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QUANTITATIVE HPLC ANALYSIS OF PLASMA AMINO ACIDS 
AS ORTHOPHTHALDIALDEHYDE/ETKANETHIOL DERIVATIVES 

b 

W i l l i a m  Skea and Robert P f e i f e r  b Dennis H i l l ' ,  Larry Burnworth 

a Microchemistry Laboratory 
Universi ty  of Connecticut 

S t o r r s ,  Connecticut 

Waters Associates 
Milford,  Massachusetts 

ABSTRACT ---- 
A reverse  phase high performance l i q u i d  chromatographic 

method f o r  t h e  ana lys i s  of ylasma amino ac ids  i s  descr ibed.  
The method employs pre-column d e r i v a t i z a t i o n  with o-phthaldi- 
aldehyde using e thane th io l  as t h e  reducing agent.  
shows good l i n e a r i t y  and reproducib i l i ty .  An average o v e r a l l  
d i f fe rence  of 1 2 %  w a s  seen f o r  r e s u l t s  obtained by t h e  HPLC 
method versus those obtained with an m i n o  ac id  analyzer .  The 
chromatographic parameters of b u f f e r  concentrat ion and column 
temperature were also examined. 

The ana lys i s  

ITTRODUCTION 

More than 70 diseases  assoc ia ted  with defec ts  i n  amino 

ac id  metabolism have been reported (1). 

condi t ions r e s u l t  i n  abnormal plasma concentrat ions of one o r  

Since most of t h e s e  

s e v e r a l  amino a c i d s ,  plasma amino a c i d  concentrat ion p r o f i l e s  

have been usefu l  i n  t h e  diagnosis  of these  d isorders .  

2369 

Copyright 0 1982 by Marcel Dekker, Inc.  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
0
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



2370 HILL ET AL. 

Amino acids were first determined in physiological fluids 

by the classic method of Stein and Moore (2). This method 

utilized ion-exchange chromatography and the reaction with 

ninhydrin for the separation and detection of amino acids. 

Several modifications of this method have been developed (3,4) ; 

however, separation of amino acids in physiological fluids requires 

at least 4 112 hours.  

Amino acids in hydrolysates of proteins have recently been 

analyzed by HPLC as phenylthiohydantoin (5,6), dansyl (7) and 

o-phthaldialdehyde/thiol derivatives ( 8 , 9 ) .  Hill et al. (10) 

and Lindroth et a1.(8) have shown that amino acids in plasma 

can be determined in less than an hour by HPLC as o-phthaldi- 

aldehyde/ethanethiol (OPA/EtSH) or o-phthaldialdehyde/2-mer- 

captoethanol derivatives. The purpose of the present study 

was to characterize the optimal parameters necessary for the 

quantitation of plasma amino acids by HPLC as OPA/EtSH deriva- 

tives. 

MATERIALS AND METHODS 

Chromatographic System_ 

Waters Associates Liquid Chroxatographic Systems with 

two Model 6000~ pmys were used for all experiments. 

system utilized a Vodel 66q solvent programmer, a Model U6K 

injector and a Yewlett Packard KP3352D data system, whereas 

the other system utilized P “ode1 720 nicroprocessor solvent 

programmer, a WISP 7102 autonatic injector system and a Model 

One 
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PLASMA AMINO ACIDS 237 1 

730 d a t a  module. Both systems were equipped wi th  Schof fe l  

FS-970 fluorometers adjusted to  t h e  following parameters : 

e x c i t a t i o n  wavelength - 229 nrn; emission cut-off f i l t e r  - 

470 nm; time constant  - 0.5  s .  

ad jus t ed  so t h a t  t n e  pho tomul t ip l i e r  tube had an abso lu te  

s e n s i t i v i t y  of approximately 40 A / l m .  

