth and reduced genotoxicity in both MOS doses, 0.3%
and 0.6%.
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These findings support the results of previous studies that reported growth
inhibition in fish exposed to Pb that causes oxidative stress and leads to decreased feed
intake, energy redirection toward tissue repair, reduced feed efficiency and impaired
overall growth performance (Ding et al., 2019; Giri et al., 2021; Aziz et al., 2025).
Furthermore, lead-induced genotoxicity has been reported in various studies, evidenced
either by the comet assay (Chatha et al., 2023; Sharma et al., 2025) or by micronucleus
test (Maryam et al., 2023; Dey et al., 2024). Pb exposure induces excessive production
of ROS, leading to oxidative stress (Mondal et al., 2019; Shaw et al., 2019; Dey et al.,
2025). The generation of ROS is a major pathway through which lead causes
genotoxicity. Concurrently, Pb weakens natural antioxidant defenses, shifting the cellular
redox balance toward oxidative stress (Matovi¢ et al., 2015).

On the other hand, several studies have demonstrated that the dietary
supplementation with MOS enhances growth performance in the Nile tilapia (Wang, T.
et al., 2022; Al-Ghamdi et al., 2023; moustafa et al., 2024; Zhang et al., 2025). In
addition, MOS supplementation has been reported to reduce genotoxicity (Hafner et al.,
2019), who demonstrated that MOS attenuated DNA damage as assessed by the comet
assay and supported the results of the present study. Lu et al. (2021) and El-Fahla et al.
(2022a) found that MOS greatly decreased oxidative stress in Pb-exposed fish. Overall,
MOS can enhance gut health by promoting better intestinal development and increasing
the nutrient absorption surface area (Zhang et al., 2025). Moreover, MOS possesses
strong antioxidant properties, as it scavenges ROS and restores cellular redox equilibrium
(Ren et al., 2020).

Other previous research has shown that supplementation of the Nile tilapia diets
with MOS and glucan did not improve growth performance or feed utilization
(Whittington et al., 2005; Sado et al., 2008; Shelby et al., 2009). The delay in growth
was attributed to gastric inflammation in the common carp (Cyprinus carpio) induced by
glucan (Lin et al., 2011).

The variability in the results of different studies, including the present study, can be
explained by the complex carbohydrate structures present in the yeast cell wall,
differences in yeast strains, fermentation conditions, MOS concentration, administration
period, fish developmental stage, rearing conditions and feed formulation, all of which
can alter their functional properties (Newman, 2007; Peterson et al., 2012; Torrecillas
etal., 2014).

CONCLUSION

Lead exposure harms the growth and genetic stability of the Nile tilapia.
Supplementation with MOS improved growth performance, especially specific growth
rate, and reduced DNA damage. These results suggest that MOS is a promising and
environmentally friendly feed additive to protect fish health in lead-contaminated
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environments. Further studies should explore its molecular mechanisms and long-term
impacts under real aquaculture conditions for promoting fish health and productivity in
polluted aquatic ecosystems.
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