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SUMMARY 

A simple radioer+ymatic method for the simultaneous determination of norepinephrine% 
epinephrine and dopamine in human serum was developed. Catecholamines were converted 
to normetanephrine (NMN), metanephrine (MN), I-methoxytymmine (3-MT) and their 4-0- 
methyl isomers by catcchol O-methyl tcansferase with S-adenosyhuethionine-(1H-methyl) 
([ 3H]SAM). After addition of unlabelled NMN, MN and 3-&5X as carriers, the methyl deriv- 
atives were isolated from the reaction mixture by passing through a small boric acid gel 
column and separated loom each other by ion-pair liquid chromatography_ Interference by 
tailing of radioactitity of [3H]SAM and its degradation products eluted earlier was mini- 
mized bj7 the use of a precolumriand a branched flow path. 

INTRODUCTION 

A radio-tic assay of catecholamines has been 9eveloped by combining 

tsle_ @kcGv%y of the metiylktion reaction of catef&o1 O-me&y1 transferase 

cm tid_Zlii? sens%fviity ofrad%oacfZvt~ dekmZna6on. Gene&y tr%ium- 
IaEkkd ~ormethephrine (NMN), metanepbrhe (MN) imd 3-methoxytymmine 
@~~p&tidu& iii 4% e enzyme reac6on; are se-ted fkom unreacted sadeno- 
syIjnetXdhiii&~~rne~yl) ~S~A.h) and iti degradatron pro&c&-by ether 
so1v&it5 etii&Zon &Zp.Or p&pZation tit5 phasp~otu&tfc acfd- [31 andfsso- 
&edse@rai@y -by @@-tiyek &Zl-or paper chromatogmph$ r4.m fbIKowedby 
- =ri_- _ -. ; _ : _~ -_~:. _- 
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determination of the radioactivity. Recently, separation of 3-O-methyl deriva- 
tives was performed by ‘high-performance liquid chromatography [6,7]. How- 
ever, in the procedures previously reported, formation of 4-O-methyl deriva- 
tives was not described, in spite of the possible formation of 4-Gmethyl iso- 
mers during the enzyme reaction [S, 91. 

In this paper we have used a boric acid gel column to adsorb unreacted c3fl - 
SAM and [3amethylthioadenosine (MTA), demonstrated the formation of 
4-O-methyl isomers and separated three pairs of methyl derivatives of catechol- 
amines by high-performance liquid chromatography for the accurate determina- 
tion of catecholamines in biological materials. 

EXPERIMENTAL 

Reagents 
S-Adenosylmethionine-(3H-methyl) (spec. act. 11.0 and 85.0 Ci;mmol), 14G 

dopamine-HBr (spec. act. 54.0 mCi/mmol) and Aquasol- scintillation cocktail 
were obtained from New England Nuclear (Boston, MA, U.S.A.). COMT (2250 
units/mg protein) purified from porcine liver was obtained from Sigma (St. 
Louis, MO, U.S.A.). A radioenzymatic assay kit of catecholamines, KAT-A- 
KIT-, which uses COMT from rat liver, was obtained from Upjohn (Kal- 
amazoo, MI, U.S.A.). Boric acid gel was purchased from Aldrich (Milwaukee, 
WI, U.S._A.). 3,4-Dihydroxybenzylamine (DHBA) l HCl and vanillylamine~ HCl 
were synthesized according to the method of Nelson [lo]. All other chemicals 
were highest grade reagents. 

Preparation of deproteinized semm 
Blood collected by vein puncture was left for 15 min at 4°C and centrifuged 

to separate the serum. Three microliters of 5 N per&lo& acid were added to 
60 ~1 of serum and precipitated protein was removed by centrifugation at 
10,000 g for 30 mm. Supernatant (50 ~1) was used for the enzyme reaction. 

Prepamtion of a boric acid gel column 
Boric acid gel was allowed to swell in 5% aqueous acetone overnight and 

activated by washing with 1 N HCl, water, 0.1 N NaOH and water successively 
and stored in water. Columns (17 mill X 3 mm I.D.) were prepared with fresh 
gel for each determination. 

