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FULLER, R. W., AND S. K. HEMRICK. Properties of norepinephrine N-methyltran~ferase from pigeon brain. 
PHARMAC. BIOCHEM. BEHAV. 11(5) 563-566, 1979.--Epinephrine concentration in pigeon hypothalamus was higher 
on an absolute basis and as a percentage of total catecholamine concentration than in other regions of pigeon brain or in rat 
hypothalamus. Norepinephrine N-methyltransferase (NMT; the epinephrine-forming enzyme) from pigeon brain had Km 
values for S-adenosyl-L-methionine and L-norepinephrine of 24 +_ 1 and 101 _+ 4 p.M, respectively. The enzyme was 
inhibited by excess L-norepinephrine and by several arylalkylamines that earlier had been identified as NMT inhibitors 
with the enzyme from mammalian brain and adrenal medulla. These results indicate that pigeon brain NMT is similar to that 
in mammalian brain and adrenal glands and can be inhibited by agents previously used to deplete brain epinephrine 
selectively in rats. The use of pigeons as experimental subjects in studies on the possible role of epinephrine-forming 
neurons in behavior is suggested. 

Norepinephrine N-methyltransferase Epinephrine Pigeon Brain 

NOREPINEPHRINE N-methyltransferase (NMT) (EC 
2.1.1.28), the last enzyme involved in the biosynthesis of 
epinephrine, is thought to be present only in epinephrine- 
forming neurons or adrenomedullary cells. A few years ago 
Hokfelt et al. [7,81 used antibodies to highly purified bovine 
adrenal NMT to map by immunohistofluorescence tech- 
niques neuronal tracts in rat brain that contain NMT and that 
presumably make and use epinephrine as their neuro- 
transmitter. Although dopamine and norepinephrine neurons 
in brain have been studied extensively and numerous physi- 
ological functions have been elucidated for them, there has 
been little study of epinephrine-forming neurons in brain. 

The ratio of epinephrine to other catecholamines 
(norepinephrine and dopamine) is somewhat higher in avian 
brain than in commonly studied mammalian species [5,91. 
The possibility that epinephrine plays a more prominent role 
in brain function of species like chickens and pigeons com- 
pared to species like rats, mice and guinea pigs may be con- 
sidered. Pigeons have been used extensively in operant be- 
havior studies and might be useful subjects for evaluating 
behavioral consequences of pharmacologic manipulation of 
epinephrine-forming neurons. NMT inhibitors, for example, 
should selectively deplete the brain of epinephrine without 
directly altering dopamine and norepinephrine neurons. We 
were therefore interested in determining some of the proper- 
ties of pigeon brain NMT to see if the enzyme was similar to 
NMT previously studied in rats and some other species. In 
this paper we describe some of the kinetic characteristics of 
pigeon brain NMT with respect to its action on substrates 
and its susceptibility to inhibition. 

METHOD 

For the preparation of NMT to be used in in vitro studies, 
pigeons of mixed breeds and sex weighing 450-550 g were 
obtained from the Wilson Small Animal Farm, Vincennes, 
Indiana. Brains were removed and homogenized in l0 vol- 
umes of cold isotonic KCI containing 5 x 10M dithiothreitol. 
All subsequent operations were done at 4°C. Homogenates 
were centrifuged at 40,000 x g for 30 min. Ammonium sul- 
fate ( 199 mg/ml) was dissolved in the supernatant fraction by 
stirring for 30 min. The precipitated protein was separated by 
centrifugation at 20,000 × g for 20 min. Additional am- 
monium sulfate (122 mg/ml) was dissolved in the supernatant 
fraction by stirring for 30 min. The precipitated proteins 
were separated by centrifugation at 20,000 x g for 20 min and 
then dissolved in a small volume of 0.001 M sodium phos- 
phate buffer pH 7.0. This preparation was dialyzed for 24 
hours against several changes of 3 liter volumes of the same 
buffer and was used as the enzyme for NMT assays. 

Enzyme activity was measured radiometrically with 
~4C-S-adenosyl-L-methionine (New England Nuclear) as the 
methyl-donating substrate and L-norepinephrine bitartrate 
(Winthrop) as the methyl-accepting substrate, using the 
methodology of Henry et al. [6] in the same way as the 
enzyme from the brains of rats and other species has been 
measured previously 12-4]. The concentration of HC-S- 
adenosyl-L-methionine was 50/xM, and the concentration of 
[-norepinephrine was 100 /xM, in all experiments except 
when the concentration of one substrate was varied as de- 
scribed in the Results section. 

