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ABSTRACT 

A rapid, sensitive method for the analysis of taurine in oys- 
ter hemolymph (blood) has been developed. 
stituted isoindoles formed by the reaction of taurine and other 
amino acids with 2-phthaldialdehyde/ethanethiol reagent were sepa- 
rated on a reverse phase, high performance liquid chromatographic 
column. 
of the sodium i o n  in the phosphate buffer in order to maintain an 
adequate resolution of both taurine and tyrosine from g-alanine 
and arginine. Calibration plots of the fluorescent taurine deri- 
vative were linear over 2.5 orders of magnitude with a limit of 
detection of 0.10 nanomoles per ml of oyster hemolymph. 

Highly fluorescent, sub- 

It was necessary to carefully control the concentration 

INTRODUCTION 

Recent reports have indicated that the amino acid, taurine 
(2-aminoethanesulphonic acid), plays a key role as a neuromodulator 
in the central nervous system of humans (1,Z). Taurine is found in 
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810 STUART ET AL. 

the retina, heart muscle and brain tissue of vertebrates. 

concentrations of taurine in salt water invertebrates and its ab- 

sence in fresh water organisms has led to the hypothesis that 

taurine plays an important role in the regulation of osmotic pres- 

sure ( 3 ) .  A co-author, s. Y. Feng (4), has studied the free 

amino acid composition in the hemolymph of normal and parasitized 

oysters. Significant increases in the levels of taurine, aspartic 

acid, glutamic acid, threonine and phosphoserine were observed in 

infected oysters. 

ably reflected the host's compensatory effort to replenish the 

depleted amino acid pools and to maintain osmotic regulation ( 4 ) .  

We were interested in developing a rapid and sensitive method for 

determining taurine and the other amino acids that were reported 

by Feng, et al. (4), to be in the range of 50 to 400 nanomole per 
ml of oyster hemolymph. 

High 

Feng, et al., proposed that the increases prob- 

Amino acid analysis on an amino acid analyzer using ion-ex- 

change columns and post-column derivatization with ninhydrin has 

been well established (5). Of the many high performance liquid 

chromatographic analyses that have been reported, most have in- 

volved a prior separation of the free amino acid on an ion-ex- 

change column followed by post-column derivatization. 

drin/g-phenylacetaldehyde reaction ( 6 ) ,  the fluorescamine reaction 

(7) and the 2-phthaldialdehyde/2-mercaptoethanol reaction (8) have 
all proved useful for post-column derivatization. 

studies of the fluorescent characteristics of the fluorescamine, 
ninhydrin, 2-diacetylbenzene and 2-phthaldialdehyde/2-mercapto- 

ethanol derivatives of amino acids have been reported (9-11). 

The ninhy- 

Comparison 

High performance liquid chromotography, especially with re- 

verse phase columns offers greater efficiency, ease of use and 

higher flow-rates over conventional ion-exchange columns. 

vide for both an effective separation on either normal or reverse 

phase columns and an adequate detection, pre-column derivatizations 

to form dansyl (12, 13), or phenylthiohydantoin (PTH) (14) deriva- 
tives have been employed. Recent studies have involved the 

To pro- 
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SEPARATION AND MEASUREMENT OF TAURINE 811 

pre-column derivatization with yphthaldialdehyde/2-mercaptoethanol  

of gentamicin in serum (15) and biogenic amines in human plasma, 

urine and tissue (16). 

Until recently, little was known about the structure of the 

highly fluorescent compounds formed in the reaction between primary 

amines and g-phthaldialdehyde/2-mercaptoethanol. 

have recently reported nuclear magnetic resonance and infra-red 

spectroscopic studies which showed that 1-alkylthfo-2-alkyl sub- 

stituted isoindoles were formed when alkylthiols and alkylamines (or 
amino acids) were condensed with 0-phthaldialdehyde (17,18). The 

chemical structure of the proposed substituted isoindole formed by 

the reaction between taurine and 2-phthaldialdehydefethanethiol 

appears below. 

