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A B STR A C T

Catecholamines are a group o f compounds identified by the catechol nucleus. The significant catecholamines 
found naturally in the body are epinephrine, nor- epinephrine and dopamine. They are found in  various 

tissues o f  the body like brain, adrenals, GIT, blood, urine and cerebrospinal fluid in picogram  quantities. 

Knowledge o f catecholamines is im portant in the diagnosis and managem ent o f pheochromocytoma, CNS 
tumours like neuroblastoma, Diabetes mellitus, hypertension, coronary disease, angina pectoris, myocardial 

infarction etc. Analytical techniques for determ ination o f catecholamines have been developed w hich are 

generally  based upon the use o f isolated enzym e catechol-O -m ethyltransferase (COM T) to transfer a 

radioactive methyl group from S-adenosyl-L-methionine (SAM) to an endogenous catecholamine acceptor 

m olecule to form a radioactive O-m ethyl catecholam ine derivative. This article gives a basic out line o f 
the catecholam ine assay along w ith a sim plified protocol that can be easily perform ed in the laboratory. 

K e y w o rd s :  c a te c h o la m in e ; ra d io e n z y m a tic  a s s a y ,C a te c h o l-o -m e th y ltra n s fe ra s e  (C O M T ).

INTRODUCTION
Catecholamines are best known as neurotransmitters and 
hormones which are produced and secreted by the central 
and autonom ic nervous system . 1 Secretion from  the 
adrenal m edulla is part o f  the fight or flight reaction. 
Thus the perception or even anticipation o f danger, fear, 
excitem ent, traum a, pain, hypovolem ia, hypotension, 
anoxia, hypothermia, hypoglycemia and intense exercise 
causes rapid release o f epinephrine and norepinephrine. 
Epinephrine secretion specifically increases in response 
to m ild hypoglycem ia, m oderate hypoxia and fasting 
even through sympathetic nervous system activity m ay 
remain constant or m ay decrease . 2

Concentration o f nor-adrenaline (NA) and adrenaline (A) 
in plasma are widely used as an index o f sympathoneuronal
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and/or sym patho-adrenom edullary activity . 3 - 6  H ighly 
sensitive m ethods are needed in order to determine the 
very low catecholamine concentrations in small plasm a 
samples. Analytical techniques have been developed with 
which circulating nor-epinephrine and epinephrine can 
be m easured at the picom ole level o f  sensitivity . 7 - 9  The 
difficulties m et w hen estimating the m inute amounts o f 
catecholamines present in the blood o f m an and various 
animal species are reflected by the divergent data found 
in the literature . 1 0  Wide variations and factors concerned 
with techniques crucially affect the reliable measurement 
o f  th e  p la sm a  c a te c h o la m in e  c o n c e n tra t io n s . 1 1

A n early m ethod for m easuring cateholam ine levels in 
m am m alian systems was spectrofluorom etric assay o f 
Von Euler and Floding in 1955 but this assay system was 
found to be relatively insensitive w ith poor accuracy . 1 2  

A xelrod and Tom chick (1958) reported  catechol -  O 
-m eth y l transferase enzyme and later referred it to as 
COMT, an enzyme which transfers a methyl group from 
a donor m olecule to a catechol nucleus thereby forming
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a 3 -  methyl moiety . 1 3 Later investigators used radiotracers 
and other techniques including chromatography but the 
basis were the same that is the use o f COM T -  enzyme 
and tritiated m ethyl donor, S -  adenosyl -m ethionine to 
determine the catecholamine levels in the plasm a and in 
the tissue supernatants.

The radioenzym atic assay o f catecholam ines therefore 
have an enzym atic aspect covered by COMT- enzyme 
and radioisotopic aspect being fulfilled by tritium labeled 
m e th y l d o n o r S - a d e n o s y l  -  L -  m e th io n in e .

