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In a study of the enzymatic meffiylation of individual catecholamines, high- 
performance liquid chromatorrsaphy was used for the separation from their 
Q-methylated metaboiites. A RP-8 coIumn and an aqueous mobile phase con- 
taining dmiecyhdium sulphonate were used, and the eluate was analysed fluorim- 
ehicahy (the detection limit was 20 pg). Each catecholamine used and its O-methyl- 
ated compounds couid be detected individuahy without interference from the cate- 
cholU-methyhransferase and S-adenosyhnethionine present. The application of the 
method to the study of enzyme kinetics is described. 

Differences in physiological activity between the catecholamines, as illustrated 
for instance by adrenaline and noradrenaline, are assumed to be caused by differences 
in the physico-chemical properties of the sidechain, e.g., stereochemical structure 
and charge distribution. The character of the sidechain may ako have a marked 
fnffuence on the rate ofdecomposition ofcatecholamines by enzymes; however, quan- 
titative data on this subject are scarce. 

For this reason, it was decided to study in detail the enzymatic methylaticn of 
catechokmines by Sadenosylmethionine (SAM) in the presence of catechol-Q- 
methyltransferase (CCMT’), as this is an important degradation route of these com- 
pounds in the human body. For this study, a method for the determination of these 
compounds and of their 0-mcthylati pro&xts was needed. In the literature, many 
methods for the determination of these compounds have been described, e.g., gas 
chromatography, high-performance liquid chromato_aphy (HPLC) and fhorimetry. 

Gas chromatographjr is not attractive because Iaborious derivatization 
reactions are necesmry prior to the determinationx2. Fhtorimetry has been widely 
investigated and uz~&-~. For the oxidative decomposition of catecholaminess, a 
fiuoriinetic method based on the native fIuorescence of these compounds appeared 
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to be rapid, simple and sensitive6. However, for the determination of the methylation 
products in the presence of the parent catecholamine, a separation is necessary 
because the 0-methylated metabolites have almost the same excitation and emission 
characteristics as the catecholamine itself. For this reason we considered HPLC as 
an alternative separation method. 

Many workers have considered to the separation of catecholamines7-zo and 
their 3-0-methylated metabolites. However, 3-0-methylated metabolite is not the 
only metabolite formed by enzymatic methylation in the presence of COMT. In the 
case of, e.g., disturbed metabolism in vivu, the CO-methylated and 3-0,4O-di- 
methylated products may also be formed. Further, in in vitro work 3-O- and 40- 
methylated metabolites are formed, and the formation of the 3-0,4O-dimethylated 
product cannot be excluded beforehand_ On the other hand it is known that 
catecholamines are easily oxidised. Thus for a proper study of the kinetics of en- 
zymatic methylation it is necessary to take into account the loss of starting material, 
by making a mass balance of the catecholamines and the enzymatically formed 
products. 

For the above reasons, the study of the kinetics of the reaction of cate- 
cholamines with SAM in the presence of COMT demands a separation of all of 
these compounds, while SAM and COMT may not interfere in the determination. For 
in viva measurements a sensitive detector is another requirement. Because elcctro- 
chemical detection is not suitable for the determination of the 3-0,4O-dimethylated 
compounds, the UV method is not sensitive enough and the so-called trihydroxy- 
indole method (fluorimetry) is too laborious, we used the native fluorescence of the 
catecholamines and their metabolites for detection. 

In addition to the method for the determination of these compounds, atten- 
tion was also paid to its applicability to the study of the kinetics of enzymatic 
methylation. 

EXPERIMENTAL 

Chemicals 
The following compounds were used as purchased: L-adrenaline D-hydrogen- 

tartrate (Fluka, Buchs, Switzerland; purum); dopaminc-HCl (Fluka; purum); DL- 

noradrenaline (C. Roth, Karlsruhe, G.F.R. ; purum); DL-metanephrine - HCl (Sigma, 
St. Louis, MO, U.S.A.); 3-0,4O-dimethyldopamine (Aldrich Europe, Beerse, Bel- 
gium); S-adenosyl-r..-methionine chloride, grade II (Sigma); dodecylsodium sul- 
phonate (DNS) (Merck, Darmstadt, G.F.R.); and magnesium chloride (J.T. Baker, 
Phillipsburg, NJ, U.S.A.; Analyzed Reagent). Research-grade methanol was 
obtained from Merck. 

