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chromatography—fluorescence detection

Giampiero Pagliuca*, Elisa Zironi?, Alberto CeccolinP, Riccardo Mater,
Gian Paolo SerrazanéttiAndrea Piv&

a Department of Veterinary Public Health and Animal Pathology, Food Hygiene and Technology Section, Alma Mater Studiorum,
University of Bologna, Via Tolara di Sopra, 50 Ozzano Emilia, | 40064, Italy
b Department of Biochemistry, Alma Mater Studiorum, University of Bologna, Via Tolara di Sopra, 50 Ozzano Emilia, | 40064, Italy
¢ Department of Veterinary Morphophysiology and Animal Production, Alma Mater Studiorum,
University of Bologna, Via Tolara di Sopra, 50 Ozzano Emilia, | 40064, Italy

Received 2 September 2004; accepted 31 January 2005
Available online 16 February 2005

Abstract

An analytical method based on high-performance liquid chromatography (HPLC) combined with fluorescence detection (FL) has been
developed for the simultaneous determination of fumonisiiFB,) and its totally hydrolized metabolite aminopentol-1 ¢\ pig liver.
The sample preparation is based on a single solid phase extraction (SPiEhalaldehyde (OPA) was used for pre-column derivatization
before the programmed reversed-phase analysis on phenylhexyl column. The developed method shows good repeatibility for inter- and
intra-day precision as well as adequate linearity of calibration curfesas 0.9855 for FBand 0.9831 for AP). Average recoveries from
the matrix were 93.6% for FBand 95.3% for AR. The limit of quantification (LOQ) in swine liver was {&/kg for FB, and 42ug/kg
for AP;.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction they cause severe biological damages on animals and
humand1].

Mycotoxins are an eterogeneous group of chemical com-  Fumonisins are a group of mycotoxins that have been
pounds, with low molecular weight, synthetized by the sec- |inked with toxicity in several species and that occur
ondary metabolism of several generi of fungi. worldwide, primarily in corn and corn-based products

These products do not have any biochemical signif- contaminated bfusarium moniliformé?2].
icance in the fungus development but, on the opposite, More than a half of the corn and corn-based products
S worldwide have been estimated to be contaminated with vari-

Abbreviations: FBj;, fumonisin B; AP;, aminopentol-1; SPE, able amounts of fumonisin.BFB;), the most prevalent be-
solid phase extraction; OPAgrtho-phtalaldehyde; HPLC-FL, high- tween the fumonisin subspecigs4].

performance liquid chromatography—fluorescence detection; HLB, Fumonisins cause various diseases: liver and kidne
hydrophilic-lipophilic balance; SAX, strong anion exchange : Yy

* Corresponding author. Tel.: +39 0512097323; fax: +39 0512097323,  toxicity and carcinogenicity, pulmonary edents], im-
E-mail addresspagliuca@vet.unibo.it (G. Pagliuca). munosuppression, neurotoxicif{8]. Most of all of the
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toxicities resulting from exposure to these compounds  The majority of the current methods uses the technique of
can be explained by their ability to alter sphingolipid pre-column derivatization witbrtho-phthalaldehyde (OPA)
metabolism6] by inhibiting ceramide synthagg]. Human under fluorescence detection because of its sensitivity. More-
consumption of fumonisin-contaminated corn has been over, liquid chromatography coupled with mass spectrometry
linked to the esophageal cancer in different area of South (LC—MS) have been proven to be effective method with high
Africa (Transkey) 7] and China (Linxian]8]. selectivity and sensitivity. Many of them are validated for fu-
These mycotoxins can reach the human also indirectly monisins detection in corn and corn-based prodd&s17]
through the consumption of products derived from animal LC-MS was recently used to detect F pig liver after
fed with contaminated feed. oral administratior{18]. The uptake and distribution of ra-
The International Agency for Research on Cancer (IARC) dioactive material-derived residues were also determined in
evaluated the carcinogenic potential of different mycotoxins tissues of pigs fed a diet contaminated wite-labelled FB
and classified fumonisin B(FB;1) as “probable human car-  [19].
cinogen” (class 2B|9]. Furthermore, to optimise the instrumental analytical ca-
FB;: (diester of propane-1,2,3-tricarboxylic acid and 2- pabilities several clean-up steps have been proposed. The
amino-12,16-dimethyl-3,5,10,14,15-pentahydroxyeicosane) most widespread SPE methods foriFBolation are based
includes a long chain aminopentol backbone {ARith two on strong anion-exchange (SAX). Other clean-up possibili-
ester-linked tricarballylic acid${g. 1). ties are offered by immunoaffinity columifis6,20] or C18
AP, originates from FB by hydrolysis of the tricarballylic cartridgeq21].
acid side chains at carbon 14 and 15, which are replaced by For APy isolation, a further step with C18 cartrid{#2]

