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Abstract

Plasma samples (100 ul) were treated with 150 xl of acetonitrile and centrifuged at 5800g for 10 min and 50 z| of
10 mM borate buffer (pH 9.2) were added to the supernatant solution. This was followed by the addition of a 50 ul
aliquot of 5 mM fluorescamine in acetonitrile and immediate vortex mixing. A 20 u! sample was injected on to a
reversed-phase HPLC system using a Bondclone C-18 10 ym analytical column {300 mm x 3.9 mm). The mobile
phase was tetrahydrofuran-acetonitrile-phosphate buffer (15 mM, pH 3.5) (4:24:72, v/v/¥). The taurine derivative
was detected by measuring the UV absorbance of 385 nm. Platelet-poor plasma samples were spiked with known
amounts of taurine and inter- and intra-assay calibration curves were obtained. The method was applied 1o the

determination of taurine in platelet-rich plasma.
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1. Introduction

Taurine is a naturally occuring f-sulphonated
amino acid that is not incorporated into proteins,
but found free or in some simple peptides [1]. 1t
has been implicated in many physiological func-
tions, pharmacological actions [2] and pathologi-
cal conditions. Among the physiological roles
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attributed to taurine are membrane stabilization
[3), antioxidation [4,5), neuromodulation [6] and
regulation of caicium homeostasis (7]. Although
intracellvlar taurine concentration is stringently
controlled [8}, plasma levels are altered during
trauma [9], sepsis [10] and cancer [11]. Recent
evidence suggests that the level of taurine in
plasma may be a usefui indicator of myocardial
infarction [12]. As the role of taurine in various
discase states becomes more widely recognized,
the need for a simple, rapid assay for routine
plasma taurine estimation becomes more impor-
tant.
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Recent HPLC methods involving derivatization
for the determination of taurine have employed
ortho-phthalaldehyde (OPA), which requires the
presence of a thiol such as mercaptoethanol to
ensure that derivatization occurs instantaneously.
Although taurine has been determined in this way
with both ultraviolet (UV) absorbance [13] and
fluorescence detection [14], there are stability
problems associated with this reagent. Dansyl
chloride has also been used to determine taurine
[15], but this derivatization forms many side prod-
ucts, requires quenching and has a long reaction
time. Taurine has been determined by derivatiza-
tion with dansyl chioride, forming a derivative
that absorbs in the visible region [16], but the
reaction requires high temperatures and the pres-
ence of salts can have detrimental effects on the
reaction yield.

Other available derivatizing agents for amino
acids include phenyl isothiocyanate, but the yield
can be adversely affected by the presence of salts,
divalent cations and buffers [17]. 9-Fluorenyl-
methyl chloroformate forms stable derivatives,
but hydrolysis products of the reagent interfere
unless removed prior to analysis [17].

Fluorescamine was first introduced for the de-
termination of primary amines and amino acids in
1972 [18] and has been used for the quantitation
of taurine (Fig. 1) using fluorescence detection
[19]. In this work, UV absorption at 385 nm was
chosen because whereas the fluorescence intensity
may decrease over a few hours, the absorbance
remains unchanged for up to 1 week. Fluo-
rescamine was selected because its reaction with
primary amines proceeds instantaneously at ambi-
ent temperature in alkaline medium, the reagent
and its major hydrolysis products do not interfere
with UV detection and the derivatives are stable,

2. Experimental
2.1. Chemicals

Taurine (99%) and fuorescamine (98%) were
obtained from the Aldrich Chemical (Gillingham,
Dorset, UK). All other amino acids wete obtained
from BDH Chemicals (Pocie, Dorset, UK), as

were perchloric acid (70%), disodium tetraborate
and potassium dihydrogenphosphate. Boric acid
was purchased from Merck (Darmstadt, Ger-
many). Acetonitrile, methanol and tetrahydro-
furan were of HPLC grade and were purchased
from Labscan (Dublin, Ireland). Super-purity ace-
tonitrile from Romil Chemicals (Loughborough,
UK) was used for the deproteinization step. Wa-
ter was deionized using an Elgastat purification
system.

2.2. Materials

Hypersep C-18 cartridges (200 mg, 3 ml) were
received as a gift from Shandon Scientific (Run-
corn, UK). Anion- {8CX) and cation- {PRS) ex-
hange columns (200 mg, 3 ml) were kindly
donated by IST (Mid-Glamorgan, UK). Micro-
con-3 concentrators and Micropure separator in-
serts were purchased from Amicon (Stonchouse,
UK).