T H E  R A D IO E N Z Y M A T IC  C A T E C H O L A M IN E  
ASSAY

It brings together an aliquot o f  the supernatant o f the 
deproteinized tissue homogenate, blood serum or plasma 
or b io lo g ica l fluid, w ith  the enzym e catecho l -  O 
m ethyltransferase (COM T), the tritium  labeled m ethyl 
donor S -  adenosyl -  L -  methionine, a cation o f oxidation 
num ber + 2  which allows the methyl transfer to proceed, 
a compound which stabilizes the enzyme substrate system, 
and an agent which preferentially removes calcium ions 
from interference with the enzymatic reaction. It incubates 
together the components o f  “ 1 ” for a time, tem perature 
and pH sufficient to O -  methylate substantially all o f  the 
epinephrine and norepinephrine. It extracts the O -  
methylated epinephrine and norepinephrine with an organic 
solvent in  w hich the O -  m ethylated epinephrine and 
norepinephrine are preferentially soluble. It repartitions 
the O -  m ethylated epinephrine and norepinephrine into 
an aqueous acid o f  sufficient strength to protonate the 
am ine. It oxidizes O -  m ethy la ted  epinephrine and 
norepinephrine to vanillin. It extracts vanillin from the 
aqueous solution w ith an organic solvent in which the 
vanillin is preferentially soluble, and counts the radiation 
emitted from the vanillin.

PR E -R E Q U ISIT E S  AND B R IEF D E SC R IPT IO N  O F 
ASSAY

Various mammals in which catecholamines can be assayed 
using radioenzymatic assay include human, horse, cattle, 
dog, cat, rat, mouse, rabbit etc. Biological fluids (urine, 
CSF, lymphatic fluid), blood; any tissue with sympathetic 
innervation like vascular tissue, liver, adrenal, kidney or 
brain, can be used in  this assay. D epending upon the 
picogram  concentration, a general sample aliquot o f the

