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ABSTRACT

Aninexpensive, smple, and small scale technique of sample preparation
followed by high-performance liquid chromatography (HPL C) coupled photo-
diode array (PDA) detector for simultaneous quantification of malachite
green (MG) and itsmetabolite, leuco-malachite green (LM G), in cultured eel
isdescribed. The HPL C-PDA was performed on aC4columnwith anisocratic
mobile phase. Analytes were extracted from the sample using a handheld
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ultrasonic homogenizer, and purified by MonoSpin®C18, a centrifugal
monolithic SPE spin mini-columns.The proposed method was validated by
the analyses of spiked eel samples, resulting recoveries> 95 % withrelative
standard deviations<2% and total analytical time <15 min/sample (24 samples

<4 hours). © 2015 Trade Sciencelnc. - INDIA

INTRODUCTION

The present expansion and diversificationinthein-
ternal seafood tradeisnothing short of eye-opening.
By way of illugtration, approximately 80% of the sea-
food consumed in the United Statesisimported from
approximately 62 countries™. To meet thissituation,
thedevel opment of international harmonized methods
to determineharmful substanceresiduesinfoodsises-
sentid inorder to guaranteeequitableinternationd trade
inthesefoods and ensurefood safety for consumers.
Whether inindustrial nations or devel oping countries,
aninternational harmonized method for residuemoni-
toringinfoodsisurgently-needed. Theoptima harmo-
nized method for chemical residuemonitoringinfoods
must be easy-to use, small scale, very economical in
time and cost, and must cause negligibleharmto the
environment and anaysts.

According to newsin 2005, malachitegreen (MG)
was detected in 18 out of 27 live edl or eel products
imported from Chinato Hong Kong local market and
food outlets, resultingin agovernment recall of all re-
maining productsto be destroyed?. OnAugust 4, in
the same year, Japanese Ministry of Health, Labour
and Welfare announced two violation cases: MG has
beenfoundin ed productsimported from Chind3. MG
isabasic organic pigment of the bluish greenandis
used in thetreatment for infectious diseases of orna-
mental fishes, such as Saprolegniasis caused by afun-
gus belonging to the genus Saprolegnia and
ichthyophthirius diseasd*%. However, MG hasnever
been registered asaveterinary drug for useto edible
cultured el in many countries becauseof its potential
carcinogenicity, mutagenicity andteratogenicity inmam-
malg9. Nevertheless, numerousresidues of MG and
itsmetabolite, leuco-ma achitegreen (LM G) ined prod-
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ucts have been reported internationa lyt”®, and theyare
themost frequentlyprohibited drugsfoundined prod-
uctg®9, Strict monitoring for theresiduesof MG and
LMGis, therefore, important means of guaranteeing
food safety of thefood supply and managegloba hedth
rsks.

Although severd techniquesbased on high-perfor-
manceliquid chromatography (HPLC) for monitoring
MG and/or LM Gin cultured fish samplesincluding edl
products have been reported*:-*8, these methods have
crucial drawbacks:

Firstly, they involveskilled andytica techniquesor
severa andytica stepsinthesamplepreparation, which
aretime-/cost-consuming and data-reproduci bility low-
ering, and do not permit the determination of large num-
ber of samples.

Secondly, dl of themethods consumelarge quanti-
tiesof organic solventsinthe HPLC mobile phasesas
well asfor extraction and de-proteinization in sample
preparation. Risks associated with these sol vents ex-
tend beyond direct implicationsfor the heal th of hu-
mansand wildlifeto affect our environment and the eco-
syseminwhichweadl resde. Additionaly, incineration
for disposal of waste organic solventshas steadily in-
creasing over the past ten-odd years and has spent huge
amounts of money. Reducing the use of organic sol-
ventsisanimportant goal interms of environmental
conservation, human heal th and the economy927,

Thirdly, most of the recent methods are based on
LC-MS/MS. Thefacilityisavailablearelimited to part
of industrial nations becausethese are hugely expen-
sive, and the methodol ogies use complex and specific:
techniciansrequirefor the syssem maintenanceand re-
aultsinterpretation. Theseareunavailableinalot of |abo-
ratoriesfor routineanalysis, particularly indeveloping
countries.

