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Abstract

As taurine is a very important compound involved in a large number of metabolic processes, it is naturally present in the mammal tissues
and is often deliberately added in some foods as a fortifying component. A detailed knowledge of taurine metabolic roles in biological
systems can be obtained only if a sensitive, reliable and rapid analytical method is available. This article describes the successful applicatio
of high-performance anion-exchange chromatography coupled with integrated pulsed amperometric detection (HPAEC-IPAD) for taurine
determination in egg white and yolk samples, as well extracts of human serum and urine. Applications are shown for determination of taurine
in soft drinks and pharmaceutical preparations where the taurine content was evaluated by standard additions. These results were achiev
without prior derivatization of taurine.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction Taurine has been usedter alia, in the treatment of a wide
variety of clinical conditions, including cardiovascular dis-
Commonly referred to as an amino acid, taurine contains eases, epilepsy and other seizure disorders, macular degen-
a sulfonic acid group, rather than the carboxylic acid moi- eration, Alzheimer's disease, hepatic disorders, and cystic
ety present in other amino acids. This is probably one of fibrosis[6]. Interestingly, intracellular taurine concentration
the reasons why taurine is not incorporated into proteins, is stringently controlled7] and plasma levels are affected
even though it is one of the most abundant free amino acidsduring traumg8], sepsi[9] and cancefl10]. Therefore, as
in many tissues, including skeletal and cardiac muscle, andthe role of taurine in various diseases has become more
brain. In the body, taurine is synthesised from the essentialwidely recognised, the need for a simple, rapid assay for
amino acid methionine and its related non-essential aminoroutine estimation of this compound in plasma, urine and
acid cysteine. Taurine is known to play an important role foodstuffs has increased.

in numerous physiologicdll] and pharmacological func- Recently, much effort has been devoted to determination
tions [2]. Among the physiological roles attributed to tau- of taurine in medicinal granule, nutrient capsule and human
rine are membrane stabilisati¢8] antioxidation[4], and urine by ion chromatography with electrochemical detection,

neuromodulatiof5]. While conjugation of bile acids is per-  which does not require any derivatization prodds§. More
haps its best-known function, this accounts for only a small recently, the experimental conditions in high-performance
proportion of the total body pool of taurine in humans. anion-exchange chromatography with integrated pulsed am-
Other metabolic actions of taurine include: detoxification, perometric detection (HPAEC-IPAD) were optimised and
osmoregulation, and modulation of cellular calcium levels. successfully applied to the analysis of milk sampl&3].
Such a method has been demonstrated to be suitable for
mspondmg author. Tel39-0971-202228: assaying tauripe content at low micr_omplar levels. Pglsed
fax: +39-0971-202223. amperometry is based on the application of a multistep
E-mail address: cataldi@unibas.it (T.R.l. Cataldi). potential waveform with a repeating sequence (detection,
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cleaning and conditioning pulses) and current measurementpressurised with pure nitrogen to 0.8 MPa. As previously

during a short sampling intervdlL3,14]. Thus, reaction  described12], a six-potential waveform was employed for

products that would cause electrode fouling are removedtaurine detection. The system was interfaced, via propri-

upon application of an appropriate sequence of positive andetary network chromatographic software (PeakM@tto a

negative potential pulses. The long-term stability and repro- personal computer for instrumentation control, data acqui-

ducibility of pulsed amperometric detection makes it one sition and processing (Dionex). A centrifuge model ALC

of the most widely used detectors in liquid chromatography Refrigerated Centrifuge PK 120 R (ALC International,

[15]. Here, we illustrate how such a method of analysis can Milan, Italy) was used for the sample preparation.

be used to provide a quantitative evaluation of taurine in a

comprehensive set of samples, including urine and serum;2.3. Eluent preparation

the method is suitable for enzymatic and clinical studies as

well. Eggs were also chosen as real samples because most The alkaline eluents were prepared by following the pro-

determinations of taurine have been focused on biological cedure developed in this laboratory. Pure water for the eluent

fluids as sample matrices. preparation was degassed before use by sparging nitrogen for
about 20 min. Barium acetate was dissolved and, upon ad-
dition of the proper amount of labelled carbonate-free 50%

