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Sex s t e r o i d s ,  in  p a r t i c u l a r  e s t r a d i o l  (E2) a n d  p r o g e s t e r o n e  (P4),  p l ay ,  t o g e t h e r  w i t h  o t h e r  h o r m o n e s  
a n d  g r o w t h  f a c t o r s ,  a ro l e  in t he  d e v e l o p m e n t  o f  n o r m a l  b r e a s t  t i s sue .  T h e  effect  o f  f o u r  p r o g e s t a g e n s  
( n o r e t h i s t e r o n e ,  3 - k e t o d e s o g e s t r e l ,  g e s t o d e n e  a n d  P4)  a n d  O r g  OD14,  a s t e r o i d  w i t h  w e a k  e s t r o g e n i c ,  
p r o g e s t a g e n i c  a n d  a n d r o g e n i c  p r o p e r t i e s  w e r e  s t u d i e d  on  g r o w t h  o f  b r e a s t  t u m o r  cel ls  in vitro 
us ing  two  s u b c l o n e s  o f  M C F - 7  (H a n d  A) a n d  T47D (S a n d  A) cells.  In  a d d i t i o n ,  we i n v e s t i g a t e d  
the  e f fec ts  o f  3 - k e t o d e s o g e s t r e l ,  g e s t o d e n e  a n d  O r g  OD14  on  the  g r o w t h  o f  7 , 1 2 - d i m e t h y l -  
b e n z ( a ) a n t h r a c e n e ( D M B A ) - i n d u c e d  m a m m a r y  t u m o r s  in r a t s .  In  t he  in vitro a s s a y s  w i t h  M C F - 7  
cel ls  n o r e t h i s t e r o n e ,  3 - k e t o d e s o g e s t r e l  a n d  g e s t o d e n e  s t i m u l a t e d  g r o w t h  on ly  a t  h i g h  doses  
( ~ 1 0 - 7 M ) ,  w h e r e a s  P4  h a d  no  effect .  G e s t o d e n e  was  m o r e  p o t e n t  t h a n  3 - k e t o d e s o g e s t r e l  a n d  
n o r e t h i s t e r o n e .  O r g  OD14,  s t i m u l a t e d  cell  g r o w t h  a t  a dose  o f  10 -s  M, wh i l e  E2 is a c t i v e  a t  10 -l° M. 
In  T 4 7 D - A  cel ls  s i m i l a r  ef fec ts  w e r e  f o u n d ,  b u t  t he  s u b c l o n e  S d id  n o t  r e s p o n d  to  t h e  p r o g e s t a g e n s  
a n d  O r g  OD14.  T h e  t w o  T47D s u b c l o n e s  a lso  r e a c t e d  d i f f e r e n t l y  to  p r o g e s t a g e n s  d u r i n g  g r o w t h  
s t i m u l a t i o n  w i t h  E2. In  T 4 7 D - S  the  p r o g e s t a g e n s  a n d  O r g  OD14  i n h i b i t e d ,  whi le  in T 4 7 D - A  the se  
c o m p o u n d s  d id  no t  m o d u l a t e  t he  ef fec t  o f  E2. In  t he  D M B A  m o d e l  we f o u n d  t h a t  g e s t o d e n e  a n d  
3 - k e t o d e s o g e s t r e l  w e r e  ab l e  to  i n h i b i t  t u m o r  g r o w t h  to t he  s a m e  ex t en t .  S u r p r i s i n g l y ,  O r g  OD14  was  
e v e n  m o r e  e f fec t ive  in t he  D M B A  m o d e l  u s ing  the  t h e r a p e u t i c  a p p r o a c h .  U s i n g  the  p r o p h y l a x i c  
a p p r o a c h  t u m o r  d e v e l o p m e n t  was  d e l a y e d  a n d  t u m o r  g r o w t h  was  s t r o n g l y  s u p p r e s s e d .  T h e  
i n h i b i t o r y  ef fec ts  o f  O r g  OD14  on  t u m o r  g r o w t h  in t he  D M B A  m o d e l  m a y  be  a t t r i b u t e d  to  i ts  m i x e d  
h o r m o n a l  p ro f i l e .  F r o m  t h e s e  s t ud i e s  we c o n c l u d e  t h a t  d i f f e r e n t  cell  l ines  a n d  e v e n  s u b c l o n e s  t h e r e o f  
r e s p o n d  qu i t e  d i f f e r e n t l y  to s t e r o i d s .  B o t h  in vitro a n d  in vivo s tud i e s  a r e  r e q u i r e d  to j u d g e  w h e t h e r  
s y n t h e t i c  s t e r o i d s  m i g h t  be  i n v o l v e d  in a n  i n c r e a s e d  r i sk  f o r  t he  d e v e l o p m e n t  o f  b r e a s t  t u m o r s .  
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I N T R O D U C T I O N  

