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Antioxidants: Their Role in Pregnancy and Miscarriage
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ABSTRACT

The aim of this study was to examine the role of antioxidants within the normal menstrual cycle, in healthy preg-
nancy, and in women suffering first-trimester miscarriage. The antioxidants chosen comprised of two from pe-
ripheral blood–plasma thiol and ceruloplasmin—and two extracellular parameters—superoxide dismustase (SOD)
and red cell lysate thiol. We found that antioxidant levels varied little throughout the menstrual cycle. Pregnan-
cies that went successfully to term were associated with increased levels of ceruloplasmin and SOD early in the
first trimester. These changes were thought to offer the cell protection from the damage caused by the increased
oxidative stress associated with pregnancy. First-trimester miscarriage was associated with significantly reduced
levels of SOD. A subgroup of patients who miscarried in their first pregnancy, but whose second pregnancies
were successful, had higher levels of plasma thiol and significantly reduced levels of red cell lysate thiol in the
on-going pregnancy compared to levels at the time of miscarriage. Miscarriage and pregnancy appear to be asso-
ciated with increased oxidative stress. In a successful pregnancy, however, changes occurred within the periph-
eral blood that offered protection from oxidant attack. Antiox. Redox Signal. 2, 623–628.
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INTRODUCTION

THE BODY HAS A MULTILAYERED ANTIOXIDANT

SYSTEM to cope with excessive reactive oxy-
gen species (ROS) production. However, if the
balance between ROS production and the pro-
tective mechanism is shifted in favor of the pro-
oxidants, then excessive ROS can be damaging.

ROS have been shown to play a role in preg-
nancy. Placental studies have shown ROS and
catalase are present in significantly greater
amounts in early rather than late pregnancy,
suggesting that these antioxidants may protect
the fetus from ROS in the maternal/fetal cir-
culation (Bogess, 1998; Yoshioka et al., 1990).

Other placental studies have shown the super-
oxide radical and its scavenging system play
an important role in endothelial function but
are not involved in parturition (Sugino, 1996;
Telfer, 1997). Increased levels of serum malon-
dialdehyde, a measure of lipid peroxide activ-
ity, have been found to be increased in women
undergoing spontaneous abortion (Sane et al.,
1991). This was supported by the work of Nico-
tra et al., who found increased levels of lipid
peroxides in placental material taken from pa-
tients suffering spontaneous abortion com-
pared to normal pregnancy (Nicotra et al.,
1994). More recently, glutathione (GSH), which
is essential to the detoxification of reactive free
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radicals and lipid hydroperoxides, has been
shown to have a role to play in maintaining
pregnancy (Peterson et al., 1998).

We now report the presence of altered levels
of antioxidants in the peripheral blood of first-
trimester pregnant women admitted suffering
miscarriage compared to healthy pregnant
women.

SUBJECTS AND METHODS

Patients

Ethical permission was obtained from all pa-
tients prior to inclusion in the study. The sub-
jects studied fell into five groups: Group 1 com-
prised 60 healthy nonpregnant women (mean
age 29.4 6 4.5 years). Of these 12 were sampled
in the follicular phase of their menstrual cycle,
18 in the luteal phase, 18 were ovulating, and
12 were menstruating. Group 2 comprised 28
first trimester (7.2 6 1.5 weeks gestation) preg-
nant women (mean age 27.2 6 5.5 years). All of
these pregnancies continued to term. Group 3
comprised 22 women in the first trimester
(7.5 6 1.9 weeks gestation) of pregnancy (mean
age 25.5 6 4.8 years). All had been admitted
suffering miscarriage and all samples were
taken prior to the women going to theatre for
evacuation of the retained products of concep-
tion. Group 4 comprised 19 women (mean age
24.7 6 5.7 years) whose first pregnancy had
continued to term but who had been admitted
in the first trimester (7.5 6 1.5 weeks gestation)
of their second pregnancy suffering miscar-
riage. Again all samples were taken prior to the
women going to theatre for evacuation of the
retained products of conception. Group 5 com-
prised 9 women from Group 3 who were now
in the first trimester (6.6 6 1.8 weeks gestation)
of a second pregnancy, which went success-
fully to term.

