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ser ious s y m p t o m s  of ad rene rg ic  b lockade  a f t e r  t he  ad -  
m i n i s t r a t i o n ,  b u t  r ecove red  w i t h i n  6 h. Blood was  t a k e n  
before  a n d  24 h a f t e r  i n j ec t i on  a n d  s e r u m  choles te ro l  was  
e s t i m a t e d  b y  t h e  SPERRY-XVEBB m e t h o d  9 

T h e  s e r u m  cho les te ro l  dec reased  s l igh t ly  a f t e r  admin i s -  
t r a t i o n  of n o r - a d r e n a l i n  ( m e a n :  - - 3 . 6 % ,  p < 0.02), a n d  
t h e  c h a n g e  of  cho les te ro l  b y  t h e  s e r o t o n i n  t r e a t m e n t  was  
n o t  s igni f icant .  Howeve r ,  24 h a f t e r  s ingle i .v.  i n j ec t ions  of 
D i b e n z y l i n e  t he  s e r u m  choles te ro l  inc reased  a n d  t h a t  to  a 
h i g h l y  s ign i f i can t  degree  (Table) .  

Discussion. Like  a n u m b e r  of o t h e r  adrenerg ic  b lock ing  
agen ts ,  D ibenzy l i ne  p roduces  i t s  effect  b y  r e d u c i n g  t he  
pressor  a c t i o n  of ad rena l in .  F r o m  n u m e r o u s  i nves t i ga t i ons  
w h i c h  showed  t h a t  a d r e n a l i n  e l eva tes  t he  s e r u m  cho les te ro l  
level,  i t s  s eemed  r ea sonab le  to  a s sume  t h a t  a n y  a n t i - a d r e -  
nerg ic  a g e n t  will lower  t h e  cho les te ro l  level  a n d  indeed  
t h e r e  are  r epo r t s  t h a t  s e r u m  choles te ro l  decreases  a f t e r  
a d m i n i s t r a t i o n  of some gang l ion  b lock ing  d rugs  ~,s,l°. Con- 
t ra r i ly ,  I h a v e  found  t h a t  in  s h o r t - t e r m  e x p e r i m e n t s  on  
r abb i t s ,  a n  ad rene rg ic  b lock ing  subs t ance ,  n a m e l y  Diben -  
zyline,  h a s  a choles te ro l  r a i s ing  effect.  T h e r e  is on ly  one 
i n v e s t i g a t i o n  in wh ich  t h e  in f luence  of D i benzy l i ne  on  
s e r u m  choles te ro l  was  s t u d i e d :  Ho l l i s t e r  r e p o r t e d  t h a t  
D ibenzy l i ne  lowers  s e r u m  cholesterol ,  b u t  t h e  s t a t e m e n t  

5.0 mt of 0.5 mg per ml aqueous solution of Dibenzyline per kg body 
weight were administered intravenously 

Rabbit Sex Body Cholesterol Cholesterol % 
weight in mg% in mg% change 
g before test after test 

1 M 4930 27 37 + 3 7 . 0  
2 M 2370 32 38 + 1 8 . 7  
3 Iv[ 3680 33 41 + 2 4 . 2  
4 M 2510 38 48 + 2 6 . 3  
5 M 2190 43 48 + 1 1 . 6  
6 F 2250 48 63 + 3 f . 3  
7 M 3240 63 64 + 1.6 
8 F ~500 82 107 + 3 0 . 4  
9 M 3320 86 76 - - 1 1 . 6  

10 M 2600 88 97 + 10.2 
11 M 3140 98 118 + 20.4 
12 F 2010 104 109 + 4.8 
13 F 2750 104 125 + 2 0 . 2  
14 M 3830 135 161 + 1 9 . 2  
15 M 2910 180 196 + 8.9 
16 F 2820 186 175 - -  5.9 
17 F 4390 371 308 - - 1 7 . 0  

mean + 13.5 
t = 3.6, p < 0.01 

No. 1 : very weak, hypersalivation and enophthahnos after injection. 

was  based  o n  t e s t s  in  on ly  2 pa t i en t s ,  one of w h i c h  showed 
a n  equ ivoca l  decrease.  Moreover ,  t h i s  a u t h o r ' s  t es t s  were 
car r ied  o v e r  seve ra l  weeks,  a n d  as he  h imse l f  indicated,  
n o t  w i t h  suff ic ient  dosage.  F o r  these  reasons ,  t he  results 
a re  n o t  c o m p a r a b l e .  

