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Abstract

Objectives— To determine if treatment with ampicillin together with dexamethasone and
indomethacin delays preterm birth induced by intra-amniotic Group B Streptococcus (GBS) in a
nonhuman primate model.

Study Design— After contraction onset induced by GBS (108 cfu/ml), chronically instrumented
rhesus macaques received either: no treatment (controls, n=6); ampicillin (n=4); or ampicillin +
dexamethasone + indomethacin (n=5). Outcomes included the interval from contraction onset until
delivery and concentrations of amniotic fluid (AF) inflammatory mediators.

Results— Mean interval (hours) from contraction onset until delivery was 33 £ 8.7 in controls, 82
+ 28.0 with ampicillin (p=0.18 vs. controls); and 213 + 50.8 with ampicillin + dexamethasone +
indomethacin (p=0.004 vs. controls). Ampicillin eradicated GBS, but uterine activity, AF cytokines,
prostaglandins, and MMP-9 remained elevated. AMP/DEX/INDO suppressed IL-18, TNF-a,
PGE, and PGF,,, but did not alter MMP expression or chorioamnionitis.

Conclusions— The combination of AMP/DEX/INDO suppressed inflammation and significantly
prolonged gestation.
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CONDENSATION
Ampicillin plus dexamethasone and indomethacin significantly delay preterm birth induced by intraamniotic Group B streptococcus in
a nonhuman primate model.
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INTRODUCTION

Intrauterine infection occurs in nearly 50% of extremely preterm births, and results in a pro-
inflammatory cascade that leads to preterm labor.1=3 Preterm labor complicated by intra-
amniotic infection (1Al) is refractory to tocolysis and antibiotic treatment trials have been
largely unsuccessful in prolonging gestation among patients with preterm labor.4=6 The failure
of antibiotic trials to delay or prevent infection-induced preterm birth is likely multifactorial.
Potential confounders include the inclusion of women with preterm contractions without
infection or the administration of antibiotics at varying stages of intrauterine infection or that
do not target the appropriate pathogens. However, a major reason why antibiotics alone do not
prevent infection-associated preterm birth may be a failure to reverse the production of pro-
inflammatory mediators that play a key role in the initiation of labor. Elevated concentrations
of pro-inflammatory cytokines, prostaglandins and matrix metalloproteinases in human
amniotic fluid (AF) are associated with 1Al and preterm labor.~10 Interleukin-1p (IL-1B) or
tumor necrosis factor-alpha (TNF-a) infused into the amniotic cavity of pregnant nonhuman
primates also induces preterm labor and deIivery.11 Bacteria or bacterial products stimulate
prostaglandin synthesis in vitro and induce matrix metalloproteinase activity in placental
tissues, which may contribute to the rupture of fetal membranes. 12—

Antibiotics coupled with immunomodulators that downregulate the proinflammatory cascade
might delay preterm birth associated with 1Al. We previously found that immunomodulators
(including indomethacin, dexamethasone, and interleukin-10) inhibited the uterine activity,
cytokine and prostaglandin production induced by intra-amniotic infusion of IL-1p in a non-
human primate model of preterm labor.1®: 16 Indomethacin (INDO), a non-selective
cyclooxygenase inhibitor, may also inhibit calcium channel currents in myometrium.17
Glucocorticoids downregulate inflammation largely by the inhibition of transcription factors
(e.g., nuclear factor-xB and activated protein-1), that control proinflammatory cytokine and
prostaglandin production. Since INDO and dexamethasone (DEX) cross the placenta, target
multiple pro-inflammatory effectors and are used in clinical practice, we evaluated their
igmbined use in the multifactorial management of infection-associated preterm labor.15:16,

We also previously demonstrated that intra-amniotic inoculation of Group B streptococci
(GBS) increases uterine contractility, pro-inflammatory cytokines, and prostaglandins and
leads to preterm delivery in non-human primates.19 We hypothesized, in this experimental
model, that prolongation of gestation would occur only when both the inflammatory response
and infection were treated. To test this hypothesis, GBS 1Al was produced in chronically
instrumented rhesus monkeys at 135 days gestation and effects of ampicillin (AMP) alone
compared to AMP with INDO and DEX on the time interval from the onset of infection-induced
preterm contractions to delivery. The effect of AMP alone or AMP in combination with INDO
and DEX also was examined on the production of cytokines, chemokines, prostaglandins, and
matrix metalloproteinases; amniotic fluid and fetal infection; and histologic chorioamnionitis.