system to be assayed is from 10 to about 50 Ml. Urine and 
tissue samples are diluted first and then used because o f 
their high catecholamine content. The enzyme COMT is 
found in a variety o f  mammals like rat, cow, pig, mouse, 
cat, rabbit, hum an etc. W idely dispersed throughout the 
systems for example, liver, kidney, spleen, brain, intestines 
etc. The preferred species for isolation o f this enzyme is 
rat and the preferred organ for its isolation is liver. S -  
adenosyl -  L -  m ethionine methyl is the labeled methyl 
donor em ployed in the enzymatic O -  methylation. It is 
m ade by radiochem ical m ethods and is com m ercially 
available from N ew  England N uclear Corporation. The 
tritium label is at the methyl position. Methyl donor should 
be present in  the incubation  m ixture having specific 
activity between 5 - 1 5  Ci/mmol. For COM T enzymatic 
system to be active at least one o f a num ber o f  cations of 
oxidation number and + 2  must be present in the incubate. 
T hey  are m ag n esiu m , co b a lt and  m an g an ese  bu t 
magnesium is preferred. It is used as magnesium chloride 
w ith a concentration range o f 10 -  100 mM. Preferably 
about 25 -  35 m M  should be present in the incubation 
mixture. Enzyme -  substrate system should be stabilized 
by a com pound w hich should m aintain the integrity o f 
the system by preventing oxidation o f the catecholamines 
and assists in the continued activity o f the enzyme during 
the  in cu b a tio n . Such  com pounds are g lu ta th io n e  
(p re fe rab ly ), d ith io th re ito l, asco rb ic  acid , sod ium  
metabisulphate etc. Its concentration range in the incubate 
ranges from 1 to about 10 m M  preferably 2 - 4  mM. The 
incubate should have an agent which preferentially removes 
calcium  ions from  in terference w ith  the enzym atic 
conversion such agents are EGTA, sodium -oxalate etc. 
EGTA is preferred. Concentrations from 5 to about 25 
mM  of EGTA in the incubation mixture can be used. The 
enzymatic incubation is carried out in standard laboratory 
equipment for a time and at a pH and temperature which 
allows the enzymatic conversion to go to completion. The 
pH  should be kept betw een 7-10, preferred pH range 
being 8 - 9 .  Buffer solutions suitable for the incubation 
are tris- phosphate etc. The temperature o f the incubation 
should be 350C to 400C preferably 370 C. Incubation is 
allowed to proceed for a period o f1 5  minutes to 2 hours 
preferab ly  60 m inutes. The incubation  is stopped by 
lowering or elevating the tem perature or the pH can be 
raised or lowered. It is preferred to stop incubation by 
lowering o f tem perature and introduction o f higher pH. 
The stopping solution should contain carrier quantities 
o f metanephrine, normetanephrine and methoxytyramine.
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A  concentration from 2 - 4  mM  can be employed. The O 
-  m ethy lated  catecholam ines are rem oved from  the 
incubate by solvent extraction. Any organic solvent which 
is im m iscib le  w ith  w ater can be used  like butanol, 
isoamylalcohol, hexanol, toluene etc. Better preferred are 
certain m ixtures o f  organic solvents specifically a 35 -  
75 % volum e to volum e m ixture o f  to luene:isoam yl 
a lco h o l. T he o rg an ic  ex tra c t o f  O -  m e th y la ted  
catecholam ines is repartitioned into an aqueous acid o f 
sufficient strength to protonate the amine function o f the 
catecholamines. Formic, acetic, hydrochloric and sulphuric 
acids can be used for this purpose. B ecause aqueous 
phase is denser than the organic phase, separation o f the 
two phases is facilitated by freezing the aqueous phase. 
Freezing shortens the assay time and allows for a cleaner, 
m ore precise separation o f  the organic phase from the 
aqueous phase. The aqueous acid extract is preferentially 
dried down under reduced pressure and taken up in basic 
solution. The m etanephrine and norm etanephrines are 
oxidized to vanillin. The oxidation o f the beta-hydroxyl- 
O -m e th y la te d  ca tech o lam in es  is acco m p an ied  by  
contacting them  w ith  an oxid izing  agent as sodium  
m etaperiodate at a pH 7 -  12, at a tem perature 0 -  50C 
for a period o f 2 -  30 minutes. The time o f the reaction 
is p referab ly  2 -1 0  m inutes. The m etanephrines and 
norm etanephrines should be quantitatively oxidized to 
vanillin. Oxidation is completed or stopped generally by 
a glycerol solution. The pH o f the system should be at or 
below 7. The vanillin is extracted into an organic solvent 
immiscible with the aqueous fraction.This organic solvent 
should be relatively  non-polar so as to effect a good 
separation betw een vanillin  and re la tively  po lar side 
products. Exam ples are benzene, toluene, diethylether 
etc. A queous phase is freezed up and organic phase is 
rem oved  into a sc in tilla to r v ial. The sc in tilla to r is 
solubilized within an organic solvent, the combination of 
scintillator and solvent is referred to as liquid scintillation 
medium. The organic solvent containing vanillin is added 
to the liquid  scin tilla tion  m edium  and counted. The 
specificity o f  the assay is further improved by contracting 
the vanillin containing organic solvent w ith an aqueous 
acid, thereby removing additional water soluble impurities. 
It is preferred to have the aqueous acid phase in contact 
w ith  the liquid  scin tilla tion  m edium . In  this w ay the 
num ber o f  separate transfers and phase separation is 
minimized. When vanillin is added to the liquid scintillation 
medium, the vanillin remains in the organic layer and is 
counted by the scintillator. However any tritium  labeled

contaminant extracted into the aqueous acid phase is not 
counted since the scintillator is in the organic phase and 
the tritium  em ission beta ray  is stopped by the aqueous 
phase and interface. Various rad ioem ission  counting 
techniques can be employed but liquid scintillation counting 
technique is preferred.