2. Materials and methods (w/w) NaOH, the eluent solution was kept in plastic bottles
and a Dionex eluent organiser (EO1) was used to blanket
2.1. Chemicals it with N2> gas to minimise C@ adsorption. The analyti-

cal column was periodically regenerated (usually every 2—3

Taurine (2-aminoethanesulfonic acid) (99%), sodium ac- weeks) by pumping 5 mM HCI, water, 200 mM NaOH, and
etate (99%), carbonate-free sodium hydroxide (50%, w/w), then water in that order over a period of 20 min at a flow
barium acetate (99%) were purchased from Sigma—Aldrich rate of 1.0 mL/min.
(Steinheim, Germany). Stock solutions were prepared with
pure water supplied by Milli-Q RG unit from Millipore (Bed-  2.4. Samples preparation and assay procedure
ford, MA, USA). All the reagents used in this study were
of the highest purity available. The sodium hydroxide solu-  In order to prevent the fouling of the analytical columns,
tions used as eluents were prepared by diluting a concentrateve prepared egg samples in the following way: 0.5g of
NaOH solution in water that was previously filtered with a lyophilised sample were placed in polypropylene contain-

0.45um membrane and degassed with nitrogen. ers, suspended in 5mL of deionised water and shaken
for 15min in an ultrasonic bath. Next, the mixture was
2.2. Instrumentation centrifuged at 4100 rpm for 10 min. Finally, the sample

solutions were filtered through OQu2an nylon membranes

All chromatographic analysis were performed on a (Whatman International Ltd., Maidstone, UK) and then
Dionex system (Sunnyvale, CA, USA) equipped with a injected.
metal-free isocratic pump (model IP 20), a Rheodyne injec- Eight human serum samples, supplied by anonymous
tion valve (model RH9125, Cotati, CA, USA) with a pl) healthy donors, were analysed. The removal of proteins
loop, and a pulsed amperometric detector (model ED40). and fats was accomplished using Carrez clearing reagents.
The flow-through detection cell is made from a 1.0mm Five millilitres of serum was mixed with 0.87 mL of a 7.2%
diameter gold working electrode and a standard combina- (w/w) K4sFe(CN)g x 3H2O water solution and 0.87 mL of
tion pH-Ag|AgCl reference electrode using the half-cell a 14.4% (w/w) ZnS@ x 7H20 solution. After stirring for
Ag|AgCl as the reference electrode; the counter electrodel5min, 3.3 mL of a phosphate buffer (pH 7.5) containing

consisted of a titanium cell body across theu2b chan- 0.1% (w/w) MgSQ x 7H2O were added. Then, the mixture
nel formed by a gasket. Separations were accomplished onwas centrifuged at 4100 rpm for 20 min at@; the sample
a Dionex column, CarboPac PA1l (250 mm4 mm i.d.) solutions were filtered just prior to injection with Quin

coupled with a guard column (50 mm 4 mm i.d.) of the nylon membranes and diluted with deionised water (1:4).
same filling. Some experimental work was also carried out  Eight human urine samples, kindly provided by healthy
using an a CarboPac PA10 (250 mtm4 mm i.d.) column volunteers from our group, were analysed. These samples
coupled with a guard column (50 msm 4 mm i.d.) of the were collected at 7:30 a.m. and stored-&0°C until used.
same filling. The column temperature was regulated by us- The sample cleanup was carried out using classical Sep-Pak
ing a home-made water jacket coupled with a circulating Cig cartridge (Waters SpA, Milan, Italy), preconditioned by
water bath model WK4DS from Colora (Colora, Messtech- sequential treatment with methanol 25 mL) and water

nik GmbH, Germany). The mobile phase solution consisted (2 x 5mL). An aliquot of 5mL of each sample, previously
of 100mM NaOH and 1 mM barium acetate, isocratically diluted with water (1:5), was passed trough the precondi-
eluted at a flow rate of 1.0 mL/min. The plastic reservoir tioned cartridges. Hence, the final eluate (2mL) was col-
bottles (DX 500 2-L bottles, Dionex) were closed and lected, properly diluted with deionised water and injected.
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A soft drink sample produced by Red Bull S.r.l. and a 40 T T
pharmaceutical preparation called O-DUE by Teofarma S.r.1.
(Pavia, Italy) were also analysed. These samples were pre-
pared by simple dilution with water (i.e. up to 10,000-fold)
and filtration on 0.22m nylon membranes. A stock solution
of taurine in water was prepared and stored in a refrigerator
(4°C) at a concentration of approximately 1 mM. The con-
tent of taurine in all analysed real samples was obtained by

