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Effects of sildenafil citrate and etanercept
treatment on TNF-a levels in peripheral blood
of women with recurrent miscarriage

Wptyw terapii cytrynianem sildenafilu lub etanerceptem na poziom TNF-a
w krwi obwodowej kobiet z nawracajgcymi poronieniami
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Abstract

Objectives: The aim of the study was to determine serum concentrations of a proinflammatory cytokine, tumor ne-
crosis factor-alpha (TNF-a.), in patients with recurrent abortions undergoing treatment with sildenafil or etanercept.

Material and methods: Serum TNF-a. concentrations were determined for 24 patients with recurrent miscar-
riages (aged 32.7+4.64 years) deemed eligible for sildenafil therapy, and 7 patients treated with etanercept (aged
37.65+5.45 years). Measurements were performed before and after therapy. The control group included 10 healthy
women (aged 33.3+5.49 years), who gave birth at least once without pregnancy-related complications. The levels
of serum TNF-a. were measured by Elisa.

Results: Patients treated with etanercept had significantly elevated levels of TNF-a before therapy as compared to
the control group (41.4+28.4 vs. 16.6+7.2 pg/ml). Moreover, we found a tendency for the concentration of TNF-a. to
increase in sera of patients treated with sildenafil after therapy completion (19+29 vs. 15.4+26.7 pg/ml). Treatment
with etanercept resulted in a significant reduction of serum TNF-a levels ( 41.4+28.4 vs. 25.4+3.2 pg/mi).

Conclusions: Therapy of recurrent abortions with anti-TNF-o. drugs appears to be encouraging. Administration of
blockers of phosphodiesterase type 5 or TNF-o. blockers before conception seems to be a promising future therapy
of immune-dependent recurrent miscarriages, limiting the teratogenic influence of the drugs on the fetus.
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Streszczenie

Cel pracy: Celem pracy byto oznaczenie stezenie cytokiny pozapalnej — czynnika martwicy nowotworow (TNF-a),
w surowicy pacjentek z nawracajgcymi poronieniami poddanych terapii cytrynianem sildenafilu lub etanerceptem.

Materiat i metody: Do badarn i terapii zakwalifikowano pacjentki, u ktorych wczesniej wykluczono inne przyczyny
poronien niz immunologiczne tj.: anatomiczne, genetyczne, hormonalne czy mikrobiologiczne. U 24 pacjentek
w wieku 32,7 +4,64 lat objetych terapig cytrynianem sildenafilu, jak rowniez u 7 pacjentek w wieku 37,65 +5,45
Z podwyzszong aktywnoscig komorek NK poddanych terapii etanerceptem oznaczono stezenie TNF-a. w surowicy
krwi. Leki podawano na 3-5 dni przed planowanym poczeciem by wykluczy¢ ich mozliwy teratogenny wptyw.
W obu grupach badania przeprowadzono przed i po zastosowaniu leku. Grupe kontrolng stanowito 10 zdrowych
Kkobiet, ktdre przynajmniej raz rodzify bez komplikacji w czasie ciazy. Srednia wieku kobiet grupy kontrolnej to 33,3
+5,49 lat. Poziom TNF-a. w surowicy krwi oznaczano testem Elisa.

Wyniki: Pacjentki z grupy leczonej etanerceptem miaty istotnie podwyzszony poziom TNF-o. przed terapig
w porownaniu do grupy kontrolnej (41,4 +28,4 vs 16,6 +7,2 pg/ml). W grupie pacjentek leczonych sildenafilem
stwierdzono tendencje do wzrostu stezenia TNF-a. w surowicy po terapii (19 +15,4 vs 29 +26,7 pg/mi).
Leczenie etanerceptem skutkowato istotnym obnizeniem poziomu TNF-o. w surowicy pacjentek (41,4 +28,4 vs
25,4 +13,2 pg/mi).

Whioski: Terapia anty-TNF-o. wydaje sie byc obiecujgca w leczeniu nawracajgcych poronieri o podfozu
immunologicznym. Podawanie przed poczeciem blokerow fosfodiesterazy typu 5 lub blokerow TNF-a. wydaje sie
byc¢ ciekawa i przysztosciowg metoda terapii nawracajgcych poronien, prawdopodobnie ograniczajgcg teratogenny

wptyw lekéw na ptdd.

