
Human Reproduction vol.13 no.12 pp.3530–3536, 1998

A longitudinal study of maternal serum inhibin-A,
inhibin-B, activin-A, activin-AB, pro- αC and follistatin
during pregnancy

Paul A.Fowler1,4, Lee W.Evans2, Nigel P.Groome2,
Allan Templeton1 and Philip G.Knight 3

1Department of Obstetrics and Gynaecology, University of
Aberdeen, Aberdeen AB25 2ZD,2School of Biological and
Molecular Sciences, Oxford Brookes University, Oxford and
3School of Animal and Microbial Sciences, University of Reading,
Reading, UK
4To whom correspondence should be addressed

Maternal serum concentrations of inhibin-A, inhibin-B,
activin-A, activin-AB, pro- αC-related inhibin forms, total
follistatin, steroids and gonadotrophins were measured
longitudinally in six normal singleton pregnancies. Mater-
nal venous blood was collected randomly during a spontan-
eous follicular phase prior to donor insemination, at 5, 7,
9, 11, 16, 20, 24, 28, 32 and 36 weeks after the first
missed menses and in the early puerperium. Steroid and
gonadotrophin profiles conformed to previous reports.
While at week 5 of gestation inhibin-A, activin-A and
follistatin concentrations were similar to those at the
follicular phase, all three increased progressively (P <
0.001) to maximal concentrations in week 36: ~48-fold
(3740K 1349 ng inhibin-A/ml), ~22-fold (6109K 1443 ng
activin-A/ml) and ~10-fold (3563 K 418 ng follistatin/ml)
higher. Pro-αC concentrations reached a maximum in
weeks 5 (~5-fold,P < 0.001) and 36 (1027K 174 pg/ml, P
< 0.01). Inhibin-B (71 K 23 pg/ml prior to pregnancy) was
undetectable (<12 pg/ml) between week 5–16 of gestation
but increased slightly in the third trimester (26 K 7 pg/ml
in week 36). Activin-AB was undetectable throughout
pregnancy. Post-partum concentrations of inhibin-A (41K
12 ng/ml), inhibin-B (<12 pg/ml), activin-A (950K 149 pg/
ml), pro-αC (128 K 22 pg/ml) and follistatin (990 K 79
ng/ml) were substantially lower than at week 36 of gestation.
The activin-A:follistatin ratio increased from 0.5 in week
5 to 1.8 in week 36, suggesting that more free activin-A is
available in the maternal circulation during late pregnancy.
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Introduction

In 1995 de Kretser commented that there was much to be
learned about the physiology of inhibin and related proteins
in human pregnancy, but that without specific assays, chromato-
graphic separation of the different molecular forms remained
essential. Since then there have been further advances in the
development of highly sensitive and specific inhibin, activin
and follistatin assays based on the two-site enzyme-linked

3530 © European Society of Human Reproduction and Embryology

immunosorbent assay (ELISA) format (Muttukrishnaet al.,
1994, 1995, 1996, 1997a; Knightet al., 1996; Lockwoodet al.,
1996; Evanset al., 1997, 1998). Such assays have recently
been used to characterize inhibin-A (Muttukrishnaet al., 1995;
Illingworth et al., 1996; Birdsallet al., 1997; Lockwoodet al.,
1997; Wallaceet al., 1997), inhibin-B (Illingworth et al.,
1996; Petragliaet al., 1997; Wallaceet al., 1997), activin-A
(Muttukrishnaet al., 1996; Birdsallet al., 1997; Lockwood
et al., 1997; Woodruffet al., 1997), activin-B (Vihkoet al.,
1998), pro-αC (Illingworth et al., 1996; Muttukrishnaet al.,
1997a) and follistatin (Woodruffet al., 1997) during different
stages of human pregnancy.