The s e n s i t i v i t y  s e t t i n g  was 

A VBondapack C18, 30 em x 3.9 mm i . d . ,  r eve r se  phase 

column along with a C18/Corasil, 2 em x 3.9 mm i . d .  guard 

column was used f o r  a l l  analyses .  New columns were condi t ioned 

before  ana lys i s  of OPA/EtSH amino ac ids  by e q u i l i b r a t i n g  t h e  

column with 70% CH OH/H20 and then  programming t o  100% CH30H 

i n  15 min and allowing approximately 100 mL of  CH OH t o  flow 

over t h e  column. The solvent  was then  changed t o  100% water  

over a 15 min pe r iod .  The water was allowed t o  flow over  

t h e  column f o r  approximately 5 min. The so lven t  system w a s  

then changed t o  0.1% ( v / v )  H3P04 and approximately 200 mL of 

t h e  a c i d  w a s  allowed t o  flow through t h e  column. The column 

w a s  f lushed with water t o  remove t h e  phosphoric a c i d  p r i o r  t o  

e q u i l i b r a t i n g  with t h e  solvent  system descr ibed below. This 

procedure was found t o  be necessary t o  remove from t h e  column 

an a c i d  so lub le  component t h a t  r eac t ed  with t h e  OPA/EtSH reagent  

and caused r a p i d  degradation o f  t h e  column. The a c i d  wash of  

t h e  columns was r equ i r ed  only once. 

3 

3 

The temperature of t h e  column was maintained at 28' by 

c i r c u l a t i n g  water through an aluminum water  j acke t  t h a t  en- 
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2372 HILL ET AL. 

c i r c l e d  t h e  column. A Haake Model F J  h e a t e r / c i r c u l a t o r  and a 

Haake Kll cool ing system was used t o  produce t h e  r equ i r ed  

water temperature and pump t h e  water through t h e  column 

j acke t .  

A s tock b u f f e r  of  300 mM phosphate/518 mM sodium w a s  

prepared by d i s so lv ing  11.59 g NaH2P04*H20 and 30.66 g 

Na2HP01+ i n  reagent grade water and d i l u t i n g  t o  1 L with 

reagent grade water .  The b u f f e r  was f i l t e r e d  through a 

0.45~ f i l t e r  p r i o r  t o  preparing t h e  HPLC so lven t  systems. 

Solvent system A (15.0 mM P04/25.9 mM Na) w a s  prepared by 

d i l u t i n g  50.0 mL of t h e  300 mN P04/518 mM N a  s tock b u f f e r  

t o  1 L with reagent  grade water.  Solvent system B1 (15 .0  

mM PO4, 25.9 mM N a y  45% H,0/CH3CN) w a s  prepared by d i l u t i n g  

50.0 mL of 300 mM P04/518 mM Na stock b u f f e r  and 400 mL of  

reagent grade water t o  1 L with CH3CN. 

(15 .0  mM PO4, 25.9 mM Na, 45% H20/tetrahydrofuranj  w a s  pre- 

pared by the same procedure descr ibed f o r  so lven t  system B1 

except t he  so lu t ion  was d i l u t e d  t o  volume w i t h  te t rahydrofuran 

L 

Solvent System B2 

i n s t e a d  of  a c e t o n i t r i l e .  

Analysis of t h e  OPA/EtSH amino a c i d  d e r i v a t i v e s  on a 

new column r e s u l t e d  i n  a g radua l ,  p a r a l l e l  decrease i n  t h e  

r e t e n t i o n  time of all t h e  amino a c i d  d e r i v a t i v e s  except a rg i -  

nine.  This r e s u l t e d  i n  a loss  of  r e s o l u t i o n  between a r g i n i n e  

and ty ros ine .  To r ega in  t h i s  r e s o l u t i o n ,  t h e  concentrat ion of  

t h e  b u f f e r  i n  solvent  A and B w a s  increased by using an addi- 
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PLASMA AMINO ACIDS 2373 

t i o n a l  10.0 mL of stock buf fer .  Addit ional ly ,  10 .0  nL l e s s  

water w a s  added t o  solvent  systems B s o  t h a t  t h e  concentrat ion 

of water remained 45%. 

