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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 -  
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b ranch ing  areas. Since regions such as b ranch  orifices, 
curva tures  and b i furca t ions  are known sites of predi lec-  
t ion for atherogenesis ,  p red ic tab le  d i s tu rbances  of blood 
flow in these areas m a y  p lay  a role ill p roduc ing  cell 
damage.  Cholesterol  feeding and  blood flow ins tab i l i ty  
could t h e n  act  synergis t ical ly  to accelerate endothe l ia l  
cell in jury  in favored sites, bu t  it  appears  f rom Wl~mHT'S 
s tudy,  t h a t  such in jury  can resul t  f rom a flow d i s tu rbance  
alone. Ill order  to  ob ta in  fu r ther  in fo rmat ion  on the  
l ikelihood of th is  event ,  we examined  vascular  endo- 
the l ium by  electron microscopy in an ar ter ial  region of 
th is  t ype  where  blood flow d is tu rbances  had  been 
previously  demons t r a t ed .  

Hea ted  wire veloci ty  probes  were inser ted  into ilio- 
aort ic  junct ions  (exper imenta l  areas) and d o w n s t r e a m  in 
the  iliac ar ter ies  (control  areas) of 5 young Yorkshi re  
swine (4 sows and 1 boar,  averaging 30-32 kg b o d y  weight  
each, and  app rox im a te ly  4-6 weeks of age). The probe  
t ips  were advanced  to  less t h a n  1 m m  from the  la tera l  
wall and or iented to  face the  s t reaml ines  or thogonal ly .  
W h e n  placed in the  junct ion ,  t hey  bisected the  obtuse  
angle be tween  abdomina l  aor ta  and iliac ar tery.  Local  
blood veloci ty  signals were recorded on an oscilloscope 
screen af ter  passage t h rough  an anemomete r l inea r i ze r  
circuit  7. Essen t ia l  ag reemen t  in t he  na tu re  of the  records 

Fig. 1. Oscillograph traces of blood velocities and volumetric flow 
rate. Lower = aortic flow rate (200 ml/min). Upper = velocity in 
ilioaortic junction. Disturbed pattern is evidenced by superposition 
of high frequency components on primary (pulse) waveform. Middle 

- -  velocity in iliac artery showing undisturbed 'smooth' patfern. 

was observed in all 5 animals.  Figure l a  is a typ ica l  record 
showing a marked ly  d i s tu rbed  junc t ion  veloci ty  charac-  
ter ized by  high f requency  componen t s  super imposed  on 
the  usua l  pulse wave fo rm as compared  to ' normal '  iliac 
a r t e ry  veloci ty  and aort ic  f low recordings.  

Fol lowing veloci ty  de te rmina t ions  the  animals  were 
al lowed to  recover  and  placed on commerc ia l  swine 
rat ions.  At  10 to  11 m o n t h s  of age (allowing t ime  for 
spon taneous  a therogenic  changes  of the  i n t ima  to  occur s) 
the  endo the l ium of the  cor responding  p robed  areas was 
examined  macroscopical ly  as well as by  convent iona l  and 
eIectron microscopy  af ter  immed ia t e  f ixa t ion  in KAR- 
NOVSKY'S m e d i u m  9. On gross and  l ight  microscopic 
inspect ion  of the  vessels on the  side cont ra la te ra l  to  t h a t  
of p robe  en t ry  (in order  to avoid i n s t r u m e n t a t i o n  art i -  
facts),  lesions were no t  de tec ted ,  emphas iz ing  the  early or 
'p rea therosc le ro t ic '  s tage of the  inves t igat ion.  On ul t ra-  
s t ruc tura l  examina t ion ,  no unusual  cellular changes  were 
found in the  iliac ar ter ies  despi te  ex tens ive  searching.  In  
the  i l ioaortic junct ion ,  however ,  a va r i e ty  of nuclear  and 
cy top lasmic  degenera t ive  a l te ra t ions  were encountered ,  
including to ta l  loss of indiv idual  endbthe l ia l  ceils ac- 
compan ied  by  inflow of p l a sma  into  t he  ar ter ial  wall  
(Figure 2). 

We believe, therefore ,  t h a t  the  higher  cell t u rnove r  ra te  
observed in areas where  blood flow is p re sumed  to be 
d i s tu rbed  does indeed rep resen t  an increased ra te  of 
endothe l ia l  cell degenera t ion  and loss re la ted  to  the  
exis tence  of uns tab le  velocities.  Fac i l i t a ted  en t ry  of lipo- 
p ro te in- r ich  p l a sma  in these  regions could favour  a thero-  
genesis as s t a t ed  by  FRENCH ~. 

Since endothe l ia l  cells are d i rec t ly  exposed to  the  
ad jacen t  s t ream,  a t u rbu len t  fluid s t ruc tu re  m a y  resul t  
in in jury  to the  vessel  l ining in a n u mb er  of ways  ~, ~0. The 
flow d is tu rbances  we have  recorded (Figure 1) are of a 
qual i ta t ive  nature .  Quan t i t a t i ve  s tudies  of veloci ty  
ampl i tudes ,  tu rbu lence  in tens i ty ,  kinet ic  energy and  shear  
stress levels as well as ex p e r i men t a t i o n  concerning the  
ra te  of endothe l ia l  cell regenera t ion  under  d i f fe ren t  
condi t ions  are required for fu r the r  e labora t ion  of the  ceil 
in jury  mechanism.  

Rdsumd. Les observa t ions  faites sur le porc  de Yorkshi re  
m o n t r e n t  que cer ta ines  pe r tu rba t ions  du f lot  sanguin 
normal  se man i f e s t en t  dans  une zone pr6dispos6e au 
d ev e l o p p emen t  de 16sions a th6romateuses  et  sont  ac- 
compagn6es  de per tes  de subs tances  endoth61iales. Cette  
des t ruc t ion  des cellules endoth61iales p e r m e t t r a i t  au 
p lasma  riche en l ipoprot6ines  de p6n6trer  l i b remen t  dans  
la paroi  art6rielle, ce qui favorise l 'ath6rog6nese.  
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Fig. 2. Electron micrograph of the arterial wall from the ilioaortic 
junction, from which the data in Figure 1 was obtained. The surface 
endothelium (E) shows a defect due to the loss of a single cell; 
L, lumen; P, plasma. Defects of this type were found frequently at 
the junction, but not in the iliac artery, despite extensive searching. 
Length of bar = 1 ~xm. " 
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