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Abstract

Proteomic analysis of human cervicovaginal fluid (CVF) by 2D electrophoresis revealed significant differential
expression of several major antioxidant enzymes during late pregnancy and term labor. Temporal quantitative
changes of total antioxidant capacity (TAC), Cu,Zn superoxide dismutase (Cu,Zn SOD) and thioredoxin-1 (Trx-1)
with impending term labor were investigated, and the potential of these biomarkers as individual and multiple
predictors of labor was determined. The TAC of CVF (n=193) was 8-fold significantly lower in labor, and
approximately 2-fold significantly lower at 0-7, 8-14, 15-21, and 22-28 days, compared with >29 days prior to
labor onset (p <0.001). The expression of Cu,Zn SOD (n=170) was 1.5- to 1.9-fold significantly decreased in
labor (p < 0.001). Trx-1 (n=163) was 2.8- to 5.1-fold significantly lower in labor (p =0.002). The combination of
TAC and Cu,Zn SOD produced the best predictive efficacy with 74% sensitivity and 95% specificity to predict
term labor within 3 days of onset. These findings suggest that labor is associated with increased oxidative stress
well before its onset and is reflected in the human CVF. The biomarkers identified in this study could serve as

predictors of labor and offer potential strategies for novel therapeutics. Antioxid. Redox Signal. 13, 951-957.

Introduction

ELUCIDATION OF THE ROLE OF OXIDATIVE STRESS in preg-
nancy remains an active area of research. Pregnancy
complications such as pre-eclampsia and miscarriage are as-
sociated with increased oxidative stress (2, 12, 25). There are
also studies linking oxidative stress to preterm prelabor rup-
ture of fetal membranes (16, 34). In addition to the relationship
between oxidative stress and pathologic pregnancies, there is
also increasing evidence that oxidative stress is implicated in
normal term pregnancy (20) and labor (3, 7, 30, 36, 37).
Human parturition is a complex physiologic event in-
volving diverse pathways, including hormonal regulation,
inflammation, mechanical stretch, oxidative stress, and ex-
tracellular matrix (ECM) remodeling. It is hypothesized that
term and preterm labor (PTL) share a final common pathway
to delivery involving cervical ripening, myometrial activa-
tion, and the rupture of fetal membranes. Biomarkers of this
final common pathway may provide the potential for the
development of more reliable diagnostic tests to predict hu-
man labor, especially PTL, and offer new therapeutic targets
to minimize the adverse impact of preterm birth. The clinical

utility to predict post-term labor may also be beneficial as
post-term pregnancy is associated with fetal and maternal
complications (22).

We previously published a proteomic study using two-
dimensional polyacrylamide gel electrophoresis to characterize
human cervicovaginal fluid (CVF) proteins that are differen-
tially expressed with spontaneous term labor (4). The major
antioxidant enzymes, copper zinc superoxide dismutase
(Cu,Zn SOD) and thioredoxin-1 (Trx-1), were significantly
decreased during labor, while glutathione-S-transferase P and
peroxiredoxin-2 were significantly elevated during labor.
These findings prompted further investigation of the oxida-
tive balance in human term pregnancy and the effect of ex-
trinsic variables that may influence antioxidant expression.
Therefore, the aims of this study were to investigate the
temporal changes of the total antioxidant capacity (TAC) of
CVF in late pregnancy and during spontaneous term labor; to
investigate the quantitative and temporal changes in the
concentration of Cu,Zn SOD and Trx-1 in late pregnancy and
during spontaneous labor using enzyme-linked immunosor-
bent assays (ELISA); and to evaluate TAC, Cu,Zn SOD, and
Trx-1 as single and multiple predictors of term labor.
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Materials and Methods
Subjects and inclusion and exclusion criteria

This study was approved by the Mercy Health Research
Ethics Committee (R06/56) and written informed consent was
obtained from each participant. Women were recruited from the
Antenatal Clinic, Mercy Hospital for Women, at approximately
36 weeks’ gestation. A total of 73 women who labored sponta-
neously at term were suitable for inclusion in the analysis.

