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Original Investigation

Maternal plasma prolidase, matrix metalloproteinases
1 and 13, and oxidative stress levels in pregnancies
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membranes and chorioamnionitis
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Objective: This study aimed to investigate the role of various biochem-
ical markers in preterm premature rupture of membranes (PPROM)
and in prediction of chorioamnionitis in patients with PPROM.
Material and Methods: This case-control study included a total of 100
pregnant women at 26-34 gestational weeks. Of these women, 50 were
healthy and 50 had PPROM. The biochemical markers in the maternal
plasma including prolidase, matrix metalloproteinase (MMP) 1 and 13,
total oxidative status (TOS), total antioxidant capacity (TAC), glutathi-
one peroxidase (GPx), catalase (CAT), paraoxonase-1 (PON-1), tumor
necrosis factor alpha (TNF-a), and high sensitive C-reactive protein (hs-
CRP) were assayed. These levels were compared between the PPROM
and control groups and between women with or without chorioamnio-
nitis in the PPROM group.

Results: Compared to the control group, the levels of prolidase, MMP-
13, and TOS were significantly higher (p values <0.001, 0.020, and
0.035, respectively) and those of TAC and PON-1 were significantly
lower in the maternal plasma of the PPROM group (p values=0.012
and <0.001, respectively). The plasma prolidase and TOS levels were
significantly higher (p values=0.033 and 0.005, respectively) and the
plasma TAC and PON-1 levels were significantly lower in women with
chorioamnionitis as compared with the corresponding values in wom-
en without chorioamnionitis in the PPROM group (p values =0.041
and 0.048, respectively). The multivariate logistic regression analysis
observed that prolidase, TAC, and PON-1 were important markers for
the presence of PPROM and prolidase and TOS were important mark-
ers for predicting chorioamnionitis.

Conclusion: This study suggested that maternal plasma prolidase,
TAC, and PON-1 may be useful for the diagnosis of PPROM, and pro-
lidase and TOS may be used to predict chorioamnionitis in patients
with PPROM. (J Turkish-German Gynecol Assoc 2012; 13: 172-7)
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Amag: Bu calismanin amaci ¢esitli biokimyasal belirteclerin preterm
erken membran riiptiirii (PEMR) ve PEMR olan hastalarda koryoam-
nioniti predikte etmedeki rollerini arastirmaktir.

Gere¢ ve Yontemler: Bu vaka-kontrol ¢alisma, 26 ile 34 gebelik
haftalan arasinda 100 gebe kadini kapsadi. Bu gebe kadinlarin 50’si
saglikli, 50’si PEMR’'ne sahipti. Maternal plazmada, biokimyasal belir-
tecler olarak, prolidaz, matriks metalloproteinaz 1 ve 13, total oksidatif
status (TOS), total antioksidan kapasite (TAC), glutatyon peroksidaz
(GPx), katalaz (CAT) ve paraoksonaz-1 (PON-1), timor nekrozis fak-
tor alfa (TNF-o) ve yiiksek sensitif C-reaktif protein (hs-CRP) test edil-
di. Biokimyasal belirteclerin plazma diizeyleri, hem PEMR ve kontrol
grubu arasinda, hem de PEMR grubunda koryoamnionit gelisen ve
gelismeyen hastalar arasinda karsilagtirildi.

Bulgular: Kontrol grubuyla karsilastirildiginda, PEMR olan hastalarda
maternal plazma prolidaz, MMP-13 ve TOS diizeyleri anlamh yiiksek
(p degeri; <0.001, 0.020, 0.035); TAC ve PON-1 diizeyleri anlamh dii-
stiktii (p degeri; 0.012, <0.001). PEMR grubunda, koryoamnionit ge-
lisen kadinlarda, koryoamnionit gelismeyen kadinlardaki degerlerle
karsilagtinldiginda plazma prolidaz ve TOS diizeyleri anlaml yiiksek
(p degeri; 0.033, 0.005); TAC ve PON-1 anlamh distikti (p degeri;
0.041, 0.048). Multivaryans lojistik regresyon analiz ile prolidaz, TAC
ve PON-1"in PEMR’niin varhgi icin; prolidaz ve TOS’un koryoamnioniti
predikte etmek icin 6nemli belirtecler olduklar bulundu.

