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no  a d d i t i o n a l  p r e c i p i t a t i o n  l ine .  O t h e r  w o r k e r s  h a v e  
s o u g h t  t o  r e fe r  t o  t h e  Sf  200-100  s u b c l a s s  s e p a r a t e l y  as  
v e r y  l o w - d e n s i t y  l i p o p r o t e i n  or  e~- l ipopro te in ;  b u t  i t  h a s  
b e e n  s h o w n  t h a t  t h e  p r o t e i n  m o e i t y  is a n t i g e n i c a l l y  
i d e n t i c a l  t h r o u g h o u t  t h e  l o w - d e n s i t y  l i p o p r o t e i n  x~. 

12 K. W. WALTON, Immun. Chem. 1,267 (1964). 
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Threo-3,4-Dihydroxyphenylserine, a P o o r  S o u r c e  of  N o r a d r e n a l i n e  in  t h e  Rat  

Threo-3,4-Dihydroxyphenylserine ( D O P S )  w a s  f i r s t  
r e c o g n i z e d  as  a p o s s i b l e  i n t e r m e d i a t e  in  c a t e c h o l a m i n e  
b i o s y n t h e s i s  m o r e  t h a n  50 y e a r s  ago x. H o w e v e r ,  d e s p i t e  
ca re fu l  sea rch* ,  ~, i t  h a s  n e v e r  b e e n  i d e n t i f i e d  in  t h e  
o r g a n i s m  a n d  a n y  m a j o r  role  as  a p r e c u r s o r  of  n o r a d r e n -  
a l ine  m u s t  p r o b a b l y  be  d i s c o u n t e d .  N e v e r t h e l e s s ,  as  a 
k n o w n  s u b s t r a t e  of  d o p a  d e c a r b o x y l a s e ,  b o t h  in  v i t r o  4-9 
a n d  in  v i v o  10-1~, D O P S  h a s  b e e n  u s e d  as  a p h a r m a l o g i c a l  
t oo l  to  e f f ec t  a s e l ec t i ve  i nc rease  of  n o r a d r e n a l i n e  in  
a n i m a l  b r a i n  ~a-1L I t  is, in  fac t ,  a n  i n d i f f e r e n t  s u b s t r a t e  fo r  
d e c a r b o x y l a s e  in  v i v o  a n d  r e l a t i v e l y  v a s t  d o s a g e  s c h e d u l e s  
h a v e  b e e n  n e c e s s a r y  to  a c h i e v e  t h e  d e s i r e d  e f fec t .  

A f t e r  D O P A  i n j e c t i o n  in  m a n ,  d o p a m i n e  is e x c r e t e d  
d i r e c t l y  i n to  t h e  u r i n e  is, p r o b a b l y  d e r i v i n g  l a rge ly  b u t  
n o t  e x c l u s i v e l y  f r o m  d i r e c t  r e n a l  d e c a r b o x y l a t i o n .  D O P S  
s e e m s  to  u n d e r g o  a s i m i l a r  fa te ,  b u t  f r o m  t h e  f ew  r e l e v a n t  
d a t a  on  record ,  i t  s e e m s  to  pos se s s  no  m o r e  t h a n  ~/~0 of  t h e  
a b i l i t y  of  D O P A  to  a c t  as  s u b s t r a t e  for  r e n a l  d e c a r b o x y -  
lase  1~. O b s e r v a t i o n s  of  t h i s  t y p e  ~0-~ p r o v i d e  a n  i n d e x  of  
d e c a r b o x y l a t i o n  in  a s ing le  o rgan ,  t h e  k i d n e y  W h e t h e r  
t h e y  c a n  b e  e x t r a p o l a t e d  to  t h e  w h o l e  o r g a n i s m ,  w h e r e  
m o r e  t h a n  one  f o r m  of  t h e  e n z y m e  m i g h t  be  p r e s e n t ,  is 
o p e n  to  s o m e  d o u b t  ~9. I t  t h e r e f o r e  s e e m e d  d e s i r a b l e  to  
o b t a i n  f u r t h e r  i n f o r m a t i o n  c o n c e r n i n g  t h e  deg ree  of  in  
v i v o  c o n v e r s i o n  of  D O P S  to  n o r a d r e n a l i n e .  T h e  p r e s e n t  
e x p e r i m e n t  w a s  t h e r e f o r e  d e v i s e d  in  o r d e r  to  m e a s u r e  
4 - h y d r o x y - 3 - m e t h o x y p h e n y l g l y c o l  ( H M P G ) ,  t h e  m a j o r  
u r i n a r y  m e t a b o l i t e  of  n o r a d r e n a l i n e  in  t h e  r a t  2~ a f t e r  
D O P S  a d m i n i s t r a t i o n .  E x c r e t i o n  of  t h i s  c o m p o u n d  ap -  
p e a r s  t o  r e f l e c t  n o r a d r e n a l i n e  p r o d u c t i o n  m o r e  f a i t h f u l l y  
t h a n  t h a t  o f  o t h e r  m e t a b o l i t e s 2 L  D u r i n g  t h e  cou r se  of  
t h i s  s t u d y ,  e v i d e n c e  of  a w h o l l y  u n e x p e c t e d  m e t a b o l i c  
r o u t e  of  D O P S  d e g r a d a t i o n ,  r e s u l t i n g  f r o m  s i d e - c h a i n  
c l eavage ,  w a s  o b t a i n e d .  