Inclusion criteria.

* Parous women
* Singleton pregnancy
* 37-42 weeks’ gestation at spontaneous labor onset

Exclusion criteria.

* <37 weeks or >42 weeks’ gestation at delivery

* Digital vaginal examination or transvaginal ultrasound
within 6h of sampling

* Elective Cesarean section delivery or induction of labor

* Prelabor rupture of fetal membranes

* Bacterial vaginosis

* Pre-existing/current medical conditions (maternal or fetal)

Sample collection

CVF samples were obtained at weekly intervals including,
where feasible, during spontaneous labor prior to the rupture
of fetal membranes. Labor was defined as regular painful
contractions with cervical dilatation of >3 cm. Each partici-
pant contributed one to six CVF samples, ranging from labor
to 39 days before labor (1 =194 samples in total) and these
were stratified into six groups: in-labor, 0-7 days, 8-14 days,
15-21 days, 22-28 days, and >29 days (29-39 days) before
labor onset. The TAC was measured in CVF samples collected
from 73 women; samples from a subset of 51 women were
assayed for Cu,Zn SOD; and samples from another subset of
51 women were assayed for Trx-1.

CVF samples were obtained using a previously published
protocol (5, 10). Briefly, a double-tipped rayon swab (DUO-
TRANSTUBE®, Medical Wire & Equipment Co. Ltd., Corsham,
Wilts, England) was inserted into the posterior vaginal fornix for
30sec. The swab was immediately placed into 1ml chilled
extraction buffer (pH 5.0) consisting of 50mM 4-(2-hydro-
xyethel)1-piperazinecthanesulfonic acid (Hepes; Sigma-Aldrich,
St Louis, MO), 150mM NaCl (Ajax Finechem, Seven Hills,
NSW, Australia), 0.1% sodium dodecyl sulfate (SDS, SERVA
electrophoresis GmbH, Heidelberg, Germany), 1mM ethyle-
nediaminetetra-acetic acid (EDTA; BDH Chemicals, Kilsyth,
VIC, Australia) and 1 mM Pefabloc SC 4-(2-aminoethyl)benzene
sulfonyl fluoride (protease inhibitor; Roche Diagnostics GmbH,
Mannheim, Germany). CVF samples were centrifuged; the su-
pernatant was collected and stored at —80°C.

Assessment of extrinsic variables

To assess the possible influence of unprotected sexual in-
tercourse (semen), pregnancy supplements (multivitamins,
iron), smoking, and alcohol consumption on antioxidants in
the CVF, women completed a questionnaire at the time of
each CVF sampling. Microbiological assessment of the upper
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vagina was performed at the time of recruitment by culturing
a second swab obtained from the posterior vaginal fornix. The
microbiology results were matched to the TAC, Cu,Zn SOD,
and Trx-1 concentrations of the CVF sample collected on the
same day of microbiology testing.

Total antioxidant capacity

The TAC assay (Cayman Chemical Company, Ann Arbor,
MI) measures aqueous and lipid soluble antioxidants, relying
upon the ability of antioxidants in the sample to inhibit the
oxidation of 2,2'-azino-di-(3-ethylbenzthiazoline sulfonate)
(ABTS®) to ABTS"" by metmyoglobin. The capacity of the
antioxidants to prevent ABTS oxidation is compared to Tro-
lox, a water-soluble tocopherol analogue. Assays were per-
formed according to the manufacturer’s protocol and samples
were quantified as uM Trolox equivalents. The TAC of the
samples were then calculated with reference to the Trolox
standard curve plotted on a linear scale. The inter- and intra-
assay coefficients of variation (CV) were reported by the
manufacturer as 3.0% and 3.4%, respectively.

