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Summary-Enzyme-mediated A-ring reduction of norethisterone (NET) results in the trans- 
formation of a molecule with potent intrinsic progestational activity into neutral derivatives 
with estrogen-like effects. To ascertain whether these structural modifi~tions of NET are able 
to modify the uteroglobin (U) gene (G) expression, a series of experiments assessing the UG 
products after the administration of NET and its reduced A-ring metabolites were conducted 
in prepubertal female rabbits. Synthesis of endometrial uteroglobin and its specific mRNA 
were studied in animals Following the administration of NET, Sa-dihydro NET,3fl,5@-tetra- 
hydro NET and progesterone. Animals treated with either estradiol or vehicle alone served 
as controls. The uteroglobin content in uterine flushings and cytosols was determined by 
immunodiffusion and polyacrilamide gel electrophoresis techniques and by a specific double- 
antibody radioimmunoassay, while the U mRNA synthesis was assessed by its molecular 
hyb~dizat~on to [a32P]d-ATP utero~obin cDNA. NET induced a si~ifi~nt increase of the 
uterine content of uteroglobin similar to that observed with progesterone with a simultaneous 
increase on U mRNA synthesis. On the contrary, Sa-NET and 3/&5a-NET induced very little, 
if any uteroglobin synthesis with a concomitantly low U mRNA production as compared with 
NET; thus exhibiting a similar effect to that observed in estradiol-treated animals. The overall 
results were interpreted as demonstrating that the enzyme mediated structural changes oFNET 
which occur at the target organs induce variable expression of the uteroglobin gene. The data 
indicate that the rabbit uteroglobin gene products are suitable molecular markers to evaluate 
the hormonal potency of contraceptive synthetic progestins and their derivatives. 

INTRODUCTION 

Uteroglobin or blastokinin is a hormone-sensitive 
endometrial secretory protein involved in blastocyst 
development and implantation [l-6], which was first 
discovered in the rabbit uterus during early preg- 
nancy 121. Although the specific function(s) of utero- 
globin is not completely understood, it has been well 
documented that this low molecular weight endo- 
metrial protein binds to [7,8J and is regulated by 
progesterone[9]. Indeed, data From a number of 
laboratories have demonstrated that progesterone 
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and synthetic progestins specifically regulate utero- 
globin synthesis at the endometrial level [lO--121. 

To assess the progestational potency of norethis- 
terone (NET), a widely used synthetic contraceptive 
progestin, and its neutral metabolic conversion prod- 
ucts, we felt it was of interest to study their direct 
effects on the rabbit uteroglobin gene expression, 
taking advantage of the Fact that the uteroglobin 
mRNA has been well characterized and translated in 
vitro [13] and that its complementary and genomic 
DNAs have been cloned [14]. Accordingly, the 
capability of NET and two A-ring reduced NET 
metabolites to induce uterine uteroglobin and its 
specific mRNA synthesis was studied in prepubertal 
rabbits. 

Further impetus For the conduction of this study 
was Furnished by the recent demonstration in our 
laboratory [ 1 S-191 that the enzyme-mediated struc- 
tural modifications of the NET molecule not only 
direct its specific interactions with the high affinity 
binding sites of the putative steroid receptors but 
also modulate the expression of its hormone-like 
biological activity. 



The results obtained provide evidence that A-ring 
reduction of NET results in the formation of deriva- 
tives that lost their progestational intrinsic potency 
but acquire an estrogen-like activity as assessed in a 
rabbit uteroglobin gene model. 

MATERIALS AND METHODS 

Steroids 

Authentic NET was kindly provided by Schering 
Mexicana, S.A. (Mexico City). Sa-dihydronorethis- 
terone (5a:-NET) was synthesized by lithium- 
ammonia reduction of NET as described by Bowers 
et ai.[20] and the 3P,Scc-tetrahydro derivative of NET 
(3&5cr-NET) was synthetized from &x-NET by 
sodium borohyd~de reduction [IS]. Chemical purity 
of NET and its derivatives was assessed by their 
melting points, high-performance liquid chromato- 
graphic behavior and H-nuclear magnetic resonance 
spectrometric analysis as has been previously 
published [19]. Progesterone and estradiol were pur- 
chased from Steraloids (Faming, N.Y.). 

[a-x”PJd-ATP, (SA: 3000 Ci/mmol) and sodium 
[12SI]iodine (SA: 16.4 mCi/pg) were purchased from 
Amersham International (England). c~-~~P was deter- 
mined in a Packard Tri-Carb liquid scintillation 
spectrometer model 2660, using Instagel’” (Packard, 
Downers Grove, Ill.) as the counting solution, while 
lzsI was determined in a Packard Auto Gamma 500. 
Counting efficiency was 45%. 