D L - D O P S  (AB Bio tec ,  S t o c k h o l m ,  Sweden )  (100 mg / kg )  
w a s  a d m i n i s t e r e d  i .p.  t o  4 m a l e  (200 g) W i s t a r  r a t s  a n d  
u r i n e  co l l ec t ed  o v e r  ac id  gl for  2 succes s ive  24 h pe r iods .  
C o n j u g a t e s  w e r e  h y d r o l y z e d  a t  pt-I 5 .5-6 .0  b y  i n c u b a t i o n  

a t  37~ o v e r n i g h t  w i t h  suc  d'Helix pomatia ( I n d u s t r i e  
B i o l o g i q u e  F r a n g a i s e ,  92-Gennev i l l i e r s ,  F r a n c e )  a n d  ac ids  
a n d  a lcoho l s  e x t r a c t e d  a t  p H  1 in to  e t h y l  a c e t a t e  (3 • 3 
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Table. Urinary metabolites of DL-threo-3,4-dihydroxyphenylserine (DOPS) in the rat 

Regime Period of urine HMPG Protocatechuic 
collection acid 
(h) ([xg/day) ([zg/day) 

Mean Range 

Vanillic acid Vanillyl alcohol 3, 4-Dihydroxy- 
benzyl alcohol 

(~g/day) ([xg/day) ([xg/day) 

Mean Range Mean Range Mean Range Mean Range 

DOPS 0-24 130 
DOPS 24-48 35 
DOPS + Neomycin 0-24 116 
Control 0-24 38 

109-152 302 274-336 611 474-772 122 108-135 
29- 40 8 6-  10 134 97-164 12 10- 15 
98-137 282 270-294 444 352-501 108 85-138 
32- 42 6 5- 8 49 36 64 Less than 1 

98 67-138 
Less than 2 
84 51-106 
Less than 2 
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voh).  In i t i a l ly ,  t he  e x t r a c t e d  ma te r i a l s  were c h r o m a t o -  
g r a p h e d  t w o - d i m e n s i o n a l l y  on  W h a t m a n  No. 52 p a p e r  
w i t h  i sopropanol -880  a m m o n i a - w a t e r  (8:1:1) a n d  ben-  
zene-acet ic  ac id -wa te r  (125:73:2).  Pheno l i c  c o m p o u n d s  
were de t ec t ed  b y  s p r a y i n g  w i t h  d iazot ized  s u l p h a n i l a m i d e  
and  s o d i u m  ca rbona t e .  