Enzyme reaction and sample preparation for chromatogmphy 
The buffer solution for the enzyme reaction was prepared to contain 2.5 M 

Tris, 50 n&f EGTA, 400 mM M&l, and 1.3 M mercaptoethanol. The pK was 
adjusted to 8.8 using HCl. Fifty microliters of a standard mixture of catechol- 
amines or deproteinized serum were plafzed in 5-ml glass-stoppered centrifuge 
tubes cooled on ice. The buffer solution of enzyme reaction (10 Al), 131-I’J SAM 
(li* J&Q, porcine COMT (30 units) and DHBA (10 pg) were added and the tom 
volume was adjnsted to 100 ~1 with water. The solution was mixed with a 
vortex mixer for 5 set and incubated for 45 min at 3’7°C. The reaction was 
stopped by the addition of 7 N NaOH (5 ~1). Carrier solution (5 ~1) containing 
75 pg of NMN, MN and 3-MT was added. The solution was mixed with a vortex 
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mixer for 10 set and centrifuged. Supematant (100 ~1) was applied to the boric 
acid gel column and 0-methylated derivatives were eluted with 3 X 100 yl of 
250 m&f Tris-NaOH solution (pH 13.0). Eluate was collected in a tube con- 
taining 18% HCl(16 yl); a quarter of the eluate was subjected to ion-pair liquid 
chromatography. 

Chromatography 
A high-performance liquid chromatograph was assembled from a pump 

(Kyowa Seimitsu KHU-52H, Tokyo, Japan), a short column (10 cm X 4 mm 
I.D.), a 254-nm W detector (Shimadzu UVD-2, Kyoto, Japan) and a fraction 
collector (Tokyo Rikak&ai DC-180, Tokyo, Japan). Columns were packed with 
LiCbrosorb RP-18,10 pm, by the balanced density method. The mobile phase 
was acetonitril e-water (7:93, v/v) containing 0.5 g of sodium heptanesulfonate 
and 1.4 or 4.0 ml of acetic acid per literandwasadjustedtopH4.0 with 15% 

NaOH [ll] . The flow-rate was LO ml/min. 

Branched flow path 
The flow system (Fig. I) was essentially the same as the one devised for 

large-volume sample injection in gas chromatography 2121. After sample in- 
jection, the outlet of the precolumn was connected directly to the detector and 
elution was monitored by W absorption. After elution of the peak (shown by 
an arrow in Fig, 2A) originating from mereaptoethanol in the enzyme reaction 
mixture, the main column was connected as in Fig. 1. Essentially all the radio- 
activity of degradation products and [3Hl SAM was eluted from the precolumn 
before this stage and thus contamination of the main column was avoided. 
Radioactivity was determined on every O-5-ml fraction with 5 ml Aquasol-II 
using an Aloka liquid scMiUation spectrograph (Aloka LSC-903, Tokyo, 
Japan). 

Fig-l. Schematicdiagramoftheffowsystem_ l= Eluentreservoir;~=pump;3= linesam- 
pie in&tor:;4= precolun~1;5 = six-way valve; = analyticalcolumn;? = detector;6=re- 
conler;g=three-wayv~ve;lO=fractionco~ector. 

Chromafogmphic sepamtion of methyl derivatives 
The cktxn.&ogram of the reaction m.ix%ure of dopamine (DA) displayed four 

peaks by radioactivi~ determination Fig. 2B]. The peak appearing at the front 
was a mixture of c3HJ SAM and its degradation products. Degradation of SAM 
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Fig. 2. Chromatogram of dopamin e and its 0-methylated derivatives using UV and radio- 
activity detection (A, absorbance at 254 nm; B, ‘H radioactivity; C, ‘*C radioactivity)_ Sam- 
ple xvas a quarter of a 100~1 reaction mixture of [“C]dopamine (15 ng, 4 pCi), porcine 
COBFC (30 units) and rH]SAM (1 BCi, spec. act. 11.0 Cilmmol). DA, 3-MT and 4-MT (75 
pg each) were added as carriers after enzyme reaction. Column was LiChrosorb RP-18, 10 
pm, 250 x 4 mm I-D_ EIuent was acetonitril~ater (7 : 93, v/v) containing 0.5 g of sodium 
heptanesulfonate and 4.0 ml of acetic acid (adjusted to pH 4.4 with EiaOH). Flow-rate was 
1.0 ml/mirx; temperature, ambient. 

