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Abstract

Objective: Etiology of premature preterm rupture of membranes (PPROM) is not yet completely
known and chorioamnionitis is one of the most important complications of its. We aimed to
evaluate whether prolidase, matrix metalloproteinases, oxidative-antioxidative status, and in-
flammation markers in vaginal washing fluid (VWF) were associated with etiology of PPROM and
whether these markers could be used to predict chorioamnionitis in PPROM.

Study Design: This prospective case control study enrolled fifty pregnant women with PPROM
and 50 healthy pregnant women. The VWF samples were taken at the time of admission in the
PPROM group and patients were followed for chorioamnionitis. Prolidase, matrix metallopro-
teinases, oxidative-antioxidative status, and inflammation markers in VWF were assayed.

Results: VWEF levels of prolidase, matrix metalloproteinases |-13 (p< 0.001), oxidative stress
parameters, total oxidative stress (TOS) (p < 0.001) and oxidative stress index (OSI) (p = 0.002),
and hs-CRP (p = 0.045) were significantly higher in the PPROM group than in the controls. An-
tioxidative status parameters, levels of paroxanase (PON-I) (p < 0.001) and total antioxidant
capacity (TAC) (p < 0.001), were significantly lower in the PPROM group than in the controls.
Mean VWEF levels of prolidase (p < 0.001), metalloproteinases (p<0.05), and oxida-
tive-antioxidative status parameters (p<0.05) were significantly different in women with versus
women without chorioamnionitis in the PPROM group. Prolidase, MMP-13, TOS, TAC, and
PON-I were found as important predictors for chorioamnionitis in the PPROM group by the
multivariate logistic regression analysis. When the ROC curve analysis for prolidase, MMP-13,
TOS, TAC, and PON-I were performed, all of them were statistically significant for area under the
curve (areas under the curve were 0.94, 0.90, 0.80, 0.25, and 0.19, respectively).

Conclusions: This study showed that collagen turnover mediators, especially prolidase, and in-
creased oxidative stress are significantly associated with PPROM. Also, chorioamnionitis can be
predicted with prolidase, MMP-13, TOS, TAC, and PON-I in PPROM patients.

Key words: premature preterm rupture of membrane, chorioamnionitis, prolidase, matrix metal-
loproteinases, total oxidative status, total antioxidative capacity, paraoxonase-1, vaginal washing
fluid.
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Introduction

Premature rupture of membranes (PROM) is
described as the rupture of fetal membranes (amni-
orrhexis) prior to labor. If this occurs before the 37th
week of gestation, it is called preterm premature
rupture of membranes (PPROM). PPROM occurs in
approximately 3% of all pregnancies and it comprises
one-third of all premature deliveries (1,2). It is con-
sidered a major cause of perinatal morbidity and
mortality in the world. The etiology of PPROM in-
cludes maternal age, low maternal body mass index
(BMI), smoking, genital tract infections, excessive
membrane stretch (uterine overdistension), and pla-
cental abruption. The pathophysiology of PPROM is
not clear, but disorders of collagen metabolism, in-
creased oxidative stress, and choriodecidual inflam-
mation and infection have been addressed (1,3-5).

Matrix metalloproteinases (MMPs) are enzymes
that cause extracellular matrix degradation. The MMP
family consists of 25 different enzymes, and a number
of those have been detected in fetal membranes (6-8).
Tissue support of the fetal membranes is generated by
type I and type III collagens, which are the predomi-
nant collagens of the chorioamnion extracellular ma-
trix. Chorioamnion extracellular matrix collagen
degradation is regulated by MMPs. Although the
mechanism of extracellular matrix degradation has
not been fully understood, several studies have
shown evidence that MMPs may play a role in
PPROM (9,24). Prolidase, a member of the MMP fam-
ily, is a cytosolic enzyme that participates in the reg-
ulation of collagen biosynthesis (10,11). It hydrolyzes
imidodipeptides  and  imidotripeptides  with
C-terminal proline or hydroxyproline. Because of its
high levels of imino acids, collagen is an important
substrate of prolidase. A relation between increased
prolidase activity and diseases involving tissue de-
struction such as cancer, tuberculosis, and chronic
liver disease has been found (29-31). Also, increased
prolidase activity in the placental tissue has been
shown to be associated with early pregnancy loss (12).
All of these studies suggest that an increase in
prolidase activity is correlated with increased rates of
collagen turnover and dysregulation of collagen me-
tabolism.

