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inhibi t ion.  Norma l  med ium wi th  supp lemen ta t i on  of bio- 
t i n  does not  resul t  in enhanced  p roduc t ion  of f a t t y  acid. 

We have  m a d e  a fu r the r  s t u d y  of the  condi t ions  neces- 
sary  to  res tore  normal  ac t iv i ty  to  b io t in-def ic ient  cul- 
tures .  A n u m b e r  of previous  reports~, 8 indicate  t h a t  t he  
role of b iot in  in t he  syn thes i s  of some enzymes  is con- 
cerned wi th  the  p roduc t ion  of an act ive 4 carbon  U essen- 
t ia l  for  a spa r t a t e  biogenesis,  an essent ia l  c o m p o n e n t  of 
the  enzyme.  As shown in the  Table,  exogenous  aspar t ic  
acid canno t  replace the  biot in  r equ i r emen t  in f a t t y  acid 

biogenesis,  which  indicates  t h a t  f a t t y  acid reduc t ion  
dur ing  b io t in  def ic iency is the  resul t  of r educ t ion  in 
avai labi l i ty  of b iot in  enzyme  required for  the  biogenesis  
of f a t t y  acid. 

Similar  resul ts  have  been  ob ta ined  in AspergiUus nidu- 
lans and  Phycomyces blakesleeanus. 

Zusammen]assung. Avidin  v e r m i n d e r t  die B iosyn these  
von  Fe t t s i iu ren  in Aspergillus ]lavus, die nur  von  Biot in  
i i be rwunden  wird.  ti.hnliche Ph / inomene  werden  in an- 
deren  Pi lzen gefunden.  

Fatty acid (%) in normal and biotin deficient mats of A. /lavus 
A. K. MATTOO, V. V. MODI, 
and R. N. PATEL 

Normal Deficient Deficient Deficient 
+ biotin + aspartate 

(100 mg/flask) 

Department o/ Microbiology, M.S. University of Baroda 
(India), December 27, 1965. 

6.1 3.8 6.4 3.8 
6.0 3.2 5.75 3.9 
6.2(+biotin) 3.6(avidin 
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The Estrogenic and Deciduogenic Properties of 
Some Estra- 1,3, 5(10)triene-3,17jJ-diol 

Derivatives 

Following the  in t roduc t ion  of Enovid |  and Norlut in |  
into clinical p rac t ice  in the  1950% a large n u m b e r  of 
compounds  have  been p repared  t h a t  have  been highly  
effective for t r ea t ing  mens t rua l  disorders  and control l ing 
fer t i l i ty  in women.  Most  of the  s teroids eva lua ted  have  
been re la ted chemical ly  to 19-nor tes tos terone or pro-  
gesterone.  In  the  main,  the  p r ima ry  objec t ive  wi th  the  
19-nor tes tos terone steroids was to increase the  pro-  
gesterone-l ike ac t iv i ty  while decreas ing its androgenic  
side effects.  Some of these  progest ins ,  such as nore thy-  
nodre l  and e thynod io l  d iace ta te  are of in te res t  because,  
in addi t ion  to the i r  p roges ta t iona l  p roper ty ,  es t rogenic  
ac t iv i ty  has been  impa r t ed  to t he  molecule 1-4. For  re- 
views of the  s t ruc tu re - func t ion  re la t ionships  of the  syn- 
the t ic  progest ins  see DRILL and RIEGEL 5 and  DRILL 6. 

The p resen t  r epor t  describes ano the r  series of com- 
pounds ,  all der iva t ives  of estradiol ,  t h a t  are unique in t h a t  
some effects a t t r i bu t ab l e  to  proges te rone  have  been  im- 
pa r t ed  to the  basic es trogenic  molecule. 

