
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

High Resolution Separation of Urinary Organic Acids by High
Performance Liquid Chromatography
Edward L. Mattiuzab; James W. Webba; Stephen C. Gatesa

a Department of Chemistry, Illinois State University Normal, Illinois b A. E. Staley Co., Decatur, IL

To cite this Article Mattiuz, Edward L. , Webb, James W. and Gates, Stephen C.(1982) 'High Resolution Separation of
Urinary Organic Acids by High Performance Liquid Chromatography', Journal of Liquid Chromatography & Related
Technologies, 5: 12, 2343 — 2357
To link to this Article: DOI: 10.1080/01483918208067639
URL: http://dx.doi.org/10.1080/01483918208067639

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483918208067639
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF L I Q U I D  CHROMATOGRAPHY, 5 ( 1 2 ) ,  2343-2357 (1982)  

HIGH RESOLUTION SEPARATION OF U R I N A R Y  ORGANIC ACIDS BY 
HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

Edward L. M a t t i u z ( l ) ,  James W .  Webb(2) and Stephen C. Gates 
Department o f  Chemist ry  

I l l i n o i s  S t a t e  U n i v e r s i t y  
Normal, I l l i n o i s  61761 

ABSTRACT 

Reverse phase, an ion exchange, and two-dimensional HPLC 
techniques were s t u d i e d  i n  o r d e r  t o  i nc rease  r e s o l u t i o n  o f  
o r g a n i c  u r i n a r y  a c i d s  f o r  eventual  q u a n t i t a t i v e  measurements. 
Reverse phase HPLC w i t h  a phosphate b u f f e r / a c e t o n i t r i l e  g r a d i -  
e n t  y i e l d e d  a s e p a r a t i o n  o f  ove r  85 components i n  f o r t y  min-  
u t e s  and a peak area r e p r o d u c i b i l i t y  o f  b e t t e r  t han  5%. 
Connecting two r e v e r s e  phase columns t o g e t h e r  r e s u l t e d  i n  t h e  
s e p a r a t i o n  o f  110 components. Anion exchange chromatography 
was determined t o  be o f  l i t t l e  use i n  r e s o l v i n g  u r i n a r y  a c i d s  
i n  a resonab le  t i m e  except  as t h e  f i r s t  s tage i n  two-dimen- 
s i o n a l  chromatography where f r a c t i o n s  f rom t h e  an ion  exchange 
column were i n j e c t e d  i n t o  a r e v e r s e  phase column. Over 139 
components were separated by t h i s  two-dimensional method. 

INTRODUCTION 
Separa t i on  o f  t h e  components p resen t  i n  complex m i x t u r e s  , 

such as u r i n e  and o t h e r  b i o l o g i c a l  f l u i d s ,  p resen ts  un ique  
chromatographic problems because o f  t h e  l a r g e  v a r i e t y  and number 
o f  compounds i n  these  samples. 

t h e  low m o l e c u l a r  w e i g h t  o rgan ic  ac ids  found i n  human u r i n e ,  i s  
o f  p a r t i c u l a r  i n t e r e s t  s i n c e  i t  i n c l u d e s  i n t e r m e d i a t e s  and end 
p roduc ts  o f  v a r i o u s  m e t a b o l i c  pathways which, i n  t u r n ,  can be 
a f f e c t e d  by diseases (3 ,4) .  I n  most cases, c o r r e l a t i o n s  between 
t h e  presence o f  a s p e c i f i c  d isease and u r i n a r y  a c i d s  a r e  r e l a t e d  

t o  c o n c e n t r a t i o n  v a r i a t i o n s  r a t h e r  than  t o  t h e  presence o r  

One such group o f  components, 
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2344 MATTIUZ, WEBB, AND GATES 

absence of a spec i f i c  component ( 5 , 6 ) .  
n o t  been thoroughly inves t iga ted ,  i t  i s  much e a s i e r  t o  f i r s t  
separate a l l  of the  components i n  the  sample and then t o  i den t i -  
fy  and quantify those which show var ia t ions  compared to  healthy 
individuals than i t  i s  t o  i s o l a t e  and iden t i fy  a l l  of the  com- 
ponents. 
metabolic prof i l ing  ( 6 ) " .  To be successful t h i s  technique 
requires highly e f f i c i e n t  chromatographic methods capable of 

completely resolving a l l  of the  components i n  the  sample i n  
order t o  f a c i l i t a t e  peak in tegra t ion .  