Oxidative stress occurs when reactive oxygen
substances (ROS) fail to be scavenged after metabolic
processes. ROS-induced oxidative damage can cause
increased cell membrane permeability, increased
susceptibility of proteins to proteolysis, and DNA
damage. To protect cells from the deleterious effect of
ROS, antioxidants rapidly and efficiently remove ROS
from the intracellular environment. Catalase, gluta-
thione peroxidase, and paraoxonase are some of the

enzymatic antioxidants. Catalase contributes to ROS
detoxification by converting HO, to water, glutathi-
one peroxidase by metabolizing hydrogen peroxide
and lipid hydroperoxides, and paraoxonase by hy-
drolyzing organophosphoruses and toxic oxidized
lipids. The ratio of TOS to TAS levels, known as oxi-
dative stress index (OSI), is an indicator of the degree
of oxidative stress (18). Increased ROS may alter cell
biology and may induce collagen catabolism. In vitro
ROS exposure of amniocytes was found to result in an
increase in Ca? and pH, a decrease in Mg?, and the
release of arachidonic acid, similar to the intracellular
changes that are seen in PPROM (13). Another study
reported that when cultured chorioamnion segments
were exposed to superoxide, MMP-9 activity was in-
creased (32).

Patients with PPROM who also have chorioam-
nionitis have been found to have increased maternal
and fetal complications. Maternal complications in-
clude endomyometritis, wound infection, pelvic ab-
scess, bacteremia, and postpartum hemorrhage, while
fetal complications include fetal death, neonatal sep-
sis, and fetal inflammatory response syndrome. For
these reasons, the early diagnosis of chorioamnionitis
in patients with PPROM is crucial. Many studies have
evaluated the efficacy of specific biomarkers for in-
traamniotic infection with noninvasive methods, and
in different studies IL-6, monocyte chemotactic pro-
tein-1, and tumor necrosis factor were found to be
related with intraamniotic infection and histologic
chorioamnionitis (14,15).

Increased metalloproteinase activity is thought
to take place in the pathologic cascade of PPROM.
Different members of the MMP family have been
shown to be related with PPROM, but to the best of
our knowledge, there is no study in the literature that
evaluates the relation between PPROM and prolidase
activity. Because of its high fetal and maternal com-
plication risk, early detection of chorioamnionitis is
very important for carrying out optimal management
in patients with PPROM. In this study we aimed to
determine (i) whether matrix metalloproteinase,
prolidase, and oxidative stress markers are related to
PPROM, and (ii) whether these markers could be used
to predict chorioamnionitis in PPROM.

Materials and Methods

Patients

This prospective case-controlled study was
conducted at the Department of Obstetrics and Gy-
necology at Dicle University Medical Hospital from
January 2011 to December 2011. Patients who were
consecutively admitted to our clinic with a diagnosis
of PPROM and subjects with healthy pregnancies who
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came for routine prenatal visits were recruited to our
study. The protocol was approved by the Ethics
Committee of Dicle University. All subjects provided
informed consent.

We included 100 pregnant women that were at
26-34 gestational weeks. Fifty of these patients had a
diagnosis of PPROM (PPROM group) and 50 of them
had healthy pregnancies (control group). Patients
with preeclampsia, placenta previa, abruptio placenta,
polyhydramnios, multiple pregnancy, major fetal
anomaly, diabetes mellitus, chronic systemic disease,
and doubtful PPROM diagnosis were excluded from
the study. Rupture of membranes was diagnosed with
a combination of vaginal pooling of amniotic fluid
and a positive nitrazine test by an examination with a
sterile speculum. As a standard protocol of our insti-
tution, biochemical tests (glucose, aspartate transam-
inase, alanine transaminase, lactate dehydrogenase,
creatinine, blood urea nitrogen) and complete blood
count (CBC) were performed to evaluate patients’
systemic disorders, and a urinalysis was performed to
exclude urinary infection. An obstetric ultrasound
(USG) was also performed to determine gestational
age, define any major anomalies, and determine the
amniotic fluid index and number of fetuses.