On c o m p a r i s o n  w i t h  u r i n a r y  c h r o m a t o g r a m s  f rom 4 
u n t r e a t e d  con t ro l  rats ,  a p i n k  spot  co r r e spond ing  to 
H M P G  was j u s t  de tec tab le .  Two o t h e r  new spots  were 
a p p a r e n t ,  b o t h  orange.  These  c o - c h r o m a t o g r a p h e d  w i t h  
a n d  gave  t he  same  colour  r eac t ion  as a u t h e n t i c  samples  
of van i l l i c  acid and  van i l ly l  a lcohol  (K & K Labora to r ies ,  
Inc. ,  P la inv iew,  N e w  York) ,  respect ive ly .  Vani l loy lg lyc ine  
could  n o t  be  ident i f ied .  M e a s u r e m e n t s  b y  gas c h r o m a t o -  
g r a p h y  22-24 (Table) showed t h a t  0 .55% of a d m i n i s t e r e d  
D O P S  was excre ted  as H M P G  in  t h e  f i r s t  24 h ;  cor respond-  
ing va lues  of vani l l ic  acid, van i l ly l  alcohol,  3,4-dihy- 
d r o x y b e n z y l  a lcohol  (p repa red  b y  r e d u c t i o n  of p ro to-  
c a t e c h u a l d e h y d e  w i t h  h y d r o g e n  a n d  R a n e y  nickel)  a n d  
p ro toca t echu i c  acid d u r i n g  t h i s  pe r iod  were 3.9%, 0.8%, 
0 .75% and  2 .1%, respec t ive ly .  T he  on ly  o the r  m a j o r  
rne tabo l i t e  n o t e d w a s  3-O-methyl  D O P S  wh ich  was shown  
b y  p a p e r  ch roma tog raphy35 ,  2~ to  a c c o u n t  for approx .  
10% of t he  a d m i n i s t e r e d  dose. U n c h a n g e d  D O P S  i tself  
was  n o t  observed .  A t r ace  (approx.  0 .3%) of 4 -hydroxy-3-  
m e t h o x y m a n d e l i c  acid (VMA) n o t e d  on  p a p e r  c h r o m a t o -  
g r a p h y  of u r ine  f rom D O P S  t r e a t e d  r a t s  could n o t  be  
q u a n t i f i e d  gas c h r o m a t o g r a p h i c a l l y  because  of t he  pres-  
ence of i n t e r f e r ing  subs tances .  I n  t he  s u b s e q u e n t  24 h 
period,  van i l l i c  acid a c c o u n t e d  for a f u r t h e r  0.5% of t he  
dose;  none  of t h e  o the r  m e t a b o l i t e s  was  p r e s en t  in  
increased  c o n c e n t r a t i o n  a p a r t  f r om a t r ace  of van i l ly l  
alcohol.  P r e t r e a t m e n t  of a f u r t h e r  g roup  of 4 r a t s  w i t h  
n e o m y c i n  p r io r  to  g iv ing  D O P S  p roduced  s u b s t a n t i a l l y  
t he  same  u r i n a r y  m e t a b o l i t e  exc re t ion  va lues  as in  t he  
g roup  t r e a t e d  w i t h  D O P S  a lone  (Table).  A d m i n i s t r a t i o n  
of a m i x t u r e  of erythro- a n d  threo-DL-4-hydroxy-3-meth- 
o x y p h e n y l s e r i n e  (p repa red  b y  c o n d e n s a t i o n  of O-ben- 
zy lvan i l t in  w i t h  glycine) (4 ra ts ,  100 mg/kg)  also y ie lded 
u r i n a r y  vani l l i c  acid a n d  van i l ly l  a lcohol  in  a p p r o x i m a t e l y  
t he  s ame  p r o p o r t i o n  a n d  a t  a b o u t  5 t i m e s  g rea te r  concen-  
t r a t i o n  (paper  c h r o m a t o g r a p h y )  as a f t e r  D O P S  t r e a t m e n t .  

The  res idue  f rom t h e  p H  1 e x t r a c t i o n  s tep  was  f u r t h e r  
pur i f i ed  a n d  sub jec t ed  to  p a p e r  c h r o m a t o g r a p h y  for 
a m i n e s  85. An  inc reased  exc re t ion  of n o r a d r e n a l i n e  or 
n o r m e t a n e p h r i n e  could no t  be  iden t i f i ed  in t h e  groups  
rece iv ing  d rug  t r e a t m e n t .  

One su rp r i s ing  f ea tu re  w h i c h  emerged  was t h a t  no t  
more  t h a n  20% of a d m i n i s t e r e d  D O P S  could be  a c c o u n t e d  
for. Of t h i s  to ta l ,  a v e r y  smal l  p r o p o r t i o n  on ly  cons is ted  
of n o r a d r e n a l i n e  me tabo l i t e s .  Thus  i t  would  a p p e a r  t h a t  
a d m i n i s t e r e d  D O P S  is a poor  in  v ivo  s u b s t r a t e  for  D O P A  
deca rboxy la se  in t he  ra t .  