For separat ion of t h e  amino ac id  der iva t ives  (except  

Gly and Thr) a solvent  program cons is t ing  of a l i n e a r  gra- 

d ien t  from 15% (or 10%)  solvent  B1/solvent A t o  75% solvent  

B1/solvent A over a per iod of  60 min w a s  used (System I). 

For t h e  separat ion of OPA/EtSH Gly and Thr der iva t ives  an iso-  

c r a t i c  system of 30% B2/A w a s  used. 

changed t o  75% B2/A t o  remove t h e  o t h e r  amino a c i d  der iva t ives  

from t h e  column (System 11). A flow r a t e  of 2.0 mL/min w a s  

used f o r  both solvent  programmed systems. The columns were 

r e e q u i l i b r a t e d  t o  i n i t i a l  solvent  condi t ions by a 1 0  min re- 

verse  l i n e a r  grad ien t .  

Af te r  12 min t h e  solvent  was 

Preparat ion of Standards 

Indiv idua l  c r y s t a l l i n e  samples of L-amino ac ids  were 

obtained from Pierce  Chemical Co. (AMAC Standard K i t ,  No. 20065),  

Aldrich Chemical Co. (DL c i t r u l l i n e ,  No. 85,572-3; DL-p-fluoro- 

phenylalanine , No. Fl-380-D ; Taurine , No. 15,224-2 J and Sigma 

Chemical Co. ( @-alanine,  No. A-7752; DL-a-aminoadipic ac id ,  No. 

A-0637; L-a-amino-n-butyric a c i d ,  No. A-1879: DL-fhminoisobu- 

t y r i c  a c i d , & .  A-8504; L-1-methylhistidine, No. M-9005; L-3- 

methylh is t id ine ,  No. M-3879; L-ornithine,  No. 0-2375). A mix- 

t u r e  of 0.4~rnol/ml, of each o f  t h e  following amino ac ids  w a s  
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2374 HILL ET AL. 

prepared i n  0.1 N H C 1 :  A l a ,  Arg, Asn, Glu, Gln, Gly, H i s ,  

I l e ,  Leu, Lys, M e t ,  Orn, Phe, S e r ,  Tau, Thr,  Trp, Tyr and 

Val. 

was placed i n  s e v e r a l  150 m x 14 mm test  tubes ,  lyophylized 

t o  dryness and g l a s s  sea led  under t h e  o r i g i n a l  vacuum. Fresh 

Five mL (2.00 pmol each amino a c i d )  of t h i s  so lu t ion  

standards were prepared d a i l y  by d isso lv ing  t h e  res idue  from 

one of t h e  lyophylized s tandards with 4.0 mL o f  0 . 1  N H C 1  t o  

produce a 500 nmol/mL stock s tandard.  

standards were prepared by d i l u t i n g  a l i q u o t s  of t h i s  s o l u t i o n  

with 0 .1  N HCl. 

Other amino ac ids  

A stock so lu t ion  of  t h e  i n t e r n a l  s tandard (2.00 mol/mL 

fluorophenylalanine) was prepared by d isso lv ing  37.7 mg of 97% 

DL-fluorophenylalanine i n  0 . 1  N H C 1  and d i l u t i n g  t o  100 mL 

with0 .1N H C I .  The working i n t e r n a l  s tandard s o l u t i o n  (20.0 

nmol/ml fluorophenylalanine) was prepared by d i l u t i n g  1 . 0  mL 

of  t h e  2.00 pmol/inL fluorophenylalanine so lu t ion  t o  100 mL with 

methanol. 

Preparat ion of OPA/EtSH Amino Acid Derivat ives  

Two methods, a macro and a micro method were used t o  pre- 

pare OPA/EtSH der iva t ives  o f  amino ac ids  i n  plasma and standards.  

In  the  macro preparat ion,  2.00 mL of methanol o r  i n t e r n a l  

standard so lu t ion  were placed i n t o  a 1 5  mL glass-stoppered 

cent r i fuge  tube.  Three-tenths mL of s tandard amino a c i d  

so lu t ion  o r  plasma (or  serum) w a s  slowly added t o  t h e  methanol 
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PLASMA AMINO ACIDS 2375 

with i n t e r m i t t e n t  mixing. The so lu t ion  was mixed on a vortex- 

type mixer f o r  15 s and then centr i fuged a t  1200 x g f o r  5 min. 