While inhibins, activins and follistatin were first identified
in ovarian follicles (Ying, 1988; Knight, 1997), it has emerged
that inhibin-A is also produced by the human corpus luteum
and that all three proteins are major secretory products of the
human placenta, particularly during late gestation (Qu and
Thomas, 1995). As such these proteins may have physiological
relevance in human pregnancy. Recent studies have investi-
gated the specific sources of the various inhibins, activins and
follistatin during gestation (Yokoyamaet al., 1995; Illingworth
et al., 1996; Rileyet al., 1996; Muttukrishnaet al., 1997a;
Wallaceet al., 1997) and there are reports that alterations in
inhibin and activin concentrations in the maternal circulation
are associated with certain gestational disease states (Petraglia
et al., 1995, 1997; Muttukrishnaet al., 1997b). However, other
than the recent studies by Woodruffet al. (1997) and Petraglia
et al. (1997) most of the published data on inhibins and related
hormones in the maternal circulation have either been confined
to specific stages of pregnancy (Illingworthet al., 1996;
Birdsall et al., 1997; Wallaceet al., 1997; Muttukrishnaet al.,
1997a,b; Lockwoodet al., 1997), or are based on cross-
sectional sampling of different women at different stages of
gestation (Muttukrishnaet al., 1994, 1996; Petragliaet al.,
1995). Furthermore, there has been limited cross-comparison
of serum profiles of inhibin and related proteins during
pregnancy with those of other important hormones present in
the maternal circulation, particularly gonadotrophins and
steroids.

In this paper we present results of a longitudinal, prospective
investigation of the maternal endocrinology of human preg-
nancy with respect to the inhibin family of hormones and
follistatin. The principle aim of the study was thus to provide
a baseline of normal values for the future investigation of
gestational endocrine abnormalities in the human.

Materials and methods

Subjects
Six women completed this study. Mean age was 32.26 1.0 years,
non-pregnant weight was 75.76 7.9 kg, height was 1.606 0.18 m.
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Mean fetal weight was 34726 203 g with a sex ratio of 5 male:1
female. There were no complications during pregnancy and the fetuses
were born at less than6 1 week within the due dates as calculated
from date of missed period. Each women breast fed for 3–34 weeks.
Prior to pregnancy all women had regular cycles and were attending the
Infertility Clinic, Aberdeen Maternity Hospital, for donor insemination
because of male factor infertility. The treatment of these women and
the present study both received approval from the Joint Ethical
Committee and the women gave their full informed consent.

Collection protocol

Venous blood was collected once randomly during the follicular phase
of the menstrual cycle prior to treatment, then at 5, 7, 9, 11, 16, 20,
24, 28, 32, 36 weeks of gestation and finally 2–3 days post-partum.
Serum was harvested and stored at –25°C in screw-cap tubes until
measurement of hormones in single assays. All samples were collected
by trained staff at the Infertility Clinic, Aberdeen Maternity Hospital.

Steroid hormone assays

Oestradiol was measured by a DELFIA assay (Wallac UK, Milton
Keynes, UK) with a sensitivity of 0.05 nmol/l and intra- and inter-
assay coefficient of variance (CV) of 3.5% and 4.9% respectively.
Progesterone was measured by Amerlax-M radioimmunoassay (Life-
screen Ltd, Watford, UK) with a sensitivity of 0.25 nmol/l and intra-
and inter-assay CV of 5.2% and 8.4% respectively.

Gonadotrophin hormone assays

Luteinizing hormone (LH) was measured by Maiaclone immunoradio-
metric assay (BioStat Ltd, Stockport, UK) with a sensitivity of 0.15
IU/l and intra- and inter-assay CV of 3.9% and 8.5% respectively.
The cross-reactivity of this assay with human chorionic gonadotrophin
(HCG) was 3%. Follicle-stimulating hormone (FSH) was determined
using a Maiaclone immunoradiometric assay (Serono Diagnostics,
Woking, UK) having a sensitivity of 0.25 IU/l and intra- and inter-
assay CV of 2.7% and 8.7% respectively. HCG was measured using
a Maiaclone immunoradiometric assay (BioStat Ltd, Stockport, UK)
with a sensitivity of 1.0 mIU/ml. All samples were run on a single
assay, with dilutions in assay buffer to ensure values within detection
limits. Prolactin concentrations were determined with a DELFIA
assay (Wallac UK) with a sensitivity of 1.4 mU/l. All samples were
run on a single assay, with dilutions in assay buffer to ensure values
within detection limits.

