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+x Laboratoire de Chimie Analytique I11 (E.R.A. no 474, 

ABSTRACT 

A method for the simultaneous plasma norepinephrine (NE) 
and epinephrine (E) determination by reversed-phase ion-pair 
liquid chromatography with electrochemical detection has been 
developed. Catecholamines were extracted from a 4 ml plasma 
sample using an alumina adsorption procedure. A two-pump, two- 
injection valve, two-column system allowed both to detect plasma 
NE and E with a good sensitivity due to large injected volumes 
of extract without any electrochemical detector disturbance and 
to eliminate uric acid and dopa the low k' of which would prevent 
the NE detection. Using this method, NE and E would be detected 
in respective injected amounts down to 30 and 50 picograms. 
Plasma NE and E determinations were found to be linear in the 
range of 288 to 788 pg/ml and 24 to 274 pg/m3. respectively. The 
reproducibility, expressed as the coefficients of variation, 
varied from 2.1 % for NE to 10.8 % for E. 

INTRODUCTION 

The determination of the plasma catecholamines norepinephrine 
(NE) and epinephrine (E) can be useful both in clinical studies 
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1948 LACHATRE ET AL. 

when a pheochromocytoma is suspected (1, 2) and in physiopat- 
hological and. pharniacological studies (3, 4, 5, 6, 7, 8, 9, 10). 

The detection of low plasma levels of NE (less than 500 
picograms per milliliter) and E (less than 100 pg/ml) in healthy 
individuals requires the use of techniques involving extremely 
sensitive procedures, such as gas cbxomatography/mass spectrom- 
etry (11, 12) or radioenzymology (13, 14). 

High performance liquid chromatography (HPLC) , appeared in 
recent years as being a new efficient method for the separa.tion 
of catecholamines and their derivatives (15, 16). If numerous 
techniques dealing with the assay of catecholamines in tissues 
or urines have been published, few authors have described the 
assay of plasma catecholamines by HPLC. Two detection methods 
have been used in plasma : fluorimetric and electrochemical. 
Fluorimetric detection has bees employed after products had been 
derivatized with orthophthalaldehyde ( 17) or transformed into 
trihydroxyindole derivatives ( 18). Electrochemical detection 
which seemed to be an accurate method in order to measure 
catecholamines concentrations has been used by Hallman et a1 
(19), Hjendahl et a1 (20) and Allenmark et a1 (21)  together with 
ion exchange HPLC. 

Like Davis et a1 ( 2 2 ) ,  we have chosen to use a reversed- 
phase ion-pairing chromatography technique. This method allows us 

to modify many parameters : pH of the mobile phase, ionic 
strength, type 2nd number of carbon atoms in the n-alkyl chains, 
concentration of the counter-ion, in order to improve the 
selectivity of the system. 

A major problem which remains unanswered is the close 
elution of uric acid and NE, the capacity factor (k') of which 
are similar. The method we report allows us to overcome these 
problems usir-g two injection valves and two columns one of which 
is placed in a loop position. 
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PLASMA NOREPINEPHRINE AND EPINEPHRINE 1949 

EXPERIMETJTAI 

Instrumentation 
The cbomatographic system (scherce 1) consisted of - two 

pumps : Waters 6000 A (Waters Assoc. Inc., Milford, MA., U.S.A. ) 
- two injection valves : Rheodyne 7125 and 7110 (Rheodyne, Santa 
Rosa, U.S.A.) equipped, the first (I-) with a 250 pl loop ,  the 
other (11) with a short column placed in l o o p  position - a thin 
layer electrochemical detector : Eldec 102 (Chromatofield, 
Chateauneuf-les-Martigues, France) provided with a glassy carbon 
electrode maintained at a + 0.75 V potential vs a Ag/AgCl 
reference electrode. The detector output was connected to a 
recorder : Kontron W + W 610 ( W.W. Electronic Inc., Basel, 
Switzerland). 

