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ABSTRACT 

A high-performance liquid chromatographic method for the 
evaluation of taurine in human plasma samples is presented. Two 
different extraction procedures have been employed: perchloric acid 
extraction and filtration using the CF-50 Amicon membrane, obtaining 
comparable results. After extraction the samples were derivatized with 
the 4-dimethylaminoazobenzene-4'-sulfonyl chloride (DABS-CI) reagent 
and the DABS-derivatives, included DABS-taurine, analyzed by 
reversed-phase HPLC obtaining a sensitivity at picomole level. 
However, the plasma filtration using the CF-50 Amicon membranes is 
a quicker procedure (10 min) also allowing the simultaneous evaluation 
of acid-labile amino acids such as asparagine, glutamine and tryptophan 
and a higher recovery of taurine (r96%). The taurine levels in human 
plasma samples of ten normal adults (mean age, 20 years) using the 
perchloric extraction and the plasma filtration were 38+5 and 42+4 
nmol/ml of plasma respectively. 
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348 STOCCHI ET AL. 

INTRODUCTIOI\J 

Taurine (2-aminoethanesulfonic acid) is an amino acid containing 

sulphur widley distributed in vertebrate tissues. It is present in relatively 

high concentrations in several vital organs where it could regulate some 

of their physilogical functions (1). The role of this amino acid in the 

enteroheptatic circulation of bile salts, in the renal transport and in the 

binding of calcium ions in the myocardial tissue is known (2). In the 

central nervous system taurine is important as a neurotrasmitter and a 

neuromodulator (3-6). Human, nonhuman primate species and cats 

present a poor ability to synthesize taurine so they are largely dependent 

on an exogenous source. The symptoms of a taurine depletion in these 

species are eye defects and growth retardation (7). Some authors have 

shown a possible relationship between a lower level of taurine in the 

plasma and a depressive illness (5) as well as differences between 

plasma levels of this metabolite in epileptic and non-epileptic children 

(8). Stephan et al. (9) using human hepatoblastoma cell line (Hep G2) 

have shown that taurine enhances the LDL receptor activity suggesting 

an interesting role of this metabolite on hepatic cholesterol catabolism. 

Taurine is present in tissues and physiological fluids in a very low 

concentration, ranging approximately from 1-50 pM. For this reason a 

method with high sensitivity is requirred for its evaluation. In the last 
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TAURINE IN HUMAN PLASMA SAMPLE 349 

few years high-performance liquid chromatography (HPLC) analysis 

has become the most successful method for taurine determination. 

Many authors have reported different HPLC methods for the evaluation 

of this amino acid. Reversed phase HPLC determination either a pre- 

column derivatization with o-phthalaldeyde (OPA) (10,l l ) ,  o- 

phthalaldeyde + 2-mercaptoethanol (1 2,13), dansyl chloride (1 4,15), 

phenylisothiocyanate (PITC) (1 6 )  or a post-column derivatization (1 7) 

have been described; other authors have proposed ion-exchange HPLC 

chromatography (1 8-21). 

In this paper we report a procedure (extraction and RP-HPLC 

analysis) which allows to evaluate the concentration of this metabolite 

in human plasma samples with a sensitivity at picomole level. 

Furthermore this procedure allows the simultaneous analysis of the 

standard amino acids and some of their derivatives (22). The procedure 

proposed can also be applied to evaluate the distribution of this 

compound in other physiological fluids such as amniotic liquid or in the 

supernatant of cell cultures as well as in food samples. 

Chemical. DABS-CI were purchased from Fluka 

(Buchs,Switzerland). Free L-taurine for the preparation of DABS-taurine 
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350 STOCCHI ET AL. 

calibration mixture was obtained from Sigma (Sigma Chemical Co., St. 

Louis, MO). Acetonitrile, ethanol, isopropanol of HPLC grade and 

potassium dihydrogen phosphate and the other chemicals were 

purchased from Carlo Erba (Milan, Italy). CF50 Amicon membranes 

were obtained from Amicon (Lexington, MA). Triple-distilled water was 

prepared in the laboratory and used for the preparation of buffers. The 

buffers used for the HPLC analysis were filtered through a 0.22-pm 

Millipore filter (Millipore, Bedford, MA). 

HPLC analysis. A Gold liquid chromatographic system from 

Beckman (Beckman, Berkeley, CA) was used throughout this work. This 

system consisted of two Model 126 pumps, a PC-8300 solvent 

programmer, a Model 210 sample injection valve, and a Model 166 

variable-wavelength uv-visible range detector, equipped with a 1 2 4  

flow cell. Integration of peak areas was obtained by means of a 

Shimadzu C-R6A Chromatopac electronic integrator (Shimadzu Corp., 

Kyoto, Japan). The separation of DABS-amino acids was performed 

using a 3-prn Supelcosil LC-18 T column (15 cm x 4.6 mm i.d.) protected 

with a guard column 5-pm Supelcosil LC-18 T (2 cm x 4.6 mm i.d.) 

