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therefore suggest that the glycoprotein may exert a protec-
tive role against ominous pregnancy complications linked 
to an increased level of the cytokine, such as abortion sec-
ondary to amniocentesis.  © 2014 S. Karger AG, Basel 

 Introduction 

 Adverse outcomes of pregnancy, such as abortion and 
premature delivery, are a consequence of cytokine imbal-
ance. Therefore, in obstetrics special interest arouse con-
cerning interleukin-6 (IL-6), an activator of acute phase 
responses and a lymphocyte stimulator, that over the 
years has been assigned both pro- and anti-inflammatory 
characteristics  [1, 2] . Indeed, an increased amniotic fluid 
(AF) IL-6 concentration was reported in patients with 
pregnancy loss following second trimester amniocentesis 
 [3] , and the same correlation was subsequently confirmed 
for preterm delivery and fetal growth restriction  [4, 5] , 
thus suggesting that reducing the cytokine level might 
improve the outcome of pregnancy by rebalancing the 
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 Abstract 

  Aim:  To verify the eventual efficacy of lactoferrin (LF), an 
iron-binding glycoprotein, to decrease the amniotic con-
centration of interleukin-6 (IL-6).  Methods:  We prospective-
ly enrolled 60 Caucasian patients at the 16th week of their 
singleton physiological gestation. A vaginal compound 
containing 300 mg of LF was administered randomly 4 or 
12 h prior to amniocentesis, as to obtain 3 groups: A, 20 un-
treated patients; B, 20 treated 4 h before amniocentesis; C, 
20 treated 12 h before amniocentesis.  Results:  A normal 
karyotype was registered in all cases. The comparison of the 
distribution of IL-6 among the 3 groups showed a highly 
significant difference (p = 0.001). The difference between 
mean values of group B and both groups C and A was shown 
to be highly significant (p = 0.006 and p = 0.03, respectively). 
In contrast, there was no significant difference between 
mean values of groups A and C.  Conclusion:  Vaginal LF ad-
ministration decreases amniotic IL-6 concentration. We 
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inflammatory response. In this regard, we have shown 
that ampicillin is able to decrease Il-6 release by WHISH 
cells, a human amnion-derived cell line, as well as the AF 
cytokine concentration in women undergoing second tri-
mester amniocentesis  [6] . In the present study we focused 
on lactoferrin (LF), an 80-kDa iron-binding glycoprotein 
of the transferrin family provided with anti-inflammato-
ry and antimicrobial properties, which is able to decrease 
IL-6 in several experimental conditions  [7] . LF is physi-
ologically present in AF  [8, 9] , and it is frequently admin-
istered to pregnant women for treating iron deficiency 
anemia  [10] .

  Considering the safety of the drug administration dur-
ing pregnancy, its eventual efficacy to decrease AF IL-6 
could represent a useful tool in preventing abortion sec-
ondary to amniocentesis.

  Methods 

 We performed an open-label clinical study enrolling 60 Cauca-
sian pregnant patients undergoing genetic amniocentesis at the 
16th gestational week at the Obstetric Unit of Ferrara University 
from March 2011 to March 2012. The inclusion criteria were: sin-
gleton physiological pregnancy and maternal age as the only indi-
cation to fetal karyotyping. The exclusion criteria were: consump-
tion of drugs interfering with the immune system, previous mis-
carriages, pregnancy at risk for maternal or fetal disease, lactose 
intolerance. The research was in accordance with the ethical prin-
ciples of the Declaration of Helsinki. The Local Ethics Committee 
approved the study design. All pregnant women gave their written 
informed consent. A vaginal compound containing 300 mg of LF 
(Difesan, Progine Farmaceutici, Firenze, Italy) was randomly ad-
ministered to patients 4 or 12 h prior to amniocentesis, in order to 
obtain 3 groups:
  • group A: 20 untreated patients; 
 • group B: 20 patients treated 4 h before amniocentesis; 
 • group C: 20 patients treated 12 h before amniocentesis. 

