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REVERSED-PHASE ION-PAIRING LIQUID CHROMATOGRAPHIC 
SEPARATION AND FLUORIMETRIC DETECTION OF POLYAMINES 

Richard C .  Simpson, Hussa in  Y.  Mohammed and Hans Veening 
Department of  Chemistry,  Buckne l l  U n i v e r s i t y ,  

Lewisbur g ,  Pennsy lvan ia  17837 

ABSTRACT 

A r a p i d  and s p e c i f i c  r eve r sed -phase  i o n - p a i r i n g  h i g h  perform- 
ance  l i q u i d  chromatographic  p rocedure  f o r  p u t r e s c i n e ,  spe rmid ine  
and spe rmine  i s  r e p o r t e d .  The i o n - p a i r i n g  r e a g e n t ,  h e p t a n e s u l -  
f o n a t e ,  w a s  employed and o-phthalaldehyde and 2-mercaptoethanol  
were used f o r  o n - l i n e  post-column d e r i v a t i z a t i o n  and subsequen t  
f l u o r e s c e n c e  d e t e c t i o n .  Experiments  were c a r r i e d  o u t  to  d e t e r m i n e  
t h e  e f f e c t s  of s e v e r a l  v a r i a b l e s  such  as pH, c o n c e n t r a t i o n  of  t h e  
aqueous b u f f e r ,  coun te r - ion  c o n c e n t r a t i o n ,  and t h e  p e r c e n t a g e  of 
o r g a n i c  m o d i f i e r  i n  t h e  moving phase.  
l i m i t s  f o r  t h e  polyamines ranged from 120 pmoles f o r  spe rmine  t o  
1 2  pmoles f o r  p u t r e s c i n e .  The method i n c l u d e s  a g r a d i e n t  program 
which p r o v i d e s  complete  s e p a r a t i o n  from amino a c i d s  and  s p e c i f i c i t y  
f o r  t h e  t h r e e  polyamines.  The p rocedure  w a s  a p p l i e d  s u c c e s s f u l l y  
t o  u r i n e  and serum samples.  

The minimum d e t e c t i o n  

INTRODUCTION 

During r e c e n t  y e a r s  t h e r e  h a s  been a g r e a t  d e a l  of  i n t e r e s t  

i n  t h e  p h y s i o l o g i c a l  and c l i n i c a l  s i g n i f i c a n c e  of c e r t a i n  polyamines 

a s  c l i n i c a l  markers .  Ur ina ry  and serum polyamines have been re- 

p o r t e d  t o  be  u s e f u l  b iochemica l  i n d i c a t o r s  of  c a n c e r  ( 1 - 4 ) .  It 

h a s  a l s o  been r e p o r t e d  t h a t  polyamine metabol ism may p l a y  a n  

impor t an t  r o l e  i n  t h e  pa thophys io logy  of p s o r i a s i s  (5-7).  

The b i o l o g i c a l l y  s i g n i f i c a n t  polyamines of  i n t e r e s t  i n  t h i s  

s t u d y  are p u t r e s c i n e  (Pu),  spe rmid ine  (Sd) , and spermine (Sp) . 
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246 SIMPSON, MOHAMMED, AND VEENING 

TABLE 1 

Polyamine S t r u c t u r e s  

Name (Abbrev. ) 
0 0  

P u t r e s c i n e  (Pu) H,N(CHz)hNHs 

Tab le  1 shows t h e  s t r u c t u r e s  of  t h e s e  molecu le s  i n  t h e i r  p r o t o n a t e d  

forms. 

P rev ious  a n a l y t i c a l  methods f o r  t h e s e  and o t h e r  b i o g e n i c  amines 

have inc luded  gas  chromatography (8-10), t h i n  l a y e r  chromatography 

(ll), ion-exchange chromatography (12-18), and more r e c e n t l y ,  

reversed-phase h igh  performance l i q u i d  chromatography (HPLC) 

u t i l i z i n g  pre-column d e r i v a t i z a t i o n  (19-25). 

Most of  t h e s e  methods,  however,  p o s s e s s  c e r t a i n  d i s a d v a n t a g e s .  

The g a s  chromatographic  p rocedures  t end  t o  r e q u i r e  t e d i o u s  sample 

p r e p a r a t i o n s  and sometimes l a c k  accu racy .  Ion-exchange t e c h n i q u e s  

a r e  a l s o  c h a r a c t e r i z e d  by t e d i o u s  sample p r e p a r a t i o n s  i n  a d d i t i o n  

t o  l e n g t h y  a n a l y s i s  t imes  r a n g i n g  from 60 t o  120 minu tes .  

