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Background: WMortality from vibriosis in mollusk production is attributed to pathogenic
bacteria, particularly Vibrio alginolyticus. Use of increasingly potent antibiotics has led
to bacterial resistance and increased pathogenicity. Alternatives in sanitation, safety,
and environmental sustainability are currently under analysis. To-date, homeopathy
has been investigated in aquaculture of freshwater fish, but not in marine mollusks.
The effect of the homeopathic complexes in the growth, survival, and immune response

of the Catarina scallop Argopecten ventricosus were assessed.

Methods: A bioassay to assess the potential of homeopathy in improving cultivation of
juvenile A. ventricosus was conducted for 21 days, with a final challenge of 120 h with V.
alginolyticus. The experimental design included two homeopathic formulas The homeo-
pathic complex Passival, consisting of Passiflora incarnata 30 CH, Valeriana officinalis 30
CH, Ignatia amara 30 CH and Zincum valerianicum 30 CH plus Phosphoricum acid 30 CH
(treatment TH1) or Silicea terra 30 CH (TH2), two antibiotics (ampicillin = AMP,
oxytetracycline = OXY), and two reference treatments (without homeopathic or anti-
biotic treatment = CTRL, ethanol 30° GL = ETH). Additionally, a negative control
CTRL- (untreated/uninfected) is included in the challenge test. Juvenile scallops
(4.14 = 0.06 mm, 13.33 mg wet weight) were cultivated in 4 L tanks provided with
aerated, filtered (1 um), and UV-sterilized seawater that was changed every third day.
They were fed a blend of the microalgae Isochrysis galbana and Chaetoceros calcitrans
(150,000 cells mL~" twice a day). All treatments were directly added to the tank water
and then 500 mL challenge units were inoculated with 1 x 10’ CFU/mL (LDs,) of V. algi-

nolyticus.

Results: Juveniles grew significantly larger and faster in height and weight with TH2
compared to the ETH and CTRL (P < 0.05, ANOVA). Higher concentrations of proteins
occurred in scallops exposed to TH2 (160.57 + 7.79 mg g '), compared to other treat-
ments and reference treatments. Higher survival rate during the challenge bioassay
occurred with TH1 (85%), compared to AMP (53%), OXY (30%), and CTRL (0%), and super-
oxide dismutase (P < 0.05) was significantly higher in scallops treated with TH1,

compared to other treatments and reference treatments.
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Conclusions: Homeopathic treatments improved growth and survival and enhanced
survival against V. alginolyticus in juvenile A. ventricosus. This suggests that homeop-
athy is a viable treatment for this mollusk to reduce use of antibiotics in scallops and
its progressive increase in pathogenicity in mollusk hatcheries. Homeopathy (2017)

106, 18—26.
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Introduction

The Catarina scallop Argopecten ventricosus (Sowerby
II, 1842) is a medium-size pectinid that ranges from the
Baja California Peninsula in Mexico to Peru." It is a fishing
resource with aquaculture potential” and, similar to other
pectinids, has increasing market demand, particularly in
the Gulf of California.” During hatchery production,
some authors have addressed problems, such as suscepti-
bility of larvae to bacterial diseases,4 phenol oxidase activ-
ity in larvae, juveniles, and adults,’ use of antibiotics in
larval cultivation,® and assessment of water quality during
larval development to optimize cultivation protocols.’

Despite advances in cultivation in hatcheries to ensure
continuity in juvenile (spat) production, commercial yield
is still hindered by high die-offs of larvae and juveniles.*”
Currently, the most relevant problems faced by growing
diverse species of bivalves, including A. ventricosus, is
the recurring presence of infectious diseases and
parasites.'”"" Vibriosis is one of the most frequently
reported diseases leading to economic losses in facilities
raising bivalve mollusks.'? Among some species, Vibrio al-
ginolyticus and V. parahaemolyticus are reported as the
most virulent strains that are naturally present in coastal
systems.”’]4 For several decades, these diseases were
controlled with antibiotics, but its indiscriminate use to
intensify production and obtain higher profitability
favored antimicrobial resistance to treatment.'” Higher
doses of new generation antibiotics, combined with chlo-
rine and disinfectants, have generated environmental prob-
lems for to floating fish farms and effluent discharges from
shrimp farms.'® Homeopathic treatments are potential al-
ternatives to control diseases in cultivated animals, aquatic
and terrestrial. It is known that homeopathic treatments
reduced or eliminated some antibiotics,'’ improved gen-
eral health of animals by strengthening their immune sys-
tem,'® and even controlling the spread of endoparasites
and ectoparasites.'’ %