One mL of t h e  supernatant phase was t r a n s f e r r e d  t o  a 5.00 mL 

volumetric f l a s k .  The reac t ion  was  i n i t i a t e d  by adding, i n  o r d e r ,  

0 .5  mL of sa tura ted  bora te  b-uffer (pH 9.5), 1 . 0  m L  of 20 uL/mL 

e thane th io l  ( i n  methanol) and 1 . 0  mL 20 mg/mL o-phthaldialdehyde 

( i n  methanol).  

and allowed t o  remain at  room temperature f o r  a t  l e a s t  2 min f o r  

completion of r e a c t i o n  before  ana lys i s  of 5 t o  1 0  UL on t h e  HPLC 

system. 

The t o t a l  w a s  d i l u t e d  t o  5 . O O  mL with methanol 

I n  t h e  micro method, 30 pL of amino a c i d  s tandard or plasma 

(or serum) sample were added t o  200 WL of i n t e r n a l  s tandard 

so lu t ion  i n  a 5 mL glass-stoppered cent r i fuge  tube.  The solu- 

t i o n  w a s  mixed on a vortex-ty-pe mixer f o r  15 s and then  c e n t r i -  

fuged a t  1200 x g for 5 min. One hundred pL of t h e  supernatant  

phase was t r a n s f e r r e d  t o  a 15 mL cent r i fuge  tube.  The r e a c t i o n  

was i n i t i a t e d  by adding, i n  order ,  20 pL s a t u r a t e d  b o r a t e  b u f f e r  

(pH Q. 5 )  and 1 0  uL/mL ethanethiol /20 mg/mL o-phthaldialdehyde i n  

methanol. The s o l u t i o n  w a s  allowed t o  s tand  a t  room temperature 

f o r  a t  l e a s t  2 min Before a n a l y s i s  of 5 t o  1 0  pL on t h e  HPLC 

system. 

Quant i ta t ive Analysis 

Mixtures of  t h r e e  or  four of t h e  s tandard amino ac ids  

were analyzed on t h e  HPLC system a t  concentrat ions ranging 
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2376 HILL ET AL. 

from 500 nmol/ml t o  10 nmol/mL. The peak area  (As) of 

each amino ac id  der iva t ive  w a s  divided by t h e  concentrat ion 

(c,) t o  produce t h e  response f a c t o r  (k). The response fac- 

t o r  f o r  each concentrat ion of a given amino ac id  was averaged 

t o  determine t h e  k t h a t  was used t o  c a l c u l a t e  t h e  concentra- 

t i o n  of  t h e  amino ac id  i n  t h e  sample (Cu) as follows: 

A 

k 
c = u  

U -  

A = Area of amino ac id  der iva t ive  i n  sample 
U 

Optimization of OPA/EtSH Reagent Concentration 

A plasma sample was prepared f o r  amino ac id  ana lys i s  by 

mixing 1.5 mL of  plasma with 10.0 mL of methanol i n  a cu l ture  

tube.  Foll.owing cent r i fuga t ion  a t  1200 x g f o r  5 min, 1 . 0  mL 

of t h e  supernatant phase, 1 . 0  mI, of 300 nmol/ml amino ac id  

s tandard and 0 .5  mL s a t u r a t e d  bora te  b u f f e r  (pH 9 .5 )  were 

added t o  s i x  5.00 mL volumetric f l a s k s .  One of t h e  following 

volumes o f  a s o l u t i o n  containing 100 mg OPA/100 pL EtSH p e r  r L  

methanol was  added t o  one of t h e  reac t ion  f l a s k s :  0.005, 

0.025,  0.050, 0.100 o r  1.00 mL. The so lu t ions  were d i l u t e d  

t o  5.00 mL with methanol. Five pL of  each sample were analyzed 

by t h e  described HPLC system 2 min a f t e r  i n i t i a t i n g  t h e  reac- 

t i o n .  To determine t h e  optimal amount of  OPA/EtSH necessary 

f o r  complete r e a c t i v i t y  with t h e  amino a c i d s  i n  plasma, t h e  
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PLASMA AMINO ACIDS 2377 

sum of t h e  a rea  of t h e  peaks for a l l  amino ac ids  i n  a p r o f i l e  

w a s  p l o t t e d  aga ins t  t h e  concentrat ion of  OPA/EtSH. 