hydroxy! groups Fig. 1). or XAD-2 (non-ionic macroreticular resin) coluni@3] or
In particular, AR is produced during nixtamalization NH2 cartridge[21] was necessary.
[10], a traditional treatment of corn with calcium hydrox- A simultaneous isolation of FBand AR from corn prod-

ide and heat. APhas been detected in commercial masa, ucts was achieved optimising the extraction condition on C18
tortilla chips and canned sweet corn. In vivo studies demon- cartridge[17].
strated that AP exhibits the same toxicological effects of Few authors dealt with the determination of {F8one
FB1[11,12] [18,24]in the more complex animal matrices. Others pro-
Some in vivo studies, where rats received diets supple- posed a separate clean-up procedure for the isolation pf FB
mented with FB or AP, show that the latter can be more and its hydrolysis produc{®3,25]with a similar pattern to
toxic than the parent compound, and induces fumonisin- that described for vegetable matrices. Instead, for animal ma-
like liver and kidney lesion$11]. AP; shows also cancer- trices, no validated methods were available for the simultane-
promoting activity in liver[10]. Moreover, little is known ous isolation and determination of both F£F8nd AR, which
about a possible endogenous hydrolysis of BB mammal was the aim of the present work.
metabolism, even if a study led on primates revealed that
the ester moiety of FBwas shown to be hydrolyzed in the
intestine of vervet monkeyf43].
In recent years, growing interest arose in the study of fu- 2. Experimental
monisin. There are currently several analytical methods for
determination of the fumonisin mycotoxins in vegetable ma- 2.1. Chemicals and reagents
trices, from which the extraction with organic solvent is fol-

lowed by a clean-up with SPE4] before HPLC analysis. Fumonisin B standard was purchased from Sigma Chem-
ical Co. (St. Louis, MO, USA).

Aminopentol-1 was prepared by basic hydrolysis ofiFB

oo as described in paragraph 2.2. The standards were individ-
‘00C ually dissolved in methanol to give stock concentrations of
10 mg/L for FB; and 5.6 mg/L for AR. The solutions were
0770 OH QH, o : .
X N en Fumonising, B stored at-20°C. Standard working solutions were prepared
& & ds e ' by diluting each stock solution with methanol.
P N0 ’ The solution ofo-phthalaldehyde (OPA), purchased from
-00C Sigma Chemical Co. (St. Louis, MO, USA), was weekly pre-
€00 pared according to Solfrizzo et §26] and stored at 4C.
Solid phase extraction (SPE) was performed with Gasis
HLB 3cc (60mg) cartridges from Waters Corp. (Milford,
OH OH OH
LT MA, USA).
A, dn i, du N Aminopentol-1 (AP,) All the solvents were of analytical or HPLC gradient grade

(LiChrosolv) and were obtained from Merck (Darmstadt,
Fig. 1. Chemical structures of FBind AR. Germany).
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2.2. AR preparation Table 1
FB; and AR fortification levels

AP; was prepared by basic hydrolysis of FBodifying Analyte Final fortification ~ Standard Standard solution
the method proposed by Caloni etfdl2] as follows: 20 mL level (g/kg) solution (mg/L) added (L)
of 1 M KOH were added to a 20 mL methanol solution, con- 75 75
taining 1 mg of FB and the mixture was incubated for Lhat g, 150 10 150
70°C. After cooling till room temperature, the pH was set to
4.5 with 2 M HCI. The completely hydrolized reaction prod- 205 295
uct was used to prepare the ABtock solution diluting up
to 100 mL with methanol, to reach the final concentration of 300 300
5.6 mg/L.
2.3. HPLC-FL equipment 42 s

APy 84 5.6 150

All analyses were carried out using a Varian 9012 ternary
liquid chromatograph equipped with a g0 loop, combined 168 300
with a Varian 9070 fluorescence detector with excitation (Ex)
and emission (Em) wavelenght of 334 and 440 nm, respec- 336 600
tively.