MATERIAL AND METHODS

Animals

Study protocols were approved by the Institutional Animal Care and Utilization Committee
and guidelines for humane care followed. Timed-pregnant rhesus monkeys (Macaca
mulatta) were adapted to the vest and mobile catheter protection device as previously described.
0 Intrauterine surgery was performed at 123 days of gestation (range, 118-134; there were
no differences in age at surgery between groups) to implant fetal ECG electrodes and catheters
in the amniotic fluid, maternal femoral vein and artery, fetal jugular vein and fetal carotid
artery.19 Postoperatively, animals were treated with 250 mg cefazolin sodium IV 12 hours
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for 5 days and either 1mg/hr terbutaline sulfate IV (Bricanyl, Merrel Dow Pharm. Inc., Kansas
City, MO) or 2 ng/kg/min atosiban IV (Merck & Co., Inc., West Point, PA) for 1-5 days to
control uterine irritability. All of these medications were discontinued at least 72 hours prior
to experimental intra-amniotic infection. At our center, term gestation in the non-instrumented
rhesus monkey population averages 167 days (range, 155-172 days).

Study Groups

Experimental intra-amniotic infection was induced in 15 animals by the intra-amniotic
inoculation of 10 colony-forming-units (cfu) of a clinical isolate of Group B streptococcus
(GBS, type I11) at a mean gestational age of 133 days (range 126-141 days; no difference
between groups). Following infection, 6 animals were observed without treatment until
delivery. Four animals received maternal intravenous AMP (30 mg/kg every 6 hours for 7 days
or until delivery) after the onset of regular uterine contractions and an increase in the hourly
contraction area of at least twice of baseline. Five animals received intravenous AMP for 7
days and both oral INDO (50 mg given to the mother twice daily for 5 days) and maternal
intravenous DEX (1 mg/kg given every 6 hours for 3 days) begun after the onset of regular
uterine contractions.

Uterine Activity, Preterm Labor, Cesarean Section, and Histopathology

Uterine activity was continuously recorded from the time of surgery as the integrated area
under the amniotic fluid pressure curve and reported as the hourly contraction area (HCA,
mmHgesec/hr). Preterm labor was defined as >10,000 mmHgesec/hr associated with a change
in cervical dilation or effacement as determined by digital examination under conscious
sedation with ketamine. Delivery by cesarean section, was performed to collect gestational
tissues when vaginal delivery was considered imminent as judged by progressive cervical
change and persistent increases in HCA (>10,000 HCA for more than 2 hours). After delivery,
fetuses were euthanized by barbiturate overdose followed by exsanguination and fetal
necropsy. Bacterial cultures of the fetal blood, lungs, meninges, and fetal membranes were
performed and selected fetal tissues were also sampled for routine histologic examination.
Placentae and membranes were also systematically sampled and submitted for histopathology
by a primate pathologist (MKA) as previously described.21

Quantitation of Amniotic Fluid Cytokines, Chemokines, Leukocytes, and MMP-9

Amniotic fluid (AF) was sampled daily, beginning 48 hours prior to GBS inoculation, and
more frequently following inoculation until delivery. Samples were centrifuged and the
supernatant frozen and stored at —20°C. Prior to freezing, ethylenediaminetetraacetic acid
(EDTA, 7.9 mM) and indomethacin (0.3 mM) was added to samples saved for prostaglandin
quantitation to prevent prostaglandin metabolism. Quantities of 1L-1p, IL-6, IL-8, PGE,, and
PGF,, were determined using commercially available human ELISA (BioSource International,
Camarillo, CA) and EIA kits (Cayman Chemical, Ann Arbor, MI) previously validated for use
in the rhesus monkey.16 TNF-a concentrations were determined either by rhesus monkey-
specific ELISA (BioSource International, Camarillo, CAgor by bioassay measuring the
viability of a subcloned WEHI mouse fibroblast cell line.19 TNF-o concentrations were similar
by both assay methods. Standard gelatin zymography was used to semi-quantitate the activity
of MMP-9 in AF, adapted from previously published methods.14 In brief, all AF samples
(5ul volume) from each animal were loaded onto a gelatin-containing polyacrylamide gel,
electrophoresed at constant voltage, digested for 24h, and stained with Coomassie blue R-250.
Gels were scanned and densitometric analysis of integrated area of lysis was conducted using
Scion Image (NIH). Comparisons of MMP-9 activity were conducted on percent change from
average baseline to average post-inoculation sample for each animal.
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Statistical Analysis

