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THEIR PRECURSORS AND METABOLITES 

BY HPLC-EC 

Q. Meng, Y. F. Chen, and S. Oparil 
Hypertension Research Program 

Department of Medicine 
University of Alabama at Birmingham 

Birmingham, Alabama 35294 

ABSTRACT 

The c u r r e n t  s tudy  was designed t o  e l u c i d a t e  t h e  t h e o r e t i c z l  
b a s i s  f o r  chromatographic  s e p a r a t i o n  o f  b i o g e n i c  amines on an 
o c t a d e c y l - s i l i c a  (C-18) r e v e r s e  phase column by de te rm in ing  t h e  
i n t e r m o l e c u l a r  f o r c e s  between t h e  s o l u t e  and t h e  s t a t i o n a r y  phase. 
The s o l u t e s  mass t r a n s f e r  d i f f u s i o n  and t h e  h e a t  e f f e c t  between 
s o l u t e s  and s t a t i o n a r y  phase were assessed by  a convenient  method. 
T h i s  s t u d y  demonstrates t h a t  t h e  d i s s o l u t i o n  mechanism p l a y s  a m a j o r  
r o l e  i n  t h e  process o f  chromatographic  r e s o l u t i o n  o f  b i o g e n i c  amines 
and t h e i r  p r e c u r s o r s  and m e t a b o l i t e s  by  HPLC-EC. 

INTRODUCTION 

The c o n c u r r e n t  q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  b i o g e n i c  amines 

and t h e i r  p recu rso rs  and m e t a b o l i t e s  u s i n g  LCEC i s  c u r r e n t l y  t h e  

most f r e q u e n t l y  employed method o f  assess ing t h e  a c t i v i t i e s  of 

s p e c i f i c  monoamine c o n t a i n i n g  neuronal  p o p u l a t i o n s  i n  b r a i n  (1). 
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2048 MENG, CHEN, AND OPARIL 

I n  t h e  l a s t  seve ra l  years,  a number o f  procedures f o r  s e p a r a t i n g  

b i o g e n i c  amines, t h e i r  p r e c u r s o r s  and m e t a b o l i t e s  u s i n g  t h e  

o c t a d e c y l - s i l  i c a  (C-18) r e v e r s e  phase a n a l y t i c a l  column have been 

desc r ibed  ( 2 ) .  The i n f l u e n c e  o f  t h e  compos i t i on  o f  t h e  LC m o b i l e  

phase on t h e  r e t e n t i o n  t i m e  and chromatographic  c h a r a c t e r i s t i c s  o f  

t hese  compounds has been s t u d i e d  e x t e n s i v e l y  ( 2 ) .  T h i s  paper 

assesses t h e  r o l e  o f  t h e  i n t e r a c t i o n  between t h e  s o l u t e s  and t h e  

s t a t i o n a r y  phase i n  t h e  chromatographic  process. Based on t h e  

r e t e n t i o n  behav io r  and band broadening o f  b i o g e n i c  amines and t h e i r  

m e t a b o l i t e s  on a reve rse  phase column, t h e  e f f e c t s  o f  t h e  s o l u t e  

mass t r a n s f e r  d i f f u s i o n  i n  t h e  s t a t i o n a r y  phase on t h e  s e p a r a t i o n  

process were assessed. These data c l a r i f y  t h e  mechanisms by which 

b i o g e n i c  amines and t h e i r  p recu rso rs  and m e t a b o l i t e s  a r e  separated 

by HPLC-EC and p r o v i d e  u s e f u l  i n f o r m a t i o n  f o r  s e l e c t i n g  t h e  m o b i l e  

phase compos i t i on  necessary f o r  o p t i m i z i n g  chromatographic  

r e s o l  u t i on. 

Experiment a1 

I n  o u r  l a b o r a t o r y ,  4-hydroxy-3-methoxyphenylglycol (MOPEG) , 
norep inephr ine  ( N E ) ,  ep inephr ine  (EPI )  , dopamine (DA), 3-4 

d i  hyd roxypheny lace t i c  a c i d  (DOPAC) , 5-hyd roxy indo leace t i c  a c i d  

(5HIAA) , h o m o v a n i l l i c  a c i d  (HVA) and 5-hydroxyt ryptamine (5HT) 

con ten ts  o f  s tandards and t i s s u e  samples a r e  r o u t i n e l y  determined 

c o n c u r r e n t l y  u s i n g  HPLC-EC. 

s o l v e n t  d e l i v e r y  system (Waters Assoc ia tes ,  M i l f o r d ,  MA) , a Waters 

W I S P  710 au tomat i c  i n j e c t o r  and A l t e x  u l t r a s p h e r e  (Beckman 

Inst ruments,  Columbia, MD) ODS 5vm reve rse  phase column w i t h  a BAS 
LC-23A ( B i o a n a l y t i c a l  Systems, I n c )  column heater .  The p o t e n t i a l  of 

t h e  BAS TL-5A g l a s s y  carbon work ing  e l e c t r o d e  versus a Ag/AgCl 

r e f e r e n c e  e l e c t r o d e  i s  s e t  a +0.75 V .  The BAS LC-4A amperometric 

d e t e c t o r  i s  s e t  a t  2 nA/V s e n s i t i v i t y .  

on a Hewlet t -Packard HP-3390A i n t e g r a t o r  (Hewlet t -Packard Company, 

Avovdale, PA). 