Demineralised, distilled water was used. The buffer of pH = 3 contained 
1.72 g of potassium dihydrogen phosphate (Baker, Analyzed Reagent) and 3 ml of 
25 % phosphoric acid. The buffer of pH 7.9 consisted of 0.476 g of potassium dihy- 
drogen phosphate and 5.7405 g of disodium hydrogen phosphate (Merck; pro analysi) 
in 1 1 of water. The column was filled with LiChrosorb 5 RP-8 (Chrompack). All of 
these materials were used without further purification. 

The following materials were synthesized according to the method referred to: 
3-0-methyldopamine and 40-methyldopamin$‘; N-methyladrenaline22~~; 3-0- 
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methylnoradrenaline, 3-C2-methyl-N-methyladrenalin~4_~; paranephrine (4O-meth- 
yladrenaline), norparanephrine (4-O-methylnoradrenaline), 4Q-methyl-N-methyl- 
adrenalim?; 3-0,~O-dimethyladrenaline, 3-0,4-O-dimethylnoradrenaline and 
3-0,4-04methy1-N-methy1adrenalin~’-~. 

Preparation ofCOMT_ Adult Wistar rats (200-250 g each) were used. COMT 
was isolated from the Iivers and partially pur5ed according to the method of Axelrod 
and Tomchi~k’~_ All enzyme activitks were measured at 37’C and pH 7.9, Protein 
determinations were carried out by the method of Lowry et ~1.~“ with bovine serum 
albumin as a standard_ 

A Spectra Physics SP 3500 B liquid chromatograph with a column (15 x 0.46 
cm I.D.) filled with LiChrosorb 5 RP-8 was u_xd_ The column outlet was connected 
to a Perkin-Elmer Model 204 fluorimetric detector with a thermostated cell holder_ 
The detector signal was recorded with a Kipp ED 40 recorder (Kipp & Zonen, 
Deift, The Netherlands) and evaluated with an integrator (Spectra Physics Mini- 
grater). 

Procedure 

The sample solution consisted of a catechoIamine and its corresponding 
3-O-methylated, 4-0-methylated and dimethylated derivatives in combination with 
an adequate amount of internal standard, each at a concentration of about 10m5 1M 
in 0.01 N hydrochloric acid. For the enzymatic methylation the samples also con- 
tained SAM (6 @4). COMT (200 pi), magnesium chloride (60 ~~21) and phosphate 
b&e,_ A lO-$ of this solution was inject& into the chromatograph and eluted with 
methanol-pH 3 btier (1:2) containing dodecylsodium sulphonate (40 n&l) at a 
flow-rate of 0.8 ml/min_ ’ 

Srm&rd remzzion. To 200 pl of the partially purifkd COMT (200400 pg of 
protein) were added successive!y 0.5 ml of a solution of S-Adenosyl-r-methionine 
(5 mg in 1 ml of water), 2 mi of a solution of magnesium chloride (60 mg in 100 ml of 
1: 1 water-pH 7.9 phosphate buffer) and at last I ml of a soIution of dopamine- HCI 
(about lOTJ 1W )_ All of the reactions were carried out at 37’C. The reaction was 
started by adding the catechoIamine_ After specified time intervals, samples of 
IO0 ~1 were taken_ The reaction was stopped by adding the samples (100 .~l) to 
IO0 ~1 of a solution of in:emal standard (10m5 M adrenaline in 0.01 N hydrochloric 
acid)_ These solutions were ready for immediate injection into the chromato_mph 
Each sample was injected in duplicate. 

