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Placenta and fetal membranes are extragonadal sources of 
inhibins and activins in human pregnancy. However, 
while immunoreactive inhibin-related material has been 
measured in maternal and fetal serum, circulating activin 
levels have not been measured. Using newly developed 
speciýc two-site enzyme-linked immunosorbent assays 
(ELISA), we have examined activin A and activin B levels 
in maternal and cord blood serum and amniotic þuid 
during gestation, at term, and during delivery.

Activin A and B are detectable in each sample group 
and dilute linear and parallel to the standard curve. 
Activin A is present in the maternal circulation, with the 
highest levels at term, during labor, and at vaginal 
delivery. Activin A levels are undetectable within 6 h 
postpartum. In the fetal circulation, activin A levels are 
measurable only at delivery. Activin B is largely absent in 
the maternal circulation but is abundantly present in the 
amniotic þuid and in the cord blood serum of the fetus 
prior to birth.

This study suggests that activin A and activin B are 
present in the general circulation of mother and fetus 
during pregnancy. Due to the different patterns in mater-
nal and fetal circulation and different origin of produc-
tion, activin A and activin B have different functions 
during pregnancy.

Introduction

Inhibin and activin are members of the TGF
}
 super-

family of growth factors (Vale et al., 1988). They are 
dimeric protein molecules composed of an |, }A- or 
}B-subunit: inhibin A {|-}A}, inhibin B {|-}B}, activin A 
{}A-}A}, activin B {}B-}B}, or activin AB {}A-}B}. The 
subunits are expressed in a variety of tissues and have 
biological actions in many diverse organ systems 
(Meunier et al., 1988; DePaolo et al., 1991).

A speciþc role for inhibins and activins in human 
pregnancy has been hypothesized by several groups 
(Mayo et al., 1986; McLachlan et al., 1986; Petraglia et 
al., 1987; 1990; 1992; Merchenthaler et al., 1987; Davis 
Sr et al., 1987; Rabinovici et al., 1992). lnhibin/activin 
subunit mRNAs and immunoreactive proteins have 
been localized in placenta, fetal membranes and mater-
nal and fetal decidua (Mayo et al., 1986; McLachlan et 
al., 1986; Petraglia et al., 1987;; 1992; 1993; Merchen-
thaler et al., 1987; Davis Sr et al., 1987; Rabinovici et 
al., 1992). Moreover, both inhibins and activin regulate
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GnRH, hCG and progesterone secretion from human 
placenta cells in vitro (Petraglia et al., 1989b; 1990; 
Mersol-Barg et al., 1990), supporting the idea that the 
hormones are biologically relevant during pregnancy 
(Petraglia, 1991).

Inhibin or its precursor has been measured during 
pregnancy in maternal serum as well as cord blood and 
amniotic ÿuid using one of several inhibin RIAs 
(McLachlan et al., 1987; Abe et al., 1990; Yohkaichiya 
et al., 1991a,b; Kettel et al., 1991; Tabei et al., 1991; 
Qu et al., 1991; Norman et al., 1993). Due to a lack of 
speciþc assays, activins have not been measured in 
pregnant maternal serum, cord blood, or amniotic 
ÿuid. Assay development has been complicated by the 
> 70% sequence identity between the }A and }B activin 
subunits, by the presence of inhibin-associated-} 
subunits, and by the presence of interferring binding 
proteins such as follistatin (Krummen et at., 1993). We 
have developed two speciþc two-site ELISA formats 
which detect free activin A or activin B at a sensitivity 
of 100 pg/ml and which do not cross-react with each 
other or with any of the TGF

}
 superfamily members 

(Wong et al.). Neither activin A nor activin B are 
detected in the presence of equimolar concentrations of 
follistatin, therefore, our results represent follistatin-
free activins (Wong et al.; Woodruff et al.).

The present study investigates the concentration of 
activin A and activin B in maternal serum, cord blood 
serum and amniotic ÿuid of healthy pregnant women 
during normal pregnancy.