The HPLC system u t i l i z e s  a Waters M-45 

Chromatographs a r e  recorded 

The m o b i l e  phase c o n s i s t s  o f  0.02M c i t r i c  a c i d  (650 
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ml); 0.02M sodium dihydrogen phosphate buf fer  containing 0.269mM 
EDTA (300 ml);  0.008% ( W / V )  sodium octyl sulphate ( S O S ) ;  5% ( V / V )  

a c e t o n i t r i l e ,  and 0.23% ( V / V )  phosphoric ac id  a n d  i s  adjusted t o  pH 
4.0 with 10N sodium hydroxide. 

p l a t e  (H) vs. flow r a t e  ( u ) ,  the  d i f fus ion  coe f f i c i en t s  ( D s )  of 
so lu te  in the  s t a t iona ry  phase have been determined. 
the  logarithem of capacity f ac to r  K '  versus the  reciprocal of 
absol Ute temperature 1/T, t he  heat e f f e c t  (AH) between s ta t ionary  
phase and so lu t e s  has been evaluated. 

On the  bas i s  of a p lo t  of height equivalent t o  a theore t ica l  

From a p lo t  of 

RESULTS A N D  DISCUSSION 

In HPLC, band broadening e f f e c t s  can be expressed as follows 

( 3 )  : 
H= B/U + CsU + ( l / Z p d p  + Dm/dp2 U)-' (I) 

where H i s  the  height equivalent t o  a theore t ica l  p l a t e ;  B 
represents the  longitudinal d i f fus ion;  Cs represents mass t r a n s f e r  
res i s tance  caused by so lu te  d i f fus ion  i n  the  s t a t iona ry  phase; % i s  
the  to r tuos i ty  of the packing mater ia l ,  which i s  approximately equal 
t o  1, a s  t.he microspheres a r e  porous; d p  i s  t he  diameter of the 
microspheres i n  t he  s t a t iona ry  phase; U i s  the  actual mobile phase 
ve loc i ty ,  and Dm i s  the d i f fus ion  coe f f i c i en t  of the  so lu t e  in the  
mobile phase. 
represents a coupling of t he  eddy d i f fus ion  and mobile phase terms. 
I t  i s  well known t h a t  the d i f fus ion  coe f f i c i en t  of a small so lu t e  
molecule ( D m )  i n  water i s  approximately equal t o  10 cm /sec ,  and 
usually the  flow r a t e  of mobile phase ( U )  used i s  of the  order of 
mm/sec, and the  p a r t i c l e  s i z e  o f  the  s t a t iona ry  phase (dp) i s  5 urn, 

so the  cont r ibu t ion  of the  l a s t  term i s  mainly due t o  the  2 h d p .  
Since the  d i f fus ion  coe f f i c i en t  of so lu t e  i s  about 10 times smaller 
i n  t he  l i qu id  phase than in the gas phase, th i s  longitudinal term 
( B / U )  plays no prac t ica l  ro l e  in band broadening in LC. Thus the  
equation describing band broadening e f f e c t s  can be s impl i f ied  a s  
fol  1 ows : 

Therefore, t he  term ( 1 / 2  7Ldp + Dm/dp2 U)- '  

-5  2 
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H= CsU + 27-dp. (11)  
I n  general, Cs i s  a function of the diffusion coefficient (Ds) 

of the solute in the stationary phase, the relat ive migration rate  
of the solute i n  the mobile phase, the par t ic le  size (dp )  and i t s  
pore structure parameters. Cs can be computed from Dawkins equation 
( 4 ) .  

Cs = R(1-R) dp2/30Ds (111) 
where R i s  the ra t io  of non-retention volume Vo and the elution 
volume o f  the sample V Thus Ds values of solutes can be obtained 
from the H-U curves and Eqs (11, 111). 
behavior o f  solute diffusion i n  the stationary phase plays a central 
role i n  the chromatographic process which describes the solute mass 
t ransfer  in the stationary phase and equilibrium distribution during 
sample separation. Generally, the solute diffusion coefficient in 
the mobile phase ( O m )  depends upon the molecular weight of the 
solvent, temperature, solvent viscosity and the molar volume of  the 
sample molecule. 
equilibrium dis t r ibut ion of solute between stationary and mobile 
phases. 
migration as a consequence of differences in equilibrium 
distribution. Table 1 shows the solute diffusion coefficients (Ds) 
in the stationary phase of the reverse phase column and the relat ive 
retention behavior ( R )  of biogenic amines and the i r  metabolites. 
Thus, the solute diffusion coefficients and the retention times of 
these compounds are  closely correlated. 

