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Recording of the carotid arterial blood pressure of a 8.4 kg male dog 
anesthetized with 30 mg]kg sodium pentobarbital (Nembutal) intra- 
venously. E. 1-epinephrine bitartrate, 5 ~.g/kg. 1. l-isoproterenol 
hydroehloride, 5 [/.g/kg. N. 1-arterenol bitartrate hydrate, 5 pLg/kg. 
Between C and D the animal received 2 intravenous injections of 
5 mg]kg of dibenzyline hydrochloride. Between F and G the animal 
received 3 slow intravenous injections (over a 5 rain period) of 5 mg/kg 
of dicbloroisoproterenol hydrochloride (DCI). All drugs were washed 
in with 3 mI of normal saline. Time markings represent I min inter- 
vals. 90 min had elapsed between C and D and 110 min between F 

and G. 

b lockade  by  DCI is a t  p r e sen t  u n k n o w n ;  t he re  is the  pos- 
s ib i l i ty  t h a t  t he  b lock ing  a g e n t s  are d isplaced f rom the  
e x c i t a t o r y  r ecep to r s  b y  DCI,  p e r m i t t i n g  the i r  access ib i l i ty  
to  t he  pressor  amines .  On  t he  o t h e r  h a n d ,  DCI  may ,  b y  
b lock ing  on ly  i n h i b i t o r y  receptors ,  p e r m i t  a g rea t e r  con-  
c e n t r a t i o n  of t h e  i n j ec t ed  c a t e c h o l a m i n e s  to  ove rcome  an  
i ncomple t e  b lock  of t he  e x c i t a t o r y  receptors .  S tud ies  are  
in  progress  to  d e t e r m i n e  t h e  m e c h a n i s m  of these  in te r -  
e s t ing  obse rva t i ons .  

L. D. HULL, L. G. ELTHERINGTON, 
a n d  A. HORITA 

Department of Pharmacology, School of Medicine, Uni- 
versity of Washington, Seattle (Washington), October 28, 
1959. 

Zusammen/assung 

Mit  Dibenzy l in  v o r b e h a n d e l t e  a n g s t h e t i s i e r t e  H u n d e  
r eag ie r t en  nach  I ) i ch loro i sopro te reno l (DC[) -Verabre ichung  
sofor t  m i t  ~,Pressor r e s p o n s e ,  au f  E p i n e p h r i n  u n d  Nor-  
ep inephr in .  )khnliche B e f u n d e  e r g a b e n  sich a u c h  bei  a d r e n -  
e rg i scher  Blockade  mi t t e l s  D i h y d r o e r g o t a m i n  oder  Benzo-  
d ioxan .  

T h e  D i f f e r e n c e s  i n  t h e  A c c u m u l a t i o n  
a n d  M e t a b o l i s m  o f  C a t e c h o l  A m i n e s  i n  H e a r t  

a n d  L i v e r  I 

I t  is k n o w n  t h a t  m o n o a m i n e  oxidase  a n d  O - m e t h y l  
t r an s f e r a s e  are  respons ib le  for the  i n a c t i v a t i o n  of c a t e c h o l  
a m i n e s  in vivo. H o w e v e r  t h e  i m p o r t a n c e  of m o n o a m i n e  
ox idase  r e l a t ive  to  O - m e t h y l  t r ans fe r a se  in the  i n a c t i v a t i o n  
of t h e  ca techo l  a m i n e s  in va r ious  t i ssues  is u n k n o w n .  I t  is 
poss ible  t h a t  in each  o rgan  the  ac t ion  of one or t h e  o t h e r  
e n z y m e  p r e d o m i n a t e s .  The  p r e s en t  s t u d y  shows t h a t  
t h e r e  a re  d i f ferences  in t h e  e x t e n t  to  which  the  ca techo l  
a m i n e s  are  i n a c t i v a t e d  b y  m o n o a m i n e  oxidase  an d  O- 
m e t h y l  t r ans fe r a se  in  h e a r t  a n d  liver.  