Reversed-phase HPLC t e c h n i q u e s  u t i l i z i n g  pre-column d e r i v a t i -  

z a t i o n  of  amines c u r r e n t l y  appea r  t o  b e  q u i t e  p o p u l a r .  S e v e r a l  

r e c e n t  p a p e r s  have been pub l i shed  d e s c r i b i n g  pre-column f l u o r i -  

m e t r i c  d e r i v a t i z a t i o n  w i t h  f luo rescamine  and o -ph tha la ldehyde  (19, 

2 0 ) ,  d a b s y l  c h l o r i d e  ( 2 5 ) ,  and t h e  popu la r  r e a g e n t ,  d a n s y l  c h l o r i d e  

(21 -24) .  These t e c h n i q u e s  a l s o  r e q u i r e  e x t e n s i v e  sample p r e p a r a t i o n  

and a n a l y s i s  t i m e s  and o f t e n  y i e l d  complex chromatograms. A com- 

p rehens ive  review of  a n a l y t i c a l  methods f o r  polyamines i n  physio-  

l o g i c a l  f l u i d s  h a s  been  p u b l i s h e d  by S e i l e r  ( 2 6 ) .  

An i n c r e a s i n g l y  popu la r  approach t o  t h e  s e p a r a t i o n  of i o n i c  

s p e c i e s  i s  i o n - p a i r i n g  HPLC. S e v e r a l  e x c e l l e n t  reviews of t h e  

t h e o r e t i c a l  a s p e c t s  of  t h i s  t e c h n i q u e  have been p u b l i s h e d  ( 2 7 - 3 2 ) .  
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SEPARATION AND DETECTION OF POLYAMINES 247 

Very r e c e n t l y ,  S e i l e r  and Knudgen r e p o r t e d  t h e  s e p a r a t i o n  of  n a t u r a l  

polyamines and t h e i r  monoacetyl d e r i v a t i v e s  by i o n - p a i r i n g  HPLC and 

post-column d e r i v a t i z a t i o n  (33) .  I n  t h i s  pape r ,  w e  r e p o r t  a r a p i d ,  

s e n s i t i v e ,  and s p e c i f i c  reversed-phase i o n - p a i r i n g  HPLC s e p a r a t i o n  

of  p u t r e s c i n e ,  spe rmid ine  and spermine fo l lowed  by o n - l i n e  pos t -  

column d e r i v a t i z a t i o n  and f l u o r i m e t r i c  d e t e c t i o n .  We b e l i e v e  o u r  

method i s  complementary t o  t h a t  of S e i l e r  and KnHdgen (33 ) ;  i t  a l s o  

i n c l u d e s  a d e t a i l e d  s t u d y  of  t h e  r e t e n t i o n  b e h a v i o r  of  t h e  t h r e e  

polyamines and p r o v i d e s  a more r a p i d  a l t e r n a t e  a n a l y s i s  f o r  natu-  

r a l l y  o c c u r r i n g  polyamines.  In a d d i t i o n ,  o u r  d e t e c t i o n  l i m i t s  f o r  

t h e  polyamines appea r  t o  b e  s l i g h t l y  lower t h a n  t h o s e  r e p o r t e d  by 

S e i l e r  and Knudgen. The method o f  d e t e c t i o n  i n v o l v e s  t h e  h i g h l y  

f l u o r e s c e n t  p roduc t  formed from t h e  r e a c t i o n  of o -ph tha la ldehyde  

(OPT) and pr imary amines (34-36). A r e c e n t  r ev iew of  r e a c t i o n  

l i q u i d  chromatography h a s  been p u b l i s h e d  by F r e i  (37) which o u t l i n e s  

t h e  p r i n c i p l e s  i nvo lved  i n  post-column d e r i v a t i z a t i o n .  