R '  
The dynamic distribution 

A larger solute diffusion ra te  leads to  a fas te r  

Separation then resul ts  from different  velocit ies of 

According to  A( A G o ) = R T 1  na 

for  two components, a i s  the net retention time for  the two 
components. When a=l ,  the resolution i s  zero, regardless of the 
number of theoretical  plates  in the dynamic process, since there 
must be some difference in the themodynamic distribution behavior of 
two components for  separation to  occur. 
t o  differences i n  interaction of  the two components i n  the mobile 

Where A(AG") i s  the difference in f ree  energies of distribution 

Relative retention relates  
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TABLE 1 
Diffusion Coeff ic ien ts  ( D s )  and Relative Retention Times ( R )  

of Biogenic Amines and Their Metabolites 

M D P E G  
N E  
EPI 
DOPAC 
DA 
5HIAA 
H V A  
5 HT 

D s ( X ~ O - ~  cm2/sec) 
6.0 
5.7 
5.4 
4.3 
4.1 
3.6 
3.3 
3.0 

R (Vo/VR) 
0.38 
0.32 
0.25 
0.20 
0.15 
0.13 
0.08 
0.05 

Chromatographic conditions same a s  experimental. 

and s t a t iona ry  phases accordingly t o  lnK= - A H / R T  + A S / R ,  where AH i s  
the  f r e e  enthalpy which r e l a t e s  t o  so lu t e  migration from s t a t iona ry  
phase i n t o  mobile phase. The themodynamic AH value describes the  
in t e rac t ion  behavior between so lu t e  and s t a t iona ry  phase exac t ly .  
The heat e f f e c t  AH was ca lcu la ted  from a p lo t  of logarithm o f  the  
capacity f ac to r  K versus the reciprocal of absolute temperature 1 / T  
as l i s t e d  in Table 2 .  

T h e  r e s u l t s  show t h a t  the  l a r g e r  the heat e f f e c t  A H ,  and the  
s t ronger  the intermolecular forces  between so lu tes  and s t a t iona ry  
phase, t he  longer the  re ten t ion  time. 
re ten t ion  of compounds on C-18 reverse phase columns i s  dependent on 
both the  hydrophobic in t e rac t ions  between the  so lu te  and nonpolar 
s t a t iona ry  phase and the  hydrophilic proper t ies  of the  mobile phase. 
Our data demonstrate t h a t  t he  themodynamic function of 
intermolecular forces  a f f e c t s  the so lu t e  mass t r a n s f e r  in the  
s t a t iona ry  phase which, i n  t u r n ,  causes the equilibrium d i s t r ibu t ion  
of so lu t e  between mobile and s t a t iona ry  phases d u r i n g  the  
chromatographic process. Therefore, i n  a fundamental sense,  the  
kinds and magnitudes of intermolecular forces  a r e  responsible f o r  
determining the a b i l i t y  of an LC system t o  e f f e c t  a separation. 

Solu te  mass t r a n s f e r  i n to  the  s t a t iona ry  phase in LC i s  
dependent on the  d isso lu t ion  mechanism in the  chromatographic 

I t  i s  well known t h a t  t he  
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TABLE 2 

Capacity Factor (K) and Heat Effect (AH) of Biogenic 
Amines and Their Metabolites 

T(XIO-~) MOPEG NE EPI  DOPAC DA 5HIAA HVA 5HT 
3.19 1nK 1.08 1.54 2.37 2.83 3.71 4.24 5.18 6.06 
3.30 1nK 1.17 1.73 2.60 3.13 4.05 4.65 5.60 6.59 
3.41 1nK 1.27 1.93 2.86 3.39 4.38 5.02 5.99 7.02 

AH 0.73 1.55 1.91 2.18 2.64 3.09 3.16 3.81 

Unit o f  AH: Kcallg-mol, K= (t-to)/to 
Chromatographic conditions same as experimental. 

process. From our experiment, the calculated heat effect (AH) is 
2-3 Kcal/g-moly as in Table 2. 
solution but not to that of adsorption. 
mechanism is an important determinant of the chromatographic 
separation of biogenic amines and their metabolites by LC and should 
be taken into consideration when selecting conditions necessary for 
optimizing chromatographic resolution of these compounds. 

the intermolecular forces between biogenic amines and the stationary 
phase partially account for the retention time of these compounds on 
C-18 reverse phase columns. 
evidence that the dissolution mechanism plays an important role in 
determining the chromatographic separation of biogenic amines from 
their metabolites by HPLC-EC. Consideration of the intermolecular 
forces between the solute and the stationary phase should facilitate 
the selection of conditions which will enhance chromatographic 
resolution of these compounds on C-18 reverse phase columns. 

This value is similar to the heat of 
Therefore, the dissolution 

Taken together, results of the current study demonstrate that 

Further, the current results provide 
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