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Potential effects for environmental xeno-oestrogens 

Pollution and fertility
Xeno-oestrogens are man-made compounds that have oestrogenic-like activity, and exposure to 
xeno-oestrogens in critical periods of development and during adulthood may adversely aff ect both the 
male and female reproductive systems and fertility. For example, some studies suggest semen quality is 
declining globally due to xeno-oestrogen exposure, although this remains a controversial issue1. 

the lowest dose at which adverse eff ects occur5. Low-dose 
studies are generally considered to be environmentally 
relevant doses (doses resulting in serum levels similar to 
those found in human serum). 

Prenatal and adult BPA exposure in males can decrease 
levels of circulating testosterone levels in mice and rats (6 
and references therein). Some studies report increased adult 
prostate size in off spring of pregnant mice fed with BPA, 
whereas decreased adult prostate, epididymal and seminal 
vesicle weight have also been reported. Poor sperm motil-
ity and an increased incidence of malformed sperm were 
observed in the same study. Adult mice and rats exposed to 
BPA produce less sperm than controls, and in mice this is 
associated with decreased fertility. A decrease in testis and 
seminal vesicle weight is observed in BPA-exposed adult 
mice and rats, whereas prostate weight in rats is reported 
to either increase and/or decrease. Spermatid abnormalities 
are seen in adult mice and rats exposed to BPA7. Contradic-
tory to these studies, men working in epoxy resin manu-
facturing with higher levels of BPA compared with non-
workers exhibited no diff erences in serum testosterone or 
andro-stenedione hormone levels or any abnormal clinical 
signs, clinical chemistry or hepatic function. 

In female mice, prenatal BPA exposure induces early 
puberty, as determined by oestrous cycle length, vaginal 
cytology, age of vaginal opening and age of fi rst oestrus8. 
Decreased adult vaginal wet weight9 and altered vaginal 

Endogenous oestrogens act by binding to and activating the 
oestrogen receptor (ER), a ligand-activated transcription 
factor that regulates transcription of oestrogen-responsive 
genes. Two forms of ER have been identifi ed: ERα and 
ERβ. Both ERs are found throughout the male and fe-
male reproductive tracts and provide a transcriptional 
mechanism through which endocrine disruptors may alter 
male and female fertility. Th ere are numerous examples of 
endocrine-disrupting chemicals aff ecting diff erent endo-
crine organ systems. In this review, we focus on three xeno-
oestrogens of current interest – bisphenol A (BPA), gen-
istein and 2,3,7,8,-tetrachloro-dibenzo-p-dioxin (TCDD) 
(Table 1) – and evidence for their eff ect on human fertility.

BPA

BPA is a high-production volume chemical used to manu-
facture polycarbonate plastics and epoxy resins. Polycar-
bonate plastic is widely found in infant feeding bottles, 
storage containers, and other food and drink containers, 
whereas epoxy resins are used in metal products such as 
food and beverage cans and water supply pipes. Humans are 
exposed to BPA primarily through food, but also through 
inhalation and skin exposure to air, dust and water. BPA 
leaches from polycarbonate bottles and epoxy resins and 
can be detected in over 90% of the US population2. Many 
expert panels have evaluated the scientifi c evidence for 
reproductive and developmental eff ects of BPA at typical 
human exposure levels, but consensus is lacking on wheth-
er there is cause for concern. Many controversies surround 
BPA’s potential impact on human health3, because studies 
have not examined the eff ects of BPA on humans, but have 
been conducted with immortalized cell lines, primary cells 
and rodents. 

Although BPA stimulates several molecular pathways, 
its most characterized activity is as a non-steroidal oestro-
gen that binds both ERs and interferes with the activity of 
endogenous estrogens. BPA’s affi  nity for the ERs is 10000-
fold weaker than oestradiol4 and it acts as both an ER agonist 
and antagonist. Th is section focuses on ‘low dose’ studies 
(less than 50 mg/kg per day), which in the US is considered 
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morphology is observed in mice and rats respectively10. Prenatal exposure to BPA increased 
adult uterine expression of Hoxa10, a gene necessary for uterine development, suggesting 
that early BPA exposure can affect imprinting of developmentally critical genes11. Leach-
ing of BPA from polycarbonate drinking bottles resulted in meiotic abnormalities such as 
aneuploidy in developing mouse oocytes, and oral exposure of controlled doses had similar 
effects12. In a follow-up study, pregnant mice treated with low, environmentally relevant, 
doses of BPA displayed fetal oocyte meiotic aberrations, which resulted in increased aneu-
ploid eggs and embryos in the adult13. In contrast, a similar study of adult mice exposed 
chronically to BPA14 did not observe a significant induction of hyperploidy or polyploidy 
in oocytes and zygotes. 

