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Since their discovery in mammals, catecholamines and their metabolites 
have posed a considerable challenge to the’analytical chemist with respect to 
both their chromatography and quantitation~ Of the various techniques devel- 
oped to measure catechols in biological fluids and tissue [I, 21, most single 
analytical methods‘ permit quantitative analysis of only a few compounds. 
Yet the diversity of catechol metabolism dictates development. of analytical 
methods with greater scope, andonly gas-liquid chromatography (GLC) with 
detection by flame ionization [3,4], ekctron capture 14-71 or mass spectro- 
metry [S--S] has allowed simultaneous assay of a broad range of metabolites. 
Volatilixation for._GLC requires deiivatization, a process which for this group 
of cotipounds often demands carekl, time-co nsuming preliminary purifkation, 
and is prone td error due to the’ Iabiliw of the products obtained [3-S]. With 
the advent ,of high-pressure liquid chromatography (HPLC), it was apparent 
that the method would lend itself to the resolution of a range of underivatized 
catechols and their metabolites with a speed ‘aud efficiency comparable to that 
of GLC. This has been borne. out in a. number of studies. Liquid chvomato 
graphy of catechols, as mixtures of standards or in bioIogical fluids andtissues, 
has been accomplished using ion exchange 19, IO], reversed-phase colurnk 
1111, as Well as by’ ion-pair liquid-liq~d partitioning ]12]. We wish to report 
a variation- of the HPLC technique_ which affords the separatiion of a range of 
catechols. and their methyl ethers on octadecy]silica reversed-phase columns 
by _pair@-ion chromatogipahy [X3]; Pretreatment on alumina, which per&its 
&ac@onation of .ca&?chols from non-catechols [14], was not necessary for 
&uidard rni+res .but. fatS.&&+ urinary aidyses by this method. Using UV 
spectrophotometrk detection the technique proved. to be a simple,’ rapid 
means of ‘quantitative analye Of r&&dibydroxyphenylaIanine (L~DOPA) and 
its &jot metabolites in gku.las~hyd+lyzed urine. of LLDGPA-treated paxkin- 
Sonianpatients, 
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All catechols aud their methyl ethers were pyrchased from Sigma (St. Louis, 
MO., U.S.A.) with -the exception of 3,4dihydroxyphenylpynivate, which wG 
synthesized kom L-DOPA [15]. 1-Heptanesulfonic acid (HSA) was obtained 
from Fischer Scientific (St,. Louis, MO., U.S.A.) or Waters Assoc. (Milford, 
Mass., U.S.A.) whereas elmnina (neutral, EM Reagents) was purchased kom 
Brinkmann Instruments (Des Plaines, Ill., U.S.A.). Glusulase is a product -of 
Calbiochem (San Diego, Cal&, U.S.A.). All other chemicals and solvents were 
reagent grade quality. All solvents were redistilled and, if used in the HPLC 
system, were passed through a 0.2-pm filter. 

High-pressure liquiti chromatogmphy 
The Waters Assoc. HPLC system used included a Model 6000A solvent 

delivery system, a Model U6K loop injector and a Model 440 absorbance 
detector which was operated at 280 run. The column, also from Waters Assoc., 
was a 30 cm X 3.9 mm NBondapak CL8 column (octadecylsilane chemically 
bonded to a silica solid support, lo-pm particle size range). All chromatogrems 
were obtained at ambient temperatures. 

Urinary ana!ysis 
Urine specimens (24 h)‘were collected from six male parkinsonian patients 

on Sinemet (0.3-0.8 g of L-DOPA and 30-80 mg of carbidopa, a peripheral 
decarboxylase inhibitor, per day), two female and one male parkinsonian 
patients on I-DOPA alone (l-5-4.0 g of L-DOPA per day) and two male parkinso- 
nian patients who were neither receiving L-DOPA nor Sinemet. Control urine 
samples were obtained from five male laboratory workers. Urine was collected 
in specimen bottles which contained either 5 ml of 6 M hydrochloric acid or 
10 g of sodium metabisulfite and were immediately stored at -20“. 

