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Abstract

Arnica (Chiliadenus glutinosus (L.) Fourr.) is an endemic plant widely used in Spanish traditional
medicine as infusions and alcoholic macerates for different ailments. Despite this use, information
about the biological activity of these preparations in fish-related models is scarce. In the present
study, aqueous, ethanolic, and methanolic extracts were tested at different doses (0, 0.001, 0.01, 0.125,
0.25, 0.5, and 1 mg mL!) to compare their antioxidant activity, effects on four marine fish pathogens,
cytotoxicity on the PLHC1 tumour cell line, and their impact on immunological parameters in head-
kidney leucocytes (HKLs) of gilthead seabream (Sparus aurata). All extracts showed dose-dependent
antioxidant activity, while bactericidal effects depended on the solvent and were mainly observed at
the highest concentrations. Ethanolic and methanolic extracts displayed clear cytotoxicity, whereas
the aqueous extract showed lower toxicity and was therefore selected for further evaluation. In a
second assay, selected concentrations (0, 0.25, and 0.5 mg mL-") of the aqueous extract were tested in
leucocytes stimulated with A-carrageenan (0 and 1,000 ug mL), and respiratory burst and phagocytic
activity, cell morphology, and gene expression were analysed. The aqueous extract reduced
respiratory burst and phagocytic capacity in activated leucocytes and was associated with
morphological signs of cell activation. It also down-regulated crel and casp9 expression. These results
provide a comparative view of the in vitro bioactivity of different traditional preparations of arnica
and show that their biological effects strongly depend on the solvent used and the concentration
tested, providing initial experimental information on their cellular effects in fish.

Keywords: arnica (Chiliadenus glutinosus); plant extracts; herbal preparations; carrageenan; innate
immune system; gilthead seabream (Sparus aurata)

Key Contribution: The present study provides the first comparative assessment of the biological
activity of traditional arnica extracts in fish-related models, with direct effects on marine fish
pathogens and gilthead seabream immune cells.

1. Introduction

Since ancient times, plants and their derived preparations have been widely employed in
traditional medicine to treat a broad range of human conditions, even when scientific evidence
supporting their use has been limited [1-3]. Many of these remedies are still employed today as
infusions, macerates, or topical applications, and their continued use has encouraged experimental
studies aimed at documenting their biological activity and evaluating their potential benefits and
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risks. In recent years, plant-based products have also attracted attention in aquaculture research,
where natural substances are being explored as alternative sources of bioactive compounds with
antioxidant, antimicrobial, or immune-related effects in fish species [4]. Due to these properties, plant
extracts have been proposed as potential alternatives to antibiotics and vaccines in the treatment or
prevention of aquaculture diseases [4-7].

In this context, Chiliadenus glutinosus (L.) Fourr. (=Jasonia glutinosa (L.) DC.) is a native plant
species of the Iberian Peninsula belonging to the Asteraceae family, traditionally known in Spain as
“arnica”, “té de roca” (rock tea) or “té de montaiia” (mountain tea) and which should not be confused
with Arnica montana [8-11]. Its characteristic lanceolate leaves and yellow flowers have been used for
generations in the preparation of infusions, mainly as remedies for digestive discomfort, respiratory
problems such as colds, sore throats, and asthma and also for regulating blood pressure [12]. In
addition, alcoholic macerates have been applied topically on the skin to disinfect minor wounds and
as painkillers [12]. In popular medicine, these preparations have also been associated with anti-
inflammatory and antiseptic properties [12]. Despite this long history of use, most available
information has focused on its phytochemical composition or on biological effects observed in
mammalian models [13-15]. However, its activity in fish remains largely unexplored. Specifically,
only one previous study evaluated the dietary inclusion of arnica at 0 (control), 10 and 30% in gilthead
seabream specimens for 15 and 30 days and reported changes in antioxidant status and immune-
related parameters in skin mucus, serum, head kidney leucocytes (HKLs), liver and gut after 15 days
of feeding [16]. Therefore, little is known about the direct effects of different types of traditional
preparations of this plant on fish cells or on aquatic pathogens. From an ethnopharmacological
perspective, comparing aqueous and alcoholic extracts that resemble common traditional uses may
help to better understand how the method of preparation influences biological activity.

Based on this context, the present study compared the in vitro bioactivity of aqueous, ethanolic,
and methanolic extracts of arnica. To the best of our knowledge, this is the first study that evaluates
the antioxidant activity of these extracts, effects on the viability of four marine fish pathogenic
bacteria, and cytotoxicity on the PLHC1 tumour cell line, together with their impact on immune
cellular parameters of HKLs from gilthead seabream, one of the most important fish species in the
Mediterranean aquaculture. In addition, selected concentrations of the aqueous extract were tested
in leucocytes stimulated with A-carrageenan to explore its influence on cellular responses,
ultrastructural morphology, and the expression of genes related to inflammation and apoptosis.
Overall, this work provides a comparative assessment of the biological activity of different traditional
preparations of arnica in fish-related in vitro models.

2. Materials and Methods

2.1. Collection and Preparation of Plant Extracts

Whole arnica plants were harvested in August 2019 (Lorca, Murcia, Spain, Latitude
37°49'27.8461"N and longitude 1°40'50.5888"W). A voucher specimen was deposited in the herbarium
of the University of Murcia (Accession number: MUB 71209). The collected material was air dried at
room temperature (RT) for 15 days. Subsequently, leaves and flowers were milled into a fine
powder and kept in dark conditions at 4°C until further use. This powder material was employed for
the preparation of three different extracts by maceration using water, ethanol, and methanol as
solvents. The aqueous extract was prepared to resemble traditional infusion practices, while ethanolic
and methanolic extracts reflect the use of alcoholic macerates traditionally applied for the treatment
of wounds and external ailments. For the aqueous extract, 1 g of dried plant powder was mixed with
40 mL of boiling distilled water and shaken at RT for 4 h. The suspension was filtered twice through
a 100 um nylon mesh filter and lyophilized (CHRIST, Model Alpha 1-2 LD, 101021). The dried
aqueous extract was weighed and resuspended in Phosphate-Saline Buffer (PBS; 11.9 mM
Phosphates, 137 mM NaCl, and 2.7 mM KCl, pH 7 4) (Fisher Bioreagents) to obtain the stock solution,
which was stored in darkness at -20 °C [17]. For the ethanolic and methanolic extracts, 1 g of dry plant
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powder was incubated with 40 mL of absolute ethanol or methanol, respectively, and shaken for 48
h at RT. These extracts were also filtered twice as described above, lyophilized and stored in darkness
at -20 °C. After weighing, both dried extracts were dissolved in dimethyl sulfoxide (DMSO, Sigma)
to prepare stock solutions at 10 mg mL [18]. Then, both extracts were filtered and stored at -20 °C
until use. For all experiments, working solutions from the three arnica extracts were prepared
immediately before use by diluting the corresponding stock solution in the appropriate medium used
for each experiment, as detailed below. Then, final solutions of 0 (Control; PBS for the aqueous extract
and DMSO for the ethanolic and methanolic extracts), 0.001, 0.01, 0.125, 0.25, 0.5, and 1 mg mL-! were
obtained and assayed.