Methods

A total of four parameters were measured in
this study. Two of these are intracellular pa-
rameters: red cell superoxide dismutase (SOD),
which scavenges the O2

2 radical specifically,
and lysate thiol (LSH), whose measurement is
related to GSH concentration. GSH is one of the

main general radical scavengers inside the cell.
We also measured two extracellular parame-
ters; plasma thiol (PSH) and ceruloplasmin
(CP). Plasma thiol is a measure of the total
plasma thiol. In diseases with an antioxidant
pathology, PSH is usually reduced (Banford et
al., 1982). CP is one of the main oxidants in
plasma. Together, these four parameters pro-
vide a measure of oxidative stress across the
erythrocyte membrane. These parameters were
chosen as previous studies have shown them
to be good markers of antioxidant activity
within the peripheral blood (Wilson et al.,
1989).

The methods for measuring thiol, SOD, and
CP levels have been described elsewhere (Ban-
ford et al., 1982, 1989). To prevent its inter-
ference in the measurement of SOD and LSH,
hemoglobin was removed from lysate prepa-
rations by precipitation with chloroform:
ethanol (Chen et al., 1994). Briefly, red cell
lysate and PSH levels were measured using the
thiol disulfide interchange reactions between
5,5-dithiobis(2-nitrobenzoic acid) and biologi-
cal thiols (Ellman, 1959). Plasma CP activity
was measured using a modification of the
method of Menden et al. (1977) based on the CP
catalyzed oxidation of p-phenylenediamine to
Bandrowski’s base.

Statistics

As data were not normally distributed, the
results are given as medians plus ranges. Sta-
tistical significance was assessed using a Mann-
Whitney test.

RESULTS

The results of changes found throughout the
menstrual cycle are given in Table 1. These
show little change occurred in red cell oxida-
tive stress throughout the menstrual cycle. LSH
levels were significantly higher in the follicu-
lar phase than in the luteal phase.

Antioxidant levels in healthy on-going preg-
nancies are given in Table 2. These show that
in the first trimester of an on-going pregnancy,
CP and SOD levels were raised significantly
compared to the nonpregnant state. In women
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whose first pregnancy ended in miscarriage
(Group 3), SOD levels were significantly lower
than those found in healthy pregnant women.
Similar findings were made in the women who
suffered a miscarriage but who already had
had a previous successful pregnancy. When 9
of the women from Group 3 were sampled at
the start of their next pregnancy (which ended
successfully), values of PSH were significantly
higher and LSH levels significantly lower than
at the time of their first pregnancy (Fig. 1). Lev-
els of CP and SOD were also raised compared
to the values found at the time of their first mis-
carriage, but this was not statistically signifi-
cant.

DISCUSSION

This study has examined the effects of mis-
carriage on antioxidants using peripheral
blood. This is partly due to ease of sampling
and partly because red cells can synthesize thi-
ols and have only a limited ability to repair. Be-
cause thiols are effective antioxidants, their
concentrations can reflect any stress that has oc-

curred. Therefore, the red cell provides a use-
ful model for studying the antioxidant system.
ROS exist for only fractions of a second mak-
ing direct measurements difficult. The param-
eters measured in this study are either scav-
engers of ROS or reflect the results of ROS
activity.

Oxidative stress causes changes in cell mem-
brane properties and function. This study 
has examined the role of oxidative stress in 
the menstrual cycle of healthy nonpregnant
women, in normal pregnancy and in miscar-
riage. Little change occurred in antioxidant lev-
els throughout the menstrual cycle, with the ex-
ception of a significant increase in LSH levels
during the follicular phase. The reason for this
is unclear but such information on the lack of
cyclical variability has important implications
when obtaining samples.

The changes seen in pregnancy and miscar-
riage that are reported here occurred in the pe-
ripheral blood and may reflect changes occur-
ring in the uterus, or, may be the result of
events that have happened there. The first
trimester of pregnancy was associated with in-
creased antioxidant activity as shown by the in-
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TABLE 1. ANTIOXIDANT LEVELS THROUGHOUT THE MENSTRUAL CYCLE

Cycle stage PSH LSH Cp SOD

Follicular 414 (250–610) 492 (300–900)a 17.5 (8–41) 31.0 (15–97)
Luteal 440 (190–540) 364 (80–620) 17.8 (10–31) 48.5 (10–102)
Day 14 428 (215–497) 379 (100–640) 18.6 (13–26) 44.0 (16–78)
Menstruating 420 (310–670) 427 (210–550) 17.9 (11–29) 41.5 (12–89)

Results are expressed as medians plus ranges.
ap , 0.04 versus luteal phase.