MATERIALS AND METHODS 

Apparatus  

The chromatographic  system used  i n  t h i s  s e p a r a t i o n  is  i l l u s -  

t r a t e d  i n  F i g u r e  1. Pumps A and B were Model 6000A u n i t s  (Waters 

A s s o c i a t e s ,  M i l f o r d ,  MA 01757).  These were c o n t r o l l e d  by a Model 

660 So lven t  Programmer (Waters A s s o c i a t e s )  and  d e l i v e r e d  t h e  mobile  

phase th rough  a 30 x 0.39 c m  ( I . D . )  VBondapak C,, a n a l y t i c a l  column 

(Waters A s s o c i a t e s ) .  

u s e  of  a Model U6K i n j e c t o r  (Waters A s s o c i a t e s )  s u p p l i e d  w i t h  a 

100 pL sample l o o p .  

Samples were i n t r o d u c e d  i n t o  the sys t em by 

Pump C w a s  a Milton-Roy Mini-Pump 106-31 (Waters A s s o c i a t e s ) .  

T h i s  pump d e l i v e r e d  t h e  OPT d e r i v a t i z i n g  r e a g e n t  t o  t h e  column 

e f f l u e n t ;  t h e  two streams were mixed i n  an o n - l i n e  post-column 

r e a c t i o n  c o i l  t o  form t h e  f l u o r e s c e n t  d e r i v a t i v e s  of the polyamines.  

The r e a c t i o n  c o i l  w a s  c o n s t r u c t e d  of  305 x 0.023 c m  ( I . D . )  c o i l e d  

s t a i n l e s s  s t e e l  t u b i n g .  The r e s u l t i n g  f l u o r o p h o r e s  were t h e n  de- 

t e c t e d  i n  a S c h o e f f e l  Model FS 970 S p e c t r o f l u o r o m o n i t o r  ( K r a t o s ,  
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248 SIMF'SON, MOHAMMED, AND VEENING 

System Diagram 

p r o g r a m m e r  

r - - - -  I I-+- I 

I I 

Pump A P u m p  6 

Inject ion Valve 4 
\ Analyt ical  Column 

30cm C,8 

Fluoromeier  Waste 

FIGURE 1. Schematic diagram of the chromatographic system. 

Westwood, NJ 07675) with the excitation wavelength set at 340 nm 

and a Type 440 emission filter (Kratos). A Spectra-Physics, SP 
4100 computing integrator (Spectra-Physics, Santa Clara, CA 95051)  

was used to record a l l  chromatograms and perform data reduction. 

The post-column "T" connector was a Swagelok fitting (Allentown 

Valve ti Fitting C o . ,  Allentown, PA 18049) .  

Reagents and Chemicals 

All polyamines were obtained in the hydrochloride salt forms. 

The putrescine salt was obtained from Eastman (Eastman Kodak CO., 
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SEPARATION AND DETECTION OF POLYAMINES 249 

Rochester ,  NY 14650) and r e c r y s t a l l i z e d  from a b s o l u t e  e t h a n o l .  The 

spermidine and spermine hydrochlor ides  (Sigma Chemical Co., S t .  

Louis ,  MO 63178) were used without  f u r t h e r  p u r i f i c a t i o n .  OPT w a s  

a l s o  obta ined  from Sigma Chemical Co. and w a s  used as rece ived .  

Reagent grade 2-mercaptoethanol w a s  purchased from Matheson, Cole- 

man and B e l l  (Norwood, OH 45212). Sodium 1-heptanesul fona te  w a s  

suppl ied  by Eastman and used without  f u r t h e r  p u r i f i c a t i o n .  Reagent 

grade te t rahydrofuran  was obta ined  from Aldr ich  (Aldrich Chemical 

Co., Milwaukee, W I  53201). HPLC grade methanol w a s  s u p p l i e d  by 

Burdick & Jackson Labs, Inc .  (Muskegon, M I  49422). HPLC grade 

water w a s  produced by a M i l l i - Q  Reagent Grade Water System (Mi l l i -  

pore Corporat ion,  Bedford, MA 01730). 

Samples and Sample Prepara t ion  

Normal, pooled u r i n e  and serum samples were obta ined  from 

l o c a l  h o s p i t a l s  and were kept  f rozen  a t  -30°C u n t i l  needed. In 

p r e p a r a t i o n  f o r  a n a l y s i s ,  t h e  p h y s i o l o g i c a l  samples were thawed 

and hydrolyzed w i t h  an  equal  volume of concent ra ted  hydrochlor ic  

a c i d  a t  100°C f o r  a per iod  of 10-12 hours .  

samples were cooled t o  room temperature .  

hydro lysa te  w a s  a d j u s t e d  t o  approximately 4.5 by a d d i t i o n  of d i l u t e  

base.  

phys io logica l  f l u i d  w a s  recorded i n  o r d e r  t o  c a l c u l a t e  d i l u t i o n  

f a c t o r s .  

