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On t he  bas is  of these  obs e r va t i ons  we sugges ted  sb t h a t  
t he  F e ( I I ) - i n d u c e d  i somer iza t ion  1 -+2  m i g h t  serve as a 
mode l  for t he  t r a n s f o r m a t i o n  of t he  p r o s t a g l a n d i n  
endoperox ides  to  t he  P G E ' s  in  v ivo  u n d e r  t he  inf luence  
of F e ( I I ) - b a s e d  e n z y m e  sys t ems  as s h o w n  in t he  f i rs t  
row of Scheme  I I .  T he  lower  p a r t  of t he  Scheme  a d u m -  
b r a t e s  our  sugges t ion  for t he  b iosyn thes i s  of P G X  and  
t h e  t b r o m b o x a n e s ,  us ing  as a model  t he  2 o the r  r eac t ions  
of endoperox ides  induced  b y  the  F e ( I I ) - F e ( I I I )  r edox  
s y s t e m  which  h a v e  been  discussed in t h e  p reced ing  
p a r a g r a p h s .  
T h u s  in t he  a n i o n  rad ica l  C, p roduced  b y  one-e lec t ron  
r e d u c t i o n  of P G H  2, an  a l t e r n a t i v e  to  o x i d a t i o n  to P G E  
is a t t a c k  b y  t h e  C-9 oxyrad ica l  on t h e  doub le  b o n d  of 
t h e  side cha in  a t t a c h e d  to  C-9 in a m a n n e r  ana logous  
to  t h e  r eac t ion  A - + B  of Scheme  I. Th i s  is c o n s i s t e n t  

w i th  t he  a l t e r a t i o n  of double  b o n d  g e o m e t r y  (c is-+trans) .  
S u b s e q u e n t  ox ida t i on  b y  t h e  e n z y m e - b a s e d  r edox  sys t em 
would  exp la in  t he  f o r m a t i o n  of P G X .  
T h r o m b o x a n e  b io syn thes i s  requi res  c leavage  of t he  11, 
12-bond of a p recurso r  de r ived  f rom PGH~ 4, ~, 10. This  can  
be  r a t iona l i zed  b y  i nvok ing  one-e lec t ron  r e d u c t i o n  of 
P G H ,  to t he  isomeric  an ion  rad ica l  D whose  f r a g m e n t a t i o n  
(ar rows)  a n d  s u b s e q u e n t  ox ida t i on  b y  t he  e n z y m e - b a s e d  
r edox  s y s t e m  is ana logous  to  t he  loss of a n  i sopropy  ! 
g roup  (and ox ida t i on  of t h e  la t te r )  e x h i b i t e d  b y  d ihydro -  
ascar idole  on  t r e a t m e n t  w i t h  FeSO4 is. The  c i r c u m s t a n c e  
t h a t  r ing  c leavage  leads to  an  allylic rad ica l  m a y  con-  
ce ivab ly  ass i s t  t he  mode  of f r a g m e n t a t i o n  of D. The  
s u b s e q u e n t  s teps  lead ing  to  t h r o m b o x a n e  A 2 a n d  A a are 
se l f -exp lana tory .  
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R e d u c t i v e  d e c h l o r i n a t i o n  of c h l o r o b i p h e n y l o l s  by rat s  

M. Th.  M. Tu lp  1, W. A. B r u g g e m a n  a n d  O. H u t z i n g e r  
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Summary. D e c h l o r i n a t e d  p r o d u c t s  were i so la ted  f rom the  ur ine  of r a t s  t h a t  were a d m i n i s t e r e d  ch lorobiphenylo ls ,  
t he  p r i m a r y  h y d r o x y l a t e d  m e t abo l i t e s  of PC B in m a m m a l s ,  The  m e c h a n i s m  of chlor ine  loss f rom ch lo rob ipheny lo l s  
is d i f fe ren t  f rom th e  m e c h a n i s m  of dech l o r i na t i on  v ia  a rene  oxides  w h e r e b y  c o n c o m i t a n t  h y d r o x y l a t i o n  is a lways  
observed .  

