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SEPARATION AND QUANTITATION OF 0-PHTHALALDEHYDE DERIVATIVES 

OF TAURINE AND RELATED COMPOUNDS I N  A H IGH PERFORMANCE LIQUID 

CHROMATOGRAPHY (HPLC) SYSTEM 

G.H.T. Wheler, and J.T. Russell  

Laboratory o f  Developmental Neurobiology 

National I n s t i t u t e s  o f  Health, Bldg. 36, Room 2A21, 
Bethesda, Maryland 20205. 

Nat ional  I n s t i t u t e  o f  Ch i l d  Heal th and Human Development 

ABSTRACT 

A sens i t i ve  s p e c i f i c  assay f o r  t a u r i n e  us ing  h igh  performance 
l i q u i d  chromatograpy and f luorescence measurement i s  described. 
The method employs precolumn d e r i v a t i z a t i o n  w i t h  o-phthalaldehyde 
i n  t h e  presence o f  e thaneth io l .  Taurine i s  c l e a r l y  separated from 
other  amino acids i nc lud ing  i t s  precursors hypotaur i  ne and cys te i  ne 
s u l f i n i c  acid. The f luorescence peak he igh t  i s  l i n e a r  between 1 
and 100 picomoles o f  taur ine.  There i s  c l e a r  separat ion o f  t a u r i n e  
from a contaminant o f  o ther  t a u r i n e  assays, a-glycerophosphoryl 
ethanol ami  ne. 

INTRODUCTION 

Taurine (2-aminoethanesulfonic ac id )  occurs i n  l a r g e  amounts 
i n  t h e  cent ra l  nervous system (1,2), as we l l  as i n  o the r  t i ssues  
such as t h e  hear t  (1,3). 
p lays an important r o l e  i n  t h e  body. 
t a u r i n e  has been shown t o  cause bl indness and r e t i n a l  degeneration 
i n  ca ts  (4,5), i n d i c a t i n g  i t  i s  an essent ia l  amino ac id  i n  t h i s  
species. Taurine l e v e l s  i n  a f fec ted  t i ssues  have been repor ted  t o  
be a l t e r e d  i n  several d i f f e r e n t  pa tho log ica l  condi t ions.  These 
inc lude ep i lepsy  (6 ,7 )  cardiac f a i l u r e  (3) and muscular dystrophy 
(8). 
unknown. It has been suggested t h a t  t a u r i n e  may have a r o l e  as a 
neuro t ransmi t te r  (9,lO) o r  as a membrane s t a b i l i z e r  (11,12). 

There i s  inc reas ing  evidence t h a t  t a u r i n e  
A d i e t a r y  de f i c iency  o f  

The r o l e  o f  taur ine ,  apar t  from b i l e  s a l t  metabolism, remains 
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1282 WHEELER AND RUSSELL 

A s p e c i f i c  q u a n t i t a t i v e  t a u r i n e  assay i s  o f  impor tance i n  
unders tand ing  t h e  p h y s i o l o g i c a l  r o l e  o f  t a u r i n e  i n  t h e  body. It 
i s  t h u s  o f  concern t h a t  v a r i a b l e  t i s s u e  l e v e l s  o f  t a u r i n e  have 
been r e p o r t e d  i n  t h e  same spec ies  when d i f f e r e n t  t a u r i n e  assays 
a r e  used (1,13). Moreover a c i d  h y d r o l y s i s  o f  t h e  same e x t r a c t s  
r e s u l t e d  i n  decreased l e v e l s  o f  t a u r i n e  measured (13,14). S ince 
a u t h e n t i c  t a u r i n e  i s  s t a b l e  a f t e r  h y d r o l y s i s  (15 ) ,  i t  i s  l i k e l y  
t h a t  t h e r e  i s  a contaminant  t h a t  may have l e d  t o  o v e r e s t i m a t i i o n  
o f  sane o f  t h e  t a u r i n e  l e v e l s  repo r ted .  A r e c e n t  paper by T a c h i k i  
and B a x t e r  (16 )  has examined t h i s  problem. They r e p o r t e d  t h a t  i n  
commonly used t a u r i n e  assays, u s i n g  amino a c i d  a n a l y s i s  w i t h  a 
s i n g l e  column, t h e  t a u r i n e  f r a c t i o n  i s  contaminated by  a-g lycero-  
phosphoryl e thano l  amine. Th is  was a ma jo r  contaminant  i n  amphibian 
b r a i n ,  b u t  a l s o  o f  p robab le  s i g n i f i c a n c e  i n  mammalian b r a i n  (14,16). 
Hence t h e  t a u r i n e  d i s t r i b u t i o n  i n  d i f f e r e n t  t i s s u e s  has t o  be 
reassessed. 