10 mt  of 4.5 × 10 -e so lu t ion  of n o r e p i n e p h r i n e - 7 - H  ~ 
a n d  e p i n e p h r i n e - l - C  14 w i t h  a n  H a : C  14 ra t io  of 5: I was  in- 
fused  for 30 m i n  in to  t h e  f emora l  ve in  of u n t r e a t e d  an d  
i p r o n i a z i d - t r e a t e d  cats .  I m m e d i a t e l y  a f t e r  killing, va r ious  
o rgans  were r e m o v e d ,  homogen ized  in sal ine,  a n d  t h e n  
depro te in i zed  w i t h  perch lor ic  acid. The  e x t r a c t s  of each  
o rgan  were s e p a r a t e d  in to  ca techo l  amine ,  m e t h o x y  
ca techo l  amine ,  a n d  ac id i c -neu t r a l  f r ac t ions  L T h e  ca techo l  
amine  f r ac t ion  a f t e r  ace ty l a t ion ,  was s u b m i t t e d  to  p a p e r  
c h r o m a t o g r a p h y  ~ a n d  t h e  r a d i o a c t i v i t y  was  found  to  be 
assoc ia ted  w i t h  u n c h a n g e d  n o r e p i n e p h r i n e  a n d  epi- 
nephr ine .  T h e  m e t h o x y  ca techo l  a m i n e  f r ac t i on  was also 
a c e t y l a t e d  in t h e  s ame  m a n n e r  a n d  it  was  s h o w n  b y  p a p e r  
c h r o m a t o g r a p h y  t h a t  the  r a d i o a c t i v i t y  is assoc ia ted  wi th  
3 - m e t h o x y  n o r e p i n e p h r i n e  a n d  3 - m e t h o x y  ep inephr ine .  
T h e  ac id i c -neu t r a l  f rac t ion  was  c h r o m a t o g r a p h e d  in t w o  
d i f f e ren t  s o l v en t  sys tems* a n d  t h e  mobi l i t i e s  of t h e  
r a d i o a c t i v e  zones were iden t i ca l  w i t h  3,4 d i h y d r o x y  
mande l i c  acid, 3 - m e t h o x y  4 - h y d r o x y  mande l i c  acid, an d  
3 - m e t h o x y  4 - h y d r o x y  p h e n y l  glycol.  

T h e  H 3 a n d  C 14 ac t iv i t i e s  of a c e t y l a t e d  no rep inephr ine ,  
ep inephr ine ,  3 - m e t h o x y  n o rep i n ep h r i n e ,  a n d  3 - m e t h o x y  
ep inephr ine  o b t a i n e d  a f t e r  p a p e r  c h r o m a t o g r a p h y  are  
p r e sen t ed  in T a b l e  I. T h e  p resence  of t r i t i u m  in t h e  epi- 
n e p h r i n e  a n d  3 - m e t h o x y  e p i n e p h r i n e  zones ind ica tes  t h a t  
n o r e p i n e p h r i n e  is c o n v e r t e d  in to  e p i n e p h r i n e  in these  
organs .  T h e  ab s en ce  of C l* in  t h e  n o r e p i n e p h r i n e  zone in 
these  o rgans  shows t h a t  e p i n e p h r i n e  is n o t  d e m e t h y l a t e d  
to  n o r e p i n e p h r i n e  a n d  t h a t  N - m e t h y l a t i o n  of norepi -  
n e p h r i n e  to e p i n e p h r i n e  is a n  i r revers ib le  process.  

A c o m p a r i s o n  of t h e  ac t iv i t i e s  of t h e  ca techo l  amine ,  
m e t h o x y  ca techo l  amine ,  a n d  ac id i c -neu t r a l  f r ac t ions  is 
p re sen ted  in Tab le  II .  T h e  h igh  a c t i v i t y  of t h e  acidic-  
n e u t r a l  f rac t ion  of t h e  h e a r t  shows t h a t  t h e  ca techo l  
a m i n e s  are,  to  a large ex t en t ,  m e t a b o l i z e d  b y  m o n o a m i n e  
oxidase  in t h e  hea r t .  In  c o n t r a s t  to  such  o rgans  as l iver,  
spleen,  k idney ,  a n d  a d r e n a l  g lands ,  wh ich  a c c u m u l a t e d  
infused n o r e p i n e p h r i n e  a n d  e p i n e p h r i n e  in b o t h  un-  

1 This investigation supl~Jrted by grants from Nat. Inst. Health, 
and presented in part to Fed. Amer. Soe. for exp. Biol., Chicago, 
April 1960. 