The two stainless steel columns we used (a short column : 
4.6 x 35 mm and an analytical column : 4.6 x 150 mm) were packed 
under pressure by a slurry packing technique with Nucleosil C18, 
5 lxu (Macherey-Nagel, m e n ,  P.R.G.) according to the method 
described by Coq (23). 

A pulse damper (Touzart-Matignon, Vitry-sur-Seine, France) 
was inserted between the pump and the injection valve in order 

to decrease the background. 
The 250 pl syringe we used was fitted with a teflon piston 

nozzle (Hamilton, Bonaduz, Switzerland). 
The detector was mounted within its proper Faraday cage. The 

detector, the column and the metal capillaries were grounded. 

Chemicals and solvents 
Catecholamines (NE, E, dopamine (DA), epinine), their precur- 

sors (phenylalanine, tyrosine, phenylethylamine, tyramine, dopa), 
their derivatives (3 ,4 ,5  , trihydroxyphenylethylamine, metanephrine, 
nometanephrine, vanilmandelic acid, homovanillic acid) as well 
as the internal standard (dihydroqybenzylamine (DKBA)) were 
provided by Sigma (Sigma Chemical Co., Saint-Louis, MO., U.S.A.). 
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1950 LACHATRE ET AL. 

TIME 1 

?SOUL LOOP SHORT COLUNN 

COLUMN 

TIME 2 

I".". I 

Scheme 1. - Diagram of the HPLC system showing the three steps 
of the chromatography, 
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PLASMA NOREPINEPHRINE AND EPINEPHRINE 1951 

1 mg/ml s tandard  s o l u t i o n s  were prepared i n  0.1 M HC104 and 

s t o r e d  a t  + 4OC f o r  a month, in brown g l a s s  f l a s k s .  10 n d m l  

working s o l u t i o n s  (8 ng/ml f o r  DHBA) were obtained d a i l y  by 

d i l u t i o n  o f  t h e  s tandard  s o l u t i o n s  w i t h  O o l  M HC104. The 

heptane su l fon ic  a c i d  sodium salt  was provided by Eastman 

Kodak (Eastman Kodak, Rochester,  NY, U.S.A.), t h e  disodium 

ethylenediaminetetraacetate (EDAT N a 2 )  and t h e  a c i d  type  

alumina were provided by Fluka (Fluka, Buchs, Switzerland).  

Alumina w a s  r e a c t i v a t e d  before  use according t o  t h e  Anton and 

Sayre technique (24). 1 M tris b u f f e r  (pH = 8.6)  and sodium 

m e t a b i s u l f i t e  were from Merck (Merck, Darmstadt, F.R.G. ). 

Chromatographic cond i t ions  

The nob i l e  phase we used cons i s t ed  of 15 g/l phosphate 

b u f f e r  (NaH2PO4,2K2O), 300 mg/l of heptane sulphonate and 

'COO mg/l o f  E D A .  The pH w a s  s j u s t s d  t o  4.2 w i t h  3 M phosphoric 

acid.5$ (Voyz) a c e t o n i t r i l e  w a s  used as an organic modi f ie r  of 

t h i s  mobile phase. The mixture w a s  f i l t e r e d  through a 0.45 p 

f i l t e r  then degassed i n  an u l t r a s o n i c  bath.  

The e l u t i o n  w a s  c a r r i e d  out  a t  ambient t e n p e r a w e .  They 

were cleaned every day us ing  60 ml o f  methanol. The e l e c t r o n i c  

system was l e f t  continuously under t ens ion ,  the  c e l l  pu t  t o  

counterbalance f o r  a t  l e a s t  90 minutes be fo re  each manipulation. 
Two pumps (PA and PB) de l ive red  independently t h e  same 

mobile phase which w a s  thus  d iv ided  i n t o  two p a r t s  

The f low r a t e s  of WA and h P  
usua l  pos i t i ons  l l load ' l  and " i n j e c t "  on va lve  I1 (Rheodyne 7110) 

were inve r t ed  and s o  were the  e n t r y  numbers (2-6, 3-5) thus 

a l lowing  the  f l o w  i n  the  s h o r t  column t o  be always i n  t h e  same 

way (whszever the  pos i t i on  of t he  va lve  n i g h t  be ) .  Valve I 

(Rheodyne 7125) was used according t o  t h e  opera t ing  i n s t r u c t i o n s .  