Materials and methods. Estrogenic activity was de ter -  
mined  in ra ts  and  mice using cornif icat ion of the  vaginal  
ep i the l ium and  increases in the  weights  of the  u ter i  as 
end-points .  Methods  for these  tes t s  have  been  descr ibed 
previous ly  7,s. Progestational activity was de t e rmined  in 
rabb i t s  using a rbor iza t ion  of the  uter ine  ep i the l ium as the  
index  of ac t iv i ty  9. In  addi t ion,  the  abi l i ty  of these mate -  
rials to produce  decidual  cell responses  in the  endo-  
me t r i um  of r abb i t s  served as an indica t ion  of in t r ins ic  
proges ta t iona l  ac t iv i ty .  The me thod  for assessing ac t iv i ty  
has been  descr ibed 10. Steroids used were 17-subs t i tu ted  
es t ra- l ,3 ,5(10)- t r iene-3 ,  17//-diols and the i r  3-acetate  
esters  (Tables I and  II). These s teroids were admin is te red  
to  expe r imen ta l  animals  as solut ions or suspensions  in 

corn oil according to the  expe r imen ta l  protocols  using 
bo th  subcu taneous  and in t ragas t r ic  routes  of admin i s t ra -  
t ion.  

Results. Estrogenic activity, de te rmined  in mouse  u ter ine  
g rowth  assays and  vaginal  cornif icat ion tes t s  in ovari-  
ec tomized  rats ,  was found  to be closely re la ted  to  the  
length  of the  alkyl side chain  (Table I). Depend ing  on the  
tes t  me thod ,  the  p o t en cy  of the  me t h y l  der iva t ive  was 
found to  be 285-1000% of es t rone  when  admin i s t e red  
subcu taneous ly  and 15-40% when  given in t ragas t r ica l ly .  
This  p o t en cy  was sha rp ly  decreased when  the  17e-side- 
chain length  was increased by  1, 2, or 3 me thy lene  groups.  
U n s a t u r a t i o n  of the  e thy l  side chain to form the  v inyl  
co mp o u n d  resul ted  in marked  increases in es trogenic  
po tency  in b o t h  es t rogen assays by  b o t h  the  oral  or 
pa ren te ra l  routes  of admin is t ra t ion .  F u r t h e r  unsa tu ra -  
t ion,  forming  the  e t h y n y l  compound ,  i m p a r t e d  even 
grea ter  es t rogenic  po tency .  W h e n  a double  bond  was in- 
t roduced  a t  the  C-2 posi t ion of the  side chain as w i th  the  
propenyl ,  isopropenyl ,  and  bu teny l  compounds ,  es t rogenic  
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a c t i v i t y  w a s  r e d u c e d  b y  10 400 fo ld  w h e n  c o m p a r e d  t o  
t h e  p o t e n c y  of t h e  e t h y l e n e  c o m p o u n d .  I n  f ac t ,  t h e s e  
m a t e r i a l s  h a d  p o t e n c i e s  of t h e  s a m e  o r d e r  of m a g n i t u d e  
as  t h e i r  s a t u r a t e d  a n a l o g u e s .  

S i m i l a r l y ,  t h e  i n t r o d u c t i o n  of  a m e t h y l e n e  g r o u p  be -  
t w e e n  t h e  s t e r o i d  m o l e c u l e  a n d  t h e  e t h y n y l  g r o u p  (2- 
p r o p y n y l )  r e d u c e d  e s t r o g e n i c  p o t e n c i e s  i n  t h e  u t e r i n e  
g r o w t h  a n d  v a g i n a l  s m e a r  a s s a y s .  A d d i t i o n  of a m e t h y l  
g r o u p  on  t h e  t e r m i n a l  c a r b o n  of  t h e  p r o p y n y l  s ide  c h a i n  
g r e a t l y  e n h a n c e d  i t s  a c t i v i t y .  T h i s  s u b s t a n c e  [17-(2- 
b u t y n y l ) e s t r a - l , 3 ,  5 (10 ) - t r i ene -3 ,  17/%diol 3 - a c e t a t e ]  w a s  

t h e  m o s t  p o t e n t  e s t r o g e n  t e s t e d  i n  t h i s  g r o u p  of s t e r o i d s  
b y  e i t h e r  r o u t e  of  a d m i n i s t r a t i o n .  

