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Abstract

Introduction: In aquaculture, controlled reproduction is very important, and the quality of gametes in
breeders is one of the limiting factors of aquaculture. It is necessary to use high quality gametes in breeding
process to improve reproductive performance and produce suitable larvae. Manipulation of aquatic
organisms, especially broodstock during reproduction, often increases the biological activities of the
organism and causes changes in the behavior and physiological characteristics of fish. The present study
was conducted to determine the effects of dietary vitamin C on biochemical, liver plasma enzymes activity,
and immune parameters in response to handling stress in goldfish (Carassius auratus).

Materials and Methods: A total of 120 female broodstock with an average weight of 90.00 + 1.29 g were
distributed in four treatments (with three replicate) and the feeding period lasted for eight weeks. The
treatments included: non-stressed fish fed a diet without vitamin C (0 mg/kg) (S'C"), non-stressed fish fed a
diet containing vitamin C (1000 mg/kg) (S'C"), fish under stress fed a diet without vitamin C (0 mg/kg)
(S*C") and stressed fish fed a diet containing vitamin C (1000 mg/kg) (S'C"). In the stress treatments, the
broodstock were chased and caught by a hand net daily for one min and exposed to air for another one min.
At the end of the experiments, the biochemical and immune indices were measured.

Results and Discussion: A significant difference was observed in the interaction between vitamin C and
stress in biochemical and immune parameters in different treatments (p<0.05). Stress caused a significant
increase in some biochemical indices such as cholesterol, triglycerides, cortisol, glucose, and liver plasma
enzyme levels in the S*C treatment (»p<0.05). Disturbances in the biosynthesis and metabolism of lipids and
lipoproteins in fish liver can lead to damage to the cell membrane, as well as the induction or inhibition of
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enzymes involved in lipid metabolism. These changes can also affect hormone levels that impact lipid
metabolism, leading to alterations in the circulating levels of triglycerides and cholesterol in fish exposed
to stress. Additionally, the significant increase in triglyceride and cholesterol levels in fish plasma may be
a physiological response to provide enough energy to minimize the harmful effects of stress. The reduction
of cholesterol and triglyceride levels in fish supplemented with vitamin C is likely due to the high ability of
this vitamin as an anti-stress factor and the lack of need for fat metabolism to combat stress. The induction
of stress significantly increased the level of liver plasma enzymes in the bloodstream of goldfish broodstock.
Vitamin C caused a significant decrease in biochemical parameters in the S'C* treatment (p<0.05). Stress
caused a significant decrease in immune parameters in the S'C™ treatment (p<0.05) and improved immune
parameters under stress conditions in the S'C" treatment (p<0.05). In stress conditions, vitamin C is able to
maintain the level of immune responses at a normal level by inhibiting the secretion of corticosteroids,
strengthening the antioxidant power of the host, increasing the efficiency of the liver and lymph tissues
involved in the production of molecules related to the immune system.

Conclusion: In general, the results of the present study showed that dietary vitamin C can act as a strong
stimulant to improve the immune system and reduce the effect of stress factors in goldfish breeders.
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Table 1: The amount of food ingredients and proximate composition of experimental diets for goldfish broodstock

(Carassius auratus)

Ingredients (g/kg) Diet without Diet containing
vitamin C vitamin C
Fish meal' 50 50
Corn gluten' 50 50
Meat poeder! 200 200
Soybean meal? 350 350
Binder® 40 40
Wheat flour® 150 150
Oat flour® 50 50
Corn flour? 50 50
Mineral complex* 10 10
Vitamin complex without vitamin C* 10 10
Vitamin C* 0 1
Dicalcium phosphate* 20 20
Fish oil! 10 10
Soybean oil! 10 10
Proximate composition of the diet (percentage)
Crude protein 41.65 41.65
Crude fat 5.64 5.64
Ash 8.16 8.16
Moisture 7.10 7.10
Vitamin C (mg/kg) 5.6 970
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1-Aquaculture Feed Production Factory of Qazvin, Qazvin, Iran.

2-Behsoy Soybean Company, Tehran, Iran.

3-Iranian Athar Cereals, Tabriz, Iran.

