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o t h e r  species. This  p a p e r  descr ibes  t h e  i so la t ion  and  
iden t i f i ca t ion  of 2 - a m i n o - 3 - h y d r o x y a c e t o p h e n o n e  f rom 
the  ur ine  of rats .  The  b i o s y n t h e t i c  p a t h w a y  b y  wh ich  t he  
c o m p o u n d  is fo rmed  f rom t r y p t o p h a n  was discussed b y  
DALGLIESH 1. 

Isolation and Identification o~ 2-amino-3-hydroxy- 
acetophenone. Male W i s t a r  a lb ino  rats ,  weighing  150 
to 200 g, rece ived  da i ly  for 10 days  600 m g  of L - t r y p t o p h a n  
per  kg  of b o d y  we igh t  b y  i.p. in ject ion.  Ten  24-hour  ur ine  
col lect ions f rom 6 r a t s  (1000 ml) were pooled,  cen t r i fuged  
a n d  f i l tered.  The  f i l t r a t e  was acidif ied to p H  3 w i t h  acet ic  
acid a n d  s h a k e n  w i t h  e thy l  e t h e r - e t h a n o l  (3:1).  The  
organic  phase  was e v a p o r a t e d  to d ryness  u n d e r  n i t rogen .  
The  res idue was dissolved in 100 ml  of 1 N  HC1 a n d  
h y d r o l y z e d  a t  80~ for 1 h u n d e r  n i t rogen  gas. The  
so lu t ion  was a d j u s t e d  to pI-I 3-4  w i t h  sod ium h y d r o x i d e  
a n d  t r e a t e d  w i t h  e t h y l  e ther .  The  e the r  e x t r a c t  was 
w a s h e d  w i t h  0.1% Na~CO a solut ion,  dr ied over  sod ium 
sulfate,  anhydrous ,  and  c o n c e n t r a t e d  in vacuo.  The  s t icky  
d a r k  b r o w n  res idue was dissolved in a smal l  vo lume  of 
dr ied  e the r  a n d  appl ied  to a co lumn  of silicic acid, 1.5 cm 
in d i a m e t e r  and  9 cm long, wh ich  was t h e n  e lu ted  b y  
30 ml  of dr ied e the r  free f rom peroxide.  The  e lua te  was 
e v a p o r a t e d  to d ryness  u n d e r  n i t rogen .  The  res idue was 
dissolved in a smal l  Volume of m e t h a n o l  and  pa r t i a l ly  
pur i f ied  b y  ascend ing  p a p e r  c h r o m a t o g r a p h y .  W h a t m a n  
No. 3 MM pape r s  were used w i t h  t he  so lven t  sys t em of 
!VfAsON a n d  BERG e Conta in ing 1 ml  of glacial  acet ic  acid 

Results of paper and thin layer chromatography of the product with 
authentic sample 

Product Synthesized 

Paper chromatography 
Mason-Berg with 1% acetic acid, Rf 0.91 0.91 
n-Butanol-acetic acid-water 
(4:1:1), Rf 0.88 0.88 

Thin layer chromatography 
Ethylacetate-isopropanol-28 % 
ammonia water (9 : 6 : 4), Rf 0.88 0.88 
Chloroform-ethylaeetate- 
formic acid (60 : 40 : 1), Rf 0.72 0.72 

Fluorescence at 3650 A Greenish blue Greenish blue 
Diazotized stilfanilic acid Pink orange Pink orange 
Ekman's reagent Purple Purple 
Ehrlich's reagent Pink orange Pink orange 
Absorption maxima at ph 7.0 233 233 
(nm) 270 270 

378 378 

Whatman No. 3 MM filter paper. 

