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Abstract

Background Salinomycin, an antibiotic, have potential as a veterinary drug for fish due to its anti-parasitic activity
against several fish parasites. Thus the residual levels of salinomycin in muscles of two significant aquaculture species
in Korea, olive flounder and black rockfish, were analyzed using HPLC-MS-MS.

Results The proper method to analyze the residual salinomycin in fish muscles using LC-MS-MS was settled and

the method was validated according to CODEX guidelines. The residues in three distinct groups for two fish species
were analyzed using the matrix match calibration curves at points of five different times following oral administration.
After oral administration, salinomycin rapidly breaks down in both olive flounder and black rockfish. After 7t days, the
average residue in all groups of two fish spp. decreased below limit of quantitation (LOQ).

Conclusion Due to low residue levels in fish muscles, salinomycin may therefore be a treatment that is safe for
both fish and humans. This result could contribute to establishment of MRL (minimal residual limit) for approval of
salinomycin for use in aquaculture.
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Introduction

The average growth rate of Korean aquaculture produc-
tion was 6.4% from 2000 to 2020, making Korea the 6th
largest aquaculture country in Asia [1]. Overuse of vet-
erinary medications results in drug accumulation in
fish, which can constitute a risk to humans by coming
into contact with them through the food chain [2, 3].
The biodegradation of veterinary medications is known
to reduce their concentration in fish, although chemical
characteristics and biotransformation can cause them to
reaccumulate [4]. A practical usage guideline and legal
control, such as maximum residue levels (MRLs), must
be provided because these medications have the potential
to have unforeseen negative consequences at even low
concentrations [5, 6].

Salinomycin is one of the natural carboxylic polyether
ionophores (Fig. 1), and because of its ability to coordi-
nate with metal cations and transport them into the cel-
lular environment, it exhibits a range of bioactivities [7,
8]. There are several different bioactivities known to exist
in it, including antibacterial, antifungal, antiviral, antipar-
asitic, anticoccidial, and anticancer action [8—10]. Coun-
tries such as Canada, the United States, the European
Union, Korea, and Japan have approved the use of sali-
nomycin as a veterinary medicine. The specific species
that are allowed to use on and the MRLs of salinomycin
vary from country to country [11-13]. For instance, MRL
for chicken in Japan is at 0.02 mg/kg whereas that for
chicken in Korea is 0.1 mg/kg [13]. According to numer-
ous research, salinomycin is particularly effective against
fish parasites as Cryoticaryon irritans, Henneguya sp.,
and Ichthyophthirius multifiliis [14—16]. When fed with
a concentration of 200 ppm for two weeks, salinomy-
cin clearly inhibited the development and viability of C.
irritans with no mortality of Paralychthys olivaceus [14].

Fig. 1 Structure of salinomycin
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Salinomycin negatively impacted the plasmodial devel-
opmental stage in Henneguya sp., and after a 9-day treat-
ment, pansporoblasts were completely destroyed [15]. In
an in vivo test, salinomycin completely eliminated 1. mul-
tifiliis at a dosage of 8.0 mg/L [16].

The two most significant aquaculture species in East
Asia, including South Korea, Japan, and China, are
olive flounder (Paralichths olivaceus) and black rock-
fish (Sebastes schleglii), also known as Korean rockfish
[17-20]. The production of olive flounder was 41,800
tons, while the output of black rockfish was 17,500 tons
in 2021, according to the Korean Statistical Information
Service data [21]. This accounts for more than 70% of fish
production in Korea. A serious threat to the farming of
these two fish species is parasitic disease, particularly
Miamiensis avidus and Microcotyle sebastis. Therefore, it
is crucial to develop new antiparasitic agents for fish and/
or to investigate the possibilities of extending the use of
already-approved veterinary drugs to fish species.

Salinomycin may have potential to be approved as a
veterinary medicine for fish due to its respectable anti-
parasitic activity in fish. The goal of this research is to
investigate how much of salinomycin accumulates in
the muscles of olive flounder and black rockfish, the two
most popular aquaculture fish, and how quickly it disap-
pears to contribute to establish MRL of salinomycin in
fish.