Thus t h e r e  i s  a need f o r  a s p e c i f i c  assay f o r  t a u r i n e  t h a t  
separates i t  from a-glycerophosphory l  e thano l  amine, as w e l l  as f rom 
s t r u c t u r a l l y  r e l a t e d  compounds. The comb ina t ion  o f  HPLC and f l u o -  
rescence d e t e c t i o n  i s  a power fu l  new t o o l  f o r  t h e  assay o f  amino 
ac ids.  
i n  t h e  p i como la r  range. 

The method desc r ibed  here u t i l i z e s  t h e  r e a c t i o n  o f  amino a c i d s  
w i t h  a m i x t u r e  o f  o-phthala ldehyde (OPT) and e t h a n e t h i o l  (ETSH) t o  
fo rm a h i g h l y  f l u o r e s c e n t  i s o i n d o l e  ( F i g u r e  1). 

E t h a n e t h i o l  was used r a t h e r  t h a n  2-mercaptoethanol ,  as  i t  has 
been r e p o r t e d  t o  be more s t a b l e  i n  t h e  above r e a c t i o n  t h a n  t h e  
l a t t e r  ( 1 7 ) .  T h i s  method i n v o l v e s  precolumn d e r i v a t i z a t i o n  o f  t h e  
amino ac ids ,  f o l l o w e d  by HPLC s e p a r a t i o n  on a r e v e r s e d  phase column 
which e l  im ina ted  i n t e r f e r e n c e  by t h e  compounds 1 i s t e d  above. 

We r e p o r t  a new s p e c i f i c  HPLC f l u o r e s c e n c e  assay f o r  t a u r i n e  

REACTION OF OPTA WITH ETSH AND AMINO ACID 

S-CHZ-CH3 
I 

CHO +HS-CH,-CH, - 
CHO + H,N - CH - COOH 

I 
R 

F i g u r e  1. The r e a c t i o n  o f  o -ph tha la ldehyde  (OPT) w i t h  e t h a n e t h i o l  
(ETSH) and amino a c i d  t o  y i e l d  a f l u o r e s c e n t  i s o i n d o l e .  
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DERIVATIVES OF TAURINE 1283 

MATERIALS 

&pa r a t  us 

The h igh  performance 1 i q u i d  chromatographic system (Waters 
Associates, M i l f o rd ,  MA) cons is ted  o f  t w o  pumps, (model 6000 A), 
a so lvent  programmer (model 660), and an i n j e c t o r  (model UGK). 
f l u o r m e t r i c  de tec to r  (Schoefel l  Westwood, NJ. model FS-970) w i t h  a 
5 p 1  f l o w  c e l l  was employed. 
and a c u t  o f f  f i l t e r  (470nm, Schott Opt ica l  Glass Co., Duryea, 
Pennsylvania) was used on t h e  emission side. 

Bondapak C18 colum (Waters Associates). 

