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-A &&fkd ethylenediamine condensation method is described in which cate- 
cholamines dissolved in a borate buffer are converted into fluorescent products by 
oxidation with hexacyanofer&e(III) in the presence of ethy~enediamine under alkaline 
cond$ions. The method wasapphed successfully in the fluorimetric determination of 
catec~d&nines eluted from. a cohmm of &eakly acidic ion-exchange resin with a 
&ix&l buff&of pH 6~3~containing~O.35 M boric acid, 0.12 M succinic acid and 0.002 M 
disodium ethylencdiaminetetraacerate_ An analysis of human urine for catechot~ 
amine-s is described_ 

IN%RODUCFiON 

-. The ethyienediamine -condensation method has been widely used for the 
determination of catecholaminesL; The method has been automated*, and coupled 
with a high-speed @.r.id chromatographs5. : 

On the other hand, an ion-exchange chromatographic method for the separa- 
tion of catecholamines was developed in which a boric acid-containing buffer was 
used as the eluent and a weakly acidic ion-exchange resin as ,&e stationary phase6. 
An attempt Was made-to’ measure fluotietricalIy c&techolamines in .an eluate from 
the ion-kxchange colmnn using the ethylenediamine condensation method, but 
dopknine ind uorepiuephrine could be determined only with low sensitivity. 

Sincetliis failtie seemed to be due to aCiow rate of oxidation of dopamine and 
riorepinephrine~by air oxygen in-the presence of--boratk ion, oxidation of catechol- 
amine 6th a- solution of hexacykroferrate( in .the presence of ethyIenediamine 
was: tried. with success.. The modified ethyIened&mine -condensation. method could 
be automated and used to m&surc catechokmines ehrted .from a-column of Amber- 
lite fRC-50.. tiith a %x&i buffer of pIi 63 containing 0.35 A-i boric acid, - 0.12 M _...a _. 
SUmC-a&d arid 0902~~ disodium ethy!enediaminete~c&tate_ The determination 
of ~c;tteCholamin~~extracted from- human urine is aIso described in this .paper: - .. 
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EXPERIMENTAL 

Reagents 
Epinephrine hydrogen tartrate was purchased from Nakarai Pharmaceutical 

Co. (Kyoto, Japan) and norepinephrine hydrogen tartrate, dopamine hydrochloride 
and ethylenediamine dihydrochloride from Yashima Pharmaceutical Co. (Osaka, 
Japan)_ Other chemicals used were of reagent grade. Stock solutions of catecholamine 
base were prepared in 0.01 M hydrocbioric acid. Fluorescent impurities contained in 
ethylenediamine dihydrochloride were removed by passing a 0.5 M solution of ethyl- 
enediamine dihydrochloride through a column of activated charcoal (15 x 1.5 cm). 

Equipment 
A syringe-type pump (Jasco, Model FLC-150) was used to pump buffer 

solution through the chromatographic columns. Peristaltic pumps (Mitsumi Scien- 
tific Industry, Models SJ-1211 H and L) were used to pump air and reagents into a 
gas-segmented-flow reaction detector. A spectrofluorimeter (Jasco, Model FP-4) 
equipped with a flow cell prepared from a quartz tube (4 mm I.D.) was used to 
measure fluorescence. pH was measured at 20” using a TOA Electronics (Tokyo, 
Japan) Model HM-5A glass electrode pH meter. 

Human urine 
Daytime specimens of urine were acidified immediately after collection by 

adding 1% (v/v) of 6 M hydrochloric acid and stored in a refrigerator. Just before 
analysis, they were filtered. 

Preparation of Amber/ire CG-50 column 
Amberlite CG-50 (type 11) was converted into the Na+ form and graded 

according to size by the sedimentation method’. The fraction of size range 85-120 pm 
was collected and washed on a glass filter with ten volumes of the following reagents 
in turn: 4 M hydrochloric acid, water, 1 M sodium hydroxide solution, water and 
0.4 M phosphate buffer (pH 6.5). The buffered resin was poured into a tube with 
phosphate buffer of pH 6.5 (0.4 M) and allowed to settle under gravity to a height 
of 12 cm (the tube was 20 x0.5 rm I.D. with a 10-ml reservoir); the column was 
washed with 2 ml of water before uses. 

