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MUSCLE USING LIQUID CHROMATOGRAPHY-

MASS SPECTROMETRY
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The Norwegian School of Veterinary Science

P.O. Box 8146-Dep.
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ABSTRACT

A liquid chromatographic-atmospheric pressure ionization ion
spray method for the determination of anatoxin-a, microcystin
desmethyl-3, LR, RR, and YR in fish muscle, is described.  A
salmon muscle sample was extracted with a mixture of methanol-
water and acetone.  The organic layer was evaporated and cleaned-
up using LMS solid phase extraction columns.  The method is sim-
ple, specific, and requires only small quantities of chemical
reagents.  The lower limits of quantification were 15, 2, 10, 1, and
10 ng/g for anatoksin-a, microcystin desmethyl-3, LR, RR, and YR,
respectively. 
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INTRODUCTION

Toxic cyanobacterial blooms occur worldwide in inland, brackish, and
marine waters.1,2 Of the cyanotoxins, two groups, the neurotoxins and hepato-
toxins, are mainly responsible for deaths of domestic animals and wild-
life.3 There is evidence indicating accumulation of cyanotoxins in mussels and
fish.4

More extended use of water resources will increase the human exposure to
cyanotoxins.  As their presence thus represents a potential health risk, there is
need for simple and efficient methods for the detection and quantification of
these toxins. 

Several analytical methods based upon HPLC for the detection of micro-
cystins in water samples have been described,4,5 as well as a combined HPLC-
mass spectrometry method to confirm the identity of microcystins.6 However,
none of these methods appear to be applicable to fish muscle samples.

The purpose of the present study was to develop a rapid, simple, and specif-
ic method for the determination of anatoxin-a (ATX), microcystin desmethyl-3
(D-3), LR, RR, and YR in fish muscle.

EXPERIMENTAL

Samples of fish muscle (Salmo salar L.) were used as control material and
also for spiking with a toxin-mixture to conduct the recovery experiments.

All chemicals and solvents were of analytical or HPLC grade.  ATX, LR,
RR, and YR were supplied by Calbiochem (USA).  D-3 was obtained from a
clone culture of the cyanobacterium Planktothrix prolifica (Gom.) Anagn. et
Kom. (NIVA-CYA 98).  

The strain was isolated from a bloom sample collected in Lake
Steinsfjorden, Norway,7 and grown under controlled conditions.8 The toxin con-
tent was related to a defined D-3 standard obtained from the National Institute of
Public Health, Norway.  

Stock standard solutions (10 µg/mL) of ATX, D-3, RR, and LR were 
prepared by dissolving the compounds in 1.5 mL water and further with
methanol-water (8+2).  Microcystin-YR was dissolved in 1.5 mL ethanol and
further with methanol-water (8+2).  Working solutions of 1 µg/mL (mixed 
standards) were prepared by dilution with methanol - water (8 + 2).  The stan-
dard solutions were stored at -20°C. Solid phase extraction (SPE) columns
Bond Elut (1cc 25 mg) LMS, were purchased from Varian (Habor City, CA,
USA).
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Chromatographic Conditions

The analyses were performed using a Perkin Elmer HPLC-MS system, con-
sisting of a Series 200 quaternary pump and a Series 200 autosampler.  The
acquired data were entered into a Model 8500 Apple Power Macintosh and
processed with either Multiview 1.3 or MacQuan 1.5 software packages (Perkin
Elmer), for spectral information data processing and quantification data process-
ing, respectively.  An API 100 LC-MS system (PE SCIEX) single quadruple mass
spectrometer with a standard API-Ion Spray ionization source, was employed for
this study.  The LC-MS was set to collect multiple single-ion data in positive ion
mode for the ions at m/z 166, 512.9, 995.5, 519.8, and 1045.5 for ATX, D-3, LR,
RR, and YR, respectively.  The entrance electrode voltages were adjusted to pro-
vide  optimum overall intensities for the five molecular ions.  The analytical col-
umn (stainless steel, 250 x 4.6 mm I.D.) was packed with 5 µm, 100 Å particles
of PLRP-S polymer adsorbent (Polymer Laboratories, Amherst, MA, USA).  The
mobile phase consisted of a mixture of two solutions, A and B (Table 1).  Solution
A consisted of 0.1 % formic acid in water (999 mL water+1 mL formic acid)
while solution B was methanol. 

The  LC eluent was split post-column approximately 1:20 so that c. 50 µL
flowed into the Ion-Spray ion source. 

Sample Pretreatment

Volumes of 1 mL methanol-water (8+2) or standard, and 4 mL acetone
were added to 3 g fish muscle.  The mixture was homogenized for approxi-
mately 6 sec. in an Ultra-Turrax TP 18/10 (Janke & Junkel, Germany). After
centrifugation for approximately 5 min. (5000 rpm), 4 mL of the supernatant
(corresponding to 1.5 g sample) was pipetted into a conical, graduated glass-
stoppered centrifuge tube, and evaporated to between 0.9 and 1mL under a
stream of air, using a Reacti-Term heating module at 40°C and a Reacti Vap
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evaporating unit (Pierce, USA).Two mL hexane was added and the mixture was
shaken for 5 sec.  After centrifugation (2 min. for 3500 rpm) the hexane 
was discharged, and 2 mL hexane was added to the remaining water phase.  This
mixture was shaken for 5 sec.  After centrifugation, the hexane layer was 
discharged and the water layer was evaporated to a final volume of about 0.6
mL.  Fifty µL methanol and 1.5 mL water were added to the water residue 
and blended.  The water based sample was loaded onto a conditioned LMS 
column.

