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AUTOMATED CHR’OMATOGRAPHY 01’ AROMATIC ACIDS, ALDEHYDES 
AND ALCOHOLS WITH AN AMINO ACID ANALYZER 

Chromatographic separations of a wide range of aromatic compounds (acids, 
aldehydes, alcohols) have been performed on a spherical cation-exchange resin with 
a sodium citrate-boric acid buffer, pH 4.53. The organic compounds were auto- 
matically determined in the eluate by measuring their light absorption at 280 rnp 
or their fluorescence at 315 mp. The method is applicable to the determination of 
plienolic metabolites from tyrosine, DOPA, catecholamines or tryptophan in bio- 
logical fluids and tissues. 

While organic acids are commonly separated by anion-exchange chromato- 
grapliyl-“, we have recently demonstrated that acidic and neutral catabolites from 
dopamine or noradrenalin can be fractionated rapidly by cation-exchange chromato- 
graphylO. This analysis has been performed on a spherical cation-exchange resin, 
which is used in commercial amino acid analyzers. The catecholamine metabolites 
were determined automatically in the eluate by measuring their light absorption at 
80 rnp. This paper demonstrates that a wide range of ar0mati.c acids, aldehydes and 
alcohols can be separated in a like manner. Since the new method is very rapid and 
organic compounds are not destroyed during the column chromatography, it may be 
of practical importance in the analysis of metabolites from aromatic amino acids or 
drugs like levodopa. 

EXPERIMENTAL 

The sources of materials were as follows: Cation-exchange resin PA-25 (spheri- 
cal particles of a sulfonated styrene-divinyl-benzene, diameter 16 -+ 6 p) from 
Beckman Instruments GmbH, Munich, G.F.R. 

x,4-Dihydrosyphenylacetic acid; 3-methoxy-4-hydrosyphenylacetic acid; 3,4- 
dihydroxymandelic acid ; 3-methosy-4-hydroxymandelic acid ; 4-hydroxymandelic 
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acid ; kynurenic acid ; 5-hydroxyindole-3-acetic acid ; caffeic acid; ferulic acid ; and 
3,4-dimethoxybenzoic acid were from Calbiochem, Los Angeles, Calif., U.S.A. 2,5- 
Dihydroxyphenylacetic acid: 4-hydroxyphenylacetic acid ; 2-methoxymandelic acid; 
3-methoxymandelic acid; 3,4-dihydroxyphenylalanine; tyrosine; 5-hydroxytrypto- 
phane ; santhurenic acid ; 5-hydroxyanthranilic acid ; 3,4-dihydroxyphenylglycol ; 
3-methoxy-4-hydroxyphenylglycol were from Sigma Chemical Company, St, Louis, 
U.S.A. 3-Hydroxybenzoic acid; 4-llydrosybenzoic acid; z,6-dihydroxybenzoic acid; 
z,4-dihydroxybenzoic acid’;. 3,5-dihydroxybenzoic acid; 3,4-dihydroxybenzoic acid; 
and 3-methoxy-4-hydroxybenzoic acid from Fluka AG, Buchs, Switzerland. 3,4- 
Dimethoxyphenylacetic acid; 4-methoxyphenylacetic acid; 4-methoxymandelic acid 
were from EGA-Chemie, Heidenheim, G.F.R. 3,4-Dil~ydrosyphenylethanol and 
3-methoxy-4-l~ydroxyphenylethanol were from A. Kistner AB Fack, Gateborg, 
Sweden. 3,4-Dihydroxybenzaldehyde; 3-hydroxy-4-methoxybenzaldehyde; 3-meth- 
oxy-4-hydroxybenzaldehyde, 2-hydroxybenzoic acid ; and 4 methoxybenzyl alcohol 
were from Dr. Th. Schuchardt AG, Munich, G.F.R. three-3,4-Dibenzoxy-dopaserin, 
a,nd erytlzro-3,4-dibenzo.xy-dopaserin were from Alderich Chemical Company, Mil- 
waukee, U.S.A, 

3-0-Methyldopa was kindly supplied by Dr. A. PLETSCHER, Hoffmann-La 
Roche AG, Basel, Switzerland. 3-Hydroxy-4-methoxybenzoic acid was a gift from 
Prof. H. THOMAS, the Biochemical Dept. of the University of Ulm, G.F.R. 