U n e x p e c t e d l y ,  t h e  v e r y  smal l  p r o d u c t i o n  of noradre -  
l ine  f rom D O P S  was qu i t e  o v e r s h a d o w e d  b y  a conve r s ion  
of D O P S  to  van i l l i e  acid a n d  r e l a t ed  c o m p o u n d s  of t he  

order  of 10%. A l t h o u g h  vani l l i c  acid is a k n o w n  b u t  
m i n o r  m e t a b o l i t e  of noradrena l ine~L q u a n t i t a t i v e  con- 
s ide ra t ions  would  a p p e a r  to  p rec lude  such  an  or ig in  in  t he  
p re sen t  series of expe r imen t s .  Vani l l ic  acid a n d  van i l ly l  
a lcohol  p r e s u m a b l y  der ive  f rom van i l l i n  ~s. Th i s  a ldehyde  
m i g h t  conce ivab ly  be fo rmed  f rom a n  u n s t a b l e  ke toac id  
ana logue  of D O P S ,  gene ra t ed  e i t he r  f rom t h e  t r a n s a m -  
i n a t i o n  of L-DOPS or i t s  3 - 0 - m e t h y l a t e d  de r iva t ive ,  or 
f rom t h e  ac t ion  of D-amino acid oxidase  on  D-DOPS.  The  
n e o m y c i n  e x p e r i m e n t  p r o b a b l y  rules  ou t  van i l l i n  p roduc-  
t i on  as a gu t  f lora  p h e n o m e n o n  2,. I t  seems m u c h  more  
likely, however ,  t h a t  i t  resu l t s  d i r ec t ly  f rom the  ac t ion  of 
t he  r e l a t ive ly  l i t t l e  s tud ied  pheny l se r ine -c l eav ing  e n z y m e  
of BRUNS a n d  FIEDLER 3~ 31 on  L-DOPS.  

The  fa te  of b y  far  t he  g rea te r  p r o p o r t i o n  of a d m i n i s t e r e d  
D O P S  r e m a i n s  u n k n o w n .  Because  pheno l i c  c o m p o u n d s  
o t h e r  t h a n  those  n o t e d  above  were a b s e n t  f r o m  chro-  
m a t o g r a m s ,  t h e  poss ib i l i ty  of r ing-f iss ion m u s t  be  
ser ious ly  i nvoked  a~. 

Rdsumd. Chez le ra t ,  les in jec t ions  de DL-thrdo-3,4-di- 
hyd roxyph6ny l s6 r ine ,  u n  p r6cur seu r  p h a r m a c o l o g i q u e  
s y n t h 6 t i q u e  de la  noradr6na l ine ,  p r o v o q u e n t  une  conver -  
s ion de moths  de 1% au 4 - h y d r o x y - 3 - m 6 t h o x y p h 6 n y l -  
glycol,  le m 6 t a b o l i t e  u r ina i r e  m a j e u r  de la no rad r6na l i ne  
dans  ce t te  esp~ce. U n  n o u v e a u  c h e m i n e m e n t  qu i  e n t r a i n e  
une  coupure  la t6ra le  de la  cha ine  p r i t  env i ron  10% de la  
dose e t  u n  au t r e  10% fflt excr6t6 c o m m e  u n  amino -ac ide  
O-m6thyl6 ;  le sor t  de que lque  80% est  inconnu .  
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E n d o t h e l i a l  D e f e c t s  and  B l o o d  F l o w  D i s t u r b a n c e  in  

Defec ts  of a r t e r i a l  e n d o t h e l i u m  h a v e  been  p o s t u l a t e d  
to  p l ay  a n  i m p o r t a n t  role in  a the rogenes i s  since t h e y  m a y  
resu l t  in  a u g m e n t e d  l i pop ro t e in  e n t r y  in to  t h e  a r t e r i a l  
wal l  2, 3. Such  defects  could ar ise  b y  cell i n j u r y  a n d  d e a t h  
w h i c h  are acce le ra ted  in areas  of les ion fo rmat ion .  
Recen t ly ,  pu lsed  in jec t ions  of 3 H - t h y m i d i n e  Combined 
w i t h  a u t o r a d i o g r a p h y  h a v e  been  used to  d e m o n s t r a t e  cell 
t u r n o v e r  ra tes .  These  s tud ies  i nd i ca t e  t h a t  choles terol  

A t h e r o g e n e s i s  1 

feeding leads to  increased  endo the l i a l  cell d iv i s ion  in t he  
ao r t a s  of r a b b i t s  on  l o n g - t e r m  die ts  ~ a n d  of m i n i a t u r e  
swine on  sho r t  t e r m  die ts  5. I n  t h e  l a t t e r  i nves t i ga t i on  
e lec t ron  microscopic  ev idence  of endo the l i a l  cell d a m a g e  
was also encoun te red .  Us ing  a s imi la r  t e c h n i q u e  in 
n o r m a l l y  fed guinea-pigs,  WI~IGHT 6 showed t h a t  50% 
more  m i t o t i c  endo the l i a l  cells were obse rved  a r o u n d  t he  
m o u t h s  of aor t ic  b i fu rca t i ons  t h a n  in t he  v ic in i ty  of non -  


