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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

	 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
	 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
	 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
	 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
	 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
	 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
	 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
	 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
	 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
	 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
	 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
	 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Placenta is a fairly complex organ that acts as the lungs, in-
testine, kidney, and liver of the fetus during pregnancy [2]. Of 
course, the success of its functioning depends on the level of 
blood supply and associated oxygenation, the insufficient level 
of which underlies the development of preeclampsia [7]. Suf-
ficient oxygen saturation of the placenta and, as a consequence, 
embryo/fetus is essential for successful pregnancy [12]. In this 
regard, the state of utero-placental circulation is a key factor 
needed to provide the main function of the placenta, the ex-
change of oxygen between the mother’s body and the growing 
fetus. Recently, worldwide authors have paid particular attention 
to vascular endothelium in the mother-placenta-fetus system for 
the development of vascular network and its normal function-
ing, gestational endotheliopathy (GE), which is an impairment 
of vasodilating, angioprotective, antiproliferative endothelium 
functions developing during pregnancy [11]. The effects of GE 
are observed in a wide network of utero-placental circulation, 
which makes it the subject of examination measures, including 
biopsy [19].

Physiological transformation of the uterine spiral arteries in 
the placenta is important for healthy pregnancy [4,5]. The com-
mon idea is that an impairment of this transformation due to 
inadequate trophoblast invasion underlies complications of 
pregnancy, such as preeclampsia, restriction of fetal growth, 
miscarriage and premature birth. Understanding invasive be-
havior and remodeling properties of trophoblast in the wall 
of the uterus is important in clarifying the etiology of these 
complications during pregnancy [4]. However, there is a lack 
of satisfactory samples of the placental vessel network to ex-
pand our knowledge of the mechanisms that control the tro-
phoblast invasion, leading to such invasive interventions as 
placental biopsy [19].

Today, generalized endothelial dysfunction is considered to 
be the main pathogenic link of hemodynamic disorders in the 
fetoplacental complex [6]. Endothelial dysfunction is important 
in the development of thrombosis, neoangiogenesis and vascular 
remodeling, being the key to the development of obstetric and 
perinatal disorders.

The aim of the study was to reveal morphological signs of 
endotheliopathy in spiral arteries in preeclampsia, which is im-
portant for understanding the development of pregnancy com-
plications.

Material and methods. Membranes and placenta (15 cases) 
taken after delivery from mothers with preeclampsia served as 
the material for morphological study. A comparison group in-
cluded 10 cases from women with a physiological course of 
pregnancy. The average age of the mothers in the study group 
was 30.2 years, and 31.8 years in the comparison group. The 
average gestation period was 38.7 for the first and 38.3 for the 
second group, respectively.

The material, taken for histological study, was fixed in neutral 
10% formalin. The tissues fixed in formalin were consolidated 
and embedded into paraffin. Slices of 5x10-6 m were made for 
further staining. The morphological structure was studied after 
staining the slices with hematoxylin and eosin (H&E), and ac-
cording to van Gieson. 

The microslides were studied using Olympus BX-41 micro-
scope and then assessed using Olympus DP-soft version 3.1 
software to determine the intensity of histochemical reactions 
and conduct a morphometric study. Spiral arteries with a diam-
eter of <4 mm were considered as one artery in accordance with 
the recommendations of C.Salafia [16]. Morphometry was used 
to determine the specific vascular density, specific density of 
connective tissue, thickness of the walls of the spiral arteries, 
cross sectional area of spiral arteries, endotheliocyte height, the 
diameter of the nuclei of endothelial cells, nuclear cytoplasmic 
relationships in endotheliocytes, relative volume of injured en-
dothelial cells. All values are expressed as means and standard 
error of the mean for statistical analysis. Statistical comparison 
was performed using Mann-Whitney test for statistical analysis. 
The accepted level of significance was p<0.05.

The procedure was done strictly after approval from the Re-
gional Ethical Review Board at Kharkiv National Medical Uni-
versity protocol №9 (14.09.2016).

Results and their discussion. In the group of mothers with 
preeclampsia, microscopic examination (Fig.) showed large foci 
of fibrinoid in the decidual lining and in some cases, total fi-
brinoidal transformations, including calcifications. There was a 
moderate sclerosis of the stroma of large and middle villi, with 
a predominantly perivascular localization of the stroma. The 
study also revealed uneven swelling of syncytial and endothelial 
basal membranes.