In direct contrast with these studies demonstrating both organizational and activational 
effects of BPA on the rodent reproductive tract, in a large well-controlled two-generation 
mouse study, Tyl et al.15 found “no BPA-related effects on adult mating, fertility, or gesta-
tional indices, ovarian primordial follicle counts, oestrous cyclicity, precoital interval, off-
spring sex ratios or postnatal survival, sperm parameters or reproductive organ weights or 
histopathology.” Similarly, in a three-generation study in rats, the same authors observed no 
low-dose BPA-related effects on any of the above parameters listed across the generations 
for either sex16. Finally, a rat two-generation study by Ema et al.17 did not find significant 
BPA-related changes in reproductive or developmental parameters; however, significant 
changes (within 5% of control) in anogenital distance in both sexes were reported. These 
results are consistent with studies of BPA in drinking water conducted in pregnant rats by 
Kwon et al.18 and in mice by Cagen et al.19 in which no evidence was found for disruption in 
either female pubertal development or reproductive function.

In conclusion, the extent to which BPA may affect rodent or human fertility  
remains a controversial topic; even though numerous studies have been reported, no clear 
consensus has been developed, thereby requiring further investigations to definitively  
resolve these issues.

Genistein 

The isoflavone genistein is a dietary phyto-oestrogen that is found in the environment 
as genistein (aglycone in unconjugated form) and also genistin (glucoside form)20. Soya 
beans and soya products, such as tofu, soya bean paste and soy sauce, are dietary sourc-

es of genistein. Genistein activates gene transcription by  
interacting with ERs; however, from binding assays, it 
has a preference for ERβ4 rather than ERα21. At low doses 
(<1–10 μM), genistein acts as an ER agonist22, whereas 
at high concentrations (>10 μM), it is shown to be an ER 
antagonist20. Genistein can affect the reproductive system 
by altering growth of oestrogen-dependent cells, oes-
trogen synthesis and availability, and synthesis of other  
human reproductive hormones20. Exposure can occur 
from gestational and lactational exposure and during 
adulthood through soya food consumption20.

Postnatal exposure to genistein did not alter the fer-
tility of male rats, as no alteration in sperm count, serum  
testosterone or gonadal histopathological was seen23. Long-
term exposure of male mice to genistein during gestation 
and lactation did not affect body weight, seminal vesicle 
and testicular weight, or sperm counts and motility23. 
However, ductile branching during mammary gland devel-
opment was enhanced24. Low concentrations of genistein 
exposure throughout gestation and lactation and dur-
ing puberty had no effect on testosterone levels, but high 
concentrations significantly decreased serum testosterone 
in male rodents without affecting aggressive behaviour25. 
Follicle-stimulating hormone (FSH) levels remained un-
changed, but luteinizing hormone (LH) and adrenocor-
ticotropic hormone levels were augmented25, indicating 
that exposure to high concentrations of genistein during 
puberty affects steroidogenesis in male mice. Interestingly, 
a recent study in men with subfertile partners  
demonstrated an association between 
high soya food intake and low sperm 
concentrations26, suggesting a link  
between high genistein levels 
 and adverse male reproduc-
tive effects.

Table 1. Relative binding affinity (RBA) of ERs for xeno oestrogens and 17β-oestradiol4

 Structure Name RBA (ERα) RBA (ERβ)

 17β-Oestradiol 100 100 

 

 