t o  be used in  separating urinary components; however, i n  order 
t o  separate 100 of more cons t i tuents ,  long columns and separation 
times i n  excess of 20 hours were necessary (7,8,9). More recent- 
l y ,  over 130 urinary acids were separated by gas chromatography 
( G C )  (10) and over 230 acids have been separated by cap i l l a ry  
GC (11) .  A l t h o u g h  they a re  very e f f i c i e n t  and allow coupling 
t o  a mass spectrometer f o r  i den t i f i ca t ion ,  GC methods a r e  l imited 
t o  components of high v o l a t i l i t y ;  otherwise, de r iva t i za t ion  s teps  
a r e  required which may decrease recovery of t h e  components. High 
performance l iqu id  chromatography (HPLC) i s  not l imited by com- 
ponent v o l a t i l i t y  nor by the presence of various s a l t s  which 
often accompany the ex t rac t ion  procedure. 
recently reported the  separation of over 100 urinary organic acids 
i n  30 minutes by reverse phase HPLC (12).  
peaks were not s u f f i c i e n t l y  resolved t o  be useful f o r  quan t i t a t ive  
metabolic prof i l ing .  

Two-dimensional chromatography i s  a technique in  which 
f r ac t ions  from one chromatographic mode a r e  t ransfer red  t o  another 
chromatographic mode t o  increase resolution ( 13) .  Some appl i - 
ca t ions  of this technique have been reported f o r  separa t ing  
urinary acids (14,15),  most notably by S p i t e l l e r  and S p i t e l l e r  
who separated about 500 acid components using a two-dimensional 
system employing t h i n  l ayer  chromatography and then cap i l l a ry  
GC-mass spectrometry (16) .  

For d iseases  which have 

This former technique has been termed "quant i ta t ive  

Anion exchange chromatography was one of the  f i r s t  methods 

Molnir and Horv6th 

However, many of  the 
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SEPARATION OF URINARY ORGANIC A C I D S  2 345 

T h i s  paper describes some refinements on the reverse phase 
HPLC method and a l so  presents t h e  results of a two-dimensional 
study employing anion exchange and then reverse  phase HPLC f o r  
t he  separation of urinary organic ac ids .  

MATERIALS 
Apparatus 

(Beckman Instrument Co., Berkeley, C A )  equipped w i t h  two model 
l O O A  pumps, a model 400-12 mixer, a model 210 in j ec t ion  valve 
with a 20 uL sample loop, a model 100-10 Hitachi var iab le  V l S -  

UV wavelength de tec tor  s e t  a t  280 nm,  and a Linear model 385 
char t  recorder were used throughout this study. 
were determined by a Hewlett Packard model 3380-S e l ec t ron ic  
in tegra tor .  

Columns 

An A1  t ex  322 MP microprocessor control 1 ed gradient H P L C  

Peak areas  

Analytical columns were packed by the  manufacturer; they 
included: 
(Alltech Associates, Deerfield,  IL) , SynChropak AX300, 10 urn 
anion exchange, 25 cm x 4.1 mm I.D. (SynChrom, Inc., Linden, IN), 
and Beckman Ultrasphere ODS, 5 pm reverse phase, 25 cm x 4.6 mm 
I.D. 
exchange material (5.0 cm x 4.6 mm I.D.) o r  Lichrosorb RP-18, 
10 pm ( E .  M. Merck) (7 .0  cm x 2.2 mm I.D.) were packed in t h i s  
1 aboratory w i t h  a model 704 Mi cromeri t i  cs sl w r y  packer (Mi cro- 
mer i t i c s ,  Norcross, G A ) .  
SynChropak column. The guard and ana ly t ica l  columns were kept 
a t  t he  appropriate temperature control led by a Thermomix Model 
1460 constant temperature water bath.  

