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Note: In o rde r  to save  space ,  each  bas ic  f o r m u l a  shows  all r e l e v a n t  
s u b s t i t u e n t s .  The  COlllpounds exa ln ined  did  not c o n t a i n  lllore 
t h a n  one h y d r o x y l  g r o u p  each .  

t h a t  ca lcula ted  from I)JERASSI'S 8,9 values ; Aa (VI-I)  = 
+ 67. (iv) The differences Aa ( I X - I V )  and Aa (X-V)  are 
for an axial  m e t h y l  group in the  3-posit ion re la t ive  to a 
cyc lohexanone  ca rbonyl  ( 20, 22). These values  for Aa 
' 3 -ax ia l -methy l '  are similar  to  t h a t  found  by  DJERASSI, 
L U N D ,  and  AKHREM 11 for Aa ' 3 -equa to r ia l -methy l ' ,  viz: 

25. (v) The ampl i tudes  of the  An-octalones (XI,  XI I )  are 
less t h a n  those  of the  cor responding  decalones.  This  is in 
accordance  wi th  the  o c t a n t  pro jec t ion  for the  A 6-octalones, 
in which r ing B is f l a t t ened  towards  the  horizontal  
s y m m e t r y  plane.  (vi) The negat ive  ampl i tudes  for the  cis- 
decalones  X I I I ,  XIV,  and X V  s h o w  t h a t  for these  com- 
pounds  the  ' s te ro id l ike '  con fo rma t ion  is prefer red  ( D J E -  
RASSI and STAUNTONS). (vii) The con t r ibu t ions  of the 
h y d r o x y l  groups  in the  cis-decalone series are zero and 
posi t ive  as expec ted  15 

Zusammen/assun~. Die Rota t ionsd i spe r s ionskurven  
einiger opt isch  ak t iver  I ) ekahmder iva t e  sind gemessen 
worden.  Ihre A m p l i t u d e n  (a) und die Ampl i tudenbei t r i tge  
(Aa) der  S u b s t i t u e n t e n  werden  im R a h m e n  der  Ok tan ten -  
regel d iskut ier t .  
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L i v e r  C a t a l y s i s  i n  t h e  A s s o c i a t i o n  o f  E s t r o g e n  t o  

P r o t e i n  

RIEGEL and  lXhTELLER a have  d e m o n s t r a t e d  the  presence  
in ra t  l iver of an e n z y m e  which  ca ta lyzes  the  fo rma t ion  
of a p ro t e in -bound  me tabo l i t e  of Cl~-estradiol. In  a series 
of in vitro expe r imen t s  SzEao and ROUERTS" ob t a ined  
resul ts  which  ind ica ted  t h a t  ra t  l iver p r o m o t e s  the  
b inding of C~4-estrone or its me tabo l i t e s  to  the  p ro te ins  
of the i r  se rum incuba t ion  medium.  On the  o the r  hand ,  
SANDBERG et al. 3 ob ta ined  evidence  f rom a s imilar  s t u d y  
which  sugges ted  t h a t  the  b ind ing  of C14-estrone occurred 
wi th  a se rum pro te in  or a se rum soluble p ro te in  or iginat -  
ing f rom the  liver. This commun ica t i on  descr ibes  (a) the  
resul ts  of a compar i son  of the  ac t ion  of ra t  l iver slices 
and  ra t  l iver homogena t e s  in p r o m o t i n g  the  b ind ing  of 
bo th  C~4-estrone and es t radiol  17fl-acetate to p ro te in  and  
(b) the  progress  made  in the  a t t e m p t s  to charac te r ize  the  
factors  concerned  wi th  the  fo rmat ion  of ' e s t r o p r o t e i n '  
t h r o u g h  the  f rac t iona t ion  of ra t  l iver homogena tes .  

3¢aterials and 3Iethods. Techniques  involving the  
incuba t ion  of s teroid  and ra t  l iver slices in se rum were 
essent ia l ly  the  same as those  descr ibed earlier by  SzEao 4. 