Following t h e  h y d r o l y s i s ,  

The pH of t h e  r e s u l t i n g  

The t o t a l  volume of a c i d  and base added t o  t h e  o r i g i n a l  

Following adjustment  of pH, t h e  h y d r o l y s a t e  w a s  f i l t e r e d  

through a 0.20 pm Nalgene F i l t e r  (Sybron Corporat ion,  Rochester ,  NY 

14602) t o  remove p a r t i c u l a t e  matter. These prepared samples w e r e  

then  s t o r e d  a t  -30°C u n t i l  assayed.  

Standard s t o c k  s o l u t i o n s  w e r e  prepared by d i s s o l v i n g  weighed 

q u a n t i t i e s  of t h e  polyamine hydrochlor ide  s a l t s  i n  de ionized ,  d i s -  

t i l l e d  water. Appropriate  d i l u t i o n s  of t h e s e  s t o c k  s o l u t i o n s  were 

made t o  genera te  s t a n d a r d  s o l u t i o n s  a t  d e s i r e d  concent ra t ions .  

Mobile Phases and D e r i v a t i z i n g  Reagents 

A l l  mobile phases used i n  t h i s  s e p a r a t i o n  were prepared volu- 

m e t r i c a l l y .  Solvent  A c o n s i s t e d  of 80% aqueous a c e t a t e  b u f f e r  
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250 SIMPSON, MOHAMMED, AND VEENING 

(0.050 

and 20% methanol. Solvent  A w a s  a l s o  1 . 0  x l o c z  
s u l f o n a t e .  Solvent  B c o n s i s t e d  of 80% aqueous acetate b u f f e r  

(0.10 fi a c e t i c  a c i d  a d j u s t e d  t o  pH = 4.50 with  sodium hydroxide) ,  

18% methanol and 2% te t rahydrofuran .  

acetic a c i d  a d j u s t e d  t o  pH 4.50 w i t h  sodium hydroxide)  

i n  l-heptane- 

The OPT d e r i v a t i z i n g  reagent  w a s  prepared by d i s s o l v i n g  800 mg 

of OPT i n  10 mL of  methanol. To t h i s  w a s  added 600 VL of 2- 

mercaptoethanol. 

wi th  0.50 _M aqueous potassium b o r a t e  b u f f e r  a t  pH 9.00. 

reagent  i s  s t a b l e  a t  room temperature  f o r  a per iod  of 24 hours .  

This  mixture  w a s  d i l u t e d  t o  a volume of 1 . 0 0  L 

This  

Chromatographic Procedure 

Pumps A and B ,  c o n t r o l l e d  by t h e  s o l v e n t  programmer, d e l i v e r e d  

t h e  mobile phase through t h e  a n a l y t i c a l  column a t  a rate of 

2.0 mL/min. The mobile phase g r a d i e n t  c o n s i s t e d  of an i n i t i a l  

i s o c r a t i c  per iod  a t  0% B f o r  10  minutes  followed by a l i n e a r  

grad ien t  t o  100% B over  a 2 minute per iod .  Pump C d e l i v e r e d  t h e  

OPT d e r i v a t i z i n g  reagent  t o  t h e  a n a l y t i c a l  column e f f l u e n t  a t  a 

rate of 0.70 mL/min. 

t h e  d e r i v a t i z a t i o n  process  occurred ,  t h e  mixture  w a s  monitored 

f l u o r i m e t r i c a l l y  ( A  

After pass ing  through t h e  r e a c t i o n  c o i l  where 

= 340 nm; Aem 2 440 nm). ex 

RESULTS AND DISCUSSION 

Retent ion Mechanism 

The b a s i s  f o r  t h i s  s e p a r a t i o n  of t h e  polyamines i s  ion-pa i r ing  

chromatography. This  technique a l lows  charged s p e c i e s  t o  b e  

separa ted  us ing  reversed-phase HPLC. Equation 1 gives  a very  

s i m p l i f i e d  r e p r e s e n t a t i o n  of t h e  process  involved.  