The  role of  both estrogens and progestagens in normal 
breast development  has been discussed extensively (for 
review see [1]). Studies by Anderson et al. [2] with 
OC-users  indicate that progestagens rather than estro- 
gens induce cell proliferation of normal breast cells. 
Various breast cancer cell lines (MCF-7 ,  T47D,  ZR75-  
1) have also been used to study the role of  both 
estrogens and progestagens on cellular proliferation 
in order to determine their potential tumor  risk. 
These  studies [3-7] clearly show a stimulating effect by 
estrogens. In  contrast, the effects of progestagens alone 
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or in combination with estradiol (E2) on proliferation 
of tumor  cell lines are controversial. Both growth 
stimulation [8-10] and growth inhibition [11] have 
been found with progestagens derived f rom 19- 
nortestosterone. Progestagens of the pregnane series 
alone show no effect [9] or act st imulatory as well as 
inhibitory depending on the duration of the t reatment  
[12, 13]. 

In combination with E2 the progestagens of  the 
pregnane series counteract the proliferative effect of  E2 
[4, 6, 14-16] in T 4 7 D  cells. The  data of Coletta et al. 
[11] with respect to the effects of  gestodene on the 
growth of M C F - 7  cells are surprising. According to 
Coletta gestodene has, probably  due to the presence 
of a gestodene binding protein [17], an inhibitory 
effect which is not seen with other progestagens like 
3-ketodesogestrel, R5020 and medroxyprogesterone 
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acetate (MPA). The results could not be confirmed by 
van den Burg et al. [9]. The  above-mentioned differ- 
ences may, at least partly, be due to the use of different 
cell lines (subclones, passage numbers), culture con- 
ditions (media, sera, presence of phenol red and in- 
sulin) and doses of the compounds used. Very often 
firm conclusions, based on in vitro studies, are drawn 
with respect to risk for pathology in the breast, but in 
the light of the conflicting data as well as the high 
concentrations at which effects are seen, some caution 
seems to be justified. 

For showing the efficacy of anti- tumor agents testing 
compounds in vivo is essential. The 7,12-dimethyl- 
benz(a)anthracene(DMBA)-induced tumor model in 
rats, developed by Huggins et al. [18] has been most 
widely used. The  growth of the DMBA-induced  tu- 
mors is dependent on E2 and prolactin [19]. Androgens 
display a tumor inhibiting activity [20]. The effect of 
progestagens varies with the dose, type of progestagen 
and the period of treatment after D M B A  adminis- 
tration. At low doses progesterone (P4) stimulates 
while at high doses it has no effect [21]. Norethynodrel  
gave a protective effect whereas MPA shows no protec- 
tion [22] when the compounds were administered at the 
same time as the tumor inducer. Surprisingly, when 
MPA treatment was started before D M B A  adminis- 
tration a decrease in mammary carcinomas was found 
[23], whereas for norethynodrel an increase was seen 
[24]. In general the time of administration of the test 
compound in relation to the time of exposure of the 
carcinogen as well as the dose of the compound seem 
to be important. In the present study the compounds 
were tested in two different ways: according to a 
prophylaxic protocol, administrating D M B A  and test 
compound at the same time and to a therapeutic 
protocol starting treatment several weeks after D M B A  
administration when tumors had been established. 