Cu,Zn SOD and Trx-1

The concentrations of Cu,Zn SOD (Benders Medsystem
GmbH, Vienna, Austria) and Trx-1 (AbFRONTIER, Seoul, South
Korea) were quantified using commercially available ELISA
kits, adhering to the manufacturers” protocols. The sensitivity,
inter-assay and intra-assay CV for the Cu,Zn SOD ELISA were
determined as 37.6 pg/ml, 4.5% and 5.1%. For the Trx-1 ELISA,
the sensitivity of the assay was 0.39 ng/ml, while the inter- and
intra-assay CV were <9%, as reported by the manufacturer.

All CVF assay data were corrected for total protein content
of the CVF. The total protein was determined using the Bi-
cinchoninic acid protein assay (Pierce, Rockford, IL) accord-
ing to the manufacturer’s instructions.

Statistical analysis

Statistical analyses were performed using Statistical Pack-
age for Social Sciences v17.0 (SPSS Inc, Chicago, IL). Data
were assessed for homogeneity of variance using the
Kolmogorov-Smirnov test (K-S test). Cu,Zn SOD data were
normally distributed (p=0.946, K-S test). Trx-1 and TAC
data did not display normal distribution (p <0.001 and
p=0.002, respectively). Trx-1 data were square-root trans-
formed and homogeneity was confirmed (p = 0.187, K-S test).
The TAC data could not be transformed to normality. How-
ever, both histogram and Quantile-Quantile plots of the Stu-
dentized residues of the TAC data were investigated and both
displayed a normal distribution. Therefore, TAC data were
accepted as normally distributed.

Two-way analysis of variance (ANOVA) was used to
compare groups. Tukey’s honestly significant difference
(HSD) post-hoc testing was done where appropriate. The
effect of pregnancy supplements (multivitamins and iron
tablets), smoking, and consumption of alcohol on TAC, Cu,Zn
SOD, and Trx-1 was determined by using data from the first
sampling, and days-from-labor was included as a continuous
factor (covariate). The effect of vaginal microflora on TAC,
Cu,Zn SOD, and Trx-1 was investigated with days-from-labor
included in the statistical analysis as a continuous factor. To
determine if unprotected sexual intercourse influenced TAC,
Cu,Zn SOD, and Trx-1, the statistical analysis included days-
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from-labor as a continuous factor and the subject as a random
factor to account for multiple sampling. Temporal changes in
the TAC and the concentration of Cu,Zn SOD and Trx-1 with
impending labor were analyzed between the groups (in-labor,
0-7 days, 8-14 days, 15-21 days, 22-28 days, and >29 days
before labor) with the subject entered as a random factor.
Correlation studies (Pearson’s r) were performed to determine
the association between the TAC and Cu,Zn SOD; the TAC
and Trx-1; and Cu,Zn SOD and Trx-1 concentrations.

Receiver-operator characteristic (ROC) curves were plotted
for each variable to determine the area-under-curve. Thresh-
old values for TAC, Cu,Zn SOD, and Trx-1 were determined
to evaluate their utility as individual predictors of labor.
Binary logistic regression modeling with backward elimina-
tion was then used to determine the sensitivity, specificity,
positive predictive value (PPV), and negative predictive value
(NPV) of TAC, Cu,Zn SOD, and Trx-1 when used in combi-
nation to predict the onset of labor. Statistical significance was
assumed when p < 0.05.

The decision to analyze data with respect to days-from-
labor rather than gestation was a pragmatic one. In this study,
labor was an assured outcome with both “days-from-labor”
and “gestation” progressing in tandem. It was not possible
to statistically dissociate these variables. In the term setting,
labor may occur anytime between 37 and 42 weeks’ gestation,
whereas the time from labor serves as a common reference
point for all subjects. Predicting the time to labor in the pre-
term setting would be an invaluable clinical tool that should
be independent of the gestation.

