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1n:roduction 

S i n c e  1970s HPLC r e c e i v e d  growing at-Lent ion 

among catecholamine ( C A I  a s s a y  methods. Ear l ier  

methods such as c o l o y i m e t r i c  ( 1 ) o r  f l u o r i m e t r i c  

( 2 )  nowadays seem o b s o l e t e .  R a d i o t r a c e r  methods are 

u s u a l l y  e f f e c t i v e  f o r  t h e  d e t e r m i n a t i o n  o f  noyepi- 

n e p h r i n e  (NE) and e p i n e p h r i n e  ( E p i )  i n  human p l a -  

sma, a l though t h e  h i g h  c o s t  p e r  sample,  t h e  poor 

sens i ’ i iv i  ty r e g a r d i n g  plasma dopamine ( D A )  , t h e  

involvement of r a d i o l a b e l l e d  compounds and t h e  te- 
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1076 MUSS0 ET AL. 

d i o u s  and time-consuming a s s a y  procedures  con- 

t r i b u t e d  t o  t h e  i n c r e a s i n g  r e s e a r c h  i n t o  d i f f e r e n t  

areas f o r  CA a s s a y .  N e v e r t h e l e s s  r a d i o t r a c e r  

methods, and p r i m a r i l y  rad ioenzymat ic  s i n g l e  i s o -  

tope  a s s a y ,  grea' i ly c o n t r i b u t e d  t o  t h e  knowledge o f  

t h e  sympathomedullary f u n c t i o n .  

Gas chromatography w i t h  mass spec t romet ry  

(GC-MS) f o r  d e t e r m i n a t i o n  o f  CA, undoubtedly 

r e p r e s e n t s  a great  improvement i n  s e n s i t i v i t y  and 

s e l e c t i v i t y  r e s p e c t  t o  t h e  aforementioned methods. 

However, owing t o  t h e  very  h igh  c o s t  o f  GC-MS 

equipments,  t h i s  is n o t  an expanding f i e l d .  

Among t h e  number of v a r i o u s  HPLC t e c h n i q u e s  

f o r  CA a s s a y ,  t h o s e  employing e l e c t r o c h e m i c a l  de te -  

c t i o n  ( ECD ) emerged . I n  t h e  l a s t  decade ECD 

became t h e  d e t e c t i o n  of c h o i c e  when HPLC a s s a y  

of CA is a t t e m p t e d ,  owing t o  i t s  s e n s i t i v i t y  and 

s p e c i f i c i t y  and t o  t h e  o u t s t a n d i n g  t e c h n i c a l  

development i n  t h e  manufactor ing of  t h e s e  

equipments ( 3 ) .  Turning t o  chromatographic  

s e p a r a t i o n s ,  t h e  most p o p u l a r  and e f f e c t i v e  ones 

seem t o  be t h e  ion-exchange and t h e  i o n - p a i r  

reversed-phase chromatography, because o f  t h e i r  

s t r a i g h t f o r w a r d  s e p a r a t i o n s  ( 4 ) .  These HPLC 
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CATECHOLAMINES IN HUMAN PLASMA 1077 

t e c h n i q u e s  r e q u i r e  similar e x t r a c t i o n  and c l e a n u p  

p r o c e d u r e s  f o r  plasma samples ,  g e n e r a l l y  based  on 

alumina - b a t c h  methods ( 5 ) . These two HPLC 

t e c h n i q u e s ,  coup led  wi-th ECD,  have g a i n e d  a wide- 

s p r e a d  u s e  and are tne most p romis ing  proceduTes i n  

the f i e l d  o f  CA a s s a y .  I n  t h e  p r e s e n t  pape r  w e  w i l l  

a n a l y z e  t h e  r e s u l t s  o b t a i n e d  by d i f f e r e n t  Au thor s  

employing t h e s e  las t  t e c h n i q u e s .  T h i s  r ev iew is  

a d d r e s s e d  t o  t h e  c l i n i c a l  l a b o r a t o r y  p r a c t i c e  , and 

is n o t  i n  c o m p e t i t i o n  w i t h  thorough r ev iews  i n  t h e  

f i e l d  o f  t h e  sympathomedullary a s ses smen t .  