TABLE 2. ANTIOXIDANT LEVELS IN NORMAL PREGNANCY AND MISCARRIAGE

Group number PSH LSH CP SOD

1 440 (264–553) 299 (62–899) 17.7 (3–32) 39.1 (14–137)
2 434 (145–560) 415 (86–892) 22.7 (16–35)a 60.0 (6–90)b
3 412 (260–510) 408 (179–720) 19.5 (9–32) 31.6 (11–89)c
4 420 (237–580) 397 (103–775) 22.6 (2–42) 27.7 (9–60)d
5 495 (397–690)e 273 (110–487)e 21 (19–37) 55 (18–73)

Results are expressed as medians plus ranges.
ap , 0.01 versus Group 1 (nonpregnant).
bp , 0.0001.
cp , 0.04 versus Group 2 (healthy pregnant).
dp , 0.01.
ep , 0.004 versus Group 3 (miscarriage group).



creased levels of CP and SOD, which offer pro-
tection from ROS attack in the extracellular
compartment. A previous study by Sugino et
al. (1996) also found increased SOD activity in
the endometrium in early pregnancy. These
changes indicate that oxidative stress occurs in
healthy pregnancy, but cellular damage is pre-
vented by an extensive multilayered antioxi-
dant system.

In the miscarriage group, significantly re-
duced levels of the O2

2 ion scavenger SOD may
result in increased ROS production. Signifi-
cantly reduced levels of SOD were found in
Groups 3 and 4, that is those women whose
first pregnancies had ended in miscarriage, and
in women whose first pregnancies had been
successful but whose second pregnancies had
failed. This finding is important because it
means that the miscarriage has been triggered
by specific events, and was not influenced by
a previous successful pregnancy.

Changes in antioxidant levels which influ-
ence outcome have been reported previously.
Quinlan et al. (1997) found that patients with
acute respiratory distress syndrome (ARDS)
who died sustained greater levels of oxidative
molecular damage and were less able to pro-
tect themselves against increased oxidative
stress than those who survived. In pre-eclamp-
sia, as a result of increased ROS activity, the in-
tra- and extracellular antioxidant buffering lev-
els were found to be reduced compared to
normal pregnancy. This reduction in antioxi-
dant buffering may cause many of the patho-
logical features of the disease (Chen et al., 1994).

ROS are known to affect immune function,
which has to adapt to tolerate pregnancy. Re-
cent murine studies have confirmed the link be-
tween the two (Nicol et al., 2000). GSH is es-
sential for the detoxification of free radicals.
Significantly reduced levels of GSH in murine
antigen-presenting cells have been shown to be
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FIG. 1. Antioxidant levels in successful versus unsuccessful pregnancies.
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associated with a TH 2-type cytokine response,
i.e., favors the production of interleukin-10 (IL-
10) and IL-4. Reduced levels of GSH favored a
TH 1-type response, i.e., interferon-g (IFN-g)
and IL-2 were produced (Peterson et al., 1998).
Murine and human studies have shown that for
a pregnancy to continue a TH2-type response
must occur (Wegmann, 1998; Jenkins et al.,
2000). This study did not specifically measure
GSH but did measure LSH, which is comprised
mainly of GSH. Levels of LSH varied consid-
erably in all patients. However, levels were
found to be significantly reduced in women
whose first pregnancy had failed but whose
second pregnancy was successful (Group 5).
This would support the recently published
view that GSH favors a TH2-type response,
which is associated with an on-going preg-
nancy. Further indirect evidence of increased
antioxidant activity in miscarriage comes from
a study by Barrington et al. (1996), who found
selenium levels were significantly reduced in
patients who miscarried. Selenium scavenges
hydrogen peroxide (H2O2), which, although
not an antioxidant, can cross the cellular mem-
brane and if not reduced to H2O will dissoci-
ate to the hydroxyl moiety. As GSH peroxidase
is a co-factor for selenium, any reduction in se-
lenium levels as seen in the study of Barring-
ton et al. (1996) will affect GSH.

In conclusion, pregnancy appears to be as-
sociated with oxidative stress, but changes in
the levels of antioxidants help the body cope.
When miscarriage occurs, these adaptations do
not appear to occur.

ABBREVIATIONS

ARDS, Acute respiratory distress syndrome;
CP, ceruloplasmin; GSH, glutathione; H2O2,
hydrogen peroxide; IFN, interferon; IL, inter-
leukin; LSH, lysate thiol; PSH, plasma thiol;
ROS, reactive oxygen species; SOD, superoxide
dismutase.