RSiL-AN 5 pm anion exchange, 25 cm x 4.6 mn I.D. 

Guard columns cons is t ing  of e i t h e r  the  RSiL-An anion 

No guard column was used w i t h  the 

METHODS 

Sample Preparations 

male, combined, then  frozen i n  30 mL v i a l s  a t  -80°C u n t i l  ready 
f o r  use. 

Urine samples were co l lec ted  from an apparently healthy adu l t  

The acids were ex t rac ted  from urine e i t h e r  by concentra- 
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2346 MATTIUZ, WEBB, AND GATES 

t ion  on a DEAE Sephadex A-125-120 (Sigma Chemical Co., S t .  Louis, 
MO) anion exchange column followed by e lu t ion  with pyridinium 
ace ta te  and then lyophi l iza t ion  t o  dryness ( f o r  anion exchange 
a n d  reverse phase chromatography s tud ie s )  or by ex t rac t ion  i n t o  
an ether-ethyl ace t a t e  mixture followed by evaporation of the  
organic layer ( f o r  two-dimensional chromatography s t u d i e s ) .  De- 
t a i l s  of these procedures a re  given by Rehman e t  a l .  (17) .  

HPLC 
Aqueous buffers were prepared e i t h e r  from reagent grade 

potassi um di hydrogen phosphate (Ma1 1 i ncrodt , S t .  Louis , MO) with 
the  pH adjusted using 85% orthophosphoric acid (F isher  S c i e n t i f i c  
Co. , Fa i r  Lawn, NJ) o r  from glac ia l  a c e t i c  ac id  with the  pH 
adjusted u s i n g  sodium hydroxide. Water was pur i f ied  on a Mill i-Q 
system (Millipore Corp.). Buffers and HPLC grade solvents (ace- 
t o n i t r i l e  and methanol, Burdick and Jackson Laboratories,  
Muskegon, MI)  were f i l t e r e d  t h r o u g h  a 1 . 2  vm (aqueous so lvents )  
or 0 . 5  pm (organic so lvents )  f i l t e r  and then deaerated before 
using. 

For ion exchange ChromatGgraphy a concave gradient was used 
s t a r t i n g  with e i t h e r  0.02 M pH 3.0 phosphate buf fer  or 0.10 M pH 
7.0 ace t a t e  buffer and increasing to  1.13 M phosphate o r  4.0 M 

ace ta te ,  respec t ive ly ,  followed by a reverse grad ien t  t o  the  
i n i t i a l  conditions.  The column was equi l ibra ted  a t  t he  i n i t i a l  
conditions f o r  f i f t e e n  minutes before in j ec t ing  another sample. 
The flow ra t e  was 1 .0  mL/min. 

For reverse phase chromatography the  i n i t i a l  mobile phase was 
the  appropriate aqueous buffer.  The acetoni t r i l e  o r  methanol con- 
cent ra t ion  was increased to  39% i n  36 minutes in  a concave fashion, 
then l i nea r ly  t o  70% in 15 minutes ( t o  insure  complete e lu t ion  of 
a l l  components), followed by a reverse gradient and equ i l ib ra t ion  
under i n i t i a l  conditions f o r  15 minutes (Figure 1 ) .  The flow r a t e  
was maintained a t  2 .0  mL/min. 

In the  s tud ies  involving two-dimensional chromatography, 
f r ac t ions  were taken from the  R S i L - A N  anion exchange column, con- 
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FIGURE 2 .  Separa t i on  o f  u r i n a r y  a c i d s  on an an ion  exchange 
column 
phosphate b u f f e r  a t  pH 3.0 t o  0.5 M phosphate i n  
50 minutes.  F r a c t i o n s  were taken a t  t h e  t imes 
i n d i c a t e d  by  arrows. 

