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Abstract. A quantitative method for the analy,i, of 
noradrenaline and adrenaline by mean;, of high per­
formance liquid chromatography (IIPLC) and electro­
chemical detection 1:, described. The method is applic­
able to ti��ues as well as �erum. 

Key uord.1: Catecholamine: High performance liquid 
chromatography; Biological sample 

There i'> a great need for analytical method for 

catecholarnincs pcrrni11ing quantification of these 

compounds in �erum and in small tis;,ue specimens. 

Several �tudics on standard solution., and tis'>ues 

with high concentrations of catecholamines have 
been performed to achieve chromatographic sepa­

ration of these amincs by High Perforrnance Li­

quid Chrornatography (HPLCJ (4. 5). In earlier 

work on the catechol amino acids 5-S-cystcinyldopa 
and dopa. we elaboratcd a method for thc analysi� 

of normal serum leveb of thcse compound'> by 

means of ion-pair reverse-phase chromatography in 

combination with an clectrochemical detector (3). 

The technique u,ed in those studies has been 

funher developed and applied to the chromato­

graphically more <lifficult analysis of noradrenaline 

(NA) and adrenalin (A) in normal human tissues 

and body fluids. 

MATERIAL AND METHODS 

A Waters model 6000 A pump wa, used together with 
a Rheodyne Model 7120 ,ampling valve injector with a 
500 µ.I loop. A;,say was performed by a thin-layer am­
perometric detector (Bioanalytical System, lnc .. Model 
LC-IO). The chromatographic separations were per­
formed by isocratic elution of a column (4.6x250 mm) 
packed with 5 µm octadecyl-silica (Nucleo,il C,.) with an 
aqueous eluent containing 0.25 g octane ,ulfonic acid and 
6'1 methanol per litre. The pH of the eluent wa, adjuMed 

10 2.0 by means of 85 '1 pho,phoric acid. The tlow rate 
was 1.4 ml/min and the working electrode potential wa, 
set at +0.75 V v,. Ag/AgCI a, reference electrode. 

Peak identities for NA and A were confirmed by chang­
ing the ehromatographic system. whereupon the sample 
pcaks behaved exactly as au1hentic sample,. Addition of 
,mall amounh of authentic material to the sample ,howed 
no inhomogeneitic, in the peaks in any chromatographic 
>} ,tem. 

Prucedure 

20 ml human blood samplc:, were collected in plastic 
centrifuge tubes comaining 10 mg Na,s,O.and centrifuged 
at 4 500 rpm for 10 min. To 10 ml of serum, 2 ml of 10'.lt 
EDTA. I mg of a,corbic acid and dihydroxybenzylamine 
(interna! ,tandard) were added. Protein, were precipitated 
by adding 1.0 ml of 4 M HCIO,, whereupon thc sample 
was centrifuged for 10 min at 15000 rpm and filtercd. The 
pH of the filtrate wa, adjusted to 5.5 with K,CO;r. 
centrifuged and then loaded onto a ,1rong ca1ion exchange 
column (Do\\-ex 50W-X4. Na•-form. 5x50 mm). The ion 
exchange column was washed twice with 5 ml of wa­
ter and with 20 ml of 0.05'1 EDTA solution. The ca1e­
cholamines were then eluted with 15 ml of 1.2 M HCI. 
The eluate wa, tran,ferred 10 a beaker containing 200 mg 
of ac1iva1ed alumina (I). 200 mg of EDTA and 10 mg of 
Na,S,O0• The pH was adju,ted 10 8.6 with 4 M NaOH. 
The sample was stirred for 5 min. thcn tran,ferred to a 
centrifuge tube and washed with water(4X 10 ml) followcd 
by centrifugation. Aftcr the final cemrifugation and dc­
canting of the supernatant the catcchols adsorbed on 
alumina were elutcd in the following way: 1.0 ml of water 
,-.,� addcd and lhc pil thcn adju,ted lo I. 75 with 35 '1 
HBF,. The sample was finally stirred gently for 15 min and 
ccntrifuged. For analy;,b. 500 µI of the ,upernatant was 
u,ed. 

