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ABSTRACT 

The target tissues (e.g., hypothalamus, pituitary, uterus 
and vagina) of mature female ovariectomized rats show selective uptake 
of radioactivity in one hour after the injection of 6,7, 3H-estradiol- 
170 in a dose of O.l,ug per 100 g body weight. Injection of 1OOpg nore- 
thindrone or norgestrel per 100 g body weight 15 min before or 15 min 
after the administration of tritiated estradiol reduced the radioacti- 
vity in most target tissues, and also in the non-target tissues to a 
lesser extent. The uptake of radioactivity in the pituitary and uterus 
is reduced more by norethindrone than by norgestrel treatment when these 
steroids were injected 15 min after estradiol-17p injection. It appears 
that there exists a competitive inhibition of estradiol-17fl by these con- 
traceptive steroids in the rat. It is speculated that such competition 
with estradiol-17fl may be an inherent property of the 17-substituted 
19-nortestosterone group of steroids. 
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INTRODUCTION 

Recent studies have now established that 31i-estradiol-17p 

is selectively taken up by uterus, vagina, pituitary and hypothalamus 

in rats (l-5) and mice (6-8). These target tissues retain estradiol-17 
is 

in an unconverted form (3,4,9). This preferential uptake and retention 

of estradiol-17p appears to be a primary step in the mechanism of action 

of estradiol-la/3 and led to the hypothesis that these tissues possess 

"receptors" which could selectively bind estradiol-17,& . It has been 

reported that a protein macromolecule which has a binding capacity for 

estradiol-17p is present in the uterus of the rat (10-13). Intracellu- 

lar localization of estradiol-17p in rat uterus has also been demonstra- 

ted by autoradiography (14-15). It has been reported in earlier publica- 

tions from this laboratory (16) as well as other laboratories (17) that 

norethynodrel has a competitive effect on the uptake of 3U-estradiol-17P 

by the target tissues. It has also been reported that 17-ethyl-19-nortes- 

tosterone has an inhibitory action on the early uptake of estradiol by the 

uterus and vagina of the ovariectomized mouse (18). In connection with 

studies related to the mode of action of contraceptive steroids in our 

laboratory, it seemed of interest to study and compare the effects of 

lFethynyl-19-nortestosterone (norethindrone) and dl-18-methyl-17-ethynyl- 

lY-nortestosterone (norgestrel) on the tissue uptake of 3U-estradiol-17P 

in ovariectomized rats. 
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MATERIALS AND METHODS 

Chromatographically pure 3H,6,7-estradiol-17/ had a specific 
activity of 40 curies per millimole and was supplied in benzene-ethanol 
solution by the New England Nuclear Corporation. Six: mature female 
Sprague Dawley rats, ovariectomised at least 2 weeks before, were injec- 
ted i.v. with chromatographically pure tritiated estradiol-17P in 10% 
ethanolic saline (O.l~~g/lOo g body weight) through the jugular vein. The 
animals were sacrificed 1 hour later and the tissues were processed and 
the radioactivity was determined in a Packard spectrometer model no.3324 
as described earlier (16). Chromatographically pure norethindrone and 
commercial dl-norgestrel in 45% ethanolic saline (lOO,ug/lOO g body weight) 
were injected 15 min before and 15 min after the 3H -estradiol-17P injec- 
tion. Animals were sacrificed 1 hour after estradiol injection and the 
tissues were processed as previously described (16). The quench correc- 
tion was done by Internal Standard method using 3H -toluene. 

Norethindrone was purified by repeated crystallisation. The 
purity of the progestin was ascertained to our satisfaction at lo-Sg by 
gas chromatography. 

RESULTS 

Unequal distribution of 3H -estradiol-174 was observed in 

various tissues of the treated animals (Tables 1 and 2). Among the 

target tissues in the control rats, highest amount of radioactivity 

was found to accumulate in the pituitary and uterus. A considerable 

amount of radioactivity was also noted in the vagina. A lesser amount 

of tritium incorporation was found in the hypothalamus. Among the non- 

target tissues the liver accumulated the highest amount of radioactivi- 

ty. Lesser amounts of radioactive incorporation was noted in the adre- 

nal and cerebellum. 
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TABLE 1 

Effect of norethindrone on the tissue distribution of 
radioactivity (3H-estradiol-17,& ) 

dpm/mg of wet weight 

Control: 

3H-estradiol-17P 

Norethindrone 
given 15 min 

before 
3H-estradiol-l_7@ 

injection 

Norethindrone 
given 15 min 

after 
3H-estradiol-17/ 

injection 

Mean? S.E.M. Meanf S.E.M. Mean& S.E.M. 