Inhibin, activin and follistatin assays

Activin-A was measured using a 2-site ELISA previously described
(Knight et al., 1996; Muttukrishnaet al., 1996) in which follistatin
does not interfere. This assay has a sensitivity of 50 ng recombinant
human activin-A/l (gift from Genentech Inc., San Francisco, CA,
USA) and mean intra- and inter-assay CV of 5.0% and 9.1%
respectively. The recombinant human activin-A is equipotent with
the proposed candidate WHO 91/626 Reference Reagent for human
activin-A. Activin-AB was measured using a 2-site ELISA previously
described (Evanset al., 1997) with a sensitivity of 190 ng porcine
activin-AB/l (gift from Dr H. Sugino) and mean intra- and inter-
assay CV of 5.0% and 9.1% respectively. Inhibin-A concentrations
were determined with a 2-site ELISA previously described (Muttu-
krishnaet al., 1994; Muttukrishnaet al., 1995) with a sensitivity of
2 ng recombinant human inhibin-A/l (a gift from Dr M. Rose, NIBSC,
Potters Bar, UK) and mean intra- and inter-assay CV of 3.7% and
9.5 respectively. Inhibin-B was measured using a 2-site ELISA
previously described (Lockwoodet al., 1996; Muttukrishnaet al.,
1997b) with a sensitivity of 12 ng recombinant inhibin-B/l (gift from
Genentech Inc.) and intra- and inter-assay CV of 6.2% and 9.5%

3531

respectively. Pro-αC concentrations were established with a 2-site
ELISA previously described (Muttukrishnaet al., 1997a, b) with a
sensitivity of 5 ng purified human Pro-αC/l (Groomeet al., 1995)
and mean intra- and inter-assay CV of 6.8% and 9.1% respectively.
Follistatin concentrations were measured using an ultra-sensitive 2-
site ELISA previously described (Evanset al., 1998), with a sensitivity
of 19 ng follistatin 288/l (gift from NIDDK) and mean intra- and
inter-assay CV of 3.5% and 3.8% respectively. As described by Evans
et al. (1998), this assay measures total follistatin 288 concentrations,
and has a cross-reactivity with follistatin 315 of 9.9%.

Statistical analysis

Differences between stage of gestation were evaluated by repeated
analysis of variance measures (ANOVA) (following log-transforma-
tion to avoid heterogeneous variances) together with Dunnett’s Post
Hoc Test for pairwise comparisons of hormone concentrations at
specific stages of pregnancy. For statistical purposes samples with
hormone values below the assay detection limit were assigned values
equal to the detection limit of that assay. Simple linear correlation
and linear regressions, with significance determined by Fisher’sr to
z and by ANOVA, were used to investigate the correlation between
different parameters. Results are presented as arithmetic means6 SE.

Results

Steroids and gonadotrophins

As shown in Figure 1, oestradiol, progesterone, LH, FSH,
prolactin and HCG concentrations in the maternal venous
circulation followed the expected patterns during gestation.

Inhibins, activins and follistatin

At week 5 of gestation serum inhibin-A concentrations had
more than doubled relative to concentrations before pregnancy
(156.46 28.2 pg/ml) (Figure 2a). Inhibin-A then rose (P ,
0.001) to a minor peak at week 9 (547.76 25.8 pg/ml), before
falling slightly at 16 weeks (to 311.06 74.7 pg/ml). Thereafter
inhibin-A increased sharply (P, 0.001) to a maximum at 36
weeks (37406 1349 pg/ml) before falling again post-partum
(40.76 12.4 pg/ml;P , 0.001) to a concentration lower than
that observed before pregnancy. From non-pregnant status to
second trimester inhibin-A concentration rose ~6-fold, but in
the third trimester reached concentrations 37-fold higher than
non-pregnant values (Table I).