Animals and treatments 

Prepubertal New Zealand white rabbits weighing 
1 .O + 0.2 kg were used and they were fed with Purina 
Chow. Animals were distributed in 6 groups of 
6 animals each. All animals received steroid treat- 
ments as follows: group I: NET (1 .O mg~day~, group 
II: SE-NET (1.0 mg/day), group III: 3@,5cr-NET 
(0.5 mg/day), group IV: estradiol (0.01 mg/day), 
group V: progesterone (1 .O mg/day), and group VI: 
vehicle alone. All steroids were daily administered 
(s.c.) in 0.5 ml of corn oil-IO% ethanol for five 
consecutive days. An additional group (n = 6) of 
adult rabbits in the fifth day of pregnancy served as 
positive control. 

20 h after the last injection, animals were killed 
by cervical dislocation, bled and the uteri rapidly 
excised. For uterine flushings each uterine horn was 
rinsed with I ml of 0.15 M NaCl. Uteri were then 
homogenized with three 10-s bursts in a Polytron 
homogenizer (Brinckmann Instruments, Westbury, 
N.Y.). The cytosol fraction was obtained by centrifu- 
gation at 105,OOOg for 1 h at 4°C in a SW 50.1 rotor 
(Beckman Instruments, Palo Alto, Calif,). Uterine 
washes and cytosols were kept frozen at - 80°C until 
assayed. 

The uteroglobin content of uterine flushings and 
cytosols was determined by immunodiffusion, poly- 
acrilamide gel electrophoresis (PAGE) and radio- 
immunoassay (RIA). 

Specific anti-uteroglobin goat sera kindly supplied 
by Dr E. Milgrom was used throughout this study, its 
characteristics have been previously reported [Zl]. 
The immunoreactivity of the rabbit endometrial 
uteroglobin was assessed by the use of the classical 
Ouchterlony double diffusion technique using 1% 
agarose gels [22]. To determine the electrophoretic 
behavior of rabbit endometrial uteroglobin, uterine 
flushings and cytosol aliquots (30 ~1) containing 
10 rug of protein were applied to l&20% sodium 
dodecyl sulfate (SDS)-poIyacrilanlide gradient gels 
as described by Laemmli[23]. Electrophoresis was 
carried out at a constant voltage (100 V) for 1 h in 
a mini-electrophoresis chamber (Mini-Protean II 
Bio-Rad, Richmont, Calif.). The gels were fixed in 
methanol-acetic acid-water (40: 7 : 53) for 30 min 
stained with 0.25% (w,/v) Coomassie brillant blue 
R-250 in 40% methanol and 10% acetic acid for 
30min and washed overnight in methanol-acetic 
acid-water (40: 7: 53). The molecular weight markers 
(Bio-Rad) employed were Phosphorilase B (98 K), 
BSA (68 K), Ovalbumin (43 K), Carbonic anhydrase 
(31 K), Soybean tripsin inhibitor (20 K), and 
lysozyme (14.3 K). 

The quantitative determination of endometrial 
uteroglobin was done by a specific double antibody 
radioimmunoassay as described by Mayo1 and 
Longenecker[24] with minor modifications. [12sIJ- 
uteroglobin was prepared by the lactoperoxidase 
method and rabbit anti-goat sera was used as the 
second antibody. The assay sensitivity was 0.5 ng/ml, 
while the intra- and inter-assay variation coefficients 
were 10 and 12% respectively. 

The endometrial content of specific uteroglobin 
mRNA was evaluated by its molecular hybridization 
to uteroglobin cDNA. 

Total uterine RNA was extracted by the method of 
Cathala et a1.[25]: in brief. uteri from steroid-treated 
and control animals were homogenized in a lysis 
buffer (5 M Guanidine isothiocyanate, 10mM 
EDTA, 50mM Tris-HCI, pH 7.5 and 8% (vivf 
~-mercaptoethanol) and the homogenates submitted 
to direct RNA precipitation by the addition of 4 M 
LiCl. 

