OPUTHANBbHI AOCIAXEHHA

Muwanos B.[]., lNerpowak A.I0., Xoxonesa T.B., lMonos B.A.

OCOBEHHOCTU AJIMHHOWM TPYBYATOMN KOCTU, CO3AAHHON U3 KOMMNO3UTHLIX MATEPUANOB, ANd
BKCMEPUMEHTANbHLIX WUCCIELOBAHWUM

Pesiome. B crarbe u3/10keHbl METOA0/0rM4eckne noaxoabl OTHOCUTEIbHO CO34aHUS MOLAENN A/IMHHOU TPy6yYyaTovi KocTy n3
KOMMO3UTHUX MATEPUAaNOB U CPABHUTE/bHBIV aHasli3 ObIMopu3n4eckux CBOMCTB MOLAEN N CaMov TPyb4aTor KoCTu.

KnioueBble cnoBa: cynebHas MeauuuHa, UMUTaTopbl GUOI0rn4eckux 06b3KTOB, MOAEsb AJINHHON TPy64YaTol KOCTH, KOMITO3UT -
Hble MaTepuasbi.

Mishalov V., Petroshak O., Hoholeva T., Popov V.

FEATURES OF LONG BONE TRUBCHASTOY CREATED FROM COMPOSITE MATERIALS FOR EXPERIMENTAL
RESEARCH

Summary. For the purpose of conducting experimental research in forensic medicine proposes the creation of a model of a long
bone made of composite materials and a comparative analysis of the biophysical properties of model and native bone.

Key words: forensic medicine, simulators of biological objects, composit materials.
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PLACENTAL EXPRESSION OF PLASMINOGEN ACTIVATOR INHIBITOR-1
AND TISSUE- TYPE PLASMINOGEN ACTIVATORS IN GESTATIONAL
ENDOTHELIOPATHY

Summary. The fibrinolytic imbalance might have a pivotal role in hypercoagulability seen in gestational endotheliopathy. Our
objective was to determine the novel fibrinolytic markers of blood coagulation related factors in placental tissue in preeclamptic and
normal pregnancies. 61 specimens of the placental tissues were obtained after delivery at physiological pregnancy, gestational
endotheliopathy and preeclampsia. There were investigated placental expressions of plasminogen activator inhibitor-1 (PAl-1) and
tissue- type plasminogen activators (t-PA). It was found that preeclampsia was accompanied by the significant decrease of the

placental expression of t-PA and increase placental levels of PAI-1.
Key words: gestational endotheliopathy, preeclampsia, placenta, PAI-1, t-PA.

Introduction

Preeclampsia (PE) complicates 2-3% of all pregnancies
(5-7% in nulliparous women) and remains a leading cause
of maternal and perinatal mortality and morbidity in Ukraine
and internationally. PE is a disorder of pregnancy associated
with widespread vascular malfunction and vasospasm. There
is evolving evidence that both the degree of impaired
placentation and the incidence of adverse fetal and maternal
short- and long-term consequences of preeclampsia are
inversely related to the gestational age at onset of the disease.
Attention has been focused on the link between endothelial
damage and PE. Endothelial cell damage or activation is
believed to play a central role in preeclampsia and may
underlie the haemostatic changes observed in this syndrome
[2, 4]. While normal endothelial cells participate inthe regulation
of haemostasis, perturbed vascular cells may express
prothrombotic properties promoting pathologic events [3].

Tissue-type plasminogen activator (t-PA) produced by
endothelial cells plays an important role in fibrinolysis by
promoting the conversion of plasminogen to plasmin. The
protease plasmin cleaves fibrin to produce fibrin degradation
products, usually assayed as cross-linked fibrin fragments
(D-dimer). The evaluation of D-dimer can be used as a
measure of the formation (via thrombin) andlysis (via plasmin)
of fibrin. The activity of plasminogen activators is controlled
by PAI. The endothelial cell-type PAI (PAI-1) is believed to
be the main inhibitor of t-PA, both being produced by the
endothelial cell. PAI-2 also plays an important role in
pregnancy, being produced by the placenta.

The objective of this study was to examine the relationship
between placental expression of plasminogen activator
inhibitor-1 andtissue- type plasminogen activators and gestational
endotheliopathy in a population of pregnant women.
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Materials and methods

The protocol used for all women during pregnancy was
approved by the Committee on Ethics of the Vinnytsya
Pirogov Memorial National Medical University and women
gave their consent to participate in the study. Clinical data
regarding the women were collected at the obstetric service.