The  e x p l a n a t i o n  w h y  D ibenzy t i ne  fai led to  decrease  the 
level  of s e r u m  choles te ro l  a n d  even  ra i sed  it ,  presents  
diff icult ies.  Accord ing  to  r e c e n t  r epo r t s  n,x2 o n  t h e  action 
of ad rena l in ,  t h e  m o b i l i z a t i o n  of l ip ids  f rom t issue  to 
s e r u m  is con t ro l l ed  b y  ad rena l in .  Howeve r ,  accord ing  to 
d a t a  w h i c h  we o b t a i n e d ,  n e i t h e r  n o r - a d r e n a l i n  no r  sero- 
t o n i n  w h i c h  h a v e  ad rene rg i c  a c t i o n  a lways  ra ise  serum 
choles te ro l  levels  in  r abb i t s .  

F u r t h e r m o r e  t he  weakness  of t h e  a n i m a l s  a f t e r  inject ion 
of D ibenzy l i ne  ha s  to  be  cons ide red  as h a v i n g  a possible 
effect  on  choles te ro l  m e t a b o l i s m  a n d  t h u s  m a y  coun te rac t  
a n  h y p o t h e t i c a l  specific s e rum choles tero l  lower ing  effect 
of Dibenzy l ine .  Th i s  weakness  m a y  be  cons ide red  a n  ex- 
p ress ion  of s t ress  w h i c h  is sa id  to  h a v e  some effect  on 
choles te ro l  m e t a b o l i s m  13,~4. However .  t h i s  effect  is very 
i n c o n s i s t e n t  in  a n i m a l s  a n d  h u m a n s .  Never the less ,  such 
poss ib i l i ty  of i n t e r f e r ence  shou ld  n o t  be  over looked.  I t  
t he re fo re  r e m a i n s  to  be  e s t ab l i shed  w h e t h e r  Dibenzyl ine  
has  a d i r ec t  ac t ion  on  s e r u m  choles te ro l  p r e v e n t i n g  its 
ca t abo l i sm,  w h i c h  is un l ike ly ;  w h e t h e r  t he  rise in  chol- 
es te ro l  is due  to  v a s c u l a r  p h e n o m e n a ,  or  w h e t h e r  a 
m e t a b o l i c  d i s t u r b a n c e  is respons ib le .  

Zusammen]assung. I m  G e g e n s a t z  zu d e n  B e o b a c h t u n -  
gen,  die ze igten,  dass  ad rene rg i sche  S u b s t a n z e n  Serum- 
l ipoide e inschl iess l ich  S e r u m c h o l e s t e r i n  e r h 6 h e n ,  wird in 
ku rz f r i s t i gen  ~Versuchen a n  K a n i n c h e n  e ine  e t w a s  unregel-  
m~issige S e n k u n g  des Se rumcho le s t e r i n s  n a c h  I n j e k t i o n  
v o n  N o r a d r e n a l i n  u n d  ke ine  s ign i f ikan te  Bee in f lussung  
des  Se rumcho le s t e r i n s  n a c h  I n j e k t i o n  y o n  S e r o t o n i n  ge- 
funden .  D i b e n z y l i n  e r h 6 h t e  in ku rz f r i s t i gen  Versuchen  
das  S e r u m c h o l e s t e r i n  a u s g e s p r o c h e n  s ign i f ikan t .  
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T h e  Effect  of p H  o n  E n z y m a t i c  F o r m a t i o n  and 
Inh ib i t ion  of  N o r e p i n e p h r i n e  S y n t h e s i s  

T h e  e x t r a c t i o n  a n d  pu r i f i ca t ion  of a n  e n z y m e  f rom 
a d r e n a l  medu l l a  wh ich  ca ta lyzes  t h e  conve r s ion  of dopa-  
m i n e  to  n o r e p i n e p h r i n e  was r e c e n t l y  desc r ibed  1. I t  was 
s h o w n  t h a t  t h i s  e n z y m e  is non-spec i f ic  a n d  also ca ta lyzes  
t h e  conve r s ion  of o t h e r  p h e n y l e t h y l a m i n e s  a n d  p h e n y l -  
p r o p y l a m i n e s  to  t h e  c o r r e s p o n d i n g  f l -hydroxy  c o m -  
p o u n d s  2,3. I n  v iew of these  f indings ,  t h e  e n z y m e  was 
n a m e d  p h e n y l a m i n e - f l - h y d r o x y l a s e  3. 

