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Abstract

Levonorgestre( 18-ethyl-1&-ethynyl-1B-hydroxy-4-gonen-3-one , a potent contraceptive progestin stimulates growth and prolifera-
tion of cultured breast cancer cells through a receptor-mediated mechanism, even though levonorgestrel does not bind to the oestroge
receptor( ER . To assess whether the oestrogen-like effects induced by this synthetic progestin are exerted via its metabolic conversiol
products, we studied the binding affinity of three A-ring levonorgestrel derivatives to the ER and their capability to transactivate an
oestrogen-dependent yeast system co-transfected with the human ER gene and oestrogen responsive element3-fgaadttsidase
reporter vector. The results demonstrated that $i®&3 reduced levonorgestrel derivative and to a lesser extentitéis8mer interact
with the oestrogen receptor, with a significantly lower relative binding affiGity 2.4% and 0.4%, respextively than that of oestradiol
(100%, while levonorgestrel does not. Both levonorgestrel metabolites were able to activate, in a dose-dependent manner, the
B-galactosidase reporter gene in the yeast expression system, an effect that was precluded by a steroidal antioestrogen. The oestrogel
potency of levonorgestrel metabolites was significantly lower 750}old than that of oestradiol. Furthermore, high doResxof 3
levonorgestre{ 2.5 mgday/6 day9 induced an increase of oestrogen-dependent progestin receptor in the anterior pituitary of castrated
rats. The overall data offer a plausible explanation for the weak oestrogenic effects induced by high, non-pharmacological doses of
levonorgestrel© 2001 Published by Elsevier Science B.V.
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1. Introduction vaginal rings( Johannisson et al., 1991; White et al., 1991;
Thau and Jackanicz, 1994 and more recently emergency
Levonorgestrel ( 18-ethyl-17x-ethynyl-1B-hydroxy- contraceptive pill§ World Health Organization. Task Force
4-gonen-3-onke is a potent, totally synthetic 19-nor pro- on Post-Ovulatory Methods of Fertility Regulation, 1998;
gestin( Smith et al., 1963 used either alone or combined Piaggio et al., 1999 .
with ethynyl oestradiol in a number of contraceptive for- Levonorgestrel induces hormone agonistic effects other
mulations, including pills( Ball et al., 1991; Rebar and than that of its progestational activity. Indeed, lev-
Zeserson, 1991 , injectablés Crabbe et al., 1983; Garza-onorgestrel specifically binds with high affinity to the
Flores et al., 1991 , medicated intrauterine devices World mineralocorticoid Rebar and Zeserson, 1991; Kuhl, 1996
Health Organization. Task Force on the Safety and Effi- and androgen receptots Phillips et al., 1990; Lemus et al.,
cacy of Fertility Regulating Methods, 1990; Sivin and 1992; Cabeza et al., 1995 and exerts the corresponding
Stern, 1994 , subdermal implants Cravioto et al., 2997 , effects with a relative high potency; however, the oestro-
genic actions of levonorgestrel still remain controversial.
S Levonorgestrel, at high concentrations, induces cell growth
s e e e o W S vk 5. & prolferaton n breast adnocarcinoma célls MGF-7
Quiroga 15, Mexico City, D.F., C.P. 14000, Mexico. Tel52-5573-  (van der Burg, 1991; Van der Burg et al.,, 1992; Catherino
1160; fax: +52-5655-9859. et al., 1993; Schoonen et al., 1995a and breast ductal
E-mail address: anaelenalemus@aol.com A.E. Lemus . carcinoma cell§ T47D( Schoonen et al., 1995b , an effect
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that is precluded by steroidal anti-oestrogéns 1CI-164,384; levonorgestrel and its derivatives was assessed by their
4-hydroxytamoxifel but not by antiprogestiGs RU-486; melting points, high performance liquid chromatographic
ORG 31710 ( Catherino et al., 1993 , strongly suggesting behaviour, infrared absorption, arltH-nuclear magnetic
that the oestrogen-like effects of levonorgestrel are medi- resonance. The physical and spectroscopic constants of the
ated by the intracellular oestrogen receptor. These observaA-ring reduced derivatives of levonorgestrel have been
tions are in sharp contrast with a number of experimental previously reported Lemus et al., 1992 .

evidences which indicate that levonorgestrel does not inter-

act gt all with the ogstrogen receptor and therefore does, 5 ~agradiol receptor binding studies

not induce oestrogenic effecfs Rebar and Zeserson, 1991;

Kuhl, 1996 .