Sixty one women who delivered at the obstetric
department of the Vinnytsya 1st maternal hospital, from
September 2008 to December 2012 were studied: 18 had
mild preeclampsia (I group), 11 had severe preeclampsia (Il
group), 20 had gestational endotheliopathy (1l group) and
12 had normal pregnancies.

Normal pregnancy was diagnosed on the basis of clinical
and ultrasound findings. Healthy pregnant women had a
normal course and outcome of pregnancy and did not receive
any medication known to interfere with haemostasis.

Pre-eclampsia was diagnosed by gestational
hypertension accompanied by proteinuria. In agreement with
the Committee on Terminology of the American College of
Obstetricians and Gynaecologists, gestational hypertension
was defined as an increase by at least 30 mmHg in systolic
or 15 mmHg in diastolic blood pressure, when compared
with the values obtained before 20 weeks of gestation; or a
sustained blood pressure of at least 140/90 mmHg after 20
weeks of gestation, if prior blood pressure was not known.
Proteinuria was defined as the excretion of 300 mg or more
of protein in a 24-h urine collection specimen. This usually
agrees with 30 mg/dl (1+ on dipstick testing) or higher in a
random specimen of urine [1].

We enrolled pregnant women with gestational
endotheliopathy (GE), who were diagnosed when
microalbuminuria was more than 5,0 mg/mmol (screening
test), and endothelium-dependent vasodilation was less than
10% (approving test) [6].

Specific exclusion criteria for all women enrolled included
conception by assisted reproduction, gestational diabetes,
and diabetes mellitus, a history of smoking and hypertension,
proteinuria, renal, cardiovascular and endocrine disease,
metabolic disorders, and current infection or history of all
types of infection. Moreover, according to our internal
protocol, enrolled subjects did not present with thyroid
disease, congenital or acquired thrombophilic disorders, or
chromosomal or other fetal and uterine anomalies.

Samples. After delivery of the placenta samples were
immediately collected under aseptic conditions from the
center of the maternal side of the placenta, opposite to the
site of umbilical cord attachment. The depth of sampling
was the outer 1/3 of the placenta thickness. All samples were
collected from this area to achieve consistent sampling. The
collection procedure did not exclude deciduas; thus, some
decidual tissue may have been mixed in the samples. Tissue
blocks sized 0,5=0,5=0,5 cm?® were washed with phosphate
buffered saline (PBS) and then placed in liquid nitrogen for
protein extraction. Protein quantification was done using a
biophotometer spectrophotometer (Eppendorf, Germany).
The protein samples were electrophoresed at 100 mg total

protein per lane for each sample, and then transferred onto
nitrocellulose membrane. 10% skim milk (diluted by Tris-
buffered saline) was used for blocking the membrane. After
overnight incubation at 48C with rat anti-human-t-PA
antibodies, or rat antihuman-PAI-1 antibody, the membrane
was rinsed twice with PBS then incubated with rabbit anti-
rat antibody. The relative content of the target protein was
the ratio of the intensity of the target protein bands to that of
the glyceraldehyde-3-phosphate dehydrogenase bands [2].

Statistical analysis. Measurements were shown as
arithmetic mean "standard deviation™ (mean SD) a group t-
test was performed. P-0,05 indicated significance. Linear
regression was conducted to test the association; P-0,05
indicates significant association.

Results

Results of this research showed that PAI-1 expression in
the placental tissue of preeclamptic pregnancies was
significantly higher than those in normal pregnancy. In the
present study we found that PAI-1 protein level was higher
in placental tissue in mild preeclampsia (0,207 = 0,02 ng/
ml) and severe preeclampsia (0,254 * 0,03 ng/ml) than in
physiological pregnancy (0,148 + 0,02 ng/ml) without
significant difference in gestational endotheliopathy (0,187
+ 0,015 ng/ml), (Figure1).

From another side, t-PA protein level in mild preeclampsia
(0,104 £ 0,02 ng/ml) and severe preeclampsia (0,077 *
0,01 ng/ml) were significantly lower in placental tissue
compared with normal pregnancy (0,154 + 0,01 ng/ml),
(Figure 2).