Results

The influence of vitamin/mineral supplements,
smoking, and alcohol consumption
on TAC, Cu,Zn SOD, and Trx-1

Women were advised by their attending obstetrician to
take multivitamin and mineral supplements containing folic
acid and iron. Pregnancy supplements did not have an effect
on the TAC (multivitamin n =24, iron tablets n =11, both
n =23, and none n =35, p=0.517, two-way ANOVA), Cu,Zn
SOD (multivitamin n =16, iron tablets n =9, both n =3, none
n=23, p=0.326, two-way ANOVA), or Trx-1 (multivitamin
n=16, iron tablets n=9, both n=23, none n=23, p=0.114,
two-way ANOVA) in the CVF of term pregnant women.

Of the total of 73 women, 12 women acknowledged that
they smoked during their pregnancy. Smoking did not influ-
ence the TAC (smokers n =12, nonsmokers n =61, p=.272,
two-way ANOVA), Cu,Zn SOD (smokers n =9, nonsmokers
n=42,p=0.156, two-way ANOVA), or Trx-1 (smokers n =10,
nonsmokers n =41, p=0.932, two-way ANOVA) in the CVF.

Nine of the 73 women reported the occasional consumption
of alcohol during their pregnancy. Alcohol consumption did
not influence the TAC (drank alcohol n =9, did not drink al-
coholn =64, p=0.121, two-way ANOVA), Cu,Zn SOD (drank
alcohol n =9, did not drink alcohol n =42, p = 0.336, two-way
ANOVA),or Trx-1 concentrations (drank alcohol n =8, did not
drink alcohol n =43, p =0.740, two-way ANOVA) in the CVF.

The influence of vaginal microflora on TAC,
Cu,Zn SOD, and Trx-1

Upper vaginal microbiology assessment and culture results
were obtained from 54 women. Microbiology results were

953

divided into five groups: no significant pathogens, Group B
Streptococcus (GBS) colonization, Candida spp. colonization,
Ureaplasma sp. Colonization, and mixed colonization (con-
sisting of two or more of these groups). One woman allocated
into the mixed colonization group had Mycoplasma sp. and
Candida spp., while only one woman diagnosed with candi-
diasis was given Canesten® cream for treatment. There was
no significant difference in the TAC of CVF (p=0.860, two-
way ANOVA), or Cu,Zn SOD (p =0.298, two-way ANOVA),
and Trx-1 concentrations (p=0.293, two-way ANOVA) in
women with no pathogens or when colonized by GBS, Can-
dida spp., Ureaplasma sp., or with mixed colonization.

The influence of unprotected sexual intercourse
on TAC, Cu,Zn SOD, and Trx-1

To determine if semen would influence the TAC or CVF
concentrations of Cu,Zn SOD and Trx-1, women were ques-
tioned on whether they had unprotected sexual intercourse in
the previous 48 hours. Samples were not included in the
analysis if there was no recorded response. There was no
significant difference in the TAC of CVF in samples with
(n=27) or without (1 =112) unprotected sexual intercourse
(p=0.920, two-way ANOVA); no significant difference in
Cu,Zn SOD concentrations with (1 =24) or without (n =102)
unprotected sexual intercourse (p = 0.554, two-way ANOVA);
and no significant difference in the concentrations of Trx-1 in
the CVF collected with (n=24) or without (1n=103) unpro-
tected sexual intercourse (p = 0.265, two-way ANOVA).

TAC in late pregnancy and term labor

The TAC of CVF was quantified in a total of 193 samples.
The TAC was significantly different between the groups (two-
way ANOVA, p =0.031): in-labor; 0-7 days; 8-14 days; 15-21
days; 22-28 days; and >29 days before labor. Tukey’s HSD
post-hoc testing revealed that the TAC of samples obtained at
>29 days before labor onset were 8.2-fold significantly higher
than samples obtained in-labor (p < 0.001), ~1.8-fold signif-
icantly higher than samples obtained at 0-7 days (p < 0.001),
8-14 days (p < 0.001) and 22-28 days ( p < 0.001) before labor,
and ~1.5-fold significantly higher than 15-21 days before
labor (p =0.001) (Fig. 1).