The sensitivity o f the assay is determined as the level o f 
catecholamines which has double the counts o f the blanks. 
The standard curve for the assay is obtained by assaying 
know n quantities o f epinephrine. norepinephrine and 
dopamine alongside the unknown and blank. The counts 
obtained w ith the know n concentration o f  epinephrine, 
n o rep in ep h rin e  or dopam ine is p lo tted  ag a in st the 
c o n c e n tra t io n . T he u n k n o w n  c o n c e n tra t io n  o f  
catecholamine is then determined by the number o f counts 
e m itte d  w ith  re fe re n c e  to  th e  s tan d a rd  c u rv e . 1 4

P R O T O C O L  O F C A T E C H O L A M IN E  
R A D IO E N Z Y M A T IC  ASSAY B E IN G  D O N E IN  
L A B O R A T O R Y

Take 50 p l o f  plasma, add 50 p l o f  m ethylation mixture. 
Incubate in water bath a t37C  for 60 minutes with gentle 
shaking. After 60 minutes add 50 pl o f carrier solution. 
Extract into 2 m l ofT oluene -  isoam ylalcohol liquid by 
vigorous shaking with vortex for 30 seconds. Centrifuge 
at 4000 rpm  at 50C for 5 m inutes. Freeze the aqueous 
phase at -7 0 0C using dry ice and acetone till the lower 
part freezes. D ecant (pour out) the organic phase into 
tube having 100 pl 0 f 0.1 N  Acetic acid. Vigorously shake 
at the vortex for 30 seconds. Centrifuge again at 4000 
rpm  at 5C for 5 m inutes. Freeze and discard the upper 
organic layer using the dry ice and acetone. Dry the acetic 
acid layer under reduced pressure for 90 minutes at medium 
speed. Dissolve the catecholamines in 1 ml o f 1 N  NH 4 OH. 
Vigorously shake at the vortex for 30 seconds. Add 50 pl 
o f sodium periodate (NaIO 4  4% w/v). Shake at the vortex 
for 10 seconds. 5 minutes later add 50 pl o f glycerol 10% 
v/v solution. Shake at the vortex for 10 seconds. Add 0.3 
ml (300 pl) o f pure glacial acetic acid. Shake at the vortex 
for 10 seconds. Add 1 0 m lo f  toluene -  scintillation fluid 
10:0.5. V igorously shake at the vortex for 30 seconds. 
Centrifuge again at 4000 rpm at 50C for 5 minutes. Freeze 
the aqueous phase with dry ice and acetone. Pour out the 
organic layer into scintillation vial having 2 m l o f 0.1 N 
acetic acid. C ount the rad io ac tiv ity  w ith  the liqu id  
scintillation counter using program number 1 0  for a period
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of 1 minute for each vial. Subtract the blank CPM (counts 
per minute) from the standards and samples and plot the 
Log graph . 1 5 , 1 6

CALCULATIONS
Total catecholam ines
The data summarized below provided an example for the 
calculation o f total N A  and A  in the total catecholamines

All standards are 200 picogram s (sum o f concentration 
o fN A  and A).

cpm (sample)-cpm blank pg standard

cpm (sample + std) -  cpm sample m l sample vo1**
Plasma sample #1 (total catecholamines NA + A)

N A ___8 9 4 - 9 6 ___  x  __ 2 0 0 ___= 478 picograms/ml
7566-894 0.05

In this calculation standard is the sum o fN A  and A
w hich is 2 0 0  pg . 17

assay.
SO LU TIO N S R E Q U IR E D  IN  LA B O R A TO R Y  F O R  
C A T E C H O L A M IN E  ASSAY:

1. P la s m a  A d d i t i v e  S o lu t io n  P r e p a r a t i o n
For each m l o fb lood  20 Ml o f plasm a additive solution is 
required. Plasm a additive is 950 m g EGTA, adjusted to

pH 6.5 with 1 N  NaOH (approx. 0.2 gms ofN aO H  pellets). 
Final volum e is 30 ml. To each 10 m l o f  this solution, 
600 mg reduced glutathione is added on the day o f working 
and is stored in refrigerator at 2-4°C.