Chromatographic S e p a r a t i o n  of Catecholamines 

Ion-exchange columns were used  f o r  quan- 

~ i ~ a t i v e  a n a l y s i s  o f  t h e  b a s i c  C A ,  meaning t h a t  

cat ion-exchange r e s i n s  were employed. The se- 

p a r a t i o n  p r o c e s s  is a t t a i n e d  on t h e  b a s i s  of t h e  

r e t e n t i o n  o f  t h e  p r o t o n a t e d  aminogroup o f  t h e  CA.  

T h i s  s e p a r a t i o n  p rocedure  was l a c k i n g  o f  i n t e r e s t  

i n  t h e  lasL y e a r s .  Ea r l i e s t  a p p l i c a t i o n s  o f  i o n  -ex 

chromatography were conducted by t h e  u s e  of 

r e l a t i v e l y  large p e l l i c u l a r  pack ing  materials, 

showing b roaden ing  and t a i l i n g  of t h e  p e a k s ,  and 

I ' ,- 
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I078 MUSS0 ET AL. 

poor CA d e t e c t a b i l i t y  ( 6 ) .  More r e c e n t l y ,  some 

Authors showed nove l  p r o p e r t i e s  o f  smaller pack ing  

materials and f a v o u r a b l e  a p p l i c a t i o n s  o f  ion-ex 

chromatography i n  t h i s  f i e l d  (7,8) . 
i o n - p a i r  reversed-phase chromatography is t h e  

dominat ing p rocedure  today  i n  t h e  CA s e p a r a t i o n .  

T h i s  HPLC t e c h n i q u e  ( o t h e r w i s e  c a l l e d  ' s o a p '  

chromatography) is c l a imed  t o  d i s p l a y  s h a r p  

chromatograms, t h e  peaks  b e i n g  u s u a l l y  narrow and 

symmet r i ca l ,  and t o  f a v o u r  t h e  enhanced s e n s i t i v i t y  

o f  ECD.  Moreover t h e  chromatographic  s e p a r a t i o n  may 

be e a s i l y  manipulated by v e r y  low v a r i a t i o n s  i n  

t h e  pH o f  t h e  mobile phase ( g e n e r a l l y  between 3.00 

and 3.50).  T h i s  p rocedure  can  change d r a m a t i c a l l y  

t h e  e l u t i o n  time o f  i n t e r f e r i n g  compounds ( s u c h  as 

DOPA o r  DOPAC), g i v i n g  clean e l u t i o n  p r o f i l e s .  Many 

Authors showed good o r  improved CA a s s a y  by t h e  u s e  

of soap  chromatography, n e v e r t h e l e s s  t h e  u s e  of 

25-30 cm long  columns (9,101 and r a d i a l  pack 

c a r t r i d g e s  (11) is e f f e c t i v e  b u t  s low;  o t h e r  

methods are i n s e n s i t i v e  f o r  DA b a s a l  c i r c u l a t i n g  

l e v e l s  (12). More r e c e n t l y ,  t h e  u s e  o f  s h o r t  (7.5 

c m  x 4.6 mm i d )  reversed-phase columns, packed w i t h  

3pm p a r t i c l e  s i ze  materials (13,141, was shown t o  
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CATECHOLAMINES IN HUMAN PLASMA 1079 

have great s e l e c t i v i t y  and r a p i d i t y  ( s e p a r a t i o n  = 5 

m i n ) ,  and t o  f a v o u r  t h e  e x c e l l e n t  s e n s i t i v i t y  o f  

ECD.  Moreover plasma DA seems t o  be  c o n s t a n t l y  

d e t e c t a b l e  i n  human plasma i n  b a s a l  c o n d i t i o n s  

( 1 4 ) .  Although 3 ~ 3 1  pack ing  mate- l i a l s  are c l a imed  t o  

g i v e  t e c h n i c a l  d i f f i c u l t i e s  and easier  c l o g g i n g ,  i n  

o u r  e x p e r i e n c e  t h e s e  problems may be  avo ided  by 

c a r e f u l  f i l t r a t i o n  (0.2pm) o f  b o t h  mobile  phase  and 

samples ,  and by t h e  u s e  of mobile phase  f i l t e r s  and 

appTopr i a t e  precolumns. I n  a d d i t i o n ,  t h e s e  

p r o c e d u r e s  p r e s e r v e  from c l o g g i n g  t h e  v e r y  small 

b o r e  (0.007" i d )  t ubes  plumbed i n  t h e s e  s y s t e m s .  