To l-3-ml aliquots of urine were added 011 volumes of 0.1 M sodium 
acetate buffer containing EDTA and ascorbate b&h at a final concentration of 
3 mM. This solution, which was adjusted to a pH of 5.2, was incubatccl with 0.2 
ml of gl~ulase (1.34 1-U. of glucuronidase and 2.07 1-U. of sulfatase) for 20 h 
at 37”. The sample was then made 0.4 M in perchlork acid and sodium metabi- 
sulfite was added to a final concentration of 50 mM. After shaking for 1 min, 
the mixture was centrifuged at 13,000 rpm for 15 min in a Sorvall SM-24 
rotor at 4’. Upon cooling the snpematant to 0” in an ice bucket, 3 M potassium 
carbonate was added to bring its pH to 5. It was then centrifuged at 5000 rpm 
for 5 min at 4”. To the supernatent were added 100-300 mg of alumina 
(depending upon the initial volume of urine), 50 mg of sodium metabisulfite, 
and 1 ml of 0.15 M EDTA. After adjusting the.pH of the slurry to 8.6 with 
1 M sodium hydroxide, it was shaken for 3 min. The slurry was then placed 
onto a column (disposable Pasteur pipet) of 100-300 mg of alumina which 
had- been pm-equilibrated with 9.2 Mm sodium acetate buffer, pH 8.6, con- 
taining 3 m&f EDTA. After washing the column with 4 ml of the same buffer 
to remove non-catecho_ls, the titechols were eluted with a 1 M hydrcchloric 
acid solution containing 9.05 M sodium metabisulflte. The non-catechol and 
catechol fractions were dried and taken up in 1% aqueous acetic acid and 
passed through a 0.2-pm filter for HPLC analysis. 
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Data treatment 
Metabolite levels were determined by peak height analysis using authentic 

compounds for comparison. Recovery of C3Ei] dopamine (3H-DA) horn the 
alumina--HpLC method was 59.6 f 1.3% in seven determinations. Using 
non-radioactive authentic standards the following recovery values were esti- 
mated: DA, 58%; DOP& 55%; 3,4-d& y dr oxyphenylacetic acid (DOPAC), 76%; 
homovanilk acid (WA), 83%; vanillyllactic acid (VLA), 62% and 3-methoxy- 
4-hydroxyphenylalanine (MDOPA), 41%. 

RESULTS AND DISCUSSION 

Elution profiles of a mixture of L-DOPA metabolites in the absence and’ 
presence of HSA are iJlustrated in Fig. 1. The change in the elution pattern 
reflects the interaction of the_ counter-ion witi amino groups of the catechol 
derivatives to form hydrophobic ion pairs. Both the loss of chapge and the 
introduction of the heptane group of HSA enhance the retention of the ion 
pair on the non-polar stationary phase (CIB hydrocarbon) of the PBondapak 
column, thereby increasin g retention times of compounds with amino groups. 
For the group of catecholamines, amino acids and methyl ethers examined 
the retardation effect increased with retention time. As seen in Fig. 1, metab- 

QlO- 

QCQ- 

A 

.q 

B 

I 

0 10 20 30 0 10 20 M 
TIME ( min ) TIhlE I min 1 

Fig. 1. Cbrotitogram of a standard mixture of L-DOPA metaholites in the absence (A) and 
presence (B) of 5 m.M HSA. Column, &ondapak; mobile phase, water-methanol-acetic 
acid (95SO.95); fiow-rate, 1.0 ml]min; inlet pressure, ca. 1000 p.s.i. Peaks: 1, norepine- 
pbrine; 2, epinephrine; 3, normetkepbrine; 4, DOPA; 5, DA; 6, vanillybnandelic acid; 
7, 3-methosy-4-hydrosypheny~J&c+; 8. MDOPA; 9. DHPP; LO. DOPAC; 11, VLA; 12. 
HVA; 13, vanilk acid (VA); 14. isovaniUic acid (3-bydroxy-4-metboxy-benzoic acid). 
PHP is not shown; if present it would have had retention times of ca. 7 and 4 min in A and 
B, respectively. 
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elites which do not- contain amino. groups weze only slightly affected by 
addition of USA. Two- exceptions were p-hydroxyphenylpyruvate and: 3,4- 
dihydroxyphenylpyruvate (DHPP) (Fig. I), both of which exhibited two 
major peeks in ah chromatograms. In both cases only the peak which had 
the shorter retention time exhibited a decrease in retention time when HSA 
was included in the mobile -phase (~t=2.8 and 2.6 min; respectively, in the 
system described in Fig_ 1). The height of this same peak increased in the pres- 
ence of HSA at the expense of the second peak (at 13 min in Fig. IA)_ Since 
these phenomena were only..observed with the pyruvates, it appeared that they 
might be attributable. to keto-enol tautomerism. If so, the peak with the 
short retention tune, which was more polar and predominated in the presence 
of 5 m&f sodium borate, should be the enolate form. By measuring the change 
in absorbance of 330 mn it was ascertained that borate but not HSA shifts 
the equilibrium toward the enolate form _[ 163. Also HSA did not affect. the pH 
of the mobile -phase. Hence, a reason for the appreciable change in retention 
time of the pyruvates attributable td HSA is not apparent. 