A Luna Phenylhexyl fwm column (250 mnx 4.6 mm The eluate was brought to dryness under a stream of
I.D.) (Phenomenex, Torrance, CA, USA) was used. nitrogen. Then, the residue was redissolved in 1b0of

As mobile phase two solvent systems were employed: 3.4 methanol and vortexed for 3 min before the derivatization
pH aqueous buffer with 2% of glacial acetic acid and 0.1% for HPLC-FL analysis. Finally, 7QL of OPA reagent were
of triethylamine (A) and acetonitrile (B). The separation was added to 7L of sample, vortexed and then injected in
operated at a flow rate of 1 mL/min with the following linear HPLC exactly after 1 min.
gradient from A:B (30:70) to A:B (50:50) in 50 min.

The column activity was regenerated washing for 15min 2.4.2. Preparation of calibration curves and method
at a flow rate of 1 mL/min with acetonitrile. validation

Matrix-matched calibration standard curves were utilized
in this study for the quantification of analytes in pig liver.
2.4.1. Extraction and clean-up of FBnd AR from Ten grams of swine blank liver were weighed and divided
swine liver into four different batches. In each batch a required amount

Ten grams of swine liver were fortified before extraction ©Of the standard stock solutions of FB10mg/L) and AR
with both analytes: FBand AR, as described in Section (5.6 mg/L) was added in order to obtain the fortification levels
2.4.2 These samples, cut into small pieces, were homoge-described infable 1
nized with an Ultraturrax apparatus and then extracted by These fortified samples were processed in order to deter-
stirring for 30 min with 80 mL of methanol-water (80:20). Mine the absolute recovery of FBnd AR as a part of the
One tenth of this suspension was transferred into a tube andMethod validation procedure.
centrifuged at 3000 rpm for 5 min. Twenty samples of unfortified liver were analyzed as neg-
Four milliliters of the surnatant were removed and washed ative controls to measure the baseline noise and to confirm
twice with 4 mL ofn-hexan€/18]. To obtain a faster separa- that no interferences were present in the region wherg FB
tion of the two phases, another centrifugation at 3000 rpm for and AR are eluted.
3 min was carried on. The aqueous phase was evaporated off The method was tested for its intra- and inter-day assay
by vacuum concentrator centrifuge (Hetovac VR1-Heto). At repeatability, to determine its accuracy and precision. Swine
the end, the residue was reconstituted with 2mL of HPLC liver samples were fortified and processed on three different
mobile phase A. days and within the same day.
Oasi® HLB cartridges were conditioned with 2mL
of methanol and equilibrated with 2mL of water. The 2.5. Safety handling procedure
sample was then loaded on the cartridge. Two washes
were performed: the first with 1mL of 95:5 (viv) Since FB and AR are hazardous substances, safety pre-
water—methanol and the second with 1mL of 94:5:1 cautions were adopted during analytical manipulations. All
(vIvIv) water—methanol—glacial acetic acid. During this step the procedures were performed with protective clothing and
the cartridge was evacuated continuously to dryness forall the glassware, solvents and matrix residues used were
30s under vacuum at 5mm Hg. Finally, the analytes were decontaminated by soaking them overnight in a sodium

eluted into a test tube with 2 mL of methanol at a flow rate hypochlorite (bleach) solution (10% v/v) followed by addi-
of 1 mL/min under vacuum. tion of acetone (5% by volume) for an additional night.

2.4. Analytical procedures
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3. Results and discussion recovery of 81% for FB and 8% for AR; immunoaffinity
columns Fumonipréd (R-Biopharm, Glasgow, UK), con-

Liver is one of the main target organ of disposition for sisting of antibodies reactive with fumonisif290], indicated

FBs or its metabolite§l9]. Because of the intense metabolic a recovery of 68% for FBand 0% for AR.

activity occurring in liver, many substances, such as amino  The best result was achieved with O&sidLB. These

acids and peptides, could interfere in{=8hd AR isolation. cartridges showed a high reliability, reproducibility and good
Method development for the simultaneous isolation and average recoveries (93.6% for FBnd 95.3% for AR) us-

determination of FBand AR in swine liver required specific  ing small volumes of solvents, providing samples with a low

optimization of clean-up, derivatization and chromatographic presence of interferences.