u s i n g  a l i n e a r  g r a d i e n t  f rom 0.05 M 

cen t ra ted ,  t hen  i n j e c t e d  i n t o  t h e  reve rse  phase column, as f o l l o w s .  
Fo r  t h e  an ion  exchange separa t i on ,  100 pL o f  sample was i n j e c t e d ,  
and a l i n e a r  g r a d i e n t  from 0.05 M phosphate b u f f e r  (pH 3.0) t o  
0.5 M phosphate i n  50 minutes was employed. 
c o l l e c t e d  w i t h o u t  s t o p p i n g  t h e  f l o w  ( F i g u r e  2 ) .  The f r a c t i o n s  

Four  f r a c t i o n s  were 
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SEPARATION OF URINARY ORGANIC A C I D S  2349 

were ex t rac ted  i n t o  e ther -e thy l  acetate, the  organic l a y e r  evapor- 
ated, and the  residue dissolved i n  50 pL o f  0.20 M (pH 2.1) 
phosphate bu f fe r .  A twenty UL a l i q u o t  o f  each f r a c t i o n  was then 
i n j e c t e d  i n t o  the reverse phase column using the  same cond i t ions  
given above. 

RESULTS AND DISCUSSION 
- Ion Exchange Chromatography 

RSiL-AN using an aqueous pH 3.0 phosphate b u f f e r  g rad ien t  w i t h  

inc reas ing  phosphate concentrat ion a t  60°C and SynChropak AX300 

using an aqueous pH 7.0 acetate b u f f e r  g rad ien t  w i t h  inc reas ing  
acetate concentrat ion a t  30°C. Since most o f  t he  u r ina ry  acids 
i n  the  e x t r a c t  have pK's between 4 and 5 (18) , the  predominate mode 
o f  separat ion a t  pH 3.0 i s  probably so rp t i on  r a t h e r  than ion -  
exchange (19);  i o n  exchange would predominate a t  pH 7.0 o r  above. 

Ne i ther  column gave a good separat ion o f  u r i na ry  acids; on ly  
approximately 25 resolved o r  p a r t i a l l y  resolved peaks were ob- 
served f o r  both columns. 
column were sharper, the RSiL-AN column and phosphate mobi le 

phase were chosen f o r  the  studies i nvo l v ing  two-dimensional chro- 
matography because the  pH was more compatible w i t h  t h a t  of the 
aqueous phase f o r  the reverse phase column (see below). 

-- Reverse Phase Chromatography 

ac id  ex t rac ts  i nd i ca ted  t h a t  the  sharpest, most symmetrical 

peaks and the  bes t  separat ion o f  u r i n a r y  acids on an Ultrasphere 
column a r e  obtained w i t h  a pH 2.7 phosphate b u f f e r  (0.2 M) a t  50°C 

using a concave grad ien t  from 0 t o  70% a c e t o n i t r i l e .  
cond i t ions  , approximately 85 resolved and p a r t i a l l y  resolved peaks 
were obtained (F igure  1 ) .  These r e s u l t s  a re  comparable t o  those 

o f  Moln$r and Horv6th (12),  who reported 104 peaks under s i m i l a r  
cond i t ions  using a 5 pm Lichrosorb RP-18 column. 

by th ree  i n j e c t i o n s  o f  the  same u r i n e  e x t r a c t .  

Two types o f  anion exchange column packings were inves t iga ted :  

Although the peaks from the  SynChropak 

Pre l im inary  s tud ies  w i t h  standard ac id  so lu t i ons  and u r i n a r y  

Under these 

The peak area r e p r o d u c i b i l i t y  o f  the  method was determined 
Twenty-eight of 
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FIGURE 3. Separa t i on  o f  u r i n a r y  a c i d s  on two r e v e r s e  phase 

columns connected t o g e t h e r .  
shown on F i g u r e  1 .  