Fig. Placenta from the mother with preeclampsia. Foci of 
fibrinoid. Mild sclerosis. Uneven swelling of syncytial and en-
dothelial basal membranes. Desquamation of endotheliocytes. 
Thickening of the wall of the spiral artery. Sclerotic perivascular 
changes in the spiral artery and its branches in the group of 
women with preeclampsia. Hypertrophy of the muscular layer of 
the spiral artery. Formation of fibrous cuffs with narrowing of 
vascular lumen. H&E stain. x40 (a) x400 (b)

Anchoring villi were mostly small and contained vessels sur-
rounded by fibrinoidal substance, often located in the center of 
the villi. Syncytiotrophoblast was flattened with a sharp dimi-
nution of nuclei. Syncytiotrophoblast nuclei were distributed 
unevenly along the perimeter of the villa. There were areas of 
complete absence of syncytial cover. There was a proliferation 
of syncytiotrophoblast next to these areas.

INFLUENCE OF ENDOTHELIOPATHY OF SPIRAL ARTERIES ON PLACENTAL ISCHEMIA

1,2Borzenko I., 3Konkov D., 1,2Kondratova I., 2Basilayshvili O., 1Gargin V.
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Table 1. Morphometric of spiral artery and its branches

Group Specific vascular 
density, (%)

Specific density 
of connective tissue, (%)

Thickness of the walls 
of the spiral arteries, 

х10-6 m

Cross sectional area 
of spiral arteries, mm

Physiological course 
of pregnancy 18,91±1,73 21,40±1,77 107,67±11,74 0,085±0,007

Preeclampsia 12,01±1,13* 30,73±1,28* 303,99±15,42* 0,054±0,006*
p<0,05 compared to physiological course of pregnancy

Table 2. Morphometric characteristics of endotheliocytes of spiral artery and its branches

Group Endotheliocyte height, 
х10-6 m

The diameter of the 
nuclei of endothelial cells, 

х10-6 m

Nuclear cytoplasmic 
relationships in endothe-

liocytes

Relative volume of 
injured endothelial 

cells, %
Physiological course 

of pregnancy 6,19±0,07 3,25±0,02 0,281±0,004 6,16±0,23

Preeclampsia 4,78±0,06* 2,97±0,04* 0,372±0,007* 47,07±3,61*
p<0,05 compared to physiological course of pregnancy

Furthermore, histological examination of the afterbirth in the 
group of women with preeclampsia revealed a decrease in vas-
cularization of the decidual lining of the placenta. These mor-
phometric changes were accompanied by a statistically signifi-
cant reduction of the cross sectional area of spiral arteries (Table 
1). The spiral arteries were also found to have proliferation of 
the endothelium, hypertrophy of the muscular layer, pronounced 
enlargement of the perivascular connective tissue with the for-
mation of so-called fibrous cuffs, resulting in the narrowing of 
the lumen of the vessels, up to their obliteration.

In general, the vascular bed of the placenta in women with 
preeclampsia was found to have uneven blood flow. Some ves-
sels were collapsed; others were sharply enlarged and filled with 
blood. Most vessels had thick walls. There were small blood 
clots in the lumen of such vessels. In addition, the microthrombi 
were revealed. Endothelial cells were more often flattened, with 
signs of desquamation. There were no angiogenetic processes. 
The perivascular space was found to be affected by marked 
sclerotic processes. Morphometric characteristics of endothelio-
cytes of spiral artery and its branches presented in Table 2.

Modification of the spiral arteries with the loss of the mus-
cular vascular wall, invaded by the trophoblasts, represents the 
goal of the physiological vascular adaptation during human im-
plantation. Inadequate remodeling and cytotrophoblast invasion 
of the spiral arteries are believed to promote the abnormal pla-
cental development seen in the future perinatal pathology [3]. 