Since levonorgestrel undergoes extensive peripheral
metabolism( Stanczyk and Roy, 1990 and biotransforma-
tion to A-ring reduced derivatives at target orgdns Lemus
et al., 1992 , in a similar manner to that of norethisterone
(Larrea et al., 1987 and gestodefe Lemus et al., R0O00
another 19-nor synthetic progestins, we felt it was of
interest to investigate whether levonorgestrel may induce
oestrogen agonistic effects, via its non-phenolic metabo-
lites.

A series of studies were undertaken, including the

Immature female, intact Wistar rats body weight 100—
200 g, without oestrogen priming, were used for these
studies. Animals were kept under a 14-h ligh0-h dark-
ness cycle, allowed food and water ad libitum and killed
by decapitation. All procedures using animals were per-
'formed in accordance with the Guidelines on the Handling
and Training of Laboratory Animals published by the
Universities Federation for Animal Welfare and approved
by the Research Ethics Board of the Metropolitan Au-
tonomous University-Iztapalapa. Uteri were immediately
removed, blotted and weighed; thereafter, all procedures

interaction of levonorgestrel and three of its A-ring re- : : : :
duced derivatives with the rat uterine oestrogen receptorwe.re done at 4C. Uterine tlssugs were homogenised in
chilled TEDLM buffer(20 mM Tris—HCI, pH 7.4 at 4C,

and the assessment of their oestrogenic potency using a s
oestrogen-induced transactivation yeast system co-transl:!L'5 mM EDTA, 0.25 mM dithiotreitol, 1q.g/ml leupep-

fected with the human oestrogen receptor gene and itst'r.]e and 10 mM sodium molibdate in a ratio Jwiol) .1:6’
. ) with three 10-s bursts. The homogenate was centrifuged at
cognate reporter vector, as well as the induction of oestro-

X ) X .~ 180,000% g for 1 h at 2°C in an SW 50.1 roto¢ Beckman
gen-dependent progestin receptors in the anterior pituitary X
Instruments, Palo Alto, CA, USA . Cytosol protein con-
of female castrated rats.

centration was determined by the Bradford’'s dye binding
method( Bradford, 1976 using bovine serum albumin as

standard.
2. Materials and methods Stereospecificity of the binding of levonorgestrel and its
derivatives to the oestrogen receptor was assessed by
21 Seroids and chemicals displacement analysis, as previously reported” Chavez et

al., 1985 . Uterine cytosol aliquots 4.1-5.2 mg profein
ml) were incubated wit§> H oestradiol in the absence or
presence of increasing concentratidns 1-500 nM of ra-
dioinert oestradiol at 4C for 18 h. The relative binding
affinities of levonorgestrel and its derivatives to cytosol
oestrogen receptors were evaluated by their capability to
displace bound® H oestradiol from the oestrogen receptor
binding sites. Radioactive content in the samples was
determined in a Packard Tri-Carb liquid scintillation spec-

" trometer, Model 1900 TR Packard, Downers Grove, IL,
USA) using Insta-Gel PIU$ as counting solution. The
counting efficiency fof®> H was 65% and quenching was
corrected in all samples by external standardisation. The
relative binding affinities and the inhibition constants of
levonorgestrel and its metabolites were calculated accord-
ing to Reel et al( 1979 and Cheng and Prugoff 1973,
respectively.