 Bisphenol A 0.01 0.01 

 Genistein 4 87 

 TCDD N/A N/A 

Soy (Glycine max)
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In females, prenatal exposure to genistein at low doses 
did not alter the time of vaginal opening, whereas high 
concentrations disrupted fertility by aff ecting ovarian and 
uterine histology in rats27. In addition, the treatment with 
a low dose of genistein during postnatal days 1–5 causes 
prolonged oestrous cycles, small ovaries with no corpus 
lutea and a lower lordosis quotient than in control rats28. 
A similar study in mice showed that genistein treatment 
caused abnormal oestrous cycles, early vaginal opening, 
subfertility and altered ovarian function29. High con-
centrations of genistein during gestational and lactating 
periods decreased maternal weight gain in rats and caused 
behavioural changes both in male and female off spring30. 
Moreover, genistein-treated mice failed to maintain preg-
nancy owing to a decrease in implantation site size coupled 
with increased re-absorptions31. Pup survival decreased in 
a concentration-dependent manner29. Oral treatment with 
genistein at low concentrations inhibited mammary gland 
regression in ovariectomized rats and showed uterotrophic 
activity in a dose-dependent manner32. In humans, women 
who consume soya isofl avone have higher circulating levels 
of genistein than women without soya in their diets33. Th ey 
also show delayed menstruation and suppressed LH and 
FSH surges34, as well as increased follicular phase length35. 
Infants fed on soya-based formulas had higher circulating 
levels of isofl avone than those fed on cow’s milk or human 
breast-milk33. Vegetarian mothers have greater exposure to 
phyto-oestrogens, and a vegetarian diet has been associated 
with increased risk of hypo-spadias in boys36. Th erefore 
genistein in soya-based diets and infant formulas may be 
associated with defects in reproductive development.

In conclusion, exposure to genistein from soya-based 
diets at normal consumption levels appears not to signifi -
cantly aff ect male and/or female fertility. Only exposure to 
high doses of genistein in both animals and human diets 
may alter adult reproductive function and/or reproductive 
development of the fetus. Th e reproductive functions of 
females appear to be more sensitive than those of males to 
genistein exposure. 

TCDD

TCDD or dioxin is found naturally from volcanic eruptions 
and forest fi res, and anthropogenically from waste incinera-
tion, chlorination processes and plastic manufacturing (37 
and references therein). Because TCDD is a by-product of 
polychlorinated phenol manufacturing, all chlorophenoxy 
herbicides have been banned in the US since 1983 (37 and 
references therein); however, TCDD is highly persistent 
and a widespread environmental contaminant37. TCDD 
is listed as a human carcinogen, but is not believed to be 
mutagenic37. TCDD is a ligand for the aryl hydrocarbon 
receptor (AhR) which forms a heterodimeric transcription 
factor complex with the aryl hydrocarbon receptor nuclear 

translocator (ARNT). Activated AhR–ARNT complexes 
bind ERα and ERβ, causing recruitment of these unligand-
ed ERs to ER-responsive promoters, resulting in adverse 
oestrogen-related actions of dioxin38. Conversely, ERα me-
diates transrepression of AhR-dependent gene regulation39.

Th e eff ect TCDD may have on male rodent fertility 
is uncertain, as older reports suggest that TCDD causes a 
spectrum of eff ects in the male reproductive system, such 
as decreased sperm count and decreased weight of the 
seminal vesicles, prostate and epididymis (40 and refer-
ences therein). However, studies designed with similar 
endpoints in rats yielded confl icting fi ndings. Bell et al.41 
(and see references therein) demonstrated that develop-
mental exposure to TCDD, acutely or chronically, has no 
adverse eff ects on epididymal sperm levels or the weights 
of accessory sex organs, but TCDD given chronically at 
a low dose delayed puberty Testis development and male 
gonadotropin secretion were resistant to gestational and 
postnatal TCDD exposure42. Prepubertal rats exposed to a 
single dose of TCDD demonstrated a disturbed testicular 
proteome profi le along with histological changes in the 
testis, impaired spermatogenic parameters and increased 
oestradiol levels, but decreased testosterone levels43. Overall, 
rodent studies pertaining to TCDD’s eff ect on male fertility 
are inconclusive. 

Few epidemiological studies exist that evaluate semen 
quality and reproductive outcome aft er TCDD exposure; 
however, US Vietnam veterans exposed to TCDD from 
aerial herbicide spraying were examined 20–30 years 
following exposure and, although they had detectable 
serum TCDD levels, reproductive parameters including 
serum testosterone, FSH, LH and testicular abnormali-
ties were normal44. Another study indicated that serum 
dioxin-like activity increases with age and was associated 
with decreased seminal fl uid volume and lower total tes-
tosterone levels without changes in LH, inhibin B, FSH, 
total sperm number or sperm morphology45. Reports have 
indicated both a positive (46 and references therein) or 
undetectable47 association between lowered male/female 
sex ratio in off spring and paternal serum TCDD levels. 

Volcano (National Park Service)
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More studies are required to examine the eff ects of dioxin 
on male fertility. 