Effec t  of Buffer Concentration on Retention of OPA/EtSH 

Amino Acids 

S i x  s e t s  of  A and B1 solvent  systems were prepared con- 

t a i n i n g  d i f f e r e n t  concentrat ions (3.00/5.16, 6.00/10.3, 9.001 

15.5, 12.0/20.6, 15.0/25.8 and 18.0/31.0 mM P04/mM Na) of sodium 

phosphate b u f f e r  , while maintaining a 45% concentrat ion of 

water i n  solvent  B1 and t h e  same pH i n  a l l  systems. 

of OPA/EtSH der iva t ized  amino ac ids  (19.6 pmoles each) w a s  

analyzed by t h e  descr ibed HPLC system using each s e t  o f  A and 

B1 solvent  systems i n  turn .  

b u f f e r  concentrat ion w a s  v i s u a l i z e d  by p l o t t i n g  t h e  r e t e n t i o n  

time for  each amino ac id  der iva t ive  aga ins t  t h e  b u f f e r  concen- 

t r a t i o n .  

A sample 

The e f f e c t  o f  t h e  change i n  

Effec t  of  Column Temperature on t h e  Retention of OPA/EtSH 

Amino Acids 

Using t h e  described HPLC system, 19.6 pmol of OPA/EtSH 

amino a c i d  s tandard was  analyzed using column temperatures of 

15O, 20°, 25O, 28', 30' and 40°. 

a t u r e  on t h e  r e t e n t i o n  of each amino a c i d  der iva t ive  w a s  

observed by p l o t t i n g  t h e  r e t e n t i o n  time of each amino a c i d  

aga ins t  t h e  column temperature.  

The e f f e c t  o f  column temper- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
0
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



2378 HILL ET AL. 

Comparison of Plasma Amino Acid Concentrations Determined by 

an Amino Acid Analyzer and by t h e  Proposed Method 

Samples of plasma. were c o l l e c t e d  from s i x  heal thy rats 

and were analyzed for Thr, Ser ,  Pro,  Glu,  Gly, A l a ,  V a l ,  

Met, I l e ,  Leu, Tyr, Phe, Lys, H i s  and Arg on a Beckman 119C 

Amino Acid Analyzer. The samples were a l s o  analyzed by t h e  

procedure described i n  t h e  present  s tudy.  The da ta  from 

both methods were compared by tak ing  t h e  absolute  d i f fe rence  

i n  t h e  values  obtained by t h e  two methods and 

t h e  value obtained by t h e  amino ac id  analyzer  

was mul t ip l ied  by 100 t o  obta in  t h e  percent  d 

RESULTS AND DISCUSSION 

dividing by 

This number 

f ference . 

Figures 1 and 2 show chromatogrms of OPA/EtSH deriva-  

t i v e s  of standard amino a c i d s ,  using system I and system I1 

respec t ive ly .  

der iva t ives  i n  one system along with t h e  o t h e r  amino a c i d  

der iva t ives  shown senarated i n  Figure 1. A s  ind ica ted  by 

Larsen e t  a l .  (111, Jones e t  a l .  ( 9 )  and Figure 2 ,  t h e  use of 

te t rahydrofuran i n  t h e  solvent  system i s  e f f e c t i v e  i n  re -  

solving Gly and Thr,  however, small mounts  of te t rahydro-  

furan added t o  e i t h e r  solvent  A o r  solvent  B i n  system I 

r e s u l t e d  i n  e i t h e r  t h e  l o s s  of r e s o l u t i o n  between Ser and Gln 

or I l e  and Trp o r  t h e  l o s s  of r e s o l u t i o n  between both s e t s  

of these  amino ac ids .  Since system I1 gives  base l ine  reso-  

l u t i o n  between Gly and Thr, it was  decided t o  s a c r i f i c e  t h e  

Attempts were made t o  reso lve  t h e  Glg and Thr 
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Figure 2 .  
Chromatographic System 11. 