Pituitary 

Uterus 

Liver 

Vagina 

Adrenal 

Hypothalamus 

Serum 

Cerebellum 

691 f 25 

642 + 31 

564 k 51 

376 f 46 

177 f 5 

76f 3 

61-f- 3 

32f 1 

440 + 21;?* 

490 f 46;'; 

478 f 31 

220 + 16** 

161 f 11 

53 f 4** ~ 

54f 2 

25 f l** 

489 f 25** 

402 + 27*a 

466 + 30 

311 f 30 

170 f 10 

66 f 3;'i 

52f 2 

28 f 1%: 

* PCO.1 compared to control 

** P(O.05 compared to control 
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TABLE 2 

Effect of norgestrel on the tissue distribution of 
radioactivity (3H-estradiol-17p > 

dpm/mg of wet weight 

Control: Norgestrel Norgestrel 
given 15 min given 15 min 

before 
3H-estradiol.-17,& 3H-estradiol-:L7@ 

after 
3H-estradiol-17~ 

injection injection 

Mean J- S.E.M. Mean f S.E.M. Mean 2 S.E.M. 

Pituitary 491 f 25 483 f- 29** 627 f 16* 

Uterus 642 f 31 48% _t 54;k 517 f 23 

Liver 564 f 51 405 * 333; 540 f 35 

Vagina 376 f 46 198 * 11-h-J; 277 f 11 

Adrenal 177 f 5 146 f 7** 165 f 7 

Hypothal~us 762 3 66f 3 75* 5 

Serum 61f 3 54--t_ 4 50 f 2* 

Cerebellum 32+ 1 28-;c 2 27* 2 

*P( 0.1 compared to control 

**P<O.OS compared to control 



138 STEROIDS 213 

Fig. I- Effect of norethindrone on the tissue concentrations 
of radioactivity (3H-estradiol-17fi). Norethindrone 
was given 15 tin before (dotted bars) and 15 min 
after (diagonal bars) the 3H-estradiol-17,Binjection. 
* P(O.05, ** P.iO.01 compared to controls. 
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Fig. 2- Effect of norgestrel on the tissue concentrations of 
radioactivity (3H-estradiol-17@ ). Norgestrel was 
given 15 min before (dotted bars) and 15 ti_n after 
(diagonal bars) the 3H-estradiol-174 injection. 
* P(O.05, ** P(O.01 compared to controls,. 
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Treatment of rats with the same amount of norethindrone and 

norgestrel 15 min before the 
3 
H -estradiol-17/8 injection resulted in 

reduced uptake of radioactivity in the pituitary, uterus, vagina and 

hypothalamus (Tables 1 and 2). Treatment of rats with norethindrone 

15 min after the 3H -estradiol-li;O injection reduced the uptake of 

radioactivity in the pituitary, uterus and hypothalamus: a sugges- 

tion of reduction is also apparent in the vaginal tissue (Table 1). 

Similar treatment with norgestrel significantly reduced the uptake of 

radioactivity in the pituitary and uterus, and indicates reduced incor- 

poration in the vaginal tissue; no difference is apparent in the hypo- 

thalamic tissue (Table 2). These data are also presented as percent 

of control 3H -estradiol-17plevel in Fig. 1 and 2. Analysis of data 

(t-test) reveals that the same amount of norethindrone and norgestrel 

when injected 15 min before the 
3 
H -estradiol-l-/P administration reduced 

the accumulation of radioactivity in the target tissues in an identical 

manner when compared to the control, i.e., there is no statistical dif- 

ference between the corresponding pairs of data in the two progestin 

treated groups. On the other hand, a significant difference was noted 

in certain cases between the two groups when the steroids were injected 

15 min after the 3H -estradiol-17b injection. It was observed that in 

the latter case the accumulation of radioactivity by the pituitary and 

uterus is reduced more by norethindrone treatment than by norgestrel. 