Chronzatogra$hy 
All separations were performed in water jacketed glass columns (0.9 x 60 cm) 

of a modified amino acid analyzer of the Unichrom type (Beckman Instruments 
GmbH, Munich, G.F.R.). A schematic diagram of the chromatographic system is 
shown in Fig. I. Columns were filled up to 55 cm with PA 2s resin equilibrated with 
buffer, pH 3.25. The aromatic compounds at levels of 60 ,ug to 600 ,ug, dissolved in 
4 ml 0.4 N HClO,,, were forced into the resin with about IO atm nitrogen pressure 
followed in a like manner by two I ml washes of buffer, pH 2.2. Then the head space 
above the resin was filled with buffer., pH 3.2S, and elution was carried out as follows: 
buffer, pH 3.2S, for i5 min; Na-citrate-boric acid buffer, pH 4.53, for 100-500 min; 
and finally with .o.z N. NaOH for 6o.min. The flow rate was adjusted to 50 ml/h ; the 
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Fig. T. Schcnlntic diagram of the cllrotnatographic system. 
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pressure varied between x5 and 20 atm, and the column temperature was 55”. The 
best separations of aromatic compounds were obtained with 50 mm liquid head space 
above the resin bed. 

The eluate from the column was passed through a quartz flow cell (optical 
path length x0 mm, volume 0.1 ml) of a UV-spectropliotometer (Photometer type 
DI3, 13er%man Instruments GmbH, Munich, G.F.R.), and the optical density was 
measured at 2So m,u. The output of the spectrophotometer was recorded on a labora- 
tory potentiometric recorder and was fed into a digital integrator (IModel 125, l3eck- 
man Instruments GmbH, Munich, G.F.R.) which automatically prints out the area 
under each peak. In some experiments the effluent of the flow cell was fractionated 
by an automatic fraction collector and the fluorescence of each fraction was de- 
termined. All fluorometric determinations were performed in an Aminco-Bowman 
sl~ectropliotofluorometer. 

Prcfiaration of bu.crs 
Bgjb, $H 2.2. This consists of 19.6 g Na-citrate l zH,O, 5 ml thiodiglycol, 

I g Brij-35, I ml gz-caprylic acid, S50 ml distilled water and 19.6 ml WC1 (37o/0, w/w). 

The solution was titrated with 6 N HCl to pH 2.2 and made up to I 1. 
Na-citvntc bz~-Sfer, 9Z-I 3.28. 392.2 g Na-citrate .zH,O, IOO ml thiodiglycol, 20 g 

Ih-ij-35, 2 ml qz-caprylic acid, IS 1 distilled water and 246.5 ml HCl (37%, w/w) were 
all mixed together and the solution was adjusted to pH 3.2s and made up to 20 1. 

Na-cih~nto-boric 
but with the addition 
ment to pH 4.53, 

ncid ZW@W, 9I-I 4.53: This is the same as for buffer, pH 3.2S, 
of 167.5 ml FICl (37%, w/w) and 600 g boric acid and adjust- 
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Fib’. 2, Scparntion of ten phcnolic acids by cntivn cschan~c cliro~~latoC,lrn~~liy, Conditions: colun111, 
0.5) x Go cm ; resin, xG 4: 0 14 PAaS; clucnt, o-15 win Nn citrate buffer, ~1-1 3.28, 15-150 win 
Na-citrate-boric acid buffer, pl-I 4.53 : flow rntc, 50 nil/h; prcssnrc 15-20 atm ; co1um11 ten~pcrn- 
turc, 55O. 1 = .2,G-Diliyclroxyberilisoic acid (200 IS& ; 2 = 3,~-cliliyrlroxymlandclic acid (000 116) : 
3 = 3-mctliosy-4-hyclrosyn’atldelic acid (,ioo /.cf$ ; ‘1 = lioiiio~cntisic acid (200 ILK:‘) ; 5 =. holno- 
protoca.tcchuic acid (200 j(g) ; G = l~otnovanillic acid (zoo /rg) ; 7 = hotnovcratric acid (200 f/g:) ; 

8 = protocatccliuic acid (200 ~cfi) ; 9 -7 wnillic acid (200 pg) ; I0 = vcrntric acid (200 /Lb’). 
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All water used for buffer formulation was deionized on a mixed bed resin and 
distilled in a quartz double distillation apparatus. 