2.2. Total Antioxidant Activity

The antioxidant capacity of the plant extracts prepared as described above was evaluated using
the 2,2"-azino-bis-3-(ethylbenzothiazoline-6-sulphonic acid) (ABTS) assay [19]. The method relies on
the capacity of antioxidant compounds present in the sample to reduce the ABTS radical cation,
which is assessed through the decolourization of ABTS* and the corresponding decrease in
absorbance. Antioxidant activity was determined by comparing the values obtained for each sample
with an ascorbic acid standard curve, and the results were expressed as ascorbic acid equivalents
(mM). Briefly, 50 pL of aqueous, ethanolic or methanolic extracts, diluted in PBS to the final
concentrations (as explained above) were mixed with 950 pL of ABTS* solution. Absorbance
quenching was then measured at 730 nm using a spectrophotometer (BOECO S-22 UV/Vis) with the
reaction PBS used as the blank. All samples were analysed in triplicate.

2.3. Bactericidal Activity

The bactericidal activity of the three arnica extracts against four Gram-negative marine bacteria
(V. harveyi strain Lg 16/00, V. anguillarum strain CECT4344, P. damselae subsp. piscicida strain PP3 and
Tenacibaculum maritimum) was assessed following the protocol described by Guardiola et al. with
minor modifications [20]. Before each assay, a single colony of V. harveyi, V. anguillarum, and P.
damselae was inoculated into Tryptic Soy Broth medium (TSB, Difco Laboratories) supplemented with
1.5 % NaCl, whereas a single colony of T. maritimum was cultured in Flexibacter maritimus medium
(FMM, Difco Laboratories) using flasks filled to 10% of their volume. All flasks were incubated
overnight at 25 °C with continuous agitation at 100 rpm. Bacteria in the exponential growth phase
were then resuspended in sterile PBS and adjusted to a concentration of 1 x 108 colony forming units
(CFU) mL". To evaluate bactericidal activity, 20 pL of aqueous, ethanolic or methanolic extracts,
previously diluted in PBS to final concentration described above, were dispensed into triplicate wells
of a 96-well U-shaped plate. Culture medium alone and PBS were included as negative and positive
controls, respectively. Subsequently, 20 pL of each bacterial suspension were added to the
corresponding wells, and the plates were incubated for 5 h at 25 °C. Bacterial viability was then
determined by means of an MTT, which is based on the reduction of the soluble yellow tetrazolium
salt (3-(4,5-dimethylthiazol- 2-yl)-2,5-diphenyltetrazolium bromide) (MTT) into an insoluble blue
formazan product by succinate dehydrogenase activity [21,22]. Thus, 25 yuL of MTT (1 mg mL,
Sigma) were added to each well, and the plates were incubated for 10 min to allow formazan
formation. The plates were then centrifuged (2000 x g, 10 min) and the resulting precipitate was
dissolved in 200 puL of DMSO. Absorbance of the solubilized formazan was recorded at 570 nm and
690 nm using a microplate reader (BMG, SpectroStarnano). Bactericidal activity was expressed as the
percentage of surviving bacteria relative to the number of bacteria in the positive controls control
group, which was set at 100%.

2.4. Cytotoxic Activity Against PLHC1 Tumour Cell Line

The PLHC1 cell line (ATCC® CRL2406™), derived from Poeciliopsis lucida hepatocellular
carcinoma, was seeded in plastic culture flasks of 25 cm? containing Eagle's Minimum Essential
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Medium (EMEM) supplemented with 5 % foetal bovine serum (FBS, Life Technologies), 2 mM L-
glutamine, 100 i.u. mL! penicillin/streptomycin, 0.1 mM non-essential amino acids, and 1.0 mM
sodium pyruvate. Cells were cultured at 30 °C in a humidified incubator with85 % humidity and 5 %
COsa. Cells in exponentially growth phase were detached from the flasks by brief treatment with
trypsin (0.05 % in PBS, pH 7.2-7.4), following standard trypsinization procedures. The detached cells
were recovered by centrifugation (200 x g, 5 min, 30 °C) and their viability was assessed by trypan
blue exclusion. The cytotoxicity assay was carried out in triplicate for each concentration tested. Once
the cultures reached approximately 80 % confluence, the cells were detached with trypsin and 100 pL
aliquots containing 30,000 cells per well were seeded into 96-well tissue culture plates and incubated
(24 h, 30 °C). This seeding density was previously evaluated to provide suitable absorbance values in
the cytotoxic assay while preventing cell overgrowth. After this incubation period, the culture
medium was replaced with 200 puL per well of EMEM supplemented culture medium containing
aqueous, ethanolic or methanolic extract of arnica adjusted to the final concentration (see the section
2.1.) and the cells were incubated for a further 24 h at 30 °C. Culture medium alone was included as
negative control, whereas cells maintained in the same culture medium served as positive control
[23]. At the end of the exposure period, the medium was removed and 200 uL per well of MTT
solution (1 mg mL in EMEM supplemented without FBS) were added to determine cell viability.
Following 4 h of incubation at 22 °C, the MTT solution was discarded, and the resulting formazan
crystals were dissolved with 100 pL per well of DMSO. The plates were then shaken (5 min, 100 rpm)
in darkness and absorbance was measured at 570 nm and 690 nm using a microplate reader.

2.5. Head-Kidney Leucocytes (HKLs) Isolation, Viability, and Immune Parameters

2.5.1. Animals

Twelve gilthead seabream (S. aurata L.) specimens obtained from a local farm (Mazarrén, Spain),
with a mean body weight of 128.49 + 3.84 g and a mean total length of 18.11 + 0.25 cm, were
acclimatized for one month in the Marine Fish Facilities of the University of Murcia (Spain). Fish were
maintained in a recirculation system connected to individual 450 L tanks equipped with aeration, as
well as biological and mechanical filtration. Water temperature was kept at 20 + 2 °C, and salinity at
28%o Water quality parameters including ammonia, nitrate and nitrite, were monitored weekly. The
photoperiod was adjusted to a 12 h light and 12 h dark cycle. Fish were fed a commercial diet
(Skretting, Spain) at a daily ration corresponding to 2% of the total biomass. All experimental
procedures were approved by the Ethical Committee of the University of Murcia under permit
number A13160416.