 A total amount of 20 ml AF was withdrawn for karyotype anal-
ysis, microbiological culture, α-fetoprotein (18 ml) and IL-6 assay 
(2 ml). 

  Our protocol entails using 22-gauge needles provided with a 
24-gauge tip, in order to reduce the diameter of the hole in the am-
niotic membrane and the consequent risk of AF leakage.

  A questionnaire was administered to the patients, in order to 
check for any complication (vaginal bleeding, uterine contraction, 
rupture of the membranes) within 7 days following the procedure. 

  Immunoassay for IL-6 in AF Specimens 
 Fresh AF specimens (2 ml) were centrifuged at 3,000  g , 4   °   C for 

10 min. The proinflammatory cytokine IL-6 was measured and 
quantified in the AF supernatants (100 μl), aliquoted and stored at 
–70   °   C until analysis, by an enzyme-linked immunoabsorbent as-
say using a Quantikine Elisa Human IL-6 Kit (R & R Systems, Min-
neapolis, Minn., USA), according to the manufacturer’s instruc-
tions. For all assays, full or diluted (1:   10 to 1:   100) AF samples (test-

ed in duplicates) were done to fall within the range of the standard 
curves as previously described  [11] . The interassay and intra-assay 
coefficients of variation were <10% for all the analytes. The lower 
detection limit for human IL-6 was 3.12 pg/ml. A zero value was 
assigned to samples below these limits.

  Statistical Analysis 
 Data were analyzed using SPSS, version 20.0 (SPSS Inc., Chi-

cago, Ill., USA). Nonparametric analysis by the Kruskal-Wallis test 
was considered appropriate for the sample size. The Behrens-Fish-
er test was used to verify the difference among mean IL-6 values in 
the 3 groups. Differences with p < 0.05 were considered statisti-
cally significant. 

  Results 

 The mean maternal age in the whole study population 
was 37.5 ± 2.1 years (minimum 35, maximum 42). This 
parameter was not different among the 3 groups (p = 0.5) 
and distributed as follows: 37.8 (±2.4), 37.7 (±2.3) and 
37.1 (±2.1) years, respectively, for groups A, B and C.

  A normal karyotype was registered in all cases. The AF 
microbiological cultures were negative in all the samples. 
No complication (vaginal bleeding, uterine contractions 
and ruptured membranes) was registered within 7 days 
after amniocentesis. The course of pregnancy was normal 
in all patients, ending in spontaneous delivery at term. 

  The comparison of the distribution of the IL-6 values 
among the 3 groups showed a highly significant differ-
ence (p = 0.001). Significance was further confirmed by 
the Behrens-Fisher test. In particular, the IL-6 group B 
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  Fig. 1.  Graphical representation (box-and-whiskers plot) of the 
distribution of IL-6 among the 3 groups. 
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mean value was shown to be significantly lower compared 
with those of the other two groups, with a significance of 
p = 0.006 and p = 0.03 compared with groups C and A, 
respectively. In contrast, there was no significant differ-
ence between group A and group C IL-6 mean values ( ta-
ble 1 ).

  These differences are graphically represented in  figure 
1 , where value distribution shows a particularly narrow 
box-and-whiskers plot width in group B compared with 
the other two. 

  Discussion 

 It is well known that some of the cytokines involved in 
the inflammatory response also regulate implantation 
and labor. Indeed, an inflammatory microenvironment 
appears to be required for adequate tissue remodeling 
during the early phase of physiological pregnancy  [12] . In 
contrast, the second trimester, along with a large part of 
the third, is characterized by the prevalence of anti-in-
flammatory signals. Again the scale plate hangs down to-
wards an inflammatory pattern near term, for inducing 
uterine contractions and cervical dilatation  [13] . There-
fore, it can be argued that cytokines and prostanoids are 
not inflammatory by themselves, as in normal conditions 
such compounds do regulate important physiological 
functions. It is rather their imbalance that triggers inflam-
mation  [14] . Ominous complications of the second and 
third trimesters are related to an increased level of cyto-
kines able to induce prostanoid release, thus triggering 
uterine contraction and impairing uteroplacental blood 
flow. Either abortion or premature delivery has been re-