2.3, Preparation of reagents and standard
solutions

Taurine standard solutions were prepared daily
from a stock aqueous solution of 1 mg ml~! that
was prepared on a weekly basis. Fluorescamine
solution (5 mM) was prepared in acetonitrile and
kept at room temperature. Such a solution is
stable for 12 weeks [20]. Borate buffer was pre-
pared by adjusting 100 mM disodium tetraborate
solution to pH 9.2 with 10 mM boric acid. The 15
mM phosphate buffer was made up each week by
dissolving potassium dihydrogenphosphate in wa-
ter and adjusting the pH to 3.5 with phosphoric
acid. The mobile phase was tetrahydrofuran-ace-
tonitrile—phosphate buffer (pH 3.5) (4:24:72, v/v/
v). After mixing, the pH of the mobile phase was

50;H ¢H;, + @ SO3H(CH,)1N
N ( S —_
; NH; o OH

COOH

Taurine Fluorescamine Fluorophor

Fig. 1. Derivatization of taurine with flucrescamine.
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Fig. 2. UV absorbance spectrnm of taurine derivative.

assessed, then it was filtered under vacuum
through a 0.45 pm Millipore filter and sonicated
for 20 min.

24. HPLC system

The high-performance liquid chromatograph
was equipped with a Waters (Miliford, MA,
USA) model 510 dual-piston pump, a Waters
Model 486 tuneable absorbance detector and a
Waters model 746 data module. The Rheodyne
injection port (Cotati, CA, USA) was fitted with a
20 ul loop. A C-8 guard column was fitted prior
1o the Bondclone C-18 10 um stainless-steel ana-
Iytical cofumn (300 mm x 3.9 mm i.d.). The flow
rate of the eluent was | ml min—"', the system
pressure was approximately 1100 psi and all mea-
surements were made at ambient temperature. UV

detection was carried out at 385 nm, the maxi-
mum absorbance wavelength for the taurine
derivative (Fig. 2).

2.5. Sample preparation

Blood samples were taken from fasting volun-
teers in glass tubes containing sodium citrate as
anti-coagulant. Large-bore butterfly syringes were
used so as to minimize cell damage, since this can
result in platelet ruption and hence give rise to
falsely elevated levels of basal taurine present in
the plasma. Platelet-rich plasma (PRP) was ob-
tained by centrifugation for 5 min at 170g at room
temperature. Platelet-poor plasma (PPP) was ob-
tained by centrifugation for 15 min at 1500g at
room temperature. Care was taken during pipet-
ting so as not to disturb the bufly coat layer.
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For the preparation of spiked platelet-poor
samples, 5 ul of the taurine standard solution
were added to 95 ul of plasma to give standards
with 0, 5, 10, 20 and 30 pg mi~! of taurine
added. Each sample (100 ul ) was treated with 150
ul of super-purity acetonitrile, vortex mixed and
centrifuged for 10 min at 5800g. Borate buffer (50
ul, 100 mM, pH 9.2) was added to adjust the
supernatant to approximately pH 9. Then 50 ul of
fluorescamine in acetonitrile (5 mM) were added
and the solution was immediately vortex mixed.
Sampies were analysed on the HPLC system
within 6 h.

3. Results and discussion
3.1. Optimization of protocol

3.1.1. Optimization of sample preparation

Initial experiments centred on ultrafiltration as
a method of sample preparation. Microcon-3 con-
centrators with a molecular mass cut-off of 3000
were used in conjunction with Micropure separa-
tor inserts for removal of large molecules prior to
derivatization and analysis. The centrifugation
time was found to be very long (appproximately
140 min) and, although there was a concentrating
effect, few of the lower molecular mass interfer-
ents were removed. Clean-up with reversed-phase
solid-phase extraction cartridges resulted in a
large dilution factor and poor clean-up and recov-
ery. With the anion- and cation-exchange
columns, the aim was selectively to retain or
selectively to elute the taurine. It was not possible
to retain the taurine on the columns under any
circumstances and, in fact, extra impurities were
introduced. Perchloric acid proved to be an
efficient deproteinization agent, but it was subse-
quently difficult to raise the pH reproducibly prior
to derivatization. Boiling was found to give poor
reproducibility and methanol was required in a
3:1 ratio to the sample in order to effect complete
precipitation of proteins. Deproteinization by ace-
tonitrile proved to be the most facile and repro-
ducible method of sample preparation and was
the easiest to execute,

3.1.2. Optimization of reaction conditions

The pH at which the derivatization of taurine
takes place is crucial to the reaction. The pH must
be >8.5 and the optimum is 9. Fluorescamine
was dissolved in acetonitrile because of its com-
patibility with the deproteinized supernatant and
its suitability as a non-hydroxylic but water-mis-
cible solvent. Immediate mixing is essential for
maximum response.

