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Article Info Abstract

This study investigated the effects of dietary supplementation with Adiantum capillus-
veneris and Ferula gummosa and a mixture of them on antioxidant status and innate
Submit Date: 1 May 2026 immune responses in rainbow trout (Oncorhynchus mykiss). Fish with initial weight of 20.2
+ 0.01 g were fed experimental diets containing plant powders individually and in
combination for 8 weeks. Results indicated significant improvements in antioxidant
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Keywords: (MDA) levels in treatments (p > 0.05). Innate immune indices namely lysozyme activity,

complement activity (ACHS50), as well as serum immunoglobulin M (IgM) were
significantly enhanced, particularly in the combined treatment group (p < 0.05).
Administration a mixture of 0.5% A. capillus-veneris and 0.5% F gummosa showed a
synergistic effect between antioxidant-rich and immunostimulatory phytochemicals,
highlighting their potential as natural alternatives to antibiotics in aquaculture.
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Introduction

Rainbow trout (Oncorhynchus mykiss) has great
economic value due to its high growth rate and
delectable meat (Vidhya Hindu et al, 2019). The
excessive use of antibiotics has elicited
apprehensions pertaining to antimicrobial
resistance and environmental impacts, thereby
instigating the exploration of natural alternatives
(Defoirdt et al, 2011; Vaseeharan and Thaya,
2014; Larsson and Flach, 2022). Phytocompounds
have positive effects on the growth and health of
fish, and disease resistance, are suitable
alternatives to chemical compounds (Cappiello,
2020; Abasubong et al, 2023). Phytocompounds,
including flavonoids, phenolics, and terpenoids,
improve oxidative status and enhance innate
immune responses in aquaculture (Sakai, 1999;
Harikrishnan et al, 2011). Previous studies have
demonstrated that phytogenics increased
lysozyme activity and immunoglobulin production
in fish (Reverter et al, 2017; Dawood et al, 2018).
The maidenhair fern (Adiantum capillus-veneris)
has been used by people in several nations to treat
a variety of medical conditions. It was frequently
used in Iran's ancient medical practice named
"Pare-siavashan,” mostly for asthma, cough, as
well as for use as a hair tonic. It has been used in
India to treat digestive problems, fever, and
respiratory conditions. It has applied for jaundice,
kidney stones, spleen pain, and hair growth
stimulation. Additionally, it was traditionally used
to treat pertussis and coughing in Middle Eastern
nations like Iraq. There is proof that A.capillus-
veneris was employed as a diuretic and as a
treatment for bronchitis, skin conditions, and
nephritis in traditional Chinese medicine. The
typical prescription covers problems of the skin,
liver, and internal organ tumors in addition to
respiratory signs. Additionally, it was once
frequently used as a folk treatment of gastritis,
bronchitis, nephritis, dermatitis, and cystitis,
particularly in southern China. These diverse uses
serve as an example of the herb's wide range of
therapeutic applications across various cultural
traditions (Schwartz, 2012; Dehdari and
Hajimehdipoor, 2018; Akbar and Akbar, 2020;
Qadir et al, 2025). It is known in case of
substantial phenolic content and strong
antioxidant, antimicrobial, anti-inflammatory, and
antidiabetic activities properties. It has been
reported to diminish oxidative stress and augment
antioxidant enzyme activities in biological systems
(Kanwal et al, 2018). However, its application in
aquaculture remains limited. Similarly, Ferula
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gummosa contains terpenoid-rich resins with
antimicrobial and immunomodulatory properties
(Iranshahy and Iranshahi, 2011; Boghrati and
Iranshahi, 2019). Although evidence in fish is
scarce, related species of Ferula have shown
immune-stimulating effects in animal models.
Given their complementary biological activities,
antioxidant activities of A. capillus-veneris and
immunostimulatory effects of £ gummosa their
combined use may exert synergistic benefits on
fish health. Adiantum is an important plant and
has been used in treatments of a cough, bronchitis,
colds, flu, pneumonia, extreme phlegm, tumors of
the spleen, liver, gall stones, and other internal
organs, and skin inflammatory ailments (Singh et
al, 2008). Therefore, this study aimed to evaluate
their effects on antioxidant defense and innate
immune status in 0. mykiss.

Materials and Methods
Dietary preparation

Fish were nourished a commercial feed
(Faradaneh Company, Iran). Fish were randomly
separated into four groups including in basal diet
(T0), 0.1% A. capillus-veneris (T1), 0.1% E
gummosa (T2), and combination (0.5% + 0.5%)
(T3). For this purpose, initially dried parts of both
plants were ground into powder and incorporated
into commercial feed. The dietary components
were homogenized and mixed with water. The
resulting dough was processed through a grinder
(MG1400R, Pars Khazar, Iran), and subsequently
shaped into pellets. Before being used in this
investigation, these pellets were air-dried and
then stored at -20°C.