Th e female response to TCDD is markedly diff erent 
than that in the male and is more complex owing to eff ects 
on both the ovaries and uterus. Female rat pups exposed to 
TCDD in utero and from lactation exhibited disrupted ster-
oidogenesis42. Faqi et al.40 report delayed vaginal opening 
and reduced uterine weight. Chronic TCDD exposure in 
rats leads to delayed puberty, loss of reproductive cyclicity 
with age and decreased serum oestradiol concentrations, 
leading to the conclusion that chronic TCDD exposure 
disrupts reproductive function with age48. Immature female 
rats treated with dioxin shed fewer ova than controls and 
exhibit attenuated folliculogenesis, whereas direct applica-
tion of TCDD to the ovary blocks ovulation (49 and refer-
ences therein). At environmentally relevant concentrations, 
TCDD decreases oestradiol secretion from granulosa cells, 
which express AhR, and this may predispose females to 
TCDD-related fertility defects50. AhR-null mice are sub-
fertile from impaired folliculogenesis and ovulation owing 
to reduced synthesis of oestradiol, which is consistent with 
the observation that Cyp19a1, a key enzyme in oestrogen 
synthesis, is a target gene of AhR in the ovary51. 

Endometriosis, a disease defi ned as the growth of 
endometrial glands and stroma outside of the uterus is 
estimated to aff ect 10–30% of reproductive-age women, 
and up to 50% of infertile women have endometriosis. 
TCDD exposure is considered a risk factor for endome-
triosis. Rier et al.52 observed spontaneous endometriosis 
in rhesus monkeys that had been chronically dosed with 
TCDD. TCDD impacts endometriosis lesion growth and 
formation in rodent models (53 and references therein). An 
association between TCDD exposure and endometriosis 
has not fi rmly been established, but is suggested to play a 
role. Higher dioxin levels are found in the peritoneal fl uid 
of women with endometriosis, where it may induce infl am-
mation that promotes endometriosis. However, several 
studies fi nd no association of TCDD with endometriosis 

(38,54 and references therein). Additional well-controlled studies need to be performed to 
determine the role that TCDD plays in endometriosis and infertility. 

At the current time, the eff ects of TCDD on male and female fertility appear inconclu-
sive; therefore studies designed to examine male and female fertility aft er chronic low-dose 
exposure and bioaccumulation are warranted.

Conclusion

Overall, conclusive data is lacking to adequately determine how or whether these environ-
mental xeno-oestrogens will aff ect reproduction, reproductive organ formation, response 
to endogenous hormones and potentially undiscovered eff ects. Large well-controlled 
experimental animal and epidemiological studies are needed to ascertain the more 
precise eff ects and mechanisms of action of these xeno-oestrogens. ■
The writing of this review was supported by NIEHS Division of Intramural Research 
ZO1ES70065-33

Wipawee Winuthayanon is a member of the Laboratory of Reproductive 
and Developmental Toxicology, National Institute of Environmental Health 
Sciences (NIEHS), US. She completed a PhD in 2009 in Physiology from 
Mahidol University, Bangkok, Thailand. She has been studying the 
oestrogenic eff ect of phyto-oestrogens, particularly the indigenous medicinal 
plants in Thailand. From there, she starts her current role as a visiting fellow 

and continues studying on the phyto-oestrogens at the NIEHS. email: winuthayanonw@gmail.com.

Bonnie Deroo is an enthusiastic Assistant Professor of Biochemistry and 
Oncology in the Schulich School of Medicine and Dentistry at the University 
of Western Ontario in London, Ontario, and a scientist with the Lawson 
Health Research Institute (Children’s Health Research Institute and the 
Cancer Research Laboratory Program). She is interested in understanding 
how oestrogen and ERβ regulate ovarian development to understand the 

mechanisms underlying infertility in women. She is also interested in the molecular mechanisms 
by which ERβ may regulate oestrogen-driven cancer. email: bderoo2@uwo.ca

Katherine Burns is a postdoctoral fellow studying with Dr Ken Korach. 
Dr Burns’s areas of interest include examining the female reproductive tract in 
response to developmental exposures of environmental xeno-oestrogens. She 
is also utilizing a mouse model to study the aetiology of endometriosis and its 
response to environmental xeno-oestrogens. Katie obtained her PhD from The 
Pennsylvania State University with a concentration in Molecular Toxicology 

and attended Gettysburg College, PA, for her BS in Biology. email: BurnsK2@niehs.nih.gov