All of the women with PPROM were hospital-
ized in our obstetric clinic. Expectant management
was implemented for all pregnant women with
PPROM except for those having complications such as
chorioamnionitis, nonreassuring fetal testing, and
active labor. All of the women were given prophylac-
tic antibiotic therapy (with ampicillin) as medical in-
tervention. Also, standard antenatal corticosteroid
therapy (with betamethasone) was administered for
accelerating fetal lung maturation in pregnant women
with PPROM before 32 weeks of gestation (1). Patients
were delivered if (or when) fetal distress, active labor,
or clinical chorioamnionitis developed.

Patients were closely followed for possible clin-
ical infections. Patients with clinical chorioamnionitis
were described as having two or more of the follow-
ing criteria: presence of uterine tenderness and irrita-
bility, foul smelling and purulent discharge, leuko-
cytosis (>15.000/mm?), and/or maternal fever (>38
°C). Antibiotic prophylaxis was administered to pa-
tients in the PPROM group according to routine
treatment protocol, while corticosteroid therapy was
given to pregnant women earlier than 32 gestational
weeks in the PPROM group.

The histopathological examination of the pla-
centa was evaluated with standard published proto-
cols (16). Histologic chorioamnionitis was defined as
the presence of acute inflammatory changes upon
examination of a membrane roll and chorionic plate of
the placenta; funisitis was diagnosed as the visualiza-

tion of neutrophil infiltration into the umbilical vessel
walls or Wharton's jelly.

If patients with PPROM were complicated with
clinical and/ or histopathologic chorioamnionitis, they
were defined as chorioamnionitis (+); otherwise, they
were defined as chorioamnionitis (-).

Cases in the control group were selected from
patients who were at 26-34 gestational weeks, had no
complications during routine prenatal visits, and de-
livered at term.

Sampling

The vaginal washing fluid (VWF) sampling was
done as follows. First, a sterile speculum examination
was performed on all patients, where 5 ml of sterile
saline solution was injected into the vagina. With the
same syringe, the vaginal washing fluid was aspirated
from the posterior vaginal fornix. The fluid sample
was immediately centrifuged at 3000 rpm for 10 min
and the supernatant was stored at -80 °C until analy-
sis.

The VWF samples were taken at the time of ad-
mission in the PPROM group, while they were taken
during routine prenatal visits for control group.

Biochemical Analysis of Parameters

Measurement metalloproteinases and
prolidase activity

Prolidase activity was determined by a spectro-
photometric method, which is devoted to the meas-
urement of the proline levels produced by prolidase.
After the supernatant was diluted with physiological
saline, the other processes were performed as men-
tioned in previous studies (17).

Specific and sensitive commercially available
enzyme-linked immunosorbent assays (ELISA)
(Raybiotech Inc., USA) were used to determine con-
centrations of MMP-1 and MMP-13 levels in vaginal
washing fluid.

Measurement of total oxidant—-antioxidant
status

Total oxidative status (TOS) and total antioxi-
dant status (TAS) were measured by an automated
method as mentioned in previous studies (17). In this
method, measuring TOS is based on spectrophoto-
metrically measuring color intensity of ferric ions,
generated by oxidation of Fe? to Fe3, and measuring
TAS is based on determining total antioxidant re-
sponse against potent biological free hydroxyl radi-
cals. Oxidative stress index [OSI (arbitrary unit) =
TOS (pmol H202 equiv/L) / TAC (mmol Trolox
equiv/L)] was calculated as the percent ratio of TOS
to TAC.
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For the enzymatic antioxidants, catalase activity
was measured according to the method of Aebi, and
paraoxonase-1 (PON-1) activity was measured spec-
trophotometrically by a modified Eckerson method
(19, 20). Another antioxidant enzyme glutathione pe-
roxidase (GPx) activity was determined by the cou-
pled assay procedure of Gunzler et al. (21). One unit
of enzyme activity is reported as one pmol of NADPH
oxidized per minute.