Rearing condition and experimental design

In this research 240 healthy 0. mykiss with
initial weight of 20.2 + 0.01 g were acquired from
a farm in Mazandaran (Iran) and were taken to the
laboratory (Amol veterinary university, Amol) and
placed in four tanks, then the fish underwent a 14-
day acclimatization period. Through this period,
they were given a basal diet three times a day.
After the acclimatization phase, fish were
randomly assigned to 12 fiberglass tanks (1000
liter), and were supplied with continuous aeration.
Over the course of eight weeks, the fish of four
treatments were nourished (3% body weight)
daily. The tanks were daily siphoned and were
refilled with half a volume of fresh water.
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Throughout the experimental period, water
quality parameters, including temperature (12.2
2°C), pH (7.5 # 0.5), and O; (8 * 0.7 mg/l) were
routinely followed to ensure optimal conditions.

Sampling

After eight weeks, five fish each tank were
selected at random and given MS-222 to induce
anaesthetization by the administration of 50 mg/1
of MS-222 (Zhang et al, 2020). Venipuncture was
used to obtain blood samples from the caudal vein.
These materials were then separated into tubes
and centrifuged for 10 minutes at 1600 g. After
that, supernatant was kept at -70°C for further
examination.

Serum factors

Lysozyme (LYZ) activity was quantified by Ellis
method (Ellis, 1990). Complement activity
(ACH50), and serum immunoglobulin M (IgM,
Eastbiopharm) Glutathione peroxidase (GPx,
ZelBio), superoxide dismutase (SOD, ZelBio),
catalase (CAT, ZelBio), and malondialdehyde
(MDA, ZelBio) were examined using diagnostic
reagent kits (Armobin et al, 2023).

Statistical analysis

Version 22 of the SPSS was used to analyze all
the data at a 95% confidence level. First, the
Kolmogorov-Smirnov was used to determine the
data was normal, Levene's test was used to
determine  whether  the variance was
homogeneous. Duncan's multiple range test was
used to evaluate differences between treatments,
and ANOVA was used.

Results
Immune response

Lysozyme activity, ACH50, and IgM levels were
noticeably higher in fish receiving A. capillus-
veneris (T1) and F gummosa (T2) in comparison to
the TO. The combined treatment group (T3)
exhibited the highest immune response values
across all measured parameters (Fig. 1, A, B, and
C., p<0.05).
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Fig. 1. Serum immune parameters of fish fed with
experimental diet. The mean # SD was used to express data.
(A): immunoglobulin M, (B): lysozyme, (C): ACH50.

T3

Antioxidant response

CAT, SOD, and GPX were among the serum
antioxidant enzymes that significantly increased
in the experimental groups as compared to the
control group. (Fig. 2, A, B and C, p < 0.05). No
significant difference was detected in oxidative
stress marker (MDA) levels between treatments
(Fig. 2,D, p > 0.05).
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Fig. 2. Antioxidant enzymes of fish fed with experimental diet.
The mean * SD was used to express data. (A): CAT, (B): GPX,
(C): SOD, (D): MDA.

Synergistic effects

The combination group demonstrated superior
antioxidant and immune responses compared to
single-plant treatments, indicating a synergistic
interaction between the two phytogenic additives,
A. capillus-veneris and E gummosa.
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Discussion

Fish's natural defenses against infections may
be strengthened by using dietary medicinal herbs
as immunostimulants and growth promoters in
the aquaculture sector (Haghighi and Sharif
Rohani, 2013). Previous researches showed that
natural antioxidants, spatially plant- derived
compounds, are important for the ability in
combating oxidative damage. A. capillus- veneris
has exceptional antioxidant potential (Roy et
al, 2019; Boukada et al,, 2022; Qadir et al,, 2025).

Plant-based  flavonoids have stimulated
antioxidant enzymes, including SOD, CAT, and GSH,
while decrease MDA as a marker of oxidative
stress, in vertebrates (Jiang et al, 2011).
Furthermore, A. capillus- veneris hydroalcoholic
extract was tested to be effective in decreasing
oxidative stress markers and enhancing the
antioxidant ability (Ahmadpouri et al, 2020).

The present study demonstrated that
supplementation with A. capillus-veneris and E
gummosa significantly enhanced antioxidant
defense and innate immune responses. The
increased SOD, CAT, GPx in fish fed A. capillus-
veneris can be attributed to its high flavonoid and
phenolic content, which effectively neutralizes
ROS. Results are in line with earlier studies
showing the antioxidant potential of medicinal
plants (Dawood et al, 2018). E gummosa
significantly enhanced immune parameters,
including lysozyme and complement activity. This
immunostimulatory effect may be due to
terpenoid compounds that activate macrophages
and other immune cells, as previously suggested
for related species (Harikrishnan et al, 2011;
Iranshahy and Iranshahi, 2011). Importantly, the
combined treatment resulted in the highest
immune and antioxidant responses, suggesting a
synergistic interaction between antioxidant and
immunostimulatory pathways. Such synergy likely
improves physiological resilience by
simultaneously reducing oxidative stress and
enhancing immune readiness. Similar synergistic
effects have been reported in studies involving
multiple herbal additives, where multi-target
mechanisms improved fish health more effectively
than single compounds (Reverter et al, 2017).
These findings imply that combining antioxidant-
rich and immunostimulatory medicinal plants is a
promising strategy to enhance fish immunity
without antibiotics.

Dietary inclusion of A. capillus-veneris and F
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gummosa improves antioxidant capacity and
innate immune responses in O. mykiss. The
combined supplementation exhibited synergistic
effects, making it a promising natural
immunostimulant strategy in aquaculture.
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