Progesterone-like activity, as  m e a s u r e d  b y  t h e  C l a u b e r g -  
t y p e  a s s a y ,  w a s  a b s e n t  for  a l l  of  t h e  m a t e r i a l s  t e s t e d  ex -  
c e p t  t h e  2 - m e t h y l - 2 - p r o p e n y l  ( 2 - m e t h a l l y l )  a n a l o g .  I t  
h a d  a p p r o x i m a t e l y  5 %  of t h e  a c t i v i t y  of p r o g e s t e r o n e  
( T a b l e  I).  

Decidual cell responses w e r e  o b s e r v e d  in  t h e  u t e r i  w i t h  
8 of t h e  12 c o m p o u n d s  t e s t e d  ( T a b l e  II). To o b t a i n  a 
d e c i d u a l  r e s p o n s e  in  a t e s t  s y s t e m  s u c h  as  t h i s  one ,  one  
m u s t  e m p l o y  b o t h  a p r o g e s t i n  a n d  a n  e s t r o g e n  n o r  

Table I. Estrogenic and progesterone-like activities of some 17-(substituted)estra-1,3, 5(10)-trien- 
3,17~-diol 3-acetates 

HO 

R Estrogenic activity% b 

Rat vaginal smear Mouse uterine growth 

IG SC IG 

N RP(%} N R P ( % )  N 

SC 

RP (%) N 

Progestational 
activity 
Clauberg-rabbit 
SC~,C 

RP (%) N RP (%) 

CH 3 3 (45) 40 7 (179) 1000 4 (40) 15.0 
CH 2 CH 3 1 (13) ~ 0.25 6 (150) 2 4 (50) 0.02 
CHz-CH2-CH 3 3 (44) 0.17 3 (58) 1 5 (60) 0.06 
CH~-CH-CH z 3 (45) 0.25 4 (60) 3 3 (40) 0.38 

I 
CH3 

CH2-CHz-CH2-CH z 3 (45) ~ 0.25 3 (45) 0.25 4 (40) 0.04 

CH=CHz 5 (75) 5 4 (60) 250 4 (40) 5.0 
CH z CH=CH 2 6 (88) 0.3 8 (172) 2.5 5 (130) 0.03 
CH2-C=CH ~ 3 (43) 0.7 6 (120) 2.5 5 (60) 0.08 

I 
CH3 

CH~-CH-CH-CH 3 4 (59) 0.7 4 (59) 3.3 3 (30) 0.1 

C--~CH 4 (59) 25 4 (60) 1000 6 (100) 67.0 
CH~-C-~CH 3 (43) 5 4 (55) 80 4 (40) 22.0 
CH2-C=C-CH a 6 (88) 170 5 (75) 1250 4 (80) 8.3 

12 (160) 285.0 1 (4) Inactive 
6 (70) 2.4 1 (4) Inactive 
3 (40) 0.3 1 (4) Inactive 
3 (40) 0.5 1 (3) Inactive 

3 (30) 0.06 1 (4) Inactive 

10 (120) 120.0 1 (4) Inactive 
7 (80) 1.1 2 (8) Inactive 
7 (210) 0.3 4 (29) 5 

6 (60) 0.4 1 (4) Inactive 

12 (150) 1000 1 (4) Inactive 
3 (30) 25.0 1 (3) Inactive 
9 (100) 100.0 2 (8) Inactive 

~IG and SC indicate intragastric and subcutaneous routes of administration, respectively; N is the nmnber of doses used to estimate the 
potency and the number in parenthesis is the total number of animals used; RP is the relative potency, b Relative potency of subcutaneously 
administered estrone is 100%. e Relative potency of SC progesterone is 100%. 