The t-PA protein level in non-manifested gestational
endotheliopathy was significantly lower in placental tissue
also (0,121 £ 0,01 ng/ml) compared physiological pregnancy.

t-PA and PAI-1 are both produced by endothelial cells
and their levels in placental tissue in preeclampsia may
suggest the development of endothelial dysfunction.

In preeclampsia, t-PA showed an inverse correlation with
fibrinogen, suggesting that intravascular coagulation is
occurring and that the fibrinolytic system is activated,
consuming fibrinogen. It seems there is increased production
of t-PA by endothelial cells, the activator of plasminogen to
degrade fibrinogen and fibrin. We could hypothesise an
overproduction of t-PA in preeclampsia by endothelial cells
in order to accomplish some other functions. For instance, it
has been reported that t-PA has a mitogenic role in smooth
muscle cells, suggesting that its overproduction may contribute
to vascular repair, although it may also favour atherogenesis.

The results of this study also showed that patients with
preeclampsia hadsignificantly decreasedt-PA concentrations
as compared with normal pregnancy. The physiological
effects of t-PA are to decrease the activity of the fibrinolytic
system, thus causing a relative increase of coagulation activity.
The data indicate that t-PA protein levels in the placentas of
patients with preeclampsia were significantly different from
those in normal pregnancy. Another study showed that
placental area and total number of trophoblast cells in
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(PAI-1). They concluded that this imbalance might be one
of the reasons for the onset of preeclampsia. Our results

support this theory, and also suggest that the imbalance of

10,187

expression levels of the plasminogen activators and inhibitors
in placental tissue may be a contributing factor to their

imbalance in patients with preeclampsia.

Studies have demonstrated that t-PA levels vary with
gestational age, but the increase of t-PA in late pregnancy

Placental PAI-1 expression, ng/ml

is insignificant [5]. It has also been demonstrated that the

t-PA production of trophoblast is unaffected by estrogen
and progestogens [2]. These observations are consistent

N pregnancy Mild preeclampsia  Severe preeclampsia GE

with the findings in the present study, which suggest the t-

Figure. 1. Placental PAI-1 expression in gestational endotheliopathy

and preeclampsia (n=61).

Note. Data are presented as mean + SD. * P < 0,05 vs physiological

pregnancy.

PA expression in placenta is relatively consistent and
independent of the other factors studied.

In summary, this study showed that the imbalanced
synthesis and secretion of the blood coagulation and

0,121*

Placental t-PA expression, ng/ml

N pregnancy Mild preeclampsia  Severe preeclampsia GE

fibrinolysis related cytokines, including t-PA, PAI-1 in
placenta may promote hypercoagulability in patients with
preeclampsia. The significance and importance of their
participation are to be further determined.

Conclusions and prospects for future
research

1. Our findings suggest that placental levels of PAI - 1
and t - PA may be a potential biomarker of gestational
endotheliopathy.

2. The significant high levels of placental PAI-1 with

concurrently significantly lower levels of placental t-PA

Figure. 2. Placental t-PA expression in gestational endotheliopathy

and preeclampsia (n=61).

Note. Data are presented as mean + SD. * P < 0,05 vs physiological

pregnancy.

preeclampsia was less than in normal pregnancy [7].

Therefore, it was speculated that the overallt-PA secretion
from the placenta in preeclamptic patients must be less than
in normal pregnancy, potentially contributing to the lower
peripheral t-PA level in preeclamptic patients.

M. Gao et al. [2] found that patients with preeclampsia had
increased plasma PAI-1 levels, and there existed animbalance
between the plasminogen activators (t-PA, u-PA) and inhibitor
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OCOBJIMBOCTI KOHBEPCII CMNIPAJIbHUX APTEPIA Y BATITHUX XIHOK MPU FECTAUINHIA EHAOOTENIONATII