Results

Native activin A and activin B were detected in mater-
nal serum, cord blood serum, and amniotic ÿuid. All 
samples were assayed in duplicate at 2-3 dilutions and 
all samples diluted linear and parallel to the standard 
curve (Figure 1). This suggests that follistatin-free 
activin A and activin B can be measured in our assays 
without interference in this physiological condition.

During normal pregnancy, activin A was detected in 
24% (þrst trimester), 24% (second trimester), and 75% 
(third trimester) of individual maternal serum samples 
(Figure 2). The concentration in early pregnancy was 
low (mean Ñ s.e.m. = 0.24 Ñ 0.45 ng/ml) and rose sig-
niþcantly by late pregnancy (mean Ñ s.e.m. = 2.04 Ñ
0.35 ng/ml). During early labor activin A was detect-
able in 4/45 individual samples (Figure 3). Activin A 
concentration in maternal serum during early labor 
was similar to levels measured during vaginal delivery 
(mean Ñ s.e.m. = 3.75 Ñ 0.4 vs 3.33 Ñ 0.4 ng/ml, respec-
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Figure 1 Dilution proþles of native activin quantitated in 2-site
activin ELISAs A. Activin A ELISA; B. Activin B ELISA. Std -
Rh-activin A or rh-activin B; maternal serum samples: MS-90, MS-
91, MS-92, MS-17. MS-33, MS-72: CB-8 - cord blood serum sample-
8; AF-2-amniotic ÿuid sample-2

tively). Samples measured in subjects undergoing 
cesarean delivery were signiþcantly lower than those 
collected during vaginal delivery (mean Ñ s.e.m. = 
1.29 Ñ 0.83 ng/ml. Two hour following vaginal or 
cesarean delivery, maternal activin A serum levels were 
signiþcantly lower (mean Ñ s.e.m. = 0.48 Ñ 0.41 ng/ml) 
and was undetectable by 6 h following parturition.

Activin B was detected in only 5/144 maternal serum 
samples measured during normal pregnancy, one 
sample collected during vaginal delivery, and in one 
patient undergoing cesarean delivery (data not shown).

Activin A and activin B were measured in fetal 
venous cord samples at term and at parturition (Figure 
4). Activin 4 was detected in 1/35 samples collected at 
term, 48% of samples collected during vaginal delivery, 
and 60% of samples collected during cesarean delivery. 
The mean level of activin A in cord blood serum was 
0.56 Ñ 0.1 at delivery and the method of delivery did 
not signiþcantly alter the activin A concentration 
measured. Interestingly, activin B was detected in 21/35 
cord samples collected at term (mean Ñ s.e.m = 0.28 Ñ 
0.08 ng/ml) but was undetectable in all 35 samples 
collected at delivery.

Amniotic ÿuid was collected during the second and 
third trimester of pregnancy and during normal labor. 
Activin A was detected in 10/75 individual samples 
examined in this category (Figure 5). Activin B was 
detected in 68/75 amniotic ÿuid samples. There was a 
signiþcant difference in mean levels of serum activin B 
in all groups (second trimester mean Ñ s.e.m. = 0.62 Ñ 
0.1 ng/ml; third trimester mean Ñ s.e.m. = 1.83 Ñ 
0.1 ng/ml; labor mean Ñ s.e.m. = 1.34 Ñ 0.1 ng/ml).

No correlations of activin A or activin B levels were 
found with sex or body weight of neonates in any 
group (data not shown).