[2,4,6,7° H oestradiol[> H oestradlol , specific activity
97 Ci/mmol and[ 6,7 H ORG 205> H ORG 2058,
specific activity 45 C¥mmol were purchased from Amer-
sham Internationa{ Buckinghamshire, England and their
radiochemical purity was established by thin-layer chro-
matographic behaviour and by repeated crystallizations of
aliquots to constant specific activity. Radioinert natural
and synthetic steroids were supplied by Sigima St. Louis
MO, USA). The anti-oestrogen ICI-182,780 was gener-
ously supplied by Zeneca Farnfa Mexico City, Mexico .
All reagents and solvents used were analytical grade.
Authentic levonorgestrel was kindly provided by Schering
Mexicana, S.A. de C.V( Mexico City, Mexi¢o .05 di-
hydrolevonorgestre( & levonorgestrel was synthesised
by lithium-ammonia reduction of levonorgestrel, while
the 3u,5a tetrahydro derivative of levonorgestrela Ba
levonorgestrel was prepared from reduction of fev-
onorgestrel withL-selectride under anhydrous conditions 2.3. Oestrogen-induced yeast transactivation system
and the B,5a tetrahydro derivative of levonorgestrel
(38,5 levonorgestrel was synthesised by sodium borohy-  The oestrogen-like activity of levonorgestrel and its
dride reduction of & levonorgestrel. Chemical purity of  A-ring reduced derivatives was assessed in the yeast ex-
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pression system previously reported by Lyttle efal. 1992 , albumin, on a parallel gradient, was used as an external
where a Saccharomyces cerevisiae hyperpermeable yeast marker. Gradients were centrifuged at 398,806 for
strain RS 188 N was co-transfected with an expression2.5 h at 2°C in a VTi 65 rotor( Beckman Instruments .
vector containing the human oestrogen receptogene, Fractions of 85u1 each were collected from the bottom of
under the control of a yeast copper metallothionein pro- the gradients and their radioactive content determined.
moter and g3-galactosidase reporter vector, which expres-

sion is under the control of oestrogen responsive elements.2 5. Satistical analysis

Different concentrations of levonorgestrel, its derivatives,

and/or other naturally occurring and synthetic steroids — The results of transactivation studies in the yeast system
including the anti-oestrogen ICI-182,780 Wakeling ;\nd are expressed as mearS.D. for each experimental group.
Bowler, 1992 were added to the yeast system and incu- giatistical differences were evaluated by one way analysis
bated for 4.5 h. Yeast were harvested by centrifugation, 5¢ \ariance followed by Dunnett’s test and were consid-
washed with Z buffef 50 mM Nall PO , pH 7.0, 10 MM gred to be significant wherP < 0.005 ( SSPS). The
KCl, 1 mM MgSQ,, 5 mM B-mercaptoethanbl and the rg|ative oestrogenic potency of levonorgestrel metabolites
cytosolic fraction was obtained by vortexing with glass \y55 determined by the median effective dose,HD  calcu-

beads in Z buffer followed by centrifugation at 10,00@. lated by a sigmoidallogistic fit using an iterative program
The supernatant was assayed fpgalactosidase activity (Microcal, Origin™).

using o-nitrophenylg-p-galactoside( 4 mgml) as sub-
strate, and absorbance at 420 nm was registered after
exactly 10 min. Oestradiol served as the positive control,
. . 3. Results
while 5a-dihydrotestosterone, progesterone, pregnenolone

and testosterone were the negative controls. y .
3.1. Oestrogen receptor binding of levonorgestrel and its

metabolites

2.4. Oestrogen-induced rat anterior pituitary progestin

receptors The comparative ability of levonorgestrel and its A-ring
reduced derivatives to compete wiffi ] H oestradiol for

In vivo assessment of the oestrogenic potency of the 'eceptor binding sites in the rat uterine cytosol, expressed
38,5« levonorgestrel derivative was done by the induction @S their relative binding affinities and inhibition constants
of progestin receptors in the anterior pituitary of castrated areé shown in Table 1. The35a tetrahydro derivative of
rats, a bioassay previously descrided Vilchis et al., 1986; levonorgestrel was effective as competitor for oestrogen
Lemus et al., 2000 . In brief, adult female Wistar rats receptor binding site¢ RBA 2.4%6 while thexDa re-
(body weight 200-250)g were ovariectomised under ether duced metabolite of levonorgestrel also interacted with the
anaesthesia. Four weeks after ovariectomies, groups of 2¢Pestrogen receptor, yet with lower binding affinity RBA
rats each were daily injected for six consecutive days with 0-4%0 . Unmodified levonorgestrel and itsa 5dihydro
100 ! of propyleneglycol containing 2.5 mg off35c metabolite were unable to compete for the oestrogen recep-
levonorgestrel. Animals treated with oestradiol benzéate 5 tor binding sites in a similar manner to that of Sihy-
ng/day/6 day9 or with vehicle alone were used as drotestosterone used as negative confrol Table 1. Natu-
experimental controls. After completion of the treatment, rally occurring oestradiol, used as positive control, was the
animals were killed by decapitation and the anterior pitu- Most potent steroid competitor for oestrogen receptors
itaries were immediately removed, rinsed with ice-cold Pinding sites{ RBA 100% .