D e t e c t i o n  

HPLC w i t h  ECD h a s  been proven as a u s e f u l  t o o l  

i n  -the s t u d y  o f  t h e  sympathomedullary phys io logy .  

Fur ' iher ,  t h i s  p rocedure  h a s  g a i n e d  a widespread u s e  

owing t o  its e x c e l l e n t  s e n s i t i v i t y  t o  low amounts 

o f  CA ( i n  t h e  picogram r a n g e ) .  ECD is based on t h e  

p r i n c i p l e  t h a t  such compounds ( s o - c a l l e d  e l e c t r o -  

a c t i v e )  may o x i d i z e  a t  a c e r t a i n  p o t e n t i a l .  T h i s  

o x i d a t i o n  l i b e r a t e s  e l e c t r o n s  and creates a 
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1080 MUSS0 ET AL. 

measurable current. In addition, CA are compounds 

which are reversibly oxidized to quinones. These 

may be, in turn, re-reduced to CA. 

The most widely used electrochemical detectors 

are the amperometric ones from Bioanalytical 

Systems (BAS, West Lafayette, IN) and the coulo- 

metric ones from ESA (Bedford, MA). 

Amperometric detectors utilize thin-layer flow 

cells and carbon pas'ze or glassy carbon working 

electrodes vs Ag/AgCl reference electrodes. These 

electrodes showed an excellent sensitivity ( in the 

picogram range ) to catecholic compounds (13,151, 

although sensitivity and performances of these 

detectors depend on the electrode surface being 

clean and absolutely smooth (16) .  Further, 

stability of carbon paste e 1 ec 'zro d e s is 

unpredictable and a decrease in performances may 

occur within minutes to days (16). In addition i - t  

should be remembered that a number of pitfalls, 

such as noise problems subsequent to static 

electricity (the same technician must be grounded), 

electromagnetic interferences, radiofrequency in- 

terferences, electrical disturbances in power 

lines (171, can obscure the results. Then, 
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CATECHOLAMINES IN HUMAN PLASMA 1081 

maintenance and t r o u b l e s h o o t i n g  times may be 

f r u s t r a t i n g .  N e v e r t h e l e s s ,  p e r f o -  I mances o f  

amperometric d e t e c t o r s  i n  e x p e r i e n c e d  hands  are 

s a t i s f a c t o r y  and good r e s u l t s  were shown i n  small 

volumes o f  plasma (13). 

Coulometr ic  d e t e c t o r s  c o n s i s t  i n  one o r  more 

flow-through e l e c t r o d e s  o f  f u l l y - p o r o u s  g r a p h i t e .  

These e l e c t r o d e s  can react w i t h  70-99% of t h e  

e l e c t r o a c t i v e  components o f  t h e  a n a l y t e  . The 

p r i n c i p a l  advan tages  o v e r  amperometry are: a )  a 

g r e a t l y  reduced maintenance time ( i . e .  a s i m p l e  

f l u s h  by 6 Mol/ L n i t r i c  a c i d  o f  t h e  ce l l s  e v e r y  6 

mon ths ) ;  b )  t h e  p o s s i b i l i t y  and t h e  r e l i a b i l i t y  of 

making se r ies  o f  more e l e c t r o d e s  ( b a s e l i n e  n o i s e  

b e i n g  reduced by i r r e v e r s i b l e  o x i d a t i o n  o f  t h e  

i n t e r f e r i n g  compounds); c )  t h e  b e t - t e r  s e n s i t i v i t y ;  

d )  t h e  q u a n t i t a t i v e  r e a c t i o n  o f  t h e  compounds o f  

i n t e r e s t  ( a b o u t  90% r e s p e c t  t o  5% i n  amperometry) . 
Recent ly  some Authors  showed t h e  great 

performances o f  s h o r t  ser ies  of c o u l o m e t r i c  

d e t e c t o r s  i n  t h e  a s s a y  o f  t i s s u e  CA (18) and plasma 

DA ( 1 4 ) .  Also r e c e n t l y ,  s e r i e s  up t o  15-16 

e l e c t r o d e s  were shown t o  have great  s e l e c t i v i t y  i n  

CA a s s a y  by i n j e c t i n g  i n  t h e  system t h e  plasma 
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1082 MUSS0 ET AL. 