H o m o g e n a t e s  of ra t  l iver were p repa red  in 0.1 M potas-  
s ium p h o s p h a t e  buffer  (pH 7.4) according to the  proce- 
dure  descr ibed by  BLTCHER and Mc GARRAHAN ~. Prior 
to f rac t ionat ion ,  g lu ta th ione  and  Versene were in t roduced  
to give final concen t ra t ions  of 0.01 M and  0.001 M,  respec- 
t ively.  All p repa ra t ive  s teps  were carr ied ou t  a t  0 °. The 
crude  h o m o g e n a t e  was first  cen t r i fuged  at  5.000 × g for 
10 min.  The s u p e r n a t a n t  fluid, con ta in ing  only  micro- 
somes and  soluble cell cons t i tuen t s ,  t e r me d  'mic roso l ' ,  
was then  f r ac t iona ted  as follows. The major  p a r t  of the 
microsol  f rac t ion was cen t r i fuged  at  105.000 / g (1 h) 
and  the  s u p e r n a t a n t  fluid, S1, decan ted .  The sed iment  
was r e suspended  in buffer  and washed  once by  centr ifug- 
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ing  a t  105 .000  × ~ (1 h)  to  y i e l d  t h e  m a j o r  f r a c t i o n  o f  
m i c r o s o m e s ,  M v A p a r t  of  S~ w a s  c e n t r i f u g e d  a t  197 .000  x 
g (3 h)  a n d  t h e  s u p e r n a t a n t ,  S~, d e c a n t e d .  T h e  r e s i d u a l  
pel le t ,  c o n s i s t i n g  m a i n l y  of  s m a l l  m i c r o s o m e s ~ ,  M2, w a s  
r i n s e d  w i t h  b u f f e r  a n d  f i n a l l y  r e s u s p e n d e d  in f r e s h  
buf fe r .  I n c u b a t i o n  v e s s e l s  c o n t a i n e d  5 - 4 0  ixg of  e i t h e r  
16-C14-es t rone o r  4 - C l * - e s t r a d i o l  17 f l - a c e t a t e  a n d  I ) P N  
(0.008 M )  t o g e t h e r  w i t h  t h e  s p e c i f i e d  l i ve r  f r a c t i ( m  a n d  
were  a d j u s t e d  to  a f i n a l  v o l u m e  of  2.2 ml .  

T h e  v e s s e l s  w e r e  i n c u b a t e d  a t  37 ° in a l ) u b n o f f  m e t a -  
bol ic  i n c u b a t o r  f0r  4 h u n d e r  o x y g e n  a n d  t h e  v e s s e l  
c o n t e n t s  w e r e  t h e n  c e n t r i f u g e d  in t h e  co ld .  S a m p l e s  
(20 ptl) w e r e  t h e n  s u b j e c t e d  to  p a p e r  e l e c t r o p h o r e s i s  u s i n g  
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Fig. 1. The electrophoretic separation of protein-bound radioactivity 
after incubation of 16-C14-estrone (o---o)  and-1-C14-estradiol 17/~- 
acetate ( . . . .  * ) in the presence of surviving rat liver tissue in a 
homologous serum medium. The separation of serum proteins, which 
are stained by bromphenol blue, is indicated below the curves. See 
the text for conditions of incubation, paper eleetrophoresis and i~o- 

topic analysis. 

t h e  h o r i z o n t a l  p r e s s u r e - p l a t e  p r o c e d u r e L  l ' a p e r  s t r i p s  
d e r i v e d  e i t h e r  f r o m  l ive r  t i s s u e  a n d  b u f f e r  o r  in t h e  c a s e  
of  t h e  h o m o g e n a t e  a f f o r d e d  o n l y  a w e a k  s t a i n  w i t h  b r o m -  
p h e n o l  b l u e  a t  t h e  o r ig in .  T h e  d r i e d  s t r i p s  we re  d i v i d e d  
i n t o  2.0 c m  s e g m e n t s  a n d  t h e n  were  e l u t e d  tw ice  w i t h  
1.0 m l  of  0 .250o p o l y v i n y l p y r r o l i d ( m e  (IWI))  in 0.01 ,\" 
N a O H .  E a c h  e l u a t e  w a s  p l a t e d  in a s t a i n l e s s  s t e e l  
p l a n c h e t  t() g i v e  a r e s i d u e  (5.0 m g  1)VI ') of  c o n s t a n t  
t h i c k n e s s  a n d  d i s t r i b u t i o n  w h i c h  w a s  t h e n  a n a l y z e d  for  
r a d i o a c t i v i t y  in a n  a u t o m a t i c  g a s  f low c o u n t e r .  