Catecholamine concentrations in brain regions were de- 
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T A B L E  I 

C A I ' F C H O L A M I N E  C ( ) N C E N T R A T I O N  IN PIGEON BRAIN REGIONS AND IN RAT 
HYPOTHALAMUS DETERMINED BY HIGH PERFORMANCE LIQUID 

CHROMATOGRAPHY WITH ELECTROCHEMICAl. DETECTION 

Catecholaminc concentration./x,g 
Brain region Epinephrine Norepinephrine Dopamine 

Pigeon hypothalamus 0.185 _-_ 0.021 2.69 _+ 0.16 0.51) +_ 0.02 
Pigeon brain stem 0.020 _- 0.002 0.56 z 0.02 0.09 ± 0.004 
Pigeon midbrain 0.027 _- 0.006 0.79 -,-_ 0.10 0.18 _+ 0.1)2 
Rat hypothalamus 0.025 = 0.002 1.25 = 0.06 0.18 _+ 0.01 

All values shown are mean _- standard errors for 5 animals. 

1/v 

termined by high performance  liquid chromatography with 
e lec t rochemical  detection 131. In this exper iment  White Car- 
neaux pigeons weighing 550--650 g obtained from the Pal- 
met to  Pigeon Plant, Sumter ,  SC or male Wistar  rats weighing 
approximately  50 g obtained from Harlan Industries,  Cum- 
berland, Indiana were used. 

0.10 
RESUI.TS 

Table 1 shows the concentrat ion of  ca techolamines  in 
pigeon brain as measured by high performance liquid chro- 
matography with e lectrochemical  detect ion.  As with 
rats [10]. the highest concentra t ion of  epinephrine was found 
in hypothalamus.  There the concentrat ion of  epinephrine -0110 
was about one-fifteenth that of  norepinephrine and one-third 
that of dopamine.  In contrast ,  epinephrine concentra t ion in 
rat hypothalamus is typically found to be about  one-fiftieth 
or  less the concentrat ion of  norepinephrine:  some represen- 
tative data are included in Table 1 for compar ison.  The 
absolute concentrat ion o f  epinephrine in pigeon 
hypothalamus was also several-fold higher than that in rat 
hypothalamus.  

Figures I and 2 show Lineweaver -Burk  plots for pigeon 
brain N M T  with 1.-norepinephrine and S-adenosyl-L-  
methionine,  respect ively,  as the variable substrates.  From 0.20 
these data. apparent  Km values were  calculated according to 
the statistical method of  Wilkinson 111] to be 101 -- 4 / zM 1/v 
for L-norepinephrine and 24-+ 1 / .zM for S-adenosyl-  
L-methionine.  Excess  concentra t ions  of  I . -norepinephrine 
were inhibitory to substrate activity,  and the constant  (Km')  
associated with the inhibition by excess  L-norepinephrine 0.10 
was determined graphically to be 1450 p.m (Fig. 3). 

Table 2 shows IC:,,, concentrat ions  for six inhibitors of  
N M T  previously shown to inhibit the enzyme  from rat. 
chicken and cat brain (2: R. W. Fuller and S. K. Hemrick,  
unpublished data). All of these compounds  were potent  
inhibitors of  pigeon brain NMT.  The (+ )  s te reo isomer  of  L S 
2 ,3-dichloro-a-methylbenzylamine was approximately  10 -0.02 
l imes more potent than the (--) s tereoisomer  as had been 
found with brain N M T  from other  species 121. 

DISCUSSION 

Our data on epinephrine concentra t ion in pigeon brain as 
determined by high performance liquid chromatography with 
e lec t rochemical  detection agree reasonably well with data 
previously obtained by others using f luorometric  or  bioassay 
techniques 191. Epinephrine concentrat ion  is higher in pigeon 
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FIG. I. [.ineweaver-Burk plot with ~C-S-adenosyI-L-methionine 
concentrations Is) varied over a 3.3-100 ~uM range and L-nor- 
eprinephrine concentration fixed at 100 /xM. Units of velocity Iv) 

were nanomoles product formed per hour. 

I I 
0.~2 0.04 0~06 0.'00 0.10 

1/s 

FIG. 2. Lineweaver-Burk plot with l.-norepinephrine concentration 
Is) varied over a 10--200 ~.M range and "C-S-adenosyl-1,-methionine 
concentration fixed at 50 ~.M, Units of velocity Iv) were nanomoles 

product formed per hour. 
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T A B L E  2 

INHIBITION OF PIGEON BRAIN NMT 

Inhibitor IC~,, 

C F 32~_ ~ Cl 

CH 3 

2.8 x I0 7 M 

1.4 × 10 ~ M 

CH 3 

(+) 3.7 × 10 ~ M 

0.05 

1/v 
0.04 

0.03 

0.02 
Km'=1450pM 

0.01 
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FIG. 3. Dixon plot of inhibition by excess L-norepinephrine. The 
concentration of L-norepinephrine (s) is shown in micromolar units. 
The concentration of l"~-S-adenosyI-L-methionine was fixed at 50 
~.M. Units of velocity (v) were nanomoles product formed per hour. 
The lower two points (100 and 200 p.M concentrations) were below 
the region of inhibition by excess substrate and were not considered 

in drawing the line through the remaining data points. 

c< cl ~ HNH 2 (+) 

Cll 3 

~ N  

4.7 × 10 '; M 

6.9 x 10 '; M 

CH 3 

( _ )  4.2 × 10 ~ M 

Each inhibitor was studied at 7-9 concentrations from which the 
IC~,,, (molar concentration producing 50cA inhibition of enzyme ac- 
tivity) was determined by interpolation on a graph of percent inhibi- 
tion versus inhibitor concentration. 

b ra in  bo th  abso lu te ly  and  re la t ive  to the  c o n c e n t r a t i o n  of  
o t h e r  c a t e c h o l a m i n e s  than  in rat  bra in .  