Sonug: Bu calisma maternal plazma prolidaz, TAC ve PON-I’in
PEMR'niin tamsinda faydal olabilecegini; prolidaz ve TOS’'un PEMR
olan hastalarda koryoamnionitin 6ngoriilebilmesinde kullanilabilece-
gini gosterdi. (J Turkish-German Gynecol Assoc 2012; 13: 172-7)
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Introduction

Premature rupture of membranes (PROM) is defined as the
rupture of fetal membranes any time before the start of labor.
If this rupture occurs before the thirty-seventh week of gesta-
tion, it is known as preterm premature rupture of membranes
(PPROM). PPROM occurs in approximately 1% of all pregnan-
cies and in 30% of all preterm deliveries (1). Lower socioeco-
nomic level, lower maternal mass body index (BMI), smoking,
history of preterm birth, urinary and genital tract infections,
increase in membrane tensile strength due to excessive uterine
distension as in polyhydramnios, vaginal bleeding at any stage
of pregnancy, amniocentesis, and cerclage have been consid-
ered to be risk factors for PPROM (2). Although impaired colla-
gen metabolism, increased oxidative stress, and choriodecidual
inflammation or infections are suspected to be involved in its
etiopathogenesis, its etiology has not yet been fully elucidated
(3-5). PPROM can be diagnosed by the presence of amniotic
fluid leakage from the external cervical ostium observed during
sterile speculum examination. Although some pregnant women
may complain of symptoms suggestive of PPROM, the exami-
nation findings might not support this diagnosis. In such cases,
establishment of diagnosis can be challenging. In the treatment
of PPROV, if there are no findings of labor, fetal distress, and
chorioamnionitis, expectant management is preferred for the
maturation of fetal lungs (6). Chorioamnionitis is an important
infection, increasing both maternal and neonatal morbidity and
mortality (7, 8). Therefore, it is important to detect subclinical
intrauterine infection before the development of clinical chorio-
amnionitis. Although culture of fluid obtained by amniocentesis
is a safe method for diagnosing intrauterine infection, due to its
invasive nature several studies have aimed to develop noninva-
sive diagnostic tests (9).

In this study, our aim was to determine the importance of plas-
ma markers in the prediction of PPROM and chorioamnionitis
in pregnant women. To this end, we measured the prolidase,
matrix metalloproteinase 1 and 13 (MMP1 and MMP13, respec-
tively), total oxidative status (TOS), total antioxidant capacity
(TAC), glutathione peroxidase (GPx), catalase (CAT), paraox-
onase 1 (PON 1), tumor necrosis factor alpha (TNF-a), and high
sensitive C-reactive protein (hs-CRP) in the plasma of healthy
pregnant women and pregnant women with PPROM.

Material and Methods

This prospective case-controlled study was conducted at the
Dicle University Faculty of Medicine, Department of Gynecology
and Obstetrics between January and December 2011. The study
protocol was approved by Ethics Committee of our university.
Informed written consents were obtained from all the pregnant
women participating in the study.

This study included a total of 100 pregnant women at 26-34
weeks of gestation, of whom 50 were healthy (control group)
and 50 had PPROM (PPROM group). Women with preeclampsia,
placenta previa, ablatio placentae, polyhydramnios, multiple
pregnancies, major fetal anomaly, diabetes mellitus, chronic
systemic disease, and suspected PPROM were excluded from
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the study. PPROM was diagnosed by observing the accumulation
of amniotic fluid in the posterior fornix during sterile speculum
examination as well as by a positive nitrazine test. Routine labo-
ratory examination for all patients included complete urinalysis,
routine whole blood count, biochemical tests, as well as obstet-
ric ultrasonography (US) examinations to determine the gesta-
tional age, major anomalies, amniotic fluid index, and number
of fetuses. In the PPROM group, high-sensitive C-reactive protein
(hs-CRP), cervicovaginal cultures and postpartum placental his-
topathological examination were performed.

The expectant management was applied to pregnant women
in the PPROM group. All the women were given prophylactic
antibiotic therapy (with ampicillin) as medical intervention.
Also, standard antenatal corticosteroid therapy (with betameth-
asone) was administered for accelerating fetal lung maturation
in pregnant women with PPROM before 32 weeks of gestation
(1). The pregnancy was terminated with the development of
fetal distress, active labor, and clinical chorioamnionitis.