(Supelco, Bellefonte, PA). The mobile phases used were: 

25 mM potassium dihydrogen phosphate, pH 6.8 (solvent A), and 

acetonitrile-isopropanol (80:20) (solvent B). The gradient program was: 
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TAURINE IN HUMAN PLASMA SAMPLE 351 

1 min at 20% of solvent B, 4 min at up to 23% of solvent B, 7 min at 

23% of solvent 6, 11 min at up to 27% of solvent B, 7 min at 30% of 

solvent B, 9 min at up to 60% of solvent B, 1 min at up to 70% of solvent 

B, 5 rnin at 70% of solvent B. The gradient was then returned in a minute 

to 20% of solvent 6 and the initial condition restored in 6 minutes. The 

flow rate was 1.5 ml/min and the detection was performed at 436 nm. 

The separation of free amino acids present in human plasma, as DABS- 

derivatives, reported in Fig. 1, was obtained using the analytic conditions 

described. A calibration curve was performed injecting different amounts 

of DABS-taurine ranging from I to 50 pmoles. For more details 

concerning the HPLC separation of DABS-amino acids see Srocchi 

eta/. (22). 

Blood Collection. The human blood samples used for the 

experiments were obtained from 10 normal adult subjects with a mean 

age of 20 years. The blood was collected in heparin and immediately 

centrifuged at 3000 rpm x 10 minutes, at 4°C. The plasma was removed 

and used for the following extraction with perchloric acid or filtration 

through a CF-50 Amicon membrane. 

Extraction with Perchloric Acid. To one milliliter of plasma 0.5 ml 

of 5% (viv) perchloric acid solution was added. The sample was 
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Fig. 1 Determinatiop of DABS-taurine in human plasma by reversed- 
phase high-performance liquid chromatography using a Supelcosil LC-18 T 
(15 cm x 4.6 mm i.d.), 3-pm particles, column. The experimental conditions 
to obtain the separation are described in detail under "Materials and Methods". 
Solvent A, 25 mM potassium dihydrogen phosphate, pH 6.8; solvent 8, 
acetonitrile-2-propanolo (80:20). Flow rate, 1.5 mlimin; room temperature. 5 
pl of sample were injected for the HPLC analysis. @, By-products originating 
from the excess of reagent. The chromatogram was obtained using a 
variable-wavelength detector, Model 166, from Beckman equipped with a 12 
vl flow cell. 
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centrifuged at 3000 rpm x 10 min, the supernatant removed and 

neutralized with K,CO, 3M. The solution was again centrifuged at 3000 

rpm x 5 minutes and the supernatant was removed and brought to a 

final volume of 2 ml. 10 pl were used for the reaction with DABS-CI as 

reported below. 

Filtration on CF-50 Amicon membrane. 4 milliliters of plasma 

were placed on a CF-50 Amicon membrane and centrifuged at 2500 rpm 

x 10 minutes. 10 p1 of the filtrate were used for the dabsylation procedure 

reported below. 

Perivatization with DABS-CL 10 microliters of plasma sample 

either perchloric acid extract or filtrate were derivatizated in an 

Eppendorf tube adding 10 pI of 0.1 M sodium hydrogen carbonate, pH 

9.0 and 40 PI of DABS-CI solution (4 nmol/ pl acetonitrile, freshly 

prepared). The reaction was performed at 70°C x 10 min and the 

volume was brought to 500 ul with 70% (v/v) ethanol solution. The 

sample was centrifuged at 14000 rpm x 3 min and 5 pl used directly 

for the HPLC analysis as previously described (22). Sample after 

perchloric extraction has half the concentration compared with the 

sample obtained after filtration on CF-50 Amicon membrane. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
0
8
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



354 STOCCHI ET AL, 

RESULTS AND DISCUSSION 

The DABS-CI reagent used for precolumn derivatization of 

primary and secondary amino acids can also be used for evaluation of 

L-taurine. For this metabolite a possible role has been proposed as 

neuromodulator and neurotransmitter also involved in many other 

biological processes (4-5). Furtermore, this metabolite is usually present 

in physiological fluids in very low concentrations (pMolar range) and 

therefore a method with high sensitivity for its evaluation is required. 

For this purpose the precolumn derivatization using the DABS-CI 

reagent seems appropriate giving a sensitivity at picomole level. 

In Fig.1 reports the complete RP-HPLC separation of amino acids 

present in human plasma (included L-taurine) as DABS-derivatives, 

using the method reported in this paper. The method shows a high 

reproducibility and a sensitivity at picomole level. Table I reports the 

plasma concentration of taurine of 10 normal adult human subjects. 

These data have been compared with those obtained by other authors 

(4-5) using different conditions of extraction and analysis (4-5). In our 

case we used a perchloric acid extraction and filtration of plasma with 

CF 50 Amicon membranes, obtaining the same results. However, 

plasma filtration is a more rapid procedure which also allows the 

simultaneous evaluation of plasma acid-labile amino acids such as 
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TABLE I 

TAURINE LEVEL IN HUMAN PLASMA OF NORMAL ADULTS 

Reference Tauri ne (nmol/ml) 

Tachiki (3) 

Perry (2) 

Present study 
(perchloric extraction) 

(plasma filtration) 

45+4 

56k2 

3823 

42f4 

Data are expressed as nmoles per milliliter of plasma and are the mean value 
(+standard deviation) of 10 blood samples, from normal adult subjects (mean 
age, 20 years), centrifuged immediately after collection. 

asparagine, glutamine and tryptophan. The procedure proposed 

(extraction and HPLC analysis) could also be used for the evaluation 

of this metabolite in other physiological fluids. 
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