4-Jahanbin Supplement Company, Shahrekord, Iran (each kilogram of mineral supplement contains: 26 g iron, 12.5 g
zinc, 2 gselenium, 480 mg cobalt, 2.4 gcopper, 1 giodine, 12 g choline chloride and up to one kilogram of carrier
material. Each kilogram of vitamin supplement contains: 1,600,000 IU vitamin A, 400,000 IU vitamin D3, 4 g vitamin
E, 2 g vitamin K3, 6 g vitamin B1, 8 g vitamin B2, 12 g vitamin B3, 40 g vitamin BS, 4 g vitamin B6, 2 g vitamin B9, 8
g vitamin B12, 0.24 g vitamin H2, 2 g B.H.T and carrier material up to one kilogram.
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Table 2: Effect of dietary vitamin C on biochemical indices in goldfish (Carassius auratus) broodstock under stress and without stress after eight weeks of
experiment (mean + standard deviation, n=3)

Treatments Two-way ANOVA

Parameters SCH S*CH SC) (S*CH vitamin C  stress stress + vitamin C
Cholesterol (mg/dL) 186.33£12.05° 249.33+9.71° 203.00+7.54° 246.66+7.50* 0.233 0.113 0.000
Triglyceride (mg/dL)  216.33+10.05°  238.6+66.65* 231.5+00.56° 282.9+33.07° 0.000 0.014 0.001
Total Protein (g/dL) 4.14+0.392 3.33+0.02° 3.57+0.06° 3.33+0.90° 0.042 0.042 0.002
Glucose (mg/dL) 52.96+4.26° 49.06+2.61°¢ 61.43£2.00° 73.00£3.052 0.064 0.003 0.000
Cortisol (ng/mL) 31.33+1.38¢ 50.53+3.15° 43.50+1.76¢ 56.90+3.06* 0.076 0.000 0.000
ALP (IU/L) 115.00+7.00¢ 165.00+7.54° 137.33+£7.09¢ 194.00+9.64° 0.000 0.485 0.000
AST (IU/L) 214.33+19.00°  336.33£11.01°  236.33£14.04>  343.66+53.81% 0.420 0.682 0.000
ALT (IU/L) 17.36+1.90° 32.60+2.622 23.93+£3.12° 30.16+£3.912 0.264 0.031 0.000

D 0700) Sl s gme 9Dl oias OLAS Caysy a5 Olees 1 o5 o >

Syl gl T ALT it 5 el SlyLaT :AST Gblins (JSITALP ozl 4+ C sl 5 050 :STC ozl 05+ C ol 096 :SC ¢ ozl + C ool 5 :STCT (o 2l 05+ C sl 5 :STCF

Non-similar letters in each row indicate significant differences (p< 0.05).

S"C*: Vitamin C + without stress, S'C*: Vitamin C + stress, S'C: Without Vitamin C + without stress, S'C: Without Vitamin C + stress. ALP: Alkaline phosphatase, AST:
Aspartate aminotransferase, ALT: Alanine aminotransferase.
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Table 3: Effect of dietary vitamin C on immune indices in goldfish (Carassius auratus) broodstock under stress and
without stress after eight weeks of experiment (mean =+ standard deviation, n=3)

aded from agudeviliau.ac.ir on 2025-11-05 ]

Treatments Two-way ANOVA
Parameters (S ChH S*TChH SC) STCH C o»y stress  stress + vitamin C
Lysozyme (IU/mL) 33.43+3.51° 23.20+2.19° 28.53+2.702 22.26+£2.21° 0.241  0.099 0.000
Myeloperoxidase (ng/mL) 224.66£10.96*  163.66+4.16°  189.33£2.51°  133.00+6.55¢  0.747  0.001 0.000
STotal immunoglobulin (mg/mL) 24.33+0.92* 19.86+0.73° 22.43+1.59* 18.30+0.45° 0.784  0.019 0.000
E Complement C3 (mg/dL) 45.53+0.76? 38.23+£2.84° 44.73£1.36° 36.46+5.10° 0.789  0.483 0.002
8 Complement C4 (mg/dL) 13.76+0.90? 9.50+1.20° 12.36+1.332 9.20+2.02° 0.523  0.332 0.002
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Non-similar letters in each row indicate significant differences (p< 0.05).
S"C*: Vitamin C + without stress, S'C": Vitamin C + stress, S"C-: Without Vitamin C + without stress, S*C~: Without Vitamin C
+ stress. ALP: Alkaline phosphatase, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase
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