2.5.2. HKLs Isolation and Incubation

Fish were anesthetized with clove oil (20 mg L-1, Guinama®) and bled from the caudal vein.
Excised head-kidney was cut into small pieces and leucocytes were isolated Esteban et al. [24]. All
extracts prepared, as was mentioned in the section 2.1., were measured in an osmometer (Wescor),
resuspended in sSRPMI and dilutions for each concentration were prepared. A-Carrageenan (Sigma,
CAS Number: 9064-57-7) was similarly diluted into sterile PBS to prepare a stock solution of 10 mg
mL-, and resuspended in sRPMI to obtain the final doses. For each fish and assay, samples of 500 pL
of seabream HKLs (previously adjusted to 2 x 107 cells mL') were dispensed into 24-well plates
(Nunc). Two consecutive experiments were then conducted. In the first experiment, HKLs were
exposed to 500 uL of each arnica extract solution to obtain final concentrations of 0, 0.001, 0.01, 0.125,
0.25, 0.5, and 1 mg mL1. Cells were incubated with each extract for 24 h at 25 °C, 85 % humidity and
5% CO2. We selected the aqueous extract of arnica in order to develop a second experiment. In this
case, HKLs were incubated with 250 pL of A-carrageenan at a final concentration of 0 (PBS diluted in
sRPMI; used as control) and 1,000 pug mL, together with250 pL aqueous extract of arnica [at a final
concentration of 0 (PBS diluted in sSRPMI; control), 0.25 and 0.5 mg mL-], under the same conditions
described for the first experiment. The concentrations of A-carrageenan were selected by taking into
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account its leucocyte-activating capacity, previously tested in in vitro assays [25-27]. In both assays,
HKLs obtained from 6 independent fish specimens were used separately, without pooling.

2.5.3. HKLs Viability

Viability of HKLs in both experiments was assessed by flow cytometry using propidium iodide
(PI) to determine the abundance of viable leucocytes, according to Cuesta et al. [28]. Positive controls
consisted of cells lysed with 50 pL of 0.02% cetyltrimethyl ammonium bromide (CTAB, Sigma),
shaken (10 min, 60 rpm, in the dark), and then mixed with 50 uL of PI. Dead cells were quantified as
the percentage of PI positive cells. For each sample, both the total leucocyte viability and the specific
viability of acidophilic granulocytes (AGs, R1), monocytes/macrophages (MM, R2) and lymphocytes
(R3) were determined, these populations being represented in dot plots according to SSC and FSC.

2.5.4. Immune Cellular Parameters

The peroxidase activity in HKLs was measured by using the method described by Quade & Roth
[29] andstandard samples without HKLswere used as blanks. The respiratory burst activity of HKLs
was assayed by chemiluminescence [30] and the kinetic of the reaction was assessed by calculating
the slope min! of each curve. The phagocytic activity of HKLs was studied by flow cytometry using
heat-killed lyophilized Saccharomyces cerevisiae, (strain S288C), labelled with fluorescein
isothiocyanate (FITC, Sigma), according to Rodriguez et al. [31]. Standard samples of FITC-labelled
S. cerevisine or HKLs were included in each phagocytosis assay. Phagocytic ability was expressed as
the percentage of cells with one or more ingested yeast (green-FITC fluorescent cells) within the
phagocytic cell population, whilst the phagocytic capacity was the mean fluorescence intensity.

2.5.5. HKLs Ultrastructure

To determine possible morphological alterations in HKLs following incubation with A-
carrageenan and the aqueous arnica extract, samples were processed for transmission electron
microscopy (TEM), according to Reynolds [33]. After 24 h of exposure, HKLs were centrifuged (400
x g, 5 min, 22 °C), washed in 250 uL of sSRPMI and fixed with 200 uL of 2.5% glutaraldehyde prepared
in 0.1 M cacodylate buffer (pH 7.2-7.4, 5-10 min, 4°C). Samples were then post-fixed for 2 h in 1%
0Os0O4 and embedded in Epon. Semithin and ultrathin sections were obtained using a Reichert-Jung
Ultracut.Semithin sections were stained with toluidine blue whereas ultrathin sections were
contrasted with uranyl acetate and lead citrate. Ultrathin sections were examined using a
transmission electron microscope (TEM, Zeiss EM 10C).

2.5.6. HKLs Gene Expression by Real-Time PCR

The sequences of the selected genes were retrieved from a gilthead seabream database [34]. The
open reading frames (ORF) were identified using the ExPASy translation software (SIB
Bioinformatics Resource Portal) and were further verified by sequence alignment analysis with NCBI
BLAST (NIH). The primers (Table 1) were designed with the Thermo Fisher OligoPerfectTM tool,
according to the following criteria: i) each individual oligonucleotide was composed of 20
nucleotides, ii) the size of the amplicon was between 100 and 120 nucleotides, iii) with a guanine-
cytosine (GC)% between 55 % and 60 %, iv) an annealing temperature (Melting temperature) as close
as possible to 60 °C, and v) the selection of primers that self-inhibit forming hairpins was avoided as
far as possible, in order not to hinder the amplification reaction. After 24 h incubation of HKLs with
A-carrageenan and aqueous arnica extract, cells were collected by centrifugation (400 x g, 10 min, 22°
C), and stored at -80°C until analysis. Total RNA was extracted using the Pure Link® RNA Mini Kit
(Life Technologies) following the manufacturer ’s instructions. RNA quantity and purity were
evaluated with a Nanodrop® spectrophotometer, and the 260:280 ratios ranged from1.8 to 2.0. RNA
samples were subsequently treated with DNase I (Promega) to eliminate genomic DNA
contamination. Complementary DNA (cDNA) was synthesized from 1 ug of total RNA using the
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SuperScript IV reverse transcriptase (Life Technologies) with an oligo-dT18 primer. In the present
study, the expression of the selected genes, shown in Table 1, was analysed by real-time qPCR with
QuantStudio™ Real-Time PCR System Fast (Life Technologies). Each reaction mixture contained 5
uL of SYBR Green supermix, 2.5 uL of primers (0.6 uM each) and 2.5 uL of cDNA template.
Amplification conditions consisted of an initial incubation for 10 min at 95 °C, followed by 40 cycles
of 15 s at 95 °C, 1 min at 60 °C, and a final step of15 s at 95 °C, 1 min at 60 °C and 15 s at 95 °C. Gene
expression was calculated using the 2-ACt method with some modifications [35,36], . Reaction
without cDNA were included as negative controls, and all samples were analysed in triplicate. For
each mRNA, expression levels were normalized using the geometric mean of ribosomal protein (18s)
and elongation factor 1-alfa (efla) RNA levels in each sample. Gene names followed the accepted
zebrafish nomenclature (http://zfin.org/).