A 

The samples were e x c i t e d  a t  229nm 

It was equipped with a 

Chemicals 

The f o l l o w i n g  so lvents  were used, A c e t o n i t r i l e  HPLC grade 
(F isher  S c i e n t i f i c  Co., F a i r  Lawn, NJ.) and Methyl a lcoho l  HPLC 
grade (Waters Associates, M i l f o r d ,  MA). Water was p u r i f i e d  us ing  
a M i l l i - 9  Water P u r i f i c a t i o n  System ( M i l l i p o r e  Corp. Bedford, MA). 
The f o l l o w i n g  chemicals were purchased: o-phthal aldehyde (P ie rce  
Chemical Co. Rockford, I L ) :  e thane th io l  ( A l d r i c h  Chemical Co. 
Milwaukee, W I ) ;  Na2HP04 ACS grade (F i she r  S c i e n t i f i c  Co.); NaHPOq 
7H20 ACS grade (Baker Chemical Co. Ph i l l i psbu rg ,  NJ); t au r ine ,  
hypot a u r i  ne , L -cys t e  i nesul f i n i  c a c i  d , L -cys t e i  c ac i  d , L -cys t e i  ne , 
cysteamine, B-alanine, L -arg in ine ,  L - ty ros ine ,  o-phosphoryl 
ethanolami ne, and L- a -glycerophosphoryl ethanolami ne (Sigma Chemical 
Co., S t .  Louis, MO). 0-phthalaldehyde was made up i n  absolute 
ethanol ,  10hg /10  m l ,  and s to red  a t  -20°C. 

Met hods 

The method used i s  m o d i f i c a t i o n  o f  t he  method repor ted  by 
Stuar t ,  and co-workers (18). 

Prepara t ion  o f  Phosphate B u f f e r  

Stock bu f fe r  s o l u t i o n  was made by weighing out 5.7969 o f  NaH2 
They were d isso lved i n  d i s t i l l e d  PO4 and 28.95 gm o f  Na2HP047H20. 

de ion ized water f rom a M i l l i - Q  p u r i f i c a t i o n  system ( M i l l i p o r e  
Corporat ion Bedford MA) and made up t o  1 l i t r e  i n  a vo lumet r ic  
f lask .  
water, i t  was f i l t e r e d  through a 0.22 pm membrane f i l t e r  ( M i l l i p o r e ,  
Bedford, MA), and then degassed be fore  use on the  column. 
b u f f e r  pH was 7.12, and 0.150 M phosphate, 0.258 M sodium. 

B u f f e r  f o r  use was mixed f r e s h l y  by  d i l u t i n g  i t  4 f o l d  i n  

The 
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1284 WHEELER AND RUSSELL 

Preparat ion o f  Borate B u f f e r  

so lu t ion .  
adjusted t o  between 9.2 and 9.5 w i t h  NaOH. 

Bor i c  ac id  was added t o  1 l i t r e  o f  ho t  water t o  form a sa tura ted  
The s o l u t i o n  was al lowed t o  cool ,  f i l t e r e d  and then pH 

Prepara t ion  of 0-phthal aldehydelEthanethio1 Der i  v a t i  v i ng  Mix tu re  
and Amino Ac id  D e r i v a t i v e  

Da i l y ,  e thaneth io l  was f i r s t  d i l u t e d  10  f o l d  i n  methyl a lcohol .  
25 ~1 (0.25 mg) o f  ophthalaldehyde was added t o  4.5 m l  o f  
methyl a lcohol ,  t o  which 0.5 m l  o f  bora te  b u f f e r  was added. 5 pl 
o f  d i l u t e d  e thaneth io l  was then added t o  t h e  mixture,  which was 
mixed we l l  and kept wrapped i n  aluminium f o i l  t i l l  i t  was used. 
200 p l  o f  t h i s  d e r i v a t i z i n g  m ix tu re  was then added t o  a s o l u t i o n  
made up o f  0.4 m l  o f  amino ac id  s o l u t i o n  i n  methyl a lcoho l ,  and 0.4 
m l  o f  bora te  bu f fe r .  The m ix tu re  was vortexed and a f t e r  a 10 
minute per iod  a 10 111 a l i q u o t  was added t o  390 p1 o f  sodium phos- 
phate b u f f e r  f o r  a p p l i c a t i o n  t o  the  HPLC column. It should be 
noted t h a t  a l l  operat ions employing e thaneth io l  add i t i ons  were 
made i n  a we l l  v e n t i l a t e d  hood t o  avoid t h e  extremely pungent 
smell o f  t h i s  compound. 