A l t h o u g h  ex tens ive  me tabo l i c  dech l o r i na t i on  is k n o w n  to 
occur  w i t h  c o m p o u n d s  in wh ich  ch lor ine  is n o t  b o u n d  
to a n  a r o m a t i c  carbon*,  t h i s  r eac t ion  is m u c h  less impor -  
t a n t  in a r o m a t i c  ch lor ine  c o m p o u n d s  3. The  poss ib i l i ty  
of r e d u c t i v e  d e c h l o r i n a t i o n  of a n  a r o m a t i c  ch lor ine  com-  
p o u n d  was  f i r s t ly  r e p o r t e d  in 1973 * for  h e x a c h l o r o b e n z e n e  
(HCB),  a n d  r ecen t l y  u n a m b i g u o u s l y  d e m o n s t r a t e d  : p e n t a -  
ch lo robenzene ,  t e t r a c h l o r o b e n z e n e  a n d  a n u m b e r  of 

po lych lo ropheno l s  were found  as m e t a b o l i t e s  f rom H C B  
in r a t s  s, ~. Th i s  r educ t i ve  d e c h l o r i n a t i o n  was shown  to 
be  ca t a lysed  b y  an  e n z y m e  loca ted  in t he  mic rosoma l  
f r ac t ion  of l iver,  lung,  k i d n e y  and  i n t e s t i ne  5. 
R e d u c t i v e  dech lo r ina t i on  of po lych lo r i na t ed  b ipheny l s  
(PCB) is k n o w n  on ly  as a p h o t o c h e m i c a l  p a t h w a y L  All 
d o c u m e n t e d  cases of me tabo l i c  ch lor ine  loss f rom PCB 
invo lve  c o n c o m i t a n t  h y d r o x y l a t i o n  v ia  an  a r ene  oxide 
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i n t e r m e d i a t e  3,s. Dur ing  a s t u d y  on the  me tabo l i sm of 
4 ,4"-dichlorobiphenyl  in ra t s  9, we recent ly  de tec ted  4'- 
ch loro-3-biphenylol  as minor  metabol i te .  This c o m p o u n d  
was  also found  in t he  urine of ra ts  af ter  feeding 4,4'-  
d ichloro-3-biphenylol ,  the  ma jo r  metabol i t e  of 4,4'- 
d ich lo rob ipheny l  in th is  animal.  Such a metabol ic  reac-  
t ion canno t  be expla ined  by  an arene oxide mechan i sm 
b u t  suggests  d i rec t  metabol ic  dechlor inat ion.  
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Cumulative relative urinary excretion 7 days after an oral dose 
of 100 mg/kg 

Compound Unchanged Hydroxylated Deehlorinated 
compound* metabolites metabolites 
(%) (%) (%) 

1 16 72 12 
2 37 56 7 
3 70 25 5 
4 64 21 15 

*Percentages were calculated from peak areas in the total ion 
chromatogram. 