Kdentical quantities of total extracted RNA (20 pg) 
from control and treated animals were submitted to 
Northern blot analysis which included its electro- 
phoresis through 1.1% agarose/6% formaldehide 
gel [26f, its transfer to an inmovilized nitrocellulose 
paper [27] and its hybridization to [a-‘2P]d-ATP- 
uteroglobin cDNA. The nitrocellulose paper was 
washed [28], dryed, and exposed to an X-ray film. The 
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synthesis of the labeled uteroglobin c-DNA probe 
was done as follows: recombinant plasmid DNA 
(pUGl2) was isolated and the uteroglobin cDNA 
insert was excised by using deoxyribonuclease Pst I, 
purified from 1% agarose gel and radiolabeled with 
[a-32P]d-ATP by nick translation [29]. Final SA was 
1-2 x 10’ cpm/pg. Proteins were determined by the 
Bradford’s dye binding method [30] using BSA as 
standard. 

RESULTS 

The S.C. administration of NET of prepubertal 
female rabbits was followed by an increase of the 
uteroglobin content in uterine flushings as tested by 
its reactivity with a specific antiserum in double 
immunodiffusion plates. The augmentation of the 
uterine uteroglobin content induced by NET was 
similar to that observed in the progesterone-treated 
rabbits, whereas the A-ring reduction of NET abol- 
ished the potency of uteroglobin induction; in 
fact 5a-NET, 38-5a-NET and estradiol were almost 
ineffective. 

When uterine flushings of control and steroid- 
treated animals were analyzed in SDS-PAGE, identi- 
cal results to those observed using immunodiffusion 
were obtained as indicated in Fig. 1. Furthermore, to 
quantitatively assess the effects of NET and its 
metabolites upon the synthesis of uteroglobin, its 
immunoreactive content in uterine flushings and 
cytosols were determined. As shown in Fig. 2, the 

results obtained confirmed that: (1) NET exhibits a 
progestational activity similar to that of proges- 
terone, (2) reduction at the 5 position and later at the 
3 position of the NET molecule results in a significant 
diminution of its capability to induce uteroglobin 
synthesis and (3) estradiol-17/I exhibits very little, if 
any, progestational potency. 

To further investigate the mode of action of NET, 
the effect of this synthetic progestin and its metab- 
olites upon the uterine content of specific uteroglobin 
mRNA was examined. Total uterine RNA from 
control and steroid-treated animals was submitted to 
molecular hybridization with [a-32P]d-ATP utero- 
globin cDNA. The identical quantity of total RNA 
used in the experiments was assessed by optical 
density, staining with ethidium bromide and methilen 
blue throughout Northern blot analysis. As shown in 
Fig. 3, NET administration induced a significant 
increase in the uteroglobin mRNA content as com- 
pared with the oil-treated animals. This increase, 
assessed by Northern blot analysis, was similar to 
that observed in progesterone-treated rabbits. A simi- 
lar increase of uterine U mRNA content was noticed 
to a higher extent in pregnant rabbit uterus. On the 
contrary, administration of 5a-NET, 38,5x-NET and 
estradiol-17/I resulted in a limited increase of uterine 
uteroglobin mRNA as compared with the oil-treated 
animals (Fig. 3; tracks 4-7). Total RNA from un- 
treated rabbit liver and human fibroblasts (tracks 8 
and 9) did not hybridize at all with the labelled 
uteroglobin cDNA probe. Evidence that variations 

Fig. 1. Uteroglobin assessment in uterine flushings from control and steroid-treated rabbits by 
SDS-polyacrilamide gel electrophoresis (PAGE). Samples were analyzed in gradient gels (lO-20%). 
Marker proteins are on track I and their mol. wt is indicated on the left (in 1OOODa). Uteroglobin 
standard is on track 2. Uterine flushing proteins from 5-days pregnant animals are on track 3. Samples 
from treated prepubertal rabbits are located as follows: progesterone (track 4), norethisterone (track 5), 
Sa-NET (track 6), 3j,5a-NET (track 7), estradioLl7fi (track 8) and vehicle alone (track 9). The 
uteroglobin band, which is indicated by the arrow, was only noticed in tracks 3,4 and 5. For details see 

the text. 
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Fig. 2. Immunoreactive concentrations of uteroglobin in uterine flushings (fluid) and cytosols of 
prepubertal rabbits treated with natural and synthetic steroids. Samples were analyzed by a specific 
uteroglobin double antibody radioimmunoassay. Groups of animals (n = 6) were daily treated for five 
consecutive days with steroids as indicated and samples were obtained 20 h after last injection. The results 
are expressed as pg of uteroglobin/mg protein (mean f SD). Samples from pregnant animals (PR) on the 

5th day and oil-treated prepubertal rabbits were used as the control groups. 

on the endometrial U mRNA content in the exper- 
imental and control groups are indeed reflecting 
different progestational potencies of the steroids 
tested was obtained by lack of variations on the 
H,-histone mRNA content after hybridization with 
the corresponding non-hormone regulated cDNA 
probe (data not shown). 