Trophoblast migration down the spiral arteries is dependent 
on trophoblast-endothelial cells interactions. However, the 
mechanisms by which trophoblast migration is regulated remain 
unclear. It is often assumed that trophoblasts migrate down the 
spiral arteries retrograde to flow, but aside from the presence of 
trophoblasts in the arteries, little direct evidence exists to sup-
port this claim. The occlusion of the spiral arteries by tropho-
blast plugs in the first trimester means that blood flow through 
these vessels is likely to be very slow during this time, and our 
previous work has shown that this may create an environment 
favourable for the remodelling of the spiral arteries. As a central 
player in clinically significant allograft rejection, coagulation, 
not surprisingly, has been also implicated in the pathogenesis 
of obstetric compromise, including endotheliopathy related fetal 
death, and preeclampsia [1]. Failed re-growth of the maternal 
endothelium over the converted uteroplacental vascular wall of 
fibrinoid material and embedded trophoblasts, and protracted 
exposure of the maternal vascular wall to the maternal circula-

tion, has been identified in preeclampsia [9] with consequences 
of ischemia [18].

The morphological picture described above can be regarded 
as GE [11]. It is believed that GE is characterized by the follow-
ing pathophysiological and pathohistological manifestations: 
activation of lipid peroxidation, increased activity of phospholi-
pases, circulating neurohormones (endothelin, catecholamines), 
thromboxane, decreased activity of α2-macroglobulin protease 
inhibitor, congenital hemostasis defects, etc [5, 13].

Development of endotheliosis is one of the specific manifesta-
tions of preeclampsia, manifested by swelling of the cytoplasm 
with deposition of fibrin around the basement membrane and 
within the swollen endothelial cytoplasm [17]. Initially it is lo-
calized in the vessels of the placenta and uterus, and then ex-
tends to other organs [17]. Endotheliosis results in discontinuity 
of vascular tone; activation of proliferative processes of the vas-
cular wall; changes in the structure and number of endothelial 
cells; adhesiveness of the internal surface of the vascular wall 
with the subsequent transmigration of leukocytes to the perivas-
cular tissue [17].

Thus, the study of the state of spiral arteries of the decidual 
lining in preeclampsia has shown that their evaluation opens 
new opportunities in understanding the development of placen-
tal disorders, including in its early, preclinical phase, and the 
elaboration of preventive therapy on this grounds may give a 
possibility to prevent fatal perinatal complications [10, 14].

In recent years, one of the ways to detect endothelial desqua-
mation has been the determination of desquamated endothelio-
cytes, parameters of biochemical markers of endothelial dys-
function (von Willebrand factor, microalbuminuria, and others) 
in blood serum [8]. It should be noted that evaluation of blood 
parameters is rather arbitrary, since a change in the studied pa-
rameters does not necessarily mean pathological processes in 
the placenta. Nevertheless, elaboration of diagnostic methods 
for gestational complications associated with endothelial dys-
function and the search for new methods for early detection of 
imbalance of vascular homeostasis can provide prerequisites 
for preventing the development of feto-placental insufficiency 
related to endothelial dysfunction. Aspects of diagnosis of ad-
aptation disorders and the initiation of pathological mechanisms 
leading to destabilization of vascular tone, remain crucial for the 
prevention of obstetric and perinatal disorders, and morphologi-
cal study of such cases can give a possibility to choose proper 
therapeutic measures [15].
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Endotheliocytes are cells represented throughout the vascular 
bed that are labile in their morpho-functional state and their in-
depth study allows us to establish not only their status, but also 
the consequences of their damage, which is important in assess-
ing the severity of systemic endotheliopathy.

Conclusions. Development of preeclampsia is associated 
with signs of remodelling of the spiral arteries. Placental spiral 
arteries in preeclampsia are characterized by a decrease of spe-
cific vascular density by 36,49% with a simultaneous increase 
of specific density of connective tissue by 43,60%, which is ac-
companied by thickening of the walls of the spiral arteries 2,82 
times and reducing of cross sectional area of spiral arteries 1,57 
times. The spiral arteries are also found to have proliferation 
of the endothelium, hypertrophy of the muscular layer, marked 
enlargement of the perivascular connective tissue with the for-
mation of the so-called fibrous cuff, resulting in the narrowing of 
the lumen of the vessels, up to their obliteration.