TEDM buffer (20 mM Tris—HCI, pH 7.4 at 4C, 1.5 mM

EDTA, 0.25 mM dithiotreitol and 10 mM sodium molib-

date , blotted and weighed. Thereafter, all procedures were

done at 4°C. Tissues were homogenised in a glass ho- Table 1

. . . Relative binding affinitie RBA and inhibition constar(ts;) of natural
mogeniser with a Teflon pestle with TEDM buffer supple- and synthetic steroids for cytosol oestrogen receptor, as assessed by

mented with 10% glycerol velvol) and 10wg/ml leu- displacement analysis
peptine in a tissugbuffer ratio of 1:6( wy'vol). Cytosol [*Hloestradiol was used as radioligand.
preparations were obtained as described for receptor bind-steroid competitors RBA 9 K, (nM)?

ing studies. Aliquots of cytosol 300-40Ql; 10 mg Levonorgesrel ~ .
protein/ml) were incubated with 3 nNP H ORG 2058 for s, Levonorgestrel

4 h at 4°C and layered on the top of linear sucrose 3,5« Levonorgestrel 0.40.02 466+ 22.10
gradients( 20-35% in TEDM buffer supplemented with 38, S« Levonorgestrel 2.40.40 84+5.2
10% (vol/vol) glycero). An exces§ 125X of radioinert —©Oestradiol 100 21

ORG 2058 was added to an incubation set of cytosols from S Dihydrotestosterone _ ~

animals treated with @5« levonorgestrel. Bovine serum ®Results represent the mears.E.M. of five experiments in triplicate.
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Fig. 1. Assessment of the oestrogenic potency of levonorgestrel and its A-ring reduced metabolites by their ability to transactivate oestrogen
receptor-mediate@-galactosidase gene in a yeast expression system. Yeast cultures co-transfected with an expression vector containing the human
oestrogen receptor gene and oestrogen responsive elements fused t@-tjeactosidase reporter vector, were grown in the presence of increasing
concentrations of levonorgestrel LNG and its metabolites. Naturally occurring steroids were used as control. Results are exprgsatactasdase

activity. Each point represents the megai$.D. of three experiments in triplicate. The results demonstrated gh&t devonorgestrel 8,5« LNG) and

3a,5a levonorgestre( @,5« LNG), at high concentrations, were able to transactivate the oestrogen receptor-mpeijatadtosidase in a dose-dependent
manner, similar to that of naturally occurring oestradio}) E , used as positive contréévBnorgestre( &LNG) exhibited very little, if any, oestrogenic

effect, while unchanged levonorgestrel was completely ineffective. Testosterbnex-dihyirotestosterone DHT , progesterdng) P , pregnendlapie P

and vehicle( Veh used as negative controls were also ineffeCtive for details, see }he text .

3.2. Activation of the oestrogen receptor-dependent g- gen receptoix-mediatedp-galactosidase activity in a hy-
galactosidase gene by levonorgestrel and its metabolites perpermeable yeast expression system are shown in Fig. 1.
The 3,5« tetrahydro derivative of levonorgestrel and its
The effects of different concentrations of levonorgestrel 3a-isomer were able to induce the transcriptional activa-
and its A-ring reduced metabolites upon the human oestro-tion of B-galactosidase reporter gene in a dose-dependent
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Fig. 2. Inhibition of oestradiol ) , @5« levonorgestrel B,5¢LNG) and 3x,5a levonorgestrel 8,5¢ LNG)-induced transactivation of-galacto-

sidase gene by the steroidal antioestrogen ICI-182,780 in the yeast expression system. Yeast cultures were incubated with either B,5qALNG , 3

(500 nM), 3x,5a LNG (2000 nM or vehiclel Veh in the absence or presence of 1000 nM ICI-182,780. Results are expresgrdaatosidase activity

and each point represents the mea8.D. of three experiments in triplicate. The results demonstrated that the antiestrogen significantly diminished the
transactivation of the yeast expression system induced by levonorgestrel metabolites.
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Fig. 3. Effects of ethynyl oestradidl EE on th@,3a levonorgestrel B,5¢LNG) and 3x,5« levonorgestrel &,5aLNG)-induced B-galactosidase
transactivation in the yeast expression system. Yeast cultures were incubated with @BadtN8G (250 nM), 3x,5¢ LNG (600 nM) or vehicle( Veh in
the absence or presence of 0.5 nM,EE . Results are expresfedadactosidase activity and each point represents the meéab. of three experiments
in triplicate. The results demonstrated that the A-ring reduced metabolites of levonorgestrel exhibit an oestrogen additive effect rathengthamveigin
EE,.

