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O e s t r o g e n  A n t a g o n i s m s :  

t h e  E f f e c t s  o f  V a r i o u s  S t e r o i d s  o n  t h e  U t e r i n e  

G r o w t h  P r o d u c e d  in  M i c e  b y  O e s t r i o l  

I n  a series of earl ier  paper s  we h a v e  su rveyed  the  effects  
of var ious  s teroids  on the  u te r ine  g rowth  p roduced  in mice  
b y  oes t rone  ~-a. In  e x t e n d i n g  t h e  range  of subs t ances  
eva lua t ed  in t he  s t a n d a r d  assay  deve loped  for  those  
s tudies ,  a s imilar  t e chn ique  h a s  been  employed  here  to  
c o mpa re  t h e  effects  of var ious  s te ro ids  on t h e  u te r ine  
weigh~ increase p r o d u c e d  b y  oestriol.  Resu l t s  f rom pro-  
ges te rone  in th is  a s say  h a v e  a l r eady  s h o w n  t h a t  i t  does  
n o t  inh ib i t  t h e  u te r ine  g rowth  induced  b y  100 izg of 
oestriol,  b u t  t h a t  in c o n t r a s t  t he  response  to  oes t rone  a t  
a dose of 0.3 ~g can be d imin i shed  b y  proges te rone  4. 

The m e t h o d s  of th is  a s say  p rocedure  were no t  r emark -  
ab ly  d i f fe ren t  f rom those  descr ibed  in t he  papers  c i ted  
above.  I m m a t u r e  female  Rock l and  mice, 22 to  25 days  
of age, received t e s t  c o m p o u n d  in th ree  daily,  equal  in- 
ject ions.  24 h a f t e r  t he  final  in jec t ion  the  mice were sac- 
rificed, t he  uter i  were r emoved ,  c leaned of a d h e r e n t  tis- 
sues, scored,  and  b lo t t ed  to r emove  con ta ined  fluids and  
weighed  wet  on a tors ion balance .  All eva lua t ions  are  
based  upon  the  m e a n  we igh t  of u ter i  f rom groups  of 
8-10 mice.  

Oestriol,  a t  a dose of 100 tzg, was  employed  as a s t a n d -  
a rd  u te r ine  g rowth  s t imula to r .  This  dose  of oestr iol  pro-  
duced  responses  t h a t  var ied  b e t w e e n  a low of approx i -  
m a t e l y  30 and  a h igh  of a b o u t  45 rag. C o m p o u n d s  to  be  
t e s t e d  were  e i the r  m i x e d  in oil so lut ion w i t h  t h e  oestriol ,  
or  in  t he  case of t h e  glucocort icoids,  were g iven in  separa te ,  
microcrys ta l t ine  suspensions .  

Cor t i sone  and  cortisol ,  as t he  ace ta tes ,  were  each  t e s t ed  
in a single assay  (Table). Ne i t he r  of these  subs t ances  had  
a n y  obvious  effect .  The absence  of an  inhib i t ion  of oestriol-  
induced  u ter ine  g rowth  by  these  glucocort icoids  is s imilar  
to  t h e  resul ts  ob ta ined  in our  oes t rone  t e s t  in which  the  
glucocort icoids  were inac t ive  3. 

Absence of effects of cortisone acetate and cortisol acctate on the 
uterinc growth produced by 100 ~g of oestriol 

Dose (p~g) N Uterine 
Oestriol I Cortisone Acetate Weight (mg) 

100 
100 
100 
100 

0 

0 
100 
300 

1000 
0 

9 
9 

10 
10 
9 

34-9 
33.6 
36-3 
34'2 
11-2 

Average Uterine weight = 34.3. Slope of least squares line = 
0-54 :t: 2-89, not significantly different from 0 

Uterine N 
Oestriol Vvreight (mg) 

100 
100 
100 
100 
100 

0 

Dose (Tg) 

CortisoI Acetate 

0 
30 

100 
300 

1000 
0 

10 
10 
10 

9 
10 

9 

32-0 
38-2 
40.6 
35.2 
34.9 
15'3 

Average Uterine weight = 36-2. Slope of least squares line = 
2-99 ~ 2.03, not significantly different from 0 

