
Abstract In the amniotic fluid, urinary trypsin inhibitor
(UTI) seems to inhibit polymorphonuclear elastase
(PMNE) activity. The PMNE and UTI concentrations in
normal amniotic fluid at 16–20 and 38–40 gestational
weeks were measured. The PMNE concentration in-
creased significantly at 38–40 weeks, whereas UTI con-
centration decreased significantly. According to concen-
trative relationships between both substances, PMNE
may be activated more at the full term pregnancy. Since
PMNE-induced tissue injury potentially causes degrada-
tion of amniotic collagen, the present result suggests that
the quotient of PMNE and UTI concentrations is a reli-
able index to estimate the occurrence of rupture of the
membranes.
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Introduction

Degradation of amniotic collagen may be caused by the
intrinsic amniotic trypsin derived from fetal meconium
or extrinsic polymorphonuclear elastase (PMNE) re-
leased from the neutrophils. Trypsin concentration in the
amniotic fluid increases at the second trimester, but
shows low values at the third trimester [21]. PMNE con-
centration in the amniotic fluid potentially increases at
the full term pregnancy, because the neutrophils invade
the cervix during this period [8]. Furthermore, higher
PMNE concentration in the amniotic fluid has been re-
ported in parturients with preterm labor than in those
with term labor [22]. α1-protease inhibitor and urinary

trypsin inhibitor (UTI) are physiological substances
which can inhibit these collagenolytic enzymes, of these
the former substance is predominant [19]. Although α1-
protease inhibitor exists abundantly in the blood, its am-
niotic concentration seems to be decreased at the full
term pregnancy [5]. At the last stage of pregnancy, there-
fore, the amniotic UTI may become an alternative inhibi-
tor for the amniotic PMNE activity. In this report, we
measured PMNE and UTI concentrations in the amniotic
fluid as well as in the maternal and neonatal plasma.

Patients and methods

After approval of the Institutional Committee and obtain-
ing informed consent, 7 healthy parturients at 16–20 ge-
stational weeks with normal pregnancy undergoing artifi-
cial abortion or amniocentesis for chromosomal examina-
tion, and 8 healthy parturients at 38–40 gestational weeks
with normal pregnancy, Bishop score 0 and no evidence
of fetal distress undergoing elective cesarean section
were studied.

In the former group at 16–20 gestational weeks, 2 mL
amniotic fluid was collected during artificial abortion or
amniocentesis. Artificial abortion was performed after
thiamylal injection, and amniocentesis was performed
under local anesthesia. Subsequently, 10 mL urine was
collected. In the latter group undergoing cesarean sec-
tion, the anesthesia was performed by spinal anesthesia
in all cases, and 2 mL arterial blood was collected from
the femoral artery after anesthesia, followed by start of
the surgery. At amniotomy during surgery, 2 mL amniot-
ic fluid was collected. Immediately after delivery, 2 mL
of either umbilical venous or arterial blood was collected
from the double clamped segment of the umbilical cord,
and 10 mL urine was collected via the urinary catheter.

Amniotic and blood samples were immediately cen-
trifuged and the supernatant and plasma were obtained.
Amniotic and plasma PMNE were measured by enzyme
immunoassay (15689 PMN Elastase, MERCK Immuno-
assay, Chelles France). Normal plasma range of this as-
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say kit is 21–165 ng/mL. Amniotic, plasma and urinary
UTI were measured by radioimmunoassay (an assay kit
from Sumitomo Kinzoku Bioscience, Tokyo, Japan).
One unit (U) of UTI inhibits 50% activity of 2 µg tryp-
sin. Furthermore, urinary creatinine concentration was
measured and urinary UTI concentration (U/mL) was di-
vided by this creatinine concentration (mg/dL). The re-
vised value (U/mg) obtained was regarded as the system-
ic UTI concentration.

Data are expressed as the mean±SD (range). Statisti-
cal comparison between the groups was made by un-
paired t test. Correlation between the amniotic PMNE
concentration and the maternal arterial, umbilical ve-
nous or arterial plasma PMNE was analyzed by Pear-
son’s correlation coefficient. P<0.05 was considered
significant.