The primary study outcome was the time interval between the onset of contractions and
delivery. The time interval was compared among all groups using one-way ANOVA and
between two groups using Student’s t-test (unequal variances assumed). Secondary outcomes
were peak quantities of AF cytokines [IL-1B, TNF-a, interleukin-6 (IL-6), and interleukin-8
(1L-8)], prostaglandin E2 (PGEy), prostaglandin Fy, (PGF5,), and the activity of matrix
metalloproteinase-2 (MMP-2) and -9 (MMP-9). Following infection, the peak pre-treatment
concentration of cytokines and prostaglandins were compared to the post-treatment
concentration within each group by Wilcoxon signed ranks test. Statistical analysis was
conducted using SPSS Version 12.0 (SPSS Inc., Chicago, IL), and significance was accepted
at p<0.05. Unless otherwise noted, data are presented as means + standard error of the mean.

RESULTS

Uterine Activity and Time until Delivery

The mean gestational age of animal inoculation with GBS was of 135 days (range, 126-141
days), which did not differ among groups. Prior to GBS inoculation, the uterus was quiescent
inall animals with an average HCA less than 250 mmHgesec/hr. Consistent increases in uterine
contractility occurred a mean of 28.8 £ 6.3 hours after GBS. There was no difference in the
interval between inoculation and onset of contractions among the three groups.

A Kaplan-Meier plot of the gestational length after the onset of contractions until delivery
stratified by treatment group is presented in Figure 1. The average time between the onset of
contractions and delivery was 33.2 + 8.7 hours in monkeys not treated and 81.8 + 28.0 hours
in monkeys treated with AMP alone (p=0.18). Three (75%) of four animals treated with
ampicillin alone delivered within 4 days of treatment. By contrast, a significantly longer mean
interval between onset of contractions and delivery (213 + 50.8 hours) occurred in monkeys
treated with the combination of AMP/DEX/INDO (p=0.005 among groups by one-way
ANOVA,; p=0.02 vs. no treatment; p=0.06 vs. AMP alone by step-wise comparison). Of note,
four (80%) of five animals treated with AMP/DEX/INDO had prolongations in pregnancy of
7 days or greater (range 234-374 hours) after initiation of treatment. Prolongation of pregnancy
was not associated with increased maternal infectious morbidity.

Cytokines and Prostaglandins

Mean amniotic fluid cytokine concentrations before and after infection and therapy in the
different treatment groups are presented in Table I. A representative animal from each group
is shown in Figure 2. Following GBS inoculation, there was a rapid increase in AF
concentrations of IL-1p, TNF-a, IL-6, IL-8, PGE,, and PGF,, compared to pre-infection basal
values, in all animals (p<0.05, Table I). These concentrations remained elevated until delivery
in those animals receiving no treatment. Modest reductions in PGE2 concentrations at the time
of delivery were observed, and may have been related to amnion necrosis and sloughing, as
previously observed in this nonhuman primate model.19 Treatment with AMP alone resulted
in lower post-treatment concentrations of IL-1p TNF-o PGE, and PGF,, compared to post-
infection and pre-treatment values although none of these achieved statistical significance.
Mean IL-6 and IL-8 concentrations post-infection were similar before and after treatment with
AMP. In contrast, AMP/DEX/INDO treatment was associated with significant reductions in
AF concentrations of TNF-o. (p=0.04), IL-6(p=0.04), PGE, (p=0.04), and PGF,,(p=0.04), and
nearly significant reductions in IL-1p (p=0.06) but not in IL-8 concentrations (p=0.68), in a
comparison of peak levels pre-treatment (Table I). In summary, post-infection elevations in
IL-1B, TNF-a, IL-6, PGE,, and PGF,,, persisted despite AMP, and were suppressed only when
DEX/INDO were added to the antibiotic regimen.
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Matrix metalloproteinases

The activity of the 92-kd latent form of MMP-9 increased substantially in AF after GBS
infection and preceded the subsequent appearance of the 83-kd active form as measured by
zymography (Figure 3). This increase persisted and no change was observed following
treatment with ampicillin or immunomodulators. Both latent and active forms of amniotic fluid
MMP-2 activity remained relatively constant following infection and treatment.