Discussion

Activin A and activin B were measured in samples 
obtained during normal pregnancy using 2-site ELISA
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Figure 2  A. Activin A measured during gestation. Data for each trimester are presented as pooled samples. Bars represent 
mean Ñ s.e.m. with samples measure less than standard included in the average with a value of the least standard (100 pg). Dots 
represent each individual sample measured. During the þrst trimester 9/38 samples had detectable activin A. During the second 
trimester 11/45 samples had detected activin A. During the third trimester 46/61 samples had detectable activin A. The mean of 
third trimester samples is statistically higher than the mean of samples collected during the þrst and second trimester (P < 0.05). B. 
Activin A measured during gestation. The bars represent the average of each samples measured during that week of pregnancy. 
Standard error were not calculated for each week due to the relatively small sample size for each group. The trend does 
demonstrate that activin A levels increase dramatically during the last weeks of pregnancy
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Figure 3  Activin A measured during labor, vaginal delivery, 
cesarean delivery, and 2 h, 6 h, and 24 h post partum. Bars represent 
mean Ñ s.e.m. with samples measured less than standard included in 
the average with a value of the least standard (100 pg). Dots repre-
sent each individual sample measured. During early labor 44/45 
samples had detectable activin A. During vaginal delivery 25/30 
samples had detectable activin A. During cesarean delivery 6/8 
samples had detectable activin A. 2 h postpartum 12/32 samples had 
detectable activin A. Six and 24 h postpartum samples had 0/6 and 
0/5 samples with detectable activin A. The mean of samples collected 
during early labor and vaginal delivery are statistically different from 
the mean of samples collected during cesarean delivery and at 2 h 
postpartum (P < 0.05 for each comparison). Cesarean delivery 
sample activin A levels and 2 h postpartum activin A levels are not 
statistically different (P < 0.05)

formats. We validated our activin assays in pregnancy 
matrices by spike recovery and linear dilutions. We 
have previously demonstrated that the presence of eqi-
molar concentrations of the inhibin/activin binding 
protein, follistatin will interfere in both activin ELISAs 
such that the recovery of activin falls to < 20% of 
expected levels when equivalent amounts of follistatin 
are present (Wong et al.; Woodruff et al.). Therefore, 
the concentrations of activin A and activin B described 
in the present study represents follistatin-free activin.

The hypothesis that activin A and activin B are 
differently regulated is supported by the difference in 
the levels of these two hormones measured in maternal 
serum, cord blood serum, and in the amniotic ÿuid. 
Activin A is present while activin B is less than 100 pg/ 
ml in maternal serum collected during pregnancy. 
Moreover, activin B is present while activin A is less 
than 100 pg/ml is the amniotic ÿuid bathing the 
developing fetus. Lastly, activin B is found prior to 
delivery in the cord blood while activin A appears to 
be induced at delivery. It is possible, based on our 
data, that activin A is contributed by the placenta 
while activin B is primarily a fetal product. It has been 
shown that activin }A subunit mRNA is expressed in 
human placental trophoblast (Petraglia et al., 1991), 
while an intense staining for activin }B subunit mRNA 
and protein is present in the epithelial cell of the 
amnion layer (Petraglia et al.). Activin B has been 
shown to be produced by amphibian, avian, and 
rodent embryos and modulates embryonic growth and 
differentiation (Mitrani et al., 1990; Smith et al., 1990; 
Thomsen et al., 1990; Van den Eijinden-Van Raaij et 
al., 1990; Roberts et al., 1991).

The gestational-related changes of activin A levels in 
maternal circulation correlates with the pattern of

Figure 4  Activin measured in cord blood A. Samples measured in 
the activin A ELISA. At term 1/35 samples had detectable activin A. 
During vaginal delivery 12/25 samples had detectable activin A. 
During cesarean delivery 6/10 samples had detectable activin A. B. 
Activin B ELISA. At term 21/35 samples had detectable activin B. 
During vaginal delivery 0/25 samples had detectable activin B. Dur-
ing cesarean delivery 0/10 samples had detectable activin B. Bars 
represent mean Ñ s.e.m. with samples measured less than standard 
included in the average with a value of the least standard (100 pg). 
Dots represent each individual sample measured