Results

The age and gestational duration of parturients at 16–
20 weeks and 38–40 weeks were 30±4 (26–37) years and
31±5 (22–40) years, and 17±1 (16–20) weeks and 39±1
(38–40) weeks, respectively. There was no significant dif-
ference in age between the groups. 5 parturients at 16–
20 gestational weeks received artificial abortion and others
received amniocentesis for chromosomal examination, all
of which consequently showed normal chromosomes. The
cause of cesarean section was repeated cesarean section in
all cases. No parturients showed any clinical problems dur-
ing and after spinal anesthesia, and their neonates also pre-
sented sufficient Apgar Scores and no clinical problems
since delivery.

The results of PMNE and UTI concentrations in the
amniotic fluid, systemic UTI concentration, and maternal

or umbilical plasma PMNE and UTI concentration are
shown in Table 1. In the amniotic fluid, PMNE concen-
tration increased significantly at 38–40 gestational
weeks, whilst UTI concentration decreased significantly.
The PMNE/UTI ratio in the amniotic fluid increased sig-
nificantly at 38–40 gestational weeks. Systemic UTI
concentration increased significantly at 38–40 gestatio-
nal weeks. The PMNE/UTI ratios in the maternal arteri-
al, umbilical venous and umbilical arterial plasma
showed similar values.

There was no significant correlation between the am-
niotic PMNE concentration and either the maternal
(P=0.6499), umbilical venous (P=0.4154) or arterial
(P=0.9602) plasma PMNE concentration.

Discussion

The UTI is an acid-stable glycoprotein and a physiologi-
cal and multipotential protease inhibitor [7, 17], which
inhibits not only a variety of serine proteases such as
trypsin, α-chymotrypsin, PMNE, plasmin, and cathepsin
G, but also hyaluronidase and collagenase [19, 20]. Fur-
thermore, a protective effect against interleukin-1β and
tumor necrosis factor-β [3], prostaglandin-E2 and uterine
myometrial contraction [4], or endothelin, prostaglandin-
F2α and oxytocin [14] has been reported. The UTI is
produced in the liver and rapidly excreted into urine,
probably from circulating blood via the kidney [7, 17,
23, 24], and its generation is accelerated after the admin-
istration of steroids [1, 6, 7, 23] or in inflammatory dis-
eases, malignant diseases, pregnancy, and postsurgical
states [7, 11, 18]. Since UTI is quickly excreted into the
urine [24], urinary excretion of UTI has been regarded as
the index of systemic UTI concentration, in which the re-

Table 1 Results of polymor-
phonuclear elastase (PMNE)
and urinary trypsin inhibitor
(UTI) concentrations

16–20 gestational weeks 38–40 gestational weeks P value
(n=7) (n=8)

Amniotic fluid
PMNE (ng/mL) 106±40 753±539 0.0076
UTI (U/mL) 31±18 14±10 0.0385
PMNE/UTI (ng/U) 6±6 91±99 0.0409

Systemic UTI 8±15 53±8 0.0029
concentration (U/mg)

Maternal arterial plasma
PMNE (ng/mL) 397±418
UTI (U/mL) 94±44
PMNE/UTI (ng/U) 5±5

Umbilical venous plasma
PMNE (ng/mL) 154±51
UTI (U/mL) 54±29
PMNE/UTI (ng/U) 4±2

Umbilical arterial plasma
PMNE (ng/mL) 174±83
UTI (U/mL) 50±26
PMNE/UTI (ng/U) 5±4

Values are mean±SD. Systemic
UTI concentration is calculated
by dividing urinary UTI con-
centration (U/mL) by urinary
creatinine concentration
(mg/dL)



vised value (U/mg) calculated by dividing urinary UTI
concentration (U/mL) by urinary creatinine concentra-
tion (mg/dL) is commonly used [12, 18], particularly
when causal or short-time urine is sampled. As demon-
strated in this study, systemic UTI concentration was in-
creased at 38–40 gestational weeks, which is consistent
with above report [7]. The UTI has also been detected in
the bile, abdominal fluid, bronchial mucus, cerebrospinal
fluid and amniotic fluid [10, 12, 14, 18, 25]. Regarding
amniotic fluid, Kanayama [14] reported that amniotic
UTI concentrations were 88, 78 and 42 U/mL of a mean
value at 20–29, 30–36 and 37–41 gestational weeks, re-
spectively. Although the tendency for UTI depression as
gestational weeks increase was similar with the present
results, the values reported by Kanayama [14] were
greater than our values. The reason for this may be at-
tributable to a difference in measurement system, in
which he used a competitive enzyme immunoassay and
we used a radioimmunoassay. The disadvantage of this
study was that the populations at 16–20 and 38-40 ge-
stational weeks were different. However, the age and
pregnant course were similar and normal in both groups,
and the chromosomes and neonates were normal and
healthy. Therefore, it would be possible to compare the
amniotic fluid between the groups.