In the investigations we compared the effects of 
norethisterone, 3-ketodesogestrel, gestodene and P4 on 
growth of tumor cell lines and on growth of DMBA-  
induced mammary tumors. For the in vitro studies with 
the progestagens we used two subclones of MCF-7  
cells and two subclones of T47D cells applying stan- 
dardized conditions in order to clearly determine cell 
type and subclone differences. 

In addition Org OD14, a steroid with weak estro- 
genic, progestagenic and androgenic properties [25], 
was studied in the above-mentioned in vivo and in vitro 
models. This compound is used in humans for the 
treatment of climacteric complaints and it does not give 
endometrium stimulation. Moreover, it has beneficial 
effects on bone [26, 27]. 

M A T E R I A L S  A N D  M E T H O D S  

Animals  

Sprague-Dawley rats were delivered by I F F A  
Credo-Broekman (Someren, The  Netherlands) or by 

the Zentralinstitut fiir Versuchstierkunst (Hannover, 
Germany). The  rats were housed in Macrolon cages in 
light- and temperature-controlled rooms. Tap water 
and pelleted food (RMH-B,  Hope Farms, Linschoten, 
The Netherlands) were given ad libitum. 

Cell lines 

The MCF-7  cell line, subclone H, was kindly pro- 
vided by Dr B. van der Burg (Hubrecht Laboratory, 
Utrecht, The  Netherlands). The T47D cell line, sub- 
clone S, was obtained from Dr R. Sutherland (Garvan 
Institute of Medical Research, Darlinghurst, Aus- 
tralia). Both the M C F - 7  and T47D cell line were also 
bought from the American Type  Culture Collection 
(Rockville, MD,  U.S.A.) and indicated by A in the 
text. The cells were maintained by culturing in a 
humidified atmosphere of air with 5% COe at 3 7 C  m 
polystyrene flasks in phenol-red free medium using 
Dulbecco's modified Eagles medium and Ham's  F12 
(Gibco, Paisley, Scotland) in a ratio of 1:1 with 5"i~ 
fetal calf serum (Bocknec, Ontario, Canada). The cells 
were passaged once a week using trypsin and EDTA.  

Compounds 

All compounds were prepared by N.V. Organon 
(Department of Medicinal Chemistry, The  Nether- 
lands) except that 4-hydroxytamoxifen and ICI 
164.384 were kindly provided by Dr  A. E. Wakeling 
(Zeneka Pharmaceuticals, Cheshire, England). DMBA 
was purchased from Fluka (Basel, Switzerland) or 
Sigma Chemical Co. (St Louis, U.S.A.). 

Methods 

For both the MCF-7  and T47D cells the following 
protocol was used. The  cells were seeded in 24 well 
plates and cultured as described above except that 
charcoal treated serum (CTS) was used. 

After 2 days of adaptation the steroids were added in 
ethanol in such an amount that 0.2% ethanol was no! 
exceeded. After 5 and 7 days the media were changed. 
Alter 9 days of culturing the media were removed and 
the cells were frozen at - 7 @ C  until the measurement 
of D N A  content. The total D N A  content per well was 
assessed by fluorescent staining with Hoechst 33342 
and measuring the fluorescence with a Perkin-Elmet 
luminescence spectrometer model LSS0. 

The estrogen receptor competition studies were 
essentially carried out as described before l\~r the 
steroid receptors [28] except that a larger dose range 
10 u~-10 S M was used for the competitors. 

The D M B A  experiments were carried out in the 
Department of Endocrine Oncology (Dr Daniel Den 
Hoed Cancer Centre, Rotterdam, The Netherlands~, 
according to the method described by Bakker et al. [29] 
when the therapeutic protocol was used. The prophy- 
laxic experiments were performed in the Department of 
Endocrinology of N.V. Organon (Oss, The Nether-  
lands) and the administration of the compounds begun 
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Fig.  1. Ef fec t  o f  E2, P4,  n o r e t h i s t e r o n e ,  3-ketodesogestre l  and gestodene on p r o l i f e r a t i o n  o f  M C F - 7  (H) cells .  