In  th i s  s t u d y  wi th  4 s t ruc tu ra l ly  re la ted  compounds  (all 
have  a chlorine a t o m  in the  o r tho  posi t ion to a h y d r o x y  
group),  we show t h a t  such deehlor ina t ion  react ions  are 
a p p a r e n t l y  more  common.  
Materials and methods. 4,4 ' -Dichloro-3-biphenylol ,  4,4'- 
d ichloro-3,3 ' -biphenyldiol ,  3-chloro-4-biphenylol  and  2,6- 
dichloropheltol  of h igh p u r i t y  (99.9% b y  GC-MS), were 
dissolved in p e a n u t  oil (oleum arachidis) and  admin is te red  
orally to  male  Wis ta r  r a t s  as a single dose of 100 Ing/kg. 
The animals  were housed in indiv idual  metabol ic  cages 
and suppl ied  wi th  wa te r  and  food ad l ib i tum dur ing  the  
expe r imen ta l  per iod of 7 days.  Faeces and  ur ine were 
collected separa te ly  in 4 N sulphuric  acid to  p r e v e n t  
microbial  me tabo l i sm af ter  excret ion.  Isolat ion,  purif ica-  
t ion and me thy l a t i on  of the  metabo l i t e s  were p e r f o r m e d  
as descr ibed 9,1~ We  used a H e w l e t t - P a c k a r d  5982 A 
GC-MS sys t em opera t ing  in the  E l  mode  a t  70 eV, 
equ ipped  wi th  an 0.4 • 180 cm all glass column,  packed  
wi th  0.2% Carbowax  20 M on Chromosorb  W 100-120 
mesh.  S ta r t ing  mate r ia l  and  the  me t h y l  e thers  of the  
metabo l i t es  were syn thes ized  by  reac t ing  an aniline wi th  
amyl  n i t r i te  in the  presence  of an excess of a romat ic  
r e a c t a n t  lo-13. 
Results and discussion. GC-MS inves t iga t ion  of the  
m e t h y l a t e d  urine ex t rac t s  showed t h a t  4,4"-dichloro-3- 
b iphenylo l  ( compound  1, see scheme),  4,4 ' -dichloro-3,3 ' -  
b iphenyld io l  (compound 2), 3-chloro-4-biphenylol  (com- 
p o u n d  3) and 2,6-dichlorophenol  (compound 4) were 
dech lor ina ted  to  form 4 ' -chloro-3-biphenylol  ( l a ) ,  4- 
ch loro-3 ,Y-biphenyldio l  (2a),  4-biphenylol  (3a) and 2- 
chlorophenol  (4a) respect ively .  
Loss of chlorine in c o m p o u n d s  I a to 4 a  was ev iden t  f rom 
the  change  in t he  specific isotope clusters  of the  molecular  
ions. The pos i t ion  of the  h y d r o x y  groups  in these  com- 
pounds  was clear f rom the  specific f r ag men t a t i o n  p a t t e r n s  
of the i r  me t h y l  e thers  ~, 10,13, and  was fu r the r  ascer ta ined 
by  synthes is .  In  all cases the  dech lor ina ted  p roduc t s  were 
minor  metabo l i t e s  (see t ab l e ) - and ,  excep t  for 2 a ,  could 
only  be de tec ted  in the  urine.  
Since d i rec t  dechlor ina t ion  p ro d u c t s  were never  observed 
in s tudies  wi th  ch lorob iphenyls  3, i t  seems t h a t  a h y d r o x y  
group in the  a romat ic  nucleus  is necessary  for the  loss 
of a chlorine a t o m  via r educ t ive  dechlori l la t ion.  
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I n  all c o m p o u n d s  s tudied ,  t h e  h y d r o x y  g roup  and  t h e  
ch lor ine  a t o m  were in the  o r t h o  pos i t ion  re l a t ive  to  each  
o t h e r  and  no  f u r t h e r  r e l a t i onsh ip  (e. g. m e t a  and  para)  
was  inves t iga t ed .  All c o m p o u n d s  also gave  h y d r o x y l a t e d  
m e t a b o l i t e s  fo rmed  b y  e i the r  d i rec t  h y d r o x y l a t i o n  or 
h y d r o x y l a t i o n  v ia  a rene  oxide  in t e rmed ia t e s .  C o m p o u n d  
4 a  was f u r t h e r  dech lo r ina t ed  to  pheno l  (4b) .  F r o m  com- 
p o u n d  3 3 more  m e t a b o l i t e s  fo rmed  v ia  r educ t ive  de-  
c h l o r i n a t i o n  ( compounds  3 e, 3 f and  3 g, see scheme) 
were isolated.  B y  s t u d y i n g  t h e  specific f r a g m e n t a t i o n  
p a t t e r n ,  t he  re la t ive  in t ens i t i e s  and  t he  r e t e n t i o n  t imes  
a n d  b y  c o m p a r i s o n  w i t h  d a t a  of s imi lar  c o m p o u n d s  f rom 
earl ier  s tud ies  g, x~ 13, t h e  s t r u c t u r e s  of t h e  c o m p o u n d s  

s h o w n  in  t he  Scheme could be  d e t e r m i n e d .  In  all  cases 
f ina l  p roof  was o b t a i n e d  b y  syn thes i s .  Because  t he  com- 
p o u n d s  3 b ,  3 c  and  3 d  are m a j o r  me tabo l i t e s ,  whi l s t  3 a ,  
3e ,  3 f  a n d  3 g  r e p r e s e n t  on ly  a few p e r c e n t  of t he  t o t a l  
a m o u n t  of m e t a b o l i t e s  formed,  m o s t  l ike ly  3 e, 3 f a n d  3 g 
were fo rmed  v ia  r educ t i ve  d e c h l o r i n a t i o n  of 3b ,  3 c  a n d  
3 d respec t ive ly ,  s ince t he  l a t t e r  al l  h a v e  a h y d r o x y  g roup  
o r tho  to a ch lor ine  a tom.  The  p r e sen t  d a t a  however ,  do 
n o t  ru le  ou t  f o r m a t i o n  of 3e ,  3 f  and  3 g  v ia  t he  3', 4 '-  
epoxide  of 3 a ,  s imi lar  to  3', 4 ' - epox ida t i on  of 3. The  
re la t ive  a m o u n t s  of t he  u n c h a n g e d  compounds ,  t he i r  hy -  
d r o x y l a t e d  a n d  dech lo r ina t ed  me tabo l i t e s  isola ted f rom 
the  ur ine  are g iven  in t he  t ab le .  