2.6. Statistical Analysis

Results were expressed as mean * standard error of the mean (SEM). n the first experiment, data
were analysed by One-way ANOVA followed by Tukey’s post hoc test to identify differences
between experimental groups. i. In the second experiment, data were analysed by Two-way ANOVA
followed by Tukey ’s post hoc test to evaluate the effects of A-carrageenan and increasing
concentrations of arnica. Data normality was previously assessed using the Shapiro-Wilk test, and
homogeneity of variances was verified using by means of Levene ’s test. All statistical analyses were
carried out using SPSS software (25.0v; SPSS Inc., Chicago, IL, USA) for Windows. Statistical
significance was established at p < 0.05 in all analyses.

Table 1. Primers used for real-time gPCR.

Bank
Gene name Ger-1e ] GenBan Primer sequences (5" —3")
abbreviation number
E:
v-rel avian reticuloendotheliosis GAACCCCACCCTCATGAGTG
. rela B030837
viral oncogene homolog A R:
GTTCTGGGCAGCAGTAGAGG
E:
v-rel avian reticuloendotheliosis ACAGAGGAGGTGGAGGTCAG
. relb B012502
viral oncogene homolog B R:
TATGGATCTGGGTTGTGCGG
E:
v-rel avian reticuloendotheliosis AAGCAAGAGCCCCAGATCAC
. rel B018958
viral oncogene homolog R:
TAGGGCGAGGAAGCAAGTTG
. E:
Nucleal.‘ factor of kappa hght CCGACAGACGTTCACAGACA
polypeptide gene enhancer in B- nfkb1 B005908 R:
cells 1 TCTTCAGCTGGACGAACACC
. E:
Nucleal.‘ factor of kappa hght ATCACAGCGCAGAGATCGAG
polypeptide gene enhancer in B- nfkb2 B012900 R:
cells 2 TGCGGGATGTAGGTGAACTG
E:
Interleukin 1 il1b XM030416076.1 GCGAGCAGAEFCACTTAGTC
GGTAGGTCGCCATGTTCAGT
. E:
Tumour necrosis factor alpha tnfa AJ413189 CTGTGGAGGGAAGAATCGAG
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R: TCCACTCCACCTGGTCTTTC
F:

Interleukin-10 il10 XM030420872 CTCACATGC?{GTCCATCCAG
TGTGATGTCAAACGGTTGCT
GCATGTGGCAF(:}AGATGAAGA
TTCAGCATGAI;ACGGCAGAG
F: CCAGATCGTGGGTGTTTTCT

Caspase 1 caspl DQ198376 R:

TCTTCAAAGCGTTGCATGAC
AATTCACCA(I;ECTTCAATGC
CTACGGCAG/f(:}ACGACATCA
ACACGTGTGAF/;CAGGGAGGT
TTGAGGACG}::GCTTCTTGGT
AACGAGTGGEGTTGTTTCAG
ATGGGTCCAE&ETCTCTCACG
CGAAAGCAT"II“:&"GCCAAGAAT
AGTTGGCACEZGTTTATGGTC
TGTCATCAA(E(ZECTGTTGAGC
GCACACTTC?&"GTTGCTGGA

Transforming growth factor 1 beta tefb AF424703

Caspase 3 casp3 DQ345773

Caspase 8 casp8 FJ225665

Caspase 9 casp9 DQ345775

Ribosomal protein 185 rps18 AM490061

Elongation factor-1 alfa efla AF184170

3. Results
3.1. First Experiment

3.1.1. Total Antioxidant Activity

The aqueous, ethanolic and methanolic extracts of arnica showed dose-dependent antioxidant
activity. However, the two highest concentrations of the aqueous extract (0.5 and 1 mg mL)
presented higher antioxidant activity compared to the other concentrations tested (Fig. 1A). The dose
of 0.25 mg mL- of the same aqueous extract showed higher activity compared to the lower ones (0,
0.001 and 0.01 mg mL). In the case of the ethanolic extract, only the highest concentration showed
higher antioxidant activity than the rest of lower concentrations (Fig. 1B). Moreover, the next two
doses of ethanolic extract (0.25 and 0.5 mg mL") resulted in higher antioxidant activity compared to
the lowest doses of the same extract. The three higher concentrations of methanolic extract, on the
other hand, resulted in higher antioxidant activity compared to the doses of 0, 0.001 and 0.01 mg mL-
1 (Fig. 1C).
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Figure 1. Total antioxidant activity (ascorbic acid equivalents) of different concentrations (0, 0.001, 0.01, 0.125,
0.0.25, 0.5, and 1 mg mL") of (A) aqueous, (B) ethanolic and (C) methanolic extract obtained from arnica. Error
bars represent the standard error of the means (n = 6). Different letters denote significant differences between
control (0 mg mL-1; PBS/DMSO diluted in PBS) and experimental concentrations (ANOVA; p <0.05).

3.1.2. Bactericidal Activity

Regarding bactericidal activity, although no statistical differences were observed in the
bactericidal activity against V. harveyi and V. anguillarum when incubated with the aqueous extract,
the highest concentration (1 mg mL") of this extract increased bactericidal activity against P. damselae
compared to the other concentrations, except for the concentration of 0.5 mg mL" which showed no
statistical differences (Fig. 2A). On the other hand, the same concentration (1 mg mL) of the ethanolic
and methanolic extracts showed an increase in bactericidal activity against V. harveyi compared to all
other concentrations except the 0.5 mg mL concentration. Moreover, a dose-dependent increase in
bactericidal activity against V. anguillarum was observed when incubated with the three highest doses
(0.25, 0.5 and 1 mg mL) of ethanolic or methanolic extracts. In contrast, a decrease in bactericidal
activity against P. damselae was found after incubation with 0.5 and 1 mg mL of the ethanolic extract
compared to the control and all other experimental doses tested. The highest dose of the methanolic
extract also showed a high decrease in bactericidal activity against this pathogenic bacterium. No
variations in the values of bactericidal activity against T. maritimum were detected after incubation
with any dose of any of the extracts used in this study.
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Figure 2. Heat map of (A) bactericidal activity against Vibrio harveyi, V. anguillarum, Photobacterium damselae and
Tenacibaculum maritimum; (B) cytotoxic activity against PLHC1 tumour cell line; all incubated with different
concentrations ; and (C) viability (%) of gilthead seabream head-kidney leucocytes; all incubated with different
concentrations (0, 0.001, 0.01, 0.125, 0.0.25, 0.5 and 1 mg mL™") of aqueous, ethanolic and methanolic extracts of
arnica. The colour scale on the right of the heat map represents the toxicity level, while green, white and blue

colours indicate low, medium and high toxicity of the extract on the tested bacteria/cells, respectively.
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3.1.3. Cytotoxic Activity