Pesiome. @ibpuHonitn4Hmii aucbanaHc mMoxe BigirpaBatv BUpiLLanbHy posib B rinepkKoarynsuii npy recrauivinmii eHgoTtenionarii.
Hatuoto metoro 6yr10 gocninnty HoBi QibPUHONITUYHI MapKepy ¢akTopiB 3ropTaHHS KPOBI B M1ALIEHTaPHIV TKaHWUHW Py rpPeekiamricii
Ta @izionoriyHivi BaritHocTi. 61 3pasku naaueHTy Oy oTpuMaHi ricsist nosaoris npv @isionoriyHivi BariTHOCTI, recTauiviHivi eHgoTeri-
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onarii Ta npeeknamricii. byna gocnigxeHa naaueHTapHa eKkcripecisi iHribitopa-1 aktusaropa naaamiHoreHy (PAI-1) Ta TkaHUHHOroO
aktmnaropa niasmiHoreHy (t-PA). By/si0 BCTaHOBJIEHO, LLO NPEEKAAMIICISI CyrnpOBOAXYBaIaCs 3HaAYHUM 3HVXXEHHAM ekcripecii t-PA
T8 [4OCTOBIPHUM 3poCcTaHHsaIM PAI-1 'y nnaLeHTapHIvi TKaHuHI.

Kno4voBi cnoBa: recrauiviHa eHaorenionaris, npeeknamrcis, naaueHta, PAI-1, t-PA.

KoHubkoB /4.

OCOBEHHOCTU KOHBEPCUW CNWPANbHbLIX APTEPUA Y BEPEMEHHbLIX XEHLLWH NMPU TECTALMWOHHON
QHAOOTENUONATUN

Pesiome. PubpuHonuTuyeckuii AucbanaHc MOXET UrpaTh PELLatoLLYO POJIb B rMNepKoarysumu rnpu reCtayMoHHON SHA0Tenno-
nartuu. Hawwevi Lesbio Obl10 Nccre[oBaTb HOBble PUOPUHONIUTUYECKUE MapKepbl GakToOpOB CBEPTbLIBAHWS KPOBU B M1aLEHTapHOM
TKaHU 11py MpesKkaaMncuu u usnonorn4eckori bepemeHHocTn. 61 obpasel rnnaleHTbl 6bi1 Mosy4eH rocse PoAoB rpu Gusnoso-
rm4yeckori 6epeMeHHOCTH, recTaunoHHOV sHAoTe/monarum u npeaknamrcun. bbiaa nccnenoBaHa rniaaleHTapHasl SKCripeccusi MH-
rnbutopa-1 aktnsaropa rnasamuHoreHa (PAI-1) v TkaHeBoro aktuBaropa riasmMuHoreHa (t-PA). Bblio ycTaHOBIEHO, YTO MPesk-
J1aMricusi COrnPOBOXAANaCh 3HAYNTEIbHBIM CHUXEHNEeM akcripeccum t-PA 1 4ocToBepHbIM pocTom PAI-1 B nnaLeHTapHovi TKaHu.
Knio4yeBble CNoBa: recraumoHHas SHAO0TENMonaTus, npeaskaamrcus, naauyeHta, PAI-1, t-PA.
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MOP®OMETPUYHA XAPAKTEPUCTUKA TKAHUH LWIYHOT OINAHKN
MOPOXHUHU POTA MPU BNMBI PISHUX TUNIB 3AMAJIbHOI PEAKLIT 3A
YMOBU EKCMNMEPUMEHTAJIbBHOIO rACTPOOYOAEHITY

Pesiome. Ycrarti HaseneHo naHi MOPGOMETPNYHIX 3MiH CTRYKTYP CAIM30BOI OO0/IOHKY LLIOKU ITPM BITJINBI PDI3HUX TUIMIB 3aMna/IbHOI
peakii 3a yMOBM eKCriEPUMEHTa/IbHOIO racTpoAYOA€EHITY. BUSBIEHO, L0 HakibIIbLL 3HAYHI 3MIHU Y TKaHUHAaX POTOBOI MOPOXHMHY
3a MOPGOOMETPUYHUMU ITOKA3HUKAMU LLIIYHOI JIJISSHKN, BUSIBJIEHO Y TBAPUH 3 rNepEPridyHM TUoMm 3arnasibHoi peakuii. Y Lyypis 3
rirnoepridyHyiM TUIMOM 3anaibHOI PeaKLii oLLMPEHICTL MOPGOMETPUYHMX 3MIH OYJ1a HANIMEHLL BUDKEHOIO. Y JOCIIIIKYBaHUX rpyrnax
LLYPIB 3 M/IMHOM 4acy MOPGHOMETPUYHI 3MiHYV 6y HavibinbLL 3HaYHUMM Ha 10,400y eKCrIepUMEHTY He 3a/18XHO Bif TUIy 3aranbHOI
peakuii.