The patients in the PPROM group were closely followed up
for clinical infection indices such as fever, heart rate, vaginal
discharge, uterine sensitivity, white blood cell count, and hs-
CRP levels. Chorioamnionitis was clinically diagnosed by 2
or more positive results among the following tests: uterine
sensitivity and irritability, foul-smelling and purulent discharge,
leukocytosis (>15000 cells/mm?), and maternal fever of =38°C
during the hospitalization (10). Histologically, the diagnosis of
chorioamnionitis was established by findings of acute inflam-
matory changes in the chorionic placenta and its membranes.
However, funisitis was defined as detection of neutrophilic
infiltration into the umbilical vessel wall and Wharton gel (11).
In the PPROM group, participants with or without clinical and/
or histopathological chorioamnionitis were defined as chorio-
amnionitis (+) and (-), respectively.

Participants in the control group were pregnant women at
26-34 weeks of gestation who delivered at term and did not
show any emergent complications of pregnancy during routine
prenatal controls.

Sampling

We collected one blood sample from each patient on hospital
admission prior to administration of steroids and antibiotics in
the PPROM group and on routine pregnancy follow-up in the
control group at the same time of gestation. Blood samples
drawn from the antecubital vein were centrifuged at 3000 rpm
for 10 minutes, and plasma portions of the samples were stored
at -80°C until laboratory analysis.

Biochemical analyses

Enzymatic activity of prolidase, TAC, and TOS were analyzed as
described previously (12). CAT and PON-1 activities were mea-
sured using the method of Aebi et al. (13) and spectrophoto-
metrically by the modified Eckerson method, respectively (14).
Enzyme-linked immunosorbent assay (ELISA) kits were used to
measure the MMP1, MMP13 (Raybiotech Inc. USA), TNF-a, and
hs-CRP levels (Diasource Immunoassays S.A., Belgium). GPx
activity was measured according to the method described by
Kayabasi et al. (15).
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For the quantitative analysis of whole blood count and of
routine biochemical parameters, an Abbott Cell Dyn 3700
Hematology Analyzer (Abbott Diagnostics, IL, USA), and a
Roche/Hitachi P 800 module autoanalyzer (Roche Diagnostics,
IN, USA), respectively, were used.

Statistical Analysis

Data were analyzed using the Microsoft Statistical Package for
Social Sciences (SPSS) version 18.0 for Windows. The sample
size was calculated with Cohen’s power analysis method
using effect size d=0.8, 80% power, alpha=0.05, and consider-
ing the results of previous studies (16).

The normality of distribution of data was tested using the
Kolmogorov-Smirnov statistical method. Mann-Whitney U
and Student’s ¢ tests were used for continuous variables, and
the chi-square, Pearson’s chi-square, and Fisher’s exact tests
were used for categorical variables. Logistic regression analy-
ses were carried out to assess the correlations between these
parameters and detect PPROM and chorioamnionitis in cases
with PPROM. P < 0.05 was considered statistically significant.

Results

The study included 50 pregnant women with PPROM and 50
healthy pregnant women (control group). There were no signif-

Table 1. Demographic characteristics
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icant differences in the demographic parameters between both
the groups (Table 1). In the PPROM group, all pregnant women
received prophylactic antibiotic therapy. For those with age of
gestation of <32 weeks, corticosteroid therapy was instituted to
support fetal lung maturation. At the time of hospital admission,
the mean time after membrane rupture was 1.93+0.37 days.
The mean time until the delivery after membrane rupture was
6.75+2.9 days.