Cu,Zn SOD in late pregnancy and term labor

Cu,Zn SOD was quantified in 170 CVF samples. Cu,Zn
SOD was significantly different between the groups (two-way
ANOVA, p < 0.001): in-labor; 0-7 days; 8-14 days; 15-21 days;
22-28 days and >29 days before the onset of labor. The con-
centration of Cu,Zn SOD was significantly lower in labor
compared with 0-7 days (1.5-fold, p =0.002), 8-14 days (1.7-
fold, p <0.001), 15-21 days (1.6-fold, p <0.001), and 22-28
days (1.9, p < 0.001) before labor, as indicated by Tukey’s HSD
post-hoc testing (Fig. 2). The concentration of Cu,Zn SOD was
1.4-fold lower in labor compared with >29 days before labor
onset (Tukey’s HSD, p =0.051).

Trx-1 in late pregnancy and term labor

The concentration of Trx-1 was quantified in 163 CVF
samples. Trx-1 was significantly different between the groups
(two-way, p=0.002): in-labor, 0-7 days, 8-14 days, 15-21
days, 22-28 days, and >29 days before labor onset. Tukey’s
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FIG. 1. The total antioxidant capacity of CVF was sig-
nificantly higher at *>29 days before labor onset (1 =21)
compared with samples obtained during labor (n = 20), 0-7
days (n=50), 8-14 days (n=43), 15-21 days (n=31), and
22-28 days (n=28) before the onset of spontaneous term
labor (p =0.031, two-way ANOVA). The boxes represent the
median and interquartile range, while the whiskers represent
the 5™ to 95" centile range.

HSD post-hoc testing showed that Trx-1 was significantly
lower in labor compared with 0-7 days (3.3-fold, p =0.001),
8-14 days (2.6-fold, p = 0.016), 15-21 days (3.1-fold, p = 0.040),
and 22-28 days (5.1, p = 0.001) before labor (Fig. 3). The con-
centration of Trx-1 was 2.3-fold lower in labor compared with
samples >29 days before labor (p=0.113).

Correlation studies of TAC, Cu,Zn SOD, and Trx-1

The TAC and Trx-1 concentration (1n=163, Pearson,
p <0.001, r =0.349) and the concentrations of Cu,Zn SOD and
Trx-1 (n =162, Pearson, p < 0.001, r = 0.433) were significantly
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FIG. 2. The copper zinc superoxide dismutase concen-
tration in the CVF of term women was significantly de-
creased during *labor (n=18) compared with samples
obtained at 0-7 days (n =43), 8-14 days (n =39), 15-21 days
(n=29), and 22-28 days (1 =27) before spontaneous term
labor onset (p < 0.001, two-way ANOVA). The boxes repre-
sent the median and interquartile range, while the whiskers
represent the 5™ to 95 centile range.

FIG. 3. The thioredoxin-1 concentration in the CVF of
term women was significantly decreased during *labor
(n=14) compared with samples obtained at 0-7 days
(n=43), 8-14 days (n=238), 15-21 days (n=28), and 22-28
days (n=26) before spontaneous term labor onset
(p=0.002, two-way ANOVA). The boxes represent the me-
dian and interquartile range, while the whiskers represent the
5% to 95 centile range.

correlated. There was no significant correlation between
the TAC and Cu,Zn SOD concentration (n =169, Pearson,
p=0.394, r=0.066).

Predicting spontaneous term labor

TAC, Cu,Zn SOD, and Trx-1 were all measured in 162 CVF
samples (from 50 different women). Individual ROC curve
analysis for TAC, Cu,Zn SOD, and Trx-1 provided area-under-
curves of ~0.65 with sensitivities of ~65% for term labor
onset within 3 days (Fig. 4, Table 1). Predictive threshold
values were 50 uM Trolox equivalents/mg protein for TAC,
555 ng/mg protein for Cu,Zn SOD, and 180 ng/mg protein for
Trx-1.ROC curve and binary logistic regression modeling with
all three biomarkers provided an area-under-curve of 93%
with sensitivity of 74%, specificity 95%, PPV of 77%, and NPV
of 94% up to 3 days before labor onset (0.4 probability cut-off).
Due to multiple sampling, individual women were included
as a categorical covariate in the model. Binary logistic regres-
sion with backward elimination indicated that TAC and
Cu,Zn SOD provided equivalent sensitivity and specificity
compared to all three biomarkers combined (Table 1).