manner, an effect similar to that induced by naturally 0.5 nM ethynyl oestradiol. As shown in Fig. 3, neither
occurring oestradiol, though with a significantly lower 38,5« levonorgestrel nor its@ isomer exhibited synergis-
potency. The oestrogen-like effect of3, 3« levonor- tic effects with ethynyl oestradiol. The levonorgestrel re-
gestrel, was more potent than that of,3a levonorgestrel ~ duced metabolites exerted additive effects with ethynyl
(Fig. D. Assessment of the median effective dose of oestradiol on this expression system.

levonorgestrel and its metabolites to induce oestrogen-like
effects in the yeast expression system revealed fBdio3
levonorgestre ER, : 524 nM was 750-fold less potent 6
than oestradiol( ER} : 0.70 nM, whereasx Ba lev-
onorgestrel ER, : 1093 was 2.1-fold less potent than its
3B isomer. The & dihydro metabolite of levonorgestrel
and unmodified levonorgestrel even at 1000 nM dose,
were completely devoid of oestrogen-like effets Fig. 1.
Naturally occurring testosteronepn5dihydrotestosterone,
progesterone and pregnenolone used as negative controls,
as well as vehicle alone, were completely ineffective Fig.
1.

When ICI-182,780 was added to yeast cultures with
either P,5a levonorgestrel or 3,5« levonorgestrel, a ‘ ‘ ‘
significant diminution, though no abolition of the oestro- 20 m 60 80
gen receptor-mediate@-galactosidase activity was ob- Eraction No. Top
served( Fig. 2 . The antioestrogenic effect of ICI-182,780 Fg. 4. induction of oestrogen-dependent progestin receptors in the ante-
was more potent to diminish the transactivation induced by rior pituitary of castrated female rats by thg,3« reduced metabolite of
oestradiol( 70.5% than that induced by effective doses of levonorgestrel. Animals were treated wittg,3« levonorgestrel( 2.5
3B,5a levonorgestre 47.6% ando35« levonorgestrel ”;9/ d"z‘y/6 d?yé- Fe;tlfadgol berlzoate 5'{@/3‘%([1/'6 da‘? or vehicle ;

. . . alone ro eneglycol . FProgestin receptor binding sites were assesse
(35.99% as shown in Fig. 2. _Intgrestlngly, when lower by a surc’:ror;):a gra?:li)(/ant Iabelligrl\g techniqupe udifig] E!ORG 2058. Bovine
doses of the levonorgestrel derivatives were employed, thegerym albumir(| ) was used as an external marker. Results are expressed
antioestrogenic potency of ICI-182,780 was similar to that as the sedimentation profile of progestin recepfdrst H ORG 2058 com-
observed with oestradidl data not shown . plexes( 7-9 $ . Administration of oestradiol benzoame fully restored

To assess if the metabolies oflevonorgesirel may exerte bt Podesty wenor i i s aimes v e

- 5a -
oestrqgen synerglistlc effects, co-transfected yeast Culturesdl;pendent progestin receptc?rs, only at a very high dose. Animalsgtreated
were incubated with 250 nM@@5a levonorgestrel or 600  yith vehicle alone(®) exhibited a complete Iack of pituitary progestin
nM 3a,5a levonorgestrel, in the absence or presence of receptors.

[*HIORG 2058 (dpm X 10 )
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3.3. Induction of rat anterior pituitary progestin receptors their corresponding binding affinities for the oestrogen
by 38,5« levonorgestrel receptor. Unmodified levonorgestrel and ite-8ihydro
derivative were devoid of oestrogenic effect, a finding