3.1.3. Optimization of mobile phase

The original mobile phase consisted of acetoni-
trile and phosphate buffer. Originally, this was
optimized with the composition acetonitrile—
phosphate bufler (pH 2.5, 15 mM) (35:65, v/v).
Although this gave good chromatography for
aqueous standards, in plasma samples taurine co-
eluted with other components. Methano! was used
as an organic modifier at various ratios with little
success, but tetrahydrofuran changed the selectiv-
ity, which improved the resolution between tau-
rine and other endogenous compounds. Hence the
final composition was tetrahydrofuran—acetoni-
trile—phosphate buffer (15 mM) (4:24:72, v/v/v).
A variety of pH values were examined, 1.6, 2.5,
28, 3.5 and 4.0, and at pH 3.5 taurine was
adequately separated from other closely eluting
amino acid derivatives such as alanine, arginine,
asparagine, aspartic acid, glutamic acid, glu-
tamine, glycine, serine, threonine and valine.

3.2. Quantitative analyses of standards

3.2.1. Calibration and calculation

The spiked samples of platelet-poor plasma
were quantified by external standardization. The
slope and intercept of the calibration graphs were
determined by unweighted linear regression of the
taurine peak height versus the concentration of
taurine added.

3.2.2. Precision

Precision was defined in terms of the variability
between batches (inter-assay) and within batches
(intra-assay). Inter-assay variation was assessed
singly in four replicate runs covering the concen-
tration range 5-30 um ml ~ ', Intra-assay variabil-
ity was determined in quadruplicate in the same
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Table 1
Precision data

Amount added (xg/ml} Mean amount found + SD {(ug/ml) RSD (%) Difference between added and found (%)
Intra-assay (repeatability)
S5mn=13 456 +041 9.01 —8.87
10 10.30 £ 0.66 6.38 -3.03
20 20.50 + 0.59 2.90 -2.5¢
30 2063 +1.17 395 +1.21
Mean: 5.56 Mean: 4.38
y=350.28x—192.77
r=10.9998
Inter-assay (reproducibility)
5 4.82 +0.26 5.33 +3.56
10 10.22 £ 0.58 5.69 -2.21
20 20.00 + 0.6% 3.43 -0.02
30 29954 0.31 1.05 +0.15
Mean: 3.87 Mean: 2.75

p=1347.74 (£ 19.85)x—~179.11 { £ 125.78)
r = 0.9995 + 0.0002

concentration range. The precision of the method
was described by the mean relative standard
derivation (RSD), and this was found for taurine
when the peak heights were interpolated as un-
knowns on the regression lines. For inter-assay
variation (reproducibility), the interpolations were
based on the four regression lines generated from
the four replicate runs, and for intra-assay varia-
tion (repeatability), the interpolations were based
on a single regression line generated from the
quadruplicate run. Because human plasma con-
tains a basal level of taurine, platelet-poor un-
spiked plasma shows a small peak in the
chromatogram that was assumed to correspond to
taurine. An unspiked platelet-poor sample was
run with each calibration and the height of the
taurine peak was subtracted from the taurine
peak in each of the spiked samples. Precision
data, calculated on the basis of the subtracted
results, are presented in Table 1, and they demon-
strate that the reproducibility (mean RSD=
3.87%) and repeatability (mean RSD = 5.56%) of
the methods are within accepted values for clinical
analyses. These results were compared with data
from unsubtracted values {i.e. where the peak in
the blank sample was not subtracted from the
spiked standards), and it was found that the over-
all precision values were higher (4.08% and 6.75%

for reproducibility and repeatability, respectively)
and there was greater variability in precision
amongst individual values,

Taurine

Platelét-rich
Plasma

/

/

Platelet-poor
Plasma

Fig. 3. Platelet-poor and platelet-rich plasma from one volun-
teer. Column, Bondclone C-18, 10 pm, 300 x 3.9 mm id.).
Mobile phase, tetrahydrofuran—acetonitrile-phosphate buffer
(15 mM, pH 3.5) (4:24:72). Sample preparalion as described in
text.
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Table 2
Comparison of previous methods and results

Ref. Derivatizating agent/
detection method

Method of collecting and treating blood

Taurine levels found (ug/ml—")

121} OPA /fluorescence Human:
Antecubital vein, vacutainer 7 ml! glass tubes PPP: 5.6 £ 0.5 PRP: 1619
with EDTA. PRP: 1000g, 15 min, 4°C {PC: 200-450 000 per ml plasma)
PPP: 12 100g, 30 min. 4°C