Cervicovaginal cultures were positive in 10 of the 50 (20%)
women, with Candida albicans in 6, Enterobacteriaceae in 3,
and group B streptococci in 3. In the PPROM group, clinical
chorioamnionitis developed in 7 (14%) women. Indices of
clinical chorioamnionitis, including increased CRP levels (n=7;
14%), leukocytosis (n=12; 24%), fever =38°C (n=7; 14%), foul-
smelling vaginal discharge (n=7; 14%), and uterine sensitivity
(n=3; 6%), were detected. Further, 13 (26%) of the 50 pregnant
women exhibited histological evidence of chorioamnionitis.
The maternal plasma levels of prolidase, MMP-1, MMP-13, TOS,
TAC, PON-1, CAT, GPx, TNF-a, and hs-CRP in both the groups
are presented in Table 2. As compared with the control group,
the prolidase, MMP-13, and TOS levels were significantly higher
in the PPROM group, while the TAC and PON-1 levels were
found significantly lower. The MMP-1, GPx, CAT, TNF-a, and hs-
CRP levels did not differ significantly between groups (Table 2).
Multivariate logistic regression analyses of statistically signifi-

PPROM group Control group P value
N (50) N (50)
Maternal age (year) 28.9+4.80 29.2+6.80 0.852
Parity 2.18%+1.99 2.120x£1.95 0.850
Abortion 0.65+1.29 0.37+0.89 0.254
Gestational age (week in first evaluation) 30.75+3.89 31.10+£3.94 0.684
History of PPROM 5(10) 3(6) 0.715
BMI (kg/m?) 27.5%1.68 27.8+1.65 0.527
Data has been given as mean=+standard deviation (SD) or n (%). BMI: Body mass index, PPROM: preterm premature rupture of membrane
Table 2. The maternal plasma levels of parameters
Parameters PPROM group Control group P value
N (50) N (50)

Prolidase (U/L) 793.2+141.6 525.2x107.1 <0.001
MMP 1 (pg/mL) 244.6+65.59 220.8+48.26 0.060
MMP 13 (pg/mL) 380.8+122.1 325.6+89.82 0.020
TOS (wmol H202 Equiv./L) 12.87+3.43 11.55+2.03 0.035
TAC (mmolTrolox Equiv./L) 0.93+0.42 1.17+0.41 0.012
GPx (U/mL) 1.73+1.34 2.14x1.57 0.201
CAT (U/L) 599.5+166.3 646.8+150.7 0.18
PON 1 (U/L) 61.26+14.05 98.84+36.41 <0.001
TNF- o (pg/mL) 14.37+2.71 14.88+5.08 0.571
hs-CRP (mg/dL) 0.78+0.52 0.68+0.35 0.328
Data has been given as mean=standard deviation (SD). PPROM: preterm premature rupture of membrane, MMP 1: matrix metalloproteinase 1, MMP 13: matrix metal-
loproteinase 13, TOS: total oxidative status, TAC: total antioxidant capacity, GPx: glutathione peroxidase, CAT: catalase, PON 1: paraoxonase 1, TNF-a:: tumor necrosis
factor alpha, hs-CRP: high sensitive C-reactive protein
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cant parameters revealed that the prolidase, TAC, and PON-1
levels were important predictors of PPROM (Table 3).
Comparison of the biochemical parameters of the women in
the PPROM group with negative and positive cervicovaginal cul-
tures revealed no significant differences. In the PPROM group,
the prolidase and TOS levels were significantly higher while
the TAC and PON-1 levels were significantly lower in women
with chorioamnionitis when compared with the corresponding
levels in women without signs of chorioamnionitis (Table 4).
Furthermore, multivariate logistic regression analyses for these
parameters were performed, and it was found that the plasma
prolidase and TOS levels were important predictive markers of
chorioamnionitis (Table 5).
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Discussion

PPROM is an important obstetric problem whose etiopatho-
genesis has been suggested to involve factors such as impaired
collagen metabolism, increased oxidative stress, choriodecid-
ual inflammation, and/or infection. Fetal membranes are com-
prised of the amnion and chorion, which are both strong and
flexible. These membranes consist of collagens and noncol-
lagenous materials. Prolidase and MMPs are enzymes that play
important roles in the metabolism of collagen. Also, PPROM
has been suggested to be related to increased oxidative stress
and infection and/or inflammation at the amniochorionic site.
Therefore, we investigated the levels of the above-mentioned

Table 3. The multivariate logistic regression analysis of parameters related to PPROM