R e s u l t s .  l 't w a s  o b s e r v e d  in a c c o r d  w i t h  t h e  r e p o r t  o f  
SZEGO a n d  I~OBERTS ~ t h a t  a s i g n i f i c a n t  p o r t i o n  o f  t h e  
r a d i o a c t i v i t y  a p p e a r e d  in t h e  a l b u m i n  a r e a  o f  t h e  s e r u m  
p r o t e i n s  ( F i g u r e  1) w h e n  t h e  i n c u b a t i o n  o f  e i t h e r  16-C la- 
e s t r o n e  o r  4-C~4-es t radiol  1 7 / L a c e t a t e  w a s  c a r r i e d  o u t  
in s e r u m  a n d  in t h e  p r e s e n c e  o f  s u r v i v i n g  r a t  l i ve r  t i s s u e .  
I n  a d d i t i o n ,  a c o n s i d e r a b l e  p a r t  ( 1 5 - 1 9 ° o )  o f  t h e  o r i g i n a l  
r a d i o a c t i v i t y  r e m a i n e d  w i t h  l i ve r  t i s s u e  as  w a s  a l so  
o b s e r v e d  b y  SANDBERO e t  al.:L T h e  l a t t e r  a u t h o r s  s u g -  
g e s t e d  t h a t  a s i g n i f i c a n t  p a r t  of  t h e  so - ca l l ed  e s t r o -  
p r o t e i n  m a y  n o t  r e p r e s e n t  b i n d i n g  of  t h e  s t e r o i d  w i t h  
s e r u m  p r o t e i n  b u t  m e r e l y  be  t h e  i n f i l t r a t i o n  of  t h e  
s e r u m  b y  a p r o t e i n  f r o m  t h e  l ive r  w i t h  a g r e a t e r  a f f i n i t y  
for  t h e  b i n d i n g  of  e s t r o g e n s ,  t l o w e v e r ,  it  r e m a i n s  to  be  
e s t a b l i s h e d  w h e t h e r  s u c h  b i u d i u g  is t h e  r e s u l t  o f  a n  
i n t r a -  o r  e x t r a - c e l l u l a r  e v e n t .  

T h e  i n c u b a t i o n  o f  t h e s e  s a m e  s t e r o i d s  in t h e  p r e s e n c e  
o f  r a t  l ive r  s l i ces  in b u f f e r  ( w i t h o u t  s e r u m )  a g a i n  g a v e  
r i se  to  a p r o m i n e n t  b a n d  of  r a d i o a c t i v i t y  in t h e  r e g i o n  
c o r r e s p o n d i n g  t o  a l b u m i n  in F i g u r e  1. F u r t h e r m o r e ,  
t h e r e  a p p e a r e d  a p r e v i t m s l y  u n d e s c r i b e d  b a n d  of  r a d i o -  
a c t i v i t y  a t  3 7 - 4 8  e m  (see F i g u r e  2), a h e a d  o f  t h e  m a j o r  
p e a k  c o r r e s p o n d i n g  t o  F i g u r e  1. 

I n  a n  e f f o r t  to  c h a r a c t e r i z e  t h e  f a c t o r s  r e s p o n s i b l e  for  
t h e  t w o  r a d i o a c t i v e  p e a k s  ( F i g u r e  2) i n c u b a t i o n  s t u d i e s  
we re  p e r f o r m e d  w i t h  e a c h  of  t h e  s e v e r a l  f r a c t i o n s  d e r i v e d  
f r o m  r a t  l i ve r  h o m o g e n a t e .  A f r a c t i o n  a p p r o a c h i n g  a 
m i c r o s o m e - f r e e  s u p e r n a t a n t  (S,a) a n d  f o u r  a d d i t i o n a l  f rac -  
t i o n s  w e r e  o b t a i n e d  b y  d i f f e r e n t i a l  c e n t f i f u g a t i o n .  T h e  
r e s u l t s  d e r i v e d  f r o m  i n c u b a t i o n  o f  t h e s e  f r a c t i o n s  w i t h  
4-C~4-es t rad io l  17 f l - a c e t a t e  a r e  c o m p i l e d  in t h e  T a b l e .  

M i c r o s o m e s  a l o n e ,  w h e t h e r  l a rge  (M1) o r  s m a l l  (Me), a r e  
i n c a p a b l e  o f  p r o m o t i n g  t h e  a s s o c i a t i o n  of  r a d i o a c t i v i t y  
to  l i ve r  p r o t e i n .  I n c u b a t i o n  o f  e i t h e r  t h e  m i c r o s o l  o r  
s u p e r n a t a n t  f r a c t i o n ,  $1, r e s u l t e d  in a d i s t r i b u t i o n  o f  
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Fig. 2. An experiment similar to that  shown in Figure 1 with the ex- 
ception that  phosphate buffer (pH 7.4) was subst i tuted for the 

holYlologous ser lu l l  llleditllll .  

l)istributi~m of radioact ivi ty  ( |-C~4-e~tradi~)l 17/l-acetate)" on eh'ctro- 
phoretic strip following incubation of fraction~ of liver homogenate 