B a r s  r e p r e s e n t  D N A  c o n c e n t r a t i o n  ( /~g/ml)  ± SD in  a well .  

at the time the tumor inducer was given. Each treat- 
ment group consists of 8 animals. E2 was assayed with 
a kit obtained from E I R  (Wi.irlingen, Switzerland). 

RESULTS AND DISCUSSION 

Progestagens 

The progestagens were tested in vitro under stan- 
dardized conditions in the absence of estrogens 
(phenol-red free medium and CTS)  and exogeneous 
insulin was not added. The cells were cultured for 7 
days in the presence of steroids at various concen- 
trations. The effects of the progestagens and E2 on 
proliferation of M C F - 7  cells using the subclone H of 
the Hubrecht  Laboratory are shown in Fig. 1. A clear 
dose-response curve is found with E2. A stimulation of 
proliferation is found with norethisterone, 3-ketodes- 
ogestrel and gestodene at concentrations of 10 -7 and 

10 6 M  but no effect is seen with P4. Gestodene 
appears to be the most potent cell growth stimulator. 
Compared to E2 approx. 10,000 times higher concen- 
trations of the progestagens are needed in order to 
give a similar response. With the other M C F - 7  sub- 
clone, which has a somewhat higher proliferative basal 
activity, identical results were obtained (results not 
shown). Our results are in line with those of others 
[8-10]. However, in the present studies the difference 
in effects between gestodene and 3-ketodesogestrel as 
found by Coletta et al. [ 11, 17] could not be confirmed. 

The stimulatory effect of the progestagens could not 
be blocked by anti-progestagens but the effects can be 
counteracted by anti-estrogens (Fig. 2). The  progesta- 
gens may bind to the estrogen receptor or an estrogenic 
metabolite is formed during the incubation period of 7 
days. The binding of the compounds to the estrogen 
receptor was determined by performing competition 
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Fig.  2. E f f ec t s  o f  ant i -proges tagens  ( O r g  31710 a n d  R U  38486) a t  a c o n c e n t r a t i o n  o f  10 -6 M and ant i -es trogens  
( 4 - h y d r o x y - t a m o x i f e n  a n d  ICI  164.384) a t  a c o n c e n t r a t i o n  o f  1 0 - 7 M  on  E2 (10 -1° M)  and progestagen (10 -6 M)  

s t i m u l a t e d  g r o w t h .  B a r s  + SD r e p r e s e n t  D N A  c o n c e n t r a t i o n  ( # g / m l )  in  a wel l .  
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c o n c e n t r a t i o n  ( # g / m l )  in a wel l  a r e  g iven .  

studies at higher concentrations because normally at 
1 ~mol/l no binding to the estrogen receptor is found. 
Gestodene competes for the estrogen binding site 
(RBA = 0.025°,o with E2 = 100%) whereas 3-ketodes- 
ogestrel and P4 do not compete. Norethisterone also 
competes weakly (RBA = 0.01). This indicates that 
both metabolic conversion into estrogenic compounds 
and intrinsic estrogenicity of the compounds may 
contribute to the estrogenic response. However, it is 
most likely that the effects are due to the intrinsic 
estrogenicity of the compounds because the conditions 
for metabolism are not optimal and the affinity is of 
such a magnitude that at t~mol concentrations a full 
estrogenic response can be expected. 

The  effects of the progestagens on two T47D cell 
lines were tested under the same conditions as those 
used for the M C F - 7  cell lines. Figure 3 shows that with 
the subclone A similar stimulating effects are found for 
3-ketodesogestrel and gestodene at high, unphysio- 
logical concentrations. P4 again has no effect. In the 
subclone S no stimulation was found with any of these 
progestagens. Both cell lines respond to E2 but the 

T 4 7 D - A  subclone already gives a growth response at 
10 t~ M whereas the S subclone starts to respond at a 
concentration of 10 I°M. Apparently the estrogen 
receptor concentration in the latter cell line is lower 
under these culture conditions. 