sample a f t e r  s imple  f i l t r a t i o n ,  so bypass ing  t h e  

e x t r a c t i o n  procedure  ( 1 9 ) .  The p r i n c i p a l  advantage 

i n  t h e  use  of ser ies  of e l e c t r o d e s  is t o  select  an 

o x i d a t i o n  - r e d u c t i o n  c h a i n  on t h e  voltammogram 

b a s i s .  This  procedure ,  by r e a c t i o n  wi th  e l e c t r o d e s  

of a l l  e l e c t r o a c t i v e  componen’is of  t h e  sample,  

a l l o w s  i n c r e a s e d  s e n s i t i v i t y ,  owing t o  t h e  d r a s t i c  

d e c r e a s e  of  t h e  b a s e l i n e  n o i s e  (18,19) .  I n  a d d i t i o n  

s p e c i f i c i t y  is a l s o  i n c r e a s e d  by t h i s  procedure .  

The composi t ion of t h e  mobile phasc  can i n f l u e n c e  

t h e  s e n s i t i v i t y  of ECD. The u s e  of  h igh  pure  

TABLE 1 

Mean (and SD) Values of Basal Levels  of Venous CA 
i n  Normal Humans, Obtained by Radioenzymatic ( R E )  
o r  HPLC ECD ( L C E C )  Assays.  

Ref. y e a r  n Method NE(SD) Epi(SD) DA(SD) 

( 6 )  1978 6 LCEC 519(174) 40(45) 0 - 23 

(20)  1980 10 RE 196( 53) 36(13) 62(16) 
(10) 1981 5 LCEC 292(108) 81(60) 29( 6 )  
(21)  1981 10 LCEC 304( 19) 72(23) - - 
(22)  1981 13 RE 286(159) 49(34) - - 
(23)  1985 11 RE 250( 86) 33(15) 39(22) 
(24)  1986 70 RE 238( 92) 28(33) 31(42) 

Values are i n  pg/mL. n :  number of s u b j e c t s .  
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CATECHOLAMINES IN HUMAN PLASMA 1083 

chemica l s  is needed i n  HPLC; when ECD is  employed 

chemica l s  must be o f  t h e  b e s t  q u a l i t y .  I t  s h o u l d  be  

bo rne  i n  mind t h a t  no s u p p l i e r s  o f f e r  ' e l e c t r o -  

chemical  p u r e '  r e a g e n t s ;  t h e  l i q u i d  chroma- 

t o g r a p h e r  must t e s t  a number o f  r e a g e n t s  i n  o r d e r  

t o  f i n d  -the adequa te  one .  A s  a g e n e r a l  f i n d i n g ,  low 

amounts o f  EDTA (max lmMol/L) can  h e l p  t o  enhance 

t h e  s e n s i t i v i t y  o f  t h e  d e t e c t i o n ,  i n  p a r t  sup- 

p r e s s i n g  t h e  b a s e l i n e  n o i s e .  

Levels  o f  Catecholamines i n  Human Plasma 

Cons ide r ing  plasma b a s a l  v a l u e s  o f  CA i n  man, 

w e  compared d a t a  o b t a i n e d  by d i f f e r e n t  methods from 

t h e  a n a l y s i s  of p e r i p h e r a l  venous blood ( T a b l e  1). 

Using an HPLC ECD me-thod developed i n  OUi- 

l a b o r a t o r y  (14) we de te rmined  i n  t h e  b a s a l  s t a t e  

t h e  plasma CA l e v e l s  i n  64 normotensive s u b j e c t s  

aged 20-58, i n  s u p i n e  p o s i t i o n  30 min a f t e r  t h e  

i n s e r t i o n  o f  a venous c a t h e t e r  i n  a fo rea rm v e i n .  