Before pregnancy the concentration of inhibin-B in maternal
serum (71.06 22.8 pg/ml) was similar to inhibin-A. In
contrast to inhibin-A, serum inhibin-B fell to undetectable
concentrations (,12 pg/ml) during the first trimester and
remained at very low, though detectable, concentrations during
both second (~16 pg/ml) and third (~21 pg/ml) trimester
(Figure 2b, Table I) when concentrations were.100-fold
lower than inhibin-A. Inhibin-B was undetectable (,12 pg/
ml) in post-partum samples analysed.

The serum pro-αC profile during pregnancy differed mark-
edly from that of inhibin-A. By week 5 of gestation serum
pro-αC concentration (Figure 2c) was 5-fold higher than the
pre-pregnancy concentration (10556 382 versus 207.36
46.8 pg/ml;P , 0.01). Pro-αC then fell to a nadir at 16 weeks
(369.7 6 55.5 pg/ml) before increasing to a second peak at
36 weeks (10276 174 pg/ml) and falling again post-partum
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Figure 1. Changes in mean maternal venous blood concentrations of (a) oestradiol, (b) progesterone, (c) luteinizing hormone (LH),
(d) follicle-stimulating hormone (FSH), (e) prolactin (PRL) and (f) human chorionic gonadotrophin (HCG) throughout gestation. The
horizontal shaded bar shows the mean6 SE range for non-pregnant hormone concentrations, the filled circles show hormone concentrations
during gestation and the open circles show hormone concentrations approximately 3 days post-partum.n 5 6, values are mean6 SE.

to concentrations half of those seen before pregnancy (128.0
6 21.5 pg/ml). During the first and third trimester pro-αC
concentrations were ~2-fold higher than during the second
trimester (Table I).

At 5–7 weeks gestation, activin-A concentrations were
similar to those before pregnancy (~200–300 pg/ml). Activin-
A then rose ~3-fold during the second trimester 14076 406
pg/ml in week 24) and continued to rise sharply throughout
the third trimester to peak in week 36 (61096 1444 pg/ml,
P ,0.001). Post-partum, activin-A concentration fell to 949.8
6 148.7 pg/ml (P , 0.001) but, in contrast to inhibin-A,
this value was still ~3-fold higher than the pre-pregnancy
concentration recorded (Figure 2d, Table I). In marked contrast
to the substantial 22-fold rise in activin-A during pregnancy,
concentrations of activin-AB were undetectable (,190 pg/ml)
in all serum samples analysed.

As shown in Figure 2e follistatin followed a very similar
pattern to activin-A during pregnancy. By week 11 the concen-
tration was ~2-fold higher than before pregnancy (772.26
38.8 versus 409.66 55.4 pg/ml). Follistatin continued to rise
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steeply to peak in week 36 (35636 418 pg/ml,P , 0.001)
before falling post-partum to 990.16 78.5 pg/ml. Overall,
follistatin concentrations in the maternal venous circulation
were significantly raised above pre-pregnancy concentrations
during both second and third trimesters (Table I).

Relationships between different hormones

Oestradiol concentrations were highly correlated (Fisher’sr to
z, P , 0.001) with progesterone (r 5 0.907), prolactin (r 5
0.733), inhibin-A (r 5 0.586), activin-A (r 5 0.777) and
follistatin (r 5 0.847). Progesterone also correlated highly (P
, 0.001) with prolactin (r 5 0.677), inhibin-A (r 5 0.715),
activin-A (r 5 0.804) and follistatin (r 5 0.855). Prolactin
correlated positively with inhibin-A (r 5 0.433,P , 0.001),
activin-A (r 5 0.718,P , 0.001) and follistatin (r 5 0.782,
P , 0.001). Inhibin-A correlated with activin-A (r 5 0.580,
P , 0.001) and follistatin (r 5 0.597,P , 0.001). Activin-A
correlated highly significantly with follistatin (r 5 0.856, P
, 0.001).