The c18 reverse phase column was e q u i l i b r a t e d  w i t h  9% a c e t o n i t r i l e  
i n  phosphate b u f f e r  (pH 7.12). 
i n  phosphate b u f f e r  was i n j e c t e d  on t h e  C18 reverse phase column 
using a Waters low volume f l o w  loop. 
l i n e a r  g rad ien t  9-223 a c e t o n i t r i l e  over a 15 minute per iod,  s t a r t e d  
a t  t he  t ime o f  i n j e c t i o n  (see F igure  3) ,  fo l lowed by  an i s o c r a t i c  
per iod  o f  15 minutes o f  22% a c e t o n i t r i l e .  This was fo l l owed  by a 
column wash w i t h  50% a c e t o n i t r i l e .  
was washed f i r s t  w i t h  10% methyl a lcohol  i n  water t o  remove a l l  t r aces  
o f  phosphate from t h e  column, then w i t h  75% methyl a lcoho l  ( i n  H20). 

200 P 1  o f  t h e  amino a c i d  d e r i v a t i v e  

The sample was e lu ted  w i t h  a 

A t  t h e  end o f  each day t h e  column 

Resul ts and Discussion 

The o-pht ha1 a1 dehyde/et hanet h i  o l  (OPT/ETSH) der i v a t  i zat  i on 
was shown t o  be a slow r e a c t i o n  reaching e q u i l i b r u i m  a f t e r  10 
minutes (F igu re  2). 
amount o f  amino ac id  was increased 10 fo ld .  
t o  w a i t  a t  l e a s t  10 minutes be fore  d i l u t i n g  the  sample f o r  chromato- 

(Retent ion time, R t ,  24.5 min) from othe r  r e l a t e d  compounds and 
from OPT- CL -glycerophosphoryl ethanolamine (Rt  18.5 min) (F igure  
3). 

The r e a c t i o n  was s l i g h t l y  slower when t h e  
Hence i t  i s  important 

The chromatographic system used c l e a r l y  separates OPT-taurine 

The method was h i g h l y  reproduc ib le ,  and the  OPT-taurine peak 

graphy 
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DERIVATIVES OF TAURINE 1285 

TIME COURSE OF OPTAIETSH DERlVATlZATlON 

100 - 

0-4 25nmoles Tsurine 

100 L 
9’ I Y’ 

/- 

0 

/ 
0 

-___-- -- 
Y-- 

0-4 25nmoles Tsurine 

M 250 nmoles Taurine 

1 I 
0 1 5 10 

Time (Min.1 

F igu re  2. Time course o f  o-phthalaldehyde-ethanethiol d e r i v a t i z a t i o n  
o f  t a u r i n e  a t  two d i f f e r e n t  amounts o f  t au r ine .  E x c i t a t i o n  
wavelength 340 nm, emission 470 nm. 

was found t o  have l i t t l e  v a r i a t i o n  i n  i t s  r e t e n t i o n  t ime  (F igu re  4). 
The method a lso  provides a q u a n t i t a t i v e  assay f o r  taur ine .  
assay was found t o  measure as l i t t l e  as 1 picomole o f  t a u r i n e  
app l ied  t o  the  column, and was l i n e a r  between 1-100 picomoles 
(F igu re  5 ) .  OPT-hypotaurine was a l so  found t o  g i v e  a l i n e a r  f l uo res -  
cence response f o r  inc reas ing  concent ra t ions  o f  t h e  amino ac id  
from 1-100 picomoles. However the  f luorescence response o f  OPT-8- 
a lan ine  was l i n e a r  between 1 and 10 picomoles. The f i g u r e  a l s o  
shows t h a t  t h e  f luorescence quantum y i e l d  o f  t he  d e r i v a t i v e s  i s  
d i f f e r e n t  w i t h  d i f f e r e n t  amino acids. Such a d i f f e r e n c e  f o r  f l uo res -  
cence y i e l d  has been descr ibed (20) and i s  probably due t o  the  
con f igu ra t i on  o f  t he  i n d i v i d u a l  f luorescent  i s o i n d o l e  formed. 