The results of the cytotoxic assay revealed that the aqueous extract did not affect the viability of
the PLHCI cell line (Fig. 2B). Instead, an increase in cytotoxic activity was detected with the highest
dose of the ethanolic extract compared to the other concentrations. Furthermore, the four highest
doses of the methanolic extract (0.125, 0.25, 0.5 and 1 mg mL-1) showed a dose-dependent cytotoxic
activity in the PLHC1 cell line compared to cells incubated with lower concentrations of this extract.

3.1.4. Total HKLs Viability

Our results revealed a decrease in the total viability of HKLs following 24 h of incubation with
1 mg mL"' of aqueous extract compared to the values found in HKLs incubated with the other
experimental doses (0, 0.001, 0.01, 0.125, 0.25 and 0.5 mg mL?) (Fig. 2C). Furthermore, HKLs
incubated with the higher concentrations of ethanolic or methanolic extract (0.25, 0.5 and 1 mg mL-)
showed a dose-dependent decrease in viability. On the other hand, although no significant
differences were detected in the viability of AGs and lymphocytes incubated with any concentration
of aqueous extract, the viability of MM decreased after incubation with 1 mg mL-" of the same extract
compared to the rest of the doses tested (Table 2). Interestingly, the viability of all cell types decreased
dramatically after incubation with 1 mg mL-! of both ethanolic and methanolic extracts. Moreover,
this reduction in viability was dose-dependent in the case of MM and lymphocytes.

3.1.5. Immune Cellular Parameters

The peroxidase activity of HKLs decreased after 24 h of incubation with 1 mg mL- of aqueous,
ethanolic and methanolic extracts compared to HKLs incubated with 0 (control) 0.001 and 0.01 mg
mL1 of the corresponding extract (Fig. 3A-3C). Moreover, this decrease was also statistically
significant in HKLs incubated with 0.125, 0.25 and 0.5 mg mL" of methanolic extract, but not in HKLs
incubated with the same concentrations of aqueous and ethanolic extracts. The respiratory burst
activity of HKLs decreased in a dose-dependent manner, being totally inhibited when HKLs were
incubated with 0.5 and 1 mg mL of aqueous extract, and 0.125, 0.25, 0.5 and 1 mg mL of ethanolic
and methanolic extract, compared with the lowest doses tested and with the control (0 mg mL-) (Fig.
3D-3F).

Table 2. Viability (%) of gilthead seabream head-kidney leucocytes (acidophilic granulocytes,
monocytes/macrophages and lymphocytes) after 24 h of incubation with different concentrations (0, 0.001, 0.01,
0.125, 0.0.25, 0.5, and 1 mg mL") of aqueous, ethanolic or methanolic extracts obtained from arnica. Data
represent the mean + standard error (n = 6). Different letters denote significant differences between control (0 mg
mL"; PBS diluted in RPMI medium) and experimental concentrations (ANOVA; p <0.05).

Aqueous extract concentration (mg mL")

Head-kidney leucocytes

0 0.001 0.01 0.125 0.25 0.5 1
Acidophilic 65.08+ 6142+ 6386+ 5931+ 51.60+ 5439+ 43.04+
granulocytes 3.15 0.67 4.52 7.56 9.44 6.80 5.14

86.85+ 84.10+ 86.04 + 86.24 + 84.94 + 7775+ 63.72 %
1.38 a 2.00 a 1.29 a 0.79 a 1.96 a 270 a 2.99b
88.78+  88.90 + 89.41 + 89.36 + 90.21 + 92.09+ 9217+

Monocytes/macrophages

Lymphocytes 115 077 0.16 0.85 1.01 013 075
. Ethanolic extract concentration (mg mL-)
Head-kidney leucocytes
0 0.001 0.01 0.125 0.25 0.5 1
Acidophilic 5493+ 5347+ 5643+ 6437+ 6674+ 6815+ 0.00=+
granulocytes 3.93 a 5.06 a 213a 3.18a 437 a 1.54a 0.00b

79.85 + 81.70 + 82.38 + 84.53 + 71.15 + 6295+ 047+

Monocytes/macrophages o5 1 5 cia 286ab 1262 443be 257¢  0.12d
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83.46+ 8786+ 86.10x 8560+ 7562+ 7144+ 0.00zx
1.61 ab 1.14 a 1.79ab  2.6lab 1.92bc 392¢ 0.00d

Methanolic extract concentration (mg mL-)

Lymphocytes

Head-kidney leucocytes

0 0.001 0.01 0.125 0.25 0.5 1
Acidophilic 5699+ 6045+ 5158+ 5544+ 6278+ 669+ 075+
granulocytes 216 a 174 a 398 a 5.60 a 0.60 a 34la 035D

8214+ 8692+ 8314+ 8371+ 7514+ 5848+ 216z
1.63 ab 1.00 a 1.06 a 1.40 a 2.03b 286c¢ 093d
85.69+ 8744+ 8815+ 8783+ 7987+ 75.64+ 2411z

Monocytes/macrophages

Lymphocytes
ymphocy 103a 128a  003a  056a 119a 277a 924b
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Figure 3. Peroxidase activity (U 107 leucocytes) and respiratory burst activity (Slope/min. a.u. luminiscence) of
gilthead seabream head-kidney leucocytes after 24 h of incubation with different concentrations (0, 0.001, 0.01,
0.125, 0.0.25, 0.5, and 1 mg mL") of (A, D) aqueous, (B, E) ethanolic and (C, F) methanolic extract obtained from
arnica. Error bars represent the standard error of the means (n = 6). Different letters denote significant differences

between control (0 mg mL-; PBS/DMSO diluted in PBS) and experimental concentrations (ANOVA; p <0.05).
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Figure 4. Phagocytic ability (%) and capacity (arbitrary units, a.u.) of gilthead seabream head-kidney leucocytes
after 24 h of incubation with different concentrations (0, 0.001, 0.01, 0.125, 0.0.25, 0.5, and 1 mg mL-!) of (A, D)
aqueous, (B, E) ethanolic and (C, F) methanolic extract obtained from arnica. Error bars represent the standard
error of the means (n = 6). Different letters denote significant differences between control (0 mg mL"; PBS/DMSO
diluted in PBS) and experimental concentrations (ANOVA; p <0.05).