Measurement inflammation markers

An  enzyme-linked immunosorbent assay
(ELISA) (Dynex Technologies, Inc. Chantilly, VA,
USA) was used for the analysis of tumor necrosis
factor-alpha (TNF-a) and high sensitivity C-reactive
protein (hs-CRP) levels (Diasource Immunoassays
S.A., Belgium).

Other parameters

Complete blood count was measured using the
Abbott Cell Dyn 3700 Hematology Analyzer (Abbott
Laboratories, Abbott Park, IL, USA). Serum biochem-
ical parameters were assayed using an autoanalyzer
Architect C 16000 (Abbott Laboratories, Abbott Park,
IL, USA), and urine analysis was performed using the
IQ 200 urine analyzer (Iris Diagnostics, Chatsworth,
CA, USA).

Statistical methods

Data were analyzed using the Microsoft
Statistical Package for Social Sciences (SPSS) version
18.0 for Windows. The sample size was calculated by
web site of Daniel Soper Statistics Calculators using
anticipated effect size (Cohen’s d)= 0.8, 80% power,
alpha = 0.05, and considering the results of previous
studies (22).

The Kolmogorov-Smirnov test was used to de-
termine normal distribution of data. According to
normal and abnormal distribution, unpaired compar-
isons of continuous variables were performed with a
Mann-Whitney U or Student’s t-test, and categorical
studied variables were compared by Chi-Square,
Pearson Chi-Square, or Fisher’s Exact Tests. Logistic
regression analyses were performed to detect whether
statistically significant parameters related to PPROM
can also predict PPROM. Logistic regression analyses
were also performed to detect whether parameters
related to chorioamnionitis can predict infection in
patients with PPROM. For determining the sensitivi-
ty, specificity, and positive and negative predictive
values of the parameters, receiver-operating charac-
teristics (ROC) curve analysis was performed.
P-values <0.05 were considered significant.

Results

Fifty women with PPROM delivering at <34
weeks constituted the PPROM group, five of whom
(10%) had a history of PPROM. Fifty uncomplicated
pregnancies delivering at term constituted the control
group, three of whom (6%) had a history of PPROM.
There were no differences in demographic parameters
between women in the PPROM and control groups
(Table 1).

Vaginal washing fluid (VWF) levels of prolidase
(p < 0.001), MMP-1 (p < 0.001), MMP-13 (p < 0.001),
TOS (p < 0.001), OSI (p = 0.002), and hs-CRP (p =
0.045) were significantly higher in the PPROM group
than in the control group. VWF levels of PON-1 (p <
0.001), TAC (p = 0.010), and CAT (p = 0.035) were
significantly lower in the PPROM group than in the
control group. There were no statistically significant
differences in GPx and TNF-a levels between the two
groups (Table 2).

Table I: Demographic characteristics

PPROM group Controls P value
group

Maternal age (years) 28.9 +4.80 29.2 +6.80 0.852
Parity 218+1.99 2.120+1.95 0.850
Abortus 0.65+1.29 0.37+0.89 0.254
Gestational age at 30.75 +3.89 31.10+3.94 0.684
assessment (weeks)

History of PPROM 5 (10) 3 (6) 0.715
BMI (kg/m?) 275+1.68 27.8 +1.65 0.527

Values are given as mean + SD or n(%). BMI, body mass index.

Table 2: Vaginal washing fluid levels of parameters in women with
PPROM and in control women

PPROM Controls P value

group group

(N:50) (N:50)
Prolidase (U/L) 912.1+89.6 592.3+69.8  <0.001
MMP 1 (pg/ml) 144.1425.20 96.95+16.64 <0.001
MMP 13 (pg/ml) 63.14+15.40 38.42+6.14  <0.001
TOS (pmol H202 Equiv,/L) 9.96+1.80 8.39+1.16 <0.001
TAC (mmolTrolox Equiv./L) 1.44+0.33 1.80+0.43 0.010
GPx (U/ml) 1.21+0.33 1.41+0.35 0.103
CAT (U/L) 587.3153.6 657.4+46.3  0.035
PON 1 (U/L) 42.82+8.61 54.9749.95  <0.001
TNF- a (pg/ml) 19.1345.90 17.66+5.23  0.57
hs-CRP (mg/dl) 0.90+0.32 0.62+0.24 0.045
OSI (Arbitrary Unite) 8.05+2.25 5.27+1.85 0.002