and mB). 
were i d e n t i c a l  ( 1  m l / m i n ) .  The B 

The chromatography w a s  c a r r i e d  out  over t h r e e  per iods  

(scheme 1 )  : 
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1952 LACHATRE ET AL. 

1. Valve I and valve I1 were placed in the "load" position. The 
loop was filled with 200 pl of eluate containing catecholam- 
ines. During this period, MPA flowed through the short column 
and M P  

2. Valve I was placed in the "inject" position while valve I1 
remained in the "load" position. Thus, catecholamines in the 
loop eluate were sent through the short column, while MPB 
was flowing through the analytical colwnn. 

through the analytical column. B 

3. After a 60 second elution through the short column, valve I1 
was placed in the "inject" position. So catecholamines were 
eluted by MPB from the sh.ort column into the analytical colwnn. 
M P A  was discarded. 

Sample preparation 
Polystyrene tubes containing 100 p1 of the following 

mixture : heparine (50 mg/ml) and metabisulfite (25 m g / m l )  were 
kept in an ice bath. 

In fasting volunteers asked to remain in the supine position, 
an arm vein was catheterized. 20 min after the veinipuncture a 
10 ml blood sanple was drawn using a heparinized syringe. Blood 
was immediately transfered into the polystyrene tubes. 

The tubes were centrifuged at + 4 O C  ; the plasma was separ- 
ated from blood cells and stored in polystyrene tubes at + 4OC 
if the assay was to be done within the following 12 hours. If 
the assay was done later, plasma was stored at - 2OoC for a 
maximum of 7 days. 

Extraction was done at room temperature by adsorption on 
alumina according to the classic method without deproteinization. 
In 10 ml polystyrene tubes, to 4 ml of plasma were added 500 pl 

of 1 M H C 1  tris buffer and 200 p1 of DHBA (8 ng/ml) used as an 
internal standard. The mixture was homogenized for 15 sec (final 
pH = 8.6) and 75 mg of alumina was added. The tubes were capped 
and placed on a reciprocal shaker for 15 min and then spun down 
at 1OOCg for 5 min. The supernatant was discarded and alumina was 
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PLASMA NOREPINEPHRINE AND EPINEPHRINE 1953 

washed t h r e e  times with b i d i s t i l l e d  water. The washings were reEoved 

by a sp i r a t ion .  Following t h e  last wash, alumin6 w a s  a s p i r a t e d  t o  

near  dryness. Catecholamines were e lu ted  from the  alumina by 250 pl 

of 0.1 M H C l O  A l l  the  e l u a t e  w a s  transferec! t o  a s m a l l  Eppendorf 

conic tube,  spun f o r  1 min (8000g) and s to red  i n  t h e  dark a t  + 4OC 

u n t i l  t he  assay. A 200 p1 e l u a t e  sample w a s  i n j ec t ed  in  the  chromato- 

graphic system. 

4' 

A s  t he  samples contained an i n t e r n a l  standard,  catecholamines 

concent ra t ions  were ca lcu la ted  by measuring the  following r a t i o  : 

height  of catecholamine peawheight  of i n t e r n a l  standard peak, and 

comparing that t o  the  mean of equivalent r a t i o s  obtained from two 

aqueous e x t r a c t s  containing known amounts of catecholamines (250 pg 

of NE and E)  assayed following the  same procedure. 