standard additions.
0 5 10 15 20 25

W
<
T

SIGNAL / nC
3

]
T

<

TIME / min

3. Results and discussion ) o o ]
Fig. 1. Separation in HPAEC with integrated pulsed amperometric detec-

ion of Ik sample. Eluent, 100 mM N mM Ba(OA:
3.1. Assay of taurine in foodstuffs ;OfIO\?v rztiggf)fo n?lil/m‘i)n(.9 Collfm:{ ar?g guardac(gzlmn, Di;rfeox ((::);rabtoPac
PA1. Column temperature, 2&. Volume injected, 5Q.L. A six poten-
Details of the analytical method to determine taurine by tial waveform previously described2] was applied at a gold working
ion-chromatography with pulsed electrochemical detection €lectrode.
have been described elsewhdi®]. To demonstrate the
feasibility of the method, five different egg samples were one reference dealing with the taurine content in 8%
analysed and taurine content was evaluated by standard adput no evidence of taurine was reported in eggs as well as
ditions. Before illustrating the results obtained with real in bean, rice and other plant food; so no comparison with
samples, data relevant to the calibration parameters werethe present data is possible.
evaluated. Standard solutions for taurine were between 0.3
and 13QuM and the curve was found to be linear over 35 Assay of taurine in biological samples
the investigated concentration range, with correlation co-
efficients >0.9995. The LoD, defined as the lowest ana-  As already mentioned, taurine is involved in a variety of

lyte concentration that can be clearly detected, was esti- ppysiological functions, pharmacological actions and patho-
mated as three times the_3|gnal-to-n0|se ratio; the relevant|ogica| conditiong20]. Taurine is present in relatively high
value was 0.05Q.M, considerably lower than the values  concentrations (i.e. up to 65 mM) in biological fluids and tis-
(~0.8-40uM) established by using chromatographic meth- geq21]. Recent evidence suggests that the level of taurine
ods in which pre-column derivatization of taurine is em- ;, plasma may be a useful indicator of myocardial stroke
ployed[16-18]. The precision was tested by repeating the 22]. On this basis, the developed HPAEC-IPAD method
same egg sample analysis four times. The relative standard,gq employed to determine the taurine level in some sam-
deviation within a day was 2.3%, while this value increases ples of human serum, obtained from normal volunteer sub-
up to 4.6% when the same experiment was repeated on fiv§ects (four men and four women). A typical chromatographic
different days. The recovery data were evaluated by spiking separation of taurine in a sample of human serum is shown
a representative sample of egg yolk with pure taurine at the Fig. 2. Taking into account the complexity of the sam-
level of 50-100% of the measured content; results rangedp|e, a good separation of taurine along with a well-resolved
from 96.0 to 97.5%. _ _ peak at 12.1min was obtained. The sample was diluted
A representative chromatographic profile of a yolk sam- fqyr-fold with water before injection. The free taurine level

ple is shown inFig. 1 and the taurine levels found in both i serum samples was 98 12 umol/L, which is in good
yolk and albumen are listed ifable 1. The taurine peak was

identified by retention time and standard addition; moreover
the taurine peak purity in the samples analysed was con-Table 1 _ _
firmed by performing a series of chromatographic runs in Occurrence of taurine (mean val#eS.D.) in real samples evaluated by

. . " HPAEC-IPAD?
various experimental conditions (data not shown), namely _ -
using a different mobile phase and a second anion-exchange2mple Taurine contentr)
column, as reported in th&ection 2. Whereas significantly  Egg whité 98+ 6 (5)
higher level of taurine were obtained in yolk with a content Egg yol€ 750+ 10 (5)
of 750+ 10ug/100 g of freeze dried matter (FDM), a lower Human seruth 98 + 12 (8)
Human uriné 1200+ 450 (8)

level was observed in albumen, where the taurine content
was 98+ 6 ug/100 g of FDM. Although the chromatogram
is relatively complex, due to the high variety of free amino . The chromatog_raphlc conditions are those describefgign 1.
acids and other substances naturally present in the sample, . NumPer of replicates.