2. M ethylation M ix tu re  p rep a ra tio n

100 m l 0.3 M Tris b u ffer at pH  8.2 ad justed  w ith  
concentrated HCl is required. For each 200 ml o f 0.3 M 
Tris buffer use 7.268 gTris base. To make 1 0 0  m l o f  0.3 
M  Tris buffer, are 99 m l o f 0.3 M Tris buffer, 1.10 g o f 
EGTA, 4.6 mg Benzyloxyamine (1 ml from stock solution 
o f 23 mg/5 m l equal to 4.6 mg/ml), and 1.77 g M gCl2 . 
Recheck and adjust the pH to 8.2 i f  different and store in 
refrigerator at 2-4°C.

3. [3H] S-A D EN O SY LM ETH IO N IN E (SAM); specific 
activity: 5 - 1 5  C i/m m ol 500 MCi/m l

For each sample, 5 M l is required w hich is equal to 2 -
2.5 MCi. Store in refrigerator at 2-4°C.

4. C atech o l-O -M eth y l T ransferase  E nzym e (C O M T)

Dissolve in COMT reconstitution solution. Aliquots are 
made and stored at -20°C.
For a 50 Ml plasm a sample, 10 Ml o f  COM T solution is 
required w hich contains 6  U  o f com m ercially prepared 
COM T per sample in our Laboratory. The quantity o f 
COMT in units needs to be evaluated through experiments 
in each laboratory but the volum e used is fixed to 1 0  M l 
per 50 microliters o f  sample.

C O M T  -  reconstitu tion  solution

Dissolve 0.154 g Dithiothrietol (DTT) into 10 ml Deionized 
H2O. M ake reconstitution solution w ith 0.0121 g Tris 
Base, 0.0372 g ED TA and 0.01g Bovine Serum Albumin 
(BSA), pH 7.5 (with NaOH) in a final volume o f 9.9 ml. 
For final 10 m l reconstitution solution for COMT, add 
100 Ml o f  DTT to th is salt solution. From  this 10 ml 
solution, take out % m l and inject into the vial having 
COM T powder. Shake and m ix well. M ake aliquots 50 
Ml each and store at -20°C. Solution preparation  and 
aliquoting should be done on ice.

5. C A R R IE R  SO L U T IO N

Ten ml o f  0.8 M Borate buffer pH 10.0 is adjusted with
1 N  NaOH. M ake 100 m l o f 0.8 M Borate Buffer at pH 
10.0. 4.94 gm  B oric acid and 3.2 gm  N aO H  pellets 
dissolved into 100 ml Deionized H 2 O having a pH o f 11. 
To each 10 m l o f borate buffer on the day o f working add

Sample No. Description Radioactiv ity (cpm) Total N A + A

1. Blank 106
2. Blank 86
3. 50 Lil plasma#1 880
4. 50 Ll plasma#1 907

5. 50 Ll plasma#1 + Std 7464

6. 50 Ll plasma#1 + Std 7668

Description Average radioactivity (cpm) Total N A +A

Blank 96

Plasma # 1 894

Plasma # 1 +  Std 7566

Catecholamine concentration (pg/ml) =
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0.234 g EDTA, 0.002 g Normetanephrine, and 0.002 g 
m ethoxytyram ine. The final pH is 10.0. Keep on ice.

P rocedure:

Weigh out the boric acid required for 100 ml o f D-H 2 O. 
Add it to D-H2O less than 100 ml. Stir it with the metal 
stirrer. Heat the solution (without metal stirrer) for 40-50 
seconds in microwave. Again stir it w ith metal stirrer till 
it is com pletely dissolved and solution is clear. A dd D- 
H2O to m ake it 100 m l in total. N ow  add NaOH pellets 
and dissolve it com pletely by  stirring. Check the pH. It 
should be 11 because when ETDA will be added it will 
fall down to 10. Store this solution in refrigerator at 4C. 
W hen required for use take out 10 m l and heat it in the 
m icrowave for 30 seconds. Add EDTA to it. Check the 
pH to be 10. Add the required amount o f normetanephrine 
and methoxytyramine to this solution. Dissolve them and 
take out the solution in a test tube. Keep this test tube 
im m ediately in the ice bucket. Take out the required  
amount o fborate  buffer solution needed for the assay in 
a separate test tube. Cap it and place in  the ice bucket. 
Discard the rest o f  the solution.