lated to increased inflammatory and decreased anti-in-
flammatory cytokines. Such changes are frequently as-
cribed to bacterial mediation  [15, 16]  ,  but an increased 
IL-6 concentration in the fetal compartment (AF and fe-
tal blood) plays itself a relevant role even in the absence 
of any evidence of infection  [17] ; accordingly, it has been 
shown to predict abortion secondary to amniocentesis 
 [3]  .  The mechanism by which the cytokine is able to di-
rectly trigger uterine contractions appears to be the acti-
vation of the arachidonic acid cascade, with consequent 
production of prostaglandin E 2   [18–20]  .  As for possible 
causes other than infection for an increased release of cy-
tokines able to trigger gestational inflammation, it has 
been shown that genetic proinflammatory cytokine poly-
morphisms are associated with a higher risk of preterm 
birth  [21–24]  .  Whatever the cause, IL-6 elevation cannot 
be considered to be a benign state  [25] , suggesting a search 
for suitable therapies aimed at reducing its concentration, 
in order to prevent dangerous prostaglandin release. Ac-
cordingly, anticytokine therapy has recently been sug-
gested for preterm labor as well  [26] . As mentioned above, 
ampicillin is able to directly inhibit amniotic IL-6 release 
both in vitro and in women undergoing genetic amnio-
centesis  [6] . Furthermore, the drug significantly decreas-
es basal as well as stimulated prostaglandin E 2  release 
from amnion tissue  [27]  while other classes of antibiotics 
not only lack this ability, but also impair that of ampicillin 
when administered together  [28] . Based on the evidence 
above, and considering that the 1.4% abortion rate fol-
lowing amniocentesis  [29]  might at least in part derive 
from a preexistent inflammatory gestational condition 
(whether or not related to infection), we felt it was justi-
fied to administer ampicillin to all women undergoing 
invasive prenatal diagnostic procedures. We started this 
strategy many years ago, and our total abortion rate for 
genetic amniocentesis is 0.3%, i.e. below the natural inci-
dence observed between 16 and 24 weeks. Other authors 
suggest a different approach for preventing abortion sec-
ondary to amniocentesis  [30] . Indeed, considering that 
the intrauterine environment might not be sterile, they 
tested the capacity of a macrolide antibiotic in reducing 
the abortion rate following the procedure. Their study is 
quite remarkable due to the extremely high number of 
cases, although it raises concern as regards some of the 
data. For instance, in spite of quoting a 1.08 natural abor-
tion rate  [31]  following amniocentesis, the authors re-
ported only a 0.28% incidence in the control group, com-
pared with 0.03% in treated patients. In other words, it 
appears that, in their hands, the invasive procedure in it-
self was provided with a protective efficacy against preg-

 Table 1.  Post hoc control by Behrens-Fisher test to compare IL-6 
values among the 3 groups

Group IL-6 value, pg/ml 95% confidence 
interval

p value

A vs. B 1,084.1 (±1,458.3)
vs.

242.3 (±163.5)

81.8 to 1,601.8 0.03

A vs. C 1,084.1 (±1,458.3)
vs.
1,315.7 (± 1,472.2)

–991.6 to 528.3 0.5

B vs. C 242.3 (±163.5)
vs.
1,315.7 (±1,472.2)

–1,833.4 to –313.5 0.006
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nancy loss, a quality hard to recognize even for highly 
skilled operators! Apart from such a questionable datum, 
further doubts arise from considering that, although 
macrolides provide protection against sensitive germs, 
they are not only unable to directly decrease amniotic 
prostaglandin release, but also their addition completely 
abolishes this capability of ampicillin  [28]  .  Therefore, giv-
en the dual action of ampicillin against IL-6 and prosta-
glandin E 2 , along with the broad spectrum bactericide ef-
ficacy, one wonders why the large trial mentioned above 
tested a macrolide instead!