The present study was devel oped in such away
that, inidiotproof, low-cost, and smal-scaewith mini-
mized organic solvent consumption, MG and LM Gres-
duesin cultured ed can be determined with higher ac-
curacy and precision.

EXPERIMENTAL

Reagentsand apparatus
All chemicasincluding MG and LM G standards
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were purchased from Wako Pure Chem. Ltd. (Osaka,
Japan). Octane sulfonic acid (OSA, sodium 1-
octanesulfonate) was of an ion-paring reagent for
HPLC. Acetonitrileand distilled water wereof HPLC
grade. Octane sulfonic acid (OSA, sodium 1-
octanesulfonate) was of an ion-paring reagent for
HPLC.

Thefollowing apparatuseswere used inthesample
preparation: handhel d ultrasonic-homogeni zer (model
HOM-100, 2 mm ID probe, Iwaki Glass Co., Ltd.,
Funabashi, Japan); micro-centrifuge (Biofuge® fresco,
Kendo Lab. Products, Hanau, Germany); two type of
MonoSpin®ascentrifuga monolithic SPE spinmini-col-
umn (sample throughput volume < 300 pl),
MonoSpinC18 (octadecyl and non-polar functional
group) and-SCX (bonded propyl benzenesulfoneacid
combing both strong cation and non-pol arity) (GL Sci-
ences, Inc., Tokyo, Japan). Anlnertsi|®W300 C4 (5
urndp, 150x4.6 mm) (Pore diameter, 30 nm; Pore vol-
ume, 1.05 mL/g; Surfacearea, 150 m?/g; Carbon load,
3 %) column for HPLC wasused (GL Science).

TheHPLC system, used for method devel opment,
included a model PU-980 pump and DG-980-50-
degasser (Jasco Corp., Tokyo, Japan) equipped with
amodel CO-810 column oven (Thosoh Corp., Tokyo,
Japan), aswell asamodel SPD-M10A | photodiode-
array (PDA) detector (Shimadzu Scientific Instruments,
Kyoto, Japan).

Preparation of stock standar dsand working mixed
solutions

Stock standard solutions of MG and LM G were
prepared by dissolving each compound in acetonitrile
followed by water to aconcentration of 400 ng/mL.
Working mixed standard sol utions of thesetwo com-
poundswere prepared by suitably diluting the stock
solutionswith water. These solutionswerekeptina
refrigerator (5°C).

Prepar ation of calibration standardsand quality
control samples

For method vaidation studies, cdibration sandards
and qudity control samples(QCs), termsdefinedinthe
FDA guideling?!, were prepared by spiking appropri-
atediquotsof themixed standard solutionin blank edl
samples. Cdibration standardswere used to construct
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calibration curvesfrom which the concentrations of
andytesin unknown monitoring samplesaredetermined
practically. QCsused to evaluate the performance of
the proposed method. In thisstudy, the standardswere
prepared intherange of 15-300ng/g for bothanalytes.
Three QC levels (For bothanalytes, QC1 = 15ng/g;
QC2=30ng/g; QC3=50ng/g) were prepared.

Samplepreparation

Anaccurate 0.1 g samplewastakenintoal.5mL
micro-centrifugetube and homogenized with 0.6 mL of
80% (v/v) acetonitrilesolution (inwater) withahandheld
ultrasonic-homogeni zer for 30 s. After being homog-
enized, the capped tube was centrifuged at 10,0009
for 5min. A 100 pL of supernatant liquid was poured
toaMonoSpin C18 and, immediately after, the capped
mini-column wascentrifuged at 3,000 g for 1 min. The
eluatewasinjected intothe HPL C system.

HPL C oper ating conditions

Theanalytical columnwasalnertsil WP300® C4
(150 x 4.6 mm, 5 pm) column using an isocratic mo-
bilephase of acetonitrile- 0.02 mol/mL OSA (1:1, viv)
at aflow rateof 1.0mL/minat 50!. PDA detector was
operated a 190 - 700 nm: themonitoring wavelengths
were adjusted to 261 and 619 nm, which represent
maximumsfor LMG and MG respectively (Figure 1).
For LMG similar findings (260—266 nm)have been
reported by the previous paperg’182-24,

Method validation

Theperformanceof thedeve oped method wasvali-
dated interms of some parametersfrom theinterna-
tiona guiddinesfor bio-analytica procedurd®2,