RESULTS AND DISCUSSION 

Fig. z shows a typical chromatogram obtained in the analysis of the mixture 
of ten phenolic acids. This mixture, containing zoo-600 pg of each acid, was separated 
in about 3 h. z,6-Dihydroxybenzoic acid, a rather strong acid (dissociation constant 
5.0 x IO-~), was eluted first, then the mandelic acids-3,4-dihydroxymandelic acid 
and 3-methoxy-4-hydroxymandelic acid. Phenolic derivatives of phenylacefic-acid 
were in general eluted ahead of the corresponding benzoic acids. Even related com- 
pounds, from the chemical point of view, like 2,5-dihydroxyphenylacetic acid and 
3,+dihydroxyphenylacetic acid or vanillic acid and isovanillic acid (II and 12 in 
Fig. 5), are well separated. A typical example of the fractionation of phenol alcohols 
and phenol aldehydes is shown in Fig. 3. Aldehydes are retained for longer by the 
resin than alcohols. 

The elution times of fifty aromatic compounds are reported in Table I. It 

Fig. 3. Separation of five phcnolic alcohols and three phcnolic alclchydes by cation cxchangc 
chromatography. For conditions see Fig. 2. 
methoxy-4-hydroxyphcnylglycol (200 pg) ; 

I = 3,4-Dihyclrosyphenylglycol (200 pg) ; 2 = 3- 
3 = 3.4-dihydroxyphenylcthanol (200 /tg) ; 4 = 3- 

tydroxy-4-methoxybenzyl alcohol ( IOO pg) ; 5 7 3-methoxy-4-hydroxyphenylcthanol (200 pg) ; 

= 4-hydroxybenzaldchycle (60 ,ug) ; 7 = vanillln (IOO 1~6) : 8 = veratraldchyde (200 /,&, 

would seem that more compounds may be separated by our chromatographic system 
than listed in this table, since Table I contains only those substances related to our 
biochemical problems and detectable by UV absorption. It can be seen from Table I 
that some relationship between the chemical structure of a compound and its elution 
time can be demonstrated. The different retention times of the various hydroxybenzoic 
acids are good examples of the influence of the position *of the phenolic hydroxyl 
group on the elution pattern. In monohydroxybenzoic acids retention time increases 
in the sequence 2-OH < 3-OH < 4-OH. This order is still preserved in dihydroxy- 
benzoic acids and in methoxy-hydroxybenzoic acids. In accordance with this, the 
retention time of 3-hydroxy-4-methoxybenzoic acid (isovanillic acid) is significantly 
shorter than that of 4-hydroxy-3-methoxybenzoic acid (vanillic acid). 

Dissociation constants taken from a handbook11 are indicated in Table I for 
some compounds, since we presumed a relationship between the dissociation and 
retention on the PA-28 column. A vague relationship of this kind can be seen in the 
group of the hydroxybenzoic acids, As a rule weak acids are retained by the column 
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TA’BLE J J. 

INFLUENCE OF THE NUMUER OF I-IYDROSYL OR CARHOSYL GROUPS PER hIOLECU1.E OS ITS RIETI3NTIO,N 

TIME ON A P&28 COLUMX 
--_._-_-.. __. .__,-..-___ -I_--.~..---_- -...._ --- .--..-.___ -.- ______. ___ _._. 

A,vonzatic ON-gmufis 
----I 

0 I 2 
-- - I 

chain 

0 
7 

-c 

T -COOI-I 
-c&--- cI-I-cooEl 

I 
NW, 

-CI-I,-CH,OI-I 
-cI-I,-cooI-I 

2 --CJ-I-COOI-I. 

-CH-CII-COOI-I 

AH Jr J-I 
-CH--c13;01-I 

I 
OH 

A-J 
-Cl-T,- CI-l-COOI-1 

bEI 

- 333 2 I 4 

- 
IGO 

- 

93 

I42 

100 

24.5 II.5 

I46 IOG 

1x7 90 

12G 93 

SS YO 

- 05 (three-) 

72 (evylho-) 

66 53 

ring and one carboxylic group and one OH-group in the side chain, has the shortest 
retention time (40 min). 3,4-Dimethoxybenzaldehyde, which contains neither free 
phenolic OH-groups nor OH- or COOH-groups in the side chain, has the longest 
elution time.’ Thus, ii-r general our chromatographic system seems to separate aro- 
matic compounds’according to their polarity. 

The content of boric acid in the buffer is not critical, since many compounds 
listed in Table I can be separated by the Na citrate buffer, pH 4.53, even without 
boric acid. 