Homeopathy has been successfully applied to including
chickens and pigs as growth promoters,”*" to control
pathogenicity of Escherichia coli in pigs,”” improve rabbit
production,z(’ and facilitate chicken vaccination.”” Some
homeopathic treatments (Fator Vermes®’; Ferrum phos-
phoricum, Arsenicum album, and Calcarea carbonicaZI)
are used for controlling nematodes and helminths in small
ruminants, mainly reducing stress that improves develop-
ment and survival of the host.”” Likewise, homeopathic
complexes, such as sulfur, staphysagria, calendula, and os-
cillococcinum have shown a bactericidal effect that is use-

ful for treating in vitro plants of sugar cane infected with
the bacteria Xanthomonas albilineans in intensive agricul-
tural production, surpassing results using antifungal and
antibacterial chemicals.”® Homeopathy has not been
widely explored in aquaculture, but recent results demon-
strate its potential. The Nile tilapia Oreochromis niloticus
has been treated with homeopathic complexes, such as Ho-
meopatila™ to increase reproductive performance and suc-
cess of adults,” and increase muscle quality in juvenile
stock.’*! Treatments applied to tilapia O. niloticus are
able to increase morpho-functional response and the con-
tent and quality of fatty acids in muscle,’”” as well as to
modulate content of cortisol in muscle.”* In another impor-
tant edible fish, the pacu Piaractus mesopotamicus, physi-
ological response to stress was successfully modulated
with homeopathy.” In the ornamental fish, the molly Poe-
cilia spp., homeopathic treatment induced spawning and
improved the reproductive response.”®”’ Finally, in the
American bullfrog Lithobates catesbeianus, homeopathic
treatment modified the rate of metamorphosis.”®

The aim of this study was to assess two homeopathic
complexes and two antibiotics, the latter are regularly
used in aquaculture.”” We measured growth, survival,
biochemical composition, and immunological response
of juvenile Catarina scallops.

Materials and methods

Ethics
Care of animals met CIBNOR’s institutional guidelines.

Source of juvenile stock

Juvenile A. ventricosus was raised in the hatchery, using
routine methods described by Mazén-Sudstegui.” Condi-
tioned and sexually mature broodstock were induced to
spawn by thermal shock (18—28°C) and the gametes
were fertilized to obtain embryos and larvae. Veliger larvae
were cultivated (15 days) in 1500 L fiberglass cylinder-
conical tanks, filled with filtered (1 um), UV sterilized,
and gently aerated seawater, kept at 23 + 1°C and salinity
of 37 £ 0.5. Scallop larvae were fed a 1:1 mix of cultivated
microalgae whose cell concentration progressively
increased from 20 to 40 x 107 cells mL™"). Microalgal
strains of Isochrysis galbana v. aff galbana (code UTEX
LB 2307) and Chaetoceros calcitrans (origin from
IFREMER, France) were obtained from CIBNOR’s collec-
tion. These microorganisms were cultivated in glass and
transparent polycarbonate tanks (2000 L), in filtered
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(0.5 um) and UV sterilized seawater at 22°C and 37 4+ 0.5
salinity. Culture medium (f/2) was used for the flagellate /1.
galbana and silicates for the diatom Ch. calcitrans.*’ Har-
vesting of microalgae was made during its exponential
growth phase.