T h e  p r e s e n t  c o m m u n i c a t i o n  is c o n c e r n e d  w i t h  t he  effect 
of p H  u p o n  t he  r a t e  of c o n v e r s i o n  of d o p a m i n e  to  norepi-  
n e p h r i n e  a n d  ep in ine  to  e p i n e p h r i n e  b y  phenylamine- f l -  
hyd roxy l a se .  T h e  effect  of p H  o n  t h e  i n h i b i t i o n  r a t e  of 
d o p a m i n e  to n o r e p i n e p h r i n e  conve r s ion  b y  va r ious  in- 
h ib i t o r s  was  also examined .  

1 E.Y. LEVIN et al., J. biol. Chem. 235, 2080 (1960). 
2 M. GOLDSTEIN ct al., Expcr. 17, 447 (1961). 
3 M. GOLDSTEIN ot al., J. biol. Chem., to be published. 
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The e x p e r i m e n t s  were  ca r r i ed  o u t  as  p rev ious ly  de-  
scribed 3. T h e  buf fe r  used  in  e a c h  e x p e r i m e n t  is desc r ibed  
in the  r e spec t ive  Tables .  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  
were a s sayed  f luoromet r ica l ly ,  a n d  in some e x p e r i m e n t s  
no rep inephr ine  was a s sayed  b y  a mod i f i ca t ion  of t he  
per iodate  m e t h o d  x,a. T h e  effects  of p H  a n d  of t h e  buf fe r  
compos i t ion  on  t he  n o r e p i n e p h r i n e  f o r m a t i o n  f rom dopa-  
mine a n d  e p i n e p h r i n e  f o r m a t i o n  f rom ep in ine  are  pre-  
sented  in  T a b l e  I. T h e  o p t i m u m  r a t e  of  f o r m a t i o n  for  nor-  
ep inephr ine  a n d  e p i n e p h r i n e  occurs  a t  p H  5.5. T he  for- 
m a t i o n  of 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  is d i m i n i s h e d  
in a n  i n c u b a t i o n  m i x t u r e  w i t h  p h o s p h a t e  buf fe r  as com-  
pared  w i t h  a c o r r e s p o n d i n g  i n c u b a t i o n  m i x t u r e  w i t h  
ace ta t e  buf fer .  T h e  i n h i b i t o r y  effect  of p h o s p h a t e  bu f f e r  
m a y  be  due  to  b i n d i n g  of some ca t ions  w i t h  p h o s p h a t e .  
This  conc lus ion  is s u p p o r t e d  b y  ou r  r e c e n t  f ind ings  t h a t  
e t h y l e n e d i a m i n e  t e t r a a c e t a t e  also i n h i b i t s  t h e  norep i -  
n e p h r i n e  f o r m a t i o n .  S ince  b o t h  s ubs t r a t e s ,  d o p a m i n e  a n d  
epinine,  r e m a i n  in t he  ca t ion ic  fo rm o v e r  t h e  en t i r e  r a n g e  
of t he  i n v e s t i g a t e d  pH,  t h e  effect  of t he  p H  is no t  due  to  
ion iza t ion  of t h e  s u b s t r a t e s '  a m i n o  group.  T h e  effects  of 
the  p H  m a y  be  due  to  i o n i z a t i o n  of e n z y m a t i c a U y  ac t ive  
sites o r  of co- fac tors  s u c h  as ascorb ic  ac id  or  f u m a r a t e .  
The  p H  m a y  also a f fec t  t h e  s t a b i l i t y  of t h e  s u b s t r a t e  
e n z y m e  or  i n t e r m e d i a t e  p r o d u c t  e n z y m e  complex .  I n  t h e  
l a t t e r  complex ,  t h e  a m i n o  g r o u p  m u s t  be  p r o t e c t e d  during-  
the  o x y d a t i o n  a t  t h e  f l -carbon b y  i ts  b i n d i n g  to  t he  ac t ive  
e n z y m e  site. 

