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OBJECTIVE: To compare the effectiveness ofclomiphene citrate (CC) alone or combined with phytoestro-
gens (PE) in ovulation induction in patients who had intrauterine insemination in a randomized,
double-blind study.
METHODS: A total of 134 women aged 25-35 years, who were infertilefor at least 2 years and who
had oligomenorrhea or amenorrhea associated with a positive menstrual response to the intramuscular
progesterone-challenge test were enrolled. They were randomly treated with CC (100 mg dailyfor 5 days)
and CC (100 mg dailyfor 5 days) in combination with PE (1500 mg dailyfor 10 days). We estimated
the diference in uterine artery pulsatily index, number ofpreovulatoryfollicles, endometrial thickness, and
pregnancy rate.
RESULTS: Both treatments increased follicle-stimulating hormone, luteinizing hormone, and 17f-
estradiol plasma concentrations, but the differences were not statistically significant. However, the differences
in endometrial thickness of the two groups were statistically significant. No significant differences in the
pulsatility index values and in the number ofpreovulatoryfollicles were noted.
CONCLUSION: A high dose ofphytoestrogens can reverse the deleterious effects of clomiphene citrate on
endometrial thickness and could contribute to higher pregnancy rates. (J Soc Gynecol Investig 2004; 11:
323-8) Copyright © 2004 by the Societyfor Gynecologic Investigation.
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ilomiphene citrate (CC), a nonsteroidal estrogen ago- intensive anovulatory state with higher androgen levels pro-
nist and antagonist, was synthesized in 1956. It was ducing a more resistant hypothalamic-pituitary-ovarian axis.7
reported to be effective in ovulation induction by The higher dosage of CC will eventually help to achieve the

Greenblatt et all in 1961 and is now the most commonly used same therapeutic success in overweight women as in the lean
drug to treat infertility.2 Clomiphene is most effective in ones.8'-
inducing ovulation in women in the World Health Organiza- Over the years, evidence has accumulated that CC is suc-
tion group II, which consists of women with anovulation or cessful in inducing ovulation in 50-75% of the cases,11)"1 but
oligo-ovulation, a wide variety of menstrual disorders, rela- the number of pregnancies achieved after ovulation induction
tively normal (or elevated) gonadotropin levels, and evidence is much lower than expected.12 This discrepancy has been
of significant endogenous estrogen production.3 The Food and attributed to a negative effect ofCC on the endometnium, ie,
Drug Administration-approved dosages for CC are 50 or 100 to its prolonged antiestrogenic effects on endometrial recep-
mg/day for a maximum of 5 days per cycle.4 After spontaneous tivity'3 and cervical mucus.14 Moreover, Hsu and colleaguesla
menses or the induction of menses by progesterone, CC is demonstrated that CC affects uterine blood flow, which was
started on cycle day 3, 4, or 5 at 50 mg daily for 5 days. Obese lower in the early luteal phase and in the penimplantation
women tend to require higher doses of CC to achieve ovula- phase, compared with that of untreated women.
tion.'6 CC is not stored in adipose tissue, and the increased Many plants produce isoflavones that possess estrogenic ac-
dose used in obese women is more likely the result of a more tivity in animals and are, thus, called phytoestrogens (PE). PE

______________ ~~~~~~~~are nonsteroidal compounds present in a variety of dietary
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influence on the physiology of the reproductive tract.18 Epi- gen regarding uterotropic activity in animal models and the
demiologic studies have shown that the ingestion of food rich modulation of the expression of estrogen-sensitive genes, PE
in PE might provide protection against certain estrogen-de- seem to exert an antagonistic effect clinically opposing the

19,2(1pendent cancers, such as breast and prostate cancer. Several effect of estrogens on the endometrium. We have hypothe-
reports have suggested that some of the effects of PE are sized that the dosage of PE administered in these studies may
mediated by their ability to bind the estrogen receptor have been too low to cause any estrogen-like effects on the
(ER).2124 This has been confirmed recently by numerous endometrium.
studies in which it was clearly shown that different PE such as The aim of the present study was to compare pregnancy
genistein, coumestrol, diadzein, zearalenone, glycitein, and rates after intrauterine insemination (IUI) in two groups of
many others bind both the ERs (ERat and ER3) and modulate women receiving CC, with or without high doses of phy-
a variety of estrogen-dependent processes.'7'2528 PE exert an toestrogens. We also investigated plasma hormonal levels of
estrogenic-like effect on the uterine and vaginal morphology follicle-stimulating hormone (FSH), luteinizing hormone (LH)
and uterine growth in ovariectomized rats and can stimulate and estradiol (E2); follicular recruitment; and the differences in
the growth of ER-positive cells. Moreover, uterine response endometrial thickness and uterine artery blood flow, which are
to estrogens also involves the activation of a large pattern of sensitive indicators of uterine receptivity.42
estrogen-sensitive genes. The analysis of this cluster of estro-
gen-sensitive endometrial genes is of help in identifying estro- MATER IALS AND METHODS
genic substances, assessing their potency, and elucidating their
mechanism of action.29 The effects of many PE on estrogen- Patients
sensitive genes, as well as their uterotropic activity and their A total of 134 women were enrolled in this study. Inclusion
selective affinity to estrogenic-receptor subtypes, have been criteria were age 25-35 years, infertility for at least 2 years, and
investigated and characterized in numerous studies. oligomenorrhea or amenorrhea associated with a positive
The effects of genistein was investigated in normal and menstrual response to progesterone challenge test (performed