Parameters Beta-coefficient P value Odds ratio (95% CI)
Prolidase 0.016 <0.001 1.016 (1.007-1.026)
MMP 13 0.007 0.163 1.007 (0.997-1.017)
TOS 0.136 0.461 1.146 (0.798-1.646)
TAC -3.091 0.016 0.045 (0.004-0.568)
PON 1 -0.067 0.006 0.935 (0.891-0.981)

capacity, PON 1: paraoxonase 1

CI: confidence interval, PPROM: preterm premature rupture of membrane, MMP 13: matrix metalloproteinase 13, TOS: total oxidative status, TAC: total antioxidant

Table 4. The maternal plasma levels of parameters in pregnant women with and without chorioamnionitis in the PPROM group

Parameters Chorioamnionitis (+) Chorioamnionitis (-) P
(N:13) (N:37) value
Prolidase (U/L) 854.7+87.09 754.6+151.4 0.033
MMP 1 (pg/mL) 261.8+42.74 235.7+73.84 0.158
MMP 13 (pg/mL) 387.2+138.8 377.5+114.9 0.970
TOS (umol H,0, Equiv./L) 14.73+3.79 11.90+2.83 0.005
TAC (mmolTrolox Equiv./L) 0.75+0.31 1.03+£0.45 0.041
GPx (U/mL) 1.67+1.16 1.76+1.44 0.862
CAT (U/L) 552.6+177.5 623.8+157.9 0.220
PON 1 (U/L) 54.26+13.56 64.89+13.09 0.048
TNF- a (pg/mL) 14.82+3.31 14.13+£2.37 0.665
hs-CRP (mg/dL) 0.89+0.57 0.72+0.48 0.393

factor alpha, hs-CRP: high sensitive C-reactive protein

Data has been given as mean=standard deviation (SD). PPROM: preterm premature rupture of membrane, MMP 1: matrix metalloproteinase 1, MMP 13: matrix me-
talloproteinase 13, TOS: total oxidative status; TAC: total antioxidant capacity, GPx: glutathion peroxidase, CAT: catalase, PON 1: paraoxonase 1, TNF-a: tumor necrosis

Table 5. The multivariate logistic regression analysis of parameters related to chorioamnionitis

Parameters Beta-coefficient P value Odds ratio (95% CI)
Prolidase 0.007 0.049 1.007 (1.002-1.013)
TOS 0.285 0.021 1.329 (1.044-1.693)
TAC -2.017 0.064 0.133 (0.016-1.127)
PON 1 -0.072 0.084 0.931 (0.858-1.010)

capacity, PON 1: paraoxonase 1

CI: confidence interval, PPROM: preterm premature rupture of membrane, MMP 13: matrix metalloproteinase 13, TOS: total oxidative status, TAC: total antioxidant
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enzymes, oxidative stress, and inflammation in women with
PPROM and in women who developed chorioamnionitis dur-
ing the clinic follow-up in the PPROM group, assuming that
increased or decreased levels of the above parameters would
aid in the diagnosis of PPROM as well as in the prediction of
chorioamnionitis. In this study, the levels of prolidase, MMP-1,
and MMP-13, which play important roles in collagen metabo-
lism; TOS, TAC, PON-1, CAT, and GPx as oxidative stress mark-
ers; and TNF-a and hs-CRP as inflammatory markers were
analyzed in the maternal plasma of pregnant women with
PPROM and in healthy pregnant women (controls). In patients
with PPROM, while the levels of prolidase, MMP-13 and TOS
were significantly higher, the TAC and PON-1 levels were lower
as compared to the control group. While significantly increased
levels of prolidase and TOS were found, the TAC and PON-1 lev-
els were significantly decreased in patients with PPROM who
subsequently developed chorioamnionitis.

Prolidase is a cytoplasmic enzyme that degrades imidopeptides
containing C-terminal proline and hydroxyproline. Prolidase
activity plays an important role in the production of collagen
and other proteins with a proline content, and it is an indica-
tor of increased collagen turnover (17, 18). Prolidase activity
has been found to increase in diseases associated with col-
lagen metabolism disorders as pathogenetic processes (19-21).
Moreover, collagen metabolism disorder has been proposed
as an etiopathogenetic factor for PPROM. Therefore, we inves-
tigated the prolidase activity in the plasma samples of preg-
nant women with PPROM. Prolidase activity was significantly
increased in the PPROM group, and it was significantly higher in
women with chorioamnionitis than in women without this con-
dition. Moreover, multivariate regression analyses revealed that
prolidase was a significant predictive marker for both PPROM
and chorioamnionitis.

