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Automated amino acid analysis with ninhydrin reaction gives a low sensitivi- 
ty for imino acids, FIuorogenic amine reagents such as fluorescamine and 
o-phthalaldehyde yield a high fluorescence intensity with primary amino acids 
except imino acids [l-3] _ Recently, 4&loro-7-nitrobenzofurazan has heen 
used for the assay of primary amino acids and imino acids [4,5] _ BGhlen and 
Mellet [6] developed a method of determining hydroxyproline and proline 
using the combination of o-phthalaldehyde and alkaline sodium hypochlorite, 
which is an oxidant that converts imino acids into primary amino acids. The 
present paper describes a rapid, simultaneous and micro assay for free hydroxy- 
proline and proline in human serum by high-performance liquid chromate- 
graphy using the post-labeled method with o-phthalaldehyde and sodium hypo- 
chlorite. 

EXPERIMENTAL 

Reagents 
Lithium citrate and the standard solution of amino acids for an amino acid 

autoanalyzer, o-phthalaldehyde of biochemical grade, and all the other reagents 
of analytical grade' were obtained from Wako Pure Chemical In&skies (Osaka, 
Japan). Cdmmercial 10% sodium hypochlorite (NaOCl) was purchased from 
Yoneyama Yakuhin Kogyo (Osaka, Japan). 

Mob& phase 
One-thirtieth M lithium citrate-solution was adjusted to pH 3.15 by per- 

chloric acid: LithiuIii. hydroxide (0.2 _U) was made as a regeneration. solution_ 
These &tioris W&e degas&i under red~ckd pressuk+ for 20 min. . . . . -: .- :. 
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Reaction buffer 
NaOC1 so lu t ion  was p repared  by  add ing  2.0 ml  o f  t h e  10% sod ium hypo-  

chlor i te  to  0.3 M bora t e  b u f f e r ;  it  was t i t r a t ed  w i th  4 M sod ium h y d r o x i d e  to  
pH 10.5,  and  m a d e  up to  1000 ml w i t h  dist i l led wa te r  for  l iquid c h r o m a t o -  
graphy,  o - P h t h a l a l d e h y d e  so lu t i on  was p repared  as fol lows:  4 g o f  o-phthal -  
a l d e h y d e  and  1 ml  o f  2 - m e r c a p t o e t h a n o l  were  dissolved in 30 ml  o f  e thano l .  
Af t e r  0.3 M bora te  bu f f e r  c o n t a i n i n g  0.5 g o f  Brij 35  was added - to  t he  e thano l  
so lu t ion ,  t he  so lu t ion  was ad ju s t ed  to  pH 10.5  by  4 M sod ium h y d r o x i d e ,  and  
was m a d e  up  to  1000  ml  wi th  dis t i l led  w a t e r  for  l iquid c h r o m a t o g r a p h y .  

Apparatus 
The  fo l lowing  e q u i p m e n t  was pu rchased  f r o m  S h i m a d z u  ( K y o t o ,  J apan ) :  

Model  LC-3A h igh -pe r fo rmance  l iquid  c h r o m a t o g r a p h ;  Mode l  FLD-1 fluores- 
cence d e t e c t o r  wi th  a m e r c u r y  source  lamp ( exc i t a t i on  wavelength  360  n m ;  
emiss ion wave leng th  450  n m ) ;  d a t a  ana lyze r  C-R1A C h r o m a t o p a c  c o n n e c t e d  to  
t he  d e t e c t o r  fo r  i den t i f i c a t i on  and  in t eg ra t ion  o f  peaks;  and  a 15 cm × 4 m m  
c o l u m n  fi l led w i th  s u l f o n a t e d  p o l y s t y r e n e  ca t ion -exchange  resin (Sh imadzu  Gel 
ISC-07 /$1504 ,  par t ic le  size, 7 urn).  The  c o l u m n  oven t e m p e r a t u r e  was set  at  
55°C. The  f low-ra te  o f  the  mobi le  phase was set  a t  0.3 m l / m i n ,  y ie ld ing  an 
opera t ing  pressure o f  20 k g / c m  2. The  f low-ra te  o f  the  NaOC1 so lu t ion  and  the  
o - p h t h a l a l d e h y d e  so lu t ion  was set  a t  0 .25  m l / m i n ,  and  t h e  lengths  o f  t h e  oxida-  
tive r e ac t i on  coil and  the  f luo rogen ic  r eac t ion  coil were  1 m and  2 m,  respec- 
t ively.  The  r eac t ion  t e m p e r h h a t u r e  was se t . a t  55°C. 