malignant experimental uterine models in vivo by Diel et al.301 with 100 mg progesterone in oil). All patients had normal
The effects of the 3-day oral administration of genistein (25, serum concentrations of thyroid-stimulating hormone, prolac-
50, or 100 mg/kg of body weight per day) on uterine and tin, and total testosterone. It was their first cycle of ovulation
vaginal morphology, uterine growth, and uterine gene expres- induction using CC, and no patient had received fertility
sion in the uterus and vagina of ovariectomized DA/Han rats medications in the past.
were compared with those of ethinyl estradiol (0.1 mg/kg of We excluded couples with male factor infertility (semen
body weight per day). A dose-dependent increase of the uter- analysis according to World Health Organization criteria43),
mne wet weight and uterne and vaginal epithelial height, a uterine or tubal abnormalities (hysterosalpingogram), and
dose-dependent up-regulation of complement C3, down-reg- overweight women (body mass index >25).
ulation of clusterin mRNA expression, and stimulation of the
vaginal comification were observed after administration of Treatment Protocol
genistein. Uterine gene expression and vaginal epithelium The protocol was approved by the Institutional Board of
responded to genistein at doses where no significant effects on Research, and all patients gave written informed consent be-
uterine wet weight were detectable. In conclusion, four inde- fore being enrolled in the study. The day in which the menses
pendent uterine and vaginal parameters indicated that genistein started was designated day 1 of the treatment cycle. All patients
is a weak estrogen receptor agonist in the uterus and vagina of were randomiy distributed in a double-blind manner into the
female DA/Han rats, and evidence was provided for a selective following two groups: in group A (65 patients), stimulation
estrogen receptor modulator-like action of genistein in normal began on day 3 with the administration of 100 mg ofCC daily
and malignant uterine tissues. for 5 days. From day 3 and for 10 days they received phy-

In another study by Diel et al,29 daidzein also provoked a toestrogens (1500 mg daily). In group B (69 patients), stimu-
significant stimulation of the uterine wet weight and was able lation began on day 3 with the administration of 100 mg of CC
to modulate the expression of a large pattern of estrogen- daily for 5 days. From day 3 and for 10 days placebo tablets
sensitive genes. Although daidzein was a very weak stimulator identical to those containing phytoestrogens were adminis-
of uterine growth in comparison to ethynyl estradiol, it was tered to all patients of this group.
able to strongly alter the expression of the androgen receptor, The soy product was formulated in tablets each containing
ERs, and complement C3)18 500 mg of soy isoflavones. The components of soy isoflavones

Other studies have also confirmed that glycitein, diadzein, were 40% to 45% genistein, 40% to 45% daidzein, and 10% to
and genistein show clear estrogenic activity in in vitro and in 20% glycitein.
vivo models and have high binding affinity for ERcx and Plasma 1713-estradiol concentrations and ultrasonographic
ERf3.27,'id-37 analysis of follicular size and number were assessed onl days 5,
Some clinical studies of the effects of PE on the endome- 7, and 12 of the stimulated cycles.

trium have also been done recently, but their results are All patients were given 10,000 IU of intramuscular human
discordant.38-41 Despite the evidence that PE act as an estro- chorionic gonadotropin (hCG) when serum 17[3-estradiol
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concentration exceeded 200 pg per mature follicle and when 100
there was at least one follicle with a minimum diameter of 18 - 90
mm. so .CC+PE

0o
Intrauterine Insemination

A single intrauterine insemination was performed 24 to 36 c E
hours after the administration of hCG. 30_

: 20 r||IS||1
Laboratory Determinations and 1 _a

Ultrasound Analysis <6 >6to<9 >9to<12 >12
Plasma concentrations of FSH, LH, and 17f3-estradiol were Endomotrlal thickness (mm)
determined by radioimmunoassay on blood samples on days 1,
5, 9, and 12 of the menstrual cycle. Ultrasound scans were Figure 1. Percentage distribution of endometnial thickness on the
performed daily starting from day 1 (to rule out ovarian cysts) day of hCG administration.
until the mean follicular diameter reached a length of 18 mm.