Stowa kluczowe: TNF-a -czynnik martwicy nowowtworow / cytrynian sildenafilu
etanercept / komoérki NK / fosfodiesteraza typu 5 / nawracajace poronienia

Introduction

Sildenafil citrate inhibits the activity of phosphodiesterase
type 5 (PDES), thus preventing degradation of cyclic guanosine
monophosphate (cGMP). PDES is found in particularly high
concentrations in the corpus cavernosum, the erectile tissue of
the penis. It is also found in the retina and vascular endothelium.
The drug is a specific inhibitor of PDES. Its molecule contains
a structural motif of piperazine and its nucleoside analogue of
the heterocyclic base-guanine-1H-pyrazolo [4,3-d] pyrimidine
[1]. Sildenafil has a similar geometric shape as cGMP, which is
a common regulator of ion channel conductance, glycogenolysis,
and cellular apoptosis. It also relaxes smooth muscle tissues.
In blood vessels, relaxation of vascular smooth muscles
leads to vasodilation and increased blood flow [2, 3]. Vaginal
administration of sildenafil was successfully used to improve
uterine blood flow [4].

Pulmonary arterial hypertension (PAH) is the most common
disease where sildenafil therapy is continued during pregnancy.
The physiological changes which occur during pregnancy
and delivery can cause immediate death in patients with PAH.
Maternal mortality is estimated at 30-56%. Patients who decided
to continue their pregnancy, subjected to oral therapy with
sildenafil, gave birth normally and their blood pressure stabilized
[3]. The results obtained by Sher et al., in 2000 and 2002, showed
that sildenafil improved blood flow in the uterine arteries and
increased endometrial thickness in patients with spontaneous
recurrent miscarriage and after in vitro fertilization (IVF) [4,5,6].

Zinger observed sufficient growth of the endometrium
for embryo implantation and development after intravaginal
administration of sildenafil to 2 patients with Asherman’s
syndrome (secondary infertility after previous surgical removal
of the endometrium) [7].

Previous studies on the influence of sildenafil on the fetus were
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performed on mice and rats [8,9,10], and showed no teratogenic
effects of the drug on the fetus. Rat fetuses had increased weight
after administration of sildenafil [9,10]. Sildenafil administration
during pregnancy in women with PAH did not adversely
affect the survival of the fetus [11, 12]. Some studies showed
that sildenafil significantly improves blood flow in the uterus,
resulting in increased endometrial thickness [13]. The quality of
the endometrium is an important factor in achieving successful
implantation [15].The first study on the influence of sildenafil on
the immune system of women with recurrent miscarriage was
performed by El-Far et al. These authors described the effect of
sildenafil on oxidative stress and a decrease in the level of TNF-a
and the number of NKT cells (CD3* CD56* CD161%) in women
with recurrent pregnancy loss (RPL) [16]. Our previous studies
have shown that sildenafil also reduces the activity of NK cells
in peripheral blood in patients with RPL after natural conception
or after in vitro fertilization [17]. On the other hand, sildenafil
is known to enhance the activity of nitric oxide, which induces
proinflammatory cytokines, including TNF-a. TNF-a is a potent
activator of NK cells [18]. Therefore, we decided to examine the
before and after therapy serum levels of TNF-a in patients treated
with sildenafil.

We also investigated the effect of another drug, etanercept,
on the level of TNF-a in sera of women with RPL. Etanercept
(Enbrel) is a TNF-o antagonist used in treating autoimmune
diseases such as rheumatoid arthritis, juvenile rheumatoid and
psoriatic arthritis, plaque psoriasis, and ankylosing spondylitis.
Etanercept is a fusion protein composed of TNF receptor 2 and the
constant end of the IgG1 antibody [19]. Etanercept and sildenafil
should have opposite effects on the production of TNF-a.

The aim of the study was to investigate the influence of
sildenafil and etanercept on the level of TNF-a in women with
recurrent miscarriage.
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Material

Sildenafil citrate group

The study included 24 patients (aged 32.7+4.64 years)
with RM treated with sildenafil citrate. Serum concentrations of
TNF-o were determined before and after drug administration. All
assays were performed at least 6 months after the last miscarriage
and administration of drugs other than sildenafil. According to
the WHO, recurrent miscarriage is defined as three or more con-
secutive pregnancy losses before 20 weeks of pregnancy with the
same partner. Factors other than immunological, including genet-
ic, anatomical, hormonal, and microbiological were excluded be-
fore qualifying for the study group. In all cases, complete medical
history, surgical and social data were collected. All couples had
peripheral blood chromosome assessment.

