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I N T R O D U C T I O N  

The work of GURIN AND DELLUVA 1 and more recently that of UDENFRIEND AND 
WYNGAARDEN 2 demonstrated that epinephrine is synthesized in vivo from phenyl- 
alanine. Their experiments as well as those of McGoODALL AND K I R S H N E R  3 and 
KIRSHNER 4 support the hypothesis advanced by BLASCHKO 5 that epinephrine is bio- 
synthesized via a para-hydroxylat ion of phenylalanine to tyrosine; the hydroxylation 
of tyrosine to DOPA; the deearboxylation of DOPA to hydroxytyramine; the 
fl-hydroxylation of hydroxytyramine to norepinephrine and finally the methylation 
of norepinephrine to epinephrine. 

The enzymic alterations of tyrosine to epinephrine have been shown to take place 
in adrenal tissue 3, ~. It might be argued that the initial hydroxylation of phenylalanine 
takes place in liver tissue since phenylalanine oxidase seems to occur only in the liver 6. 

In this communication we will describe some of our observations on the presence 
or large amounts of free phenylalanine in adrenal tissue. The hydroxylation of this 
amino acid by adrenal tissue was studied and the results of this investigation will 
also be described. 

M E T H O D  

B e e f  a n d  s h e e p  a d r e n a l  g l a n d s  w e r e  o b t a i n e d  f r o m  a loca l  a b a t t o i r .  R a b b i t ,  g u i n e a  p ig ,  r a t  a n d  
s p i d e r  m o n k e y  a d r e n a l  g l a n d s  w e r e  o b t a i n e d  f r o m  s t o c k  l a b o r a t o r y  c o l o n i e s .  H u m a n  a d r e n a l  g l a n d s  
w e r e  r e n l o v e d  a t  a u t o p s y  w h i c h  w a s  c a r r i e d  o u t  n o  l a t e r  t h a n  t e n  h o u r s  a f t e r  d e a t h .  T h e  w h o l e  
g l a n d  o r  s e p a r a f e l y  t h e  c o r t e x  o r  m e d u l l a  w e r e  g r o u n d  w i t h  s a n d  a n d  e x t r a c t e d  w i t h  t o  m l  o f  
o .o l  N H ( ' l / g  of  g l a n d .  T h e  e x t r a c t  w a s  c e n t r i f u g e d  a t  2 5 , o o o  x g fo r  V2 h t o  r e m o v e  d e b r i s ,  l "or  
p a t ) e r - c h r o n l a t o g r a p h i c  i d e n t i f i c a t i o n  of  a m i n o - a c i d  c o n s t i t u e n t s  of  a d r e n a l  e x t r a c t s ,  a m e t h o d  
i~ rex ious ly  d e s c r i b e d  w a s  u s e d  7. F o r  c h e m i c a l  d e t e r m i n a t i o n  o f  p h e n y l a l a n i n e ,  t h e  e x t r a c t s  w e r e  
t r e a t e d  w i t h  I O°.i, t r i c h l o r o a c e t i c  a c i d  to  a c h i e v e  d e p r o t e i n i z a t i o n .  T h e  c h e m i c a l  d e t e r m i n a t i o n  
u s e d  w a s  a m o d i f i c a t i o n  of  t h e  m e t h o d  of  KAPELLER-,~DLER s**. T h i s  p r o v e d  t o  b e  a c c u r a t e  t o  5 %  
a n d  m o r e  r e l i a b l e  in o u r  h a n d s  t h a n  t h e  m e t h o d  of  U D E N F R I E N D  AND COOPER 9. 

F o r  h v d r o x v l a t i o n  s t u d i e s ,  f r e s h  b e e f - a d r e n a l  m e d u l l a  s l ices  o . 5 - 1 . o  m m  t h i c k  w e r e  u s e d .  
2oo  t o  4oo  m g  o f - t h e  t i s s u e  s l ices  w e r e  i n c u b a t e d  w i t h  i /tCof O , L - p h e n y l a l a n i n e - 3 J 4 C ,  a n d  t m g  
o l  a s c o r b i c  a c i d .  o .o  3 a t  p h o s t ) h a t e  p i t  7-5 w a s  a d d e d  t o  b r i n g  t h e  w ) l u m e  of  t h e  ves se l s  t o  3 nil.  
All a d d i t i o n s  w e r e  p r e p a r e d  in  t h e  t ) h o s p h a t e  l m t l e r  i m m e d i a t e l y  b e f o r e  use .  I n c u b a t i o n  w a s  

* .%upt)or ted b y  Li fe  I n s u r a n c e  M e d i c a l  R e s e a r c h  F u n d  N o .  G 6 - . 5 5 - 5 4  a n d  U.  S. P u b l i c  H e a l t h  
( ; r a n t  No .  H - 2 6 7 6 .  