pe r  100 ml  of solvent ,  n - B u t a n o l - a c e t i c  ac id -wa te r  (4:1 : 1) 
was also used. The  f luorescen t  a rea  co r r e spond ing  to  
2 - a m i n o - 3 - h y d r o x y a c e t o p h e n o n e  of t he  c h r o m a t o g r a m s  
was cu t  ou t  and  t r e a t e d  w i t h  m e t h a n o l : e t h e r  (1:2) to  
e x t r a c t  t he  f luorescen t  mate r ia l .  The  e x t r a c t  f rom p a p e r  
s t r ips  was c o n c e n t r a t e d  in vacuo.  The  res idue  was f u r t h e r  
pur i f ied  b y  t h i n - l a y e r  c h r o m a t o g r a p h y .  T h i n  layers  of 
silica gel G (Merck, D a r m s t a d t ,  G e r m a n y )  were p r e p a r e d  
on  glass pla tes .  The  so lven t  sys t ems  of e t h y l a c e t a t e -  
i sop ropano l -28% a m m o n i a  w a t e r  (9 :6 :4 )  a n d  chloro-  
f o r m - e t h y l a c e t a t e - f o r m i c  acid (60 : 40 : 1) were used. The  
deta i l s  of t h i n - l a y e r  c h r o m a t o g r a p h y  h a v e  a l r eady  been  
descr ibed 3,i. The  isola ted m a t e r i a l  was  pu re  on b o t h  
t h i n - l a y e r  and  p a p e r - c h r o m a t o g r a m s .  

The comparison o/the new compound/tom rat's urine with 
authentic sample. The  isola ted c o m p o u n d  h a d  1RI va lues  
iden t ica l  w i t h  s y n t h e t i c  2 - a m i n o - 3 - h y d r o x y a c e t o p h e n o n e  
in t he  var ious  so lven t  sys tems  used for p a p e r  and  t h i n -  
layer  c h r o m a t o g r a p h y  (Table).  W h e n  spots  of n a t u r a l  a n d  
s y n t h e t i c  2 - a m i n o - 3 - h y d r o x y a c e t o p h e n o n e  were snb j ec t ed  
to  t he  color reac t ions  of E k m a n ' s  r e agen t  5, d iazo t ized  
sulfani l ic  acid (DSA) 6 and  E h r l i c h ' s  r e agen t  5, iden t i ca l  
color d e v e l o p m e n t  was o b t a i n e d  w i t h  b o t h  n a t u r a l  and  
s y n t h e t i c  samples ,  w i t h  a b s o r p t i o n  m a x i m a  a t  233, 270 
and  378 n m  in me thano l .  W h e n  t he  isola ted c o m p o u n d  
was c o n v e r t e d  to a vola t i le  de r iva t i ve  w i t h  d i a z o m e t h a n e  
a n d  t r i f lnoroace t ic  a n h y d r i d e  and  ana lyzed  b y  gasl iquid  
c h r o m a t o g r a p h y  accord ing  to t he  m e t h o d  descr ibed  
before  7, the  r e t e n t i o n  t i m e  of t he  vola t i le  d e r i v a t i v e  of 
the  isola ted c o m p o u n d  was i nd i s t i ngu i shab le  w i t h  t h a t  
of t h e  vola t i le  d e r i v a t i v e  (2 - t r i f luoroace thy lamino-3-  
m e t h o x y a c e t o p h e n o n e )  of a u t h e n t i c  sample .  

Zusammen/assung. 2 - A m i n o  - 3 - h y d r o x y a c e t o p h e n o n  
wurde  aus  R a t t e n h a r n  n a c h  V e r a b r e i c h n n g  yon  L-Trypto-  
p h a n  isoliert  u n d  ident i f iz ier t .  
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Effects of Estradiol on the in vitro Incorporation of Acetate-l-14C and Choline-l,2-14C into the 
Phosphol ipids  of Human Peripheral Arteries 

Synthes i s  of t o t a l  phospho l ip ids  b y  t he  h u m a n  a r te r ia l  
wal l  ha s  been  d e m o n s t r a t e d  in v ivo  f rom phospha te -32p  1 
a n d  in v i t ro  f rom acetate-14C2,3; r ecen t ly  t he  syn thes i s  
of t he  i n d i v i d u a l  phospho l ip id  classes in  h u m a n  ar te r ies  
has  been  i n v e s t i g a t e d  ~. 

Es t rogen ic  h o r m o n e s  h a v e  b e e n  shown  to increase  
phospho l ip id  syn thes i s  in  l iver  ~, u t e r u s "  and  h u m a n  and  
can ine  a r t e r i a l  i n t i m a s L  E s t r o g e n  t r e a t m e n t  in  h u m a n s  
specif ical ly increases  s e rum lec i th in  levels s, and  in r a t s  

specif ical ly increases  t he  lec i th in  species c o n t a i n i n g  s tear ic  
and  a rach idon ic  acids 9. 