M. GOLDSTEIN el al. t6, Exper. 211 (1960). 
3 M. GOLDSTEtS et at., Exper. 15, 80 (1959). 
4 M. GOLDSTEIN et M., Biochim. biophys. Acta 33, 57"2 (1'359). 
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Table I. The H s and C t4 activities of norepinephrine, epinephrine, 3-methoxynorepinephrine, and 3-methoxyepinephrine isolated from heart 
and liver by acetylation technique and paper chromatography. 

Compound 

N, O, O-triacetyl norepinephrine 
N ,  O,  O-triacetyl epinephrine.  
N, O-diacetyl 3-methoxy norepinephrine 
N, O-diacetyl 3-methoxyepinephrine 

Heart 
C. p. m. × 102 per 1 g tissue 

H s 

Ipr .  a 

0 5.6 
0 0.05 

13 22 
0.8 0-6 

Liver 
C. p. m. x 102 per 1 g tissue 

C1 ~ H s 

Ipr. 

0 0 
0 0.17 
0 0 
4-1 8.0 

Ipr. 

1-4 3.1 
0.03 0.2 

12 57 
0.3 0.8 

C14 

Ipr. 

0 0 
0.14 0.35 
0 0 
4-7 16 

Cats treated 6 h prior to infusion with 100 mg]kg Iproniazid. 

Table II.  The distribution of H s and C 14 in different fractions of heart and liver after an intravenous infusion of norepinephrine-7-H s and 
epinephrine-l-C 14 (the Hs:C 14 ratio of the infused solution was 5:1). 

Fraction 

Catechol amines 
Methoxycatechol amines 
Acidic-Neutral 

Heart 
C. p. m. x 102 per 1 g tissue 

H~t C14 

Ipr. a Ipr. 

Ratio 

H 3 : C 14 

Ipr. 

Liver 
C. p. m. × 102 per 1 g tissue 

HS [ C~* 

Ipr. tpr. 
0 8.0 0 0.5 

16.6 24,5 5.8 8.1 
17.0 6.8 5.5 2-5 

- -  16 
2.8 3.1 
3 2.7 

Ratio 

2.4 5.0 
18.0 60-0 

8.2 5-5 

H s: C 14 

Ipr. 
0.12 0.23 20 22 
5-6 20.0 3.2 3.1 
3-9 2-4 2-1 2.3 

Cats treated 6 h prior to infusion with 100 mg/kg Iproniazid. 

t r ea t ed  and  ip ron iaz id - t rea ted  ca ts  5, the  h e a r t  accumu-  
la ted  these  c o m p o u n d s  only  in ip ron iaz id - t r ea t ed  cats.  
Whi le  no unmetabo l i zed  catechoI  amines  are found  in t he  
hea r t s  of u n t r e a t e d  cats,  in t he  t r e a t ed  cats  the re  is an 
even  grea te r  accumula t ion  t h a n  in t h e  liver. This  indica tes  
t h a t  m o n o a m i n e  oxidase  inh ib i tors  al lowed exogenous ly  
infused norep inephr ine  and  ep inephr ine  to accumula te  in 
t he  h e a r t  and  therefore  d e m o n s t r a t e s  t he  impor t ance  of 
th is  enzyme  in t he  me tabo l i sm  of the  ca techol  amine  in the  
hear t .  On the  o t h e r  hand ,  t h e  ac t iv i ty  of t he  m e t h o x y  
ca techol  amine  f rac t ion in t he  h e a r t  increases  only  1.5-2 
t imes  more  in the  ip ron iaz id - t rea ted  ca t s  t h a n  in the  non-  
t r e a t e d  cats ,  while in t he  l iver the  ac t iv i ty  increases 3-4 
t imes .  This  d e m o n s t r a t e s  t h a t  O-me thy l  t r ans fe rase  is 
re la t ive ly  less ac t ive  in t he  h e a r t  t h a n  in t he  liver. 