The g r a d i e n t  i s  
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SEPARATION OF URINARY ORGANIC ACIDS 2351 

the  l a rge r  and b e t t e r  resolved peaks were chosen f o r  comparison. 
The mean and median percent standard deviations of each peak f o r  
the  raw areas were 5.8 and 4 . 4 ,  respec t ive ly  and 5.0 and 3 .5 ,  
respec t ive ly  f o r  normalized a reas .  

from 0.07 to  0.18 minutes, although somewhat l a r g e r  deviations 
were sometimes observed f o r  peaks having re ten t ion  times between 
5 and 12 minutes. 

f e ren t  peak pa t t e rn )  were observed when methanol was subs t i t u t ed  
f o r  a c e t o n i t r i l e  in the  grad ien t ;  however, the pressure reached 
5000 psi compared t o  3500 psi with a c e t o n i t r i l e .  Likewise, a 
s imi l a r  chromatogram was obtained when 0.1 M a c e t i c  ac id  (pH 2 .9 )  
was substituted f o r  phosphate. Although not a buf fer ,  a c e t i c  
acid may be appropriate f o r  use when  i so l a t ion  of separa te  peaks 
o r  f r ac t ions  from the reverse phase column i s  required,  s ince  
a c e t i c  ac id  can be removed by lyophi l iza t ion .  

As s ta ted  above, i n  order f o r  quan t i t a t ive  metabolic pro- 
f i l i n g  t o  be useful,  i t  i s  necessary f o r  a l l  of the  components 
in the sample t o  be a s  completely resolved as possible.  While 
the optimum conditions f o r  the  Ultrasphere column probably have 
been a t t a ined ,  i t  i s  apparent from Figure 1 t h a t  many of t h e  
peaks remain unresolved. 

length by connecting two o r  more columns together.  
cal conditions a s  w i t h  one column, connecting two and th ree  
columns together produced nearly 110 (Figure 3) and 90 peaks 
respectively.  The apparent decrease i n  reso lu t ion  w i t h  the 
three column system i s  probably due t o  the increase in i n t e r -  
connective tubing. In addi t ion ,  u s i n g  th ree  columns resu l ted  
in an extremely h i g h  pressure (8000 p s i ) .  

Two-Dimensional Chromatography 

exchange column a t  pH 3.0. 

The peak re ten t ion  times generally had standard deviations 

A s imi l a r  separation and number of peaks (although a d i f -  

One means of increasing reso lu t ion  i s  t o  increase column 
Under iden t i -  

A urine ex t r ac t  was separated f i r s t  on the  RSiL-AN anion 
Four f r ac t ions  were taken d u r i n g  the  

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



2352  

a 
d 

t3 m 

MATTIUZ, WEBB, AND GATES 

-5 L 2  

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



c 

I
-
-
-
-
-
 

4
 W

 
U

 
z
 

cr 0
 

m
 

a
 

m
 

m
 
a
 

\ 
D k
 

FIG
UR

E 
4.

 
Se

pa
ra

ti
on

 o
f 

fr
ac

ti
on

s 
co

ll
ec

te
d 

fr
om

 t
he

 a
ni

on
 e

xc
ha

ng
e 

co
lu

m
n 

(a
s 

in
di

ca
te

d 
in

 F
ig

ur
e 

2)
 

N
 

w
 

ul 
on

 a
 r

ev
er

se
 p

ha
se

 c
ol

um
n.

 
Th

e 
gr

ad
ie

nt
 i

s 
sh

ow
n 

in
 F

ig
ur

e 
1.

 
A.

 
Fr

ac
ti

on
 1

. 
B.

 
Fr

ac
ti

on
 2

. 
C.

 F
ra

ct
io

n 
3.

 
D.

 
Fr

ac
ti

on
 4

. 
W

 

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



2354 MATTIUZ, WEBB, AND GATES 

separation ( i nd i ca ted  by the  arrows i n  F igure  2 ) .  
were extracted, concentrated, and then i n j e c t e d  i n t o  the U l t r a -  
sphere reverse phase column. 
55, 46, 48, and 56 peaks, respec t ive ly  (Figure 4A-D). 
dering overlap from adjacent f rac t i ons ,  o f  the  205 t o t a l  peaks, 
139 appear t o  be due t o  d i f f e r e n t  components. 