Castration of adult female rats resulted in a complete Which is in line with their lack of binding affinity to the
depletion of oestrogen-dependent progestin receptors in0estrogen receptor. _
their anterior pituitaries, while hormone replacement with ~ Further evidence that the oestrogen-like effect of lev-
oestradiol benzoate Bg/day) administration was able to onorgestrel metabolites was oestrogen receptor-mediated,
fully restore the pituitary content of progestin receptors, as Was furnished by its significant diminution induced by the
depicted in Fig. 4. Administration of a high dose d,3a simultaneous addition of ICI-182,780 to the yeast cultures.
levonorgestrel 2.5 mgday) for six consecutive days to The inability of the antioestrogen to completely abolish the
castrated animals, induced an increase of progestin recepo€stradiol stimulation of3-galactosidase activity may be
tor binding sites in the anterior pituitary. Th@,3a lev- due to low permeability of yeast cells Lyttle et al., 1992,
onorgestrel-induced progestin receptors sediment at 7_gsince ICI-182,780 has not oestrogen agonistic effect in this
Svedgberg Units( B in linear sucrose gradients, in an system( Fig. 2 .
identical fashion than those induced by oestradiol benzo- ~Whether the metabolites of levonorgestrel may also
ate, as shown in Fig. 4. Addition of an excess of the €xert oestrogenic actions mediated by the oestrogen recep-
radioinert ligand ORG 2058 completely abolished the la- tor B (Mosselman et al., 1996; Kuiper et al., 1996, 1997 ,
belling of progestin receptors induced bys,3x lev- c.anno.t be a_sce_rtained from this study and deserves addi-
onorgestre( data not shown . These results demonstrated dional investigation.
clear cut oestrogen-like effect of a neutral levonorgestrel ~ Since some pharmaceutical formulations combine lev-
metabolite in an in vivo animal model, though with signifi- onorgestrel with ethynyl oestradiol, it was of interest to

cantly lower potency and efficacy than oestradiol benzoate. €valuate the synergistic effect of the levonorgestrel meta-
bolites with ethynyl oestradiol in the yeast expression

system. The results demonstrated an additive rather than a
_ _ synergistic effect of levonorgestrel metabolites when they
4. Discussion were simultaneously incubated with ethynyl oestradiol in
the yeast cultures.
The results of this study demonstrate that the contracep- The oestrogen-like activity of 85« levonorgestrel
tive synthetic progestin levonorgestrel exerts limited oe- demonstrated in the yeast expression system was con-
strogen-like effects mediated by the interaction of two of firmed in an in vivo animal model. Indeed, this non-pheno-
its A-ring reduced metabolites with the intracellular oestro- lic metabolite of levonorgestrel at a very high dose, suc-
gen receptor. Even though our laboratory reported back in cessfully increased the anterior pituitary content of 7-9 S
1992 that A-ring reduced derivatives of levonorgestrel oestrogen-dependent progestin receptors in castrated fe-
exhibited very little interaction with the oestrogen receptor male rats, in a similar fashion to that observed with
(Lemus et al., 1992 , a number of recent studies providing oestradiol benzoate, though with significantly lower effi-
evidence that high concentrations of levonorgestrel induce cacy.
oestrogen-like effect6 Schoonen et al., 199ba,b prompted The oestrogen agonistic activity of A-ring reduced lev-
us to reassess the oestrogen receptor binding of lev-onorgestrel metabolites, as demonstrated in this study,
onorgestrel and its non-phenolic metabolites. The resultsappears to be of a lower potency than that reported for the
presented herein demonstrate that tfie53 and 3x,5a corresponding non-phenolic metabolites of norethisterone
tetrahydro metabolites of levonorgestrel specifically bind (Vilchis et al., 1986 and gestodee Lemus et al., 2000 ,
to the oestrogen receptor, though with a significantly lower another 19-nor contraceptive progestins.
affinity than oestradiol, whereas unmodified levonorgestrel  Overall, the results offer an adequate explanation for
does not. Interestingly, the binding affinity of levonor- the growth and proliferation of breast carcinoma cell lines
gestrel metabolites to the oestrogen receptor was signifi-induced by high, non-pharmacological doses of levonor-
cantly lower than that observed with the corresponding gestrel( Van der Burg, 1991; Van der Burg et al., 1992;
A-ring reduced metabolites of other 19-nor contraceptive Catherino et al., 1993; Schoonen et al., 199ba,b . The data
progestind Chavez et al.,1985; Lemus et al., 2000 . underline the role of metabolism of 19-nor contraceptive
The studies in the yeast expression system revealed thaprogestins in the expression of their hormone-like effects.
3B,5a levonorgestrel and to a significantly lesser extent its
3a isomer induce activation of the human oestrogen recep-
tor a-mediated3-galactosidase reporter gene, thus indicat-
ing a clear oestrogen like-effect. The oestrogenic potency Acknowledgements
and efficacy of the levonorgestrel metabolites was signifi-
cantly lower, as compared with natural occurring oestra-  The authors would like to thank Drs. C. Richard Lyttle
diol in this system, an observation that correlates well with and Claudia Perez, Wyeth Ayerst, Women’'s Research
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