Discussion

The role of oxidative stress in the initiation or its involvement
in human parturition is still unclear. This is the first study to
investigate the TAC of human CVF. We present new evidence
that the oxidant/antioxidant balance during parturition shifts
towards increased oxidative stress and is reflected in the CVF.
In addition, this study provided a unique temporal perspective
of the changes in TAC, Cu,Zn SOD, and Trx-1 in late pregnancy
until the onset of spontaneous term labor. The decrease in the
TAC of CVF during labor could be largely attributed to de-
creases in both Cu,Zn SOD and Trx-1 concentrations, indicating
that these are two major antioxidants intimately involved in the
regulation of oxidative balance during parturition. These
findings suggest an important role of antioxidants and oxida-
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FIG. 4. Receiver-operator characteristic curves for total
antioxidant capacity (TAC), copper zinc superoxide dis-
mutase (Cu,Zn SOD), thioredoxin-1 (Trx-1), the combina-
tion of all three biomarkers (TAC, Cu,Zn SOD, and Trx-1)
and the best two biomarkers (TAC and Cu,Zn SOD) to
predict the onset of term labor within 3 days of sampling.
Note that the two solid lines are perfectly superimposed.

tive balance in the dilatation of the cervix and/or the weaken-
ing of the fetal membranes leading to rupture.

Cu,Zn SOD and Trx-1 are localized in the human cervix
(17,31) and fetal membranes (26, 32). Telfer and colleagues (32)
reported no changes in total SOD activity or SOD immuno-
histochemical staining in fetal membranes, myometrium, and
placenta after the onset of labor and proposed that Cu,Zn SOD
could be involved in maintaining myometrial quiescence. It is
important to note that the fetal membranes in that study were
not obtained from the supracervical site, where biochemical
changes are thought to occur (6, 18). Lysell and colleagues (17)
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found no difference in Trx-1 immunoreactivity in the cervices
of pregnant and post-partum women, although Trx-1 dis-
played a nonsignificant decrease after the onset of term labor.
The small sample size (n =5 in each group) in the study by
Lysell and colleagues may have failed to detect the significant
decrease in Trx-1 during labor, as shown in this current study.
Labor displays many hallmarks of inflammation, such as
the infiltration by macrophages and neutrophils into the
myometrium and cervix (24, 33). In addition to directly re-
modeling the ECM of the cervix and fetal membranes by re-
leasing matrix metalloproteinases (MMPs), macrophages and
neutrophils produce reactive oxygen species (ROS) as by-
products. ROS play a physiologic role in normal term partu-
rition during cervical dilatation and the rupture of fetal
membranes. Collagen, an integral component of the cervix and
fetal membranes, is a primary target for ROS (34, 35). We re-
cently reported the significant decrease in collagen type IV in
the CVF during labor (9). Oxidative stress causes apoptosis in
fetal membranes. Increased apoptosis and collagen remodel-
ing at term and during term labor have been characterized in
human fetal membranes by others (6, 11, 23, 38, 39) and our
laboratory (27). The activity of MMP-9 is reported to be redox
regulated (1). MMP activation and apoptosis are interrelated
as activated MMPs can enhance apoptosis in fetal membranes,
which then feed back to further increase MMP activation (19).
Nuclear factor-kB (NF-kB) is a well characterized redox-
sensitive transcription factor influenced by ROS (21). Another
study from our laboratory reported that NF-«B signaling in
human fetal membrane explants is activated by ROS and may
regulate the production of prostaglandins implicated in labor
(14). Trx-1 is a potent inhibitor of NF-«B (29) and prevents
apoptosis via inhibitory binding to apoptosis signal-regulating
kinase 1 (28). The marked decrease in Trx-1 during labor
demonstrated in this study may facilitate apoptosis in fetal
membranes as well as activate and/or upregulate NF-«B,
essential for the production of cyclooxygenase-2, pro-
inflammatory cytokines, and prostaglandins during labor.
Cu,Zn SOD in CVF displayed a significant decrease with
the onset of labor while the TAC was decreased 1-4 weeks
before labor compared with samples obtained >4 weeks
before labor. If the changes in CVF antioxidants are reflective
of the biochemical alterations of the cervix and overlying fetal