REFERENCES

BANFORD, J.C., BROWN, D.M., HAZELTON, R.A., MC-
NEIL, C.J., SMITH, W.E., STURROCK, R.D. (1982).

Serum copper and erythrocyte superoxide dismutase in
rheumatoid arthritis. Ann. Rheumat. Dis. 41, 458–462.

BANFORD, J.C., BROWN, D.M., HAZELTON, R.A., MC-
NEIL, C.J., SMITH, W.E., and STURROCK, R.D. (1989).
Altered thiol status in patients with rheumatoid arthri-
tis. Rheumatoid Int. 2, 107–111.

BARRINGTON, J.W., LINDSAY, P., JAMES, D., SMITH,
S., and ROBERTS, A. (1996). Selenium deficiency and
miscarriage: a possible link. Br. J. Obstetr. Gynaecol.
103, 130–132.

BOGESS, K.A., OURY, T.D., KAY, H.H., and CRAPO, J.D.
(1998). Extracellular superoxide dismutase localization
and activity within human placenta. Placenta 19,
417–422.

CHEN, G., WILSON, R., CUMMING, G., WALKER, J.J.,
SMITH, W.E., and MCKILLOP, J.H. (1994). Intracellu-
lar and extracellular antioxidant buffering levels in 
erythrocytes from PIH. J. Hum. Hypertens. 8, 37–42.

ELLMAN, G.L. (1959). Tissue sulphydryl groups.
Archives Biochem. Biophys. 82, 70–77.

HOFFELD, J.T., METZGER, Z., and OPPENHEIMER, J.J.
(1981). Oxygen derived metabolites as suppressers of
immune responses in vitro. In: Lymphokines, vol. 263.
(Academic Press, New York), p. 63.

JENKINS, C., ROBERTS, J., WILSON, R., MACLEAN, M.,
SHILTO, J., and WALKER, J.J. (2000). Evidence that a
TH 1 type response is associated with recurrent mis-
carriage. Fertil. Steril. 73, 1206–1208.

LIEBLAU, R.S., SINGER, S., and MCDEVITT, H.O. (1995).
Th1 and Th2 CD41 cells in the pathogenesis of organ
specific diseases. Immunol. Today 16, 34–38.

MENDEN, E.E., BIOIANO, J.M., MURTHY, L., and PE-
TERING, H.G. (1977). Modification of a p-phenylene-
diamine oxidase method to permit caeruloplasmin de-
terminations. Anal. Lett. 10, 197–204.

NICOL, C.J., ZIELENSKI, J., TSUI, L.C., and WELLS, P.
(2000). An embryo protective role for glucose 6 phos-
phate dehydrogenase in developmental oxidative stress
and chemical tetatrogenesis. FASEB J. 14, 111–127.

NICOTRA, M., MUTTINELLI, C., SBRACIA, M., ROLF,
G., and POSSI, S. (1994). Blood levels of lipid peroxides,
vitamin E and glutathione peroxidase in women with
habitual abortion. Gynaecol. Obstet. Invest. 38, 223–226.

PETERSON, J.D., HERZENBERG, L.A., VASQUE, K., and
WALTENBAUGH, C. (1998). Glutathione levels in anti-
gen presenting cells modulate TH 1 versus TH2 re-
sponse patterns. Proc. Natl. Acad. Sci. USA 95, 3071–
3076.

QUINLAN, G.J., LAMB, N.J., TILLEY, R., EVANS, T.W.,
and GUTTERIDGE, J. (1997). Plasma hypoxanthine lev-
els in ARDS: implications for oxidative stress, moribid-
ity and mortality. Am. J. Respir. Crit. Care Med. 1,
486–497.

SANE, A.S., CHOKSI, S.A., MISRA, V.V., BARAD, D.P.,
SHAH, V.C., and NAGPAI, S. (1991). Serum lipoper-
oxides in induceable and spontaneous abortions. Gy-
naecol. Obstet. Invest. 31, 172–175.

SUGINO, N., SHIMAMURA, K., TAKIGUCHI, S.,
TAMURA, H., ONO, M., NAKATA, M., et al. (1996).
Changes in activity of superoxide dismutase in the hu-

ANTIOXIDANTS AND PREGNANCY 627



man endometrium throughout the menstrual cycle and
in early pregnancy Hum. Reprod. 11, 1073–1078.