Tab. I. The effects of pH and buffer composition on the enzymatic 
formation of norepinephrine from dopamine and epinephrine from 

epinine 

pH Formation of norepinephrine a Formation of epinephrine b 
in [zg/ml in ~tg/ml 

Ascorbatc Ascorbate 

added onfitted added omitted 

6.5 135.0 (75.0} c 35.0 67.0 {,q5.0) c 31,0 
6.0 170.0 --  82.0 - -  
5.5 230.0 19.0 94.0 27.0 
5.0 164.0 - -  78,0 - -  
4.5 60.0 - -  27,0 - -  

a The concentration of the substratc was 2[xmoles of dopamine per nil. 
b The concentration of the substrate was 4 ~tmolcs of epininc per ml. 
c These values were obtained from an inhibition mixture in which 

0.5 ml of 0.2M phosphate buffer was added, while to the other in- 
cubation mixtures 0.5 ml of 0.2 M acetate buffer was added. 

Tab. lI. Inhibition of norepinephrine synthesis by DOPA, trypt- 
amine, and adrenalone as a function of pH 

pH % inhibition 

Inhibitors a 

DOPA Tryptamine Adrenalone 

6.5 10.0 10.0 55.0 
6.0 36.0 16.0 48.0 
5,5 50.0 17.0 '*9.0 
5.0 43.0 11 A) 5.0 
4.5 1~.0 8.0 0.0 

a The concentration of DOPA was 4 v.moles/ml, of tryptamine 
4 [xmoles/ml, and of adrenalone 0.~ txmoleslml. The concentration 
of the substrate dopamine was 2 ptmoles/ml in all incubation 
mixtures. All incubations were carried out in acetate buffer. 

W h e t h e r  t h e  effect  of p H  is d u e  to  t h e  ion iza t ion  of 
ascorb ic  ac id  was i n v e s t i g a t e d  by  i n c u b a t i o n  of d o p a m i n e  
a n d  ep in ine  w i t h  a n d  w i t h o u t  t h e  a d d i t i o n  of ascorb ic  
acid.  I t  is e v i d e n t  f rom T a b l e  I t h a t  t h e  f o r m a t i o n  of 
n o r e p i n e p h r i n e  f rom d o p a m i n e  in a n  i n c u b a t i o n  m i x t u r e  
w i t h o u t  aseorbic  acid is lower  a t  p H  5.5 t h a n  a t  p H  6.5. 
The  decrease  of e p i n e p h r i n e  f o r m a t i o n  f rom ep in ine  is n o t  
a f fec ted  as  m u c h  b y  t h e  a b o v e  c h a n g e s  in p H .  These  
resu l t s  m a y  be  e x p l a i n e d  b y  t h e  f ind ings  of LEVIN e t  al. 4 
t h a t  in  t h e  absence  of  ascorb ic  acid t h e  h y d r o x y l a t i o n  of  
d o p a m i n e  or  ep in ine  is d e p e n d e n t  o n  t h e  f o r m a t i o n  of 
d o p a m i n e  q u i n o n e  or  ep in ine  qu inone .  A t  a lower  pH,  such  
as 5.5, d o p a m i n e  q u i n o n e  is n o t  as r ead i ly  fo rmed  as 
ep in ine  qu inone  a n d  the re fo re  t h e  f o r m a t i o n  of norepi -  
n e p h r i n e  f rom d o p a m i n e  in t he  absence  of ascorb ic  ac id  
decreases  to  a g r ea t e r  e x t e n t  w i t h  pH .  Th i s  sugges t s  t h a t  
t h e  h y d r o x y l a t i o n  of d o p a m i n e  or  ep in ine  is e n h a n c e d  b y  
ascorb ic  ac id  as  well  as  b y  t h e  co r r e spond ing  q u i n o n e  
fo rma t ion .  The  e x t e n t  to  w h i c h  t he  f l - hyd roxy l a t i on  is 
e n h a n c e d  b y  ascorb ic  acid or  b y  q u i n o n e  fo rma t ion  va r i e s  
w i t h  pH.  I t  is also e v i d e n t  t h a t  t h e  f l -hydroxy la t ion  of 
ep in ine  is s u p p o r t e d  to  a g r e a t e r  e x t e n t  b y  t he  q u i n o n e  
f o r m a t i o n  t h a n  is t h e  f l - hyd roxy l a t i on  of dopamine .  