TaBLE 1. Erriciency oF TAC, Cu,ZN SOD, Trx-1, THE COMBINATION OF ALL THREE BIOMARKERS,
AND THE BEST TwoO BIOMARKERS TO PREDICT TERM LABOR WITHIN 3 DAYS OF SAMPLING

TAC, Cu,Zn SOD TAC

TAC Cu,Zn SOD Trx-1 and Trx-1 and Cu,Zn SOD

Concentration thresholds 50 uM Trolox 555ng/mg 180ng/mg - -

equivalents/mg protein protein

protein
Probability cut-off values - - - 0.400 0.400
Area under curve 0.646 0.687 0.646 0.928 0.928
95% confidence interval 0.546 — 0.747 0.523 -0.770  0.588 - 0.787 0.885 - 0.971 0.885 — 0.971
p value 0.011 0.001 0.012 <0.001 < 0.001
Sensitivity (%) 64.5 61.3 64.5 74.2 74.2
Specificity (%) 65.7 74.1 74.1 94.7 94.7
Positive predictive value (%) 30.8 35.9 37.0 76.7 76.7
Negative predictive value (%) 88.7 89.0 89.8 93.9 93.9
False positive rate (%) 344 26.0 26.0 5.3 53
False negative rate (%) 355 38.7 35.5 25.8 25.8
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membranes, then the decline in Cu,Zn SOD with approaching
labor and the suppressed level of TAC prior to labor could be
linked to the well-documented gradual ripening of the cervix
(15) and in part, support the recent proposed hypothesis that
fetal membranes undergo gradual weakening prior to labor
onset (19).

Currently, there is no reliable diagnostic test to predict
human labor. The evident temporal changes of TAC, Cu,Zn
SOD, and Trx-1 in the CVF presented in this study, make these
biomarkers potential candidates for the prediction of spon-
taneous labor. As single biomarkers, TAC, Cu,Zn SOD, and
Trx-1 appear no less useful than fetal fibronectin (fFN) in
predicting the onset of term labor (13). However, in a multiple
biomarker model, the combination of TAC and Cu,Zn SOD
provided a high specificity (95%) and NPV (94%) which is
comparable to fFN, but with superior sensitivity (74%) and
PPV (77%) to predict labor within 3 days of sampling, albeit
with multiple sampling from the same subject. As the final
processes of labor are common to both term and preterm
pregnancies, we believe that these biomarkers may also be
useful in predicting PTL. In addition, vaginal microflora,
unprotected sexual intercourse within the last 48 hours,
smoking, consumption of alcohol and pregnancy supple-
ments did not influence TAC, Cu,Zn SOD. and Trx-1 in
the CVF.

Application of multiple biomarkers in a screening test for
the prediction of spontaneous PTL has previously been ad-
vocated (8). The diversity of biochemical markers implicated
as potential predictors of PTL reflect the complex multifac-
torial etiology of this condition. Identifying biomarker(s) of
the final common pathway of labor may overcome this issue,
which remains the goal of our research. This current study has
provided further insight into the oxidative balance involved
in normal term spontaneous labor and highlights the need to
further investigate the role of major antioxidant enzymes in
the complex biochemical pathways leading to cervical ripen-
ing, fetal membrane rupture, and myometrial activation.
Understanding these biochemical pathways and their role in
PTL may offer hope for the development of screening tests
and/or interventions aimed at preventing preterm birth: a
major obstetric problem that continues to challenge the
medical and scientific community in the 21° century.
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