Although no variations were recorded in the phagocytic ability of HKLs incubated with the
aqueous extract, increased phagocytic ability was observed at 1 mg mL? for the ethanolic or
methanolic extract, compared to control HKLs samples. Moreover, in the case of the methanolic
extract, this increase was also statistically significant with the concentrations (0.001, 0.01 and 0.125
mg mL") (Fig. 4A-4C). In contrast, HKLs incubated with any of the three extracts followed a dose-
dependent inhibition of phagocytic capacity when incubated with 0.25, 0.5 and 1 mg mL-! compared
to the lowest doses tested. In addition, this activity also decreased in HKLs incubated with 0.125 mg
mL of the aqueous extract in comparison with the lowest doses (Fig. 4D-4F).

3.2. Second Experiment

3.2.1. Leucocyte Viability

Results of total viability did not show significant differences in HKLs incubated with any doses
of A-carrageenan and aqueous extract of arnica tested (data not shown). Regarding the viability of
leucocyte subpopulations, the viability of AGs decreased in a dose-dependent manner when
incubating with arnica (0.25 and 0.5 mg mL-!) and in the absence of A-carrageenan (Table 3). However,
the viability of AGs incubated with A-carrageenan decreased with highest doses of arnica (0.5 mg mL-
1). The viability of MMs decreased by arnica (0.5 mg mL') compared to control. In contrast,
lymphocyte viability increased slightly with the aqueous extract of arnica (0.25 and 0.5 mg mL)
independently of the presence/absence of A-carrageenan.

Table 3. Viability (%) of head-kidney leucocytes of gilthead seabream (acidophilic granulocytes,
monocytes/macrophages and lymphocytes) after 24 hours of incubation with different concentrations of aqueous
extract of arnica (0, 0.25 and 0.5 mg mL") and A-carrageenan (0 and 1000 pg mL). Data represent the mean *
standard error (n = 6). Capital letters denote significant differences between the control of the aqueous extract of

arnica (0 mg mL-; PBS diluted in RPMI medium) and the experimental concentrations, while lower case denotes

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.2406.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 March 2026

d0i:10.20944/preprints202603.2406.v1

12 of 21

significant differences between the control of A-carrageenan (0 mg mL"; PBS diluted in RPMI medium) and the
experimental concentrations (Two-way ANOVA; p <0.05).

Arnica concentration (mg mL-) A-carrageenan

concentration (ug

Head-kidney leucocytes

0 0.25 0.5 mL)
. . 84.56 + 0.39a 57.49 +1.33b 34.32 £2.70c 0
Acidophilic granulocytes
66.24 +4.18a 59.03 £4.47a 38.27 £5.73b 1,000
83.45 + 0.59a 70.86 + 4.96ab 57.58 £ 2.87b 0
Monocytes/Macrophages
71.15+4.62 69.09 £ 4.59 53.96 £ 5.03 1,000
90.77 £ 0.72a 96.32 + 0.43b 96.49 + 0.49b 0
Lymphocytes
92.88 + 0.40a 95.89 + 0.30b 96.83 + 0.33b 1,000

3.2.2. Cellular Immune Parameters

Peroxidase activity of HKLs did not show variations by the incubation with any of the
combinations of A-carrageenan and arnica (Fig. 5A). Respiratory burst activity increased in the HKLs
incubated with only A-carrageenan compared to control (0 pg mL of A-carrageenan and 0 mg mL~
of arnica) (Fig. 5B). However, this activity decreased in a dose-dependent manner with increasing
doses of arnica and 1,000 ug mL! of A-carrageenan. Regarding phagocytic activities, the phagocytic
ability of HKLs was not affected by A-carrageenan and arnica (Fig. 5C). Otherwise, the phagocytic
capacity decreased in HKLs by A-carrageenan and without arnica (0 mg mL) compared to control
cells (Fig. 5D). In addition, this activity decreased in a dose-dependent manner with increasing doses
of arnica and without A-carrageenan (0 ug mL"). However, the mixture of both substances only
decreased the phagocytic capacity of HKLs incubated with the highest concentration of arnica (0.5
mg mL) and A-carrageenan.

3.2.3. Ultrastructure of leucocytes

The electron microscopic study did not reveal morphological variations in AGs, MMs and
lymphocytes incubated with the control solutions of the two mixtures of A-carrageenan, or arnica
prepared (Fig. 6A-6C). Nonetheless, clear ultrastructural alterations were detected on AGs and MMs
by A-carrageenan (1,000 ug mL-') and arnica (0.5 mg mL) (Fig. 6D, 6E). Both cells went from a more
rounded shape to a more elongated irregular and larger one with large cytoplasmic prolongations,
secondary lysosomes in the cytoplasm and even with the visualization of the phagocytosis of cellular
debris. No morphological variations were detected on lymphocytes exposed to the same mixtures
(Fig. 6F).
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Figure 5. Peroxidase activity (U 107 leucocytes) (A), respiratory burst activity (slope min-1) (B), phagocytic
ability (%) (C) and phagocytic capacity (a.u.) (D) of head-kidney leucocytes of gilthead seabream after 24 hours
of incubation with different concentrations aqueous extract of arnica (0 and 0.5 mg mL-1) and A-carrageenan (0
and 1,000 pg mL-1). Data represent the mean + standard error (n = 6). Different letters denote significant

differences between experimental concentrations of cantharidin (Two-way ANOVA; p <0.05).

Control

i-Carrageenan

(1,000 pg mL1)
Arnica:

(0.5mgmL?)

Figure 6. Transmission electron micrographs of head-kidney leucocytes of gilthead seabream after 24 hours of
incubation with arnica (0.5 mg mL?) and A-carrageenan (1,000 pg mL"). Acidophilic granulocyte (A), Scale bar
= 2um; monocyte/macrophage (B) Scale bar = 1um; lymphocyte (C) Scale bar = 1Tum.