Many substances, the separation of which is described in this paper, are rather 
unstable and they may be destroyed during the chromatographic separation. There- 
fore the percentage recovery was measured for the following compoundslo: 3,4- 

dihydroxymandelic acid, 92% ; 3-methoxy-4-hydroxymandelic acid, IOO~;/, ; 3,4-di- 
hydroxy$~enylglycol, 83 y. ; 3-methosy-4-hydroxyphenylglycol, 97 “/ ; 3,4-dihydrosy- 
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plienylacetic acid, go”/0 ; 3-methosy-4-l~yclrosyphenylacetic acid, Iooo/o ; 3,4-di- 
l~ydrosypl~enyletl~anol, 100% ; and 3-methosy-4-hydroxyphenylethanol, SS(/O. Thus, 
from a practical point of view this chromatographic system has a recovery of around 
Ioo0/o. 

Between Go and Goo ,xg of each compound were separated in the chromato- 
grams shown in Figs. 2 and 3, Tllis rather high quantity is necessary as long as a 
UV flow cell is used as a detector. Much smaller quantities of each compound are 
sufficient, if their fluorescence is measured in the eluate. Aromatic compounds which 
contain mobile (72) electrons are normally fluorescent. Fluorescence of benzene 
derivatives depends on the freedom of the n-electrons. Hydroxylic groups or meth- 
osylic groups enhance benzene fluorescence, carboxylic groups diminish ii?“. An 
example of the detection of aromatic compounds in the eluate by fluorescence 
measurements is given in Fig. 4. In this case 10-30 ,ug of each compound was applied 
on the column and the fluorescence of 1.5 ml fractions of the eluate was measured in 
a spectrofluorometer. 

The chromatographic system described in tllis paper was initially developed 
to separate acidic and neutral metabolites of catecholamines. Fig. 5 gives a typical 
esample of this kind of application. It demonstrates that the catecholamine precursor 
DOPA can easily be separated from all its neutral and acidic biological metabolites. 

231 56 

0 
Fraction No. 

Pig. 4. Jhtcrmination of monmtic cor~~pouncls in PA-,L -9 colunln cluutc by mwsLlrcmcxit of the 
fluorcsccnce nt 3 15 mj.c. Activation zLt 2x0 rqu: for chroniatogrnpliic conciitions sco l?ig. 2. 1 = 

3,4-l~il~yclrosyn~anclclic acicl (30 clg) ; 2 = 3,4-clihyclrosyplienylglycol (30 /~g) ; 3 - 3-mctllosy- 
4-liyclrosynianclelic acid ( I 0 pg) ; 4 = 3-mctliosy-4-liyclrosyplicnylglycol (IO j.(g) ; 5 = 3,4-cli- 
liyclrosyphcnyhcetic acid (20 pg) ; 6 = 3-nictliosy-4-l~yclrosyplmnyl~~cctic. acid (I0 j&g) ; 7 = 
3,4-cliliyclrosyplicnyletl~miol (30 jcg) ; 8 = 3-mctl~osy-.~-liycIrosyphcny~c~~~~l~tli~~~ol (IO ~cg). 

This separation may eve’n be of some practical interest, SiIlCe ~~1RICMAYE.R AND 

EI~RN~-ICIEWICZ~~ as well as BAIxmzAu et 6zl.l” and more recently COTZIAS ct nL.l” have 
clemonstrated that Parkinson’s disease can efficiently be treated with DOPA. Thus, 
DOPA metabolism in mammals was reinvqtigated by several groups1ug17. All these 
investigations suffered from the lack of efficient analytical methods for the separation 
of neutral and acidic metabolites from DOPA. 

From a practical point of view another advantage of our separation procedure 
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Fig. 5. Separation of twelve aciclic and neutral mctabolitcs from DORA. For conditions see Fig. 2. 
I = 3,4-clihyclroxymanclelic acid (zoo ,ug) ; z = 3,4-clihyclroxyphcnylglycol (zoo tcg); 3 = 3- 
methoxy-4-hydroxymandelic acicl (zoo cc& ; 4 = 3-mcthoxy-4-hyclroxyphcnylglycol (400 r&g) ; 
5 = 3,4-dihyclroxyphcnylacetic acid (zoo r’L6) ; 6 = 3-methoxy-4-hyclroxyphenylacctic acid 
(200 cl&; 7 = 3,4-clihydroxyphcnylethanol (200 ,ug) ; 8 = DOPA (200 ~66); 9 = 3-0-mcthyiclopa 
(zoopg); IO = 3-methoxy-4-hyclroxyphenylctharlol (200 ,tq) ; 

= vanillic acid (100 pg). 
II = isovnnillic acicl (400 /cg) ; 

12 

is worth mentioning. In experiments on catecholamine metabolism metabolites are 

generally extracted from tissues by 0.4 IV HClO,. These perchloric acid estracts can 

be analyzed immediately without further treatment with our system. 
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