R e s u l t s  were: NE 150.4 ( 5 1 . 3 ) ;  Epi 48.4 ( 1 6 . 2 ) ;  DA 

22.7 ( 1 2 . 2 ) .  Values  are mean ( and  SD) ,  e x p r e s s e d  as 

pg/mL. I n  p a r t i c u l a r  plasma DA was d e t e c t a b l e  i n  
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1084 MUSS0 ET AL. 

each s u b j e c t ,  v a r y i n g  from 8 t o  80 pg/mL, and 

showing a Poisson d i s t r i b u t i o n .  R e s u l t s  o b t a i n e d  

u s i n g  RE a s s a y  g e n e r a l l y  agreed  w i t h  t h o s e  o b t a i n e d  

u s i n g  HPLC ECD,  t h e  common problem b e i n g  t h e  

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

f ree  DA. I n  f r o n t  o f  t h e  i m p r e s s i v e  number of 

t e c h n i c a l  p a p e r s  d e s c r i b i n g  a n a l y t i c a l  methods f o r  

N E ,  Epi  and DA d e t e r m i n a t i o n ,  c l i n i c a l  r e p o r t s  

concern ing  CA are o f t e n  l i m i t e d  t o  NE and E p i ,  

because DA u s u a l l y  is u n d e t e c t a b l e  i n  human venous 

plasma. Coupling a 3 - e l e c t r o d e s  ser ies  wi th  3pm 

p a r t i c l e  s i z e  reversed-phase s h o r t  column, w e  

o b t a i n e d  a b e t t e r  s e n s i t i v i t y  ( i . e .  an  enhancement 

o f  t h e  d e t e c t o r  r e s p o n s e )  f o r  DA r e s p e c t  t o  

p r e v i o u s  methods. T h i s  a l lowed u s  t o  avoid  

u n d e t e c t a b l e  v a l u e s  i n  each s u b j e c t  s t u d i e d .  

Moreover t h e  s e n s i t i v i t y  o f  t h i s  method allows t o  

d e t e c t  v a r i a t i o n s  i n  plasma DA as low as 4 pg/mL 

( d e t e c t i o n  l i m i t s ;  s i g n a l  t o  n o i s e  r a t i o  3 : l ) .  

Research and Routine A p p l i c a t i o n s  

R a d i o t r a c e r  methods a l l o w  f e w ,  h i g h  c o s t  

d e t e r m i n a t i o n s  p e r  working day ( a b o u t  8-12 samples  
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per day; about 50$ each), and are not suitable for 

routine analyses. These techniques are generally 

tedious and capricious, and their application in 

some pathophysiologic fields is an intriguing 

question (25,26) . 
H P L C  ECD equipments are expensive, but 

determinations are not. The chromatographic 

analysis of plasma CA by amperometry is  a useful 

too1 in research fields, but t o  a lesser extent in 

routine determinations. The principal problems 

arising from the amperometric analysis of plasma CA 

are the high and unpredictable maintenance rate of 

the electrodes and the poor sensitivity regarding 

basal levels of circulating DA. On the contrary, 

H P L C  E C D  with coulometric detection is an 

affordable technique both in research and routine 

analysis fields, owing to its excellent sensitivity 

to low concentrations of CA (13,14,18) and to its 

very low (i.e. every 6 months) maintenance rate. 

These methods allow non-stop function of the 

apparatus for a large number of determinations t o  

be done. The cost per each determination may be as 

low as 5$ (14), and the number of determinations 

per day as high as 70 (14). 
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Conclusions 

MUSS0 ET AL. 

Radiotracer methods for CA assay are still in 

use but not reliable for research and routine 

analysis. These techniques are tedious, money- and 

time - consuming. 

HPLC ECD techniques either by amperometry or 

coulometry have gained a widespread use in CA 

assay. Among Lhese methods, reversed-phase ion-pair 

chromatography wi-th coulometric detection probably 

allows the best results. Further, the use of short, 

3pm particle size columns enhances the sensitivity 

and selectivity of ECD. This procedure makes the 

quantitation of plasma CA reliable in the laborato- 

ry routine and in the clinical research. 
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