  However, waiting for the question to be answered, it 
seems also appropriate to search for less harmful drugs 
compared to antibiotics, provided with the same protec-
tive efficacy, along with a decreased risk of side effects. 
This was the purpose of the present study, testing the ef-
ficacy of vaginal administration of LF in decreasing the 
amniotic concentration of IL-6 in women undergoing ge-
netic amniocentesis.

  LF is a major component of the mammalian innate im-
mune system. Its protective effects range from direct an-
timicrobial activities against a large panel of microorgan-
isms, including bacteria, viruses, fungi and parasites, to 
anti-inflammatory and anticancer action. These activities 
rely upon LF capable of binding iron as well as the protein 
interactions with molecular and cellular components of 
both host and pathogens  [32, 33] . Interestingly,  endog-
enous AF LF normally increases after 31 weeks of gesta-
tion. However, levels above 2.5 μg/ml before this gesta-
tional age are considered highly suggestive of intra-amni-
otic infections  [34, 35] , thus indicating that endogenous 
LF release represents a natural protective response of the 
organism.

  Moreover, the exogenous bovine form, administered 
for treating iron deficiency anemia, has been reported to 
decrease IL-6 concentration in the maternal serum  [7] .

  With the aim to counteract the inflammatory cascade 
triggered by the tissue lesion that an invasive diagnostic 
procedure produces even in expert hands, in the present 
study we tested the efficacy of exogenous LF, administered 
throughout the vaginal route to decrease the amniotic lev-
el of IL-6 in patients undergoing genetic amniocentesis. 
Our data show that 300 mg of the compound significantly 
reduce the cytokine concentration as early as 4 h after ad-
ministration. However, no significant difference is found 
between mean IL-6 values after 12 h and those of the con-
trols. Such a behavior is probably due to the short half-life 
of LF, and it represents a further expression of the effec-
tiveness of the drug. Indeed, besides a short resistance to 
peptic degradation (about 17 min), oral LF shows a very 

short half-life (about 8 min) and a poor bioavailability 
 [36] . It is noteworthy that along with the decrease in the 
values, their distribution becomes particularly narrow 4 h 
after LF administration, to widen and increase again with 
time, due to the short half-life of the drug. Therefore, the 
opportunity of several daily doses may be suggested in or-
der to maintain a low level of the cytokine.

  We consider such an action an interesting finding for 
a compound that is also a natural component of the hu-
man body, although we are aware that our study popula-
tion was restricted to cases with a normal pregnancy. 
Whether or not the same result could be obtained in pa-
tients with inflammatory syndrome remains to be ascer-
tained. On the other hand, we know that even the most 
experienced operator is unable to avoid the risk of abor-
tion produced by tissue damage derived from invasive 
prenatal diagnosis. Evidence reported in the literature in-
dicates that such a risk is likely of an inflammatory nature, 
and therefore it must be prevented by the administration 
of anti-inflammatory drugs. In this respect, besides am-
picillin and cephalosporin that represent the best antibi-
otic choice, transvaginal LF could be a good alternative. 
In this regard, it will be necessary to ascertain whether, in 
addition to inhibiting amniotic IL-6 release, the com-
pound also reduces prostaglandin E 2  synthesis, thereby 
enhancing its effectiveness against abortion. If so, it would 
seem more appropriate to entrust the task of a general 
anti-inflammatory action to the natural compound, re-
serving the antibiotic for cases of infection.

  In conclusion, in patients undergoing genetic amnio-
centesis, the capacity of transvaginal LF to decrease am-
niotic IL-6 levels may represent a useful tool against the 
increased risk of abortion that the procedure entails.
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