The amniochorionic extracellular matrix consists of intense
connective tissue and is considerably resistant to proteases.
Their physiological degradation requires involvement of specif-
ic proteases, namely, matrix metalloproteinases (MMPs). MMPs
are released in an inactive form and inhibited by tissue-specific
inhibitors of MMPs. Their activation has been demonstrated
to be an important marker in PPROM (22-24). MMP-1, or col-
lagenase I, and MMP-13, or collagenase III, are 2 members of
the proteinase family found in the fetal membrane and amni-
otic fluid (24). In the present study, the relationship of these 2
enzymes with PPROM was investigated. Although higher plas-
ma MMP-13 activities were detected in cases with PPROM, mul-
tivariate regression analysis revealed that the diagnostic value
of MMP-13 activity was insignificant for PPROM. The MMP-1
levels did not differ significantly between the two groups.
Oxidative stress (OS) is defined as an imbalance between the
production of reactive oxygen species and the protective capac-
ity of antioxidants. Pregnancy is a state causing oxidative stress
due to increased metabolic activity and decreased antioxidant
capacity (25). The oxidative stress induced in the intrauterine
compartment reflects in the maternal circulation (20). In many
studies, significant increase in the oxidative stress and decrease
in antioxidant capacity have been reported in conditions with
adverse outcomes in pregnancy, such as preeclampsia, fetal
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growth restriction, and preterm birth, when compared with the
levels in normal pregnancies (26, 27). Few studies have investi-
gated the association between PPROM and oxidative stress. In
our study, we investigated the antioxidant markers CAT, PON-1,
GPx, and TAC and the oxidative marker TOS. In the PPROM
group, as well as in the subset of this group who developed
chorioamnionitis, the TOS levels were higher and the TAC and
PON-1 levels were lower as compared to the control and cho-
rioamnionitis (-) subset, respectively. There was no significant
difference in the CAT and GPx level between the groups. The
TAC and PON-1 levels were found to be significant predictive
markers for PPROM, whereas the TOS level was revealed to be
significant as a predictive marker of chorioamnionitis.

In pregnancy, the production of anti-inflammatory and proinflam-
matory cytokines are balanced. Anti-inflammatory cytokines are
dominant during the early stages of pregnancy, and the level
of proinflammatory cytokines increases as the pregnancy pro-
gresses and during its advanced stages. Even labor is said to be
induced as a result of an inflammatory process. Increase in the
proinflammatory cytokines has been reported in the etiology of
PPROM (28). Increased levels of IL-6 and IL-8 in patients with
PPROM have further supported these findings (9, 29). In our
study, comparison of the TNF-a. and hs-CRP levels in both the
groups as well as in the chorioamnionitis (+) and (-) groups
revealed no significant differences.

One of the theories in the pathogenesis of PPROM is intra-
uterine infection (1). Intrauterine infection can be effectively
diagnosed by assessments such as gram stain, culture, and by
evaluation of glucose and interleukin-6 levels of amniotic fluid
obtained by amniocentesis (30). The studies demonstrated that
the prophylactic antimicrobial therapy has beneficial effects,
including prolongation of pregnancy and prevention of chorio-
amnionitis and neonatal sepsis. The studies were performed
to investigate prolonged pregnancy with prophylactic antimi-
crobial therapy, considering infection as the pathogenesis of
PPROM (31, 32). These studies reported that antimicrobial
treatment significantly delayed delivery in pregnant women
with PPROM. Since amniocentesis is an invasive method, no
amniocentesis was performed in this study; however, all preg-
nant women with PPROM received prophylactic antimicrobial
therapy with ampicillin. Clinical chorioamnionitis developed in
7 (14%) women, and the mean time until delivery was found to
be 6.75+2.9 days.

Conclusion

We determined that the maternal plasma levels of prolidase,
TAC, and PON-1 are significant predictive factors for PPROM
and that the prolidase and TOS levels are a significant predic-
tive factor for chorioamnionitis. Further study is required to
determine whether or not these markers can be used in non-
invasive tests as predictors for both PPROM and subsequent
chorioamnionitis.
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