The  p r e sen t  s t u d y  is a p r e l i m i n a r y  i n v e s t i g a t i o n  in to  
the  effects of es t rad io l  on  t h e  i n c o r p o r a t i o n  of p recursors  
in to  t he  i nd iv idua l  phospho l ip ids  a n d  phospho l ip id  f a t t y  
acids of h u m a n  pe r iphe ra l  ar ter ies .  

Material and methods. A b o v e  t he  knee  a m p u t a t e d  legs 
were o b t a i n e d  i m m e d i a t e l y  a f t e r  surgery,  a n d  t he  d i s ta l  
f emora l  a r t e r y  a n d  pop l i t ea l  and  t ib i a l  a r te r ies  d issec ted  
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free. Ten  spec imens  were ob ta ined ,  all of which  were 
f rom male  pa t i en t s ,  ages 60-80 a n d  all of which  showed  
a d v a n c e d  occlusive a therosc le ro t ic  changes .  T he  ar te r ies  
were freed of a d v e n t i t i a  and  incized l ong i tud ina l l y  down 
the  midd le ;  one-hal f  was p laced  in an  isotonic  Krebs-  
R inge r  p h o s p h a t e  buf fe r  so lu t ion  w i t h  glucose, a n d  t he  
o the r  ha l f  in t he  same so lu t ion  con ta in ing  in add i t i on  
estradiot ,  10-~M.  Af te r  add i t i on  of 20 ac of e i the r  ace ta te -  
1-'4C or chol ine-I ,  2-*~C (Nuclear  Chicago, b o t h  ad ju s t ed  
to specific a c t i v i t y  of 1.03 m e / m M )  to each, t he  flasks 
were i n c u b a t e d  for 4 h  in a n  a i r  a t m o s p h e r e  a t  37.5~ 
in a D u b n o f f  me tabo l i c  s hak i ng  incuba to r .  5 i ncuba t i ons  
were done  per  c a t a g o r y  (acetate-a~C control ,  ace ta t e -  
t~C + estradioI,  choline-14C control ,  cho l ine -~C4-  es t ra-  
diol). Ca rbon  dioxide  was col lected in a cen te r  well 
c o n t a i n i n g  20% N a O H ,  and  t h e  ~CO~ r a d i o a c t i v i t y  
d e t e r m i n e d  as p rev ious ly  descr ibed ~0 

W a s h i n g  the  t issues free of r ad ioac t ive  precursor ,  
e x t r a c t i o n  of t he  lipids, and  isola t ion  of t he  m a j o r  
phospho l ip ids  by  t h i n  layer  c h r o m a t o g r a p h y ,  phos-  
phorous  analys is  a nd  r a d i o a c t i v i t y  d e t e r m i n a t i o n s  were 
all done  as p rev ious ly  descr ibed  ~~ 

Pe rcen t ages  of t he  m a j o r  f a t t y  acids and  specific radio-  
ac t iv i t i es  of ~he p h o s p h a t i d y l  chol ine  f a t t y  acids a f t e r  
i n c u b a t i o n  of t he  ar te r ies  w i t h  t h e  a c e t a t e - ~ C  were 
d e t e r m i n e d  b y  gas c h r o m a t o g r a p h i c  analys is  and  col- 
lec t ion of f a t t y  acids, and  l iquid  sc in t i l l a t ion  count ing ,  
all  as p rev ious ly  descr ibed  ~~ Of t he  f a t t y  acids, on ly  
pa lmi t ic ,  s tear ic  a n d  oleic acids h a d  suff ic ient ly  h igh  
a c t i v i t y  for  accu ra t e  col lect ion and  count ing .  

P robab i l i t i e s  t h a t  obse rved  differences  in t he  d a t a  were 
due  to chance  were ca lcu la ted  b y  t he  /-test ,  and  on ly  
those  differences where  P <  0.05 h a v e  been  cons idered  
s ignif icant .  