** \Ve w i s h  t o  t h a n k  D r .  F .  B.  GOLDSTEIN fo r  s u g g e s t i n g  t h i s  m o d i f i c a t i o n  t o  us .  
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carried out at  37 ° C with shaking for 2 h. The gas phase was air. The flask contents  were depro- 
teinized by adjust ing the pH to 5-3 and boiling for 5 rain. The supernatant  obtained by centrifu- 
gat ion of this  material  was chromatogramed on W h a t m a n  No. I paper. A band of supernatant  
was permit ted to separate in butanol-acet ic  acid water (4 ° : io : 50). Next to the extract,  a mixture 
of phenylalanine,  tyrosine, and ortho-tyrosine was permit ted to separate. When the development 
was complete, this  known mixture was cut, developed with ninhydrin  and with this as a guide a 
fraction was obtained by cut t ing crossways to correspond to the developed strip. This fraction 
was then eluted with 15 ml of o.ooi N HC1 and rechromatographed. This method allowed for 
effective separation of the products of phenylalanine hydroxylation.  The chromatogram was per- 
mit ted to separate with butanol--acet ic  acid-water,  dried and developed with ninhydrin.  A series 
of 0. 5 cm strips were cut across the length of the chromatogram and placed on planchets for deter- 
minat ion of radioactivity.  Radioact ivi ty  was determined using a "Micromil" end window gas 
flow counter. The D,L-phenylalanine-3-14C was obtained from Tracerlab, Incorporated and proved 
to be chromatographical ly pure. Radioautoga'aphs prepared from these chromatograms indicated 
the  presence of a single radioactive substance which could be superimposed with the phenylalanine 
on the  chromatograph.  The ascorbic acid was obtained from Eas tman  Kodak Co. 

RESULTS 

T h e  p a p e r - c h r o m a t o g r a p h i c  i d e n t i f i c a t i o n  of p h e n y l a l a n i n e  in  a d r e n a l  g l a n d s  is g i v e n  

in  T a b l e  I .  

TABLE I 

RF* (B.A.W.) Ninhydrin Diazo. Sul/an.** Radioactive 
Tracer*** 

Phenylalanine 0-55 blue violet fluorescent coextensive 
with color 

Unknown from 
adrenal gland 0.55 blue violet fluorescent coextensive 

with color 

* RF values from ascending chromatograms developed with butanol-acet ic  acid-water.  
** Diazotized sulfanilic acid gives fluorescent spot with long-wave ultraviolet source. 

* * *  Phenylalanine-3-14C admixed with unknown. 

T h e  r e s u l t s  of t h e  q u a n t i t a t i v e  c h e m i c a l  d e t e r m i n a t i o n  of p h e n y l a l a n i n e  in  

a d r e n a l  t i s sue  a r e  g i v e n  in  T a b l e  ! I .  T h e r e  a p p e a r s  to  be  a g r e a t e r  a m o u n t  of p h e n y l -  

a l a n i n e  in  m e d u l l a r y  t i s sue  t h a n  in  c o r t i c a l  t i s sue .  T h e s e  r e su l t s ,  of course ,  d e p e n d  o n  

t h e  a d e q u a c y  of t h e  d i s sec t i on .  W h i l e  i t  was  q u i t e  s i m p l e  to  e x c l u d e  c o r t i c a l  f r o m  

m e d u l l a r y  t i s sue ,  i t  w as  n o t  q u i t e  as  s i m p l e  to  e x c l u d e  m e d u l l a r y  f r o m  co r t i c a l  t i ssue .  