to MTA was also observed- Two peaks appeared from the enzyme reaction of 
dopamine and their elution times corresponded to those of authentic 3-MT and 
4-MT (Fig. ZA and B). The peaks of dopamine derivatives were further exam- 
ined by methyI.ating [“Cl dopamine under the same conditions (Fig. ZC). The 
ratio of 14C to‘ ‘H in each peak was identical and essentially the same as the 
ratio of specific activity of [“CJ dopamine and t3HJ SAM. The relative quantity 
of 3-MT to 4MT was not significantly changed when rat liver COMT in the 
KAT-A-KIT v&s used in place of porcine liver COMT. 
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The enzymatic methylation of norepinephrine or epinepbrine also yielded 
two peaks. The pea& eluded earlier had retention times corresponding to 
authentic NMN and MN, Peak eluting later were assumed to be 40-methyl 
derivatives. In these chromatographic conditions, six peaks from three catechol- 
-es-and MTA were resolved and no other distinct peak was observed except 
for FHYJ SAM and its degradation products which eluted at the front. However, 
a high level of radioactivity, 250-300 cpm, was observed between peaks (Fig. 

0 to 20 30 40 50 min 

Elution time 

Fig. 3. Chromatogram of 0-methylated catecholamiues. Sample was a quarter of a loo-~1 
reaction mixture of catecholamiues (4 ng each)_ Other conditions as iu Fig. 2. 

Boric acid gel treatment and bmnched flow with a precolumn 
Extraction of the methyl derivatives with a mixed solvent of isoamyl alcohol 

and toluene is a usual procedure to separate them fkom c311j SAM and its degra- 
dation products. In place of solvent extraction, a combination OF two simple 

procedures was examined in the present investigation. A gel which has dihy- 
droxyboronyl groups chemicslly bonded on to polystyrene-dinivylbenzene 
copolymer is available and has been used to adsorb nucleosides 1131, saccha- 
rides [14] and catecholamines ]15l. Compounds with vicinal diol groups in the 
reaction mixture, such as SAM and MTA, were expected to be adsorbed by the 
boric acid gel from alkaline solution. 

Elution of the methyl derivatives from the boric acid gel column was exam- 
ined (Table I). The methyl derivatives were quantitatively eluted with 0.25 M 
Tris-NaOH solution (pH 13), while almost all of the SAM and MTA was 
retained by the column. However, an excessive amount of radioactivity from 
degradation products, appearing .at the front of the chromatogram in Fig_ 3, 
was not adsorbed by the boric acid gel. 

Because the radioactivity of baseline fractions decreased as elution was 
continued and reached the level of- natural background after about 2 h, small 
quantities of rjklioactive compounds seemed to be adsorbed sfrongly on the 
cohnki &id- emted --d&&y, resulting in proIonged Wg_- To We 
con&n@ati_o~ of.the coluxk witb&ii&ctivi~ fkom the degradation products, 
the flov& system in Fig 1 wasused. 

By employing the boric acid gel treatment and branched flow system, radio- 
activity of the b&&ue fractions was reduced-to ca_ 50 cpm, roughly twice the 
natural background_ 
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TABEZ I 

EFFECT OF pH OF ELUENT ON RECOVERY (a) OF 3-0- METHYL CATECHOL- 
AMINES, SAM AND WA FROM BORIC ACID GEL COLUMN 

SampI& solution was 3-O-methyl catecholamines (75 pg) or SAM and MTA (2 rg) in the 
buffer soIution (100 PI)_ The sample solution was made alkaline and pas&d through a boric 
acid gel column (17 x 3 mm I.D.). Elution was carried out with 3 x 100 ,ul of 250 m&f W 
NaOH solution of various pH values. 