The 
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a 
a - 0.15 8 
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HPLC OF TAURINE AND 
RELATED COMPOUNDS 
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I 
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I 

I 

50 

40 

D 

5 
30 

a 
s! 
x 

- 
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20 j 
I 
I 

10 

Time IMin.) 

Figure 3. A grad ien t  e l u t i o n  p r o f i l e  o f  t h e  o-phthalaldehyde e thaneth io l  
d e r i v a t i z e d  taur ine ,  o ther  f r e e  amino acids,  and 
a -glycerophosphoryl ethanolamine. Condi t ions:  column 
Solvent A. pH 7.12, sodium phosphate b u f f e r ,  so l ven t  B - 
CH3CN w i t h  a l i n e a r  program from 9-22% CH3CN, fo l lowed by 
a 15 minute i s o c r a t i c  hold, be fore  50% CH3CN. Flow r a t e  
2.0 m l h i n .  For d e r i v a t i z a t i o n  cond i t i ons  see tex t .  Amino 
acids are: 1. cys te i c  ac id  2. c y s t e i n e s u l f i n i c  ac id  3. 
o-phosphoryl ethanol amine 4. aglycerophosphoryl ethanolamine 
5 .  a r g i n i n e  6. t y ros ine ,  B-alanine 7. hypotaur ine 
8. t a u r i n e  

Two o f  t h e  compounds tes ted ,  cys te ine  and cysteamine y i e l d e d  no 
f luorescent d e r i v a t i v e  w i t h  o-phthal aldehyde and e thane th io l  . 
This has been repo r ted  elsewhere (19). 
t r e a t e d  t o  g i ve  f l  urorescent de r i va t i ves ,  f o r  example a f t e r  
ox ida t i on  of t he  su lphydry l  group (19, 20). 

maintained even i n  the  presence o f  o ther  amino acids. 
method should be useful w i t h  b i o l o g i c a l  samples which would con ta in  

These compounds can be 

The 1 i n e a r i t y  o f  t he  f luorenscence response o f  OPT-taurine was 
Hence t h e  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
3
2
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



DERIVATIVES OF TAURINE 1287 

THE EFFECT OF CHEMICAL STRUCTURE ON RETENTION TIME 

Compound Structure Retention Time h i n l  

Taurine 

Hypotaurine 

/3-Alanine 

Tyrosine 

NYCH2CYSO$ 

NH$H2CH2SOji 

NHzCHzCH2CO$I 

Arginine 

4 -glycerophosphoryl 

ethanolamine 

0-phosphorylethanolamine 

Cysteinesulfinic acid 

Cvsteic acid 

NH = CNCH2CH2CHzCH-COzH 
I I 

NH2 NHZ 

CH20H 

H O ~ H  

Ck$0P03HCH2CH,NH, 

H,PO3CH&H,NHz 

NH,CHCH,SC+H 
I 
C02H 

N HzF H C H+O$ 

CO,H 

24.54 f 0.04 

22.97 f 0.06 

21.63f0.17 

21.63 f 0.1 7 

20.20 f 0.00 

18.47 f 0.09 

13.62 f 0.19 

6.21 f0.04 

4.97 f 0.06 

F i g u r e  4. Shows t h e  r e t e n t i o n  t i m e  ( R t )  f o r  t a u r i n e  and o t h e r  p r i m a r y  
amines. R t  i s  t i m e  i n  m inu tes  a f t e r  i n j e c t i o n  f o r  t h e  
f l u o r e s c e n t  peak. R e s u l t s  a r e  means f o r  6 samples 2 SEM. 