Intravaginal pessaries were prepared by the local hospital
pharmacy at WIM from the oral tablets (Viagra — Pfizer). Patients
were administered sildenafil intravaginally at the dose of 25 mg,
4x/day for 3-6 days, in most cases from day 5 to 7 of the menstru-
al cycle (the proliferative phase). Patients with a small increase
in endometrial thickness applied sildenafil for 6 days. The level
of TNF-a was measured after at least 14 days (luteal phase of the
menstrual cycle).

Etanercept group

Serum concentrations of TNF-a before and after therapy
were determined in 7 patients (aged 37.65+5.45 years) with in-
creased NK cell activity enrolled for etanercept therapy. Assays
were carried out at least 6 months after the last miscarriage and
administration of drugs other than etanercept. Women received 4
doses (25 mg) of etanercept, 2x/week prior to conception in the
proliferative phase. The study was conducted in the luteal phase
of the menstrual cycle.

Control group

The control group consisted of 10 healthy women who
gave birth at least once, without any complications during preg-
nancy. Average patient age in the study and the control groups
was very similar (control group 33.3+£5.49 years). We did not
determine the level of TNF-a after administration of sildenafil
or etanercept in multiparous women, because there was no ap-
proval of the Bioethics Committee for performing such assays.
Each subject knowingly signed the consent to participate in the
study according to the protocol approved by the Bioethics Com-
mittee of the Military Medical Institute in Warsaw. The study
was conducted with the approval of the Bioethics Committee No:
67/2003 Military Medical Chamber and No. 70/2006 Military
Medical Institute.

Methods

In order to determine the concentration of TNF-a in the

study and the control groups, blood samples were collected to
collection tubes. Then, blood was centrifuged for 20 min. at 550g
and sera were collected and stored at -20°C or -75°C.
The concentration of TNF-o. was measured by Elisa (“OptEIA”
kit, Becton Dickinson), according to the manufacturer’s instruc-
tions using Elisa microplate reader (Ledetect 96) at a wavelength
of 450 nm.
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Figure 1. Serum concentration of TNF-a before and after sildenafil therapy (VAR1
vs.VAR2).
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Figure 2. Serum concentration of TNF-c. before and after etanercept therapy
(VAR3 vs. VAR4).

Statistical analysis

Statistical analysis of the results obtained within individ-
ual groups was performed by non-parametric test of Wilcoxon
matched pairs. Differences between the groups were determined
by the Mann -Whitney test. The p value of <0.05 was considered
statistically significant. Statistica 9 (StatSoft) software was ap-
plied for statistical analysis.

Results

The level of TNF-a in sera of women with RM was higher
than in the control group. We found particularly high concentra-
tions of TNF-a in sera of women qualified for treatment with
etanercept as compared to controls (Table I). Patients treated with
sildenafil had higher level of TNF-a after therapy than before ad-
ministration of the drug. Often, the level of the cytokine was 3-4-
fold higher after therapy (Figure 1). Treatment with etanercept, a
TNF-a antagonist, resulted in a statistically significant decrease
in the level of this cytokine (Table I, Figure 2). However, mean
level of TNF-a after treatment was still higher as compared to
controls.
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Table I. Concentration of TNF-c in sera of the control group vs. concentration of TNF-c in sera of patient from the group qualified for sildenafil therapy-2 or etanercept
therapy-3, 2'- concentration of TNF-c. after sildenafil therapy, 3'-concentration of TNF-o. after etanercept therapy (*p<0.05, min-minimum value, max.-maximum value,

SD-standard deviation, 1-3 quartile).

Serum TNF-a concentration (pg/ml)
group | Number of patients | Min. Max. 1 quartile 3 quartile median mean SD
1 n=10 6.2 31.2 9.85 19.8 17.5 16.6 7.2
2 n=24 25 85.6 13 19.83 17.7 19 15.4
2 n=24 6.8 108 15.5 315 19.3 29 26.7
3 n=7 6.75 83 9.22 57 42 41.4* 28.4
3 n=7 7.7 45.8 11.07 33.85 26.4 25.4 13.2

Discussion

Sildenafil citrate is a phosphodiesterase type 5 inhibitor
which augments the vasodilatory effects of nitric oxide (NO) by
preventing the degradation of cGMP.