RESULTS 

A s  most of t h e  perchlor ic  ac id  w a s  el iminated before  i t  ente- 

r ed  the  a n a l y t i c a l  column, t h e  k' we measured were rough es t imates  : 

0.9 (NE), 1.7 (E), 2.3 (DHBA), 4.1 (DA). (Pig. la, lb).  

L inea r i ty  

Figure 2 shows the  l i n e a r i t y  p l o t s  when i n j e c t i n g  inc reas ing  

amounts of each catecholamine as pure solut ions (from 50 pg t o  

1 ng).  The p l o t s  i nd ica t e  t h a t  l i n e a r i t y  w a s  good up t o  1 ng. 

F igures  3 and 4 show l i n e a r i t y  p l o t s  obtained a f t e r  ex t r ac t ion  

from aqueous so lu t ions  of catecholamines and plasmas charged w i t h  

NE and E. No l i n e a r i t y  discrepancy appeared i n  plasma concent ra t ions  

ranging from 288 t o  788 pg/ml f o r  NE and from 24 t o  274 pg/ml f o r  E. 

Reproducibil i ty ( t a b l e  1 ) 
It w a s  t e s t e d  by repeated measurements of NE and E i n  two d i f -  

f e r e n t  plasmas a t  a 15 day-interval. Five assays  were done i n  the  

first plasma and seven i n  the  second. 
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INJECTED A M O U N T  (P ICOGRAMS)  

Figure 2. - Standard curves obtained after chromatography of 
increasing amounts of catecholamines (RE, E, DA) 
and 800 picograms of internal standard (DHBA) in 
0.1 M HC104. 

Figure 1. - a. Injection of 1 ng of each catecholamine and 
0.8 ng of internal standard, in 200 ul of 
0.1 M HClO 

b. Chromatogram of catecholamines obtained from 
4 m l  of human plasma to which 200 ul of a 
8 ndml DKBA solution were added. This sample 
was extracted with alumina eluated by 250 ul 
of 0.1 M HClO 
The NE and E 6eaks are respectively equivalent 
to 230 and 33 pdml of plasma. (U = unknown 
peak). 

4" 

and a 200 ul eluate was injected. 
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Figure 3. - Standard curves obtained a f t e r  ex t r ac t ion  and chroma- 
tography of NE, E, DA a t  d i f f e r e n t  concentrations 
i n  aqueous so lu t ions .  

Detec t ion  l i m i t  

A study of t h e  appl lad  vo l t age  between 0.5 and 0.8 v o l t s  has 

shown that the  b e s t  s igna l -  t o -no i se  compromise (S/N) was reached 

a t  0.75 i r o l t s .  Under these  condi t ions ,  t h e  de t ec t ion  l i m i t  defined 

as the  amount o f  catecholamines l ead ing  t o  a S/N r a t i o  o f  5 was 
70 pg o f  NE and 50 pg of  E. 

Recovery ( t a b l e  2 )  

This  study was done after e x t r a c t i o n  of each c a t e c h c l m i n e  

(250 p g h l )  and o f  t he  i n t e r n a l  s tandard  (400 pg/ml) from a 4 ;nl 
aqueous so lu t ion .  Four e x t r a c t s  were recovered. In o rde r  t o  
compare the  9ea.k h e i g h t s  of t h e  e x t r a c t s ,  we i n j e c t e d  an m o u n t  
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Figure 4. - Standard curves obtained a f t e r  ex t r ac t ion  and 
chromatography o f  a human plasma charge wi th  NE 
and E. The plasma sample contained 288 and 
24 pg/ml o f  NE and E r e spec t ive ly  before addi t ion .  