In  t h i s  example, RNH3' 

charged m i n e  i n  s o l u t i o n  i n  t h e  aqueous mobile phase. 

r e p r e s e n t s  t h e  a n i o n i c  counter- ion,  1-heptanesulfonate ,  a l s o  i n  

r e p r e s e n t s  a pro tona ted ,  p o s i t i v e l y  
(aq) 

HpS- 
(aq)  

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



SEPARATION AND DETECTION OF POLYAMINES 251 

s o l u t i o n  i n  t h e  aqueous mobile phase. 

t h e  r e s u l t i n g  n e u t r a l ,  hydrophobic ion-pa i r  r e t a i n e d  i n  t h e  non- 

p o l a r  organic  s t a t i o n a r y  phase. K i s  t h e  o v e r a l l  e q u i l i b r i u m  

c o n s t a n t  f o r  t h e  process .  

a f f i n i t y  of RNH3+ f o r  t h e  non-polar s t a t i o n a r y  phase, t h u s  l i t t l e  

o r  no r e t e n t i o n  on t h e  column. However, i f  t h e  e q u i l i b r i u m  is t o  

t h e  r i g h t ,  a n e u t r a l ,  hydrophobic ion-pa i r  is formed which i s  re- 

t a i n e d  i n  t h e  non-polar organic  s t a t i o n a r y  phase,  t h u s  p e r m i t t i n g  

t h e  s e p a r a t i o n  of  t h e  protonated amines. 

(RM13+HpS-) (erg) r e p  re s e n t  s 

I f  t h e  equi l ibr ium l ies  t o  t h e  l e f t ,  t h e r e  is l i t t l e  o r  no 

Retent ion  Behavior of t h e  Polyamine Ion-Pairs 

I n  t h e  process  of determining optimum s e p a r a t i o n  parameters ,  

s t u d i e s  of t h e  r e t e n t i o n  c h a r a c t e r i s t i c s  of t h e  polyamine ion-pa i rs  

were performed. This  w a s  done by observing t h e  c a p a c i t y  f a c t o r s  

(k') of  t h e  i o n  p a i r s  as a f u n c t i o n  of s e v e r a l  v a r i a b l e s .  These 

v a r i a b l e s  included t h e  percent  of organic  modi f ie r  i n  t h e  mobile 

phase, t h e  counter- ion c o n c e n t r a t i o n ,  t h e  pH of t h e  aqueous mobile 

phase b u f f e r ,  and t h e  acetate concent ra t ion  of  t h e  mobile phase. 

The r e s u l t s  of t h e s e  s t u d i e s  are presented  g r a p h i c a l l y  i n  F igures  

2-5 as p l o t s  of  k' t h e  v a r i o u s  v a r i a b l e s .  

F igure  2 i l l u s t r a t e s  t h e  change i n  c a p a c i t y  f a c t o r s  of t h e  

polyamine ion-pa i rs  as a f u n c t i o n  of t h e  p e r c e n t  o r g a n i c  modi f ie r  

i n  t h e  mobile phase. The modi f ie r  used i n  a l l  of t h e s e  s t u d i e s  

was a 1:l mixture  of methanol and te t rahydrofuran .  The acetate 

concent ra t ion  w a s  h e l d  a t  0.050 FJ, t h e  pH w a s  4.50,  and t h e  counter- 

i o n  concent ra t ion  w a s  f i x e d  a t  6.0 x lo-' g. 
havior  of t h e  polyamine ion-pa i rs  w a s  as expected.  A s  t h e  percent  

organic  modi f ie r  w a s  i n c r e a s e d ,  t h e  capac i ty  f a c t o r  of each of t h e  

polyamine ion-pa i rs  decreased.  We b e l i e v e  t h a t  t h e r e  are two 

reasons  f o r  t h e  l a r g e  d i f f e r e n c e  i n  t h e  p l o t s  f o r  each of t h e  

ion-pa i rs .  F i r s t ,  t h e  spermine h a s  f o u r  a v a i l a b l e  i o n i c  sites for  

ion-pa i r ing ,  whi le  spermidine h a s  only  t h r e e ,  and p u t r e s c i n e  two. 