Results  and discussion. T he  a m o u n t s  of t h e  m a j o r  
i nd iv idua l  phospho l ip ids  in mg/g  d r y  weight  of ar ter ies  

S.D. were as follows: s p h i n g o m y e l i n  2.44-  0.5, phos-  
p h a t i d y l  chol ine  3.5 • 0.8, p h o s p h a t i d y l  ser ine 1.3 :~ 0.2, 
p h o s p h a t i d y l  e t h a n o l a m i n e  1 .9 :L0 .4 ;  i n c u b a t i o n  w i t h  
es t rad io l  h a d  no s ign i f ican t  effect  on  these  amoun t s .  

The  a m o u n t s  of ~CO~ evolved  du r ing  t he  i ncuba t i ons  
in  D P M / m g  d ry  wt.  of a r t e r y  were as follows: ace ta t e -  
~C + n o  es t rad io l  1750 ~ 162; a c e t a t e - 1 4 C +  es t radiol  
1670 4- 144; cho l ine -~C 4- no es t rad io l  106 4- 13; chol ine-  
~C + es t rad io l  95 4- t l .  

The  specific ac t iv i t i es  of t he  maj  or a r te r ia l  phospho l ip id  
classes a f t e r  i n c u b a t i o n  w i t h  a c e t a t e - ~ C  or choline-l~C, 
w i t h  or w i t h o u t  es t radio]  added,  are ind ica t ed  in Tab le  I. 
Chol ine-~C appea red  to  be i nco r po r a t ed  to a g rea te r  
e x t e n t  t h a n  t h e  ace ta te -~C.  Th i s  m a y  h a v e  been  pa r t i a l l y  
due  to t he  lesser ava i l ab i l i t y  of s u b s t r a t e  due  to t he  more  
r ap id  ox ida t i on  of a ce t a t e  to CO~, to  t h e  g rea te r  ut i l iza-  

t ion  of ace t a t e  b y  o the r  p a t h w a y s  as c o m p a r e d  to t h e  
more  select ive u t i l i za t ion  of chol ine for phospho l ip id  
synthes is ,  or to  t he  u t i l i za t ion  of p re - fo rmed  glycer ides  
r a t h e r  t h a n  newly  syn thes ized  fatky acids for phospho -  
l ipid synthes is .  

Acetate-~4C inco rpo ra t ion  was g rea tes t  in to  t he  phos-  
p h a t i d y l  chol ine  f ract ion,  and  es t rad io l  added  to t he  
med ia  s ign i f ican t ly  increased  i nco rpo ra t i on  on ly  i n to  
p h o s p h a t i d y l  choline. I n c o r p o r a t i o n  i n t o  p h o s p h a t i d y l  
e t h a n o l a m i n e  was s l ight ly  reduced  b y  estradiol .  

In  Tab le  I I  are shown  the  specific ac t iv i t i es  of the  
f a t t y  acids of p h o s p h a t i d y l  chol ine  which  i nco rpo ra t ed  
suff ic ient  acetate-l*C for accu ra t e  count ing .  Pa lmi t i c  
acid i nco rpo ra t ed  b y  far  t he  h ighes t  a m o u n t  of p recursor  
in  b o t h  groups.  E s t r a d i o l  added  to  t h e  med ia  a p p e a r e d  
to s ign i f i can t ly  increase  i nco rpo ra t i on  of acetate-~4C in to  
pa lmi t i c  acid only.  The  pe rcen tages  of the  i nd iv idua l  
p h o s p h a t i d y l  chol ine  f a t t y  acids were:  pa lmi t i c  3 5.2 4- 3.6, 
s tear ic  6.5 4- 0.9, oleic 19.6 4- 2.3, l inoleic 12.0 4- 1.8, and  
a rach idon ic  16.7 • 3.0. These  p ropor t ions  were no t  sig- 
n i f i can t ly  af fected b y  i n c u b a t i o n  w i t h  estradiol .  