Values are reported as mean + standard deviation (SD). MMP 1: matrix
metalloproteinase 1, MMP 13: matrix metalloproteinase 13; TOS: total oxidative
status; TAC: total antioxidant capacity; GPx: glutathion peroxidase; CAT: catalase;
PON 1: paraoxonase 1; TNF-a: tumor necrosis factor alpha; hs-CRP: high sensitivity
C-reactive protein; OSI: oxidative stres index.
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A multivariate logistic regression analysis was
performed for statistically significant parameters in
VWE. Prolidase, MMP-1, MMP-13, TOS, TAC, and
PON-1 were all found to be important predictors for
PPROM in VWF (Table 3).

Clinical chorioamnionitis was diagnosed in 7
women in the PPROM group (14%). Of the clinical
chorioamnionitis parameters, leukocytosis was ob-
served in 12 patients (24%), fever was observed in 7
patients (14%), foul-smelling discharge was observed
in 7 patients (14%), and uterine sensitivity was ob-
served in 3 patients (6%). Histologic evidence of cho-
rioamnionitis was found in 13 women (26%) in the
PPROM group during placental examinations.

Patients with and without chorioamnionitis in
the PPROM group were compared with respect to
biochemical markers. We found that prolidase,
MMP-1, MMP-13, TOS, and OSI were significantly
higher in those with chorioamnionitis, while TAC and
PON-1 were found to be significantly lower in pa-
tients with chorioamnionitis (Table 4). After per-
forming a multivariate logistic regression analysis for
these markers, we found that prolidase, MMP-13,
TOS, TAC, and PON-1 were important predictors for
chorioamnionitis (Table 5). Next, a ROC curve analy-
sis was performed for intrauterine infection predictors
(Figure 1). In the ROC curve analysis, the optimal
cut-off values for the detection of chorioamnionitis
were >1052 for prolidase with AUC equal to 0.94 (SE =
0.02, p = 0.001); >56 for MMP-13 with AUC equal to
0.90 (SE = 0.03, p = 0.001); >10.5 for TOS with AUC
equal to 0.80 (SE = 0.05, p = 0.001); <1.18 for TAC with
AUC equal to 0.25 (SE = 0.07, p = 0.003); and <41.41 for
PON-1 with AUC equal to 0.19 (SE = 0.02, p = 0.001).
The diagnostic indices for the aforementioned pa-
rameters’ cut-offs are presented in Table 6.

Table 3: The multivariate logistic regression analysis of
parameters in women with PPROM

Table 4: Vaginal washing fluid levels of parameters in women with
and without chorioamnionitis in PPROM group

Parameters Chorioamnionitis Chorioamnionitis P
(+) ) value
(N:13) (N:37)
Prolidase (U/L) 1090.3+78.11 820.1+69.97 <0.001
MMP 1 (pg/ml) 183.3£32,57 123.6+22.55 0.007
MMP 13 (pg/ml) 77.58+15.05 55.67+11.42 0.003
TOS (pmol H202 10.89+1.51 9.48+1.78 0.023
Equiv./L)
TAC (mmolTrolox 1.21+0.25 1.56£0.17 0.015
Equiv./L)
GPx (U/ml) 1.13£0.30 1.26£0.39 0.385
CAT (U/L) 539.2+79,8 612.2+84,9 0.077
PON 1 (U/L) 38.10+8.26 45.26+9.11 0.044
TNF- a (pg/ml) 21.96+5.99 17.67+4.38 0.407
hs-CRP (mg/dl) 0.79£0.34 0.95+£0.47 0.833
OSI (Arbitrary Unite) 11.0+2.72 6.52+1.33 0.004

Values are reported as mean * standard deviation (SD). MMP 1: matrix
metalloproteinase 1; MMP 13: matrix metalloproteinase 13; TOS: total oxidative
status; TAC: total antioxidant capacity; GPx: glutathion peroxidase; CAT: catalase;
PON 1: paraoxonase 1; TNF-a: tumor necrosis factor alpha; hs-CRP: high sensitivity
C-reactive protein; OSI: oxidative stres index.