Secondly, spermine c o n t a i n s  more methylene groups than  spermidine 

The r e t e n t i o n  be- 
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FIGURE 2.  E f f e c t  o f  percent  o r g a n i c  m o d i f i e r  (1:l methanol 
and t e t r a h y d r o f u r a n )  on t h e  r e t e n t i o n  of t h e  polyamine 
i o n - p a i r s  (0.050 g a c e t a t e ;  pH = 4.50 ;  [HpS-] = 
6 . 0  3 ) .  

o r  p u t r e s c i n e .  These two f a c t o r s  combine t o  cause  spermine t o  be  

cons iderably  more hydrophobic w i t h  a l a r g e r  r e t e n t i o n  t i m e  than 

e i t h e r  spermidine o r  p u t r e s c i n e .  

F igure  3 i l l u s t r a t e s  t h e  changes i n  c a p a c i t y  f a c t o r s  of t h e  

t h r e e  polyamine ion-pa i rs  as a f u n c t i o n  of t h e  counter- ion con- 

c e n t r a t i o n .  The d a t a  were obta ined  us ing  a mobile phase c o n s i s t -  

ing  of 60% aqueous a c e t a t e  b u f f e r  (0.050 a c e t i c  a c i d  a d j u s t e d  

t o  pH = 4.50  with  sodium hydroxide)  and 40% o r g a n i c  m o d i f i e r .  A s  

can be seen from t h e  p l o t s ,  an i n c r e a s e  i n  counter- ion concentra-  

t i o n  r e s u l t s  i n  increased  r e t e n t i o n .  This  o b s e r v a t i o n  i s  con- 

s i s t e n t  w i t h  publ i shed  r e s u l t s  (31 ,32 )  and is  reviewed h e r e  

b r i e f l y  . 
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FIGURE 3. Effect of the  counter-ion (HpS-) concent ra t ion  on the  
r e t e n t i o n  of  t h e  polyamine ion-pa i rs  ( 0 . 0 5 0  g a c e t a t e ;  
pH = 4 . 5 0 ;  40% organic  modi f ie r ) .  

Equation 1 has  a l ready  described the  d i s t r i b u t i o n  of t h e  i o n i c  

amine i n  the  mobile phase and t h e  ex t r ac t ion  of t h e  ion-pair  i n t o  

t h e  organic  s t a t i o n a r y  phase. The equi l ibr ium constant f o r  t he  

ex t r ac t ion  i n t o  t h e  s t a t i o n a r y  phase is represented i n  Equation 1 

a s  K. This ex t r ac t ion  constant can be w r i t t e n  as: 

I n  o rde r  t o  r e l a t e  t h e  ex t r ac t ion  constant K t o  t h e  capac i ty  f a c t o r  

k', t h e  following equations a r e  required (31): 
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FIGURE 4 .  Effect of mobile phase pH on the retention of the 
polyamine ion-pairs (0.050 g acetate; [HpS-] = 
6.0 x g; 40% organic modifier). 

vS 
k' = [HpS-Iaq K ( 4 )  

In Equations 3 and 4 ,  V 

graphic column 

represents the void volume of the chromato- M 
and Vs represents the volume of the stationary 
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FIGURE 5 .  E f f e c t  of acetate concent ra t ion  on t h e  r e t e n t i o n  of 
t h e  polyamine ion-pa i rs  (pH = 4.50;  [HpS-] = 
6.0  x M; 40% organic  m o d i f i e r ) .  

phase contained i n  t h e  chromatographic column. 

i t  is seen  t h a t  t h e  c a p a c i t y  f a c t o r  f o r  t h e  polyamine i o n - p a i r s  i s  

p r o p o r t i o n a l  t o  t h e  counter-ion concent ra t ion  i n  t h e  mobile phase.  

Figure 3 shows t h a t  t h i s  i s  Indeed t h e  case.  

From Equation 4 ,  

Figure  4 r e p r e s e n t s  t h e  d a t a  obta ined  in a s tudy  of t h e  e f f e c t  

of t h e  mobile phase b u f f e r  pH on t h e  c a p a c i t y  f a c t o r s  of t h e  poly- 

amine ion-pa i rs .  I n  t h i s  s tudy t h e  acetate concent ra t ion  w a s  f i x e d  

a t  0.050 M, t h e  percent  organic  modi f ie r  w a s  h e l d  cons tan t  a t  40%, and 

t h e  counter- ion concent ra t ion  w a s  6.0 x g, It can b e  seen  

t h a t  a decrease  i n  mobile phase pH r e s u l t e d  i n  an  i n c r e a s e  i n  k' 
v a l u e s  of t h e  ion-pa i rs .  The reason f o r  t h i s  behavior  may b e  due 

t o  t h e  non-equivalent amine groups undergoing a g r e a t e r  degree  of 

pro tona t ion  w i t h  a r e s u l t a n t  i n c r e a s e  i n  ion-pa i r  formation !and 

subsequent r e t e n t i o n )  as t h e  mobile  phase pH is  decreased.  
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FTCLRE 6. 