Desoxycor t i cos t e rone  ace ta te  was  s tud ied  in a series Of 
tes t s  in  wh ich  t h e  u te r ine  response  to  the  100 t~g dose of 
oestr iol  ave raged  36 mg  (Fig. 1). I n spec t ion  of t he  d a t a  
sugges ted  no r emarkab l e  effect  of DCA on oestriol-  
i nduced  u te r ine  g rowth .  This  was  conf i rmed  b y  t h e  fact  
t h a t  t h e  slope of t h e  leas t - squares  dose- response  curve  
was  n o t  s igni f icant ly  d i f fe ren t  f rom zero. Like  t h e  pro- 
ges te rone  d a t a  c i ted  above  4, DCA inh ib i t ed  oes t rone-  
induced  u te r ine  g r o w t h  3 while  h a v i n g  l i t t le  or  no effect  
u p o n  t h e  g ro w t h  p ro d u ced  b y  oestriol.  

Tes tos t e rone  p rop iona t e  p roved  to  be a b locker  of 
oes t r io l - s t imula ted  u te r ine  g rowth  (Fig. 2). Doses  of 300 
a n d  1000 ~g of T P  p ro d u ced  inh ib i t ion  of th i s  growth .  
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Fig. 1 : Lack of effect of desoxyeortieosterone on the uterine response 
to 100 [~g of oestriol. Response of controls to 100 [zg oestriol alone 
is shown by the horizontal line. In the five experiments summarized 
here, the average uterine weight of simultaneous, oil-treated controls 
was 15-44 rag. Average uterine weight = 38-33 rag. Slope of least 

squares line ~ 0.48 :}= 1-7% not significantly different from 0 
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Fig.2: Effect of testosterone propionate on the uterine response to 
100 [~g of oetriol. The horizontal line shows the control response to 
oestriol alone. In the three experiments summarized here, the average 
uterine weight of simultaneous, oil-treated controls was 9-84 rag. 
Uterine weight = 36.5-11.6 (log dose - ~.00) for doses of TP from 

100 to 1000 ~g. b = -11"6 :E 1'53 

t R.A. EDGREN and D.W. CALHOU~¢, Proe. Soc. Exp. Biol. Med., 
94, 537 (1957), 

2 R. A. •DGREN, D. ~V. CALHOUN, R. L. ELTON, and F. B. COL- 
TON, Endocrinology 65, 265 (1959). 

a R. A. EDGREN and D. W. CALHOUN, in preparation. 
4 R.A.EDGREN, R.L.ELTON, and D.W.CALttOUN, in preparation. 
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On the other hand, doses of 10, 30, and 100 ag of TP  di- 
minished the growth produced by 0-3 tLg of oestroneL 
Thus a ratio of 3:1 to 10:1 testosterone to oestriol was 
inhibitory whereas a ratio of at  least 33:1 testosterone to 
oestrone was required to produce inhibition. Testosterone 
would appear to be at  least three times more effective as 
an oestriol antagonist  than as an oestrone antagonist. 

Thus the Uterine growth produced by oestriol at a 
single dose  of 100 ~g was blocked by the simultaneous 
administration of testosterone propionate. On the other 
hand, this growth was not significantly affected by corti- 
sone, cortisol, desoxycortieosterone, or progesterone. 
Oestrone-induced uterine growth (0.3 ~zg) in a test of this 
type was inhibited by DCA and aldosterone, testosterone 
propionate, and p roges t e rone -  only the glucocorticoids 
were inactive among naturally occurring, non-oestrogenic 
types of steroids. This difference in pat tern of blockage 
led us to suggest tha t  there were two receptor sites for 
steroids in the uterus ~. According to this hypothesis one 
site (A) would accept oestrone, DCA, progesterone, and 
testosterone propionate and the other site (B) oestriol and 
testosterone. Fur ther  experiments (unpublished) have 
forced a modification of this hypothesis since some of the 
oestriol appears to at tach to site A. Additional studies are 
in progress in an a t tempt  to complete this dual receptor 
site hypothesis and to clarify the mechanisms involved in 
uterine growth. 

I~. A. EDGREN and D. "W. CALHOUN 

Division o/Biological Research, G. D. Searle & Co., Chi- 
cago (Illinois), October 1, 7959. 