3.2.4. Gene Expression Analysis

The gene expression profile of NF-xB subunits (rela, relb, crel, nfkbl and nfkb2), two
proinflammatory cytokines (il1b and tnfa), two anti-inflammatory cytokines (il10 and tgfb) and four
caspases involved in apoptosis cell death (caspl, casp3, casp8 and casp9) was analysed. The data are
summarized in Fig. 7. First, the expression of crel and casp9 was down-regulated in HKLs by A-
carrageenan (1,000 ug mL) compared to control. Furthermore, the expression of these both genes
was also down-regulated by arnica (0.5 mg mL"). In contrast, the expression of il1b gene was up-
regulated by arnica (0.5 mg mL"). No statistical variations were detected in the values of the
expression of rela, relb, nfkb1, nfkb2, tnfa, 1110, tgfb, casp1, casp3 and casp8 genes in HKLs incubated with
any of the mix tested.
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Figure 7. Heatmap of relative expression of proinflammatory (rela, relb, crel, nfkbl, nfkb2, illb, tnfa), anti-
inflammatory (10, tgfb) and apoptotic (caspl, casp3, casp8, casp9) gene of head-kidney leucocytes of gilthead
seabream after 24 hours of incubation with different concentrations of aqueous extract of arnica (0 and 0.5 mg
mL™") and A-carrageenan (0 and 1,000 pug mL). Data represent the mean + standard error (n = 6). Different letters
denote significant differences between experimental concentrations of A-carrageenan (Two-way ANOVA; p <
0.05).

All the results of the effects of arnica extracts analysed in the present work have been
summarized in a schematic summary of the observed cellular effects (Fig. 8).

Antioxidant activity

Arnica t t
Carrageenan Aqueous Methanolic
Phagocytic gxtract e‘;—mmi ——
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Figure 8. Proposed schematic model of carrageenan-transduction pathway, and effects of aqueous extract of
arnica after 24 h of exposure with acidophilic granulocytes and monocytes/macrophages in the head kidney of
gilthead seabream. Symbols + and — represent induction and repression interactions, while red and blue arrows
point to A-carrageenan and aqueous extract of arnica functions, respectively. Black arrow represents the
cytotoxic and bactericidal activity of the methanolic and ethanolic extracts. HKLs: Head kidney leucocytes; AGs:
Acidophilic granulocytes; MMs: Monocytes/Macrophages.
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4. Discussion

The present study compared the biological activity of different traditional preparations of arnica
in fish in vitro assays, with the aim of determining whether extraction solvent influences responses in
pathogens and host cells. Aqueous preparations were included to resemble infusions, whereas
ethanolic and methanolic extracts were included to represent alcoholic macerates, since solvent and
extraction conditions are known to influence the chemical profile of recovered compounds [37]. The
concentration range (from 0.001 to 1 mg mL-') was selected based on previous in vitro work in gilthead
seabream leucocytes and fish cell lines using medicinal plant extracts such as Origanum vulgare and
Lavandula sp., where responses depend strongly on extract type and dose [23,38]. To date, most
publications on arnica have focused on its phytochemical composition, which have confirmed and
identified a high presence of monoterpenes (camphor, borneol and nerolidol mainly), sesquiterpenes
(lucinone, glutinone and kudtriol), polyphenolic compounds such as flavonoids (quercetin and
kaempferol), among the major classes described [9,39-41]. In this scenario, solvent comparisons in
this and other species such as Rosmarinus officinalis L., Thymus vulgaris L. and O. vulgare L. indicate
that aqueous extracts often recover a higher proportion of phenolic acids (mainly dicaffeoylquinic
acids), whereas organic solvents such as ethanol and methanol tend to recover more lipophilic
constituents such as terpenoid compounds [42,43]. Thus, this background may help to contextualise
the differences found in this study between arnica preparations.

Among the biological activities commonly reported for medicinal plants, antioxidant capacity is
frequently described and is linked to radical scavenging and metal chelation, thereby limiting
damage caused by oxidative stress [44,45]. Within this context, in our study all three extracts showed
antioxidant activity in a dose-dependent manner indicating that this property is retained across the
traditional preparations tested under the present conditions. Similar dose-related patterns have been
widely described for plant extracts evaluated in comparable in vitro assays, where the effect becomes
more evident as concentration increases [23,37,43].

Another relevant aspect when studying medicinal plants is their potential activity against fish
bacterial pathogens, since opportunistic infections represent one of the main constraints in marine
aquaculture [46,47]. Previous in vitro studies have reported anti-protozoal activity of arnica ketone
extracts against Leishmania donovani and Entamoeba histolytica [48]. Furthermore, arnica ethyl acetate
and dichloromethane extracts showed in vitro antifungal activity against Candida albicans, and
Rhizopus stolonifera, and antimicrobial activity against several human bacterial pathogens such as
Moycobacterium phlei, Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa and Staphylococcus
aureus [49]. However, information about its effects on fish pathogens is still scarce. In the present
study, the bactericidal activity of the three extracts was evaluated against four opportunistic marine
bacteria (V. harveyi, V. anguillarum, P. damselae and T. maritimum), selected due to their relevance as
causative agents of disease in farmed marine species and their associated economic impact [50,51]. In
addition, it is also important to consider that all tested species were Gram-negative marine bacteria,
which are generally less susceptible to plant extracts than Gram-positive bacteria, a factor that may
partly explain the moderate activity observed in some cases [52,53]. Under the conditions tested in
our assay, the aqueous extract showed a limited bactericidal activity, with a significant reduction only
detected against P. damselae at the highest concentration. In contrast, ethanolic and methanolic
extracts showed clearer activity at elevated doses, particularly against V. harveyi and V. anguillarum,
where the highest concentrations were associated with a more marked reduction in bacterial viability.
These observations are in agreement with previous similar in vitro studies carried out with other
medicinal plants such as O. vulgare L. and Ceratonia siliqua L, in which organic solvent extracts often
show stronger antibacterial effects than aqueous preparations and the response vary depending on
the pathogen analysed [17,23]. Interestingly, a decrease in bactericidal activity against P. damselae was
observed at the highest concentrations of the ethanolic and methanolic extracts, which contrasts with
the response recorded for V. harveyi and V. anguillarum. In this context, it has been reported that P.
damselae is able to degrade extracellular lipids and use them as a carbon and energy source, which
can favour its growth under suitable conditions [54]. This metabolic capacity could partly explain the
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distinct behaviour observed in our assays at the highest concentrations, where the presence of
additional organic material from the extracts may have supported bacterial persistence instead of
limiting it. However, further studies would be needed to better understand the mechanisms
underlying this response.