Simons and Johnson 

CH3 
- +  + + - CHZ - CH2 - So3 X where X+ = Na or H 

STRUCTURE 1 ~- 

Simons and Johnson noted that the substituted isoindole formed by 

the reaction of propylamine and g-phthaldialdehyde/2-mercaptoethanol 

was unstable and degraded to an ethylene sulfide polymer and 2,3- 
dihydro-1-H-isoindol-1-one (17). By using ethanethiol, a thiol lack- 

ing the 2-hydroxyl group, in place of 2-mercaptoethanol, the stabil- 

ity of the substituted isoindole increased significantly. 

when the ethanethiol derivative was first prepared in aqueous buffer 

and then transferred to a 95 percent ethanol solution, the relative 
fluorescence increased by 60 to 70 percent in contrast to the 1 to 
6 percent increase for the 2-mercaptoethanol derivative (18). 

was for these reasons, that in our studies ethanethiol, instead of 

2-mercaptoethanol, was used, and the developed derivatization pro- 

cedure called for the rapid mixing in aqueous buffer and dilution 

of the derivatized amino acids in methanol. A full report of our 

Also, 

It 
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81 2 STUART ET AL. 

developed method for the determination of many of the biological 

important amino acids in the picomole range will be appearing (19). 

Noteworthy in this study was the fact that upon derivatization 

with 2-phthaldialdehyde/ethanethiol, taurine was retained for a 

considerable period of time on a reverse phase column. 

this has not been the case (5,20). Taurine, due to its sulfonic 

acid group and high water solubility, was usually eluted in the 

dead volume or just after the dead-volume from most reverse phase 

and ion-exchange columns. 

Normally, 

MATERIALS 

Apparatus 
Two different high performance liquid chromatographic systems 

were used. For the gradient elution studies, two Model 6000A 

pumps, controlled by a Model 660 Solvent Programmer and a U6K Uni- 
versal Injector (Waters Associates, Milford, MA) were employed. 
The Model FS-970 Liquid Chromatographic Fluorometer (Schoeffel 
Instrument Corp., Westwood, N.J.) with the following settings and 

characteristics was used for detection: 5 p L  flow-cell, excitation 

monochromator set at 229 nm, emission measured with a 470 nm cut- 
off filter, a sensitivity of 5.42. and a time constant of 0.5 sec. 
were used on the 1.0 PA full-scale, range setting. 

For the isocratic elution studies, a single Model 6000A 

pump was employed which was equipped with a U6K Universal Injector 
(Waters Associates) and a filter fluorometric, liquid chromoto- 

graphic detector (Fluorichrom, Varian Associates Inc. Palo Alto, 
CA). 

a 25 p L  flow-cell, a 325 nm band excitation filter and a 385 nm 

cut-off emission filter. 

two pen, electronic integrating recorder (OmniScribe, Model 5213-15, 
Houston Instr., Austin, TX). For the separation, on either instru- 

ment, one 30 cm X 3.9 mm p-Bondapak C,8 column (Part No. 27324, 
Waters Associates) was used. 

This fluorescent detector had the following characteristics: 

The chromatograms were recorded using a 
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SEPARATION AND MEASUREMENT OF TAURINE 813 

Chemicals -- 
Methanol and a c e t o n i t r i l e  were e i t h e r  d i s t i l l e d - i n - g l a s s  

(Burdick and Jackson,  Muskegon. MI) o r  ACS C e r t i f i e d  Reagent grade.  

The phosphoric ,  hydrochlor ic  and b o r i c  a c i d ,  as w e l l  as t h e  anhy- 

drous  disodium hydrogen phosphate ,  were ACS C e r t i f i e d  grade (F isher  

S c i e n t i f i c  Co., Fair lawn,  N.J.). Reagent grade water w a s  prepared 

by running t a p  water through coupled M i l l i  RO 4 and M i l l i - Q  

Systems (Mi l l ipore  Corp., Bedford, MA]. Taurlne (No. 15,224-2 

Aldr ich  Chemical Co.), amino a c i d  s t a n d a r d s  (AMAC s t a n d a r d  k i t ,  No. 