RESULPS AND DISCUSSION 

The determination of the catecholamines adrenaline, noradrenaline, N-methyl- 
adrenaline and dopamine in combination with their 3-O-methylated, 4-Q-methylated 
and 3-O+Cklimethylated compounds was investi+ed_ In the system used the 
components are eluted in the following order: the catecholamine, the 3-Gmethylated, 
the dbmethylated and last the 3-0,4-0-dimethylated compound_ AS an example, 
the separation of dopamine and its methylation products was chosen (see Fig_ 1). 
Adrenaline bias used as an internal standard. The retention tisnes were adrenaline 
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Fig. 1. Chromatogram of a sol&ion of adnmaline, dopam&, 3UmzthyIdopamin~ 4-O-methyldop- 
amine and 3-0,~mcthyIdopamine. Chromatographic conditions: colcmm, 15 x 0.46 anID. fikd 
with LiChrosorb 5 RP-S; mobile phase, methanol-pH 3 buffer (1:2) containing DNS; fiow-rate, 
0.8 ml/mini pressure drop, 20 MPa; injection volume, -10~1 of lo-” Msolution. Fluorimetric detec- 
tion: AC.,. = 284 nm; -L_ = 316 urn; native fluorescence. 

Corttpod Rk&vhmf~fmin) kawa 

Adrenali& (internal standard) 4.1 
Dopamine 5.3 :*.T 
3-O-MethyIdopamine 7.7 3:s 
4-O-Methydopamim 9.5 4.9 
3-0,4-O-Dimethyldopamine 15.8 8.9 

4.1 min, dopamine 5.3 min, 3-0-methyldopamine 7.7 mm, CO-methyldopamine 
9.5 min and 3-0,4-O-dimetbyldopamine 15.8 min. 

Injections of various amounts of dopamlne, 3-0-metbyldopamlne, 4-0- 
methyldopamine and 3-0,4-O-dimetbyidopamine in relation to the internal stan- 
dard, adrenaline, showed that the specilic response at the chosen wavelengths was 
constant up to lo-’ M (see Fig. 2). The elution pattern was reproducible and the 
peak areas of dopamine (3.0. 10m6 AZ), 3-0-methyldopamine (2.2. 10m6 M), 4-0- 
metbyldopamine (1.9 - 10e6 M) and 3-0,4-O-dimethyIdopamine (4.1. Foe6 M) in 
relation to that of adrenaline (2.9 - 10 -6 AZ), which was taken as 100, were 
25.1 f 0.43 (s-d.), 21.6 f 0.48, 18.4 f 0.19 and 35.3 f 0.52, respectively (six deter- 
minations). The detection limit was lo-* M (= 20 pg). 

To investigate whether or not COMT and SAM interfere in the determination, 
the following experiment was performed. Two vials were filled with a solution of 
dopamine, 3-O-methyl-, 4-O-methyI- and 3-O&O-dimethyldopamine (lo-’ Af 
each) and magnesium chloride (10 -3 AZ) in buffer of pH 7.9. One vial was taken as 
a blank, and to the other vial also SAM (6 ,&fj and COMT (2flCUUlO pg of protein) 
were added (total volume 3.7 ml). Both vials were kept for 2 h at 37OC, then 
samples were taken and 0.01 N hydrochloric acid containing the internal standard 
was added. By comparison the contents of the two vials, taking into account 
the conversion of 30 % dopamine into 23 %- 3-O-methyl- and 7 % 4-O-methyIdopa- 
mine in one vial, it appeared that SAM and COMT do not interfere in the determina- 
tion. For the other catechofamines a similar separation was obtained. The content of 
methanol in the mobile phase and the flow-ratemay be different. . 

It appeared that this metbod of determination is very usefbl for studies of the 
kinetics of the metabolic degradation in vitro, because of its reproducibility, rapidity 
and simplicity. The study of the kinetics of the enzymatic methylation reaction in 
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the presently of COMT, the most important biotransformation route of catechola- 
mines, may produce a relationship between structure and reactivity that may con- 
tribute to a rational drug design. 