Table 5: The multivariate logistic regression analysis of
parameters in women with chorioamnionitis in PPROM group

Beta-coefficient P value Odds ratio (95% CI)
Prolidase 0.016 0.007 1.016(1.004-1.027)
MMP 1 0.830 0.991 2.294 (0.948-1.860)
MMP13  0.093 0.030 1.098 (1.009-1.194)
TOS 0.730 0.05 2.074 (0.748-5.749)
TAC -5.248 0.028 0.005(0.001-0.563)
PON1 -0.111 0.013 0.895 (0.819-0.977)
OSI -12.669 0.996 0.001(0.532-1.733)

Beta-coefficient P value Odds ratio (95% CI)

Prolidase -0.012 0.002 0.988(0.980-0.995)
MMP 1 -0.029 0.021 0.972 (0.948-0.996)
MMP 13 -0.152 0.014 0.859 (0.760-0.970)
TOS -0.643 0.004 0.526 (0.337-0.819)
TAC 1.631 0.007 5.107(1.565-5.668)
CAT 0.001 0.977 1.000 (0.995-1.005)
PON1 0.144 0.001 1.155 (1.065-1.252)
hs-CRP -1.537 0.157 0.215 (0.026-1.807)
OsI -0.040 0.893 0.960(0.532-1.733)

CI: confidence interval. MMP 1: matrix metalloproteinase 1, MMP 13: matrix
metalloproteinase 13; TOS: total oxidative status; TAC: total antioxidant capacity;
CAT: catalase; PON 1: paraoxonase 1; hs-CRP: high sensitivity C-reactive protein;
OSI: oxidative stres index.

CI: confidence interval. MMP 1: matrix metalloproteinase 1, MMP 13: matrix
metalloproteinase 13; TOS: total oxidative status; TAC: total antioxidant capacity;
PON 1: paraoxanase 1; OSI: oxidative stres index.

ROC Curve
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Figure I: The Receiver Operating Characteristic (ROC) curve analysis of
significant parameters in women with chorioamnionitis in PPROM group
(TOS: total oxidative status; MMP |3: matrix metalloproteinase |3)
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Table 6: Sensitivity, specificity, positive (PPV) and negative (NPV) predictive values and likelihood ratios (LR) for the optimal cut-offs value

of the parameters for chorioamnionitis predicted

Variables Sensitivity(%) Specificity (%) PPV(%) NPV (%) LR+ LR-

(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
Prolidase >1052.7 73.33 93.10 84.6 87.1 10.63 0.29

(44.9 - 92.0) (77.2-99.0) (54.5-97.6) (70.1 - 96.3) (7.7 -14.7) (0.06 - 1.4)
MMP13 >56 93.33 65.52 58.3 95 2.71 0.10

(68.0-98.9) (45.7-82.0) (36.7-77.9) (75.1-99.2) (2.0-3.6) (0.01-0.7)
TOS >10.5 60.0 72.41 529 77.8 217 0.55

(32.3-83.6) (52.8-87.2) (27.9-77.0) (57.7-91.3) (1.4-3.5) (0.2-1.3)
CI: confidence interval. MMP 13: matrix metalloproteinase 13; TOS: total oxidative status
Discussion facilitate extracellular matrix destruction (25).