200655 P i e r c e  Chemical Co.) and 2-phthaldialdehyde (Fluoropa from 

Durrum Chemical Corp. a v a t l a b l e  as No. 26010, P i e r c e  Chemical Co.,  

Rockford, IL.) were used. 

Chemical Co., S t .  Louis ,  MO) was a l s o  used. E t h a n e t h i o l  was used 

as rece ived  (No. E370-8 Aldr ich  Chemical Co., Milwaukee, WI). Pre- 

packaged tetrabutylammonium phosphate w a s  used f o r  ion-pa i r ing  

s t u d i e s  (PIC-A, Waters Assoc ia tes ,  Mi l ford ,  MA). 

2-Phthaldialdehyde (No. P1378, Sigma 

P r e p a r a t i o n  of t h e  Stock Phosphate Buffer  

3.549 g of anhydrous Na2HP04 were d i s s o l v e d  i n t o  about  400 m l  

o f  water and t h e  pH a d j u s t e d  t o  7.2 w i t h  concentrated hydrochlor ic  

a c i d .  The s o l u t i o n  w a s  then  d i l u t e d  t o  volume i n  a 500 m l  volum- 

e t r i c  f l a s k  r e s u l t i n g  i n  a 0.0500 M s o l u t i o n .  Di lu ted  Phosphate 

Buffer  f o r  HPLC. Dai ly ,  125 m l  o f  t h e  above s t o c k  s o l u t i o n  were 

d i l u t e d  t o  500 m l  and then  f i l t e r e d  through a 0.45 pm membrane 

f i l t e r  (Mi l l ipore  Corp., Bedford, MA) immediately b e f o r e  use  i n  

t h e  HPLC. 

t i o n  t h a t  was 0.0250 M in sodium ions .  

This r e s u l t e d  i n  a 0.0125 M Na2HP04 s o l u t i o n  o r  a so lu-  

P r e p a r a t i o n  o f  Borate  Buffer  

Enough b o r i c  a c i d  w a s  added wi th  h e a t  t o  1.0 1 of water t o  

form a s a t u r a t e d  s o l u t i o n .  A f t e r  cool ing ,  t h e  superna tan t  phase 

was f i l t e r e d  and ad jus ted  t o  between pH 9.2 and 9.5 w i t h  sodium 

hydroxide. 
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814 STUART ET AL. 

- Prepara t ion  of t h e  o-Phthaldialdehyde/Eth_anethiol D e r i v a t i z i n g  

Solu t ion  -~ 
Preferab ly  i n  a 50 m l ,  amber volumetr ic  f l a s k ,  50.0 mg of 

- o-phthaldialdehyde were d isso lved  i n  t h e  minimum amount of methanol, 

50 p 1  of e t h a n e t h i o l  and 5.0 m l  of t h e  b o r a t e  b u f f e r  were added, 

v o r t e x  mixed and t h e  mixture  w a s  d i l u t e d  t o  volume w i t h  methanol 

and again mixed. It i s  recomended t h a t  t h i s  s o l u t i o n  be made 

d a i l y  and be p r o t e c t e d  from t h e  l i g h t .  

Prepara t ion  of t h e  Amino Acid S t a n d a r d s  

A 1 1  of t h e  amino a c i d s ,  except  f o r  t ryptophan,  were made i n  

aqueous s o l u t i o n  a t  t h e  l e v e l  of 5 .0  nanomoles/ml. 

t h e  c a l i b r a t i o n  p l o t s  of peak h e i g h t  and area c o n c e n t r a t i o n ,  

s t o c k  s o l u t i o n s  of each amino a c i d  s tandard  a t  t h e  100.0 nanomolel 

m l  l e v e l  were made us ing  an  a n a l y t i c a l  balance weighing t o  t h e  

n e a r e s t  0.01 mg (Model tl-54, Mettler I n s t .  Corp., Pr ince ton ,  N.Y.). 
Tryptophan was amde up i n  b o r a t e  b u f f e r .  