The experiments show that the responses of 
progestagens in an estrogenic environment are quite 
different from that in an estrogen deficient milieu. 
Figure 4 shows that in the T47D-A subclone no 
modulation of the estrogenic effect is seen but in the 
other clone the progestagens 3-ketodesogestrel and 
gestodene inhibit the estrogen-induced proliferation° 
P4 shows a weak inhibiting effect. Similar inhibiting 
effects were found by Sutherland et al. [12] using 
MPA. It is suggested that both the progestagen and 
estrogen receptors are involved in growth regulation of 
the T47D-S  cell line [30]. 

The in v i t ro  data clearly show that the various 
cell lines respond differently. The estrogenic effect 
of progestagens is not observed in the cell line ot 
Sutherland which may be due to a difference in metab- 
olism, the receptor population present in the cells 
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Fig.  4. Ef fec t  o f  g e s t o d e n e  ( O - - - O ) ,  3 - k e t o d e s o g e s t r e l  ( A - - - ~ )  a n d  P4 ( V - - - V )  on  E2 (10 10 M)  s t i m u l a t e d  
g r o w t h  in  T47D cel ls .  L e f t  p a n e l  s u b c l o n e  A a n d  r i g h t  p a n e l  s u b c l o n e  S. T h e  g r o w t h  c u r v e  w i t h  E2 a lone  

( O - - - Q )  is a lso  g iven .  V a l u e s  + SD r e p r e s e n t  D N A  c o n c e n t r a t i o n  ( p g / m l )  in a well .  
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Fig.  5. Ef fec t  o f  3 - k e t o d e s o g e s t r e l  (2 x 0.1 m g / k g )  a n d  g e s t o d e n e  (2 x 0.1 m g / k g )  a f t e r  s u b c u t a n e o u s  a d m i n i s -  
t r a t i o n  ( t h e r a p e u t i c  m o d e l )  on  D M B A - i n d u c e d  m a m m a r y  t u m o r s  in  r a t s .  B a r s  r e p r e s e n t  t u m o r  l o a d  
( m m  2) + S E M  m e a s u r e d  in vivo. S t a t i s t i c a l  a n a l y s i s  was  c a r r i e d  out  w i t h  the  S i gn  tes t  (P  < 0.05). T u m o r  l o a d  

a t  week  "0"  is j u s t  b e f o r e  t r e a t m e n t  s t a r t s .  

and/or the history of the cell line. Both estrogen and 
progestagen receptors are present in the two M C F - 7  
cell lines in low amounts  but  changes may occur during 
hormonal  treatment.  

Because both gestodene and 3-ketodesogestrel show 
some estrogenic effect in the cancer cell lines the two 
compounds  were tested in the D M B A  model. In  this 
tumor  model the induced tumors  are estrogen-depen- 
dent. T h e  compounds  were tested subcutaneously at a 
dose 10 times higher than required for 100% ovulation 
inhibition in the therapeutic model. Figure 5 shows 
the effects of  the two compounds  in this model. 
Both compounds  inhibit tumor  growth. The  difference 
in effect of  3-ketodesogestrel and gestodene is not 
statistically significant. 

Org 0 D 1 4  

Org OD14 is a compound used for the t reatment  of  

climacteric complaints which possess weak estrogenic, 
progestagenic and androgenic properties [25]. 

In the two subclones of  M C F - 7  cells Org OD14 
stimulates proliferation at a concentration of 10 -9 M or 
higher as depicted in Fig. 6. T h e  compound is approx. 
100 times less active than E2. Similar effects are seen 
with subclone A of T 4 7 D  but as with the progestagens 
no stimulation is found in the Sutherland cell line (data 
not shown). 

