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EXTENDED ABSTRACT

Introduction

The adverse effects associated with the prolonged use of antibiotics as growth promoters in
aquaculture, including potential effects on immune function (Ljubojevi¢ Peli¢ et al., 2024),
have increased interest in plant-derived compounds as potential alternatives for promoting fish
health and disease resistance. Plant extracts contain diverse bioactive compounds with
antioxidant, anti-inflammatory, and immunomodulatory properties and may provide promising
alternatives to conventional chemical therapeutics (Vaou et al., 2021). Panax ginseng is a
medicinal plant that has been widely used in traditional medicine and investigated for its diverse
biological activities (Kim et al., 2016). Ginsenosides, the major bioactive constituents of
ginseng, are glycosides associated with a range of biological activities, including antioxidant,
anti-inflammatory, immunomodulatory, and antitumor effects (Kim et al., 2016). Although the
biological effects of ginseng have been extensively investigated in terrestrial laboratory
animals, information regarding its effects on the tissues and physiological functions of aquatic
animals remains comparatively limited. Therefore, the present study investigated the effects of
aqueous P. ginseng root extract on the histomorphometric and histochemical characteristics of
the gills of rainbow trout (Oncorhynchus mykiss).

Materials and Methods

The experiment was conducted for 60 days using 12 round concrete rearing tanks assigned to
four dietary treatments, including a control and three ginseng-supplemented groups, with three
replicates per treatment. Each replicate contained 60 rainbow trout fry with an initial mean body
weight of approximately 15 g, randomly distributed among the experimental tanks. Fish were
fed diets supplemented with 0, 1.0, 1.5, or 2.0 g/kg of aqueous P. ginseng root extract. At the
end of the experimental period, tissue samples were collected from the dorsal and ventral
regions of the second gill arches. Samples were stained with hematoxylin and eosin and
toluidine blue for histological and histochemical examination. Histomorphometric parameters
included the lengths of the primary and secondary lamellae, interlamellar distance, epithelial
thickness, and the numbers of blood capillaries, chloride cells, and mucous cells per millimeter
of secondary lamellae. Histological observations were also evaluated for the presence of
pathological alterations.

Results

No apparent pathological lesions were observed in the gill tissues of fish in any of the
experimental groups. Dietary supplementation with 1.5 g/kg P. ginseng extract significantly
increased the mean length of the secondary lamellae and the numbers of mucous cells and blood
capillaries in both the dorsal and ventral regions of the second gill arches compared with the
control group (p < 0.05). In contrast, the mean length of the primary lamellae, interlamellar
distance, epithelial thickness, and number of chloride cells did not differ significantly between
the ginseng-supplemented groups and the control group in either region of the gill arch (p >
0.05). Across all experimental groups, the numbers of mucous cells and blood capillaries were
significantly higher in the ventral than in the dorsal region of the gill arches (p < 0.05). No
significant dorsal-ventral differences were observed for the other measured histomorphometric
parameters, including primary and secondary lamellar dimensions, interlamellar distance,
epithelial thickness, and chloride cell number (p > 0.05).
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Conclusion

The present study provides evidence that dietary supplementation with aqueous P. ginseng root
extract can influence selected histomorphometric characteristics of rainbow trout gills without
producing apparent pathological lesions under the experimental conditions. Supplementation at
1.5 g/kg was associated with increased secondary lamellar length and greater numbers of
mucous cells and blood capillaries, which may reflect changes in structural features related to
mucosal protection and respiratory function. However, these histomorphometric changes
should not be interpreted as direct evidence of enhanced immune function or oxygen uptake
without corresponding physiological measurements. Further studies should investigate the
effects of P. ginseng on gill ultrastructure, cellular function, antioxidant and immune responses,
and respiratory physiology to clarify the underlying mechanisms and potential applications of
ginseng supplementation in rainbow trout.
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