a number o f  d i f f e r e n t  amino ac ids.  
m a i n t a i n  an excess o f  reagen t ,  i e  o f  OPT-ETSH. A t  l e a s t  a 2 f o l d  
m o l a r  escess o f  d e r i v a t i z i n g  reagen t  t o  t h e  t o t a l  amount o f  f r e e  
amino groups was necessary t o  o b t a i n  a l i n e a r  response. I n  o r d e r  
t o  m i n i m i z e  day t o  day v a r i a t i o n s  i n  response i t  was a l s o  necessary 
t o  s t a n d a r d i z e  t h e  d e v i v a t i z a t i o n  p rocedure  as t o  t i m e  and temperature.  
I n t r a  assay v a r i a t i o n s  were m in im ized  by  u s i n g  t h e  same s t o c k  
s o l u t i o n  o f  OPT, which was s t o r e d  a t  -2OoC,  p r o t e c t e d  f rom l i g h t .  
The s l o p e  o f  t h e  f l uo rescence  response was a lmost  i d e n t i c a l  between 
assays. However a t  l e a s t  2 known c o n c e n t r a t i o n s  o f  t a u r i n e  were 
t e s t e d  i n  each assay. The s l o p e  of t h e  f l uo rescence  response does 
change when a d i f f e r e n t  s t o c k  s o l u t i o n  o f  OPT i s  used, wh ich  makes 
i t  i m p o r t a n t  t o  c o n s t r u c t  a complete s tandard  c u r v e  w i t h  each new 
s t o c k  s o l u t i o n .  

The method desc r ibed  h e r e  p r o v i d e s  s e v e r a l  advantages compared 
w i th  o t h e r  methods f o r  q u a n t i t a t i o n  o f  t a u r i n e .  
b o t h  f l u o r e s c e n c e  and HPLC combine t o  g i v e  a method t h a t  i s  b o t h  

However i t  i s  i m p o r t a n t  t o  

1. The use o f  
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h i g h l y  s e n s i t . i v e  and s p e c i f i c  because i t  g i v e s  a c l e a r  s e p a r a t i o n  
o f  t a u r i n e  f rom r e l a t e d  compounds. 2. The s e n s i t i v i t y  o f  measurement 
(as  l i t t l e  as 1 p i como le  o f  t a u r i n e )  i s  about 500 f o l d  g r e a t e r  
t han  f o r  commonly used i o n  exchange assays (16). The method 
has t h e  advantage o f  s e p a r a t i n g  t a u r i n e  f rom i t s  p r e c u r s o r s  h y p o t a u r i n e  
and c y s t e i n e  s u l f i n i c  ac id ,  compared w i t h  o t h e r  r e p o r t e d  methods 
where t h i s  i s  n o t  known (18,21). Recen t l y  Bask in  e t  a l .  Us ing a 
f a t t y  a c i d  a n a l y s i s  column and p o s t - c o l u m  d e r i v a t i t a t i o n  w i t h  
o -ph tha la ldehyde  (Bask in  e t  a l . ,  ( 22 ) )  found t h a t  t a u r i n e  and i t s  
p r e c u r s o r s  were separated. However i n  t h a t  method t a u r i n e  was 
n o t  v e r y  w e l l  r e t a i n e d  b y  t h e  column and t h i s  c o u l d  p r o v i d e  problems 
w i t h  b i o l o g i c a l  samples, s i n c e  t h e  e l u t i o n  volume o f  t a u r i n e  i s  
c l o s e  t o  t h e  v o i d  volume. I n  t h e  case o f  t h e  p r e s e n t  method, t h e  
use o f  pre-column d e r i v a t i z a t i o n  o b v i a t e s  t h e  need f o r  t h e  use o f  
a d d i t i o n a l  appara tus  necessary f o r  m i x i n g  t h e  reagen t  and a l s o  
reduces background f luorescence.  The 1 i n e a r i t y  observed w i t h  
o t h e r  amino a c i d s  h y p o t a u r i n e  and B - a l a n i n e  suggests  t h a t  t h i s  
method can a l s o  have wide use i n  t h e  q u a n t i t a t i v e  a n a l y s i s  o f  
o t h e r  p r i m a r y  ami nes. 

I n  c o n c l u s i o n  t h e  method desc r ibed  he re  shou ld  p r o v e  v a l u a b l e  
as a s e n s i t i v e  s p e c i f i c  assay f o r  t a u r i n e ,  e s p e c i a l l y  w i t h  smal l  
t i s s u e  samples and b i o l o g i c a l  f l u i d s .  Furthermore, t h i s  method 
does d i s c r i m i n a t e  between t h e  common i n t e r f e r i n g  substances 
encountered i n  these  samples. 
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