HO 
[-----R R Daily dose (mg/rabbit) a Activity 

? / CH2-CH=CH 2 0/3 5/8 3/4 - Active 
Table II. Deciduogenic effects 
of some estradiol derivatives I-I a-CO CH2-C=CH 2 0/3 1/3 15/17 5/11 Active 

I 

CH 3 
R Daily dose (rag/rabbit) a Activity CH2_CH=CH_CH 3 - 1/4 3/4 Active 

1 2 4 10 
CH~CH - 1/4 3/4 - Active 

CH 3 - - 0/8 - Inactive CH2_C=CH - 1/12 - Weakly 
CH2-CH 3 - - 1/4 - Weakly active 

active 
CH2-C--=C-CH a 2/6 1/7 7/7 - Active 

- - 0/7 - Inactive 

- - 1/6 - Weakly Ethynodiol 2/8 3/4 3[3 3/4 Active 
active diaeetate b 

- - 0/3 0]4 Inactive 

- 1/8 - Weakly 
active 

CH~ CH2-CH a 

CH2-CH-CH a 
I 
CH3 

CH2-CH2-CH2-CH ~ 

CH=CH 2 ~Number of animals with decidual responses in their uteri over the 
number of animals treated, bThis substance is included for compara- 
tive purposes. 
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mater ia ls  possessing a combina t ion  of these  effects,  such 
as e thynod io l  d iace ta te  (Table II) 1~ The presence  of 
decidual  responses  can be t aken  as evidence for b o t h  
estrogenic  (which was measurable)  and p roges ta t iona l  
(measurable wi th  only  1 compound)  proper t ies .  

Discussion.  The in t roduc t ion  of various side chains  into 
the  17~-position of the  estradiol  3-acetate  molecule had  
a marked  effect  upon  estrogenic  po tency .  W h e n  com- 
par ing the  s a tu ra t ed  and unsa tu r a t ed  side chains  of 
comparab le  homology,  l engthening  the  alkyl side chain  
decreased p o t e n c y  while unsa tu ra t ion  increased act ivi ty .  
Repor t s  in the  l i te ra ture  indica ted  t h a t  these  same alkyl  
side chains  when  in t roduced  into the  19-nor tes tos terone  
molecule increased proges ta t iona l  p o t e n c y 4 - t  Thus,  
while p roges ta t iona l  ac t iv i ty  per  se was observed  only  in 
animals  following t r e a t m e n t  wi th  the  17-(2-methallyl) 
der iva t ive  of es t radiol  it  is in te res t ing  t h a t  when  th is  
group is i n t roduced  into the  19-nor tes tos terone molecule 
it is one of the  mos t  po t en t  progest ins  of t h a t  series6,% I t  
appears  t h e n  t h a t  some of the  decreases in es trogenic  
ac t iv i ty  observed  following in t roduc t ion  of the  17-alkyl, 
a lkenyl  or a lkynyl  groups into the  estrogenic  molecule 
m a y  be due in p a r t  to incorpora t ion  of some of the  
proper t ies  of progesterone.  However ,  because of the  
estrogenic  ac t iv i ty  of these subs tances  the  proges ta-  
t ional  proper t ies ,  in the  classical sense, were observed  
only in the  deciduogenic  t e s t  and no t  in the  Clauberg 
assay. 

Compounds  such as e thynodio l  diacetate ,  no re thyno-  
drel  and no re th ind rone  ace ta te  which  possess b o t h  pro- 
ges ta t ional  and estrogenic  act ivi t ies  have  been shown to 
produce  decidual  effects in rabb i t s  10,~2. Other  s tudies  have  
shown t h a t  the  response  is d e p e n d e n t  upon the  combined  
effects of b o t h  proges te rone  and es t rone  n.  I t  has  been  
shown also t h a t  es t rogens  or progest ins  are no t  capable  of 
p roduc ing  this  response if admin is te red  separa te ly .  Thus,  

any  decidual  responses  m u s t  reflect  progesterone- l ike  as 
well as es t rogenic  act iv i ty .  This is the  first  t ime,  to  our 
knowledge,  t h a t  progesterone- l ike  ac t iv i ty  has  been  im- 
pa r t ed  in to  a s teroid  wi th  an a romat ic  A-ring s t ruc ture .  
I t  is curious t h a t  the  s teroid  wi th  the  h ighes t  degree of 
decidual  act ivi ty ,  17- (2-butynyl )es t ra - l ,3 ,5(10) - t r iene-  
3, 17fl-diol 3-acetate  is also the  mos t  p o t e n t  mater ia l  in 
t he  estrogenic studies.  On the  o the r  hand ,  the  17-allyl 
der ivat ive ,  which is comparab le  to the  above mater ia l  as 
a deciduogen is ve ry  weak as an estrogen.  At  p resen t  there  
is no way  in which the  intr insic  es t rogenic  and  proges ta-  
t ional  proper t ies  of these  s teroids can be sepa ra ted  to  
provide an answer  to  th is  d ispar i ty .  