DISCUSSION 

The results presented herein give evidence that 
the administration of NET induces a significant 
increase of the uteroglobin gene products in the 
prepubertal rabbit uterus in a manner similar to that 
observed with progesterone. Indeed, the observation 
that NET-induced uteroglobin content increases in 
uterine cytosol and flushings occurred in parallel with 
a significant rise in specific U mRNA content demon- 
strated that both NET and progesterone share a 
common mode of action. Whether the increased 
endometrial content of U mRNA observed after 
NET administration was due to an increase of gene 
transcription rate or to a messenger stabilization 
effect cannot be drawn from this study. However, 
since the natural hormonal action of progesterone is 

exerted at the transcription level [12,21], it seems 
plausible that NET may act through a similar mech- 
anism. The progestational potency of NET, as 
assessed by its capability to increase the immuno- 
reactive content of uterine uteroglobin, was found to 
be quantitatively similar to that of progesterone. 
These data rule out early observations which had 
suggested that NET was unable to induce uteroglobin 
synthesis in the rabbit uterus [12]. 

The fact that NET, a derivative of 19-nor testos- 
terone, is used in a number of contraceptive formu- 
lations [3 1,321 coupled with the observation that this 
synthetic progestin is extensively converted to neutral 
metabolites [33] with potent biological effects at the 
target organs [17, 191, prompted us to evaluate two 
of the most important A-ring derivatives of NET: 
5a-NET and 3/l-NET, for their capability to modify 
the uteroglobin gene expression. 

When 5a-NET was administered to prepubertal 
female rabbits the uterine content of uteroglobin 
(flushings and cytosols) increased very little as com- 
pared with the oil-treated animals; thus indicating 
that formation of the Sa (truns A/B ring junction) 
NET derivative by hydrogenation of the double 
bond results in a significant diminution of its 



Norethisterone and the uteroglobin gene 

1 2 3 4 5 6 7 6 9 

U mRNA 

Fig. 3. Effect of natural and synthetic steroids upon the uteroglobin mRNA content in the uterus of 
prepubertal animals as assessed by Northern blot analysis. Total uterine RNA was extracted from an 
uterine horn of treated animals with: progesterone (track 2), norethisterone (track 3), %x-NET (track 4), 
3B,Sa-NET (track 5), and estradiol-17J (track 6). Samples from pregnant (track 1), and prepubcrtal oil 
treated rabbits (track 7) were used as controls. Samples from rabbit liver and human fibroblasts were also 
included. All samples were submitted to Northern blot analysis in duplicate and the experiments were run 

in triplicate. The figure shows a typical autoradiography. 

progestational potency. This finding was, not in 
parallel with the previous observation that Sa-NET 
binds to the progesterone receptor with an adequate 
relative affinity [ 181. Whether the %-reduced metabo- 
lite of NET, which is depleted of progestational 
activity, may exert a synergystic or even an antago- 
nistic hormonal effect cannot be elucidated from 
these experiments and deserves further studies. The 
decrease of progestational activity of the Xx-NET 
derivative was not only observed in terms of 
uteroglobin synthesis but it was also accompanied 
by a significant diminution in the uterine content of 
specific uteroglobin mRNA, an observation which 
gave additional support to the concept that NET 
hormonal actions are exerted at the transcriptional 
level. 

Further reduction of the 3 keto group of Sa-NET 
to the 38 configuration diminished even more its 
progestational activity as was evidenced by the 
decrease of uteroglobin in those animals treated with 
3/3,5x-NET. Indeed, the effect of this tetrahydro 
NET derivative was similar to that noticed in 
the prepubertal rabbits treated with estradiol-17j3. 
Interestingly, this finding fits well with the previous 

demonstration that 3#I,Sa-NET specifically binds to 
the estradiol receptor [18] and it initiates cellular 
events that are considered to be estrogen-depen- 
dent [19]. These data confirm and extend a previous 
observation of Loosfelt et a/.[341 that the estrogen- 
induced increase of endometrial uteroglobin in the 
prepubertal rabbit is very limited and significantly 
lower than that observed with progesterone. 

In summary, the results demonstrate that the 
rabbit uteroglobin gene model is suitable to be used 
in screening progestational effects, at the molecular 
level, of synthetic contraceptive steroids. The data 
support the concept that A-ring reduction of 
NET precluded its effects upon uteroglobin gene 
expression. 
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