Among the nontarget tissues a general tendency of reduced 

uptake of radioactivity is apparent in all cases. 
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DISCUSSION 

Estrogens play an important role on the ovulatory mechanism 

by acting on the hypothalamus - pituitary - ovarian axis. Synthetic 

contraceptive steroids like norethindrone and norgestrel are most likely 

to act on the target tissues for their antifertility effect. In the pre- 

sent paper discussions of the effect of these steroids will be limited 

mainly to data related to the target tissues, viz., hypothalamus, pi- 

tuitary, uterus and vagina. 

In line with earlier reports (5, 16, 17) it: was noted that the 

target tissues selectively concentrate and retain 3J+estradiol-17P . It 

has been shown that treatmen.t with certain progestin (norethindrone) re- 

duces the incorporation of progesterone in the rat uterine tissue in vitro -- 

(19). However, Eisenfeld and Axelrod (17) reported that treatment with 

norethynodrel (17-ethynyl-17P -hydroxy-5(10)-estren-3-one) a similar 19- 

nor progestin reduces the uptake of 
3 
H-estradiol-17P in certain target 

tissues in the rat. Reports from this laboratory showed that norethynodrel 

reduces the uptake of 3H-estradiol-lJ@ in all target tissues in the rat 

(16). During the present investigation with other 19-nor progestins we 

observed similar reduction of 3R-estradiol-lj3 incorporation. 

Norethindrone and norgestrel were found to reduce the radio- 

active incorporation significantly in all target tissues (Tables 1 and 2). 

This observation suggests the possibility that in the target tissues a 

competition took place between estradiol-174 and the progestins used. 
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The possibility of such competition is further indicated by the fact 

that the radioactive incorporation in most target tissues was signifi- 

cantly reduced compared to the control irrespective of whether the 

progestins were injected before or after the estradiol injection. It 

is not clear whether the progestins used compete with estradiol-17P 

as such or as converted metabolites (with estrogenic properties). It 

may be noted in this connection that 0.3% of norethynodrel, a related 

progestin, is reported (20) to get metabolically converted to 17-ethynyl- 

estradiol (17-ethynyl-1,3,5(10)-estratriene-3,17p -dial). 

Recently it has been reported that the target tissues get 

saturated with estradiol-17@ 30-60 min after the i.v. injection of 

physiological doses of estradiol-17@ in the rat (21-22). On the assump- 

tion that the receptors being discussed have identical affinity for es- 

tradiol-17fl as well as the progestins used, it is expected that in the 

present studies more radioactive incorporation would be found in target 

tissues of rats treated with the progestins 15 min after the estradiol 

treatment than in those of rats similarly treated 15 min before the es- 

tradiol treatment. Our data in fact show such a pattern in most target 

tissues (with the exception of the uterine tissue of rats treated with 

norethindrone (Table 1) and thus lend support to this view). 

It is interesting to note the comparative effect of norethin- 

drone and norgestrel on the uptake of 
3 
H-estradiol-17/ in the target 

tissues of rats. Pretreatment with norethindrone and norgestrel 15 min 

before 3H-estradiol-17P injection reduced the incorporation of radio- 
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activity in the target tissues in both cases. However,, when the pro- 

gestins were injected 15 min after the 
3 
H-estradiol-17k treatment, nor- 

ethindrone significantly reduced the uptake of radioactive incorporation 

in the pituitary and uterine tissue (PcO.05 compared to norgestrel). 

This pronounced inhibitory effect of norethindrone in this respect may 

probably be due to the difference in the substitution at the 13 position 

in norgestrel and may also be due to the racemic (dl) variety of the com- 

mercial norgestrel used. 

Each of the following progestins, viz., norethynodrel (16,17), 

17-ethyl-19-nortesterone (18), norethindrone (present studies) and norges- 

trel (present studies > competitively inhibits the estradiol incorporation 

in the target tissues , and these steroids belong to the 17-ethyl-19-nor- 

testosterone group of steroids. On the basis of this information it is 

tempting to propose that such competition of the 17-substitued X9-nortes- 

tosterone steroids with estradiol may be a property inherent to these 

synthetic steroids due to their particular chemical configuration. 
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