It is evident from Table I that the relationship between
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Figure 2. Changes in mean maternal venous blood concentrations of (a) inhibin-A, (b) inhibin-B, (c) pro-αC, (d) activin-A and
(e) follistatin throughout gestation. The horizontal shaded bar shows the mean6 SE range for non-pregnant hormone concentrations, the
filled circles show hormone concentrations during gestation and the open circles show hormone concentrations approximately 3 days post-
partum.n 5 6, values are mean6 SE.

serum inhibin-A and pro-αC concentrations altered during
pregnancy with an excess of pro-αC over inhibin-A during
the first trimester, similar concentrations of both during the
second trimester and an excess of inhibin-A over pro-αC
during the third trimester. When inhibin-A:pro-αC ratio was
calculated for each sample and results plotted relative to stage
of gestation (Figure 3a) the ratio was found to increase
progressively from ~0.3 in week 5 to ~3 in week 36 of
gestation before falling to ~0.5 post-partum. It was also noted
that the relationship between serum activin-A and its binding
protein follistatin altered during pregnancy (Table I). As Figure
3b shows, the activin-A:follistatin ratio was ~0.8 in samples
taken before conception and in the post-partum period. In
week 5 of gestation, however, the ratio had fallen to ~0.5
while by week 36 it had risen over 3-fold to ~1.8 (P , 0.01)
indicating a relative excess of activin-A over follistatin in late
gestation.
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Discussion

This study provides comprehensive baseline information on
the changes in maternal inhibins, activins, follistatin, steroids
and gonadotrophins longitudinally prior to conception, through-
out normal pregnancy, and in the early puerperium.

Maternal circulating inhibin-A and activin-A profiles
observed in the present study are similar to those observed
previously (Muttukrishnaet al., 1996; Birdsallet al., 1997;
Woodruff et al., 1997), with progressive increases in both
proteins occurring throughout pregnancy, particularly in the
third trimester when the maximal values reached were ~30-
fold higher than before conception. However, there were some
differences which may reflect the longitudinal nature of this
study compared with the cross-sectional design of most previ-
ous studies (Petragliaet al., 1995; Muttukrishnaet al., 1995,
1996). The use of new inhibin-A and activin-A standard
preparations to calibrate the present assays probably accounts
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Table I. Mean (6SE) concentrations of inhibin-A (pg/ml), inhibin-B (pg/ml), pro-αC (pg/ml), activin-A (pg/
ml), follistatin (pg/ml) and the inhibin-A/pro-αC and activin-A/follistatin ratios in six women grouped
according to stage of pregnancy

Stage of pregnancy

Non-pregnant Trimester 1 Trimester 2 Trimester 3 Post-partum

Inhibin-A 64.2 6 22.8ab 358.76 39.5a 468.06 99.7b 23456 552ab 40.7 6 12.4ab

Inhibin-B 71.06 22.8abc ,12a 15.9 6 6.1b 21.1 6 3.0c 12.9 6 0.9b

Pro-αC 207.36 476.8ab 882.26 121.6abc 430.16 43.6abc 816.56 92.2bc 128.06 21.5c

Activin-A 282.5 6 43.0a 413.06 43.5bc 922.96 170.2abc 4 0026 701abcd 949.86 148.6cd

Follistatin 409.66 55.4a 626.46 38.6a 1 4426 93a 2 7046 263a 990.16 78.5a

Inhibin-A/ 0.31 6 0.07a 0.61 6 0.10b 1.14 6 0.17abc 2.60 6 0.45abc 0.43 6 0.22c

pro-αC ratio
Activin-A/ 0.75 6 0.14a 0.66 6 0.05b 0.60 6 0.08dc 1.37 6 0.16abc 0.94 6 0.08d

follistatin ratio

Common superscripts denote significant differences at 95% level by two-way analysis of variance.