conditions. The main feature of our SPE procedure is the simultaneous
isolation of both analytes. FBas two carboxylic acid groups
3.1. Clean-up procedure development that are unionized in an acid medium; to enhance interactions

of analyte with adsorbent an acid aqueous buffer was chosen
Fumonisin B is amphipathic zwitterion, which is soluble  as loading phase.
in polar solvents as well as its metabolite aminopentol-1, A preliminary washing step with 1 mL of 95:5 (v/v)
which shows an hydrophilic chain in his structure. For this water—methanol was carried out. An additional acid wash-
reason, it was chosen 80:20 (v/v) methanol-water as solventing step with 1 mL of 94:5:1 (v/v/v) water—-methanol—glacial
of extraction, according to Scott and Lawrelfi22]. acetic acid was necessary to elute other compounds, while
In order to optimize the extraction procedure, the amount still leaving the analytes retained on the SPE adsorbent, be-
of sample loaded onto cartridges was only one tenth of the fore the final elution with methanol.
whole, to avoid plugging the Oa$isHLB cartridge and to
make the following centrifuge step easier. The sample was
centrifuged to eliminate suspended particles; furthermore a3.2. Optimization of derivatization
double liquid partition with hexane was carried out according
to Meyer[18] in order to eliminate the interferences due to Since fumonisins and its hydrolysis products lack a sig-
fats. nificant UV chromophore and are not inherently fluorescent,
In order to isolate FB and AR simultaneously, it was  sensitive detection at low levels, necessary for the analysis of
necessary to modify the most common SPE approach basedample, requires derivatization of the extract for the fluoro-
on strong anionic exchange cartridges (SAX) packed with a metric detection.
quaternary amine used by many authors for the isolation of The most common derivatizing reagent used for fluores-
fumonising[14,18,23] cence determination @rtho-phthalaldehyde (OPA) coupled
Since SAX is a strong anion-exchanger, it should not be with 2-mercaptoethanol as reaction partner. This method is
used for the retention of very strong anions, which would be officially accepted by the Association of Official Analytical
difficult to elute from the sorbent. SAX cartridges are indi- Chemists InternationgR7] for the analysis of FBin corn.
cated for such an ionic compound as fumonisin but not for  o-Phthalaldehyde is an amine detection reagent that reacts
its hydrolysis product AP, because of the lack of anionic  with primary amine groups to generate a fluorescent product
carboxylate groups, needed for the SAX clean-up procedure.in the presence of 2-mercaptoethanol.
So, if a SAX procedure for FBisolation were hold, an ad- Derivatization of the primary amine of FBwith OPA
ditional extraction procedure for ARvould have been re-  yielded a highly fluorescent product that was easily separated
quested. In order to simplify the SPE technique, an alternative by reversed-phase chromatography. Because of the instability
approach with OasfSHLB (hydrophilic-lipophilic Balance) of OPA derivatives within few minutg4.4,28], it was neces-
cartridge was chosen. Its sorbent is a macroporous copoly-sary to prepare the conjugates immediately prior to injection
mer [poly(divinylbenzene-c&-vinylpyrrolidone)] and ex- and to inject them within 1 min of mixing the reagef@29)].
hibits both hydrophilic and lipophilic retention characteris- The time-dependent instability of the fluorescent adduct
tics retaining both the more polar FBnd the less polar AP formed between the primary amine and OPA results in fluc-
The compounds have been processed in one batch, resultinguation of the fluorescent signal. The decay of fluorescence is
in a significant increase in throughput. not linearly time dependent, according to Thakur and Smith
Preliminary studies with C18 SPE cartridgés,21,24] [23]. As it is shown inFig. 2, injecting the OPA-FB deriva-
did not allow to purify from interferents the analytes and to tive at different injection times was verified that the intensity
calculate FB and AR recovery. Other several trials with  signal begins to decrease after one minute. Since the intensity

different cartridges gave satisfactory results only fox IF&- decreases in a time-depending manner although not linear, it
covery but not for its hydrolysis product. For instance, the is very important for precision and reproducibility that the
strong anion exchanger Isolt&AX (IST, Mid Glamoar- derivative samples were injected in the same time frame, and

gan, UK) exhibited a recovery of 92% for FEnd 0% for however, within 1 min. The immediacy of analysis avoids any
AP7; Oasi® MAX (Waters. Milford, MA, USA) that has problem inherent to the stability of OPA derivatives that are
an anion exchanger mixed with a reversed-phase, showed dime and temperature depending.
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Fig. 2. Fluorescence emitted by the OPA Fdrivative at different HPLC
injection times.
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Many Authors discussed the variability of the ratio ana- 3500
lytes:OPA[23,24] suggesting a 1:2 ratio as the optimal one & FB1
for the analysis. A 1:1 ratio was instead chosen accordingto
the fact that the maximum signal to noise was given when ©
OPA concentration was 50% of sample, according to Caloni 0 (b)
etal.[12]. , , : , :
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3.3. HPLC method development
Fig. 3. Spectrofluorometric chromatogram of (A) standard of ARd FB
in methanol (1 mg/L) and (B) of APand FB fortified swine liver(s) with a