Tis,ue� 10 be analysed were homogenized in 0.4 M 
HCIO,. and centrifuged for 5 min at 14 000 rpm. where­
upon the supernatant wa� treated a, de,cribed for ,erum. 

RESUL TS AND DISCUSSION 

In Fig. I a typical chromatogram of catecholamines 

obtained from rat :.kin i:, shov. n. The analy:,ed 

eluent was obtained by purification on a strong 

cation exchangc resin followed by ad,orption on 
alumina and then elution by the non-nucleophilic 

acid tetrafluoroboric acid. Thii. acid was found su­

perior to the other eluents tested in that the recov­

ery was high, only a small front effect appeared 

when injecred onto the HPLC :,ystem. and it eluted 

no compounds from the alumina which disturbed 

the analysis. 
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Fig. I. Chromatogram of material obtained from a rat 
skin. The contents of NA and A were found 10 be 75 ng 
and 9 ng. respec1ively. per gram wet tissue. I.St.=intemal 
standard. 

The chromatographic separation of cate­

cholamines has been performed on several types 

of column packing mate1ial. lon exchange material 
has been u�ed widely. as thc retention for these 

compounds on a normal reverse-phase chromato­

graphic system is too low 10 permit a satisfactory 

analysis. By addition of a hydrophobic counter 

ion to the mobile phase used to elute a C._-reverse­

phase column. an increased retention is achieved. 

This technique called ion-pair reverse-phase 

chromatography. makes it possiblc to alter the 

retention of catecholamines to any desired value 
by simply changing the hydrophobic properties and 

the concentration of the counter ion. Both theoreti­

cal and experimental studies by other workers have 

been made along similar lines (4. 5). However, 

these investigations have been performed ex­

clusively on standard solutions or on urine contain­

ing high concentrations of catecholamines. The 

direct application of these techniques to samples 
with extremely low catecholamine concentrations 

-such as normal human serum-is not possible,

since the purification steps used give the catechol­
amines in a solution not suitable for such analysis.

As the mobile phase was not suitable as eluent for 
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the catecholamincs from alumina it was essential to 

have ta chromatographic system which achievcd 

equilib1ium quickly after the �ample to be assaycd 

had been injected. The use of alkylsulphates as 

counter ion has been widely used in thi� type of 

analysis. In our experience. however. the e com­

pound� were unsuitable. since they resulted in a 

non-stable system. The alternative, the alkylsulpho­

nates, gave a much supcrior stability of the chro­

matographic system. This is essential. as we found 

it necessary lo use an injector with a large loop 

(500 µI) in order 10 have a sufficient amount of sub-

tances injected. 

A simpler purilication of serum catecholamines. 

only on alumina. combincd with a Nucleosil SA 5 

column at 55°C. and with lithium phosphate buffer 

(pH 3) as eluent. gave vcry �harp and \\ell-sepa­

rated peah. 
The present methods as described here have the 

same sensitivity as the radiometric method (2); they 

have given value of the same order as the radio­

metric one. The HPLC methods make it possible 

to analyse natural material. avoiding the uncer­

tainty of the enzymatic �tep. 
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Wc have had under ob,ervation an infant boy. age<l 

9 month,. with a typical acrodermatiti'> cntero­

pathica (A. E.l: eczematiform and psoriasiform skin 

.J 
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Fif,ls. I. 11111d 3. The end, of thc hair are "spearhcad-like" 
\\ith a general swan-ncd. appearance. 

Fi,:.,. 4. 5 1111d 6. The hair display, numerou, ,triae. with a 
,light 1richonodo,i,. 

lesion, around thc body orifice'>. mucosal lesions. 

paronychia. widespread and almost total alopecia. 

a-.sociation \\ ith ga'>trointestinal malfunction and 

low zinc levets. Zinc sulphate therapy was in­
�tituted and within JO days thc whole situation had 

improved and the hair had grown. 