The ndoetrilticknss as etimted n te da ofhCG between the groups during the entire treatment period (dataThe endometrial thickness was estimated on the day of hCG
noshw)

administration. Pulsatility index (PI) was recorded for both not shown).
uterine arteries. A gynecologist experienced in transvaginal There were no statistically significant differences between
sonography performed all examinations with a 5-MHz broad- the two groups in follicular development and in the number ofbonogrand yprobe.

on-ned all examinations with a 5-M broad-

preovulatory follicles (data not shown).band probe.
The examiner was blinded to the patient's group assign-

ment. Color Doppler sonography was used for imaging the
uterine arteries on cycle days 2, 8, and 12. The PI was Blood Flow
calculated by subtracting the peak end-diastolic-shifted fre- The endometral thickness was estimated on the day of hCG
quency from systolic-shifted frequency and dividing the result administration. In all cases it was more than 6 mm. It was
by the mean Doppler shift over the cardiac cycle. The intraob- between 6 and 9 mm in five cases in group A (7.7%) compared
server coefficient ofvariation for measurement ofPI was 5.3%. with 12 cases in group B (17.4%); between 9 and 12 mm in 59
All examinations were performed between 9:00 and 11:00 AM cases (90.8%) in group A compared with 56 cases (81.2%) in
to reduce the effects of the circadian variation of Pl.42 group B; and greater than 15 mm in one case (1.5%) in group

A compared with one case (1.5%) in group B (Figure 1). No
Determination of Pregnancy States significant differences in PI values were noted (Figure 2).

A biochenmical pregnancy was defined as a small transitory
increase in P-hCG levels followed by a decrease in R-hCG Pregnancy Rate
levels within 1 week. Clinical pregnancies were defined by The miscarriage rate was 3.1% in group A compared with 8.7%
visualization of a gestational sac at the first planned ultrasound in group B. The difference was statistically significant (Table
examination obtained at 6-7 weeks of pregnancy or a serum 1). At the same time, the percentage of the ongoing pregnan-
P-hCG level over 1400 mIU in the absence of a scan. Ongo- cies was higher in the group treated with CC in combination
ing pregnancies were defined as gestations that reached 20 with PE (group A, 20.0%) than in the group treated with CC
weeks' gestation. alone (group B, 4.4%; P < .05) (Table 1).

Statistical Analysis DISCUSSION
Statistics were performed with the SPSS statistical package Clomiphene, which was introduced in 1967, is considered to
(SPSS Inc., Chicago, IL). Chi-square and Fisher exact test increase the incidence of spontaneous abortion.,12 The in-
were used. Statistical significance was defined as a P value <
.05.

RESULTS2
On day 1, before the beginning of treatment, there were no
statistically significant differences in the plasma levels of FSH,I I
LH, and 17f3-estradiol. Both treatments increased FSH, LH, wJ
and 17J3-estradiol plasmla concentrations, but the differences
between the two groups were not statistically significant.
However, the mean of FSH value in the group treated with Dayofmenstrue~ cyce
CC in combination with PE was lower than that of the group Fgr usuiymc cpcsda en±sadr ro)i
treated with CC alone. There were no statistically significant the patients who had ovanian stimulation with clomiphene citrate
differences in the plasma levels of FSH, LH, and 1713-estradiol alone (CC) or comnbined with phytoestrogens (CC + PE).
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Table 1. Characteristics of Patients Who Received Clomiphene firmed the estrogenic effects of PE on the endometrium.
Citrate Plus Phytoestrogens or Clomiphene Citrate Alone Studies on the effects of PE on the endometrium in hormone

CC + PE cc replacement therapy has not only not confirmed the efficacy of
Characteristic Group A Group B P these PE in hormone replacement therapy but also has often

No. of patients 65 69 shown an antiestrogen-like effect of PE on the endometri-
Mean (+ SD) age (y) 28 + 5.6 26 + 4.2 NS um.38-41 We hypothesized that this could be attributable to
Mean (+SD) duration of the insufficient length of the treatments, the insufficiency of

infertility (mo) 48.1 ± 18.5 36.7 ± 9.6 NS the daily dosage adryinistered, or both.No. (%) of pregnancies per cycle
Biochemical 3 (4.6) 4 (5.8) NS Phytoestrogens bind both estrogen receptors, ERa and
Miscarriages 2 (3.1) 6 (8.7) <.05 ER[B, as shown in many studies, 7'2928 with different affinity
Ongoing pregnancies 13 (20.0) 3 (4.4) <.05 and efficacy, acting sometimes as a partial or a full agonist,

CC = clomiphene citrate; PE = phytoestrogens; SD = standard deviation; NS = not depending of the ER.26'27 For example, genistein acts as asignificant. partial agonist of ER[3, although it binds ERP3 with an ap-

proximately 30-fold higher affinity than ERat in humans, and
crease in spontaneous abortion in clomiphene-treated preg- genistein binds ERot acting as a slight superagonist (range,
nancies has been attributed to several factors, including 107-130% of the efficacy shown by the endogenous agonist