Chromatogram of OPA/EtSH Amino Acid Standards.  

s epa ra t ion  of t h i s  p a i r  o f  amino ac ids  i n  system I, i n  order  

t o  maintain good b a s e l i n e  r e s o l u t i o n  o f  a l l  o t h e r  amino 

ac ids  and t o  use system I1 t o  analyze Gly and Thr s e p a r a t e l y ,  

I n  add i t ion  t o  those  amino a c i d s  shown i n  t h e  chromato- 

gram i n  Figure 1, t h e  e l u t i o n  order  o f  s e v e r a l  o the r  amino 

ac ids  i n  system I i s  l i s t e d  i n  Table 1. A comparison of  

r e t e n t i o n  t i m e s  of amino a c i d s  r e l a t i v e  t o  f luorophenylalanine 

is l i s t e d .  These s e t s  o f  d a t a  were obtained s i x  months 
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TABLE 1 

2381 

Elution Order of O?A/EtSH Amino Acids on Bondapak C18 in 

System I 

193 
t Amino Acid R R ~ ~ ’ ~  RR 

Aspartic Acid 0 .lo1 0.106 
Glutamic Acid 0.166 0.168 
clhinoadipic Acid 0 .??h --- 
Asparagine 0 355 0 357 
Serine 0.398 0.399 
Glut mine 0.426 0.430 
His t idine 0,448 0.445 
Citrulline 0.490 --- 
Threonine 0.505 0,506 
Glycine 0.505 0.506 
1-Methylhistidine 0.541 --- 
Alanine 0.588 0.590 
Arginine 0.610 0.639 
B-Alanine 0.646 --- 
Tyrosine 0.664 0.663 
Taurine 0.702 0.706 
B-Aminoisobutyric Acid 0.702 --- 
a -Amino-n-but yr i c Acid 0.702 --- 
Valine 0.789 0.795 
Methionine 0.817 0.826 
Isoleucine 0.891 0.902 
Trpt ophan 0.914 0.920 
Leucine o .926 0.939 
Phenylalanine 0.947 0.957 
p-Fluorophenylalanine 1.000 1.000 
Ornithine 1.385 1.427 
Lysine 1.437 1.483 

RR = Retention time of OPA/EtSH amino acid relative to 
the retention time of OPA/EtSH p-fluorophenylalanine. 

RR of OPA/EtSH amino acids determined on column number 
115134 on 11/80. 

RR of OPA/EtSH amino acids determined on column number 
135094 on 5/81. 
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PLASMA AMINO ACIDS 2383 

a p a r t  on two columns containing d i f f e r e n t  batches of  VBonda- 

pak C18 column mater ia l .  

t h e  two runs a r e  proximal. Note t h a t  Gly and Thr co-elute .  

Rela t ive  r e t e n t i o n  t imes between 

a-Amino-n-butyric a c i d  and 8-aminoisobutyric ac id  co-elute 

with Tau. 

A chromatogram of OPA/EtSH der iva t ives  of amino a c i d s  

ex t rac ted  from a normal r a t  plasma i s  shown i n  Figure 3. 

The amino ac id  der iva t ives  were i d e n t i f i e d  by comparing t h e  

r e l a t i v e  r e t e n t i o n  times of t h e  peaks i n  t h e  sample a r o f i l e s  

t o  t h e  r e l a t i v e  r e t e n t i o n  times of  t h e  amino a c i d  s tandards.  