Clean-up SPE-Column

The LMS column was conditioned with 1 mL methanol, followed by 1 mL
water and 1 mL water - methanol (97+3).  The aqueous extract was applied onto
the column.  Conditioning and application of the sample took place under gravi-
ty flow (dropwise rate).  The column was washed at a flow rate of c. 1 mL/min
(very slow vacuum) with 1 mL water, 1 mL water - methanol (97+3), and 0.5 mL
water - methanol (90+10), and afterwards suctioned to dryness for 10 sec. at a
vacuum of  -10 in. Hg. using a Vac Master system from International Sorbent
Technology.  The column was then eluted with 2 x 1mL methanol - water (80+20).
The eluate was collected in a graduated glass-stoppered tube and evaporated to
between 0.3 and 0.4 mL, after which the volume was adjusted to 2 mL with water
and blended.  After centrifugation for 3 min (3500 rpm), aliquots of 50 µL were
injected onto the LC/MS at intervals of 20 min. for the determination of ATX, D-
3, LR, RR, and YR. 

Calibration Curves and Recovery Studies

The precision, recovery, and linearity for ATX, D-3, LR, RR, and YR were
determined by spiking muscle with standard solutions to yield 15, 20, 50, 75,
and 100 ng/g for ATX, 5, 10, 20, 50, 75, and 100 ng/g for D-3 and RR, and 10,
20, 50, 75, and 100 ng/g for LR and YR, respectively.  Duplicate samples were
used.  The recovery rates were determined by comparing analyses of spiked
muscle with those of standard solutions.  The linearity of the standard curves
for ATX, D-3, LR, RR, and YR in muscle were calculated using peak area mea-
surements.

RESULTS AND DISCUSSION

Chromatograms of clean muscle samples and of corresponding samples
spiked with ATX, D-3, LR, RR and YR, are shown in Figures 1 to 5.  The stan-
dard curves were linear in the investigated areas; 15-100 ng/g for ATX, D-3 and
RR, 5-100 ng/g for LR, and 10-100 ng/g for YR.  
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Figure 1. Chromatograms of  extract from salmon  muscle.  A: Toxin-free muscle, B: mus-
cle spiked with ATX (50 ng/g).
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Figure 2. Chromatograms of extract from salmon muscle.  C: Toxin-free muscle, D: mus-
cle spiked with D-3 (50 ng/g).
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Figure 3. Chromatograms of extract from salmon muscle.  E: Toxin-free muscle, F: mus-
cle spiked with LR (50ng/g).
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Figure 4. Chromatograms of extract from salmon muscle.  G: Toxin-free muscle, H: mus-
cle spiked with RR (50ng/g).
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Figure 5. Chromatograms of extract from salmon muscle.  I: Toxin-free muscle, J: muscle
spiked with YR (50 ng/g).
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The corresponding correlation coefficients were 0.999 for ATX, D3, LR,
RR, and YR in muscle.  The recovery and repeatabilities for ATX, D-3, LR, RR,
and YR from salmon muscle are shown in Table 2.  The eluate from the SPE car-
tridge was evaporated prior to injection into the LC/MS, because 80% methanol
in water will change the baseline resolution, especially for ATX.  In contrast,
more water in the final extract permits a larger volume to be injected into the col-
umn.9

The commercial RR standard is contaminated with  small quantities of D-
3, and the D-3 purified from the cyanobacteria P. prolifica is contaminated with
a small quantity of RR.  Consequently, for the determination of the limits of
detection and quantification, we spiked muscle samples separately with D-3
and RR standards.  This was necessary, since both have an almost equal reten-
tion time.

In many laboratories, a stream of nitrogen is used to evaporate microcystin
samples to dryness.  We compared nitrogen and air produced from a central air
compressor (generator) for evaporating the samples ATX, D-3, LR, RR, and YR
from muscle.  No differences were found.

The molecular weights of D-3 and RR are m/z 1023 and 1038, respectively.
The precision, recovery, linearity, detection, and quantification limits for D-3 and
RR were validated from ion m/z 512.9 and m/z 519.8, corresponding to the dou-
ble charged ion, M+22+, as they yield a stronger peak.

The limits of detection were close to 7, 1, 5, 0.5, and 5 ng/g and the limits
of quantification 15, 2, 10, 1, and 10 ng/g for ATX, D-3, LR, RR, and YR in
salmon muscle, respectively.  The detection limit of the assay was calculated to be
three times the baseline noise from a drug-free muscle.  The method presented in
this paper is selective, robust, sensitive, and accurate. 
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The detection limit of the assay depends mainly on the sensitivity of the
LC/MS.  This in turn could be influenced by such factors as the position of the
ion spray inlet, the position of the silica tubing on the sprayer nozzle, the position
of the electrode tube in relation to the nebulizer tubing, the composition of the
mobile phase, and the flow-rate of the mobile phase into the ion source. 

During the analysis of microcystin and ATX, API-100 maintained a stable
sensitivity for more than three weeks without interruption.  Afterwards, the cur-
tain plate of API-100 was cleaned with methanol-water (1+1) with a paper with
good absorption capacity, and the sprayer nozzle was cleaned by squirting  a
few µL of water, methanol, and again water.  The instrument can then be used
for further analysis.  No adjustments were necessary, not even if the ion source
housing had been removed to clean the curtain plate, an operation that took a
few minutes. 

The advantage of the LC-MS technique lies in the combination of the sepa-
ration capabilities of HPLC with the power of MS as an identification and con-
firmation method with high sensitivity, selectivity, and quantitative capability.
Quantification using selected ion monitoring has high selectivity, sensitivity and
a broad dynamic range.  While conventional HPLC methods may require long
complex separations, the LC-MS method requires only a simple clean-up proce-
dure and no derivatization.  LC-MS should be the method of choice despite the
requirement of a more specialised technique.10
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