T h i s  m a y  l e a d  to  e r r o n e o u s l y  h i g h  f igures  of p h e n y l a l a n i n e  c o n t e n t  in  t h e  co r t ex .  

W h e n  bee f  a d r e n a l  m e d u l l a  s l ices  we re  i n c u b a t e d  w i t h  14C-labeled p h e n y l a l a n i n e ,  

a s m a l l  a m o u n t  of r a d i o a c t i v e  m a t e r i a l  c o r r e s p o n d i n g  to  t y r o s i n e  a n d  a t r a c e  of ortho- 

t y r o s i n e  a p p e a r s .  W h e n  a s c o r b i c  ac id  was  a d d e d  t o  t h e  i n c u b a t i o n  m i x t u r e ,  a m u c h  

g r e a t e r  a m o u n t  of r a d i o a c t i v e  t y r o s i n e  a n d  ortho-tyrosine c o u l d  b e  i so la t ed .  T h e s e  

a r e a s  of t h e  c h r o m a t o g r a m  were  c u t  ou t ,  e x t r a c t e d  as d e s c r i b e d ,  a d m i x e d  w i t h  t h e  

r e s p e c t i v e  k n o w n  a m i n o  ac id s  a n d  r e c h r o m a t o g r a p h e d .  T h e  i s o l a t e d  r a d i o a c t i v i t y  was  

c o - e x t e n s i v e  w i t h  t h e  color  d e v e l o p e d ,  o n  s p r a y i n g  t h e  c h r o m a t o g r a m  w i t h  n i n h y d r i n ,  
for  t y r o s i n e  a n d  for  ortho-tyrosine. B o i l e d  c o n t r o l  sl ices in  f lasks  c o n t a i n i n g  p r ec i s e ly  

t h e  s a m e  a d d i t i o n s  as  u n b o i l e d  slices,  were  a l m o s t  as  e f f ec t i ve  for  h y d r o x y l a t i o n  of 

t h e  p h e n y l a l a n i n e .  See Fig .  I .  

Re#rences p. 332. 
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T A B L E  I I  

C O N C E N T R A T I O N  O F  F R E E  P H E N Y L A L A N I N E  I N  A D R E N A L  T I S S U E  I N  ~ / g  W E T  W E I G H T  

Cause o] death Concentration o[ 
Species or Age phenylalanine in 

Diagnosis during lile y/g wet weight 
adrenal tissue* 

B e e f  ( w h o l e  g l a n d )  

B e e f  ( c o r t e x )  

B e e f  ( m e d u l l a )  

R a b b i t  ( w h o l e  g l a n d )  

G u i n e a  p i g  ( w h o l e  g l a n d )  

S p i d e r  m o n k e y  ( w h o l e  g l a n d )  

R a t  ( w h o l e  g l a n d )  l 

H u m a n  ( w h o l e  g l a n d )  

- -  - -  553  
_ _  _ _  705  
- -  - -  5 2 0  

_ _  _ _  769  
- -  - -  6 2 2  

_ _  _ _  3 6 4  

- -  - -  4 9 7  
- -  - -  539  
_ _  _ _  4 8 7  
_ _  _ _  3 8 0  

- -  _ _  9 1 4  
_ _  _ _  9 0 4  

- -  - -  9 4 4  
_ _  _ _  lO53  

_ _  _ _  319  
_ _  463  

_ _  _ _  348  
_ _  _ _  273  
- -  - -  261 

- -  - -  2 5 9  
_ _  _ _  331 

- -  - -  3 7 9  
_ _  _ _  3 1 4  
_ _  _ _  3 2 7  

_ _  3 6 0  

- -  - -  2 6 7  
_ _  _ _  2 6 7  

- -  - -  4 9 9  
_ _  4 8 0  

_ _  _ _  154 
- -  - -  2 3 9  
_ _  _ _  1 9 1  

B r a i n  t u m o r  56  I 180  
H e m o r r h a g i c  s h o c k  6 7  1 2 2 8  
C o n g e s t i v e  h e a r t  f a i l u r e  73 9 6 4  
P h e n y l k e t o n u r i a  14 i o i  5 
N e u r o b l a s t o m a * *  4 683  
C i r r h o s i s  o f  l i v e r  42 146o  
C i r r h o s i s  o f  l i v e r * * *  47 830  

* R e p r e s e n t s  a v e r a g e  o f  d u p l i c a t e  d e t e r m i n a t i o n .  A c c u r a c y  t o  5 % .  
** P r i m a r y  i n  o n e  a d r e n a l ;  t h e  o t h e r  a d r e n a l  w a s  u s e d  f o r  p h e n y l a l a n i n e  d e t e r m i n a t i o n .  