Zusammen/assung 

Das in juvenilen M~usen durch Oestriol (100 t~g) stimu- 
lierte Uteruswachstum wurde dutch Testosteronpropionat 
blockiert. Mit Cortisonacetat, Cortisolacetat, Deoxycorti- 
costeronacetat und Progesteron wurde keine solche Wir- 
kung erzielt. 

a R.A.  EDGREN and D. W. CALHOUN, Anat. Rec. 134, 558 (1959). 

Stimulation of Plant Development 
by Some Uracil Analogues 

Some time ago we were able to show tha t  the organs 
of germinating seeds are the site of intensive nucleic acid 
synthesis x: For  this reason, the first stages of germination 
appear to be particularly suitable for studying the effects 
of biologically active analogues of nucleic acid compo- 
nents, In pursuance of this line of investigation, we had 
earlier studied ~ the effect of 5-bromouracil, a compound 
known to inhibit the growth of certain microorganisms 8, 4, 
on germinating plants, and found tha t  at certain con- 
centrations it not  only failed to inhibit  growth, but  mar- 
kedly st imulated development of the plants. A number 
of further derivatives of uracil were examined for ana- 
logous effects, and a number of them were found to sti- 
mulate the development of certain plants not only during 
germination, but  also during the later vegetat ive period 5. 

In the last few years, we have carried out field trials 
on crop plants using 5-bromouracil and 5-nitrouracil, 
which had proved most effective in laboratory experi- 
ments. The seeds were t reated as in earlier work, by soak- 
ing them in solutions containing 5 to 50 ~zg of the stimu- 
lators per ml for 24 h just  prior to sowing. The most 

general result of such a single t rea tment  with 5-bromo- 
uracil is an accelerated development of the plants which 
in some cases may persist up to tlle t ime of harvesting. 
For instance, t reated tomatoes on the average ripen 10 to 
14 days earlier than untreated controls, and in the case 
of lettuce the first harvest  from treated seeds is about 
20% higher than from controls. The effect of 5-nitrouracil 
on lettuce is similar. The same compound increases the 
yield of cucumbers to a statistically significant extent  - 
about  20-40% above that  of controls (seeds soaked in 
water  for the same period), The cucumbers t reated with 
5-nitrouraeil show certain morphological peculiarities in 
the course of development,  The ovaries of such plants 
begin to elongate much earlier so tha t  at the full develop- 
ment  of the perianth they are 4-5 times longer than the 
ovaries of control plants at  the same stage of develop- 
ment. The ovaries of the treated plants do not lie along 
the ground, as is usual with cucumbers but  are character- 
istically erect. 

In an effort to elucidate the mechanism of stimulation, 
we first studied the tissues of stimulated plants cytologic- 
ally. In certain cases, the stimulators were found to cause 
a massive increase in the number  of mitoses. Thus, in 
the roots of onions (Allium cepa) allowed to sprout in 
aqueous solutions of the stimulators, the number' of 
mitoses after 4 to 8 days is markedly higher than  in the 
controls sprouting in water;  5-bromouracil at  10 ~g/ml 
and 100 I~g/ml was found to increase the number of 
mitoses by 30% and 60% respectively on the fourth day, 
and by 70% and 35% respectively on the eighth day. 

We further a t tempted to follow the metabolic fate of 
5-bromouracil in plants. The experiments were carried out 
with germinating cucumbers grown under standard con- 
ditions and infiltrated with 0.001 M solutions of 5-bromo- 
uracil-2-1*C 6. After 3 h and 18 h, no combined 5-bromo- 
uracil was found in the nucleotide fraction, nor in the 
ribonucleic or deoxyribonucleic acids obtained according 
tO OGUR and ROSENL This finding indicates that  the 
fate of 5-bromouracil in the plant  organism differs dis- 
t inctly from its fate in microorganisms inwhich it is known 
to be able to replace a considerable proportion of the 
thymine in deoxyribonucleic acid s . This difference is 
presumably due to the fact t ha t  5-bromouracil is rapidly 
degraded in the plant. VChen seedlings are incubated after 
infiltration with 5-bromouracil, this degradation may be 
followed by the evolution of 14CO~, which reaches a maxi- 
mum after only 1 h incubation. However,  5-bromouracil 
does have a distinct effect on the metabolism of the purine 
and pyrimidine bases, particularly of uracil. Plants in- 
filtrated with uracil-2-14C together with (unlabelled) 5- 
bromouracil show a dist inctly decreased rate of degrada- 
tion of uracil to ~4CO~ as against control plants infiltrated 
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