Despite tbe resolution obtained with standards, it was clear that given their 
complexity even hydrolyzed urine samples would require a prefractionation 
of free catechols from noncatechols by alumina chromatography C14]. & seen 
in Fig. 2, the combination of ahnnina_and paired-ion reversed-phase HPLC 
allowed good resol@on of the detectable metabohtes present in a glusulase- 
hydrolyzed urine specimen from a SinemeMzeated patient. Using this tech- 
nique urinary analyses were conducted for parkinsonian patients on L-DOPA 

I t 

IO M 0 10 20 xl 50 
ME tmin I TIME (min I 
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WA 
mng 
1 

Fig. 2. Cbromat~gram of c&echol (A) and noncatecE101 (B) fractions from a urine extract. 
column, pBondap&; mobile phase, wa~cetic acid (99:1) with 5 m&f HSA; ffow-rate. 
1.5 ml/min; inlet pressure, ca.1000 p&i. Results from 8 3-ml urine sample from a parkin- 
so& p&i&t on O-44 g Sinemet per day. 
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or Sinemet as well as controls. Peak -height measurem ents afforded values 
(‘Table I) which were comparable to amounts reported previously for urinary 
metabolites of parkinsonian patients on L-DOPA with or without a peripheral 
decsrboxylase inhibitor taking into consideration variations in dosage [3, 
X7-19]. The changes in dopamine and vanillyllactic acid levels produced by 
the introduction of carbidopa confirmed the report of Sandier et al. [l9 J that 
this peripheral decarboxylase inhibitor shunts L-DOPA catabolism from decar- 
boxylation to transamination. 

The high molar absorptivity of catechol derivatives &Fords a sensitivity in 
tie lO-ng range with the W detector monitoring at 280 nm. Thus concentra- 
tions of most catechol metabolites in controls and non-treated parkinsonian 
patients were near the minimal level of detection (0.1 pug/ml of wine). The 
f&t that neither DHPP nor 3-methoxy-4-hydroxyphenylpyruvate were de- 
tected in patients or controls under conditions in which added standards were 
recovered in 60% yields establishes that these compounds are not major urinary 
metabohtes even when large doses of L-DOPA are administered. 

The method described is a rapid, simple technique for analysis of the major 
metabolites of L-DOPA in urine of parkinsonian patients on L-DGPA chemo- 
therapy. it would also be useful in other neurologic disorders in which L-DOPA 
metabolism is excessive [Q]. Its adaptation to routine screening of normal 
urine, serum, and tissue samples awaits development of a detector with a 
sensitivity comparable to that of electron capture or mass fragmentography. 
Kissinger and co-workers [20-221 have demonstrated the excellent response 
of an electrochemical detector which is compatible with solvents used on 
reversed-phase columns 1211. It has proven useful for the measurement of 
hydrolyzed catechol levels (10-700 pg per 24 h) in normal unloaded urines 
[lo] as well as in serum and brain [ 22, 231. Although the electrochemical 
detector is more sensitive than W spectrophotometry, it requires special 
sample pretreatment to eliminate electroactive contaminants and variable 
detector potential settings depending upon the types of cat-echo1 derivatives 
present 120-231. Fluorimetric detectors have been used with HPLC instru- 
ments although in this case one must resort to derivatization with a fluorescent 
reagent. Fluorescamin e has been reacted with the amino group of catechol- 
amines, norepinepbrine and dopamine, to yield a fluorescent derivative detect- 
able at a lower limit of about 10 ng using I-IPLC with a fluorimetric detector 
[24, 251. Optimal conditions for dansylation of the same catecholamines and 
separation of their dansylated derivatives by HPLC have also been reported 
126). 

A major advantage of IIPLC over GLC is the ability to collect the eluate 
and analyze it further by more sensitive methods such as mass spectrometry. 
It has also been possible to study hepatic metabolism of DL-[7-3 II] norepi- 
nephrine by adding carrier metabolites to tissue homogenates, separating them 
by the HPLC technique described above, collecting the fractions and subjecting 
them to radioassay [27]. 
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