TABLE 1 

Reproduc ib i l i t y  of t he  Method (Ex t rac t ion ,  Chromatography) 

E x t r a c t s  
1 2 3 4 5 6 7  

C o e f f i c i e n t  
Mean of  v a r i a t i o n  

(percentage)  

Plasma I" 
TTE (pg/ml) 258 260 256 256 271 260 2.4 

E (pg /ml )  128 109 100 122 103 112 10.8 

NE (pg/ml) 274 261 276 270 272 279 268 272 2.1 
Plasma 11" 

E (pdru l )  47 43 43 50 37 43 43 43 9.2 

a - Blood  w a s  c o l l e c t e d  without t ak ing  s p e c i a l  p recaut ion  (sub- 
j e c t s  were no t  r e s t i n g  o r  l y i n g  be fo re  sampling, blood w a s  
drawn by ve in ipunture  and n o t  through an indwel l ing  c a t h e t e r ) .  
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TABLE 2 

LACHATRE ET AL. 

Recovery Percentage o f  Catecholamines a i d  I c t e r n a l  Standard 
a f t e r  Extraction and Chromatography 

Mean of  peak 
Recovery 

I 2 3 4 (mean o f  3 i n j e c t i o n s )  (22 SD) 

Peak height after height  without 

% ex t r ac t ion  (mm) extraction (m) 

NE (800 pg) 62 67 62 67 113 57.3 2 5.1 

E (800 pg) 41 43 38 45 74 56.1 2 8.6 

DA (800 Pg> 33 33 28 37 60 54.8 212.3 
DHBA (1280 pg) 50 54 49 53 97 53.1 4.9 

of catecholamines and i n t e r n a l  staxdard equivalent t o  a 100 % 
yield.  Taking i n t o  account t h e  f a c t  t h a t  only a 200 pl volume 
out of the 250 pl e lua te  w a s  in jected,  an amount o f  800 pg o f  

each cateckolamine and 120 pg o f  i n t e r n a l  standard was in j ec t ed .  

The recovery percentage w a s  calculated by measuring t h e  peak 

height  r a t i o  (53.1 - 57.3 f ) .  

Conservation of catecholamines and in t e r f e rence  ( t a b l e s  3, 4 )  
The samples o f  catecholamines in 0.1 M H C l O  were divided i n t o  4 

fou r  portions. Two samples were processed a f t e r  4.5 hours o f  s torage 

a t  + 4 O C  e i t n e r  tn t he  dark o r  exposed 30 daylight ; two other  sam- 

ples  were processed a f t e r  2.5 hours of s to rage  a t  room temperature 

e i t h e r  i n  the dark o r  exposed t o  daylight.  No s i g n i f i c a n t  difference 

was noted ( t a b l e  3) between t h e  r e s u l t s  o f  s tored samples. 

Table 4 i l l u s t r a t e s  that i n  no case mas a detectable  i n t e r -  

ference between catecholanine o r  i n t e r n a l  standard and t e s t e d  

endcgenous compounds. 

DISCUSSION 

During o u r  f i rs t  chromatographic s tud ie s  o f  catecholaminee, w e  
used t w o  detection methods : f luc r ime t r i c  ( d i r e c t  o r  a f t e r  post  
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PLASMA NOREPINEPHRINE AND EPINEPHRINE 1959 

TABLE 3 

Conditions of Conservation of Catecholanines 

Peak height of 
Conditions of conservation a each compound 

NE E DA 
4.5 hours (+ 4OC, darkness) 49 31 25 
4.5 hours (+ 4 O C ,  light) 50 31.5 25 

2.5 hours (room temperature, darkness) 48 28 25 

2.5 hours (room temperature , light) 50 30 25 

a - Concentrations are close to those in the eluate (2,5 ng/ml). 
b - Injection of 200 ~1 of a 2,5 ng/ml solution of each 

c - Considered as ideal conditions of conservation. 
catecholamine in 0.1 M HC104. 

c o l m  derivatization with orthophthalaldehyde) or electrocherAca1. 
Then, we chose electrochemical detection which appeared to be one 
of the most effective method, thus confirming results obtained by 

Yui (25). 
Using this method, the most effective stationary phase w2s 

Nucleosil C18, 5 pm (26). 
At the beginning of our work, the mobile phase pH was set 

at 5.0 in order to facilitate the oxydation of catecholamines so 
as to enhance the detector response (16). Later as we used a 
different batch of the same stationary phase, we observed a band 

spreading and so had to set the pH at 4.2. This pH induces a 

loss of ionization of OH and above all facilitates the proton- 
ation of the amine, thus improving the efficiency of the counter- 
ion. Consequently, we had to slightly increase the amount of 
acetonitrile (5 %). 