) = yp : pie, . Concentration value expressed a8/100 g of freeze dried matter.
the chromatographic conditions allow a quite good separa- d concentration value expressedyasol/L.

tion of taurine from endogenous compounds. We found only € Concentration value expressed as g/L of product.

Red bull energy drink 4.06 + 0.05 (3)
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) Fig. 4. HPAEC-IPAD chromatogram of a commercial pharmaceutical
Fig. 2. HPAEC-IPAD chromatogram of a human serum sample (healthy g muation. Other conditions as iRig. 1.

volunteer), diluted 1:4 with water. Other experimental conditions as in
Fig. 1.
as already described for egg samples, the identity and peak

purity of taurine in urine samples were confirmed by per-
forming a series of chromatographic runs in different elution
conditions.

agreement with that reported by Tcherkas ef2d], namely
102+ 17pmol/L in healthy human subjects.

According to Jacobsen and Sm[&¥4], when the level of
taurine in the human serum exceeds gb@ol/L, a possible
metabolic dysfunction is present. Taurine is considered to
be a major-product of sulphur amino acid metabol[25],
which may be excreted in the urine. As reported by Water-

Egleci‘lflt ilc.)[r??r:vzass]it\?: rlr?;\/flleorf (L)anl’r::r}z/i:stt:)r;(?gtmzzc?gjlrr;?:ti?)n ety of clinical treatmentdrig. 4 shows the chromatographic
’ P y separation of taurine in a pharmaceutical formulation, ad-

Lnoilél.?gﬂrsa;?fg; a?.'g;ndaar(;)ﬁ?'2rrziffgrll'tsrgfobneg?;:e:ggseministered to care for ischemic pathological disorders. Upon
O " | f“ inary aeh Nnh ot : ; un e simple dilution with water (1:10,000 final dilution) and fil-
”dn? sarfnp esl rom €ig Iea dyﬁyo gn e(tars'( c;urhma €S tration on 0.2um membrane filters, the content of taurine
an ¢ our e_mz_a”es)t Wterde ina Yseth' 9. I;afi’p'c?‘ chro- I was easily established, 24310 mg (r= 5) per vial, which
matogram IS Iiustrated. Again, the peak ot taurine Is we corresponds te-106% of the labelled amount.
resolved and the s_|gnal can be gse(_j for_quant|f|cat|on pur- Fig. 5 is an additional illustration of this powerful
POSEs. The extraction efficiency in biological samples, both technique. This figure shows the excellent selectivity of
urine and serum, was evaluated from the recovery of tau- HPAEC-IPAD when applied to a soft drink containing
\rI:/ne,tL;]srlng rs}plkf%ar:/shurllsplred Za:nplss trevatreid |n]Erj[e Sr?r:n%ome water-soluble compounds (taurine, glucuronolac-
ay throughou eo 0'€ procedure. Recoveries of tau etone, caffeine, vitamins and simple carbohydrates). In the
vr:;rne erqnuealsgomgélli;:Aé;rhnets;/(er:]geelg¥gl é)f :It_aGIJ:‘:]nrﬁcllr;LhL;n dIast ten years, there has been an increasing demand for
U '.f. td'?f was | b 9 q b_t ) L non-alcoholic drinks, such as Red-Bull, that are marked to
no significant dillerences Were ObServed DEIWEEN UrNe Sam-, o1e5 such drinks contain useful substances like taurine,
ples of male and female. These values are slightly higher

! . which favours the cardiac contractilitj29,30]. Appar-
than data reported by Waterfie[@1], ranging from 0.02 . .
to 1.0mmol/L. As reported in our previous wofk2] and ently, upon extreme physical exertion, the body no longer