Materials and methods

Fish samples and treatment of salinomycin

All experimental protocols were performed following
the guidelines of the Institutional Animal Care and Use
Committee of Gyeongsang National University (approval
numbers: GNU-220,519-E0051). 300 olive flounder
(Paralichths olivaceus), comprising both male and female
fish, with an average weight of 70 g were obtained from
an aquaculture plant, Yeonhwa susan in Tongyeong,
Republic of Korea. Each fish was weighed using a bal-
ance. After being put in a 1000 L tank, each fish was
allowed a week to adjust. The fish were divided into three
groups, designated PO-1, PO-2, and PO-3, at random
and each group contains 100 fish. While the water tem-
perature for PO-3 group was maintained at 13.3 C, it
was retained at 22.3 C for the PO-1 and PO-2 groups.
For drug administration, fish was individually weighed
and the mixture was administered directly into its gastral
cavity using the syringe coupled with an oral zonde; oral
doses of 5 mg/kg twice daily for groups PO-1 and PO-3,
and oral doses of 10 mg/kg twice daily for group PO-2.
To treat fish with the exact dose of salinomycin accord-
ing to the body weight, we opted for oral administration
rather than the more widely used commercial form of
therapeutic administration (i.e., dietary exposure). Fish
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were excluded from the experiment if they regurgitated
three minutes after being administered.

Similar to this, 300 black rockfish (Sebastes schleg-
lii), male and female combined, with a mean weight of
28.85 g, were bought from an aquaculture plant, Yeonhwa
susan in Tongyeong, Republic of Korea. Before adminis-
tering the medication, all fish spent a week acclimating
to their surroundings in a 1500 L tank. Three treatment
groups of 100 fish each were randomly assigned the
labels SS-1, SS-2, and SS-3. The water temperature for
the SS-1 group was fixed at 23 °C, and 5 mg/kg was given
orally once per day using zonde. The SS-2 group received
10 mg/kg of oral medication at a water temperature of
23 °C, whereas the SS-3 group received the same treat-
ment at a water temperature of 13 °C. Each group of 15
olive flounder and black rockfish had muscle samples
taken on the first, third, seventh, fourteenth, and twenty-
eighth days following the last dose. All experimental fish
were humanely euthanized using tricaine (TCI, japan) at
a concentration of 250 mg/L prior to sampling to ensure
a painless procedure. In order to preserve the materials
for later analysis, they were frozen and kept at a tempera-
ture of -80 °C.

Sample preparation for analysis

Salinomycin was extracted from the muscles of olive
flounder and black rockfish according to the Korean Food
Standards designed for animal tissues and announced
by the Ministry of Food and Drug Safety [22]. 1 gram of
homogenized fish muscle and 1 mL of 0.2 M phosphate
buffer were added to the conical tube and vortexed for
1 min. After, 10 mL of acetonitrile was added, vortexed
for 5 min, and centrifuged at 4000 rpm for 10 min. The
supernatants were collected, completely evaporated,
thawed in 1 mL of 50% acetonitrile, filtered with 0.2 um
polytetrafluoroethylene (PTFE) filter, and injected into
HPLC-MS/MS system.

Analysis of residual salinomycin in fish muscle

The concentration of salinomycin in the muscle was
assessed through high-performance liquid chromatog-
raphy HPLC-MS/MS analysis, using Agilent 1260 infin-
ity (Agilent, Santa Clara, CA) and a Thermo LTQ XL
(Waltham, MA) linear ion trap mass spectrometer. Nitro-
gen was used for sheath gas and aux gas. 5 puL of samples
were injected into Kinetex® 2.6 pum Polar C;g 100 A LC
Column (100x2.1 mm) from Phenomenex (Torrance,
CA) with a C 4 resin guard column. The column temper-
ature was set to 30 ‘C. Two LC mobile phase solvents (A)
0.1% formic acid solution and (B) 0.1% formic acid ace-
tonitrile were used. The flow rate was 0.3 mL/min, and
the total analysis time per sample was 15 min. Solvent
composition initially started from (B) 70% and gradually
changed to (B) 100% over 8 min. After 3 min of isocratic

Page 3 of 6

flow of (B) 100%, solvent composition decreased to (B)
70% in 0.5 min and was eluted with the initial solvent
composition for 4.5 min for re-equilibrium. Mass spec-
trometer acquisition was achieved by selected reaction
monitoring (SRM) mode in positive ESI mode with colli-
sion energy 58 and 46 (eV). The desolvation gas tempera-
ture was adjusted to 320 C, and the desolvation gas was
Helium.

Validation of the method

The analysis method used in this investigation was pre-
viously developed for use with non-fish animal food
products. Therefore, the analysis method was validated
in accordance with CODEX guidelines for establishment
of a regulatory program for control of veterinary drug
residues in food (CAC/GL-16-1993), including linearity,
limit of detection (LOD), limit of quantitation (LOQ),
accuracy, precision, and repeatability.