Identical results as with the progestagens (see above: 
Fig. 4) in the presence of E2 are found in the T 4 7 D  
cells and also in M C F - 7  cells (data not shown). F rom 
the in vitro results we can conclude that Org OD 14 acts 
like an estrogen by stimulating proliferation. T h e  estro- 
genic effect is higher in M C F - 7  cells of  subclone A (1 ~o 
of the activity of E2) than in M C F - 7  (H) cells and 
T47D (A) cells (0.2-0.35% of E2). The  progestagenic 
activity of  Org OD14 is most  likely responsible for the 
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ORG OD14 + TAMOXlFEN 

500' 

0 1 2 3 

WEEKS OF TREATMENT 
Fig. 7. Effect of Org OD14 (orally), tamoxifen (subcutaneously) and combined t reatment  on DMBA-induced 

m a m m a r y  tumors  using the therapeut ic  model. See Fig. 5 for further explanation. 

i nh ib i t i on  of  e s t r o g e n - i n d u c e d  p ro l i f e ra t ion  in the  
T 4 7 D - S  cells.  M a r k i e w i c z  and  G u r p i d e  [31] f o u n d  that  
also in h u m a n  e n d o m e t r i a l  t issue the  p roges t agen ic  
ac t iv i ty  of  O r g  O D 1 4  preva i l s  over  the  es t rogen ic  
act ivi ty .  

D u e  to the  p r o p e r t i e s  o f  Org  O D 1 4  we also tes ted  
this  c o m p o u n d  in the  D M B A  m o d e l  a p p l y i n g  two 
moda l i t i e s .  I n  the  t h e r a p e u t i c  m o d e l  the  effect o f  Org  
O D 1 4  was c o m p a r e d  wi th  tha t  of  t amox i f en  and  sur-  
p r i s ing ly  Org  O D 1 4  at a da i ly  dose o f  2 × 1.0 m g / k g  
has a s imi la r  effect iveness  as t amoxi fen  at a dose  of  
2 x 0.2 mg/kg .  T h e  effect of  O r g  O D t 4  may  be due  to 
an i n h i b i t o r y  effect on g o n a d o t r o p i n  release and  thus  
on E2 levels.  I n d e e d  a s ignif icant  r e d u c t i o n  in E2 levels 
was f o u n d  (da ta  no t  shown) .  T h e r e f o r e  Org  O D 1 4  was 
also tes ted  at a lower  dose at which  E2 levels were  not  
in f luenced  e.g. 2 × 0.25 mg/kg .  F i g u r e  8 shows the 
effects of  th ree  d i f ferent  doses  (2 × 0.25, 2 × 0.5 and 
2 x 1 . 0 m g / k g )  o f  Org  O D 1 4  on the t u m o r  load af ter  

t r e a t m e n t  for 3 weeks.  Org  O D 1 4  gives s ignif icant  
inh ib i t ion  of  t u m o r  g rowth  at all th ree  doses af ter  1 
(except  the  h ighes t  dose) ,  2 and  3 weeks of  t r ea tmen t .  

T h e  ' c o m p o u n d  was also tes ted  in the  p r o p h y l a x i c  
mode l  in which  the t u m o r  i nduc e r  and  Org  O D 1 4  are 
a d m i n i s t e r e d  at the  same t ime.  A l m o s t  comple t e  abo l -  
i shme n t  of  t u m o r  d e v e l o p m e n t  is found  wi th  2 x 0.25 
and  2 x 1.0 m g / k g  O r g  O D 1 4  in this  t r e a t m e n t  r eg imen  
(Fig .  9). T h e  lowest  dose  of  Org  O D 1 4  gives an even 
be t t e r  r e sponse  than  the h ighes t  dose.  T h e  es t rogen ic  
ac t iv i ty  of  the  c o m p o u n d  may  be r e spons ib l e  for the  
h ighe r  t u m o r  load at the  h igh  dose.  At  the  dose of  
2 x 0.25 m g / k g  the E2 levels were  not  s ignif icant ly  
decreased .  In  ano the r  e x p e r i m e n t  a four  t imes  lower  
dose than  2 × 0.25 m g / k g  also gave t u m o r  r educ t ion  
bu t  this  effect was not  s ignif icant  ( resul ts  not  shown).  

Org  O D 1 4  is a syn the t i c  s te ro id  which  possesses  
weak es t rogenic ,  p roges t agen ic  and a nd roge n i c  ac t iv i -  
t ies [25]. T h e  t u m o r  g rowth  i nh ib i t i ng  ac t iv i ty  of  

Tumor load 
(mm 2) 
3000  ~ CONTROL 

ORG OD14 (2X0.25 mg/kg) 

ORG OD14 (2x0.5 mg/kg) 
ORG OD14 (2x1.0 mg/kg) 

2000 

I000- _ ~  

0 1 2 3 
Weeks of treatment 

Fig. 8. Effects of various doses of Org OD14 on DMBA-induced m a m m a r y  tumors using the therapeut ic  model. 
See Fig. 5 for further explanation. 