Settlement of pediveliger larvae took place in plastic
mesh collector substrates deployed within the same
culturing tanks. Recently recruited juveniles (spat) were
cultivated on the collector substrate and fed the same mi-
croalgal blend at 80—100 x 10’ cells mL~'. After two
weeks, all collectors with early juveniles were manually
shaken in seawater to detach them. Then, the spat were
transferred to a fiberglass nursery unit (2000 L), each con-
taining 12 vertical cylinders (20 L). These units were de-
signed to recirculate seawater with microalgae, by means
of air-lift devices to ensure continuous up-welling flow.”
The nursery phase lasted four weeks at the same salinity
and temperature, and included a daily total water exchange
(only in this phase) to eliminate wastes and uneaten micro-
algae and a continuous feeding regime at a concentration of
150 x 107 cells mL™".

Treatments and experimental design

The homeopathic treatments Passival®/Phosphoricum
acidum (TH1 = Pass/Pha) and Passival®/Silicea terra
(TH2 = Pass/Sit) were assessed as growth promoters in
two different trials. Passival™ is a commercial homeo-
pathic medicinal complex consisting of Passiflora incar-
nata 30 CH, Valeriana officinalis 30 CH, Ignatia amara
30 CH and Zincum valerianicum 30 CH. These compo-
nents are Similia™ homeopathic dynamizations prepared
in ethanol 87° GL mixed in equal volumetric proportion.

THI consists of Passival™ 30 CH and Phosphoricum
acid 30 CH (1:1 in volume; ethanol 87° GL). TH2 consists
of Passival™ 30 CH and Silicea terra 30 CH (1:1 in volume;
ethanol 87° GL). All products were manufactured by
Farmacia Homeopatica Nacional (México)."' Addition-
ally, the antibiotics oxytetracycline (OXY; #05750, Sigma-
—Aldrich, St. Louis, MO) and ampicillin (AMP; #A-9518,
Sigma—Aldrich) were tested. We used ethanol from
the Farmacia Homeopatica Nacional® (www.similia.com.
mx) to prepare homeopathic medicines (87° GL). A gen-
eral diagram of the experimental design is shown in
Figure 1.

In the first trial, we used 4 L plastic containers with 2 L
filtered (1 um) and UV-sterilized seawater at 23 + 1°C and
37 &£ 0.5 salinity. Juveniles (4.14 £ 0.06 mm mean shell
height; 13.33 £ 0.03 mg live wet weight) were divided
into six groups of 120 scallops each (in triplicate) and
treated for 21 days with: THI or TH2 at 100 uL L™ and
OXY or AMP at 10 ppm.*>"* One reference treatment
was homeopathic ethanol 30° GL (ETH), diluted with
distilled water and the other reference treatment was
without homeopathy or antibiotic (CTRL). Treatments
were administered after each water exchange (every
48 h) and before feeding. The measured variables were:
survival, growth (shell height and wet weight), and
biochemical composition of the stock. Assays were done
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with 30 scallops collected at random from each triplicate
(see below details).

In the second trial, the effect of TH1 and TH2 were
tested on immune response of juvenile scallops. After the
end of the first trial (24 h after the last dose of treatment),
the effect of a challenge with the pathogen bacteria V. algi-
nolyticus CAIMS57 (www.ciad.mx/caim) was measured for
each previous treatment. Apart from the groups treated by
homeopathy (TH1, TH2), antibiotics (OXY, AMP), and
reference treatments (ETH, CTRL), an additional un-
treated and uninfected group (CTRL—) was included to
eliminate false positives or other factors not related to the
effect of the pathogen in survival during the challenge.
The trial was performed in duplicate and 30 juvenile scal-
lops from each treatment in Trial 1 (see Figure 1) were
collected at random (5—6 mm shell height) and placed in
500 mL experimental units filled with 300 mL filtered
seawater. This bioassay took place in a laboratory designed
for working with bacteria under high biosecurity. Pure
stock cultures (1 x 10° CFU mL™") of V. alginolythicus
were cultured in trypticase soy broth medium (TSB;
#257107, BD Biosciences, San Jose, CA) for 24 h at
35°C. A single initial infection dose was added to the water,
adjusted to a final concentration of 10 x 10° CFU mL ™",
This dose was defined by the mean lethal dose (LDs), pre-
viously determined by Probit analysis (logistic regression
analysis), based on the dose—response model described
by Finney,"* using software.”