The  H3:C 14 ra t io  in each  f rac t ion  was  ca lcula ted  and  is 
p re sen ted  in Table  II .  In  t he  ca techol  amine  f rac t ion of the  
no rma l  as well as t he  ip ron iaz id - t r ea ted  cats,  t he  H3:C 14 
ra t io  in the  ca techol  amine  f rac t ion  was grea t ly  increased  
as compa red  wi th  the  infused solution.  Since norepi-  
nephr ine  was infused as H s, th i s  h igher  ra t io  shows t h a t  
no rep inephr ine  r emains  i n t a c t  to  a g rea te r  e x t e n t  t h a n  
ep inephr ine .  The m e t h o x y  ca techol  amine  and  the  acidic- 
neu t r a l  f rac t ion  shows a ma rked  decrease  in t he  HS: C x4 
ra t io  as c o m p a r e d  wi th  t he  infused solution.  This  shows 
t h a t  ep inephr ine  is more  r ap id ly  metabo l i zed  in  vivo t h a n  
norep inephr ine  in b o t h  h e a r t  a n d  liver. 

The more  rap id  me tabo l i sm  of ep inephr ine  compa red  
wi th  no rep inephr ine  m a y  be the  resul t  of t he  fas te r  dis- 
appea rance  of ep inephr ine  f rom t h e  c i rculat ion 6,L Othe r  
possible  fac tors  are  compe t i t i on  be tween  no rep inephr ine  
and  ep inephr ine  for  the  i nac t iva t ing  enzymes  and  differ-  
ences  in b ind ing  p roper t i e s  of these  two  compounds .  

This s t u d y  d e m o n s t r a t e s  t h a t  ca techol  amines  in t he  
h e a r t  are metabo l i zed  to a grea te r  e x t e n t  by  m o n o a m i n e  
oxidase  t h a n  b y  O - m e t h y l  t ransferase .  On the  o t h e r  h a n d  
in t he  l iver  O - m e t h y l  t r ans fe rase  seems to  be the  e n z y m e  
p r imar i ly  responsib le  for the  inac t iva t ion  of ca techol  
amines .  The role of iproniazid  in t he  accumula t ion  of 
ca techol  amines  in t he  h e a r t  is of special  in te res t  because 
iproniazid  has  been  shown  to  be useful in t he  t r e a t m e n t  of 
ang ina  pectoris .  The increase of ca techol  amine  in t he  
h e a r t  m a y  lead to  co rona ry  d i la t ion  s and  th is  m a y  expla in  
the  effect  of iproniazid  on ang ina  pectoris .  

O the r  organs  h a v e  also been  inves t iga ted  and  a full 
r epor t  will be pub l i shed  elsewhere.  

M. GOLDSTEIN, A. J. FRIEDHOFF, 
S. B. ~vVORTIS and  S. B. GERTNER 

N.  Y.  U. School o/AIedicine,  N e w  York,  and Seton Hall  
College of Medicine, Jersey City (N. J . ) ,  M a y  16, 1960. 

Zusammen/assung 

Noradrena l in  und  Adrena l in  werden  von  K a t z e n  nach 
s imu l t ane r  in t ravenSser  Dar re i chung  zum Tell unver-  
i tnder t  in der  Lebe r  n n d  ande ren  Organen  gespeichert ,  
j edoch  n ich t  im Herzem Nach  V o r b e h a n d l u n g  der  Tiere 
mi t  Ip ron iaz id  wird  im Herzen  ebenfal ls  eine AnhAufung 
der  beiden H o r m o n e  gefunden.  

Es  wird  auch  eine re la t iv  gr6ssere I n ak t i v i e ru n g  des 
Adrenal ins  im Vergleich zu Noradrena l in  festgestel l t .  

M. GOLDSTEIN et al., Fed. Proe. 19, 295 (1960). 
G. COHEN et al., J. olin. Invest. 38, 1935 (1959). 

7 M. GOLDSTEIS et al., to be published. 
s M. SHOS~KES et al., Circulation 20, 17 (1959). 