SIMPSON, MOHAMMED, AND VEENING 

Sd 

STANDARD MIXTURE 

OF POLYAMINES 

Pu 

I 
1 I I I 

10 2 0  

Time (min) 

Chromatogram of a s t a n d a r d  mixture  of t h e  t h r e e  
polyamines (1.6 nmol each) .  

The f i n a l  s tudy ,  shown i n  F igure  5 ,  i l l u s t r a t e s  t h e  dependence 

of  k' of t h e  ion-pa i rs  as  a f u n c t i o n  of t h e  a c e t a t e  c o n c e n t r a t i o n  

i n  t h e  mobile phase. 

o rganic  modi f ie r  w a s  40%,  t h e  aqueous b u f f e r  pH w a s  f i x e d  at  4.50, 

and t h e  counter- ion c o n c e n t r a t i o n  w a s  6 .0  x 

seen t h a t  as t h e  a c e t a t e  c o n c e n t r a t i o n  i n c r e a s e d ,  t h e  k' v a l u e s  of 

t h e  ion-pa i rs  decreased.  T h i s  behavior  w a s  expec ted ,  s i n c e  pre- 

v ious  s t u d i e s  (31,32) have shown t h a t  as t h e  i o n i c  s t r e n g t h  of t h e  

mobile phase i n c r e a s e s ,  t h e  amount of ion-pair  formation w i t h  t h e  

I n  t h i s  series of experiments ,  t h e  p e r c e n t  

g. It can be  
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NORMAL SERUM 

FIGURE 7.  Chromatogram of pooled,  normal serum. 

counter- ion decreases .  T h i s r e s u l t s  i n  a d e c r e a s e  i n  k '  v a l u e s  of 

t h e  i o n - p a i r s .  The reason f o r  t h e  decrease  i n  t h e  amount of ion- 

p a i r  formation is  due t o  t h e  compet i t ion  of secondary ions in t h e  

ion-pa i r  formation process .  In  t h i s  c a s e ,  it i s  l i k e l y  t h a t  t h e  

a n i o n i c  a c e t a t e  i o n  i s  competing w i t h  t h e  HpS' counter- ion t o  

form i o n - p a i r s  w i t h  t h e  c a t i o n i c  polyamines. 

F i g u r e  6 shows t h e  s e p a r a t i o n  of a s t a n d a r d  mixture  of  t h e  

t h r e e  polyamines u t i l i z i n g  t h e  p r e v i o u s l y  l i s t e d  mobile  phase and 

chromatographic c o n d i t i o n s .  The chromatogram shows s a t i s f a c t o r y  

r e s o l u t i o n  and symmetr ical  peak shapes.  The t o t a l  a n a l y s i s  t i m e  
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SPIKED SERUM 

Sd 

Pu 

, - I  1 1 I 

10 20 30 
Time (mln) 

FIGURE 8. Chromatogram of pooled,  normal serum sp iked  w i t h  
ca. 1 nmbl of each polyamine. 

w a s  ca .  26 minutes;  t h i s  i s  s i g n i f i c a n t l y  f a s t e r  than  most r e p o r t e d  

methods, inc luding  t h e  most r e c e n t l y  publ i shed  procedure ( 3 3 ) .  

The g r a d i e n t  which w a s  uaed t o  produce t h e  chromatogram a c t u a l l y  

changes t h r e e  parameters  dur ing  i t s  o p e r a t i o n ;  t h e  acetate con- 

c e n t r a t i o n  i s  i n c r e a s e d ,  t h e  counter- ion c o n c e n t r a t i o n  i s  de- 

c reased ,  and t h e  s t r e n g t h  of t h e  mobile  phase o r g a n i c  m o d i f i e r  is 

increased .  