Survivors were counted at 0, 24, 48, 72, and 120 h after
the challenge. Superoxide dismutase (SOD) enzyme activ-
ity was measured before the challenge and 48 and 72 h af-
terward (see below). During the challenge, no water was
exchanged. In both trials, aeration was continuous and all
juveniles were fed twice daily with the same microalgae
mix at 80 x 107 cells mL ™"

Growth and survival (Trial 1)

At the beginning of the first trial, 30 juveniles were pho-
tographed and images were processed (Image-Pro Plus 6.0,
Media Cybernetics, Bethesda, MD)% to determine initial
shell height (0.1 mm). Juveniles were also weighed on an
analytical scale (£0.01 g) to determine initial wet weight
with shell. Subsequent measurements of size and wet
weight were taken on days 7, 14, and 21 to determine ab-
solute growth (mm, mg) and growth rates (mm d!,
mg d ') for each treatment. During samplings, survivors
were counted to determine survival rates (%).

Biochemical composition (Trial 1)

The biochemical composition of their visceral masses
under each treatment was determined with triplicate sam-
ples at the beginning and end of the first trial. Samples
were stored at —80°C and then lyophilized, re-hydrated
in 3 mL cold saline solution (35%), and homogenized to
obtain crude extracts. Crude extracts were used to deter-
mine: (1) total carbohydrates according to Van Handel,"’
which uses a reagent blank and dextrose solution as the
standard (#G8270, Sigma—Aldrich); absorbance was read
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Figure 1 Details of the experimental design in using homeopathic complexes TH1 (Pass/Pha) and TH2 (Pass/Sit); antibiotics OXY (oxytet-
racycline) and AMP (ampicillin), and reference treatments ETH (ethanol), CTRL (without homeopathy or antibiotic) and CTRL— (untreated/

uninfected) in the juvenile Catarina scallop Argopecten ventricosus.

at 620 nm; (2) total proteins according to Bradford,48
which uses a reagent (#B6916, Sigma—Aldrich) and
bovine serum albumin (#9048-46-8, Sigma—Aldrich) as
the standard; absorbance was read at 595 nm; and (3) total
lipids, following a modified version of Bligh,"” using a mi-
croplate with 20 uL. supernatant extract and 200 uL
enzyme reagent (Randox Laboratories, Antrim, UK);
absorbance was set at 560 nm.

Superoxide dismutase activity (Trial 2)

In the second trial (challenge against V. alginolyticus),
activity of SOD was determined. For each treatment, soft
tissues (100 mg) from six juveniles were weighted and
500 uL phosphate buffer (pH 7.5) were added. The tissues
were homogenized and centrifuged at 9327 x g for 10 min
at 4°C, recovering the supernatant and storing it at
—20°C until further analysis. SOD activity was determined
with a commercial kit (SOD Assay Kit-WST #19160, Sig-
ma—Aldrich). Results were expressed as an indirect mea-
sure of SOD activity as a percent of the water soluble
tetrazolium salt (WST-1) formazan complex inhibition.

Statistical analysis

For each treatment group, normality was initially
analyzed with the Kolmogorov—Smirnov test and then
confirmed with the Levene test for homogeneity of vari-
ances. Thereafter, one-way ANOVA assessed significant
differences in growth, biochemical composition for Trial
1, and survival and SOD activity in challenged scallops
in Trial 2, as a function of the treatment. As needed, post

hoc multiple range mean comparisons with Tukey’s test
(HSD) were included. Level of significance was set at
P < 0.05 for all analyses.

Results

Growth, survival, and biochemical composition

From Trial 1, juveniles were significantly larger
(Figure 2A) and grew faster (Figure 2B) in shell height
when treated with TH2 (6.99 + 0.09 mm; 0.08 mm d™ ")
and TH1 (6.22 + 0.11 mm; 0.05 mm dfl), compared to
the ETH (6 + 0.14 mm; 0.05 mm d~') and CTRL
(5.05 £+ 0.10 mm; 0.02 mm d~'). Higher wet weight
biomass (Figure 3A) and daily gain (Figure 3B) occurred
with TH2 (41.16 + 0.35 mg; 1.3 mg d™'), compared to
the ETH (33.66 + 0.10 mg; 0.9 mg d~') and CTRL
(24.33 + 0.10 mg; 0.5 mg dfl). Survival was 100% in all
treatments.