Va r ious  c o m p o u n d s  were  s t ud i ed  as poss ible  i n h i b i t o r s  
of d o p a m i n e  to  n o r e p i n e p h r i n e  conve r s ion  b y  p h e n y l a m i n e -  
f i -hydroxylase .  T h e  i n h i b i t i o n  r a t e  of n o r e p i n e p h r i n e  syn-  
thes i s  b y  D O P A ,  t r y p t a m i n e ,  a n d  a d r e n a l o n e  (3 ,4-di-  
h y d r o x y - e - m e t h y l a m i n o a c e t o p h e n o n e )  was m e a s u r e d  as a 
f u n c t i o n  of pH .  D O P A  a n d  t r y p t a m i n e  inh ib i t i on  ha s  i ts  
o p t i m u m  a t  pI~I 5.5 whi le  a d r e n a l o n e  i n h i b i t i o n  ha s  i t s  
o p t i m u m  a t  p H  6.4 (Table  I I ) .  A t  t he  p r e s e n t  t i m e  i t  is n o t  
c lea r  w h a t  f ac to r s  a re  r e spons ib le  for  t h e  effects  of p H  o n  
t he  i n h i b i t i o n  b y  D O P A  or  t r y p t a m i n e .  Howeve r ,  t h e  
o p t i m u m  i n h i b i t i o n  b y  a d r e n a l o n e  a t  p H  6.4 a n d  t h e  
s h a r p  decrease  a t  lower  p H s  i n d i c a t e s t h a t  a nuc leophi l i c  
g roup  on  the  e n z y m e  si te  is neces sa ry  for  t he  f o r m a t i o n  of 
t he  e n z y m e  a d r e n a l o n e  complex .  The  c h a n g e  of t he  m o l a r  
e x t i n c t i o n  coeff ic ient  of a d r e n a l o n e  a t  p H  5 f rom 2]ma x 
11 000, ;~ma~ 230 to 2J~m z 8500, 2~nax 230 a t  p H  6 ind ica t e s  
t h a t  t h e  c a r b o n y l  g r o u p  a t  p H  6 is enol ized  to  a g r ea t e r  
e x t e n t ,  a n d  t h a t  t h i s  fo rm is respons ib le  for  t h e  a d r e n a l o n e  
e n z y m e  complex .  

A d r e n a l o n e  was n o t  on ly  found  to be  a p o t e n t  i n h i b i t o r  
in vitro, b u t  in  p r e l i m i n a r y  s tud ies  i t  was  also s h o w n  t h a t  
i t  i nh ib i t s  n o r e p i n e p h r i n e  f o r m a t i o n  in vivo s,~. 

Zusammen]assung. Die e n z y m a t i s c h e  B i ldung  des  Nor-  
e p i n e p h r i n s  u n d  des  E p i n e p h r i n s  wurde  als  F u n k t i o n  des  
p H  u n d  de r  Z u s a m m e n s e t z u n g  de r  Puf fe rgemische  u n t e r -  
such t .  E i n e  m a x i m a l e  e n z y m a t i s c h e  A k t i v i t A t  w u r d e  be i  
e i n e m  p H  y o n  5,5 b e o b a c h t e t .  D u t c h  Z u s a t z  yon  P h o s -  
p h a t p u f f e r  wird  die Akt ivi t~i t  g e h e m m t .  E ine  m a x i m a l e  
H e m m u n g  de r  e n z y m a t i s c h e n  N o r e p i n e p h r i n b i l d u n g  
d u r c h  D P A  u n d  T r y p t a m i n  wurde  bei  e inem p H  yon  5,5 
u n d  d u r c h  A d r e n a l o n  bei  e inem p H  y o n  6,5 fes tges te l l t .  
De r  R e a k t i o n s m e c h a n i s m u s  w u r d e  a n t  G r u n d  d e r  E r g e b -  
nisse erli~utert.  
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