GBS cultures of amniotic fluid and fetal tissues

Following inoculation, GBS increased exponentially within amniotic fluid reaching peak
values of 108—109 cfu/ml in untreated animals prior to delivery and in the two treatment groups
prior to administration of antibiotics and/or immunomodulators. Maternal intravenous AMP
administration either alone or in combination with immunomodulators effectively eradicated
(n=6) or substantially reduced AF bacterial counts to levels below 102 cfu (n=3; persistent low
levels of bacteria occurred in 2 animals given AMP alone and in 1 animal given AMP/DEX/
INDO). In the absence of maternal AMP therapy, GBS was uniformly cultured from the blood
and lungs of all (6 of 6) fetuses and from the meninges in 5 of 6 fetuses (83%). In contrast,
maternal AMP treatment effectively eradicated GBS from fetal blood, lungs and meninges in
all 9 animals given AMP with or without DEX/INDO (Table I1).

Histopathology of the amniochorion, fetal lung and brain

As we previously described, experimental GBS infection caused moderate to severe acute
exudative chorioamnionitis characterized by segmental or laminar infiltration of neutrophils
into superficial parietal decidua, extravillous trophoblasts and chorionic connective tissue.19
Decidual cell necrosis was confined to localized areas adjacent to chorionic neutrophilic
infiltration. The amnion epithelium and deeper decidua were generally unaffected. Longer
intervals from inoculation until delivery were associated with more extensive infiltration by
neutrophils in focal areas. AMP treatment alone was associated with little change or an actual
increase in the extent of focal leukocytic infiltration. AMP/DEX/INDO treated animals had a
modest decrease in the severity of leukocytic infiltration and the appearance of coagulative
necrosis within the chorion trophoblast and superficial decidual layers. Coagulative necrosis
refers to specific changes in the cytoplasm (increased eosinophilia) and nucleus (chromatin
clumping) of dead cells prior to their removal by an inflammatory reaction.

GBS infection in fetal lungs was characterized by an acute alveolitis with widely scattered
collections of neutrophils in alveoli and terminal airways but with no evidence of lung
parenchyma damage. AMP/DEX/INDO treatment was associated with a reduction in alveolar
neutrophils which correlated with a decrease in the AF leukocyte counts observed during
eradication of GBS from the amniotic cavity. Histopathological examination of fetal meninges
showed no evidence of inflammation.

COMMENT

Efforts to develop new therapies to prevent and/or delay infection-associated preterm labor
have been unsuccessful to date. Antibiotic treatment trials yield inconsistent results, suggesting
a lack of efficacy.“‘6 Studies in humans do not elucidate the underlying mechanisms for the
success or failure of an antibiotic intervention because the temporal relationships among
bacterial load, inflammatory mediators, and preterm labor are not defined. This limitation was
overcome in this established NHP model for experimental infection, where these relationships
that culminate in preterm birth can be temporally described and the effects of interventions can
be determined.

Am J Obstet Gynecol. Author manuscript; available in PMC 2008 November 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

GRAVETT et al.

Page 6

We previously examined the reasons for failure of antibiotics alone to prevent preterm delivery
in the setting of intraamniotic infection. Our pilot studies in rhesus monkeys indicated that
antibiotic treatment begun before the onset of uterine contractility eliminated GBS in amniotic
fluid and prevented elevations in AF cytokines, prostaglandins and preterm labor.22 We now
provide additional evidence that antibiotic therapy given after the onset of uterine contractions
may eliminate GBS from AF but does not prevent preterm delivery or elevations in AF
cytokines (IL-1p, IL-6, IL-8, TNF-a), prostaglandins, and MMP-9. It is likely that once
bacterial up-regulation of IL-1f3 and TNF-a production reaches a threshold sufficient to initiate
preterm labor, the process is no longer reversible by antibiotics alone. Thus, our data support
a central role of the inflammatory response in triggering preterm labor and suggest that
immunomodulators in combination with antibiotics may be more effective than antibiotics
alone to manage infection-induced preterm labor.