122} OPA /fluorescence Human:
Method not quoted Quoted: 7.4 + 1.5

[23] OPA /fluorescence Human:
Heparinized tubes, 2000g, 10 min 5.0+£09

f24] OPA/UY Rat:
Whole blood 41.9+49

[13] OPA/UV Rai:
Inferior vena cava using heparinized syringes 126+ 1.6
Chick:
Cardiac puncture, 1400g, 10 min 13.5 +0.04

[25] Dansyl chiloride/ Feline: Chilled heparinized syringes, 2677g 3.0+03

fluorescence

3.2.3. Linearity and accuracy

The correlation coefficient of the regression line
for the mean intra-assay values was 0.9998 (sub-
tracted data) and 0.9985 (unsubtracted data). Ac-
curacy (presented in Table 1), as defined as the
percentage difference between the amount added
and the amount found by back-calculation, was
usually less than 5% with mean values of 4.38%
and 2.75% for within-batch and between-batch
analyses, respectively.

3.2.4. Recovery

Recovery may be calculated in absolute or rela-
tive terms. In the calculation of absolute recovery,
the peak response of an extracted standard is
compared with that of unextracted standards that
are prepared to the same theoretical concentration
as the extracts. Relative recovery is calculated by
comparing peak responses of extracted matrix
standards against those of extracted aqueous stan-
dards. This procedure was used to account for the
presence of acetonitrile in the sample to be in-
jected. Using this method, the relative recovery of
taurine from plasma was found to be 89.7%.

3.2.5. Limit of quantitation
The limit of quantitation was found to be 5 ug
ml ~! taurine in plasma samples.

3.2.6. Selectivity

Taurine is adequately separated from endoge-
nous plasma components, as can be seen in Fig. 3.
A number of amino acids are inherently present in
both platelet-poor and platelet-rich plasma and
the ten thought most probable to interfere (as
mentioned in Section 3.1.3) were subjected to the
same extraction and separation conditions and, by
adjustment of the mobile phase pH and aqueous-
to-organic ratio, it was possible to resolve these
compounds from the taurine peak. In fact, it is
expected that the method described could be ap-
plied to the simultaneous determination of taurine
and other amino acids.

3.3. Quanritative analyses of samples

The main difference between platelet-poor and
platelet-rich plasma from the same volunteer is
the height of the taurine peak (Fig. 3). The level
of taurine in PRP is usually of the order of four
times greater than in PPP [21], but this depends
not only on the number of platelets present but
also on how the sample was taken and treated.
The role of piatelets should be considered, since
the platelet count can vary from 100000 to
500 000 per ml of plasma with factors such as age,
sex, health and sample treatment playing a part.
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In the literature, it is often unclear whether or not
platelets are present in plasma samples being
analysed for taurine because protocols for blood
collection may not be described or may often omit
certain procedural steps (Table 2). Different sy-
ringes and collecting vials for the blood samples
are used, different g-forces and temperatures are
common during the centrifugation step and pipet-
ting of the supernatant can cause cell rupture if
sufficient care is not taken.

It was found that the platelets could be re-
moved from plasma with minimum rupture if the
samples are collected with the large-bore butterfly
syringes. This procedure ensures that taurine in
platelet-poor plasma is minimized. However, it
should be noted that there is always a basal level
of taurine present in human plasma. Other work-
ers have circumvented this problem and obtained
taurine-free, platelet-free plasma by using plasma
from kittens raised on a taurine-free diet. Feline
plasma naturally contains low concentrations of
taurine (see Table 2).

Samples of PRP from three different sources
were determined by interpolation of the peak
heights as on a calibration curve (5-30 g mi ).
Results from the individual in Fig. 3 gave a value
of 15.0 ug ml—!, while values from two pooled
PRP samples were calculated to be 16.4 and 18.5
ug ml—1. All three results are within the expected
range according to literature values.

4. Conclusions

Fluorescamine can be used for the pre-column
derivatization of taurine and allows the estimation
of taurine levels in platelet-rich plasma. Other
analyses have difficult and labour-intensive sam-
ple preparation and some involve derivatization
procedures that require quenching andj/or the
presence of co-solvents in order for the reaction to
take place. Many are prone to interference from
the derivatizing agent itself and there are dis-
crepancies in the stability of derivatives. The
method presented here offers a simple, efficient
and rapid method for the determination of taurine
in platelet-rich plasma, with comparable sensitiv-
ity to fluorescence methods, where a result is

feasible within 1 h of taking blood from a patient.
With escalating work into the quantitation of
taurine in human plasma for medical purposes,
the simplicity of this assay will be of great benefit
to clinical research.
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