For o b t a i n i n g  

Recons t i tu t ion  of t h e  Oyster Hemolymph Samples 

Non-parasitized o y s t e r s  taken during J u l y  1978 from the waters 

near  t h e  Univers i ty  of Connect icut ,  Marine Research Laboratory,  

Noank, Connect icut ,  were exsanguinated v i a  t h e  adductor  muscle. 

The clear hemolymph samples, without  formed blood elements ,  were 

f r e e z e  d r i e d  and d e s s i c a t e d .  J u s t  p r i o r  t o  a n a l y s i s ,  t h e  f r e e z e  

d r i e d  samples were weighed and r e c o n s t i t u t e d  t o  t h e i r  o r i g i n a l  

volume with methanol. 

cen t r i fuged  f o r  about  5.0 min; t h e  r e s u l t i n g  c l e a r  superna tan t  

phase was used f o r  t h e  a n a l y s i s .  

- D e r i v a t i z a t i o n  of t h e  Oyster Hemolymph Samples 

The r e s u l t i n g  mixture  w a s  v o r t e x  mixed then 

To 0.100 m l  of t h e  clear superna tan t  phase was added 0.100 m l  

of t h e  borate b u f f e r ,  followed by 0.100 m l  of t h e  g-phtha ld ia l -  

dehydefe thaneth io l  d e r i v a t i z i n g  reagent .  

w a s  d i l u t e d  t o  about  2.0 m l  w i t h  methanol and 2.5 p l  were i n j e c t e d  

f o r  t h e  g r a d i e n t  e l u t i o n  ana lyses .  For t h e  q u a n t i t a t i v e  i s o c r a t i c  

ana lyses ,  0.100 m l  of t h e  clear superna tan t  phase w a s  mixed w i t h  

The r e s u l t i n g  s o l u t i o n  
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SEPARATION AND MEASUREMENT OF TAURINE 815 

0.500 ml of the 2-phthaldialdehydelethanethiol reagent. 

ing solution was diluted with methanol in an appropriate volumetric 

flask and vortex mixed. 

syringe with a Chaney Adapter (Model 701-NCH Hamilton C o . ,  Reno, NV). 

Derivatization Procedure for the Amino Acid Standards 

The result- 

A 10.0 p 1  aliquot was injected using a 

To a 1, 5 or 10 ml volumetric flask, appropriate volumes of 
the concentrated amino acid standards were mixed with 0.050 111 of 
the 2-phthaldialdehydelethanethiol solution. 

were then diluted to volume with methanol and vortex mixed. 10.0 ~1 

aliquots of derivatized B-alanine, tyrosine and taurine were in- 

jected using a syringe with a Chaney Adapter. 

The resulting solutions 

RESULTS AND DISCUSSION 

Ion-pair chromatography was attempted on non-derivatized 

taurine with tetrabutylamonium phosphate (PIC-A). Various solvent 

ratios of acetonitrile/water and methanollwater were investigated 

but were not successful as taurine appeared to be eluted in the 

dead-volume of the p-Bondapak C18 column. A recent application 

note has shown that the separation of amino acids as their dansyl 

derivatives can be enhanced by ion-pair chromatography (21). 

Studies on the reproducibility of the amino acid profiles re- 

vealed that the sodium ion concentration in the pH 7.2 phosphate buf- 

fer influenced the retention behavior of several of the g-phthaldial- 

dehydelethanethiol derivatized amino acids. 

tonitrile170 percent phosphate buffer solution, made by adjusting a 

0.1 percent by volume solution of phosphoric acid to pH 7.2 with 
solid NaOH, the relative retention of taurine to arginine was 0.74. 