This study is the first to demonstrate in intraamniotic infection that immunomodulators, when
combined with specific antibiotic therapy, effectively delay the onset of preterm labor and
delivery. Our rationale for using INDO and DEX as adjuncts to antibiotic therapy was based
on our previous experimental results where INDO and other immunomodulators inhibited
cytokine-induced preterm uterine contractions and blocked intrauterine prostaglandin
production.15- 16 |NDOIsa potent and nonselective inhibitor of cyclooxygenase (COX) which
readily crosses the placenta and inhibits PG synthesis in both maternal and fetal tissues.18 In
addition to COX inhibition and direct inhibitory effects on voltage-gated calcium channel
currents in myometrial cells, INDO has anti-oxidant and hydroxy| radical scavenging
properties and also functions as a PPARy agonist.zc""25 PPARYy agonists reduce the expression
of cytokines and neuronal damage in cell culture in animal models.23 INDO is one of the few
tocolytic agent that in clinical trials reduces the risk of preterm delivery and low birthweight.
26 Of concern are potential fetal side-effects of INDO such as constriction of the ductus
arteriosis, olizq;)hﬁdramnios, and, infrequently, necrotizing enterocolitis and intracranial
hemorrhage. 28 Clinical experience demonstrates that ductal constriction is infrequent
before 28 weeks of gestation. A recent study indicated that INDO prophylaxis in preterm,
extremely low birthweight infants did not adversely affect outcomes including pulmonary
function, neurosensory impairment, or death at 18 months of age.29

Although COX inhibition is an effective therapeutic approach, a more comprehensive strategy
may be to inhibit the proinflammatory cascade upstream. We previously demonstrated that in
chorioamnionitis, IL-1p and TNF-a are primary triggers of preterm labor.11 Observations in
genetic knock-out mice support the hypothesis that both IL1p and TNF-a. are necessary
effectors for preterm birth.30 Thus, it may be necessary to block the actions of both IL and
TNF to develop an optimal strategy to treat preterm labor. We found that maternal DEX,
together with intraamniotic IL-10 administration, inhibits cytokine-mediated preterm uterine
contractions but only DEX readily crosses the primate pIacentalG, thus providing a clinical
rationale for its use in the current study.

Glucocorticoids inhibit inflammation by negating the activity of transcription factors that
control proinflammatory cytokine production and by promoting anti-inflammatory T-helper
type 2 resgonses that, in turn, increase production of anti-inflammatory cytokines IL-4 and
IL-10.31,32 By inhibiting the fetal hypothalamic-pituitary-adrenal axis, DEX suppresses fetal
placental estrogen biosynthesis, which also contributes to a tocolytic effect.33 The dose we
used in our study is comparable to that proposed for severe preeclampsia HELLP (hemolysis,
elevated liver enzymes, and low platelet count) syndrome and similar to the clinical dose used
for meningitis.:)""’35 The combination of DEX and INDO is potentially synergistic in down-
regulating the pro-inflammatory cascade. It is also pertinent that DEX exerts a protective effect
on potential side-effects of INDO (i.e., intraventricular hemorrhage) and on cytokine-induced
damage to oligodendrocyte precursor cells.36
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Maternal ampicillin (AMP) treatment, with or without DEX/INDO, effectively eradicated GBS
from fetal blood, meninges and lungs in all animals. Histopathology demonstrated no
parenchymal damage to the fetal lungs of treated animals. In fact, fewer neutrophils within the
fetal lungs from the AMP/DEX/INDO group correlated with reduced amniotic fluid neutrophils
(data not shown). Likewise, there was no evidence of meningitis or disruption of the cerebral
white matter of the fetal brain in the immunomodulator treatment group, but further studies
will be necessary to fully delineate the effects of treatment upon fetal brain injury. Animals
treated with AMP/DEX/INDO demonstrated coagulative necrosis in chorion and decidua to a
greater degree than did animals treated with AMP alone. This may reflect the extended duration
in utero of the combined treatment group or to the influence of DEX. Glucocorticoids promote
the uptake of damaged and apoptotic cells during the resolution or “healing” phase of
inflammation3”, consistent with our observed histologic findings. Infection with GBS was
associated with increases in AF MMP-9 92 kD proenzyme and 83 kD enzyme production. This
may contribute to an increased risk of preterm premature rupture of the membranes (PPROM)
frequently seen in the setting of infection, although we did not observe PPROM in study
animals. However, we did not evaluate levels of MMP inhibitors, which may negate the activity
of elevated MMP concentrations.