The biochemical composition of juvenile scallops in
Trial 1 was significantly affected by the treatment (Table
1). Concentrations of protein were higher in scallops
exposed to TH2 (160.57 &+ 7.79 mg g~ "), compared to
the CTRL (109.91 + 1.06 mg g~ ). Lipid reserves were
highest in the TH1 treatment (53.38 + 3.27 mg g~ '); car-
bohydrate content was high in all treatments except the
CTRL group (11.98 + 0.83 mg g~ 1.

Challenge with V. alginolyticus
Untreated juvenile scallops (CTRL) had 0% survival at
72 h after challenge with V. alginolyticus, while untreated
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Figure2 Absolute growth in shell height (A) and growth rate (B) in
juvenile Catarina scallop Argopecten ventricosus treated with ho-
meopathic complexes TH1 (Pass/Pha) and TH2 (Pass/Sit), antibi-
otics OXY (oxytetracycline) and AMP (ampicillin), and reference
treatments ETH (ethanol) and CTRL (without homeopathy or an-
tibiotics). Data show the mean + SE. Treatments in legends are
presented in the same order as in the figure. Different superscript
letters denote significant differences (P < 0.05).

and uninfected juvenile (CTRL—) had 95%. Juveniles
treated with TH1 and TH2 had >80% survival. At the
end of the challenge (120 h), exposure to TH1 significantly
reduced mortality, with a high of 85 + 0.7% survival,
compared to treatments with AMP at 53 + 1.4% and
OXY at 30 £ 1.4% (Figure 4).

SOD activity

Before the challenge, juveniles treated with OXY pro-
duced significantly more SOD (86 + 1.06%) than the
CTRL (63 £ 0.71%). The lowest SOD activity occurred
in scallops treated with ETH (44 + 1.84%). However, after
the challenge, SOD activity significantly increased at 48 h
with ETH (58.24 £+ 0.71%) and decreased in OXY
(9.34 £ 0.07%) and CTRL (15.38 £ 0.28%). At 72 h in
the group treated with TH1 (81 £+ 1.20%), SOD activity
significantly increased over the other treatments and the
CTRL. For the CTRL, no scallop survived to allow
measuring SOD activity at 72 h (Figure 5).
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Figure 3 Absolute growth in total wet weight (A) and growth rate
(B) in juvenile Catarina scallop Argopecten ventricosus treated
with homeopathic complexes TH1 (Pass/Pha) and TH2 (Pass/
Sit), antibiotics OXY (oxytetracycline) and AMP (ampicillin), and
reference treatments ETH (ethanol) and CTRL (without homeop-
athy or antibiotics). Data show the mean + SE. Treatments in leg-
ends are presented in the same order as in the figure. Different
superscript letters denote significant differences (P < 0.05).

Table 1 Changes in biochemical composition in juvenile Catarina
scallop Argopecten ventricosus treated with homeopathic
complexes TH1 (Pass/Pha) and TH2 (Pass/Sit); antibiotics OXY
(oxytetracycline) and AMP (ampicillin); and reference treatments
ETH (ethanol) and CTRL (without homeopathy or antibiotics)

Homeopathy

Treatment ~ Concentration (mg g~ ')
Total Total lipids Total proteins
carbohydrates
Before 8.21 + 0.43° 28.42 +0.32°  65.25 + 1.29°
treatment
THA1 17.48 £0.18%° 5338 +3.272  76.49 + 1.19°
TH2 20.49 £ 1152 4254+ 1.17%° 16057 £ 7.792
ETH 21.07 £ 0.292  31.45+ 1.04°° 132.35 + 4.81°
oxy 16.82 + 4.09%° 4673 £8.372  141.16 £ 2.22°
AMP 2323 +1.34% 4261+ 1.36% 12268 + 1.69*°
CTRL 11.98 +£0.83°° 51.94 +0.052 109.91 + 1.06°