activin }A subunit mRNA levels detected in the human 
trophoblast. Activin }A subunit mRNA are low in 
placental tissue collected during the þrst and second 
trimester and increases 4-8 fold in placental tissue 
collected at term (Petraglia et al., 1991). The 
signiþcance of activin A at term and at parturition is 
not clear at the moment. However, our recent observa-
tion that activin A stimulates the release of prostaglan-
din E2 from amniotic cells suggests that activin A 
produced by the placenta or by the other membranes 
may have local paracrine/autocrine roles (Petraglia et 
al.). Supporting this hypothesis, activin receptors type 
II and type IIB have been localized in human placenta 
and fetal membrane (Petraglia, Mathews & Vale, in 
preparation). Prostaglandin production by various in-
trauterine tissues plays a major role at parturition, 
therefore the increased maternal activin A levels at 
term may in part reÿect these local events. In agree-
ment with this hypothesis are the data of lower activin 
A levels in women undergoing elective cesarean sec-
tion. However, the small number of subjects studied at 
cesarean section necessitates further investigations.
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Figure 5  Activin measured in amniotic ÿuid. A. Activin A ELISA. 
During the þrst trimester 0/15 samples had detectable activin A. 
During the second trimester 4/30 samples had detectable activin A. 
During the third trimester 6/30 samples had detectable activin A: B. 
Activin B ELISA. During the þrst trimester 9/15 samples had detec-
table activin A. During the second trimester 30/30 samples had 
detectable activin A. During the third trimester 29/30 samples had 
detectable activin A. Bars represent mean Ñ s.e.m. with samples 
measured less than standard included in the average with a value of 
the least standard (100 pg). Dots represent each individual sample 
measured. By mean comparison, the mean level of activin B 
measured in each sample group is statistically different from all other 
sample groups (P < 0.05)

In conclusion, we have examined maternal serum 
during gestation, cord blood serum at term and de-
livery, and amniotic ÿuid during gestation. Activin A 
and B are detectable in each sample group and dilute 
linear and parallel to the standard curve. Activin A is 
present in the maternal circulation during gestation, 
but in the fetal circulation only after delivery. Activin 
B is largely absent in the maternal circulation but is 
abundantly present in the fetal amniotic ÿuid and in 
the cord blood of the fetus prior to birth. This study 
demonstrates that activin A and activin B are present 
in the general circulation of mother and fetus during 
pregnancy and suggests that they may participate in 
endocrine, paracrine, or autocrine regulated events. 
Further studies will be directed at pathophysiological 
conditions of pregnancy.

3

2

1

0

3

2

1

0

A.

B.

ng
/m

l a
ct

iv
in

 B
 

ng
/m

l a
ct

iv
in

 A

 LTS

 Second Trimester Third Trimester Labor

 Second Trimester Third Trimester Labor

Materials and methods

Rh-activin A, rh-activin B, standards, and antibodies
Recombinant human (rh)-activin A and rh-activin B were 
puriþed from Chinese hamster ovary cells as described 
(Schwall et al., 1989). Standards were stored at 10 Hg/ml and 
diluted fresh for each assay. Rh-activin A and rh-activin B 
standards were prepared by diluting into PBS (pH 7.2) con-
taining 0.5% BSA, 0.2% bovine gamma globulin, 0.25% 
CHAPS, 0.05% Tween-20, 0.005 M EDTA and 0.01% 
thimerosal (assay buffer) or into normal human serum 
diluted 1:5 in assay buffer. Monoclonal antibodies were 
generated against rh-activin A (2F8, 6H5) and rh-activin B 
(22A10, 2A5) in hypogonadal mice (Jackson Laboratories). 
The lymph nodes were fused with a mouse myeloma cell line 
and the fusion screened for reactivity and speciþcity in an 
ELISA format.