The results obtained from the present study suggest
that the amniotic PMNE concentration increases at the
full term pregnancy, whereas amniotic UTI concentra-
tion decreases, resulting in increase of the PMNE/UTI
ratio. Since 1 U UTI inhibits 174, 17.4 and 1.74 ng
PMNE by 10, 56 and 91%, respectively [9], this
PMNE/UTI ratio of 91 ng/U at 38–40 gestational weeks
may cause acceleration of PMNE activity in the amniot-
ic fluid, if α1-protease inhibitor in the amniotic fluid is
absent. A decrease of α1-protease inhibitor at the full
term pregnancy has been reported [5]. Kanayama and
Terao [13] reported a linear correlation between curvi-
val PMNE concentration and cervical ripening ex-
pressed as Bishop score. Sine the Bishop scores in the
parturients examined in this study showed 0 level, the
amniotic PMNE concentrations might be more in-
creased thereafter, if cesarean section was not per-
formed. Therefore, it would be possible that PMNE in
the amniotic fluid is activated more during spontaneous
delivery period. However, since all of the present partu-
rients showed normal pregnant course, the interaction to
this level may be one of the normal physiological reac-
tions at the full term pregnancy. We speculate further
that spontaneous delivery, in part, is associated with in-
creased amniotic PMNE activity caused by less inhibi-
tory effect of UTI. Although the origin of amniotic UTI
remains unclear, the result that the amniotic UTI con-
centration decreases in spite of increased systemic UTI
concentration at the full term may be explained by a hy-
pothesis that the origin is changed from mother to fetus.
The UTI concentration in neonatal urine is reported to
be greater than in adult urine [14]. However, the amount
of UTI excretion into the amniotic fluid is probably
small. We speculate, therefore, that amniotic UTI con-

centration at the full term pregnancy may be dependent
on the fetal condition, the capacity of UTI excretion into
the amniotic fluid.

Other concentrative relationship between PMNE and
UTI in the maternal and umbilical blood indicated suffi-
cient inhibition against PMNE activity, based on the
ability of UTI for PMNE [9]. In addition, α1-protease in-
hibitor as the main inhibitor for PMNE exists abundantly
in circulating blood, so that the adverse effect of PMNE
in circulating blood can not be expected. Thus, blood
PMNE concentrations may be expected to estimate the
inflammatory condition in the local tissue such as cervix,
membrane or amniotic fluid, although the present results
showed no correlation with the amniotic PMNE concen-
trations. This evidence implies that the blood PMNE
concentration is not sufficient to estimate the condition
of amniotic PMNE. Probably because the origin of
PMNE release could not be attributed only to amniotic
fluid. Dudenhausen et al. [2] proposed that blood PMNE
concentrations above 180 ng/ml potentially cause a pre-
mature rupture of the membrane. The PMNE values ob-
tained from 38–40 weeks parturients were greater than
this value. However, the parturients examined in this
study showed no clinical evidence of membrane infec-
tion. Based on these discussions, the blood PMNE con-
centrations seem not to become a reliable index and the
concentrative relationship between the amniotic PMNE
and UTI may be reliable to estimate the condition of am-
niotic membranes.

Consequently, the present study shows some interest-
ing findings that the quotient of PMNE and UTI concen-
trations in amniotic fluid increases at the full term. Al-
though the increase of PMNE/UTI quotient to some ex-
tents is one of the normal physiological reactions, large
extent of the quotient may be a possible pathogenetic
mechanism for the rupture of the membranes as the result
of PMNE-induced tissue injury. To treat the premature
rupture of the membranes, chorioamnionitis or preterm
labor, antibiotics or β adrenergic agonists have been com-
monly administered [16]. In addition to these treatments,
vaginal suppository of ulinastatin 5000 U (Mochida Phar-
maceutical, Tokyo, Japan), which is identical to UTI and
purified from human urine, has been applied clinically in
Japan [15], although the proposed regimen has not been
established. Based on the present study, the concept of
PMNE/UTI quotient may be helpful to establish an opti-
mal treatment for these inflammatory pregnancies.
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