Constant and smooth blood flow in the uterine arteries can
be achieved by administration of drugs which increase the level
of NO [20]. Endometrium growth depends on the uterine artery
blood flow [6, 10, 15]. The growth of the endometrium in the
proliferative phase is important for the implantation of the em-
bryo [4, 5]. Drugs which block the activity of TNF-a are consid-
ered as an alternative treatment for recurrent miscarriage [21]. So
far, there has been no evidence of embryotoxic effects of TNF-a
antagonists. Data on the safety of using these drugs in pregnant
women is limited. Some reports suggest that TNF-o blockers may
increase the risk of VACTERL syndrome (V — vertebral anoma-
lies, A — anal atresia, C — congenital heart defects, T — tracheos-
tomy esophageal fistula, E — esophageal atresia, R — renal abnor-
malities or radial dysplasia, L — limb abnormalities) [21, 22, 23].

The largest database containing data on the use of etanercept
during pregnancy was created by the Organization of Teratology
Information Specialists (OTIS). In recent reports by OTIS, no
statistically significant effects of etanercept therapy on the de-
velopment of malformations and deformations of the fetus were
mentioned. Studies were performed on female patients with
rheumatoid diseases during the first trimester of pregnancy. Re-
cent FDA guidelines suggest that etanercept therapy should be
avoided at the time of conception in women with rheumatoid
arthritis [25]. So far, individual applications of etanercept have
been reported during pregnancy in patients suffering from anky-
losing spondylitis or rheumatoid arthritis [23]. Premature births
and reduced birth weight were observed after administration of
etanercept (25 mg every 14 days or 25 mg/week). In breastfeed-
ing mothers taking etanercept, the drug level is negligible (below
<4ng/ml) in breast milk [13].

The mode of administration of etanercept or sildenafil in our
study excluded direct effects of these drugs on the fetus as drugs
were taken prior to conception by each patient. In both treatment
groups we observed a decrease in NK cell activity [16, 17].

In our study, the use of etanercept before conception proved
to be safe for both, mothers and their offspring. Etanercept ef-
fectively reduced the level of TNF-a in sera of RPL patients. In
contrast, sildenafil increased the concentration of TNF-a, how-
ever, the level achieved after therapy was similar to the level of
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this cytokine after etanercept therapy. El-Far et al., in their study
performed on 4 RM patients, obtained opposite results. These au-
thors found that sildenafil reduced the level of TNF-a in sera and
the percentage of NKT cells [16]. This discrepancy could be ex-
plained by differences in treatment protocol. Patients in the study
group of El-Far and colleagues applied 25mg of sildenafil 4x/day
but for 24 days. It is possible that a sildenafil therapy longer than
6 days results in a decrease of TNF-a in peripheral blood of pa-
tients due to sildenafil regulatory effects. Margonis et al., showed
in their study performed on animal model of colitis that sildenafil
decreased the level of TNF-a in homogenized tissue but the level
did not decrease to the level of the control group [32].

In our study, etanercept abrogated the level of TNF-a but still
it was higher than in the control group and similar to the mean
level obtained after sildenafil treatment. Moreover, all patients
within six months after sildenafil administration conceived and
deliver healthy children (data not shown).

A comprehensive paper on the impact of sildenafil on the
immune system was published in 2013 [27]. That study was per-
formed on a mouse model. It has been shown that sildenafil acts
differently on immune cells of females and males [27]. It is be-
lieved that sildenafil has different mode of action in experimental
animals and humans. Single use of sildenafil during pregnancy
was reported in cases of pulmonary hypertension, which is a fatal
disease. Administration of sildenafil in these cases was beneficial
to both, the mother and the child. It did not cause damage to the
fetus. In fact, the weight gain was higher, sildenafil prevented
fetal resorption, and it normalized blood pressure in the uterine
arteries [12, 28].

TNF-a during pregnancy can be secreted by decidualized
NK cells and also by trophoblast cells. During normal pregnancy,
NK cells (CD56"-) after contact with trophoblast cells do not
produce TNF-a [29, 30]. In our studies, sildenafil decreased NK
cell activity in women with RPL (the results were reported in
[15]), but it has the tendency to increase serum level of TNF-a
in patients.

The presence of TNF-a in the endometrium in early preg-
nancy has a positive impact on its outcome. TNF-a stimulates
angiogenesis, is involved in the elimination of activated lympho-
cytes expressing the Fas receptor, and enhances the expression of
Fas [28]. Toder et al., reported anti-apoptotic activity and regula-
tion of cell proliferation by TNF-a during pregnancy [30]. During
the first trimester of pregnancy, mRNA for TNF-a is detected in
cytotrophoblast, as well as in syncytiotrophoblast villi [30].
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The majority of authors described negative effects of TNF-a
on the pregnancy outcome, i.e. hindering implantation, inhibition
of remodeling of spiral arteries, and induction of Thl cytokines
which causes fetal resorption [18, 31].