Muscles of blank olive flounder and black rockfish were
spiked with different concentrations of diluted salinomy-
cin standard stock solution. The stock solution of salino-
mycin was prepared at a concentration of 10 mg/mL by
dissolving accurately weighed 10 mg of salinomycin (ana-
lytical grade, Sigma) in 1 mL of methanol. Before spiking,
blank samples were tested to confirm that the salinomy-
cin peak was not detected.

The linearity and working range were calculated using
a matrix match calibration curve. By injecting the muscle
sample with working solution at 6 different concentra-
tions (5 pg/mL, 10 pg/mL, 20 ug/mL, 40 pg/mL, 100 pg/
mL, and 200 pg/mL), a linear calibration curve with a
coefficient of correlation (r*) greater than 0.95 was cre-
ated. Limits of quantitation (LOQ) and limits of detec-
tion (LOD) were calculated using the formulas LOQ=10
/ Sand LOD=3.3 / S, respectively, where is the response’s
standard deviation and S is the calibration curve’s slope
[23]. By comparing the measured area of the spiked
samples to the reference sample, a recovery test assessed
the accuracy of the analysis procedure. For the precision
investigation, three sets of muscle samples (each with five
samples) were examined in the same manner on the same
day. For the measured concentration, the relative stan-
dard deviation (RSD) was determined. By examining 5
measurements of a sample at a certain concentration on
3 distinct days, intermediate precision was put to the test.

Results

LC-MS-MS

Based on the method described in the method section,
the retention time of the standard salinomycin was con-
sistent at 8.4 min, both within the same day (intra-day)
and across different days (inter-day), indicating a decent
reproducibility of the analytical method. Ion m/z 773.5
[M+Na]* matched to the sodiated form of the molecular
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Table 1 Validation parameters of optimized HPLC-MS/MS method
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Fish type Calibration curve Salinomycin concentration recovery Intraday RSD Interday RSD
(ng/ml) (%, n=3) (%, n=5) (%, n=3)
Olive flounder y=6522.04 x+9991.27 5 89.01 1.95 131
y=6492.71 x+11408.9 20 8293 9.17 -
y=6579.44 x+9017.85 40 80.27 1.49 -
Black rockfish y=28087.59 x+19659.1 5 97.1 748 105
y=28201.38 x+6546.1 20 96.3 0.99 -
y=28169.09 x+4464.11 40 91.1 4.01 -
Table 2 Salinomycin residues in olive flounder and black rockfish muscles in different days
Day Residues (average) in olive flounder Residues (average) in black rockfish
(standard deviation) (standard deviation)
PO-1 PO-2 PO-3 SS-1 SS-2 SS-3
(5 mg/kg, 22 C) (10 mg/kg, 22 C) (5mg/kg, 13 C) (5mg/kg, 22 C) (10 mg/kg, 22 C) (5mg/kg, 13 C)
1 0.22 (0.13) 0.20(0.06) 0.13(0.07) <LOQ <LOQ <LOQ
3 0.05 (0.05) 0.12(0.08) 0.05(0.04) <LOQ <LOQ <LOQ
7 0.01(0.01) <LOQ 0.01(0.01) <LOQ <LOQ <LOQ
14 <LOQ <LOQ <LOQ - - -
28 <LOQ <LOQ <LOQ - - -

(residue unit: mg/kg, - not tested, dosages of salinomycin and maintenance temperature in tank were indicated in the parenthesis after each group names)

ion, and chosen as the precursor ion. Among the product
ions, two product ions were used for identification, quali-
fication, and quantitation. The most intense product ion,
m/z 531.4 and another ion at m/z 431.5 was selected as
the quantitative ion and qualitative ion correspondingly.
All this information was used to confirm that the target
component in the sample is identical to the standard
substance and does not overlap with other peaks. The
retention time of salinomycin in spiked muscle samples
also appeared at 8.4 min with precursor ion at m/z 773
[M+Na]*, quantitative ion at m/z 531.4, and qualitative
ion at m/z 431.3 (Figure S5). Thus, this retention time,
precursor ion, quantitative ion, and qualitative ion were
used to specifically identify salinomycin by LC-MSMS.