Our intent was to seek a “proof of concept” combination of anti-microbial and anti-
inflammatory therapy to prevent preterm birth and its consequences. The main strength of our
experimental intra-amniotic infection model is the ability to investigate the discrete effect of
antibiotics alone and in combination with anti-inflammatory treatment on gestational length
and the pro-inflammatory cascade. This model has many similarities to human preterm labor.
However, there are apparent important limitations of our model. First, we induced preterm
labor with GBS, a bacteria very sensitive to AMP. Some Gram-negative or anaerobic bacteria
may be less easily eradicated from the amniotic cavity, fetal blood, or fetal tissues. Second,
antibiotic treatment was probably initiated sooner than is possible in human pregnancy. AMP
was administered upon detection of regular uterine contractions as determined by an intra-
amniotic pressure catheter. Many women are unaware of the early signs of preterm labor and
delay notification of their obstetrician, which may be too late for them to receive the full benefit
from anti-inflammatory treatment. Third, larger studies are necessary to determine the safety
of prolonging pregnancy in the setting of intrauterine infection, even following anti-microbial
treatment. A potentially undesirable consequence of therapy for preterm labor associated with
infection is an increased risk of cerebral white matter lesions from prolonged exposure of the
fetus to inflammatory cytokines in utero. Intrauterine infection is a significant risk factor for
periventricular leukomalacia and cerebral palsy.38 Theoretically, prolonged exposure of the
fetus to bacterial products and/or pro-inflammatory cytokines in utero could increase the risk
of lung injury and white matter damage. This important area needs further detailed study.

At present, preterm labor is viewed as irreversible in the setting of infection and, thus, early
diagnosis and treatment of intra-amniotic infection is not reliable or cost effective. Our data
counter this nihilistic view for two reasons: infection-induced preterm labor in the non-human
primate model was significantly delayed by anti-inflammatory and antibiotic administration;
and recent data suggest that rapid identification of intra-amniotic infection is possible.39 In
our experimental infection model, novel amniotic fluid peptides were identified in the amniotic
fluid by proteomics-based analysis as early as 12 hours after infection.39 A rapid screening
test for these peptides would allow the diagnosis of intra-amniotic infection at an early stage,
when treatment is more likely to be successful.

Ultimately, the combined use of antibiotics, corticosteroids, cyclooxygenase inhibitors, and

perhaps cytokine inhibitors may play an important role in the treatment of infection-associated
labor. In addition, the eradication of intra-amniotic GBS from fetal blood and tissues by AMP
suggests that antibiotics administered to women in preterm labor might benefit the fetus and,
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combined with immunomodulators, could ameliorate fetal lung and brain injury. The
observations reported here need to be confirmed in larger studies and neonatal outcomes
assessed. The study of optimal combined treatment to prevent infection-related or
inflammation-related spontaneous preterm birth should become a research priority.
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Figure 1.

Kaplan-Meier plot of percent remaining pregnant following onset of contractions induced by
experimental GBS intra-amniotic infection stratified by treatment regimen: no treatment (red),
AMP alone (green), and AMP/DEX/INDO (blue). Below each step function for a specific
treatment group, we report the mean interval from onset of uterine contractions-to-delivery +
SEM. Treatment with AMP/DEX/INDO significantly prolonged gestation following GBS-
induced increases in uterine contractility (p=0.004, ANOVA.
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Figure 2.
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Graphs depict serial changes after experimental GBS intra-amniotic infection in uterine

contractility, GBS cfu/ml, pro-inflammatory cytokines, and prostaglandins for single

representative animals in each treatment group: (A) control, (B) AMP alone, and (C) AMP/
DEX/INDO. The x-axis indicates days of gestation. The y-axis represents either GBS cfu/ml
(left), pg/ml (IL-1B, PGEy; right), or mmHgesec/hr (HCA; right). Graphical depictions of the
changing concentrations of GBS cfu/ml (red circles), IL-1p (blue triangles), PGE; (green
squares), and uterine activity (gray bars; HCA) are indicated. Arrows indicate the time of initial
GBS inoculum and administration of a specific treatment.
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Figure 3.

A representative zymogram indicating lack of suppression of either MMP-2 or MMP-9 activity
(latent or active isoforms) in serial amniotic fluid samples during an intra-amniotic infection
with GBS treated with AMP/DEX/INDO. Lanes 1 and 2 represent negative and positive
amniotic fluid pool controls respectively. From left to right, each lane indicates MMP-2 and
MMP-9 activity from progressively increasing experimental time points from a single animal.
Lanes 3—4 are prior to GBS inoculation, lanes 5-6 are after GBS inoculation and prior to
therapy, and lanes 7-8 are after treatment with AMP/DEX/INDO. The inactive (proenzyme)
form of MMP-9 is 92 kDa and the active form is 83 kDa.
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