Zusammen/assung .  Die 6strogene Akt iv i t~ t  yon  einigen 
subs t i tu ie r t en  0 s t ro d i o l d e r i v a t en  wurde  in R a t t e n -  
vag ina labs t r ichen  und  M/ iuseu te rus -Wachs tumversuchen  
nachgewiesen.  Die Einf t ih rung  von 17e-Alkvl-, Alkenyl-  
oder  Alk iny lgruppen  in die Os t rad io lgrupp]erung  h a t t e  
einen s igni f ikanten  Ef fek t  auf  die 6strogene AktivitAt.  
Das 17-(2-But inyl)-Derivat  von  0 s t r ad io l  war  eine der  
wi rksams ten  Subs tanzen  in den 0 s t rogen -  und  Deciduo-  
maversuchen .  
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M i c r o e l e c t r o d e  Studies  of S p o n t a n e o u s  P o t e n -  
t ia ls  f r o m  Chick  E m b r y o  T e l e n c e p h a l o n  in v i tro  

Spontaneous  po ten t i a l s  have  been repor ted  in amphi -  
bian 1, f ish 2, insect  a, chick embryo  4,5 and h u m a n  adul t  
bra in  t issue s in vitro,  using 0.12-0.2 m m  d iame te r  
metal l ic  electrodes.  Their  responses  to env i ronmen t a l  
changes and admin i s t r a t ion  of drugs 4 are also recorded.  
Using microelectrodes,  res t ing potent ia ls  and  poten t ia l s  
in response to di rect  mechanicaU and electr icaU, 8 s t imu-  
lat ion of bra in  cells in vi t ro  have  been described.  Similar 
work has been done in isolated 'brain slices in ca t  9. 

This pape r  describes microelect rode s tudies  of spon-  
taneous  po ten t ia l s  in chick embryo  te lencepha lon  in vi t ro  
and discusses the  re la t ionship  be tween  po ten t i a l s  re- 
corded wi th  microelec t rodes  and 0.08 m m  d iamete r  
(gross) p l a t i n u m  electrodes.  

Our cul ture  chambe r  was an 18 m m  diameter ,  4.3 m m  
high, 1.5 m m  th ick  glass tube  wi th  a 4 m m  arc-shaped  
gap in its wall. 18 m m  coverglasses formed the  top  and  
b o t t o m  of the  chamber ,  which  was filled by  a coarse- 
poros i ty  glass fri t  excep t  for a sector  opposi te  the  gap in 
the  wall. A bare gross p l a t i num reference e lect rode lay 
be tween  the  f l i t  and lower coverglass;  a s imilar  p l a t i n u m 
electrode,  coa ted  wi th  Teflon to wi th in  1 m m  of its tip, 
lay be tween  the  upper  coverglass and frit, wi th  its t ip  a t  
the angle of the  missing sector  of the  fli t .  The  fri t  was 

sa tu ra t ed  wi th  n u t r i en t  fluid (different  f rom previous  
s tudies  4 in the  use of chick se rum and add i t ion  of 1% 
each of concen t ra t ed  me thy l ene  blue solut ion in ba lanced  
salt  solution, mu l t iv i t amin  (Eagle) and amino acid solu- 
t ions (Eagle). Methylene  blue increases pers is tence and  
ampl i tude  of signal sequences  (possibly due to  its known  
depolar izing effect) and  vi ta l ly  s ta ins  neurona l  granules,  
which facil i tates the i r  visual izat ion 10. 
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