Kenneth S. Korach is the Director of the Environmental Diseases and Medicine 
Program, Chief of the Laboratory of Reproductive and Developmental 
Toxicology, and Chief of the Receptor Biology Section at the National 
Institute of Environmental Health Sciences. He received his PhD from the 
Medical College of Georgia in 1974. From 1973 to 1976, he was a Postdoctoral 
Biological Chemistry Research Fellow at Harvard Medical School where he 

developed steroidal affi  nity and photoaffi  nity substrate reagents for characterizing the human 
placental oestradiol dehydrogenase enzyme. Ken joined the National Institute of Environmental 
Health Sciences in the Research Triangle Park in 1976, where he has headed a research group 
investigating the basic mechanisms of oestrogen hormone action in reproductive tract and 
bone tissues with an application towards understanding how hormonally active environmental 
oestrogens infl uence physiological processes. email: korach@niehs.nih.gov

Four-plane defoliant run, part of Operation Ranch Hand 
(Vietnam 1962–1971)



26

Features

April 2009 © 2009 The Biochemical Society

Sex hormones

1. Fisch, H. (2008) Urol. Clin. North. Am. 35, 137–146
2. Calafat, A.M., Ye, X., Wong, L.Y., Reidy, J.A. and Needham, L.L. (2008) 

Environ. Health Perspect. 116, 39–44
3. Vandenberg, L.N., Maffini, M.V., Sonnenschein, C., Rubin, B.S., Soto, A.M. 

(2009) Endocr. Rev., doi:10.11210/er.2008-0021
4. Kuiper, G.G., Lemmen, J.G., Carlsson, B. et al. (1998) Endocrinology 139, 

4252–4263
5. vom Saal, F.S., Akingbemi, B.T., Belcher, S.M. et al. (2007) Reprod. Toxicol. 

24, 131–138
6. Willhite, C.C., Ball, G.L. and McLellan, C.J. (2008) J. Toxicol. Environ. Health 

B Crit. Rev. 11, 69–146
7. Toyama, Y., Suzuki-Toyota, F., Maekawa, M., Ito, C. and Toshimori, K. (2004) 

Arch. Histol. Cytol. 67, 373–381
8. Howdeshell, K.L., Hotchkiss, A.K., Thayer, K.A., Vandenbergh, J.G. and vom 

Saal, F.S. (1999) Nature 401, 763–764
9. Markey, C.M., Wadia, P.R., Rubin, B.S., Sonnenschein, C. and Soto, A.M. 

(2005) Biol. Reprod. 72, 1344–1351
10. Schonfelder, G., Flick, B., Mayr, E. et al. (2002) Neoplasia 4, 98–102
11. Smith, C.C. and Taylor, H.S. (2007) FASEB J. 21, 239–246
12. Hunt, P.A., Koehler, K.E., Susiarjo, M. et al. (2003) Curr. Biol. 13, 546–553
13. Susiarjo, M., Hassold, T.J., Freeman, E. and Hunt, P.A. (2007) PLoS Genet. 3, 

e5
14. Pacchierotti, F., Ranaldi, R., Eichenlaub-Ritter, U., Attia, S. and Adler, I.D. 

(2008) Mutat. Res. 651, 64–70
15. Tyl, R.W., Myers, C.B., Marr, M.C. et al. (2008) Toxicol. Sci. 104, 362–384
16. Tyl, R.W., Myers, C.B., Marr, M.C. et al. (2002) Toxicol. Sci. 68, 121–145
17. Ema, M., Fujii, S., Furukawa, M. et al. (2001) Reprod. Toxicol. 15, 505–523
18. Kwon, S., Stedman, D.B., Elswick, B.A., Cattley, R.C. and Welsch, F. (2000) 

Toxicol. Sci. 55, 399–406
19. Cagen, S.Z., Waechter, Jr, J.M., Dimond, S.S. et al. (1999) Toxicol. Sci. 50, 

36–44
20. Kurzer, M.S. and Xu, X. (1997) Annu. Rev. Nutr. 17, 353–381
21. Kostelac, D., Rechkemmer, G. and Briviba, K. (2003) J. Agric. Food Chem. 

51, 7632–7635
22. Makela, S., Davis, V.L., Tally, W.C. et al. (1994) Environ. Health Perspect. 

102, 572–578
23. Fielden, M.R., Samy, S.M., Chou, K.C. and Zacharewski, T.R. (2003) Food 

Chem. Toxicol. 41, 447–454
24. You, L., Sar, M., Bartolucci, E.J., McIntyre, B.S. and Sriperumbudur, R. 