In our study, therapy of recurrent miscarriage with sildenafil
or etanercept had opposite effects on serum level of TNF-a in
patients. Interestingly, both drugs were effective in the treatment
of RM (data shown in [15, 17, 26]).

Maintenance of pregnancy requires complex interactions
between different populations of immune cells. Further studies
are needed to explain mechanisms of action of these drugs on
immune cells and cytokines involved in pregnancy maintenance.

Acknowledgments
This study was supported by grants no.: N407 246634 from Ministry
of Science and Higher Education and POSE 07926 from National
Research Committee of Poland.

Oswiadczenie autorow:

1. Monika Ohams — zebranie materiatu, analiza statystyczna wynikéw,
przygotowanie manuskryptu i piSmiennictwa — autor zgtaszajgcy i
odpowiedzialny za manuskrypt.

2. Matgorzata Jerzak - zebranie materiatu, analiza statystyczna wynikow,
przygotowanie manuskryptu.

3. Andrzej Gorski — korekta pracy, kierownik jednostki, w ktorej zostaty
wykonane badania.

Zrodto finansowania:
projekt byt finansowany z grantéw: Ministerstwa nauki i Szkolnictwa
Wyzszego nr N407 246624 i KBN PO5E 07926.

Konflikt interesow:
Autorzy nie zgtaszajg konfliktu intereséw oraz nie otrzymali zadnego
wynagrodzenia zwigzanego z powstawaniem pracy.

References

1. http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=11528698 ~ PubChem  Public
Chemical Database. Sildenafil

2. Boolell M, Allen MJ, Ballard SA [et al.]. Sildenafil: an orally active type 5 cyclic GMP-specific
phosphodiesterase inhibitor for the treatment of penile erectile dysfunction. Int J Impot Res.
1996, 8 (2), 47-52.

3. Hsu CH, Gomberg-Maitiand M, Glassner C, Chen JH. The management of pregnancy and

pregnancy-related medical conditions in pulmonary arterial hypertension patients. Int J Clin
Pract Suppl. 2011, 172), 6-14.

4. Sher G, Fisch JD. Effect of vaginal sildenafil on the outcome of in vitro fertilization (IVF) after
multiple IVF failures attributed to poor endometrial development. Fertil Steril. 2002, 78 (5), 1073-
1076.

5. Sher G, Fisch JD. Vaginal sildenafil (Viagra): a preliminary report of a novel method to improve
uterine artery blood flow and endometrial development in patients undergoing IVF. Hum Reprod.
2000, 15 (4), 806-809

6. Paulus WE, Strehler E, Zhang M, [et al]. Benefit of vaginal sildenafil citrate in assisted
reproduction therapy. Fertil Steril. 2002, 77 (4), 846-847.

7. Zinger M, Liu JH, Thomas MA. Successful use of vaginal sildenafi citrate in two infertility
patients with Asherman’s syndrome. J Women's Health (Larchmt). 2006, 15 (4), 442-444.

8. Glenn DRJ, McClure N, Cosby L, [et al.]. Sildenafil citrate (Viagra) impairs fertilization and early
embryo development in mice. Fertil Steril. 2009, 91 (3), 893-896.

9. Herraiz S, Pellicer B, Serra V, [et al.]. Sildenafil citrate improves perinatal outcome in fetuses from
pre-eclamptic rats. BJOG. 2012, 119 (11), 1394-402.

524

20.

21,

22,

23.

24,

25,

26.

27.

28.

29,

30.

31.

32.

© Polskie Towarzystwo Ginekologiczne

Villanueva-Garcia D, Mota-Rojas D, Hernandez-Gonzalez R, [et al.]. A systematic review of
experimental and clinical studies of sildenafil citrate for intrauterine growth restriction and pre-
term labour. J Obstet Gynecol. 2007, 27 (3), 255-259.

. Terek D, Kayikcioglu M, Kultursay H, [et al.]. Pulmonary arterial hypertension and pregnancy. J

Res Med Sci. 2013, 18 (1), 73-76.

Duarte AG, Thomas S, Safdar Z, [et al.]. Management of pulmonary arterial hypertension during
pregnancy: a retrospective, multicenter experience. Chest. 2013, 143 (5), 1330-1336.

Berthelsen BG, Fjeldsee-Nielsen H, Nielsen ChT, [et al.]. First study to consider the effect of
Viagra (sildenafil) during pregnancy affected by hypertension. Oxf J Med Rheumatol 2005, 49
(11), 2225-2227.

