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Introduction

The beluga sturgeon (Huso huso) is one of the most economically important fish species in aquaculture,
particularly for caviar production (Mohseni et al, 2016). Oxidative stress is a major challenge in
aquaculture, leading to cellular damage, impaired growth, and increased susceptibility to diseases. It
occurs when the balance between the production of reactive oxygen species (ROS) and the antioxidant
defense system is disrupted. Fish, like other vertebrates, rely on endogenous antioxidant enzymes such as
superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), and glutathione reductase
(GR) to neutralize oxidative stress (Naji et al., 2023). Nutritional strategies play a fundamental role in
modulating oxidative stress (Feng et al., 2013: Huang et al., 2021; Huang ef al., 2022). Among various
nutrients, amino acids have gained increasing attention due to their involvement in antioxidant defense
mechanisms. Lysine is a key essential amino acid required for protein synthesis, enzyme function, and
immune response (Ahmed and Ahmed, 2021; Dou et al., 2023), while histidine serves as a precursor for
carnosine, a potent antioxidant that protects tissues against oxidative stress (Ramos-Pinto et al., 2021;
Hussein et al., 2023). Studies suggest that histidine supplementation can enhance antioxidant capacity by
scavenging free radicals and reducing lipid peroxidation. Despite their importance, the optimal levels of
lysine and histidine required to mitigate oxidative stress in beluga sturgeon remain unclear. This study
aimed to investigate the effects of different dietary levels of lysine and histidine on antioxidant enzyme
activity and oxidative stress markers in the liver of beluga sturgeon. The findings will contribute to

developing optimized dietary formulations to improve fish health and performance in aquaculture.
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Methodology

At International Sturgeon Research Institute, a total of 315 juvenile beluga sturgeons (Huso huso) with an
initial mean weight of 20+2 g housed in recirculating aquaculture systems (RAS) equipped with biological
filtration, aeration, and temperature control to ensure optimal conditions. The experimental diets were
formulated based on a fishmeal-based basal diet with varying levels of lysine (0.4% and 0.8%) and
histidine (0.2%, 0.5%, and 0.8%) including control and six Treatments (Control: 0% Lysine and Histidine,
T1:0.4% Lysin -0% Histidine; T2: 0.8% Lysin -0% Histidine; T3:0% Lysin -0.2% Histidine; T4:0% Lysin
-0.5% Histidine; T5: 0.4% Lysin -0.2% Histidine; T6:0.8% Lysin -0.8% Histidine), each consisting of
three replicates (15 fish per replicate). The ingredients were finely ground, mixed, pelleted, and dried
before storage. The fish were fed four times daily (08:00, 14:00, 20:00 and 2:00) at a rate of 3% of body
weight for a period of eight weeks. Feed intake was monitored daily to ensure uniform consumption across
treatments. At the end of the feeding trial, fish were euthanized with clove powder and liver samples were
collected and stored at -80°C for biochemical analysis (Bahrami et a/.,2022). In the present study liver
antioxidant enzymes activity including Catalase, Superoxide dismutase, Glutathione peroxidase,
Glutathione reductase, as well as the lipid peroxidation index, malondialdehyde were evaluated in Huso
huso fed with different levels of lysine and histidine. Enzymes activity was determined using
spectrophotometric assays, following standard protocols.

Results

Catalase activity in samples that received the combination of lysine and histidine showed a significant
increase. The highest catalase activity was observed in the treatment with levels of 0.8% lysine and 0.8%
histidine (P<0.05). The difference between treatments 5 and 6 was not significant (P>0.05), while a
significant difference was observed with other groups (P<0.05). Analysis of superoxide dismutase activity
showed that adding high amounts of lysine and histidine (0.8 lysine and 0.8 histidine) increased the
highest level of activity of this enzyme. Unlike catalase, the difference between treatments 5 and 6 was
significant (P<0.05). GPx activity increased significantly with increasing histidine and lysine. Treatment 6
showed the highest level of activity (P<0.05). GR activity gradually increased with increasing histidine
and lysine levels in the diet. The highest level of activity of this enzyme was also related to treatment 6.
Discussion and conclusion

The observed increase in antioxidant enzyme activity (SOD, CAT, and GPx) in response to higher lysine
and histidine supplementation suggests that these amino acids play a crucial role in enhancing the
antioxidant defense system of beluga sturgeon. Histidine, as a precursor of carnosine, likely contributed to
the neutralization of reactive oxygen species, thereby protecting liver tissue from oxidative damage
(Holecek, 2020; Sui et al., 2023). Additionally, the reduction in MDA levels supports the hypothesis that
optimal dietary amino acid levels mitigate lipid peroxidation and oxidative stress. Similar findings have
been reported in other fish species, indicating that adequate lysine and histidine supplementation improves

oxidative stability and overall health.
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This study highlights the importance of lysine and histidine in regulating oxidative stress and enhancing
hepatic antioxidant defense mechanisms in beluga sturgeon. The optimal dietary levels (0.8% lysine and
0.8% histidine) significantly improved antioxidant enzyme activity while reducing lipid peroxidation
markers. These findings provide valuable insights into nutritional strategies for improving fish health in
aquaculture. Future studies should investigate long-term effects of amino acid supplementation on growth
performance, immune response, and metabolic functions in sturgeon.
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Table 1: Different levels of addition of amino acids lysine and histidine in the diets of experimental treatments

Diet Percentage of Lysin and Histidine supplementation
Control -
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Treatment3 0% Lysin -0.2% Histidine
Treatment4 0% Lysin -0.5% Histidine
Treatment5 0.4% Lysin -0.2% Histidine
Treatment6 0.8% Lysin -0.8% Histidine
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Figure 1: Mean comparison of Catalase enzyme in different treatments (Presence of different letters in each column
indicates a significant difference in each experimental treatment, p<0.05).
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Figure 2: Mean comparison of superoxide dismutase (SOD) enzyme in different treatments (Presence of different
letters in each column indicates a significant difference in each experimental treatment, p<0.05)
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Figure 3: Mean comparison of Gluthation peroxidase (GPx) enzyme in different treatments (Presence of different
letters in each column indicates a significant difference in each experimental treatment, p<0.05)
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Figure 4: Mean comparison of of malondialdehyde (MDA) levels in different treatments (Presence of different letters
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