Keeping the pH of  the buffer constant, the relative retention of 

taurine to arginine increased to 0.82 and to 1.17 when sodium 

chloride was added in the concentrations of 0.010 M and 0.10 M, 
respectively. Other studies, utilizing a 25 percent acetonitrile/75 

percent phosphate buffer, prepared from phosphoric acid, and diluting 

the buffer 1 to 2 and 1 t o  10 (pH unchanged on dilution) resulted in 

Using a 30 percent ace- 
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STUART ET AL. 816 

decreases in the relative retention of taurine to arginine from 0.82 

to 0.60 and to 0 . 2 9 ,  respectively. Using the linear solvent program 
from 9 to 49 percent acetonitrile/pH 7 . 2 ,  phosphate buffer, Table 1 
summarizes still other data that showed that there existed a signi- 

ficant increase in the relative retentions of taurine to arginine 
and of tyrosine to arginine as a result of increasing the sodium ion 
concentration of the phosphate buffer from 0.010 to 0.025 M. The 
retention times of arginine stayed relatively constant (17.75 to 
17.65 min) whereas the retention times of tyrosine changed from 13.8 

to 15.9 min and the retention times of taurine changed from 14.2  to 
16.7 min. 

Of importance is the fact that the resolution between taurine and 
tyrosine increased from 0.85 to 1.66 as the sodium ion increased. 

These results indicated that the preparation of a reproducible phos- 
phate buffer concentration was crucial or else irreproducible separa- 
tions occured. Further studies are in progress in order t o  investi- 

gate the effect of retention times of the derivatized amino acids, 

such as depicted by Structure 1, with concentration of not only 
sodium but other ions. 

TABLE 1 

The Effect of Increasing the Sodium Ion Concentration on the Rela- 
tive Retention Times of Taurine and Tyrosine. 

Apparent 
Molar Concentration Relative Retention of Resolution of 
of Sodium ion Taur ine/Arginine Tyros ine /Arginine Taur he/ Tyros inea 

0.010 

0.015 
0.020 
0.025 

.797 .774 0.85 

.862 .830 1.20 

.908 .870 1.45 

.946 .902 1.66 

a 
t(Tau)-Rt(Tyr) )/'" ('(Tau)+'(Tyr) ) Apparent resolution was calculated as (R 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
3
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



W
 

-J
 - a I- Z
 0
 

I- W
 

0
 
6
 - e
 

0
 

1 
I 

I 
I 

I 
I 

I 
I 

d
o

 
1

0
 

2
0
 

3
0
 

4
0

 
a
 

T
IM

E
, 

m
in

 
Fi
gu
re
 1
. 

A 
Gr
ad
ie
nt
 E
lu
ti
on
 P
ro
fi
le
 o
f 
th
e 
2-

ph
th

al
di

al
de

hy
de

/e
th

an
et

hi
ol

 
De
ri
va
ti
ze
d 

Fr
ee
 A
mi
no
 A
ci
ds
 E
xt
ra
ct
ed
 f
ro
m 
Oy
st
er
 h
em
ol
ym
ph
. 

Co
nd
it
io
ns
: 

Co
lu
mn
, 
u-
Bo
nd
ap
ak
 c
18
, 

30
 c
m 
x 
3.
9 

m
; 

Co
lv
en
t 

A 
- 
pH
 7

.2
, 
0.
01
25
 
M 
Na
2H
P0
4 
bu
ff
er
, 
So
lv
en
t 
B 

- 
CH
3C
N 
wi
th
 a
 

li
ne
ar
 p
ro
gr
am
 f
ro
m 

9 
to
 4
9 
pe
rc
en
t 

(S
ol
ve
nt
 B
/S
ol
ve
nt
 A
),
 
40
 m
in
 i
n 
du
ra
ti
on
 w
it
h 
a 
5 

mi
n 
is
oc
ra
ti
c 
ho
ld
 a
t 
15
 m
in
 f
ro
m 
th
e 
in
it
ia
ti
on
 o
f 
th
e 
pr
og
ra
m;
 