Data show the mean + SE. Different superscript letters denote sig-

nificant differences (P < 0.05).
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Figure 4 Survival rate in juvenile Catarina scallop Argopecten
ventricosus treated with homeopathic complexes TH1 (Pass/
Pha) and TH2 (Pass/Sit); antibiotics OXY (oxytetracycline) and
AMP (ampicillin), and reference treatments ETH (ethanol) and
CTRL (challenged without homeopathy or antibiotics) after chal-
lenge with pathogenic bacteria Vibrio alginolythicus strain
CAIM57. A negative control CTRL— (untreated/uninfected) is
included. Data show the mean + SE. Treatments in legends are
presented in the same order as in the figure. Different superscript
letters denote significant differences (P < 0.05).
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Figure 5 Changes in SOD activity determined by percentage in-
hibition during formation of the water-soluble tetrazolium complex
(WST-1 formazan) in juvenile Catarina scallop Argopecten ventri-
cosus treated with homeopathic complexes TH1 (Pass/Pha) and
TH2 (Pass/Sit); antibiotics OXY (oxytetracycline) and AMP (ampi-
cillin), and reference treatments ETH (ethanol) and CTRL (chal-
lenged without homeopathy or antibiotics) after challenge with
pathogenic bacteria Vibrio alginolythicus strain CAIM57. Data
show the mean + SE. * denotes significant differences (P < 0.05).

Discussion

Juvenile A. ventricosus treated with homeopathic com-
plexes TH1 and TH2 promoted growth and maximized sur-
vival. Both treatments included the Passival® formula
used in human treatments as a tranquilizer to reduce stress
and improve sleep”’; thus it appears it may have an anti-
stress action. Our results indicate that TH1 and TH2 treat-
ments have different action spheres from the second
component in the formula; TH1 includes P. acidum, a ho-
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meopathic medicine made from phosphoric acid obtained
after calcination of phosphorus, which has the ability to
treat gastrointestinal conditions that suggest malnutrition
and poor food assimilation, and it is used for promoting
exhaustion strength and general vigor. TH2 is one of the
most valuable homeopathic medicines, as it includes
Silicea terra, a mineral derived from quartz that has the
potential to cure many different diseases, including poor
nutrient absorption. In our study, TH2 yielded the fastest
growth in shell length and weight gain and the highest
protein content as well.”' Regarding biochemical composi-
tion, scallops require high levels of lipids and proteins in
the diet, but the protein content is a more relevant factor.
For instance, in the Chilean scallop A. purpuratus, an in-
crease in the protein content of microalgae by manipulation
of the culture medium, significantly increases larval
growth.”” Increased protein content in microalgae also pro-
motes better growth in juvenile scallops, likely due to an
increase in the efficiency of absorption of such microalgal
protein.”” The enhanced response with TH2 is tied to the
high protein content in juveniles, likely from better assim-
ilation of nutrients and gain in soft tissue mass. This action
is similar to the action of S. terra, used in humans for treat-
ing rickets, cachexia, malnutrition, and gastrointestinal
conditions because it improves assimilation of nutrients.”*

S. terra has been used for promoting growth in poultry”’
and swine.”* Homeopathic treatments based on Tuberculi-
num, Luesinium, Medorrhinum, and Ignatia have led to
increased weight of rabbits.”® China officinalis has been
used with a similar objective in swine infected with E.
coli,”” and Calendula officinalis to increase body weight
in broiler chickens.”’

Feeder fish, such as the white molly Poecilia sphenops
and goldfish Carassius auratus, treated with Natrum mur-
iaticum led to increased growth. N. muriaticum is a homeo-
pathic medicine used mainly for dehydration and
malnutrition in humans, and in the case of these ornamental
freshwater fish, it significantly increased weight gain dur-
ing the first spawning cycle.”®"> The homeopathic
complex Homeopatila 100® was used in juvenile and
adult Nile tilapia O. niloticus, but significantly improved
survival in juveniles.’’ In adult Nile tilapia that received
HomeoAqua Mega 3®, no significant differences in growth
and survival occurred, but lipid content was lower in mus-
cle, which provided low fat fillets in human diets.””