Fraction ~, Added o Radioactiv~tvin 12cm Total o 

radioactivity ~egmcnts" 
('pm/20[zl 0 12 I;I-2i 25:11; :17 I~ % 

Microso l  1293 15 10 37 I I 73 
S 1 1212 10 .I :~6 I | 61 
M 1 1 l.|.i 7 5  .I -I .I S7 
S~ I '2( ~6 5 4 ,39 2x 76 
M 2 12o6 66 2 2 2 72 
S~ ~ M.  11 t3  IO 5 ;17 1 | 66 

Specific activity 7ooo epm]{xg 
~, S e e  M a t e r m l s  a n d  :~Iclhods for origin of these fractions 
" See Figure 1 for proteins eor re spo l t (h l l~  to  se~.Ii||elttq 

6 G. E. |)ALADE alia P. S[I~KIb;VITZ, J .  b i o p h y s ,  biochenl. Cytol. o "7  

171 (1956). 
7 H. (i. I'~UNKEL and A. "|'ISELIUS, J, gen. Physiol. ,'15, X~.~ ( 1951 ). 
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r ad ioac t iv i ty  in which the  major  por t ion  was p resen t  
as a single peak  in the  area  (25-36 cm) cor responding  to 
a lbumin ,  t t owever ,  in bo th  of these cases a smal l  a m o u n t  
of r ad ioac t iv i ty  (ca 11%) was de t ec t ed  in the  region 
(37-48 cm) cor responding  to  t he  second peak  of Figure  2. 
Final ly ,  it  is a p p a r e n t  f rom the  Table  t h a t  the  radioac-  
t i v i t y  in t he  second region is grea t ly  increased w h e n  the  
incuba t ion  was pe r fo rmed  wi th  S 2. This  resul t  m u s t  be 
re la ted,  di rect ly  or indirect ly,  to the  pauc i ty  of micro- 
somes in this  f rac t ion since, on r ecombina t i on  of th is  
f ract ion wi th  microsomes  (S~ + M~) the  second peak  of 
rad ioac t iv i ty  is again low. 

Ef for t s  are now being d i rec ted  t oward  the  ident i f ica t ino  
of the  metabol i te(s)  in each of the  areas of r ad ioac t iv i ty  8. 

Zusammen/assung. Die I n k u b a t i o n  yon 16-Cl*-Oestron 
und 4-C:*-Oestradiot-f l-acetat  in Puffer  (pH 7.4) bei Ge- 
g e n w a r t  yon R a t t e n l e b e r  e rg ib t  e l ek t rophore t i sch  zwei 
deu t l i che  rad ioak t ive  B~inder. Das  ers te  Band  e n t s t e h t  
im Albuminbere ich  und s t i m m t  mi t  den fr t iheren Beob-  

ach tungen  yon SZEGO und ROBERTS2 iiberein. Das 
zweite,  frfiher n ich t  beschr iebene  Band  e n t s t e h t  deutl ich 
ausserha lb  des Albuminbere iches .  Beide Kurvengipfe l  
werden mi t  wenig homogenis ie r te r  Ra t t en lebe r ,  die m6g- 
l ichst  frei yon Mikrosomen ist, gewonnen.  Der  zweite 
Gipfe tpunk t  wird  in d iesem Fall  der  obenauf  schwimmen-  
den P h a ~  zugeschr ieben.  

J. P. HORWITZ, L. HORN, A. r .  LOUD, and S. C. BROOKS 

The Rollin H. Stevens Memorial Laboratory of the Detroit 
Institute o/ Cancer Research, Detroit (MichiEan U.S.A.), 
May 30, 1962. 
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institutkmat grant from the United Foundation of Greater Detroit 
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M e t a b o l i s m  o f  C a r b a z o l e  ~ 

Previous  s tudies  2,a in these  labora tor ies  of t he  me t abo -  
lism of e rgomet r ine  and  lysergic acid d i e t h y t a m i d e  in- 
d ica ted  t h a t  these  indole de r iva t ives  were metabo l i sed  in 
t he  ra t  by  h y d r o x y l a t i o n  in the  a romat ic  r ing of the  indole  
skeleton.  P a p e r  c h r o m a t o g r a p h i c  evidence showed  t h a t  
the  major  me tabo l i t e  of e rgomet r ine  was the  g lueuronide  
of 12-hydroxyergomet r ine .  

To ascer ta in  the  posi t ion of h y d r o x y l a t i o n  in the  aro- 
ma t ic  r ing of indole der iva t ives  the  metabol ic  fate  of 
carbazole  has been inves t iga ted  in the  ra t  and rabbi t .  