TELFER, J.F., THOMSON, A.J., CAMERON, I.T., GREER,
I.A., and NORMAN, J.E. (1997). Expression of super-
oxide dismutase and xanthine oxidase in myometrium,
fetal membranes and placenta. Hum. Reprod. 12, 2306–
2312.

WEGMANN, T.G., LIN, H., GIULBERT, L., and MOSSS-
MAN, T.R. (1998). Bidirectional cytokine interaction in
maternal-foetal relationship: is successful pregnancy a
TH1 phenomenon? Immunol. Today 11, 353–356.

WILSON, R., CHOPPRA, M., BRADLEY, H., MCKILLOP,
J.H., SMITH, W.E., and THOMSON, J.A. (1989). Free
radicals and Graves’ disease; the effects of therapy.
Clin. Endocrinol. 30, 429–433.

WILSON, R., McINNES, I., LEUNG, B., MCKILLOP, J.,
and WALKER, J.J. (1998). Altered IL 12 and nitric ox-
ide in recurrent miscarriage. Eur. J. Obstet. Gynaecol.
Reprod. Biol. 75, 211–214.

YOSHIOKA, T., ANDO, M., TANIGUCHI, K., YA-

MASAKI, F., and MOTOYAMA, H. (1990). Lipoperox-
idation and antioxidant substances in the human pla-
centa during gestation. Nippon Sanka Fujinka Gakkai
Zoshi 42, 1634–1640.

Address reprint requests to:
Dr. R. Wilson

Department of Medicine
Glasgow Royal Infirmary

10 Alexandra Parade
Glasgow G31 2ER, Scotland, UK

E-mail: gc1025@clinmed.ac.uk

Received for publication December 9, 1999; ac-
cepted March 24, 2000.

JENKINS ET AL.628



This article has been cited by:

1. Cassey McRae, N. Ellissa Baskind, Nicolas M. Orsi, Vinay Sharma, Julie Fisher. 2012. Metabolic
profiling of follicular fluid and plasma from natural cycle in vitro fertilization patients—a pilot study.
Fertility and Sterility . [CrossRef]

2. Yujing Jan Heng , Megan Katherine Waterhouse Di Quinzio , Michael Permezel , Gregory Edward
Rice , Harry Michael Georgiou . 2010. Temporal Expression of Antioxidants in Human Cervicovaginal
Fluid Associated with Spontaneous Labor. Antioxidants & Redox Signaling 13:7, 951-957. [Abstract]
[Full Text HTML] [Full Text PDF] [Full Text PDF with Links]

3. Kaïs H. Al-Gubory, Paul A. Fowler, Catherine Garrel. 2010. The roles of cellular reactive oxygen
species, oxidative stress and antioxidants in pregnancy outcomes. The International Journal of
Biochemistry & Cell Biology 42:10, 1634-1650. [CrossRef]

4. Corinna Franke, Hans Demmelmair, Tamas Decsi, Cristina Campoy, Milagros Cruz, Juan A. Molina-
Font, Klaus Mueller, Berthold Koletzko. 2010. Influence of fish oil or folate supplementation on the
time course of plasma redox markers during pregnancy. British Journal of Nutrition 103:11, 1648-1656.
[CrossRef]

5. Maria do Carmo Franco, Beatriz Felice Ponzio, Guiomar Nascimento Gomes, Frida Zaladek Gil,
Rita Tostes, Maria Helena Catelli Carvalho, Zuleica Bruno Fortes. 2009. Micronutrient prenatal
supplementation prevents the development of hypertension and vascular endothelial damage induced
by intrauterine malnutrition. Life Sciences 85:7-8, 327-333. [CrossRef]

6. Joern R. Steinert , Amanda W. Wyatt , Ron Jacob , Giovanni E. Mann . 2009. Redox Modulation of
Ca2+ Signaling in Human Endothelial and Smooth Muscle Cells in Pre-Eclampsia. Antioxidants &
Redox Signaling 11:5, 1149-1163. [Abstract] [Full Text PDF] [Full Text PDF with Links]

7. Jean Wactawski-Wende, Enrique F. Schisterman, Kathleen M. Hovey, Penelope P. Howards, Richard
W. Browne, Mary Hediger, Aiyi Liu, Maurizio Trevisan. 2009. BioCycle study: design of the
longitudinal study of the oxidative stress and hormone variation during the menstrual cycle. Paediatric
and Perinatal Epidemiology 23:2, 171-184. [CrossRef]