Figure 3. Changes in mean maternal venous blood ratios of (a) inhibin-A/pro-αC and (b) activin A/follistatin throughout gestation. The
horizontal shaded bar shows the mean6 SE range for non-pregnant hormone concentrations, the filled circles show hormone concentrations
during gestation and the open circles show hormone concentrations approximately 3 days post-partum.n 5 6, values are mean6 SE.

for the lower concentrations of inhibin-A and activin-A com-
pared to earlier reports (Muttukrishnaet al., 1995; Byrneet al.,
1996) since values recorded here are similar to those of three
other recent studies of the first trimester of pregnancy (Riley
et al., 1996; Birdsallet al., 1997; Wallaceet al., 1997).

As emphasized elsewhere (Robertsonet al., 1997) the
presence in the circulation of multiple molecular weight
forms of inhibins and inhibin-related molecules introduces a
considerable degree of uncertainty into determining their
absolute concentrations in any given sample since (i) these are
likely to vary in different physiological states; (ii) the extent
to which the present inhibin-A and inhibin-B ELISA cross-
react with higher molecular weight forms of inhibin-A and
inhibin-B has not been quantified and (iii) the recombinant
DNA-derived human inhibin-A and inhibin-B reference pre-
parations used to calibrate these assays are not truly representat-
ive of the multiple molecular weight forms likely to be present
in the circulation. Despite this uncertainty, Muttukrishnaet al.
(1995) provided evidence that the fully processed (~32 kDa)
form of inhibin-A was the predominant circulating form
throughout pregnancy and so, at least for inhibin-A, the values
measured here are likely to reflect the absolute concentrations
present reasonably accurately.

In contrast to the marked rise in inhibin-A, concentrations
of inhibin-B in the maternal circulation fell to undetectable
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concentrations (,12 pg/ml) during the first half of pregnancy
and only increased slightly in the second half to a maximum
concentration (~25 pg/ml) that was ~200-fold lower than
inhibin-A. Given the extremely high concentrations of inhibin-
A and activin-A during late gestation, this apparent increase
in inhibin-B immunoreactivity may reflect some cross-reaction
of inhibin-A (~0.5%) and activin-A (0.1%) in the inhibin-B
ELISA. In a recent independent report inhibin-B concentrations
peaked at ~125 pg/ml during late pregnancy (Petragliaet al.,
1997), ~5-fold higher than observed in the present study,
although the same inhibin-B assay was used in both studies.
Since this difference would be unlikely to be due to assay
cross-reaction alone, the reason for the discrepancy between
the two studies is unclear. Levels of activin-AB in maternal
serum remained undetectable at all stages suggesting that this
activin isoform has a much more restricted distribution than
activin-A. This finding is consistent with recent reports that
activin-A but not activin AB is readily detectable in human
placental extract, placental explant-conditioned culture media
and amniotic fluid (Yokoyamaet al., 1995; Evanset al., 1997).
Nevertheless, inhibin/activinβB subunit mRNA is expressed
in human fetal membranes (Petragliaet al., 1993) consistent
with the presence of immunoreactive inhibin-B in amniotic
fluid (Wallaceet al., 1997) and extra-embryonic coelomic fluid
(Riley et al., 1996).
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The profile of circulating maternal pro-αC-containing inhi-
bin forms during pregnancy was markedly different from
inhibin-A or inhibin-B, indicating that a shift occurs in the
tissue source and/or processing pattern of theα subunit
precursor as pregnancy advances. While the pro-αC ELISA
detects a range of inhibinα subunit-containing molecules
including some forms of inhibin-A and inhibin-B dimer
(Groomeet al., 1995), it is considered likely that the major
inhibin form detected by this assay is freeα subunit (Robertson
et al., 1997). The early increase in pro-αC concentrations
(significantly higher by 5 weeks gestation) probably reflects
the stimulatory effect of rapidly rising HCG titres on the
corpus luteum since pro-αC declined coincidentally with HCG
and is mainly of corpus luteum origin during early pregnancy
(Muttukrishnaet al., 1997a). Lockwoodet al. (1997) recently
reported that in week 4 of gestation pro-αC concentrations
are higher in singleton pregnancies resulting from in-vitro
fertilization (IVF) treatment cycles (i.e. with multiple corpora
lutea) than in spontaneous singleton pregnancies (i.e. with
single corpus luteum). This observation further supports the
luteal origin of most of the pro-αC in the maternal circulation
during early pregnancy (Muttukrishnaet al., 1997a). Illing-
worth et al. (1996) investigated changes in maternal inhibin-
A, inhibin-B and pro-αC concentrations during the establish-
ment of pregnancy (0–70 days post-ovulation) in normally
cycling women and showed that inhibin-A increased steadily
above normal luteal phase concentrations between 3–7 weeks
post-ovulation before falling slightly by week 9. In contrast,
pro-αC concentrations were already elevated within 1 week
of ovulation and continued to rise to an initial peak at week
2, followed by a second peak at week 5 post-ovulation. Inhibin-
B concentrations fell to barely detectable concentrations within
2 weeks post-ovulation. Our findings during weeks 5, 7 and 9
of gestation are entirely consistent with these observations
and our study has provided additional information on the
subsequent changes that occur during the remainder of gesta-
tion. The early increase in pro-αC in human pregnancy
(Illingworth et al., 1996; Lockwoodet al., 1997) supports a
previous observation in the marmoset monkey that circulating
total ir-α inhibin concentrations are significantly elevated
above ‘normal’ luteal phase concentrations as early as 5 days
after ovulation in females subsequently found to be pregnant
(Webley et al., 1991). Measurement of pro-αC (or total ir-α
inhibin) concentrations at 2–5 weeks post-conception could
thus serve as a useful marker of luteal sufficiency during the
establishment of a viable pregnancy. The fall in maternal
venous pro-αC concentrations after week 9 is coincident with
a small rise in inhibin-A and with the peak in HCG. It is
likely that these events reflect the switch from corpus luteum
to placental support for the pregnancy.