The  d e m o n s t r a t i o n s  in these  exper inaents  of specific 
increases  in  i nco rpo ra t i on  of acetate-~*C in to  t he  phos-  
p h a t i d y l  chol ine  f rac t ion  of h u m a n  pe r iphe ra l  ar ter ies ,  
and  also increased chol ine-~C inco rpo ra t i on  in to  these  
ar ter ies  induced  b y  es t rad io l  are s imi la r  to  t he  obse rved  
effects of es t rad io l  on u t e r ine  phospho l ip id  a n d  f a t t y  
acid syn thes i s  p rev ious ly  r epo r t ed  a,~,a~. The  e n h a n c e d  
inco rpo ra t ions  i nduced  b y  es t rad io l  in t h e  p re sen t  experi-  
m e n t s  m a y  h a v e  been  an  add i t i ve  resu l t  of increased  de 
novo  f a t t y  acid syn thes i s  and  a s t i m u l a t i o n  b y  es t rad io l  
o f i n c o r p o r a t i o n  of the  f a t t y  acid, chol ine a n d / o r  phos-  
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Table I. Specific activities of human arterial phospholipids after incubation with acetate-l-l~C or choline-l,2A4C, with and without estradiol~ 

Acetate-l-14C Choline-i, 2-14C 

No estradiol Estradiol No estradiol Estradiol 

Sphingomyelin 360 :t= 64 440 ~: 77 820 :L 67 1,260 :J= 140 

Phosphatidyl choline 1,450 • 130 2,310 ~ 250 18,250 -t: 1,100 27,900 ~ 1,580 

Phosphatidyl serine 1,710 ~- 182 1,530 ~: 125 1,150 :j: 99 1,040 i 124 

Phosphatidyl ethanolamine 1,480 :j: 131 1,020 -t= 104 1,230 J: 85 1,180 :t= 130 

DPM/mg phospholipid i S.D. 
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Table II. Specific activities of human arterial phosphatidyl choline 
palmitic, stearic and oleic acids after incubation with acetate-l-l~C, 
with and without estradiol~ 

No estradiol Estradiol 

16:0 2,450~260 4,300• 
18:0 620•  560--116 
18:1 270•  54 225~_ 70 

DPM/mg fatty acid~:S.D. 

p h a t e  p recursors  in to  p h o s p h a t i d y l  choline.  The  de te rmi -  
n a t i o n  of the  exac t  s tage of p h o s p h a t i d y l  chol ine  syn-  
thes is  wh ich  is a f fec ted  b y  es t rad io l  will requi re  f u r t h e r  
s t u d y  la. 

14 This investigation was supported by Grant No. 5ROI-HE-10172 
from the National Heart Institute, U.S.P.H.S. 

Zusammen/assung. Bei  B e b r f i t u n g  von  Ar t e r i en  in 
G e g e n w a r t  yon  C)stradiol wurde  der  E i n b a u  v o n  laC- 
A z e t a t  und  14C-Cholin in P h o s p h a t i d y l c h o l i n  deu t l i ch  
v e r m e h r t .  
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Inhibi t ion  of P h o s p h o l i p a s e  A by a Natura l ly  Occurr ing  Pept ide  in Bothrops V e n o m s  

Compared  w i t h  o the r  snake  venoms,  the  ac t i v i t y  of 
phospho l ipase  A (EC 3.1.1.4.) in t he  v e n o m s  of Bothrops 
species (e.g. B. neuwiedii (Argen t ine  and  Brazi l ian) ,  
B. ]araraca, B. jararacussu, B. atrox) is r e la t ive ly  weak1. 
F u r t h e r m o r e ,  w i t h  these  v e n o m s  t he  e n z y m e  a c t i v i t y  
shows a cha rac t e r i s t i c  lag-per iod  (15-18 min) ,  wh ich  can  
be  obse rved  e i the r  w i t h  egg-yolk l i popro te in  1, e o r  w i t h  
pure  son ica ted  p h o s p h a t i d y l c h o l i n e  3 as subs t ra te .  The  
resu l t s  r epo r t ed  here  show t h a t  b o t h  t he  a p p a r e n t  inac-  
t i v i t y  of t he  e n z y m e  and  t he  lag-effect  are due  to a 
pep t ide  inh ib i to r ,  n o r m a l l y  p r e s en t  in Bothrops v e n o m s  
which,  u n d e r  well  def ined m e d i u m  condi t ions ,  is h igh ly  
effect ive  on  phospho l ipase  A. I t  m u s t  be  recal led t h a t  
HABERMANN 4 h a d  a l r eady  p o s t u l a t e d  t he  role of a n a t u r a l  
i n h i b i t o r  as cause  of  the  in i t i a l ly  low ac t i v i t y  of phospho-  O.ZO 
l ipase A in t he  v e n o m  of Crotalus d. terrificus. 