Effects of  Proges tagens  and  Org  O D 1 4  in In Vitro and In Vivo T u m o r  Mode l s  

Tumor burden 
(mm2) 

2 5 0 0  

2 0 0 0  

1500  

1000 

5 0 0  

Weeks of t reatment 
I I I t ! ~ t 

7 8 9 10 

i / 

31: 

OrgOOl4 ~ t ~ l  2x1.0 Control I 2x1.0 Control I 2x1.0 Control I 2x1.0 
(mg/kg) 2x0.25 2x0.25 2x025 2x0.25 

Fig. 9. Effect of Org  OD14 on the deve lopment  of DMBA- induced  m a m m a r y  t u m o r s  using the prophylaxic  
model .  S ta t i s t ica l  eva lua t ion  was done wi th  the  Wilcoxon test.  See Fig. 5 for further explanat ion .  

O r g  O D 1 4  m a y  b e  a t t r i b u t e d  to  i t s  a n d r o g e n i c  a n d  

p r o g e s t a g e n i c  a c t i v i t i e s  b e c a u s e  b o t h  p r o g e s t a g e n s  

[21,  23]  a n d  a n d r o g e n s  [20] c a n  d i m i n i s h  t u m o r  g r o w t h  

i n  t h e  D M B A  m o d e l .  

I t  c a n  t h e r e f o r e  b e  c o n c l u d e d  t h a t  O r g  O D 1 4  h a s  

d u e  to  i t s  m i x e d  h o r m o n a l  p r o f i l e  m o s t  l ike ly  n o  t u m o r  

p r o m o t i n g  a c t i v i t y .  A d i r e c t  e f fec t  o f  O r g  O D 1 4  o n  

t h e  t u m o r  c a n  n o t  b e  e x c l u d e d  c o m p l e t e l y  b u t  n e e d s  

f u r t h e r  i n v e s t i g a t i o n s .  

C O N C L U S I O N S  

A t  h i g h  n o n - p h y s i o l o g i c a l  c o n c e n t r a t i o n s  e s t r o g e n i c  

a c t i v i t y  o f  1 9 - n o r t e s t o s t e r o n e  d e r i v e d  p r o g e s t a g e n s  

l ike  g e s t o d e n e ,  n o r e t h i s t e r o n e  a n d  3 - k e t o d e s o g e s t r e l  

b e c o m e s  a p p a r e n t  b y  s t i m u l a t i n g  t h e  p r o l i f e r a t i o n  o f  

t u m o r  ce l l  l i n e s  b u t  in v ivo  t h i s  d o e s  n o t  l e ad  to  a 

s t i m u l a t i o n  o f  e s t r o g e n - s e n s i t i v e  t u m o r s  as in  t h e  

D M B A  m o d e l .  O r g  O D 1 4  a l so  s h o w s  a s t i m u l a t i n g  

e f fec t  o n  t h e  p r o l i f e r a t i o n  o f  t h e  t u m o r  cel l  l i ne s  b u t  t h e  

p o t e n c y  is f a r  less  t h a n  t h a t  o f  E2 .  T h i s  w e a k  e s t r o g e n i c  

a c t i v i t y  d o e s  a l so  n o t  g ive  r i se  to  a t u m o r  p r o m o t i n g  

e f fec t  i n  D M B A - t r e a t e d  ra t s .  S u r p r i s i n g l y  O r g  O D 1 4  

g a v e  a s t r o n g  i n h i b i t o r y  e f fec t  w h i c h  c a n  b e  a t t r i b u t e d  

to  t h e  p r o g e s t a g e n i c  a n d / o r  a n d r o g e n i c  a c t i v i t y  o f  t h e  

c o m p o u n d .  
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