RESULTSAND DISCUSSION

Theam of thiswork wasto devel oped atechnique
for monitoring MG and LM G residuesin edl that can
berecommended astheinternationa harmonized ana-
Iytica method

SamplePreparation - Application of Centrifugal
Spin mini-Column

In comparison to the previoustechniquesfor de-
termining MG/LMGin fish sampleg*%#, the procedure
used in this study is very easy and small-scale tech-
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Figurel: Typical 1. Typical absor ption spectraof peaksfor
M G (dashed line, max. 619 nm) and LM G (solid line, max.
261 nm) intheHPL C chromatogram

niquethat minimizesorganic solvent consumptioninthe
preparation of MG and LM G Theextract obtained by
the present operation was purified by subsequent cen-
trifuga monoalithic glicaspin mini-column, MonoSpin®.
Thespinmini-columnisamonalithic SPE columnwhich
issaidtobeexcdlent for thesmall volumesamplewith
easy and quick operation by centrifuge®.

TABLE 1 presentsthe effect of acetonitrile con-
centration in thee uent (acetonitrile— water, v/v) on the
recoveriesof MG and LM G from MonoSpin C18 and
—SCX. Inthisstudy, 2100 puL portion of a mixed stan-
dard solution containing 5 ng of each compound was
applied to the spin min-column. Theeuatewasexam-
ined by HPLC. On MonoSpinC18, 70 - 90% acetone
solutions as the eluent gave good recoveries for
bothanaytes. Therewereno significant differencesin
dataamong 70 - 90 % acetone e uents.

Based ontheabovefindings, ed extractsprocessed
with 0.6 mL of 90— 70% acetone (5 % interval) were
examined. Theextract wasfortified (50ng/ged sample
of each compound) with amixed standard solution, and
mixed. A 100 puLportion of the extract wasapplied to
MonoSpin C18. The centrifugal accelerationand time
were standardized at 3,000 g and 1 min,
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TABLE 1: Effect of theacetonitrileconcentration in theelu
from M onoSpin® mini-columns

ent (acetonitrile-water, v/v) on the recoveriesof MG and LMG

Acetonitrile concentration (%, v/v) in the eluent

0 10 20 30 40 50 60 70 80 90 100
MonoSpin-C18:
MG 0 0 0 923 972 997 100.1 98.9 102.2 886 777
LMG 0 0 0 8.4 6.9 36.0 53.4 80.5 100.8 851 820
MonoSpin-SCX:
MG 0 833 625 231 221 111 10.3 7.9 6.5 7.8 5.9
LMG 0 111 102 20 0 0 0 0 0 0 0

Data are averages (%, n=5): a 100 pL portion of a mixed standard solution containing 5 ng of each compound was poured to
M onoSpin®mini-column and centrifuged at 3,000 rpm for 1 min. The eluate was injected into the HPLC system

respectively. The eluate was determined by HPLC and
theresulting chromatogramswere compared with re-
gard to therecoveriesand purification efficacy. A 80%
acetoneasan extraction solution and theMonoSpinC18
eluent gavethe best recovery of twoanalytessmulta-
neously and themost clear chromatogram without in-
terfering peaks.

The present procedure can realize small-scale ex-
traction and easy purificationof MG and LM G inquite-
short time and resulted in sufficient recoveries and
repestabilities(TABLE 2).

Figure 1 displaysthe HPL C traces under the es-
tablished procedureincluding the HPLC system. The
resulting chromatogramswerefree of interfering com-
poundsfor quantitation and i dentification of MG and
LMG by HPLC, with PDA detector set at 619 and
261 nm (giving maximums for MG and LMG,
respectively). The present HPL C andysisaccomplished
good separationswithout the need for agradient sys-
tem toimprovethe separation and pre-column washing
after analysis. Thisfigure demonstratesthat the present
method can providethe quantitation and identification
of theanaytes.