In vivo challenge with pathogenic bacteria is a useful
tool to understand the relative importance of the diverse de-
fense factors of a species.’® Experimental challenges are
also used to assess and select possible treatments that
confer protection to from pathogenic bacteria, as is per-
formed in selecting probiotics’’ and vaccines.”® Infection
when a host’s immune system is weak is common.'’ Anti-
biotics have been widely used to fight against pathogenic
bacteria, applying the principle of contraries, which char-
acterizes allopathic therapy and generally acts with
non-specific bactericide effects and often harms the
host’s beneficial microbiota.'”>” It includes commensal
microorganisms, normally found in the digestive tract,
that are essential for life, since they occupy specific
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niches that avoid and displace pathogenic bacteria.””°' In

our study, juvenile A. ventricosus treated with either of
the antibiotics had higher mortality after the bacterial
challenge, particularly with oxytetracycline, as well as a
significant decrease in the SOD activity after the
challenge. This probably led to increased oxidative stress
during the challenge. A similar effect is reported in the
juvenile pleasure oyster Crasssostrea corteziensis treated
with oxytetracycline,”” likely from disturbance of the
host’s endogenous intestinal microbiota. This microbiota
and some key environmental factors are crucial in modu-
lating the immune system of animals.®” Stimulation or sup-
pression of SOD activity depends on the concentration of
the antibiotic,”* but the sensitivity and response of each
species may be different for a specific antibiotic. In our
study, juvenile A. ventricosus grew slower when treated
with antibiotics, similar to increased mortality and reduced
growth in larvae of the Chilean scallop A. purpuratus
treated with oxytetracycline.”” We also believe that some
negative effects of antibiotics may be related to microal-
gae—bacteria interactions.”

In our study, juveniles treated with THI1 significantly
improved growth and SOD activity (>80%) after challenge
with V. alginolyticus. The beneficial results were higher
than the treatment with antibiotics. This indicates that P.
acidum, as the second component in the TH1 formula,
effectively contributed to strengthening the innate immune
system in juvenile scallops. Phosphoric acid is indicated to
treat human patients with symptoms of generalized weak-
ness, apathy, rickets, sexual weakness, malnutrition, and
diarrhea. There are indications that it would increase over-
all performance in cultivated juvenile scallops. For that
reason, we established as main response variables growth
in size and weight, plus immune response when infected
with a strain of V. alginolyticus, which is highly pathogenic
to mollusks, primarily in the larval stages.

SOD is used as an indicator of immune response in ma-
rine invertebrates,””°® such as in challenge experiments on
the whiteleg shrimp Litopenaeus vannameii®®’’ and
Japanese oyster Crassostrea gigas.”""’> Our experimental
evidence indicates that homeopathic complexes can be
substituted for antibiotics,59 with favorable results in A.
ventricosus. Similar benefits and advantages of using ho-
meopathy in replacement of antibiotics, are reported using
the C. officinalis and Coli 30 K to treat infection from E.
coli*>"® and Silicea, Hepar sulfur, Belladona, Arnica
montana, Mercurius solubilis, and a homeopathic
medicinal of Staphylococcus aureus to inhibit S. aureus
and the S. aureus strain MRSA strain that is resistant to
meticillin.”*

Our results with homeopathic treatments highlight ad-
vantages of these treatments, and derivative benefits of
improving sanitation, safety, and environmental sustain-
ability in the aquaculture industry. For the first time, we
report the use of these treatments in marine bivalve
aquaculture, with potential to combine them with effective
probiotic bacteria for eliminating indiscriminate use of an-
tibiotics. Finally, basic and applied research must continue
to establish the potential of homeopathic medicinals at
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a molecular/genetic level, particularly to reduce the use
of antibiotics and their cumulative negative effects on
cultivated edible mollusks, consumers, and coastal marine
environments.

Conclusions

Juvenile Catarina scallop A. ventricosus treated with ho-
meopathic complexes TH1 and TH2 improved growth
(height and weight), as well as survival and enhanced im-
mune response against a challenge with V. alginolyticus
(only TH1).
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