V e n o m  e n z y m e  a n d  i n h i b i t o r  can  be  s epa ra t ed  b y  a 
f r a c t i o n a t i o n  p rocedure  which,  briefly,  consis ts  of t h e  
fol lowing s teps :  a) two gel - f i l t ra t ions  on  Sephadex  G-50 
at p H  4.5; b) c h r o m a t o g r a p h y  on S E - S e p h a d e x  C-25 a t  0.15 
p H  4.5 w i t h  concave  g r ad i en t  e lu t ion  and  c) ge l - f i l t ra t ion  
on  S e p h a d e x  G-25 a t  p H  7.4. F igure  1 p resen t s  a t yp i ca l  =~ 
e lu t ion  p a t t e r n  for Step  3. P e a k  Fe, e lu ted  w i t h  the  vo id  
volume,  c o n t a i n e d  e n z y m e  a c t i v i t y  b u t  d id  no t  show lag. ~ 0.10 
The  t o t a l  phospho l ipase  a c t i v i t y  recovered  in peak  Fe 
was 275 % of t h a t  m e a s u r e d  in t he  or ig inal  v e n o m  sample .  
The  second, inc luded  peak  F~ ( K ~ - v a l u e  = 0.252) was =N 
e n z y m a t i c a l l y  i nac t ive  b u t  i ts  add i t i on  to F~ p rovoked  < 
b o t h  a s t rong  inh ib i t i on  of t h e  e n z y m e  and  a lag wh ich  0.05 
r e sembled  t h a t  obse rved  5 w i t h  t he  crude  v e n o m  (Figure 1 ; 
uppe r - r i gh t  corner) .  F u r t h e r  pur i f i ca t ion  of F~ on D E A E -  
cellulose a t  p H  7.6, w i t h  l inear  or concave  : g r ad i en t  
e lu t ion  (step 4 of phospho l ipase  A pur i f ica t ion)  y ie lded 
2 e l ec t rophore t i ca l ly  hom ogeneous  f rac t ions  w i t h  specific 0 
ac t iv i t i es  62- and  54-fold higher ,  respect ively ,  t h a n  t he  
c rude  venom.  The  pure  phospho l ipase  f rac t ions  were also 
s t rong ly  i n h i b i t e d  b y  F,. 
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Pur i f i ca t ion  of F ,  b y  c h r o m a t o g r a p h y  on S E - S e p h a d e x  
a t  p H  4.5 (concave g r ad i en t  elut ion) ,  b y  p a p e r  electro-  
phores is  or b y  p a p e r  c h r o m a t o g r a p h y  yie lded a n i n h y d r i n -  
r eac t ing  mate r ia l .  JF~ lost  i ts  i n h i b i t o r y  a c t i v i t y  a f t e r  
t r e a t m e n t  w i t h  t r y p s i n  or acid hydro lys i s  (10NHC1) .  
P a p e r  c h r o m a t o g r a p h y  of t he  h y d r o l y s a t e  y ie lded severa l  
a m i n o  acids, wh ich  is cons i s t en t  w i t h  t he  pep t ide  n a t u r e  
of F,. Af te r  th i s  work  was comple ted  a s imi la r  pep t ide  
i n h i b i t o r  has  been  r epo r t ed  b y  BRAGANZA et  a12 in Naya 
naja v e n o m  (faro. Elapidae) .  
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Fig. 1. Separation of phospholipase A and its inhibitor by gel- 
filtration on Sephadcx G-25 (step 3 of the purification procedure). 
The column (20.5• gel-bed volume, 53.5 ml) was equi- 
librated with 1 mM EDTA, 5 mM phosphate-Tris buffer pH 7.4, 
at 0-2 ~ The sample (2.2 ml, 248 m-units of A2s 0 per ml) was applied 
to the column and eluted with the equilibration buffer. 2.7 ml frac- 
tions were collected at a flow rate of 2.3 ml/h. 0, absorbance at 
280nm; A, phospholipase specific activity measured with the 
turbidimetrie method 1. At the right, upper corner, inhibition of F e 
by F,. The curves represent the phospholipase activity of 0.14 mg 
of F e preincubated 5 Illin at 0 ~ with buffer (curve A) or with 0.56 
(curve B) and 1.13 (curve C m-units A2s 0 of F ,  