The average v a r i a t i o n  i n  t h e  r e t e n t i o n  t ime of t h e  20 

amino a c i d s  i n  t h e  s tandard so lu t ion  when analyzed s i x  t imes 

w a s  1.9% CV (range 1.6% t o  2 .45) .  

t h e  average r e l a t i v e  r e t e n t i o n  t ime var ied  by 0.3% CV ( range 

0.1% t o  0 .6%) .  The r e t e n t i o n  d a t a  suggest t h a t  t h e  i d e n t i f i -  

ca t ion  of amino ac ids  should be evaluated on t h e  b a s i s  of t h e  

For t h e  same s e t  of samples 

r e l a t i v e  r e t e n t i o n  t ime,  

Linear regress ion  ana lys i s  of t h e  peak area of each amino 

ac id  versus  t h e  amino a c i d  concentrat ion over a range of 500 

t o  5 nmol/mI. gave a c o r r e l a t i o n  e o e f f i c i e n t  of 0.999 o r  b e t t e r  

f o r  a l l  t h e  amino ac ids  i n  t h e  s tandard s o l u t i o n .  

shows a standard curve f o r  3 r e p r e s e n t a t i v e  amino a c i d s .  The 

curve i l l u s t r a t e d  f o r  A l a  i s  r e p r e s e n t a t i v e  of t h e  s lope  t h a t  

Figure 4 

was obtained f o r  most of t h e  amino ac ids .  The curves obtained 

f o r  Orn and Lys had a lower s lope  value than  t h e  o t h e r  amino 
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Figure 4. Reoresentat ive Standard Curves for  O?A/EtSH 
Amino Acid Response versus Concentration. 
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PLASMA AMINO ACIDS 2385 

acid derivatives. This has been observed by other investiga- 

tors in both post-column and pre-column derivatization with 

OPA/mercaptoethanol (8, 9 ,  12, 13). The cause may be due to 

the presence of two fluorescent isoindole structures, as oc- 

curs for both O m  and Lys, causing an internal quenching of 

the fluroescence of each structure. The fact that the slope 

for Lys was greater than the slope for O m  suggests that a 

greater distance between the two isoindole structures results 

in less internal quenching effects. The slope for Tro has a 

larger value than that of the other amino acid derivatives. 

This was probably due to the natural fluorescence of Trp en- 

hancing the fluorescence of the adduct. 

The relationship between the peak area response and the 

amount of derivatizing reagent used in the reaction of a plas- 

ma extract containing 2.3 mol/d additional concentration of 

each amino acid is shown in Figure 5. For the proposed deri- 

vatization procedure (utilizing 0.3 mL of Dlasma), the data 

indicated that 1 mL of a solution containing 5 mg OPA/5 pL 

EtSH was sufficient for complete reactivity of all amino 

acids in plasma even when present at a concentration several 

times normal. In order to be sufficiently upon the plateau 

of the reactivity curve a concentration of 20 mg OPA/20 pL 

EtSH per mL was chosen for routine applications. The ratio 

of OPA/EtSH was maintained at approximately 1:2 to insure 
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-.-  I Y V  

OPA/E t S H  ( m g / p l )  

Optimim Concentration of o-phthaldialdehyde and 
Ethanethiol for Complete Reaction of Amino Acids in Plasma. 

that ethanethiol was the only thiol present in sufficient 

quantity to form the fluorescent derivative. 

Hill, et al. (10) demonstrated that a change in the 

buffer concentration in the HPLC system affected the reten- 

tion of the Tau and Tyr OPA/EtSH derivatives but not the re- 

tention of Arg. It was suggested that the sodium ion was re- 
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sponsible  for t h e  e f f e c t .  Lindroth e t  a l .  (8 )  demonstrated 

t h a t  changing t h e  b u f f e r  concentrat ion i n  t h e  solvent  system 

a f f e c t e d  t h e  r e t e n t i o n  of a l l  t h e  OPA/mercaptoethanol m5no 

ac id  d e r i v a t i v e s  except Arg o r  ammonia. Data were presented 

t h a t  suggested t h a t  t h e  phosphate ion w a s  respons ib le  f o r  t h e  

e f f e c t  and not  t h e  sodium ion .  