8. Fatma Ferda Verit, Ozcan Erel, Hakim Celik. 2008. Paraoxonase-1 activity in patients with hyperemesis
gravidarum. Redox Report 13:3, 134-138. [CrossRef]

9. Richard W. Browne, Michael S. Bloom, Enrique F. Schisterman, Kathy Hovey, Maurizio Trevisan,
Chengqing Wu, Aiyi Liu, Jean Wactawski-Wende. 2008. Analytical and biological variation of
biomarkers of oxidative stress during the menstrual cycle. Biomarkers 13:2, 160-183. [CrossRef]

10. Ahmed F Amin, Omar M Shaaban, Mohamed A Bediawy. 2008. N-acetyl cysteine for treatment of
recurrent unexplained pregnancy loss. Reproductive BioMedicine Online 17:5, 722-726. [CrossRef]

11. Mohamed El-Far, Ibrahim H. El-Sayed, Abd El-Gawad El-Motwally, Ikbal Abou Hashem, Nadia
Bakry. 2007. Tumor necrosis factor-# and oxidant status are essential participating factors in
unexplained recurrent spontaneous abortions. Clinical Chemistry and Laboratory Medicine 45:7,
879-883. [CrossRef]

12. Anthony V. PERKINS. 2006. Endogenous anti-oxidants in pregnancy and preeclampsia. The Australian
and New Zealand Journal of Obstetrics and Gynaecology 46:2, 77-83. [CrossRef]

13. E JAUNIAUX, G BURTON. 2005. Pathophysiology of histological changes in early pregnancy loss.
Placenta 26:2-3, 114-123. [CrossRef]

14. Ashok Agarwal, Sajal Gupta, Rakesh Sharma. 2005. Oxidative stress and its implications in female
infertility – a clinician's perspective. Reproductive BioMedicine Online 11:5, 641-650. [CrossRef]

15. Ozkan Ozturk, Ertan Saridogan, Eric Jauniaux. 2004. Drug intervention in early pregnancy after assisted
reproductive technology. Reproductive BioMedicine Online 9:4, 452-465. [CrossRef]

16. Lucijan Mohorovic. 2003. The Level of Maternal Methemoglobin during Pregnancy in an Air-Polluted
Environment. Environmental Health Perspectives 111:16, 1902-1905. [CrossRef]

http://dx.doi.org/10.1016/j.fertnstert.2012.07.1131
http://dx.doi.org/10.1089/ars.2010.3122
http://online.liebertpub.com/doi/full/10.1089/ars.2010.3122
http://online.liebertpub.com/doi/pdf/10.1089/ars.2010.3122
http://online.liebertpub.com/doi/pdfplus/10.1089/ars.2010.3122
http://dx.doi.org/10.1016/j.biocel.2010.06.001
http://dx.doi.org/10.1017/S0007114509993746
http://dx.doi.org/10.1016/j.lfs.2009.06.013
http://dx.doi.org/10.1089/ars.2008.2303
http://online.liebertpub.com/doi/pdf/10.1089/ars.2008.2303
http://online.liebertpub.com/doi/pdfplus/10.1089/ars.2008.2303
http://dx.doi.org/10.1111/j.1365-3016.2008.00985.x
http://dx.doi.org/10.1179/135100008X259259
http://dx.doi.org/10.1080/13547500701775563
http://dx.doi.org/10.1016/S1472-6483(10)60322-7
http://dx.doi.org/10.1515/CCLM.2007.138
http://dx.doi.org/10.1111/j.1479-828X.2006.00532.x
http://dx.doi.org/10.1016/j.placenta.2004.05.011
http://dx.doi.org/10.1016/S1472-6483(10)61174-1
http://dx.doi.org/10.1016/S1472-6483(10)61283-7
http://dx.doi.org/10.1289/ehp.6055


17. G Chaouat. 2003. Implantation: can immunological parameters of implantation failure be of interest for
pre-eclampsia?. Journal of Reproductive Immunology 59:2, 205-217. [CrossRef]

18. M Guijarro. 2002. Effects of ergothioneine on diabetic embryopathy in pregnant rats. Food and
Chemical Toxicology 40:12, 1751-1755. [CrossRef]

http://dx.doi.org/10.1016/S0165-0378(03)00048-2
http://dx.doi.org/10.1016/S0278-6915(02)00177-1