P recau tions:

P lain boric acid solution can be m ade and kept in the 
refrigerator for 1  week or till it does not dissolve on 
heating any m ore. H eating is necessary in m aking the 
borate buffer so as to keep the boric acid in solution in 
dissolved form otherwise precipitation will occur. EDTA, 
normetanephrine and methoxytyramine should be added 
only on the day o f use. Before adding EDTA 10 m l o f 
borate solution should always be heated to help dissolving 
the EDTA otherw ise p rec ip ita tio n  w ill occur. Once 
norm etanephrine and m ethoxytyram ine is added the 
solution should be kept in the ice bucket till use. Fresh 
so lu tio n  sh o u ld  be m ade w hen  re q u ired  fo r use.

6 . Toluene -  Isoam ylalcohol (3:2 v/v)

To each 60 ml o f toluene add 40 m l o f isoamylalcohol in 
a glass bottle w ith plastic cap. Keep bottle in the hood 
covered in aluminum foil.

7. A cetic A cid 0.1 N

750 pl o f glacial acetic acid added in 99.25 ml o f deionized

H 2 O to m ake 100 m l o f 0.1 N  acetic acid. Keep in the 
hood, in a glass bottle with plastic cap.

8 . H eparin  Solution (10 U/ml)

Stock 1: 0.01 g heparin  pow der and 2 m l deionized 
H 2 O.W orking solution is m ade o f 1 2 0  pl o f stock 1  + 
9.88 m l deionized H 2 O. Store in refrigerator at 2 -  4°C. 
A dd 0.16 m l o f  heparin to the syringe prior to each ml 
o fb lood  drawn.

9 .1 0 %  v/v G lycerol Solution

It is m ade with1 m  l o f  g lycerine (99 %) + 10 m l o f 
deionized H 2 O. Store in refrigerator at 2-4°C in a plastic 
tube w ith cap.

10. 4 %  Sodium periodate N aIo 4  Solution

0.4 m g N aIO 4  is added to 10 m l o f deionized H 2 O and 
stored in refrigerator at 2-4°C in a plastic tube with cap.

11. T o luene -  S c in tilla tio n  F lu id  S o lu tio n  (10:0.5)

100 m l o f toluene and 5 m l o f  scintillation fluid are kept 
in a glass bottle with plastic cap in the hood covered with 
alum inum  fo il to  p ro tec t from  lig h t deg radation .

12.1 N Ammonium Hydroxide is commercially available 
as such.

A ll solutions should be m ade weekly. I f  any solution 
becomes turbid before this period it should be discarded 
and prepared again.

PL A SM A  SA M PL E  PR EPA R A TIO N

The ra t is anaesthetized  w ith  sodium  pen tobarb ita l 
(Nembutal) given through intraperitoneal injection in a 
dose o f 50 mg / kg body weight. Blood is then taken from 
the external jugu lar vein using polyethylene (PE- 50) 
catheter in a heparinized syringe and also through direct 
cardiac puncture using 3 m l heparinized syringe w ith 20 
gauge needle. Heparin is used in a concentration o f  10 
U/ml and for each ml ofb lood  0.16 ml o f heparin is used. 
To each ml o f heparinized blood 20 ml o f plasma additive 
solution is added to a glass test tube & is m ixed by a 
gentle tilting o f the glass test tube 3-4 times. Plasma was
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im m ediately separated by centrifugation in a refrigerated 
centrifuge at 4000 rpm  for 15 minutes at 4°C . Aliquots o f 
plasm a sample are made and stored at -70°C until analysis 
is done. Glass tubes used should be pre-chilled and sample 
should be constantly kept in ice . 1 8
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