Gestational endotheliopathy is characterized by a decrease in the 
height of endotheliocytes from 6.19±0.07 x10-6 m to 4.78±0.06 x10-

6 m, a decrease in the diameter of cells from 3.25±0.02 x10-6 m to 
2.97±0.04 x10-6 m, an increase in the relative volume of damaged 
endotheliocytes from 6.16±0.23% to 47.07 ±3.61%.
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SUMMARY

INFLUENCE OF ENDOTHELIOPATHY OF SPIRAL AR-
TERIES ON PLACENTAL ISCHEMIA

1,2Borzenko I., 3Konkov D., 1,2Kondratova I., 
2Basilayshvili O., 1Gargin V.

1Kharkiv National Medical University; 2Kharkiv Regional Clini-
cal Perinatal Center; 3National Pirogov Memorial Medical Uni-
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Recently, worldwide authors have paid particular attention 
to vascular endothelium in the mother-placenta-fetus system 
for the understanding of development of vascular network and 
its normal functioning, possible gestational endotheliopathy. 
Endothelial dysfunction is important in the development of 
thrombosis, neoangiogenesis and vascular remodeling, being 
the key to the development of obstetric and perinatal disor-
ders.

The aim of the study was to reveal morphological signs of 
endotheliopathy in spiral arteries in preeclampsia, which is im-
portant for understanding the development of pregnancy com-
plications.

Placentas were obtained after delivery from mothers with 
preeclampsia served as the material for morphological study. 
A comparison group included cases from women with a physi-
ological course of pregnancy. The morphological structure was 
studied after proceeding of slides stained with hematoxylin and 
eosin, and according to van Gieson. Morphometry was used to 
determine the specific vascular density, specific density of con-
nective tissue, thickness of the walls of the spiral arteries, cross 
sectional area of spiral arteries, endotheliocyte height, the di-
ameter of the nuclei of endothelial cells, nuclear cytoplasmic 
relationships in endotheliocytes, relative volume of injured en-
dothelial cells. 
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As results, it was detected, that development of preeclampsia 
is associated with signs of remodelling of the spiral arteries. Pla-
cental spiral arteries in preeclampsia are characterized by a de-
crease of specific vascular density by 36,49% with a simultane-
ous increase of specific density of connective tissue by 43,60%, 
which is accompanied by thickening of the walls of the spiral 
arteries 2,82 times and reducing of cross sectional area of spiral 
arteries 1,57 times. The spiral arteries are also found to have 
proliferation of the endothelium, hypertrophy of the muscular 
layer, marked enlargement of the perivascular connective tissue 
with the formation of the so-called fibrous cuff, resulting in the 
narrowing of the lumen of the vessels, up to their obliteration.

Gestational endotheliopathy is characterized by a decrease in the 
height of endotheliocytes from 6.19±0.07 x10-6 m to 4.78±0.06 x10-

6 m, a decrease in the diameter of cells from 3.25±0.02 x10-6 m to 
2.97±0.04 x10-6 m, an increase in the relative volume of damaged 
endotheliocytes from 6.16±0.23% to 47.07 ±3.61%.

Keywords: pregnancy, preeclampsia, spiral arteries, mor-
phometry, endotheliopathy.

РЕЗЮМЕ

ВЛИЯНИЕ ЭНДОТЕЛИОПАТИИ СПИРАЛЬНЫХ АР-
ТЕРИЙ НА ПЛАЦЕНТАРНУЮ ИШЕМИЮ

1,2Борзенко И.Б., 3Коньков Д.Г., 1,2Кондратова И.Ю., 
2Басилайшвили О.В., 1Гаргин В.В.

1Харьковский национальный медицинский университет; 
2Харьковский региональный перинатальный центр; 3Винниц-
кий национальный медицинский университет им. Н.И. Пиро-
гова, Украина

Целью исследования явилось выявление морфологиче-
ских признаков эндотелиопатии спиральных артерий при 
наличии преэклампсии, что важно для понимания развития 
осложнений беременности.

Материалом для морфологического исследования послу-
жили плаценты, полученные после родов от матерей с пре-
эклампсией. Группу сравнения составили случаи женщин с 
физиологическим течением беременности. Морфологиче-
ское строение изучалось после изготовления микропрепара-
тов, окрашенных гемтоксилином и эозином, по ван Гизону. 
Проводилась морфометрия для определения удельной плот-
ности сосудов, удельной плотности соединительной ткани, 
толщины стенок спиральных артерий, площади поперечно-
го сечения спиральных артерий, высоты эндотелиоцитов, 
диаметра ядер эндотелиальных клеток, ядерно-цитоплазма-
тических взаимоотношений в эндотелиоцитах, относитель-
ного объема поврежденных эндотелиальных клеток.