Much has been published about the enzymatic methylation of cat~holamines 
by COMT. However, onIy a few workers, e.g., reefs. 29 and 3142, have investigated 
the kinetics of tie enzymatic methylation, especially if one takes into account the 
importance of the subject Adrenaline was often the subject of these studies’9.W’*39; 
oniy few workers compared the kinetic data for a series of catecholamines3g. The 
kinetic data of the enzyme reaction reported in the literature vary widely- For 
exzmple, the K, values of adrenaline vary between 63 - 10d5 and 0.9 - 10ds M33”5.39. 
Possible causes of these variations are S&$f and magnesium chloride concentration, 
pff and ionic strength374g. In the following we discuss other problems mentioned by 
several workers which may be the cause of the variation in kinetic data, but which 
were not investigated_ 

Most workers did not take into account the instability of the catechoiamines, 
especially at higher pH and temperature, in which transition metal ions have an 
accelerating effect. When COMT is present in the reaction mixture the oltidation 
is less, in axspect of enqme bind@, but cannot be excluded totally. 

Senoh et aI_=, Rohe and Schwabe3s and Gulliver and Tipton4*, for insta~~ce, 
studied the emmatic methylation even above pH 9.5; at this pH one must tie 
into account oxidation or other degradation reactions_ A number of workers, e.g., 
ref. 39, started the reaction by adding the enzyme to the reaction &ixture, which 
means that oxidation can occur before the enzyme is present in the reaction mixture. 



F&e and Verly”s mentioned the instability of the methyl&d componnds 
chemically as well as enzymaticaUy. 

Chemical reactions, which can occur between oxidation products of cate- 
cholamines, such as aminochromes, can lead to the inactivation of COMP”*41. 

From the above, it will be clear that a primary condition for controlling the 
consequences of the problems mentioned is to make a mass balance of the cate- 
cholamines and their enzymatically formed methyl&xi products. 1t is therefore 
remarkable that up to now conclusions concerning the kinetics of the enzymatic 
reaction have been based merely on product formation. Taking into account the 
complex system, it is likely that an incorrect mass baknce led to erroneous con- 
clusions. Tbis serious drawback of such kinetic studies is often caused by the method 
of determination, which is not suitable for assaying simultaneously the catechokmine 
and its methylated products. 

We have tested our method, which makes possible the simnhaneons deter- 
mination of catecholamine and the 3-O-methyl-, CO-methyl- and 3-0,4-O-climethyl 
derivatives, for its usefulness in the study of the kinetics. 

Fig. 3 shows the decrease in dopamine; under the conditions applied the 
reaction appeared to be Grst order in the concentration of the starting material. The 
deviation in the k value l(28.3 rt 0.88)- 10S3 rnin-‘; n = 51 is small, indicating that 
the procedure followed with the standard reaction, in combination with the method 
of determination, gives accurate kinetic parameters. 

-1.o* ~ 
5 10 15 20 25 

t (minl 

Fig. 3. Decrease in dcpamine by enzymatic methylation. First-order reaction: k = (28.3 f 0.88) x 
lo-’ min-’ (n = 5). 

Fig. 4 shows the decrease in the starting material and the formation of 3-O 
and 4-O-methyldopamine (no 3-0,4_Odimethyldopamine formation was observed 
under these circumstances; the ratio .of 3-O to 4-O-methyldopamine was 3.3). The 
mass balance of starting material and products as a function of time is also presented. 
Fig, 4 shows that the mass balance remains 100 Y$ throughout the reaction. However, 
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Fy 4. Enzymatic me&y&ion ofdopmine_ 0. Duxesse of do-; 
dopimine; A. formation of4-U-methyldopaminc; 0. mass bzlancc. 

CL formation 0: 3-o-inethyl- 

it is more i_mportaut that if there is a deviation of this 100°A line, which may appear 
under other circumstances, it can be observed with this method. It is a valuable 
means for testing whether a comparison of the kinetic parameters obtained is 
meauingfkl or not_ 

Research is in progress on structure-reactivity relationships of catecholamines 
using the method presented here. 
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