PPROM is still a matter of debate in perinatol-
ogy regarding its unclear etiology and controversies
over follow-up and management of patients with a
PPROM diagnosis. Disorders of collagen metabolism,
increased oxidative stress, and choriodecidual in-
flammation and infection are thought to be etiologic
factors. In our study we found that patients with
PPROM had high prolidase, MMP-1, MMP-13, TOS,
OS], and hCRP levels and low TAC, CAT, and PON-1
levels in their VWEF. Logistic regression analysis
showed that prolidase, MMP-1, MMP-13, TOS, TAC,
and PON-1 in VWF were associated with PPROM.
These finding showed for the first time that PPROM
may be a result of collagen damage caused by in-
creased prolidase activity. On the other hand, positive
association between PPROM and increased metallo-
proteinase activity and oxidative stress in our study is
comparable to the literature. In women who devel-
oped chorioamnionitis during the clinic follow-up in
the PPROM group, prolidase, MMP-1, MMP-13, TOS,
and OSI were significantly higher, and TAC and
PON-1 were found to be significantly lower than in
women without chorioamnionitis.

The degradation of collagen in the chorioamni-
on, which is composed of intensive connective tissue,
is regulated by matrix metalloproteinases. MMP-1,
known as collagenase I, and MMP-13, known as col-
lagenase III, are two members of this family, and they
are found in fetal membranes and amniotic fluid (23).
MMP-1 is secreted by amniotic mesenchymal cells
and degrades type I, II, and III collagens. MMP-13 is a
member of the interstitial collagenase family and has
collagenolytic and gelatinolytic activity. Many studies
reported that patients with PPROM have increased
MMP activation. Biggio et al. reported that “women
with midtrimester MMP-8 levels greater than the 90th
percentile were over 3 times more likely to experience
PPROM than women with lower levels” (24). May-
mon et al. reported that MMP-7 levels were increased
in patients with intraamniotic infection, which may

Athayde et al. found a significant increase in MMP-9
levels in amniotic fluids of patients with PPROM, and
proposed that MMP-9 might be responsible for PROM
(26). We found that MMP-1 and MMP-13 levels were
higher in the PPROM group than the controls. MMP-1
and MMP-13 levels were also found to be higher in
VWFs of PPROM patients with chorioamnionitis than
without chorioamnionitis. Maymon et al. showed that
preterm premature rupture of membranes—in both
the presence and absence of infection —was associated
with an increase in MMP-1 concentrations in the am-
niotic fluid (27). They concluded that MMP-1 is im-
plicated in the mechanism of membrane rupture.
MMP-1,7,8 and 9 were found to be increased in PROM
in previous studies; however, studies for MMP-13 are
relatively few. Fortunato et al. failed to determine any
association between MMP-13 and PROM (23). They
found that the concentration of MMP-13 is lower in
PPROM than in the pre-term labor group, and they
concluded that MMP-13 may not play a significant
role in PROM. In contrast, we found that MMP-13 was
associated with PPROM in our study. The difference
between Fortunato’s and our study might be at-
tributable to study population, because in our study
we included PPROM and healthy pregnant women
with similar gestational age but as mentioned above
Fortunato compared pregnant women with PPROM
and pre-term labor. In patient with pre-term labor
MMP-13 levels can be different from healthy pregnant
women.

One important finding in our study was that
prolidase levels were significantly higher in the
PPROM group. To the best of our knowledge, this is
the first study that detected high levels of prolidase in
patients with PPROM. Prolidase facilitates matrix
remodeling and cell infiltration and regulates cyto-
kines and other immune modulators, and this prote-
olytic enzyme is one of the members of the MMP
family that mediates the last step of collagen degra-
dation. Its activity has been documented in erythro-
cytes, leukocytes, plasma, dermal fibroblasts, the

http://www.medsci.org



Int. J. Med. Sci. 2013, Vol. 10

1350

kidney, brain, heart, thymus, and uterus (28). It has
been proposed that there is an association between
prolidase activity and diseases that are characterized
by collagen turnover. Increased prolidase activity and
increased extracellular matrix destruction have been
detected in chronic hepatic disorders, cancers, and
tuberculosis (29-31). When we take into account the
increased levels of MMP-1 MMP-13 and prolidase in
the PPROM group, we believe that the excessive
degradation of the extracellular matrix of amnio-
chorion plays an important role in PPROM etiology.
Dynamic collagen metabolism is required for fetal
membrane integrity during a normal pregnancy.
MMP activity is responsible for collagen metabolism,
and this activity is regulated by transcription and
translation processes and also by specific regulators
(tissue inhibitors of metalloproteinase, or TIMPs).
Excessive MMP activity that is induced by inflamma-
tion, infection, obstetric reasons (multiple gestation,
polyhydramnios, cervical pathologies, bleeding),
smoking, and nutritional status may disturb the bal-
ance of collagen turnover (which is essential for fetal
membranes) in favor of destruction.