(2002) Toxicol. Sci. 66, 216–225
25. Ohno, S., Nakajima, Y., Inoue, K., Nakazawa, H. and Nakajin, S. (2003) Life 

Sci. 74, 733–742
26. Chavarro, J.E., Toth, T.L., Sadio, S.M. and Hauser, R. (2008) Hum. Reprod. 

23, 2584–2590
27. Nagao, T., Yoshimura, S., Saito, Y. et al. (2001) Reprod. Toxicol. 15, 399–411
28. Kouki, T., Kishitake, M., Okamoto, M. et al. (2003) Horm. Behav. 44, 

140–145

29. Jefferson, W.N., Padilla-Banks, E. and Newbold, R.R. (2005) Biol. Reprod. 
73, 798–806

30. Flynn, K.M., Ferguson, S.A., Delclos, K.B. and Newbold, R.R. (2000) Toxicol. 
Sci. 55, 311–319

31. Jefferson, W.N., Padilla-Banks, E. and Newbold, R.R. (2007) Reprod. 
Toxicol. 23, 308–316

32. Santell, R.C., Chang, Y.C., Nair, M.G. and Helferich, W.G. (1997) J. Nutr. 127, 
263–269

33. Setchell, K.D., Zimmer-Nechemias, L., Cai, J. and Heubi, J.E. (1997) Lancet 
350, 23–27

34. Cassidy, A., Bingham, S. and Setchell, K.D. (1994) Am. J. Clin. Nutr. 60, 
333–340

35. Cassidy, A., Bingham, S. and Setchell, K. (1995) Br. J. Nutr. 74, 587–601
36. North, K. and Golding, J. (2000) BJU Int. 85, 107–113
37. USDHHS: Report on Carcinogens, Eleventh Edition. Washington, DC, 

U.S. Department of Health and Human Services, Public Health Service, 
National Toxicology Program, 2005

38. Ohtake, F., Takeyama, K., Matsumoto, T. et al. (2003) Nature 423, 545–550
39. Beischlag, T.V. and Perdew, G.H. (2005) J. Biol. Chem. 280, 21607–21611
40. Faqi, A.S. and Chahoud, I. (1998) Bull. Environ. Contam. Toxicol. 61, 

462–469
41. Bell, D.R., Clode, S., Fan, M.Q. et al. (2007) Toxicol. Sci. 99, 214–223
42. Myllymaki, S.A., Haavisto, T.E., Brokken, L.J. et al. (2005) Toxicol. Sci. 88, 

534–544
43. Choi, J.S., Kim, I.W., Hwang, S.Y., Shin, B.J. and Kim, S.K. (2008) BJU Int. 

101, 250–255
44. Schecter, A., McGee, H., Stanley, J.S., Boggess, K. and Brandt-Rauf, P. 

(1996) Am. J. Ind. Med. 30, 647–654
45. Dhooge, W., van Larebeke, N., Koppen, G. et al. (2006) Environ. Health 

Perspect. 114, 1670–1676
46. Ryan, J.J., Amirova, Z. and Carrier, G. (2002) Environ. Health Perspect. 

110, A699–A701
47. Schnorr, T.M., Lawson, C.C., Whelan, E.A. et al. (2001) Environ. Health 

Perspect. 109, 1127–1132
48. Shi, Z., Valdez, K.E., Ting, A.Y. et al. (2007) Biol. Reprod. 76, 198–202
49. Gao, X. and Starmer, J. (2007) BMC Genet. 8, 34
50. Hutz, R.J., Carvan, M.J., Baldridge, M.G., Conley, L.K. and Heiden, T.K. 

(2006) Trends Reprod. Biol. 2, 1–11
51. Baba, T., Mimura, J., Nakamura, N. et al. (2005) Mol. Cell. Biol. 25, 

10040–10051
52. Rier, S.E., Martin, D.C., Bowman, R.E., Dmowski, W.P. and Becker, J.L. (1993) 

Fundam. Appl. Toxicol. 21, 433–441
53. Bruner-Tran, K.L., Yeaman, G.R., Crispens, M.A., Igarashi, T.M. and Osteen, 

K.G. (2008) Fertil. Steril. 89, 1287–1298
54. Heilier, J.F., Nackers, F., Verougstraete, V. et al. (2005) Fertil. Steril. 84, 

305–312

References