During these tests, we noticed that when using an aliquot 
of 4 ml and an eluate of 250 ~ 1 ,  the best extraction yield needed 
75 mg of alumina. 

Among the electro active compounds extracted together with 
catecholanines were uric acid and dopa. T h i s  lack of selectivity 
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TABLE 4 

I n t e r f e r e n c e  from hdogenous  compounds 

Norepinephrine 

Epinephrine 

Do p m i n  i. 

Dihydroxyben zylamine 

Dopa 

Epinine 

Homovanillic +.c i d  

Metanepltrine 

Nornietane?hrine 

Phen y l a l an ine  

Phenyle thylamine 

Tyramine 

Tyros i n e  

3,4,5 trihydroxy- 
phenyle t hylanine 

Vanilmandelic a c i d  

0.9 
1.7 

4.1 

2 . 3  

no peak 

7.1 
no peak 

6.4 

1.7 

no peak 

no peak 

no peak 

no peak 

2.3 

no peak 

a - Concentration o f  each compoiund = 2 ng/ml 

due t o  the  alumina ex t r ac t ion  i s  a major problem which could 

induce in t e r f e rences  during chromatography. E f fec t ive ly ,  t h e  c l o s e  

k' o f  u r i c  ac id  and NE as we l l  as t h e  d e s t a b i l i z a t i o n  of t he  

d e t e c t o r  due t o  t he  i n j e c t i o n  of 200 ~1 o f  0.1 M HC104 impede the  

de t ec t ion  of NE and E. A s  t h e  r e t e n t i o n  time of  u r i c  a c i d  d id  n o t  

seem t o  be modified by t h e  use  of va r ious  counter-ions and as a 

double ex t r ac t ion  by ion  exchange and alumina adsorp t ion  (22)  

could l e a d  t o  more inaccuracy and i n c r e a s e  t h e  l e n g t h  of the a s say  

we used the  chromatographic system previous ly  described. This 
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system uses a preset optimal elution time of 60 seconds in the 
short column and a 1 m l / m i n  flow. Thus uric acid and 0.1 M HC104 

are eliminated and the analytical column is protected. The 
mixture which is injected in the analytical column is very similar 
to the mobile phase, so the detector is less disturbed. All this 
procedure permits to inject a large volume. 

Of course this large volume leads to a slight band spreading 
and to a loss of resolution. Yet chromatograms are quite satisfac- 
tory as peaks are perfectly resolved. 

One of the drawbacks of this method using ion-pairing 
is the loss of efficiency which could limit the detection 
of E. 

We applied this method to the detection of catecholamines 
in ten volunteers. We measured NE concentrations ranging f rom 

137 to 553 pdml and E concentrations ranging from 23 to 
100 pdrnl. These results are similar to those previously 
published (9, 22, 27). We were not able to detect plasma DA 
which is conjugated as sulfates or glucuronides in a conside- 
rable proportion (28). Though a recent study has shown a good 
stability of catecholamines in plasma (29) we prefered not 
to store plasma samples more than a week at - 2OoC. 

We have presented a reliable method permitting the simul- 
taneous assay of plasma norepinephrine and epinephrine. We 
think this method is useful, first as a chemical tool using 
reversed-phase ion-pair liquid chromatography with electroche- 
mical detection, second as a clinical tool in order to esta- 
blish some difficult diagnosis and third as a research tool 
in physiology and pharmacology. 
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