Knto4oBi CNoBa: 1joka, mopoxHuHa poTa, rinoepridH1e TU 3anaibHOI PeakLyii, HopMOEPIriyHME TUI 3ananbHOI peakLiii, rine-
PEPridHNY TV 3araabHOI peakLii, raCTpoAyOAEHIT, MOPGHOMETPIS.

BcTyn

CnusoBa 06010HKa MOPOXHMHN POTA € YYTAMBUM iHOMN- 3POCTaHHS NMUTOMOI Barm NOLUKOMXKEHMX eniTenioumTiB oc-

KaTOPOM OLLIHKM MaTONOrivYHMX NPOLECIB LUTYHKOBO-KULL-
koBoro Tpakty [10, 12, 14], wo 3yMOBMEHO BiOMIHHICTIO ii
Bifl iHLLUMX CNM30BUX 0O0MOHOK 32 MOPOSIOriYHUMK O3Ha-
kamu [10, 12, 13]. Lng ii eniTeniio xapakTepHOIo € NPoBiaHa
pPOsb B peasisauji 3aXMCHNUX MEXaHI3MIB, 0O AKX BiOHOCATb
BNCOKY (PEPMEHTATUBHY aKTUBHICTb, BUCOKY iHTEHCUBHICTb
0OMiHHMX NPOLECIB, HAasBHICTb Y HE3POroBiNoMy enitenii
BENIMKOI KiNIbKOCTi FiKOreny i Moro 3aaTHIiCTb A0 LWBUAKNX
nepedynos [3, 4, 13]. Mpu 3axBoptoBaHHI OpraHiB TpPaBneH-
HS1, 3aU1EXHO Bifl FNOVHU YPaXXEHHS TOrO YK iHLIOro opra-
Ha, PO3BMBaAOTLCS MOPEDONOriYHI 3MiHK CNM30BOI 0O0JIOH-
K1 BCiX BigainiB nopoxHuHM pota [4, 10, 11, 14]. MNMpwn me-
XaHIYHil XXOBTSAHWL Y CNU30BI 0O0NOHLL NOPOXHUHU PoTa
3'9BNFI0TbCA ANCTPOdIYHI Ta OECTPYKTUBHI 3MiHW, AKi Npu-
3BOAATb A0 aTtpodii cnm3oBoi 060n0HKN. Mpu LLOMY TOB-
LMHa eniTenianbHOro wapy B AiNsHLU ry® 3MeHLLYETbCA Ha
38,21 %, woku - Ha43,25 %, aceH - Ha 45,51 %, BioMiYaeTbCSA

TeononibHoro wapy Ta 3MEHLUEHHS Y BNAaCHIN NAacTUHL i
niacnM30BI OCHOBI BigHOCHOro 06'emy Kaninspie [11]. Ya-
CTOTa AereHepaTMBHMX YPaKeHb CNM30BOI MOPOXHUHN poTa
OCTaHHIM 4acoMm, 3a JaHMK NiTepaTypHUX gxepen YkpaiHn
Ta 3apybixKHUX aBTOPIB, HEBMUHHO 3POCTAaE, L0 3yMOBJIEHO
LIEI0 51K €K30reHHMX TaK i eHaoreHHmx daktopis [4, 11, 13,
14]. OgHak, Ha AaHuin Yac 3aLLIATbCS CYNepeYIMBuMMmn
HayKOBI faHi NpOo xapakTep i CTyniHb NPosiBiB MOPPOMET-
PUYHUX 3MiH TKQHWH MOPOXHMHW POoTa Pi3HOI okanisauii,
30KpemMa LLIYHOI AiINgHKM NPy BIJIMBI Pi3HKX TUMIB 3anasib-
HOI peakLii 3a YMOBU EKCNEPUMEHTANIbHOIO racTpoayoneH-
iTy. TOMy BKa3aHa npobnemariika € BaXIMBOLO, aKTyaslbHOLO,
i BMMarae CBOro BUPILLEHHS.

Meta poboTu - BUB4MTU Ta OLIHUTK 3MiHM MOpPdOMET-
PUYHMX NApPaMETPIB CNM30BOI 0O0IOHKN MOPOXHUHU poTa
LWiYHOT OiNAHKW NpW BNAUBI PiSHUX TUMIB 3ananbHOi pe-
akuii 3a YMOBUW eKCMepPUMEHTaIbHOrO raCTPOAYOLEHITY.
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