F igure  7 r e p r e s e n t s  a chromatogram f o r  a pooled ,  normal serum 

sample. The l a r g e  peak which e l u t e s  early i n  t h e  chromatogram is  

a r e s u l t  of t h e  l a r g e  q u a n t i t i e s  of amino a c i d s  produced i n  t h e  
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Chromatogram of normal u r i n e  s p i k e d  w i t h  ca. 1 nmol 
of  each  polyamine. 

h y d r o l y s i s  procedure.  S ince  OPT reacts w i t h  pr imary amines,  t h i s  

response  cannot  be  e l i m i n a t e d .  However, under t h e  chromatographic  

c o n d i t i o n s  used,  t h e  polyamines are s t r o n g l y  r e t a i n e d  on t h e  column 

dur ing  t h e  i n i t i a l  i s o c r a t i c  p e r i o d .  The g r a d i e n t  p o r t i o n  of t h e  

program then  e l u t e s  t h e  polyamine i o n - p a i r s  a f t e r  t h e  i n t e r f e r i n g  

amino a c i d s  have passed through t h e  column. Chromatograms f o r  

normal serum and normal u r i n e  samples  sp iked  w i t h  t h e  t h r e e  poly- 

amines are shown i n  F igures  8 and 9. These s e p a r a t i o n s  i l l u s t r a t e  

t h e  non- in te r fe rence  of amino a c i d s  when a n a l y z i n g  p h y s i o l o g i c a l  

f l u i d s  f o r  polyamines. 
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260 SIMPSON, MOHAMMED, AND VEENING 

TABLE 2 

Linear  Ranges and Minimum D e t e c t i o n  L i m i t s  

R e t .  T i m e  Min. Detec t ion  Linear  Response 
Limit  Range R2 Compound 

(min) 

Pu 17.of0.5 1 . 0  ng (12  pmole) 1 .0  t o  350 ng 0.999 

Sd 2 0 . e 0 . 5  6.0 ng (40 pmole) 6 .0  t o  290 ng 0.997 

Sp 22.050.5 24 ng (120 pmo1.e) 24 t o  800 ng 0.998 

There i s  a r e l a t i v e l y  long  t i m e  per iod  between t h e  t a i l i n g  

edge of t h e  amino a c i d  f r o n t  and t h e  beginning of t h e  f i r s t  poly- 

amine peak. The exper imenta l  parameters  r e p o r t e d  i n  t h i s  paper  

were t a i l o r e d  t o  provide  optimum s e p a r a t i o n s  f o r  our  s p e c i f i c  

a p p l i c a t i o n .  This  s e p a r a t i o n  method, however, is  extremely f l e x -  

i b l e .  If samples appear  t o  have a c o n s i s t e n t l y  low amino a c i d  

c o n t e n t ,  then t h e  i n i t i a l  i s o c r a t i c  per iod  of t h e  g r a d i e n t  may be  

shor tened  t o  d e c r e a s e  a n a l y s i s  t i m e  w i t h  no l o s s  of r e s o l u t i o n .  

The l i n e a r  ranges  and minimum d e t e c t i o n  l i m i t s  f o r  each of 

t h e  polyamines are p r e s e n t e d  i n  Table  2.  The minimum d e t e c t i o n  

l i m i t s  l i s t e d  are f o r  t h e  polyamines i n  t h e  f r e e  form, R(NH2)x, 

and not  i n  t h e  pro tona ted  o r  ion-pa i red  state.  The l i n e a r  cor- 

r e l a t i o n  c o e f f i c i e n t s  (R2) f o r  each of t h e  polyamines i n d i c a t e  

good l i n e a r i t y  of d e t e c t o r  response based on measurement of peak 

a r e a s .  

CONCLUSION 

I n  summary, w e  have descr ibed  a new, r a p i d ,  s e n s i t i v e ,  and 

s p e c i f i c  s e p a r a t i o n  technique  f o r  p u t r e s c i n e ,  spermidine ,  and 

spermine u t i l i z i n g  reversed-phase i o n - p a i r i n g  HPLC coupled w i t h  

on-l ine post-column d e r i v a t i z a t i o n  and f l u o r i m e t r i c  d e t e c t i o n  of  

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



SEPARATION AND DETECTION OF POLYAMINES 261 

t h e  polyamines.  A n a l y s i s  times a r e  s i g n i f i c a n t l y  s h o r t e r  t h a n  

most methods c u r r e n t l y  a v a i l a b l e .  We are p r e s e n t l y  u s i n g  t h i s  

method t o  de t e rmine  polyamines i n  p h y s i o l o g i c a l  f l u i d s  o b t a i n e d  

from p s o r i a t i c  a r t h r i t i s  p a t i e n t s .  
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