94445impaired endometrial development. estradiol).27 Moreover, tissue distribution ofERs varies duringGoldstein et a146 reported that estradiol concentrations that the menstrual cycle and menopause59-61 and is modulated by
were either too low or too high and associated with normal the same estrogens.59 Finally, it is important to remember that
progesterone concentrations caused desynchronized endome- nisoflavones reduce the serum concentration of estradiol bytrial development. An antagonistic effect of CC on the endo- 7

44'47-49 feedback regulation. The modulation of ERs is much more
complex than thought before the discovery of ERf3. Thus,Furthermore, numerous ultrasound studies have shown that' . . ~~~~50-_55 depending on tissue distribution and specific prevalence ofCC may reduce endometrial thickness.5'5

It has beduceendsownthat theiadverse efet o Conte ERa and ERf3 on the target organ, PE could act in differentIt has been shown that the adverse effects of CC on the
way reutn in dfentcncaefcs.Frxmpaways resulting in different clinical effects. For example, aendometrium can be prevented by adding estrogens with

en6 higher affinity combined with a lower efficacy in one of theclomuiphene or after clomiphene. However, in 1990, Bate-
ERs can result in an antiestrogen-like effect on the targetman et al57 demonstrated that exogenous estrogens did not

improve the quality or quantity of cervical mucus in CC- organ, while the dosage could be insufficient to permit the

treated women. Similarly, the use of CC for in vitro fertiliza- displacement of the endogenous ligand on the other ER,
tion does not seem to reduce the implantation rate,58 possibly where the PE could show a superagonist effect. The adminis-
because the contemporary use of human menopausal gonad- tration of a higher dosage of PE can help to displace the

endogenous estrogen and bind to the receptor, or longerotropin (HMG) with its more sustained estradiol production enoeosetoe n idt h eetr rlnecould (havea posithiveeffetsmones iendoetrium.. therapy could affect the tissular expression of ER subtypes.could have a positive effect on the endometrium.
Our study shows that adding PE to CC increased endome- However, in two in vitro studies examining the effects ofOur~~~ ~ ~~~~~~~~~pyosrgnstud huows thatetia cedisgphyotCoestraedogens-trial thickness and decreased the risk of abortion. A better phytoestrogens on human endometrial cells, phytoestrogens

pregnancy rate may have resulted from the improved endo- were added to the cells at concentrations up to 10--5 M and, inpregnancy~~~ ~ ~ ~~~~~~~h pratecmayhavedol clearte anietrgem effct wereeeaometrial characteristics caused by the administration of high- the presence of estradiol, clear antiestrogenic effects were
dosage PE (possibly having an estrogen-like action that demonstrated.6263 An alternative hypothesis could be that
balances the antiestrogenic effect of clomiphene), which facil- phytoestrogens compete with the antiestrogenic isomer of
itates embryo implantation. Results supporting this hypothesis clomiphene for estrogen receptors and have a less potent
were found in studies on IUI cycles. 58 These studies esti- antiestrogenic effect than the cis-isomer of clomiphene citrate.
mated that ovulation induction with sequential clomiphene- A previous study performed on postmenopausal women by
HMG resulted in fecundity that is double that of CC alone, our group64 found that a longer therapy (up to 5 years) with
which reaffirmed a possible positive role of estrogens on the PE had an estrogen-like effect on the endometrium, ie, led to
endometrium. Furthermore, Dickey et al' noticed that the an increased occurrence of endometrial hyperplasia in the
increased pregnancy rate achieved when HMG was adminis- PE-treated subjects compared with a placebo-treated group.
tered after CC was related to the increased number ofpreovu- This new study confirms our hypothesis.
latory follicles, and a significant doubling of the implantation In conclusion, in accordance with other studies, we noted
rate per follicle was also calculated. In that study, the estradiol that inadequate endometrial development might have a nega-
level per follicle nearly doubled for clomiphene-HMG treated tive influence on the outcome of implantation. In fact, pre-
women compared with women treated only with CC. ovulatory endometrial thickness is predictive of a high risk of
We determined the endometrial effects of high doses of PE. miscarriage. The addition of high doses of phytoestrogens to

In vitro studies demonstrated that PE have estrogenic-like the treatment protocol of women treated with CC provoked a
effects and promote the transcription of estrogen-sensitive positive response of the endometrium. Based on our data, we
genes. The in vivo studies on ovariectomized rats also con- conclude that a combined regimen ofCC combined with high
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doses of phytoestrogens could reverse the deleterious effect of genistein-containing soy matrices in chemoprevention trials for
CC on the endometnial development. breast and prostate cancer. J Cell Biochem 1995;22(Suppl):

181-7.
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