B i o s y n t h e s i s  of i p h o s p h a t i d y l e t h a n o l a m i n e  f r o m  l C D P - e t h a n o l a m i n e  b y  t h e  G o l g i  c o m p l e x  o f ~ r a t  
! l iver  in v i tro  1 .... 

P a t r i c i a  L. Chang  ~, J enn i f e r  M. Sturgess  and  M. A. Moscarel lo 3 
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Summary. A Golgi-rictl  f r ac t ion  f rom r a t  l iver  has  been  shown  to syn thes ize  p h o s p h a t i d y l e t h a n o l a m i n e  f rom CDP-  
e t h a n o l a m i n e  in vi t ro .  The  imp l i ca t i ons  of t he  ex is tence  of such  a p a t h w a y  for t he  m e m b r a n e  f low hypo thes i s  are  
discussed.  

The  b iosyn thes i s  of phospho l ip ids  ha s  been  shown  to  
occur  in  endop la smic  r e t i c u l u m  4-s a n d  in m i t o c h o n d r i a  7, 
whereas  t he  Golgi  com p l ex  ha s  been  r epo r t ed  to lack some 
of t he  enzymes  requ i red  in such  b iosyn thes i s  5, 0. However ,  
t h i s  r e p o r t  p re sen t s  ev idence  t h a t  t he  Golgi-r ich f r ac t ions  
f rom r a t  l iver  c an  syn thes ize  p h o s p h a t i d y l e t h a n o l a m i n e  
f rom C D P - e t h a n o l a m i n e  in v i t ro ,  d e m o n s t r a t i n g  t h a t  a t  
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Recovery of radioactive phosphatidylethanolamine from CDP- 
ethanolamine vs time of incubation with rough microsomal, Golgi- 
rich and plasma membrane fractions of the rat liver. 
Rough microsomal (R, 232 I~g of protein), Golgi-rich (G, 139 v.g of 
protein) or plasma membrane (P, 117 p.g of protein) fractions were 
each incubated at 37 ~ in a medium containing CDP-[14C]-ethanol- 
amine and diglyceride (see Materials and methods) in quadruplicate. 
At each time interval: 0, 10, 20 and 30 min, incubation was ter- 
minated, phospholipids were extracted from the total incubation 
mixture and separated by TLC. The spot corresponding to phosphati- 
dylethanolamine (PE) was scraped and counted in a liquid scintil- 
lation system. 

leas t  t he  t e r m i n a l  e n z y m e  is p resen t .  The  rough  endo-  
p lasmic  r e t i c u l u m  showed s imi la r  s y n t h e t i c  a c t i v i t y  whi le  
t he  p l a s m a  m e m b r a n e  showed  no i n c o r p o r a t i o n  of CDP-  
e t h a n o l a m i n e .  
The  r eac t ion  u n d e r  s t u d y  was  as follows: 

1,2-diacyl-sn-glycerol + CDP-ethanolamine* 
ethanolamine phosphotransferase 

phosphatidylethanolamine* + CMP 

W h e n  C D P - e t h a n o l a m i n e  was  r ad ioac t i ve ly  labe l led  
w i t h  x*C in t he  e t h a n o l a m i n e  moie ty ,  t h e  r ecovery  of 
r ad ioac t i ve  p h o s p h a t i d y l e t h a n o l a m i n e  m e a s u r e d  t he  
a c t i v i t y  of e t h a n o l a m i n e  p h o s p h o t r a n s f e r a s e ,  an  e n z y m e  
respons ib le  for  t he  f ina l  s tep  of p h o s p h a t i d y l e t h a n o l a m i n e  
de novo  syn thes i s  accord ing  to  t he  K e n n e d y  p a t h w a y .  
Materials and methods. All subce l lu la r  f rac t ions  were  
p r e p a r e d  f rom the  l ivers  of ma le  W i s t a r  r a t s  we igh ing  
200-230 g. The  rough  m i c r o s o m a l  f r ac t ions  were p r e p a r e d  
b y  Da l lne r ' s  m e t h o d  s and  Golgi-r ich f rac t ions  b y  t h e  
m e t h o d  of Sturgess,  e t  a l ) .  The  p l a s m a  m e m b r a n e  frac-  
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