Sample preparation procedure 
D e t e r m i n a t i o n  o f  t he  c o n c e n t r a t i o n  o f  h y d r o x y p r o l i n e  and  prol ine  was per- 

f o r m e d  by  t h e  s t anda rd  a d d i t i o n  m e t h o d  on  the  basis o f  t he  peak  area ra t ios  
against  t he  in te rna l  s tandard .  O n e - t e n t h  mil l i l i ter  o f  h u m a n  serum was trans- 
fer red  in to  each  o f  the  f o u r  mic ro  tes t  tubes ,  t o  wh ich  the  s t anda rd  h y d r o x y -  
pro l ine  and  pro l ine  so lu t ions  were  a d d e d  as fol lows.  To  the  first  sample,  0 .05 
ml o f  dis t i l led w a t e r  was added .  To  the  second,  0 .05  ml  o f  a so lu t ion  o f  10 
pmol/1 h y d r o x y p r o l i n e  and  100 p m o l / l  pro l ine  was added .  To  the  th i rd ,  0 .05 
ml of  a so lu t ion  o f  20 /~mol/l  h y d r o x y p r o l i n e  and  200 #tool/1 prol ine  was 
added .  To  the  fou r th ,  0 .05  ml  o f  a so lu t i on  o f  40 pmol/1 h y d r o x y p r o l i n e  and  
400 gmol /1  prol ine  was added .  Since t he  chemica l  p roper t i es  o f  N-methy l -  
g lycine  (sarcosine)  are similar  t o  those  o f  imino  acids and  it is rare ly  d e t e c t e d  in 
h u m a n  serum, 0 .05 ml o f  8% sulfosal icyl ic  acid so lu t ion  con ta in ing  1 mM of  
N - m e t h y l g l y c i n e  as t he  i n t e m a i  s t a n d a r d  was a d d e d  to  each  sample.  These sam- 
ples were  v o r t e x - m i x e d  fo r  30 sec and  t h e n  cen t r i fuged  at  12 ,800  g for  1 rain. 
O n e - h u n d r e d t h  o f  t h e  d e p r o t e i n i z e d  serum s u p e r n a t a n t  was in jec ted  in to  the  
h igh -pe r fo rmance  l iquid c h r o m a t o g r a p h .  

RESULTS AND DISCUSSION 

T h e  NaOC1 reagen t  d rama t i ca l l y  a t t e n u a t e d  the  genera t ion  of  f luorescence  
f r o m  p r i m a r y  a m i n o  acids (Fig. 1A and  B). There  was a good  l inear  cor re la t ion  
b e t w e e n  t h e  peak  area  ra t ios  and  the  sera c o n t a i n i n g  the  s t anda rd  imino  acids, 
wi th  co r re l a t ion  coef f i c ien t s  o f  0 .997  and  0 .999  (Fig.  2). The  free h y d r o x y -  
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Fig. l_ Chromatogmms of amino acid analysis. (A) Standard amino acids: 0.1 nmol of phos- 
phoserine (I), taurine (2) and phosphoethanobrnine (3); O-2 nmol of aspartic acid (a), 
hydroxyproline (5), threonine (6), serine (7), glutamic acid (8), proline (11) and glycine 
(12); 0.5 nmol of N-methylglycine (9) and 0.05 nmol of Lamino adipic acid (10). (B) Stan- 
dard amino acids analyzed using o-phtbalaldehyde solution without NaOCl solution_ (C) . 
Analysis of free amino acids iu human serum. (D) Free amino acids in human serum analysed 
using o-phthalaldehyde solution alone. (E) Free amino acids in human serum mixed with the 
internal standard of N-methylglycine. The anaiytical condition is similar to that-of (C)_ 
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Fig. 2, Standard addition curves for determination of free hydroxyproline and proline in 
serum from a healthy subject. The concentrations of free hydroxyproline and proline in 
serum were 6.7 Nmol/l and 225.3 rmol/l, respectively. The equation of the line was deter- 
mined by the leastsqaures method. 

proline and proline concentration in the sera from ten healthy subjects mea- 

sured by the present method was 6.2 f 1.3 gmol/l for hydroxyproline and 
2120 & 16-O ymol/l for proline. The limit of detection was found to be 1.0 
gmol/l for hydroxyproline and 10.0 pmol/l for proline in human serum. It is 
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possible to determine the imino acids using O-05 ml of serum when the method 
with standard calibration curves is adopted. 

There have been few clinical reports on hypersarcosinemia [71, and sarcosine 
cannot be detected in normal human serum under the present conditions (Fig. 
IC, D and E). Thus sarcosine is a convenient internal standard to assay imino 
acids in human serum. The present procedure is suitable for the routine deter- 
m;nation of free hydroxyprohne and prohne in human serum at the picomole 
level by modification of Biihlen and Mellet’s method [S] _ This method may be 
useful for the detection of abnormalities in imino acid metabolism and collagen 
synthesis- 
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