Preparation of Amberlite IRC-50 column 
Amberlite IRC-50 (40-55 pm and 9-60 pm in the Na+ form) was prepared 

and washed as described previously9, and suspensions of the washed resins (Na* 
form) were buffered at pH 6.3 with a succinic acid solution (OS M) and then washed 
with eluent. The eluent was a mixed buf%er of pH 6.3 containing 0.12 M succinic acid, 
0.35.M boric acid and 0.002 M disodium ethylenediaminetetraacetate. The washed 
resin wa3 suspended in 2 volumes of the eluent. The suspension of the finer resin 
was poured into a short chromatographic tube (15 x 0.8 cm), and a suspension of 
the coarse resin was poured into a longer tube (24 x 0.8 cm) and allowed to Setie 
under gravity. Then both tihromatographic tubes were fitted with a column adjuster 
and the bottom of the short tube was connected to theLlonger one. The temperature 
of the ccriumu was kept at 42” and, after the eluent had been pumped through tic? 
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column at a rate of 0.75 m.l/rnin for several hours, the height of the resin column in 
the top tube was 9 cm and in the bottom tube 19 cm_ 

Separation of catecholamine fraction from human urine 
A 4-ml portion of filtered urine was tied with 0.5 ml of a 5 % solution of 

disodium ethyIenediaminetetraacetate and 0.5 ml of a 1% solution of ascorbic acid, 
and the pH of the mixture was adjusted to 6.1-6.2 with 1 M sodium hydrogen car- 
bonate solution. The mixture was then applied to an Amberlite CG-50 column, the 
column was washed with 6 ml of deionized water and then with 2 ml of 2/3 M boric 
acid solution, then a fun%er 2 ml of the boric acid solution were used to elute catechol- 
amines from the column, the eluate being collected in a test-tube containing 0.07 ml 
of 0.5 M sodium dihydrogen phosphate solution in 1 M hydrochloric acid. The 
eluate in the test-tube was adjusted to pH 6.3 with a soIution of 0.5 M sodium dihy- 
drogen phosphate in 1 M hydrochloric acid and diluted to 4 ml with a succinate 
buffer of pH 6.3 (succinicacid0.12 M, disodiumethylenediaminetetraacetate0.002 M). 
The catecholamine fraction was stored in a refrigerator. 

Chromatographic separation of samples 
A l-ml volume of a solution of the amines in the eluent to be used for chroma- 

tography or 1.0 ml of a catecholamine fraction prepared as described above was 
added to the column of Amberlite IRC-50. The sample was forced into the column 
by an air pressure of 1 kg/cm*, then elution was carried out with the eluent at a flow- 
rate of 0.75 ml/min. 

F.korimetric determination of catechohzmines 
A gas-segmented-flow reaction detector was assembled from commercial 

p=ts and Pyrex coils. The Pyrex coils were made by winding 4mm Pyrex tubing 
around a brass tube of 14 mm 0-D. As shown in Fig. 1, eluate from a column was 
fed to the detector and segmented by air, mixed with 0.5 M ethylenediamine dihydro- 
chloride (mixing coil, 10 turns), 1.5 M sodium hydroxide (mixing coil, 8 turns), 
0.3% (w/v) hexacyanoferrate(iII) (mixing coil, 10 turns), heated at 75” (heating coil, 
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Fig. 1. schematic diagram of the gas-segsuented-flow reaction detector. The pH of the waste ws 9.5. 
(1) Air; (2) eluate; (3) 0.5 Methylenedknine dihydmchloride: (4) 1.5 M NaOH4l.l % &J/V) T&cm 
X-405; (5) 0.3 % (w/v) kzacyanoferrate~II1); (6) 10% (w/v) NaS03.7H,0- 
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30 turns) and fmally mixed with a 10%. (w/v) solutions of sodium s@phite hepta- 
hydrate and warmed at 42” (heating coil, 15 tums). Then bubbles were removed from 
the stream and the fluorescence was measured at 510 nm, with excitation at 400 nm. 

Three catecholzmines could be separated from each other and determined 
fiuorimetrically within 70 tin (Fig. 2). The elution pattern was reproducible and the 
peak heights of 120 ng each of epinephrine, norepinephrine ad dopamine were 
71.8 f 0.76, 72.4 & 0.74 and 48.5 f 0.89, respectiveXy (five determinations). was 
shown in Fig. 3, the catecholamine fraction prepared from human urine gave.tbree 

Retention time (mid 

Fig. 2. Elution and fluorimetric dete rmination of catecholamiies. A mixture of 100 ng each of 
epinephrine (l), norcpincphrine (2) and dopamine (3) was separated on the cohmm of Amberrite 
IRC-SO 2nd determined using the detector described in Fig. l_ 