*** D i e d  i n  h e p a t i c  c o m a .  

D I S C U S S I O N  

The presence of large amounts of free phenylalanine in adrenal tissue suggests that 
this amino acid plays a role in epinephrine biosynthesis. A further implication of this 

Re#rences p. 332. 
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Fig. i. 

observation is that there exists within this gland some mechanism for phenylalanine 
hydroxylation, or the hydroxylation of some metabolic product of this amino acid 
such as phenylethylamine. That the latter possibility is unlikely has been demonstrated 
by UDENFRIEND who reported that 14C-labeled phenylethylamine was not incorporated 
into epinephrine when injected into rats. On the other hand, he was able to dem- 
onstrate that ]4C-labeled phenylalanine, tyrosine and DOPA did serve as pre- 
cursors of adrenal epinephrine and norepinephrine 2. 

The only tissue thus far demonstrated to contain phenylalanine oxidase has been 
the liver s. In phenylpyruvic oligophrenia, this enzyme is absent and this deficiency 
accounts for the accumulation of phenylalanine in the tissue fluids of these afflicted 
individuals. Nevertheless, UDENFRIEND AND BESSMAN, using 14C-labeled phenyl- 
alanine have found that tyrosine is formed from phen;ylalanine to a small extent by 
these patients ~o. Further evidence that phenylalanine is hydroxylated by these 
patients is supported by the fact that epinephrine biosynthesis takes place 7 and also 
by the appearance in the urine of these individuals of abnormal hydroxylation prod- 
ucts of phenylalanine n. 

The hydroxylation of phenylalanine by adrenal tissue bears a striking analogy 
to the chemical hydroxylating system of UDENFRIEND, et al .  1~ which utilizes ascorbic 
I?e/erences p. 332. 
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acid, ferrous ion, and ethylenediaminetetracetic acid. The adrenal system depends on 
ascorbic acid, undoubtedly contains iron and very effective chelating materials in the 
form of proteins or polypeptides. This system would be expected to carry out non- 
specific hydroxylation and lead to products such as orlho-tyrosine as well as tyrosine. 
The ortho-tyrosine formed, being essentially a by-product in the metabolic sequence, 
would be expected to undergo metabolic degradation to ortho-hydroxyphenylacetic 
acid. Thus the adrenal system might be responsible for the appearance of orlho- 
hydroxyphenylacetic acid in normal urinO a and also account for the appearance of 
ortho-hydroxylated aromatic acids in the urine of phenylpyruvic oligophrenicslL 
D.\LGLIESH la has considered, "That two routes exist for the hydroxylations in aromatic 
amino-acid metabolism, the one specific, the other non-specific and presumably much 
slower". In the absence of the specific liver phenylalanine oxidase, the nonspecific 
adrenal system carries on this essential metabolic function, albeit inadequately. 
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S U M M A R Y  

T h e  adrenal  g lands  of man,  beef, spider m o n k e y ,  rabbit ,  g u i n e a  p ig ,  a n d  s h e e p  c o n t a i n  l a rge  
a m o u n t s  of f l ee  p h e n y l a l a n i n e .  

Beef -adrenal  medul la  is capable  of h y d r o x y l a t i n g  p h e n y l a l a n i n e  b y  a m e c h a n i s m  s u g g e s t i v e  
of the  c h e m i c a l  s y s t e m  of [:DENFRIEND. 

T h e  s igni f icance  of t h e s e  f i nd ings  to  a r o m a t i c  h y d r o x y l a t i o n  p r o d u c t s  found  in  n o r m a l  u r i n e  
and t h o s e  i s o l a t e d  f r o m  t h e  u r i n e  of i n d i v i d u a l s  a t l t i c t e d  w i t h  p l l e n y l p y r u v i c  o l i g o p h r e n i a  is 
d i scus sed .  
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