Activin A ELISA format
Activin A concentration was measured using a one-step 
(simultaneous) monoclonal antibody-based ELISA (2F8:6H5) 
as described elsewhere (Tabei et al., 1991). Brieÿy Nunc 
Immunlon Maxisorp microtiter plates were coated overnight 
(2F8. 4 Hg/ml). Standard controls or diluted samples (1:5 or 
1:10) and freshly diluted horseradish peroxidase conjugated 
6H5 were added in 20% normal human serum to each 
reagent/well and incubated for 2 h at room temperature. The 
bound conjugated antibody was measured at 490 nm absorp-
tion following orthophenylene diamine and hydrogen perox-
ide addition. The assay limit of detection was 200 pg/ml. The 
ELISA had an inter- and intra-assay coefþcient of variation 
of 6.5% and 2.4%. The assay does not cross react with 
rh-activin B, rh-inhibin A. rh-follistatin or |2-macroglobulin.

Activin B ELISA format
Activin B concentration was measured using a two-step 
(sequential) monoclonal antibody-based ELISA (22A10:2A5).
Nunc Immunol Maxisorp microtiter plates were coated over-
night (22A10, 4 Hg/ml). Standards, controls or diluted sam-
ples (1:5 or 1:10) were added at 100 Hl/well and incubated 
for 2 h at room temperature. The wells were washed and 
100 Hl/well of freshly diluted horseradish peroxidase con-
jugated 2A5 was added and incubated for another 2 h. The 
bound conjugated monoclonal antibody (2A5) was measured 
as described above. The assay limit of detection was 100 pg/ 
ml. The ELISA had an inter- and intra-assay coefþcient of 
variation of 7.8% and 2.5% respectively. The assay does not 
cross react with rh-activin A, rh-inhibin A, rh-follistatin or 
|2 macroglobulin.

Subject groups criteria
Pregnant women (n = 306) (primagravidas and multiparas) 
(age range between l9-37 years) were studied after having 
given their informed consent. They were healthy and had a 
normal pregnancy. Only pregnancies which met the following 
criteria were considered normal; absence of any complica-
tions throughout gestation, normal fetal growth as deter-
mined by serial ultrasound assessments, absence of fetal 
distress as revealed by cardiotocographic monitoring, and a
1 min Apgar score 9-10 at birth for newborns delivered 
between the 38th and 40th weeks of gestation and weighing 
3,000-4,150 g. The placentas were normal, with a mean 
weight of 509 g (range 420-690 g). The new born male-to-
female sex ratio was 1.25.

Group I - maternal serum and fetal cord serum during
pregnancy
Pregnant women (n = 144) were studied between the 5th and 
40th weeks of pregnancy (1st trimester, n = 38; 2nd trimester.
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n = 45; 3rd trimester, n = 61). A basal blood sample was 
collected from each of these women. Venous blood specimens 
(4-6 ml) were collected in the morning at the routine 
antenatal visit, inserting into an arm vein a 18 gauge long 
dwell catheter with a three-way stopcock. Cord blood was 
collected in another group of pregnant women (n = 35) 
(37-40 weeks) by cordocentesis (performed for diagnosis of 
hemoreologic or infective disorders: patients serum used in 
the study were diagnosed as normal {data not shown}). Cord 
blood (1-2 ml) was obtained by cannulating the cord with a 
22-gauge needle guided by ultrasound. Each blood sample 
was collected in ice-chilled polypropylene tubes and centri-
fuged at l000 g for 15 min. Serum specimens were stored at 
-20ÁC until assayed. Samples were not thawed prior to 
assaying.

Group II - maternal serum at parturition
Term pregnant women (n = 45) were studied during spon-
taneous labor. Blood samples were collected at the early 
stage of labor (cervical dilatation < 4 cm), at the time of 
vaginal delivery, and 2, 6 and 24 h after delivery. At the time 
of delivery, simultaneous umbilical cord blood was obtained 
in 25 subjects. A group of pregnant women at term (n = 8) 
were studied during elective cesarean section (podalic, breech 
presentation and repetitive surgery). The blood samples were 
collected at delivery and 2, 6 and 24 h postpartum and 
treated as described above.

Group III - amniotic ÿuid during pregnancy
Amniotic ÿuid specimens were collected by transabdominal 
amniocentesis in a group of pregnant women age 18 to 37
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