T rmin h the anal learly an nsitiv
o dete e both the a alyte clearly a d as sensitive aScontamination level of fug/kg compared to a blank samples (b).

possible, the chromatographic conditions were investigated.
Since FB and AR are polar molecules soluble in water 3 4 Analytical method validation
and in polar solvents, they are ideally suitable for the deter-

mination by reversed-phase HPLC. The average recovery for FBand AR were 93.6 and
According to the study of Thakur and Sm[28]on meat g5 304, respectively. Recoveries at each level of contamina-
extracts, a first attempt for the determination of analytes was jgy gre given irTables 2 and 3and were determined compar-
carried out with a C18 reversed-phase column, using as Mo-jng the peak area of analytes extracted from spiked samples
bile phase a mixture of acetonitrile and acid buffered water 14 the peak area generated by the standards injected directly.
solution. The results achieved on liver samples were not sat- 5| matrix-matched calibration standard curves were pre-
isfying in terms of selectivity and peak shape. pared with spiked liver, and the correlation of coefficient val-
On the opposite, a phenylhexyl reversed-phase column to- o (2) were satisfying (0.9855 for FEand 0.9831 for AP).
gether with the chosen mobile phase programmed conditions, The HPLC—FL method was tested for its intra- and

had provided an effective separation, as showhif 3, as inter-day assay repeatability to determine its accuracy and
a matter of fact the retention for such polar and amine com- precision, and results are shownTiable 4

pounds as FBand AR was increased, and the elution order
of the analytes was reversed. The mobile phase run to a maxi-rapje 2
mum percentage of acetonitrile of 50% to reach the best ana-Recovery of Fg in fortified liver samples

lytical separation, avoiding the electrons of the “CN”bond | evel of fortification for FB (ng/kg) Recovery % S.D.
in acetonitrile to compete for all the phenyl “binding sites”, 8831 156
making the stationary phase more hydrophobic. Higher per- 159 94.2+ 12.4
centage in acetonitrile gave unsatisfying separation but were 225 94.5+ 3.4
worth to wash the analytical column after each run. For this 300 97.6+ 3.9
reason, 100% acetonitrile was used to wash the column as
suggested by Thakur and Sm[i8]. Table 3

The presence of interferent peaks in the first part of the Recovery of AR in fortified liver samples
chromatogram underlines the importance of longer retention Level of fortification for AR (ug/kg) Recovery % S.D.
time for FB; and AR. These interferents are due to sub- 42 89.6+ 5.6
stances with a primary amine group that are mainly amino 84 95.5+ 4.8
acids and peptides, available to react with OPA, which are égg 18‘1‘-21 ig

present in the liver in considerable amounts.
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Table 4
Repeatibility of the method for the determination ofiFéhd AR in spiked
liver

Analyte  Fortification Intra-day assay Inter-day assay
level (wo/kg)
Recovery R.S.D. Recovery R.S.D.
(%) (%)
75 921 143 844 155
FB, 150 998 83 932 13.7
225 936 35 959 2.8
300 964 31 995 3.9
42 925 5.6 865 22
AP 84 957 6.0 97.6 4.1
168 1046 55 1060 6.2
336 910 5.0 936 3.9
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aminopentol-1 (AP). The method evaluated in swine liver
was sensitive, selective and reliable for the levels founds in
the study and it could also be used in the future for mon-
itoring fumonisin and its metabolite in liver. The validated
method could be an useful tool for the correct evaluation in
animal tissues and in food of animal origin, not only for{~B
but, also for AR introduced with the diet or originating from
endogenous hydrolysis. This could lead to a more complete
safety assessment, allowing to prevent the exposure to these
dangerous compounds.
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(R.S.D.s) show good accuracy and precision of the method

in both analysis intra- and inter-day, providing an useful tool
to screen and quantify FBand its major metabolite AFn
liver.

The HPLC-FL method was able to quantify the,FB
liver in a range of 75-30Qg/kg and AR in a range of
42-336ug/kg.

The limit of quantification (LOQ), defined as the smallest
analyte content for which the method was validated with the
specific accuracy and precision, waspgpkg for FB; and
42 .9/kg for APy; the limit of detection (LOD), defined as
the concentration that yields a signal-to-noise (S/N) ratio of
atleast 3:1, was 20g/kg for FB; and 10ug/kg for AP, [30].
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