3.3. Determination of taurine in beverages and
pharmaceutical preparations

As noted in the introduction, taurine can be used in a vari-
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Fig. 3. Separation by HPAEC-IPAD of a 27-year-old woman urine sample Fig. 5. HPAEC-IPAD separation of a Red Bull energy drink sample.
(healthy volunteer), diluted 1:40 with water. Other conditions aBign 1. Column temperature, 2%. Other experimental conditions as kig. 1.
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produces the required amounts of taurine, and a relative [3] H. Pasantes-Morales, C. Cruz, J. Neurosci. Res. 11 (1984) 303.
deficiency occurs. Taurine acts as a transmitter, and also [4] P-P. Stapleton, F.J. Bloomfield, J. Biomed. Sci. 3 (1993) 79.

has detoxifying properties. It seems that the cardiac effects ! -II:-'.rLe.sgel:er;/vT\?;rlnellg;n(S: E'Jéﬁgumble’ A Barveau (Eds.), Raven
of taurine are probably due to its ability to protect the (g 5. Mou, X. Ding, . Liu, J. Chromatogr. B 781 (2002) 251.

heart from the adverse consequences of either excessive or[7] N.E. Vinton, S.A. Laidlaw, M.E. Ament, J.D. Kopple, Am. J. Clin.
inadequate calcium ion levels. As can be seerfFim 5, Nutr. 44 (1986) 398.

the chromatographic profile is quite straightforward, with ~[81 M. Jeevanandam, D.H. Young, L. Ramias, W.R. Schiller, Am. J.
taurine well separated from the other peaks; a taprine con- [9] E 'I'.”'V\';'Olglrf'i S/i.él.ggcr%vleosz,lojp. Moore, JH. Duff, R.J. Finely, L.
tent of 406 + 0.05g/L (»n = 3) was established, in good Loomer, Surgery 79 (1979) 283.

agreement with the labelled value, which is 4.0g/L. This [10] G.E. Gray, A.M. Landel, M.M. Meguid, Nutrition 10 (1994) 11.
result confirms that HPAEC-IPAD can be considered as a [11] F. Qu, Z. Qi, K. Liu, S. Mou, J. Chromatogr. B 730 (1999) 161.
useful and cost effective alternative to fluorescent detection [12] (Tzlg{)t;)cgégjldi' G. Telesca, G. Bianco, Anal. Bioanal. Chem. 378
following Chemlcal de”\_/a,tlzatlon of tau”ne f‘?r the quality [13] W.R. LaColurse, Pulsed Electrochemical Detection in High-Perfor-
control of taurine-containing non alcoholic drinks. mance Liquid Chromatography, Wiley, New York, 1997.

[14] D.C. Johnson, W.R. LaCourse, in: Z. El Rassi (Ed.), Carbohydrate
Analysis. High-Performance Liquid Chromatography and Capillary

4, Conclusions Electrophoresis, Elsevier, Amsterdam, 1995 (Chapter 10).
[15] T.R.I. Cataldi, C. Campa, G.E. De Benedetto, Fresenius J. Anal.
The usefulness of the HPAEC-IPAD technique to deter- __ Chem. 368 (2000) 739.

mine taurine in foodstuffs, beverages and biological samples, ©! (21'9%253”2’43' Xu, K. Specht, R. Yang, S. She, Anal. Chim. Acta 296

without resorting to derivatization reactions, was demon- 17 p. zunin, F. Evangelisti, Int. Dairy J. 9 (1999) 653.

strated. The experimental conditions are well suited to sat- [18] G.P. McMahon, R. O’Kennedy, M.T. Kelly, J. Pharm. Biomed. Anal.
isfy the demand for accurate, reliable and rapid detection of =~ 14 (1996) 1287.

taurine in complex matrices with minimal sample prepara- [19] Z. Xi-he, Asia Pacific J. Clin. Nutr. 3 (1994) 131.

. . . [20] R.J. Huxtable, Progr. Nerobiol. 32 (1989) 471.
tion. The primary advantages of this method are accuracy, [21] C.J. Waterfield, J. Chromatogr. B 657 (1994) 37.

simplicity and sensitivity, allowing the determination of tau-  [25] s k. Bhatnagar, J.D. Welty, A.R. Yusef, Int. J. Cardiol. 27 (1990)
rine in different types of samples including human serum 361.

and urine. [23] Y.V. Tcherkas, L.A. Kartsova, |.N. Krasnova, J. Chromatogr. A 913
(2001) 303.
[24] J.G. Jacobsen, L.H. Smith, Physiol. Rev. 48 (1968) 424.
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