Compound pH of eiuent 

10.0 11-O 12.0 13-O 13.7 

NMN 78 95 100 100 85 
MN 52 76 87 100 85 
3-w 18 35 41 98 88 
SAM 5 52 
MTA 5 40 

(A) 

0 l0 30 40 50 60 mh 

Fig_ 4_ Chromatograms of O-methyIateci catecholamines and vanillylamine using the 
branched flow system (A, absorbance at 254 mu; B, 3H_r@ioactivi~)._Sample was.a quarter 
of a reaction mixture of catechoiamines (15.pg each), porcine COMT~(30 a+~) and [‘H]- 
SAM (1 ~rCi, speck act. 85.0 CimmoI) @th carriers titer boric acid gel treatment. Recolumn 
ws LiCbros&b RP-18, 10 pm, 100 X 4 mm LD_ ?&in cohunn waS LiCbrosorb RP-18, 10 
pm, 250 x 4 mm I.D. Fluent was acetonitriI pwater (7 :93, v/v) containing 0;5 g of ~kdium 
heptanesulfonate-and l-4 ml of acetic acid (pH adjusted to 4-4 with NaOH) per liter_ Flow- 
+e was l-0 ml/min; temperature, ambient. Main column is connected at the time shown by 
the arrow (chromatogram A)_ 
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A chromatogmm of a standard mixture of the three catecholamines was 
obtained using the above procedure (Fig. 4). The amounts of the methyl deriva- 
tives injected corresponded to ca_ 4 pg of catecholamines in the enzyme reac- 
tion mixture. The time required for elution of the methyl derivatives was in- 
creased by the use of the precohunn and reduction of the acetic acid concentra- 
tion iu the eluent. 4-Methyhorepiuephrine (4MNE) was eluted as a shoulder of 
the MN peak and a peak of 4-methylepinephrine (4ME) overlapped that of 
MTA leaked from the boric acid gel column. 

DHBA was also methylated by COMT and was added to the reaction mixture 
to detect accidental or unexpected failure of the enzyme reaction. Under the 
reaction conditions used, approximately 70% of DHl3A wss converted to 
vanillylamine, while no significant amounts of isovanillylamine, the 4methyl 
derivative of DHBA, which should elute between MTA and 3-MT, were formed. 

Determination of catecholamines in serum 
Catecholamines were determined from the radioactivity of the 3-methyl 

derivatives, since 3-O-methylation proceeds preferentially under the reaction 
conditions used. The radioactivity was corrected by the recoveries of methyl 
derivatives added as carriers_ Standard curves of norepinephrine, epinephrine 

and dopamine were obtained between 4 pg and 48 pg per 50 ~1 (Fig_ 5). Rates 
of formation of Q-methyl derivatives were calculated from specific activity of 

24- 

% 
.z 

.c 
E 

16 

Fig- 5. Standard curves of catecholamines. NE = Norepinephrine; E = epinephrine; DA = 
dopamine. 

TABLE II 

RECOVERY OF NE, E AND DA ADDED TO DJZPROTEINIZED SERUM 

Amount &ded -Found (pg per 50 pl)* 
@g per 56 Pl) 

. NE E DA 
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Fig. 6. Chromatograms of 0-methylated serum catecholamines (A, absorbance at 254 nm; 
3, ‘Ii radioactivity). Sample was a quarter of the methylated products from 50 pi of de- 
proteinized serum_ Other conditions as in Fig_ 4_ 

TABLE III 

IXX’ERMINATION OF SERUM CATECHO-ES 

Serum Amount (pg/mU 
sample 

NE E DA 

A 516 177 244 

B 236 147 144 

c 436 154 177 
404 185 170 
423 170 165 

13HYJ SLIM, and were 60,60 and 57% for norepinephrine, epinephrine and dopa- 
mine, respectively, at a concentration of 20 pg per 50 ~1, The rates decreased 
slightly with increase in catecholamine concentration. 

The procedure was applied to the analysis of serum ca~holamines (Fig. 6). 
Although the radioactivity of the baseline fractions increased more than two 
times, distinct peaks corresponding to three catecholamine derivatives were 
observed. The peak eluting after VA has approximately the same retention 
time as MTA and 4-m; however, it also contains an unidentified component 
from serum. The recoveries of catecholamines added to 50 ~1 of deproteinized 
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serum were practically quantitative between 8 and 40 pg (Table II). This indi- 
cated that standard curves for artificial mixtures were applicable to the analysis 
of serum. Results of analysis of sera from three healthy adults are listed in 
Table IIT. Serum C was analysed three times and the relative average deviations 
were between 3 and 6%. The values in Table III were in the range of catechol- 
amine concentrations reported for healthy adults ]7,16,17]. 