The steady rise we observed in total follistatin concentrations
during gestation contrasts with the findings of Woodruffet al.
(1997) that free follistatin remained unchanged while total
circulating follistatin did not rise much until after 20 weeks
of gestation in five out of six women whose pregnancies ended
with normal labour. Furthermore, for reasons that are not yet
apparent, follistatin profiles observed in the present study were
much less variable than those reported by Woodruffet al.
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(1997) although our activin-A profiles were similar. The
presence of increasing serum follistatin concentrations through-
out gestation is consistent with the detection of follistatin
mRNA and immunoreactivity in human placenta, fetal mem-
branes and decidua (Petragliaet al., 1994) and with partial
isolation of three isoforms of follistatin from placental homo-
genates (de Kretseret al., 1994). Most of the activin in
the circulation is sequestered by follistatin: each follistatin
molecule binding two activin molecules (Mathews, 1994),
with high affinity, of the same order as that shown by activin
receptors on target cells (Shimonakaet al., 1991). While total
activin-A and follistatin concentrations in maternal serum were
highly correlated throughout gestation, the activin-A:follistatin
mass ratio showed a progressive 3-fold increase from a
follistatin excess in the first trimester to an activin-A excess
in the third trimester. This observation supports the contention
that there would be a greater propensity for circulating activin-
A to dissociate from follistatin in late pregnancy and thus be
available for interaction with receptors on maternal target
tissues. The nature and location of these putative maternal
target tissues in late gestation and the physiological importance
of activin-A mediated responses in such tissues remains to be
investigated.

The roles of maternal inhibins, activins and follistatin during
pregnancy are not well established, although through its ability
to suppress FSH release inhibin-A probably plays a role in
maintaining ovarian quiescence during gestation. In addition,
both inhibins and activins have been shown to regulate placental
hormone secretion (Petragliaet al., 1987). The present study,
by establishing normal concentrations of inhibins, activins and
follistatin in the maternal circulation throughout gestation, will
facilitate further studies to determine the role and clinical
significance of these hormones.
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