Retention tune (min) 

Fig. 3. Elution and tluorimetric dete rmination c?f catcchoiaminc fraction prepared from human urine. 
Retention times of peaks (I), (2) snd (3) corresponded to those of epinephrine, norepinephkine 2nd 
dopamine, respectiveiy. 
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peaks corresponding to epinephriue,~norepiuephrine and dopamine. Based on six 
determinations of 4ml-aiiquots of the same human urine sample, the mean amounts 
of epihephrine, norepimphrine and dopamine per miililitre of urine were calculated 
to be 6.9 ng f 0.42, 34;I ng & 1.6 and 151 ug t 6.3, respectively. When 100 ng of 
epiuephrine,~ 200 ng of norepinephrine -and 400 ng of dopamine were added .to a 
urine sample before the procedure described above and one quarter of the catechoL 
amitie fraction of each sample was analysed, the amounts recovered were 23.5 ng f 2, 
46.4 ng -I_ 2.3 and 90.8 ng -& 10.2, respectively (five determinations). 

A mixed buffer coutaining a lower concentration of boric acid (0.35 M) than 
the boric acid solution (213 M) was used as the eluent, because catecholamines are 
specifically retarded with an eluent containing lower concentration of boric acid, and 
their separation from impurities will be improved with such an eluent. 

A linear relationship between peak height and the amount of tines added to 
the column was obtained over the range I-2000 ng for norepinephrine and doparuine 
and 5-200 ng for epinephrine, when the amiues were oxidized and subjected to 
reaction with effiylenediamine under alkaline condition (pH 9.5, Fig. 4). When 
catecholamines were treated under less alkaline or neutral conditions, the relative 
peak heights of these amines changed, as shown in Fig. 5. Although the peak heights 
of catecholamincs were higher at pH 8.65 than at pH 9.5, the dynamic range of nor- 
epinephrine was narrower at pH 8.65. 

5 20 200 2ocx3 
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Fig. 4. Relationship between peak height and amotsnt of catecholamines. catecholamincs were sep- 
arated on the column of Amberlite IRC-50 and determined by using the detector described in Fii. 1_ 
A, Epineptie; 0, norepinephriie; a, dopamine. 

Fig. 5. Relationship between pH of the reaction mixture and the peak height of catecholamines. 
Catecholamiies (20 og of each) were separated and detected as in Fig. 4; 0.05,0_75 or 1.5 M sodium 
hydroxide solution was used to keep the pH of the waste at 6.9, 8.65 or 9.5. Other conditions as in 
Fig. 1. A, Epinephrine; 0, norepiuephrine: 0. dopamine. 

Oxidation of catecholamines with hexacyanoferrate(XII) in the presence of 
ethylenediamine under alkaline condition was preferable to oxidizing them at neutral 
pH prior to the addition of ethylenediamine.and s6diumhydroxide solution, because 
the latter reaction sequence yielded :na&ower dynamic ranges for .dop&nine and 
norepinephrine. With a different batch of ethyienediamine dihydrochloride, the 
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relationship of peak height to the amount of catccholamines added to the cohmm 
changed to some extent, but the dynamic range of catecholamines rem&ted un- 
changed. The concentration of hexacyanoferrate(IIII used to _oxidixc catechol- 
amincs was 0.3%, but epinephrine and nompinephrine could be determined wit& 
higher sensitivity by oxidizing them with a more concentrated solution of hexacyarto- 
ferrate(III) (Fig. f5)_ Excess of hexacyanoferrate(II1) had to be reduced, because it 
absorbs the exciting light, and the time for reduction was 2.5 min. The time for the 
reaction of ethylenediamine with the oxidation products of catccholamines could bc 
reduced to 5 min by keeping the temperature of the reaction coil at 75” and the total 
time of mixing and reaction was 15 min. Therefore, the modified ethyjenediamine 
condensation method described here can be conveniently utilized for the on-line 
determination of catechohunines in an eluate from a chromatographic column. 

ob . 
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Fig. 6. Relationship between peak height and concentration of hexacyanoferrate<III) (%, w/v) used 
to oxidize catecholamines. Catechokunines (100 ng of each) were separated and detected sis in Fig. 4. 
A different batch of ethylenediamine was used in this experiment, and except fcr the concentration 
of hexacyanoferrate(III), the reaction conditions Here 2s described in Fig. 1. .&, Epinephrine; 0, 
norepinephrine; a, dopamine. 
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