changing t h e  buf fer  concentrat ion on t h e  r e t e n t i o n  t ime of  

severa l  of t h e  OPA/EtSH amino a c i d  d e r i v a t i v e s .  A s  observed 

for t h e  OPA/mercaptoethanol amino ac id  d e r i v a t i v e s  an increase  

Figure 6 shows t h e  e f f e c t  of 

i n  b u f f e r  concentrat ion r e s u l t s  i n  an increase  i n  t h e  r e t e n t i o n  

t ime of a l l  OPAlEtSH amino a c i d s  except t h e  Arg d e r i v a t i v e .  

Addit ional ly ,  Larsen e t  al. (11) have shown t h i s  same e f f e c t  t o  

occur by increasing t h e  concentrat ion of t h e  counter i o n  

t r ie thylamine  i n  t h e  solvent  system. 

It was observed t h a t  as samples o r  s tandards were anal-  

yzed, t h e  r e t e n t i o n  time of each amino a c i d ,  except A r g ,  de- 

creased. The r e s o l u t i o n  between a l l  amino a c i d  d e r i v a t i v e s  

remained constant except between Arg and Tyr which d e t e r i o r a -  

t e d .  

concentrat ion of t h e  Na/P04 b u f f e r  i n  t h e  solvent  system 

r e s u l t e d  i n  regaining t h e  o r i g i n a l  r e t e n t i o n  t ime of a l l  t h e  

A s  suggested by t h e  d a t a  i n  Figure 6 ,  increas ing  t h e  

amino ac ids  a s  w e l l  as t h e  r e s o l u t i o n  between Arg and “yr. 

Changing t h e  b u f f e r  concentrat ion t o  maintain Arg-Tyr resolu-  

t i o n  i s  described i n  t h e  Mater ia ls  and Methods sec t ion .  The 

s i m i l a r i t y  i n  t h e  e f f e c t s  of column aging and decreasing 
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Figure 6. Effec t  of Buffer Concentration on the Eetention 
of OPA/EtSH Amino Acids on a pC18 Column. 
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Effect of  Column Temperature on t h e  Re ten t ion  
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2390 HILL ET AL. 

buffer concentration on the retention of the amino acid deri- 

vatives suggested that the two phenomena were related. 

As expected, increasing the temperature of the column 

(Figure 7) caused a decrease in the retention of all the amino 

acids; however, there was little change in the resolution 

between most peaks. Exceptions to this were in the resolu- 

tions of Trp and Leu which tend to co-elute at low temperatures; 

Phe and Leu, and. Trp and Ile which tend to co-elute at high 

temperatures; and Thr and Gly which begin to separate at either 

high or low temperatures. The Thr-Gly resolution was slight and 

losses in resolution of the other amino acid pairs prevented 

high column temperature from being used to resolve Thr-Gly in 

a total system. Temperatures low enough to resolve Thr and Gly 

resulted in peak broadening and loss of resolution between 

the Trp-Leu amino acid pair. A temperature of 28 appearPd 

to be optimal for resolving the greatest number o f  amino acid 

pairs. 

0 

Table 2 lists a comparison between rat plasma amino 

acid concentrations obtained by the amino acid analyzer and 

the HPLC method presented in this study. Of the amino acids 

studied, the values differed by as much as 31% and as little 

as 03.  

12.35. 

The average difference for all the amino acids was 

Recently, Fernstrom and Fernstrom (14) reported reason- 

able correlation between amino acid profiles obtained by the 
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2392 HILL ET AL. 

HPLC method presented here with those obtained by an amino 

acid analyzer, Additionally, they have demonstrated that 

amino acid concentration profiles obtained by the HPLC method 

on plasma from rats with experimental diabetes was diagnostic 

for the disease. 

The amino acid analysis presented in this study offers a 

rapid and sensitive alternative to the time-consuming ion-ex- 

change methods currently in use for determining plasma amino 

acid concentrations. Further studies are in progress to 

determine the accuracy of the HPLC method. 
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