M ethod validation

Main method validation data

TABLE 2summeriesthemethod vaidation datafor
the main performance parameters. The accuracy and
precisonarewd | withintheinternational method ac-
ceptance criteria?’?,

Thesystem-suitability eva uationisan essentia pa-
rameter of HPL C determination, and it ascertainsthe
grictnessof thesystem used. Thesuitability wasevau-
ated astherelative standard deviations of peak areas

TABLE 2: Method validation data

MG LMG
Linearity (r)? 09979  0.9942
Range (ppb) 15-300
Recovery test (%):
Accuacy” 98.8 101.1
Precision®1.61.9
Quantitative limit!(ppb) 6.4 8.9
System suitability® (%) :
Retention time 0.05 0.08
Peak area 0.81 0.56

ar is the correlation coefficient (p<0.01) for calibration curve;
PAver age recoveries from 18 replicates (=six replicates at three
QC levels (15,30, and 50 ng/g for MG and LM G)); *Valuesare
relative standard deviations (RSD, n= 18); ‘Quatitative limit
as the concentration of analyte giving a signal-to-noise ratio =
10; ¢Data as the relative standard deviations calculated for 20
replicate injections of the prepared eluate for an eel sample
spiked with MG/LM G (each 30 ng/g).

and retention times cal culated for 20 replicateinjec-
tions of a spiked eel sample (30 ng/g of each com-
pound). Thevauesfor MG and LM G were estimated
tobe<1.0%for peak areasand < 0.1 % for retention
times, respectively.

Theother validationfindingsareasfollows:
Specificity and selectivity

The application of the proposed procedureto 10
blank eel samplesdemonstrated that no interference
peak was presented around theretentiontimesfor MG
and LM G inany of the sampleexamined.

The present HPLC-PDA system easily confirmed
the peek identity of target compound. Bothand yteswere
identified in an edl sampleby their retention timesand
absorption spectra. The MG and LMG spectra ob-
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Figure2: Chromatogramsobtained fromtheHPL C system
for aspiked ed sample (each compound 50 ng/g) (Aland B1)
and ablank ed sample(A2and B2). Peaks, 1=M G (retention
time, Rt=4.4min); 2=LM G (Rt=5.9 min).Arrowsindicate
theretention timesof MG (A2) and LM G (B2), respectively

tained fromthe edd samplewerepractically identical to
those of the standards.Because of the compl ete sepa-
rations, PDA detection a tracelevelsisfully available.
Itis, therefore, instructive to demonstrate purification
effectivenessof thesample preparation. Thesystemdid
not requiretheuseof MSMS, whichisvery expensive
andisnot availablein alot of |aboratoriesfor routine
andyss

Robustness

Inthistest, someHPL C parameterswere performed
using aspiked (30 ng/gof each compound) ed sample
obtained under the established procedure.

Changes of £5% units of the flow rate (1.0 mL/
min) and the column temperature (50°C) were deter-
mined. Theeffect on the pesk areasand thevalidations
intheretention timeswere evaluated. Changesof +5%
of theflow rate and the column temperature had no
effect onthe peak areas, whereasthevariationsinthe
retention timeswere obtained with theflow rate and

—— Fyll Peper

thecolumntemperature. Normd retentiontimesfor MG
and LMGwere4.4 and 5.9 min, respectively. At +5%
theflow rate, thethreeretention timeswere decreased,
ranging between 1.0 and 6.1 % and at -5%, the times
were increased ranging between 4.5 and 7.8 %. By
changing the column temperature by +5%, decreasing
retention timesobtained were 2.0-7.7 %, however, no
significant variationswere observed with -5%. During
these studies, both thetarget compounds were sepa-
rated.

Cost and timeperformance

Thetota timeand budget required for theanalysis
of a single sample was <15 min and
approximatel y269Rs (US $4.4) asof 23April, 2014,
respectively. For sequential analyses, a batch of 24
samplescould beanalyzed in gpproximatey3.5h. These
findings becameterm required for the routine assay.
Theshort analytical timenot only increased thesample
throughput for analysisbut a so positively affected the
cost.

CONCLUSIONS

Anidiotproofoperatingsamplepreparation followed
by HPLC-PDA method for s multaneous determina-
tionof MG and LMGin cultured edl hasbeen success-
fully established. Thepresent procedure provided an
easy-to-use, rapid, and space-saving and resulted in
high recovery and repeatability with considerable sav-
ingof andysistime/codt. In particular, the present sample
preparing technique may be proposed asan interna-
tiond harmonized method for extractionand cleanup of
MG and LMGfromtheed.
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