Downing JW, Baysinger CL, Johnson RF, Paschall RL. Reversed umbilical arterial end diastolic
flow, sildenafil treatment and early stillbirths. BJOG. 2012, 119 (4), 509.

Jerzak M, Kniotek M, Mrozek J. Sildenafil citrate decreased natural killer cell activity and
enhanced chance of successful pregnancy in women with history of recurrent miscarriage. Fertil
Steril. 2008, 90 (5),1848-1853.

El-Far M, E-Motwally Ael-G, Hashem IA, Bakry N. Biochemical role on intravaginal sildenafil
citrate as a novel antiabortive agent in unexplained recurrent spontaneous miscarriage: first
clinical study of four case reports from Egypt. Clin Chem Lab Med. 2009, 47 (11), 1433-1438.

Jerzak M, Niemiec T, Nowakowska A, [et al.]. First successful pregnancy after addition of
enoxaparin to sildenafil and etanercept immunotherapy in woman with fifteen failed IVF cycles
- case report. Am J Reprod. Immunol. 2010, 64 (2), 93-96.

Haider S, Kndfler M. Human Tumour Necrosis Factor: Physiological and Pathological Roles in
Placenta and Endometrium. Placenta. 2009, 30 (2), 111-123.

Thaher F, Plankenhorn S, Klein R. Differential effects of the tumor necrosis factor alpha-blocker
infliximab and etanercept on immunocompetent cells in vitro. Int Immunopharmacol. 2011, 11,
1724-1731.

Amit A, Thaler |, Paz Y, Itskovitz-Eldor J. The effect of nitric oxide donor on Doppler flowvelocity
waveforms in the uterine artery during the first trimester of pregnancy. Ultrasound Obstet
Gynecol. 1998, 11 (2), 94-98.

Wallace D. The use of etanercept and other tumor necrosis factor-alpha blockers in infertility: it's
time to get serious. J Rheumatol. 2003; 30:1897-1899.

Djokanovic N, Klieger-Grossmann C, Pupco A, Koren G. Safety of infliximab use during
pregnancy. Reprod Toxicol. 2011, 32 (1), 93-97.

@stensen M, Khamashta M, LockshinM, [et al.]. Anti-inflammatory and immunosuppressive
drugs and reproduction. Arthritis Res Ther. 2006, 8, 209-228.

@stensen M, Lockshin M, Doria A, [et al.]. Update on safety during pregnancy of biological
agent and some immunosuppressive anti-rheumatic drugs. Rheumatology (Oxford). 2008, 47,
iii28-iii31.

Johnson DL, Jones KL, Chambers CD. The OTIS Collaborative Research Pregnancy Outcomes
in Women Exposed to Etanercept: The OTIS Autoimmune Diseases in Pregnancy Project
Group, OTIS, OCT, 2008.

Jerzak M, Ohams M, Gorski A, Baranowski W. Etanercept immunotherapy in women with a
history of recurrent reproductive failure. Ginekol Pol. 2012, 83 (4), 260-264.

Karakhanova S, Yang Y, Link J, [et al]. Genderspecific immunological effects of the
phosphodiesterase 5 inhibitor sildenafil in healthy mice. Mol Immunol. 2013, 56 (4), 649-659.

Karasu E, Kayacan N, Sadan G, Dinc B. Endothelial dysfunction in the human umbilical artery
due to preeclampsia can be prevented by sildenafil. Clin Exp Hypertens. 2012, 34 (2), 79-85.

Kwak-Kim J, Yang KM, Gilman-Sachs A. Recurrent pregnancy loss: A disease of inflammation
and coagulation. J Obstet Gynecol. 2009, 35 (4), 609-622.

Toder V, Fein A, Carp H, Torchinsky A. TNF- in pregnancy loss and embryonal development: a
mediator of detrimental stimuli or a protector of the fetoplacental unit? J Assist Reprod Genet .
2008, 20 (2), 73-81.

Cotechini T, Komisarenko M, Sperou A, [et al]. Inflammation in rat pregnancy inhibits spiral
artery remodeling leading to fetal growth restriction and features of preeclampsia. J Exp Med.
2014, 211 (1), 165-179. [Epub ahead of print]

Margonis GA, Christoloukas N, Efstathios A, [et al.]. Effectiveness of sildenafil and U-74389G
in a rat model of colitis. J Sur Res. 2015,193 (2), 667-674.

Ginekologia

Polska Nr7/2015