MMPs have destructive effects on tissues and
can be stimulated by reactive oxygen species (ROS).
ROS may also activate genes that code MMPs and
proinflammatory cytokines. It has been shown that
collagenolytic enzymes in chorioamnion are sensitive
to ROS stimulation (32). Increased MMP activity after
ROS stimulation may cause collagen degradation and
dissociation, which may lead to PPROM. Oxidative
stress (OS) is defined as an imbalance in the produc-
tion of reactive oxygen species and the capacity of
antioxidant defenses. There are limited data in the
literature about oxidative stress in PPROM. Longini et
al. found that isoprostanes (F2-IP), which are direct
indicators of oxidative stress, were increased in the
amniotic fluid of patients with PROM (33).
Osaikhuwuomwan et al. found decreased levels of
vitamin C, which is an important antioxidant, in pa-
tients with PPROM (34). We used TOS as an oxidative
marker, while CAT, PON-1, GPx, and TAC were used
as antioxidant markers, and we investigated their
effects on PPROM. TOS was increased, but TAC,
PON-1, and CAT were decreased in the PPROM
group when compared to the control group. OS],
which reflects the balance between oxidation and an-
tioxidation, was signsignificantly higher in the
PPROM group. Our findings suggest that PPROM
may occur as a result of oxidative stress-induced
damage at the chorioamnion epithelium or its colla-
gen structure.

Immediate delivery of the baby is the preferred
therapeutic approach in patients with PPROM who
also have signs of intrauterine infection. Therefore,

close follow-up of patients with PPROM with respect
to intrauterine infection is crucial. The gold standard
for the diagnosis of intrauterine infection is the isola-
tion of microorganisms in amniocentesis samples.
Although amniocentesis-related complications are
seen in only 3.6% of patients in their third trimester,
pain, discomfort, and anxiety are common with this
procedure and therefore impose limitations on its
daily practice (35). Given the risk of maternal and fetal
complications of intrauterine infections, particularly
neonatal white matter disease and cerebral palsy,
non-invasive methods for the diagnosis of chorioam-
nionitis before symptomatic disease are increasingly
important. In our study, prolidase, MMP-13, PON-1,
TAC, and TOS were found to be important predictors
of chorioamnionitis. Sensitivities of prolidase,
MMP-13, and TAC were 73%, 93%, and 60%, respec-
tively, whereas their specificities were 93%, 65%, and
89%, respectively. We would suggest to address that
these findings are promising so that particularly
prolidase may be used in VWF sampling as a
non-invasive screening method for chorioamnionitis
but external validation with randomized clinical trials
is needed before.

Potential limitations of our study should be
mentioned: Our study are relatively limited number
of study subjects and cross-sectional study design.
The cross-sectional design limited our ability to de-
duce association between PPROM and metallopro-
teinases, oxidative-antioxidative status, and inflam-
mation markers. The samples were taken only at the
time of admission in the PPROM group. The strength
of predicting chorioamnionitis could be increased by
samples were taken certain intervals. However, this is
a first study evaluating especially prolidase activity in
patient with PPROM and chorioamnionitis.

In conclusion, the MMPs that play a role in col-
lagen metabolism and increased oxidative stress may
indicate amniochorion rupture and also may be etio-
logic factors for PPROM. In this study, increased
prolidase activity has been shown in PPROM patients
for the first time, which may reflect that increased
collagen turnover is a part of PPROM. Besides its role
in the pathologic process of PPROM, prolidase has a
high specificity in predicting chorioamnionitis, and
therefore it may be used as a non-invasive test for the
diagnosis. Further studies are required to investigate
the benefits of prolidase as a diagnostic test to detect
chorioamnionitis on improvements in maternal and
fetal complications during follow-up or treatment of
patients with PPROM.
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