Выявлено, что развитие преэклампсии сочетается с ре-
моделированием спиральных артерий. Плацентарные 
спиральные артерии при преэклампсии характеризуются 
снижением удельной плотности сосудов на 36,49% с одно-
временным увеличением удельной плотности соедини-
тельной ткани на 43,60%, что сопровождается утолщением 
стенок спиральных артерий в 2,82 раза и уменьшением пло-
щади поперечного сечения спиральных артерий в 1,57 раза. 
Спиральные артерии характеризуются также пролифераци-
ей эндотелия, гипертрофией мышечного слоя, выраженным 
периваскулярным склерозом с образованием, так называе-
мых, фиброзных манжет, что приводит к сужению просвета 
сосудов, вплоть до их облитерации.

Гестационная эндотелиопатия характеризуется умень-
шением высоты эндотелиоцитов с 6,19±0,07×10-6 м 
до 4,78±0,06×10-6 м, уменьшением диаметра клеток с 
3,25±0,02×10-6 м до 2,97±0,04×10-6 м, увеличением от-
носительного объема поврежденных эндотелиоцитов с 
6,16±0,23% до 47,07±3,61%.

reziume

spiraluri arteriebis endoTeliopaTiis gavle-
na placentur iSemiaze
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kvlevis mizans warmoadgenda spiraluri arte-
riebis endoTeliopaTiis morfologiuri niSnebis 
gamovlena preeklamfsiis dros, rac mniSvnelova-
nia garTulebuli orsulobis ganviTarebis axs-
nisaTvis.
morfologiuri kvlevis masalad gamoyenebu-

li iyo preeklamfsiis mqone dedebis mSobia-
robis Semdeg miRebuli placentebi. Sedarebis 
jgufi Seadgina qalebma orsulobis fiziolo-
giuri mimdinareobiT. morfologiuri Seneba 
Seiswavleboda van ginzonis mixedviT hemato-
qsiliniT da eoziniT SeRebili mikroprepa-
ratebis damzadebis Semdgom. morfometriulad 
ganisazRvreboda: sisxlZarRvebis kuTri sim-
Widrove, SemaerTebeli qsovilis ganikveTis 
farTobi, kuTri simWidrove, spiraluri ar-
teriebis kedlis sisqe da endoTeliocitebis 
simaRle, endoTeluri ujredebis birTvis di-
ametri, birTv-citoplazmuri damokidebuleba 
endoTeliocitebSi dazianebuli endoTeluri 
ujredebis moculobasTan mimarTebiT.
dadgenilia, rom preeklamfsiis ganviTareba 

Serwymulia spiraluri arteriebis remodeli-
rebasTan. placentis spiraluri arteriebi pre-
eklamfsiis dros xasiaTdeba sisxlZarRvebis 
kuTri simWidrovis SemcirebiT 36,49%-iT da 
SemaerTebeli qsovilis kuTri simWidrovis 
43,60%-iT gazrdiT, rasac mosdevs spiraluri 
arteriebis kedlis gasqeleba 2,82-jer da gani-
kveTis farTobis Semcireba 1,57-jer. spiralu-
ri arteriebi, aseve, xasiaTdeba endoTeliumis 
proliferaciiT, kunTovani Sris hipertrofiiT, 
gamoxatuli perivaskuluri skleroziT da e.w. 
fibrozuli manJetebis warmoqmniT, rac ganapi-
robebs sisxlZarRvebis sanaTuris Seviwroebas, 
obliteraciamdec ki.
gestaciuri endoTeliopaTia xasiaTde-

ba endoTeliocitebis simaRlis SemcirebiT 
6,19±0,07×10-6m-dan 4,78±0,06×10-6 m-mde, ujre-
debis diametris SemcirebiT 3,25±0,02×10-6m-dan 
2,97±0,04×10-6m-mde, dazianebuli endoTelio-
citebis moculobis SefardebiTi momatebiT 
6,16±0,23%-dan 47,07±3,61%-mde.
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