De
ri
va
ti
za
ti
on
 c
on
di
ti
on
s,
 a
mo
un
ts
 i
nj
ec
te
d 
an
d 
in
st
ru
me
nt
al
 p
ar
am
en
te
rs
 d
es
cr
ib
ed
 i
n 

th
e 
te
xt
. 

fl
ow
-r
at
e 
of
 2
.0
 
ml
/m
in
. 

cn
 

'd
 

m
 E I3
 

H
 

0
 

z
 

0
 

w
 03
 

c-
l 

U
 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
3
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



d
 
I
 

I- 
4 

(3
 
d
 
a
 - 

I
 

I 
I 

I 
I 

I 
0
 

5
 

10
 

1
5
 

2
0

 

T
IM

E
, 

m
in

 
Fi

gu
re

 2
. 

Sa
me
 O
ys
te
r 

He
rn
ol
ym
ph
 S

ho
wn

 i
n 
Fi

gu
re

 1
. 

So
lv
en
t 

- 
15
 p
er
ce
nt
 C

H3
CN
 a

nd
 
85

 p
er
ce
nt
, 

pH
 7
.2
, 

0.
01
25
 
M 

Na
2H

P0
4 
bu

ff
er

; 
fl

ow
-r

at
e 

1.
2 

ml
/m
in
. 

De
ri
va
ti
za
ti
on
 
co
nd
it
io
ns
, 

am
ou

nt
s 
in
je
ct
ed
 a

nd
 i

ns
tr

um
en

ta
l 

pa
ra

me
te

rs
 
de

sc
ri

be
d 

in
 t
he
 t

ex
t.
 Is
oc
ra
ti
c 
El
ut
io
n 
Pr

of
il

e 
of

 t
he
 D
er
iv
at
iz
ed
 
Fr

ee
 A
mi

no
 A
ci

ds
.E

xt
ra

ct
ed

 
fr

om
 t

he
 

Co
nd
it
io
ns
: 

Co
lu
mn
, 

v-
Bo

nd
ap

ak
 
C1

8,
 
30
 c
m 
x 

3.
9 

mm
. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
3
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



SEPARATION AND MEASUREMENT OF TAURINE 819 

Figure 1 shows a gradient elution profile of the g-phthaldial- 
dehydelethanethiol derivatized amino acids extracted from the 

hemolymph of a non-parasitized oyster. 

et al. (4), high concentrations, above 100 nanomoles/ml, were found 
for glycine, alanine and taurine. In an attempt to better quanti- 

tate the levels of amino acids, especially taurine, extracted from 

oyster hemolymph, isocratic elution at a lower flow-rate was em- 

ployed. Figure 2 shows a typical chromatogram. Unfortunately, 

under isocratic elution conditions with the less sophisticated 

liquid chromotographic instrument having the 25 p 1  fluorescent flow 

cell, but with the proper sodium ion concentration, the tyrosine 

peak is not adequately resolved from the larger taurine peak. How- 

ever, using derivatized taurine standards, it was determined that a 

linear calibration was obtained over 2.5 orders of magnitude in the 

range from 1.0 to 200 nanomoles/ml. The limit of detection for 

taurine was 0.1 nanomoleslml using the liquid chromatograph em- 
ployed for the isocratic elution studies. 

oped procedure and the available equipment, there is more than 

enough sensitivity to detect taurine, usually present in the 50 

to 400 nanomole range per ml of oyster hemolymph. 
merely to make the proper dilution of the reconstituted oyster 

plasma to work in the middle linear calibration range obtained for 

the standards. Further studies on the quantitative analyses of 

taurine and other amino acids not only in oyster hemolymph but 

also in other biological matrices are in progress. 
reagents similar to q-phthaldialdehyde/ethanethiol which should 

enhance the ultraviolet absorption of amines and amino acids are 
presently being investigated. 

In agreement with Feng, 

Thus using the devel- 

One needs 

Derivatizing 
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