DISCUSSION 

Since this procedure was designed for routine analysis of catecholamines, 
chemical reactions like periodate oxidation 161 and cumbersome manipulations 
like solvent extraction and thin-layer chromatographic separation 1121 were 
avoided. Instead, we used boric acid gel column and liquid chromatography for 
isolation of the methyl derivatives. 

Catecholamines are known to be methylated by COMT at both the 3 and the 
4 positions on the cakhol ring and the relative quantity of the two isomers 
depends on the reaction conditions and the nature of the enzyme [IS, 191. 
However, little consideration has been given to this in radioenzymatic assay pro- 
cedures previously reported. In the present procedure, substantial amounts of 
4methyl derivatives were produced. The relative quantity of 4methyl deriva- 
tives was not significantly reduced by using rat liver COMT in a commercially 
available catecholamine assay kit, RAT-A-KIT. The rate of formation of 4 
methyl derivatives in the enzyme reaction was reported to be independent 
of catecholamine concentration 1201, but it seems to decrease at extremely 
low concentrations, although they were always detectable. From these observa- 
tions it can be seen that the isomers should be separated from the methyl 
derivatives for accurate determination of each catecholamine, as in the present 
procedure. 

The sensitivity of radio enzymatic assay depends on several factors. These 
are the specific activities of isotope derivatives, rate of enzyme reaction, re- 
covery of products during isolation and signal-to-noise ratio in the determina- 
tion. In the present procedure, we used rEij SAM, tritiated about 90%, for the 
determination of picogram levels of catecholamines; we obtained about 60% 
of catecholamines as $-methyl derivatives and reduced the contaminating radio- 
activity to ca. 120 cpm including natural background. Consequently, it is still 
possible to increase the sensitivity by finding the reaction conditions under 
which 3-methyl derivatives are produced quantitatively and by removing all the 
contaminating radioactivity from reaction products. 

In conclusion, an accurate and sensitive procedure for the determination of 
catecholamines has been developed. The procedure requires little expertise by 
the use of boric acid gel column and ion-pair liquid chromatography with a 
branched flow path. 

REFERENCES 

1 AD. Peuler and GA. Johnson, Life Sci., 21(1977) 625. 
2 N.B. Jonathan and J.C. Porter, Endocrinology, 98 (1976) 1497. 
3 C.F. SalIer and M.J. Zigmond, Life Sci.. 23 (1978) 1117. 



4 XI-K_ Fekete, 8. Kanyicska and J-P_ Herman, Life Sci, 23 (1978) 1549. 
5 CC- Chiueh and LJ- Kopin, J. Neurochem-, 31(1978) 451. 
6 E- Endert, Clin-_Chim- Acta, 96 (1979) 233. 
7 T.S. Kianiecki, C.N. Corder, R-N. McDonald and J.A. Feldman, J. Lab. Clin. Med., 90 

(1977) 604. 
8 J. Axebci, Pharmacol- Rev., 18 (1966) 95. 
9 P-B. Molinoff and J_ Ax&d, Ann_ Rev_ Biochem-, 40 (1971) 465. 

10 E-K_ Nelson, J- Amer. Chem. Sot., 41(1919) 1118. 
11 J-Mitchell and C-L Cascia, J_ Chromatogr., 145 (1978) 295_ 
12 K- Imai and Z- Tamura, Chem. Pharm. Bull., 17 (1969) 1076. 
13 E-H_ Pfkdenhauer and S--D_ Tung, J_ Chromatogr., 162 (1979) 585. 
14 K Reske and I-L Schott, Angew. Chem., 85 (1973) 412. 
15 S- a T_ Suzuki, A- Hayashi, L ‘Ikuge and Y- Yamam ura, An& Biochem., 77 (1977) 

18_ 
16 MD- bada and G. Zurcher, Life Sk, 19 (1976) 1161. 
17 B-E_ Levin, M_ Rappaport and B-H_ Natekon, Life Sci-, 25 (1979) 621_ 
18 C-R- Creveling, N_ Da&& H- Shimizu and J-W. Daly, Mol. Pharmacol., 6 (1970) 691. 
19 C-RR. Creveling, N_ Morris, H Shimizu, H Ong and J-W. Daly, Mel_ Pharmacol., 8 (1972) 

398. 
20 J-M_ Frere and W-G_ Verly, Biochim- Biophys. Acta, 235 (1971) 73_ 