In addition to the aforementioned bioactivities, the evaluation of cytotoxicity is essential to
define the concentration range in which cell-based responses can be interpreted. In the present study,
ethanolic and methanolic extracts produced a strong reduction in viability at moderate and high
concentrations, both in the PLHC1 tumour cell line and in HKLs, whereas the aqueous extract
showed a comparatively lower impact. The marked response observed in the PLHC1 tumour cell line
could suggest that the alcoholic extracts may contain bioactive components able to interfere with
cellular survival, and this is consistent with previous studies reporting cytotoxic effects of ethanolic
plant extracts evaluated in tumour cell lines, including O. vulgare extracts tested on human lung
adenocarcinoma A549 cells and Moringa stenopetala ethanolic leaf and seed extracts tested on human
hepatoblastoma HepG2 cells [18,43]. In this context, certain lipophilic compounds previously
described in arnica, such as the monoterpene borneol, which are more efficiently extracted in
alcoholic preparations than in water, have shown in vitro cytotoxic effects on human epithelial
colorectal carcinoma cells [55,56], which is consistent with the stronger effects observed for alcoholic
preparations compared to the aqueous one.

HKLs constitute the main effector population of the innate immune response in gilthead
seabream, where AGs and monocyte-macrophages actively participate in phagocytosis and other
defence mechanisms in response to external stimuli or foreign substances [24]. In addition, AGs can
trigger respiratory burst activity, increasing oxygen consumption and the production of reactive
oxygen species (ROS) through the activation of NADPH oxidase, and can also promote degranulation
mechanisms with the release of peroxidase enzymes (with antimicrobial activity) into the
extracellular space [57,58]. In the first experiment, our results showed an evident reduction in
peroxidase activity, respiratory burst and phagocytic capacity at concentrations that also reduced
viability, particularly for ethanolic and methanolic extracts. When focusing on concentrations
compatible with viability, peroxidase activity remained largely unchanged for aqueous and ethanolic
extracts, respiratory burst showed a clearer reduction for the methanolic extract at low-medium
concentrations (0.01 and 0.125 mg mL), and phagocytic capacity was reduced by the aqueous extract
at intermediate concentrations (0.125, 0.25, 0.5 mg mL), pointing to a possible inhibitory effect on
these specific functions even in the absence of marked loss of viability. These results are in agreement
with several in vitro studies that reported that not only direct application of plant extracts at high
doses to HKLs did not have a stimulatory effect on the immune cells, but also decreased their activity
[2,38]. In sharp contrast, dietary administration of arnica in this same species has been associated
with immunostimulatory effects after 15 days, including increased phagocytic activity in HKLs and
higher peroxidase levels in skin mucus [16], which highlights the differences between direct in vitro
exposure and systemic responses in vivo.

Based on these observations, the aqueous extract was selected for a second assay in HKLs
stimulated with A-carrageenan, using concentrations that were compatible with viability (0, 0.25 and
0.5 mg mL"). The carrageenan doses (0 and 1,000 pg mL"') were selected based on their established
capacity to activate HKLs including stimulation of phagocytosis and ROS related responses and the
up-regulation of proinflammatory genes such as il1b, tnfa, and il6 [25]. This ability comes from its
atypical structure with sulphated moieties and unusual a-1,3-galactosidic linkages, characteristics
that seem to be crucial in its action mechanisms to stimulate fish leucocytes in vitro, similar to what
happens in mammals [25]. In agreement with this rationale, HKLs exposed to A-carrageenan alone
showed the expected activation profile including changes in phagocytosis and respiratory burst
activity. Thus, when the aqueous extract of arnica was applied after this stimulation, respiratory burst
and phagocytic activity tended to return towards values closer to controls levels, suggesting an
immunomodulatory effect of arnica on previously activated leucocytes. In addition, ultrastructural
changes in AGs and MMs evidenced by TEM after the exposure of high doses of A-carrageenan and

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.2406.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 March 2026 d0i:10.20944/preprints202603.2406.v1

17 of 21

arnica showed morphological features associated with activation, including cytoplasmic extensions
and the presence of secondary lysosomes compatible with active phagocytic processes, as previously
evidenced in an in vitro assay developed by our research group (probably due to the effects of A-
carrageenan) [25]. This activation was also corroborated in vivo, where carrageenan was able to
produce recruitment of acidophilic granulocytes and monocytes/macrophages as well as other cell
types such as skin mucus-secreting cells and adipocytes shortly after intramuscular injection [59,60].
Regarding the gene expression analysis, we focused first on the expression of NF-kB subunits
(RelA, RelB, C-Rel, NF-kB1, and NF-kB2) given their central role in coordinating transcriptional
regulation of cytokines and proinflammatory molecules [61]. In mammals, RelA:NF-kB1
heterodimers are typically associated with canonical inflammation signalling pathway, whereas
RelB:NF-kB2 combinations constitute a non-canonical or alternative activation pathway, with the c-
REL subunit relegated to a secondary role in this process [62]. In our study, the gene expression of
crel was down-regulated in HKLs incubated with A-carrageenan or arnica in line with previous work
from our group suggesting that c-REL may reflect a relevant regulatory node in fish leucocytes
[63,64]. In addition, caspase-9, which is a responsible for activating downstream executioner caspases
(caspase-3, -6 and -7), is a critical initiator, and therefore regulator, of the intrinsic pathway of
apoptosis [65]. Then, the down-regulation of casp9 by A-carrageenan and arnica could be another
regulatory mechanism avoiding the initiation of unnecessary apoptosis. Thus, although arnica has
been related with an important anti-inflammatory agent, the up-regulation of i/1b that we found in
this study could be better interpreted as a marker of cellular activation or stress, or changes in the
proportion of responsive subpopulations within the HKL pool, rather than a change in inflammatory
status. This interpretation is consistent with in vitro studies showing that direct exposure of HKLs to
plant extracts do not have to present the same effect as expected in in vivo experiments [2,17,38].

5. Conclusions

The present work provides an in vitro comparison of traditional aqueous and alcoholic
preparations of arnica in fish-related in vitro assays, the three extracts tested displaying dose-
dependent antioxidant capacity, while their effects on bacteria and cells differed clearly across
preparations and concentrations, particularly when cell viability was taken into account. Ethanolic
and methanolic extracts showed the strongest bactericidal activity at the highest concentrations and
the most pronounced reduction in PLHC1 viability, while the aqueous extract showed its ability to
reduce immune parameters in HKLs previously stimulated with A-carrageenan. Overall, these results
provide a first comparative basis to guide future work on arnica preparations in fish.
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