I d e n t i f i c a t i o n  of Components 

t o  i nves t i ga te  diseases, i t  i s  n o t  necessary t o  i d e n t i f y  every 

The acids 

Frac t ions  one t o  fou r  y i e l d e d  
Consi- 

When the q u a n t i t a t i v e  metabol ic p r o f i l i n g  approach i s  used 
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FIGURE 5. A .  Chromatogram o f  a u r i n a r y  a c i d  e x t r a c t  d i l u t e d  

1/1 w i t h  pH 2.1 phosphate bu f fe r .  
B. Chromatogram o f  the  e x t r a c t  from F igure  5A 
bu t  d i l u t e d  1/1 w i t h  a s o l u t i o n  conta in ing  n ine  
organic acids a t  lOOppm each. The i d e n t i t y  o f  
each numbered peak i s  given i n  Table 1.  
chromatograms were obtained using the cond i t ions  
given i n  F igure  1 and i n  the t e x t .  

Both 
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TABLE 1 
I d e n t i f i c a t i o n  o f  Some Organic Acids Present i n  Ur ine  

Peak Number* 

1 
2 
3 

4 
5 
6 
7 
8 

9 

-~ Compound 
4-hydroxy-3-methoxymandelic 
3,4-dihydroxyphenylacetic ac id  

p-hydroxybenzoic ac id  
m-hydroxybenzoic a c i d  

m-hydroxyphenylacetic ac id  
4-hydroxy-3-methyl phenyl a c e t i  c ac id  
4-hydroxy-3-methoxycinnamic a c i d  
indole-3-acet ic a c i d  

transcinnamic a c i d  

*Refers t o  those peaks which a re  numbered i n  F igure  5 

component i n  the chromatogram. 
i d e n t i f i e d  which show s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e rences  be- 

tween samples taken from diseased versus normal subjects w h i l e  
p o s i t i v e  i d e n t i f i c a t i o n  o f  these components can be made by 
r e t e n t i o n  t ime comparison and/or by sp i k ing  the  sample w i t h  known 

compounds. 
chromatograms o f  a u r i n a r y  organic ac id  e x t r a c t   the same 
e x t r a c t  spiked w i t h  n ine  organic acids which a re  commonly found 
i n  u r i n e  (10). Table 1 l i s t s  each peak number and i t s  i d e n t i t y .  

Clear ly,  t h i s  t e n t a t i v e  peak i d e n t i f i c a t i o n  i s  f a c i l i t a t e d  by 
a h i g h l y  e f f i c i e n t  and reproducible HPLC separat ion.  

Only those components need be 

This i s  shown i n  F igure  5 which i s  a comparison o f  

CONCLUSIONS 
Reverse phase HPLC y i e l d s  a r a p i d  and reproduc ib le  sep- 

a ra t i on  o f  u r i n a r y  acids; however, i n  order t o  increase reso lu -  
t i o n  f o r  q u a n t i t a t i v e  measurements, more e f f i c i e n t  columns are 

required. E f f i c i e n c y  may be increased by connecting columns 

together; however, i t  i s  somewhat l i m i t e d  by in te rconnect ive  
tubing and increase operat ing pressure. As more e f f i c i e n t  ODS 
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columns a r e  devel oped , especi a1 1 y m i  c robo re  columns , a g r e a t e r  
r e s o l u t i o n  may e v e n t u a l l y  be r e a l i z e d .  

A1 though t e d i o u s  and t i m e  consuming, two-dimensional chro-  
matography r e s u l t s  i n  a s e p a r a t i o n  o f  t h e  l a r g e s t  number o f  
u r i n a r y  a c i d s  y e t  r e p o r t e d  by HPLC. 
gree o f  base] i n e  s e p a r a t i o n  i s  achieved o v e r  one d imensional  

HPLC s i n c e  fewer components a r e  p resen t  i n  each f r a c t i o n  than  
a r e  p resen t  i n  t h e  e n t i r e  sample. 
components o f  a s p e c i f i c  f r a c t i o n  a r e  t o  be i d e n t i f i e d  and/or  
q u a n t i f i e d .  W i th  t h e  development o f  o n - l i n e  techniques; i . e .  
automat ic  column sw i t ch ing ,  t h i s  method may e v e n t u a l l y  become 
more p r a c t i c a l .  

I n  a d d i t i o n ,  a g r e a t e r  de- 

I t s  use i s  suggested i f  
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