Af te r  an in t r ape r i tonea l  dose of 4 mg/kg  of carbazole  in 
p ropy lene  glycol, t he  ur ine  of ra t s  con ta ined  a con juga ted  
hyd roxyea rbazo le  as t he  m a j o r  metabol i te .  This  me t abo -  
lite was  puri f ied by  p a p e r  c h r o m a t o g r a p h y  using several  
s y s t e m s  and  then  hydro lysed  wi th  0 .5N hydroch lor ic  
acid. Compara t ive  c h r o m a t o g r a p h y  of the  phenol  so ob- 
t a ined  wi th  the  four possible m o n o h y d r o x y c a r b a z o l e s  on 
pape r  and th in - l aye r  c h r o m a t o g r a m s  (Table) ind ica ted  it 
to be 3 -hydroxycarbazo le  (I). 

k/.J..; 
H 

(i) 

Compound Rf, systein 1 ~ Rf, system '2 b Colour . 

1 -Hydroxycarbazole 0.62 0.57 red 
2-Hydroxycarbazole 0.39 0.̀ 26 orange 
3-Hydroxyearbazole tl.57 0.31 purple 
4-Hydroxycarbazole 0.81 0.45 pink 
Hydrolysed metabolite 0.57 0.31 purple 

Chloroform, benzene, ethyl acetate, water (6, g, "2, 5) on Silica-gel 
thin-layer chromatograms. 

~' Toluene, iso-octane, methanol, water (15, 5, 16, 4) on Whatman 
No. 4 paper. 

o Reagent: Diazotised sulphanilamide. 

A two-ff~Id increase in u r ina ry  g lucuronide  con ten t ,  as 
d e t e r m i n e d  by  the  m e t h o d  of F:SHMAN and  GREEN 4 was 
obse rved  a f te r  oral  dosing of carbazole  (1 g) in acacia 
suspens ion  to a rabbi t .  The g lucuronide  was sepa ra ted  by  
the  m e t h o d  of SmTH and  \V~LLIAMS ~ as a colourless gum 
which  af ter  hydro lys is  wi th  a f l-glucuronidase p repa ra t ion  ~ 
a t  360 in ace ta te  buffer  ~ af forded a phenol ic  p roduc t  
ident ical  on bo th  pape r  and  th in - l ayer  c h r o ma t o g r a ms ,  
wi th  the  hydro lysed  me tabo l i t e  f rom ra t  urine and  wi th  
3-hydroxycarbazole .  

Carbazole-C 1. (6.0 × 105 d .p .m. /mg)  was p repa red  from 
aniline-C ~4 su lpha te  (Radiochemica l  Centre,  Amersham)  
by  d iazo t i sa t ion  and  reduc t ion  to  p h e n y l h y d r a z i n e - C  ~4 
hydrochtor ide ,  condensa t ion  wi th  cyc lohexanone  to  
1, 2, 3, 4 - t e t r ahydroca rbazo le -C  :* and  d e h y d r o g e n a t i o n  
with pa l lad ium charcoal  (10g'g) in mesi ty lene.  Af te r  intra-  
per i tonea l  in jec t ion  of carbazole-C ~4 (2.48 × 10 e d.p.m.)  
to ra t s  t he  48-h urine con ta ined  1.61 × 10 ~ d .p .m.  (65% 
of original  dose). Hydro lys i s  of the  urine wi th  0.5 N hydro-  
chloric acid and e the r  ex t r ac t ion  gave an e x t r a c t  con- 
t a in ing  1.36 N 10 ~ d .p .m.  (55% of original  dose). The 
e the r  ex t r ac t  was c h r o m a t o g r a p h e d  on paper  using solvent  
s y s t e m 2 and the  3 -hydroxycarbazo le  (detec ted  by  bo th  
d iazot i sed  su lphan i lamide  r eagen t  and  by  radioac t ive  
scan) a f te r  e lu t ion  wi th  m e t h a n o l  and  pur i f ica t ion  pos- 
sessed 0.82 × 10 ~ d .p .m.  (33°{; of original  counts) .  The 
remain ing  coun t s  (0.50 × l0  s d .p.m.)  in the  e the r  ex t r ac t  
were p resen t  in a more  po la r  b a n d  which r e ma i n e d  on the  
s t a r t i ng  line of t he  c h r o m a t o g r a m .  This  more  po la r  band  
was sepa ra ted  using the  so lvent  sys t em e thy l  acetate ,  
pyr idine ,  wa te r  (3:1:  1) into two  phenol ic  b a n d s  which 
were possibly di- or p o l y h y d r o x y l a t e d  carbazoles.  
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