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This study evaluated the individual and combined protective effects of Curcuma longa,
Teucrium polium, and Silybum marianum extracts on the biochemical indices of rainbow
trout (Oncorhynchus mykiss) exposed to aflatoxin B1. In a completely randomized design,
405 fish were fed for 28 days across nine groups (control, aflatoxin, and aflatoxin plus
extracts) with three replicates. At the end of the experimental period, blood samples were
collected from the caudal peduncle, and serum biochemical parameters, including
enzymes, total protein, albumin, globulin, glucose, cholesterol, triglyceride, and
creatinine, were measured. Results showed that aflatoxin exposure alone led to a
significant increase in aspartate aminotransferase (AST), alanine aminotransferase (ALT),
alkaline phosphatase (ALP), lactate dehydrogenase (LDH), creatine phosphokinase
(CPK), glucose, cholesterol, triglyceride, and creatinine levels, along with a significant
decrease in total protein, albumin, globulin, and gamma-glutamyl transferase (GGT)
compared to the control group (P<0.05). Individual administration of the extracts
(particularly turmeric) did not significantly reduce most of these parameters; however, the
synergistic combination of the extracts fully restored AST, CPK, ALP, serum proteins,
cholesterol, triglycerides, and creatinine to normal ranges. Nevertheless, ALT, LDH, and
glucose did not return to normal in any extract-treated group, and GGT, despite increasing,
remained below the control level. In conclusion, the combined extracts exert synergistic
hepatoprotective and nephroprotective effects and improve lipid and protein profiles.
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EXTENDED ABSTRACT

Introduction

The aquaculture industry, particularly rainbow trout farming, plays a crucial role in supplying animal
protein and ensuring food security. However, feed contamination with mycotoxins such as aflatoxin B1
(AFB1) poses a significant challenge, leading to hepatic damage, oxidative stress, immunosuppression,
and severe biochemical disorders in fish. In recent years, Phyto-biotics have attracted attention as a
natural, safe, and sustainable strategy to mitigate mycotoxin toxicity. Turmeric, felty germander, and
milk thistle are medicinal plants with antioxidant, anti-inflammatory, and hepatoprotective properties.
Given the need for novel dietary interventions, the present study aimed to investigate and compare the
individual and combined protective effects of these three plant extracts on the blood biochemical indices
of rainbow trout exposed to dietary AFB1.

Material and Methods

This experiment was conducted under laboratory conditions in full compliance with the ethical
guidelines for the use of experimental animals. A total of 405 rainbow trout (Oncorhynchus mykiss)
fingerlings (average weight 30—40 g) were acclimated for two weeks and subsequently distributed into
nine experimental groups (including a control group, an AFBI1-toxicity group, and seven groups
receiving AFB1 along with the plant extracts individually, in dual combinations, and as a triple
combination) with three replicates each. The dietary AFB1 concentration was set at 0.01 mg per 100 g
of feed. The fish were maintained under standard water quality conditions and fed daily for 28 days. At
the end of the trial, blood samples were collected from the caudal vein of fish anesthetized with clove
essential oil. Following centrifugation, the plasma was analyzed spectrophotometrically using
commercial kits to determine hepatic and muscular enzymes (AST, ALT, ALP, GGT, LDH, CPK, CK),
lipid metabolites (cholesterol and triglycerides), blood glucose, serum proteins (total protein, albumin,
globulin), and the renal indicator (creatinine). Data were analyzed using one-way ANOVA and mean
comparison tests at £<0.05.

Results

The results showed that AFBI1 toxicity significantly increased AST, ALT, ALP, LDH, and CPK
activities and significantly decreased GGT compared with the control group. Furthermore, total protein,
albumin, globulin, cholesterol, triglycerides, glucose, and creatinine levels were significantly altered in
the toxic group (decreased proteins and increased other metabolites). Individual administration of the
plant extracts had minimal effect on AST, CPK, and ALP activities; however, the triple combination of
all three extracts restored these enzyme activities to normal levels. Nevertheless, ALT and LDH
activities decreased but did not return to normal levels. Regarding serum proteins, felty germander, milk
thistle, and combinations containing them successfully restored total protein, albumin, and globulin
levels to normal. For lipid and renal profiles, only the triple extract combination regulated triglyceride
levels. Additionally, milk thistle and felty germander extracts individually, as well as the triple
combination, restored cholesterol and creatinine levels to the normal range. However, blood glucose
levels failed to return to normal in any of the herbal treatment groups.

Discussion

The elevation of hepatic and muscular enzymes and the reduction of serum proteins in the toxic group
indicate severe hepatotoxicity, cell membrane leakage, hepatic steatosis, and impaired plasma protein
synthesis by the damaged liver. The decrease in GGT likely reflects enzyme suppression or acute biliary
duct damage during acute toxicity. The limited efficacy of the individual extracts in modulating certain
enzymes suggests the necessity for a synergistic mechanism to neutralize free radicals and activate
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detoxification pathways. The triple combination of extracts, leveraging the antioxidant properties of
curcumin, the stimulation of RNA polymerase and protein synthesis by silymarin, and the anti-
inflammatory and immunomodulatory effects of felty germander, repaired cell membranes, restored
hepatic biosynthetic capacity, and protected renal tissue against nephrotoxicity. The regulation of
triglycerides and cholesterol by the triple combination and effective individual extracts likely occurred
through the activation of nuclear receptors and increased excretion of bile acids. The incomplete
restoration of glucose to normal levels highlights the severity of metabolic disorders and AFB1-induced
insulin resistance, which requires longer treatment periods or more comprehensive multi-targeted
approaches for complete resolution.

Conclusion

Aflatoxin B1 toxicity induces extensive disorders in the metabolism and function of the liver, kidneys,
and muscles in rainbow trout. The individual use of turmeric, felty germander, and milk thistle extracts
has limited efficacy in counteracting this toxicity. Conversely, the synergistic combination of these three
plant extracts, as a multi-targeted strategy, shows strong potential for tissue repair, restoration of protein
synthesis, regulation of blood lipids, and renal protection. This combined herbal supplement can be used
as a safe and efficient dietary additive in the aquaculture industry to mitigate the adverse effects of
fungal feed contamination and ensure fish health and survival.
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