The  p roper t i e s  of  the  ep ineph r ine - fo rming  e n z y m e ,  N M T ,  
in p igeon bra in  are s imilar  at  least  in some respec t s  to those  
of  b ra in  N M T  from o t h e r  species  tha t  have  been  s tudied.  
A p p a r e n t  K m  values  for L - n o r e p i n e p h r i n e  and  S- 
a d e n o s y l - L - m e t h i o n i n e  were  in the  same c o n c e n t r a t i o n  
range  as found  ear l ier  for  o t h e r  species  [21. Pigeon bra in  
N M T  was inhib i ted  by  excess  L - n o r e p i n e p h r i n e  as has  b e e n  
found  wi th  o t h e r  species  [2]. Severa l  c o m p o u n d s  p rev ious ly  
s h o w n  to inhibi t  N M T  f rom the  bra in  of  rats ,  ca ts  and  
c h i c k e n s  (1,2] a lso inhibi ted  p igeon bra in  N M T .  This  f inding 
suggests  tha t  ep inephr ine  syn thes i s  in p igeon bra in  can  be 
se lec t ively  inhib i ted  as d e m o n s t r a t e d  ear l ier  with  rat  bra in  
I1, 3, 4]. Ne i the r  N M T  nor  ep inephr ine  has  been  p r o v e n  to 
be local ized in n e u r o n s  in pigeon bra in ,  but  a r easonab le  
hypo thes i s  would be  tha t  some neu rons  do  use  ep inephr ine  
ins tead  of  no rep ineph r ine  or  d o p a m i n e  as the i r  neuro-  
t r ansmi t t e r .  I f  so , inh ib i t ion  of  ep inephr ine  syn thes i s  and  
o the r  m e a n s  of  pharmaco log ic  modif ica t ion  of  ep inephr ine  
n e u r o n  funct ion  should  be  useful  in eva lua t ing  physiological  
roles  of  bra in  ep inephr ine  neu rons  in p igeons .  

R E F E R E N C E S  

1. Fuller, R. W. Inhibitors of norepinephrine N-methyltransferase. 
In: Transmethylation, edited by E. Usdin, R. T. Borchardt and 
C. R. Creveling. New York: Elsevier North Holland Press, 
1979, pp. 251-259. 

2. Fuller, R. W. and S. K. Hemrick. Properties of norepinephrine 
N-methyltransferase from rat, cat and chicken brain. Comp. 
Biochem. Physiol. 62C: 243-245, 1979. 

3. Fuller, R. W. and K. W. Perry. Lowering of epinephrine 
concentration in rat brain by 2,3-dichloro-a-methylbenzyl- 
amine, an inhibitor of norepinephrine N-methyltransferase. 
Biochem. Pharmac. 26: 2087-2090, 1977. 

4. Fuller, R. W., K. W. Perry and S. K. Hemrick. Inhibition ofrat  
brain norepinephrine N-methyltransferase by 7,8-dichloro- 
2,3,4,5-tetrahydro-lH-2-benzazepine. Brain Res. 158: 240-244, 
1978. 

5. Gunne, L. M. Relative adrenaline content in brain tissue. Acta 
physiol, scand. 56: 324-333, 1962. 

6. Henry, D. P., B. J. Starman, D. G. Johnson and R. H. Williams. 
A sensitive radioenzymatic assay for norepinephrine in tissues 
and plasma. Life Sci. 16: 375-384, 1974. 



566 F U L L E R  A N D  H E M R I C K  

7. Hokfelt, T., K. Fuxe, M. Goldstein and O. Johansson. Evi- 
dence for adrenaline neurons in rat brain. Acta physiol, stand. 
89: 286--288, 1973. 

8. Hokfelt, T., K. Fuxe, M. Goldstein and O. Johansson. lm- 
munohistochemical evidence for the existence of adrenaline 
neurons in the rat brain. Brain Res. 66: 235-251, 1974. 

9. Juorio, A. V. and M. Vogt. Adrenaline in bird brain. J. Physiol. 
209: 757-763, 1979. 

10. Koslow, S. H. and M. Schlumpf. Quantitation of adrenaline in 
rat brain nuclei and areas by mass fragmentography. Nature 
251: 530-531, 1974. 

11. Wilkinson, G. N. Statistical estimations in enzyme kinetics. 
Bioc'hem. J. 80: 324-332, 1961. 