Method validation
Olive flounder muscle tissue salinomycin HPLC-MS/
MS analysis revealed a linear signal magnitude from 5
ng/mL to 200 ng/mL. The limit of detection (LOD) and
limit of quantitation (LOQ) were calculated using three
calibration curves, which were y;=6522.04x,+9991.27
with 72=0.9997, y,=6492.71 X, +11408.9 with r*=0.9996,
and y;=657,944x ;+9017.85 with r*=0.9998. The LOD
was discovered to be 0.0006 mg/kg and the LOQ to be
0.0018 mg/kg. Salinomycin was found in the muscle of
black rockfish, and an HPLC-MS/MS analysis of the
sample revealed a linear standard curve with the regres-
sion line y=8087.59x+19659.1, correlation coefficient of
0.9986, LOD and LOQ values of 0.0032 mg/kg and LOQ,
0.0097 mg/kg.

No sample was diluted since all of the sample con-
centrations were below the limit of quantitation. Olive
flounder recovery varied from 80.2 to 89.0%, whereas

black rockfish recovery ranged from 91.1 to 97.1%. Rela-
tive standard deviation (RSD) for olive flounder and black
rockfish, respectively, ranged from 1.495 to 9.17% and
0.99-7.48% (Table 1). As a result, it was determined that
the current validation approach is valid for figuring out
the salinomycin concentration in olive flounder and black
rockfish.

Determination of salinomycin residue

Average residues of salinomycin in the muscles of olive
flounder and black rockfish after administration of the
drug are shown in Table 2. Both olive flounder and black
rockfish have a little level of salinomycin in their muscles.
After 14 days, the residue in olive flounder drastically
decreased and was below the LOQ. For all the groups
(SS-1, SS-2, and SS-3) for black rockfish, residue of sali-
nomycin was found under LOQ as early as the first day.
Therefore, it was unnecessary to investigate the residue
after the seventh day. Olive flounder and black rockfish’s
salinomycin residue in the muscle was not significantly
affected by temperature or dosage variations.

The MRL for salinomycin in beef muscle, 0.02 mg/kg,
was employed as an interim MRL value because there is
no established MRL for salinomycin in fish. According
to MRL calculator by JECFA (Joint FAO/WHO Expert
Committee on Food Additives), tolerance limit 95%
level of confidence that the provided limitations are met
by 95% of the population was below the interim MRL,
0.02 mg/kg (for beef muscle) on the third day of drug
administration for all six groups. Figure 2 depicts the raw
data and regression line for salinomycin residue in olive
flounder.
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Fig. 2 Regression line of salinomycin residue in muscles of olive flounder. (A) group PO-1, (B) group PO-2, (C) group PO-3. The real salinomycin residue
of each fish is represented by the red dots (x). The actual residue levels of each fish were used to create the regression line (blue line). The clearance from
the 95/95 tolerance limit is shown by the red line; the 99/95 and 99/99 tolerance limits are shown by the green and purple lines, respectively. The “95/95"
tolerance limit indicates a 95% level of confidence that the provided limitations are met by 95% of the population, the “99/95" tolerance limit indicates a
99% level of confidence that 99% of the population is also within the limits, and the “99/99" tolerance limit indicates a 99% degree of confidence [24, 25]

Conclusion

To track the salinomycin residue over time, the quantita-
tive analysis of salinomycin in the muscles of black rock-
fish and olive flounder using LC-MS-MS was performed.
Salinomycin was extracted from fish muscle in according
with the Korean Food Standards notified by the Minis-
try of Food and Drug Safety. The analytical method per-
formed in this study was validated and found to meet the
standards of the CODEX guideline, with * (linearity)
over 0.99, and recovery in the boundary of 80-110%, and
RSD (relative standard deviation) under 15%.

The outcomes of this study showed that after oral
administration, salinomycin rapidly breaks down in both
olive flounder and black rockfish. For all three groups in
black rockfish, the residue was below LOQ from the first
day after drug administration. The residue for olive floun-
der was equal to or less than 0.01 mg/kg at the seventh
day, which is the temporary MRL in Korea in the event
that the real MRL is not established. Due to its low resi-
due level in the edible component of fish, salinomycin
may therefore be a treatment that is safe for both fish and
humans. As shown in the results, the residues of salino-
mycin in olive flounder were higher than those in black
rockfish, indicating that the residue of salinomycin could
depend on the fish species. Therefore, it is important
to carefully decide to determine the fish species for the
residual experiment in order to determine the MRL of
salinomycin in fish.

To our knowledge, this study is the first study to ana-
lyze the amount of salinomycin left in the muscles of
olive flounder and black rockfish after oral treatment.
This result could contribute to establishment of MRL for
approval of salinomycin for use in aquaculture.
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