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OCOBEHHOCTH CTPOEHW A BHYTPEHHE TOBEPXHOCTH PECULIARITIES OF THE STRUCTURE OF THE
CUTMOBHUJIHOT'O CHHYCA TBEPJIO OBOJIOYKH T'OJIOBHOT' O INTERNAL SURFACE OF THE SIGMOID SINUS SOLID
MO3TA SHELL OF THE BRAIN
Yepno B.C. Cherno V.S.
B craree mpuBeneHBl  pE3YyNbTaThl  MAKPO-MHUKPOCKOMUYECKOTO The article presents the results of the macro-

HCCIICIOBAHMS JIIOMCHAJBHOH IMOBEPXHOCTH CHIMOBHIHOTO CHHyca TBepaod microscopic research of luminal surface of the sigmoid sinus solid
00OIOYKH TOJIOBHOTO MO3ra 4YenoBeKa. YKazaHel ocHOBHble mnpuHiumbsl u  shell of the human brain. Contains the basic principles and laws of
3aKOHOMEPHOCTH pacIlpe/ielieHHsl BHYTPHCHHYCHBIX oOpas3oBaHuii B mpocBere distribution of inner formations of the sinus in the lumen of the
cHHyca. YKasaHbl COOCTBEHHbIC BAapHMaHTBhl KIAaCCH(UKALMM BHYTpHCHHYcHbIX  sinus. Specify their own versions of the classification inner

00pa3oBaHUil. formations of the sinus.
KiaoueBble cjioBa: TBepas 00OJIOYKA TOJIOBHOTO MO3ra, CHHYCHI, Key words: hard shell of the brain, sinuses, the inner
BHYTPEHHSISI IOBEPXHOCTh CHTMOBH/IHOTO CHHYCA, BHYTPHCHHYCHBIC 00pa30BaHUs. surface of the sigmoid sinus, inner formations of the sinus.
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FEATURES OF HISTOGENETIC RESTRUCTURING OF MYOCARDIAL CUFF OF TRUNCUS AND
MYOCARDIUM OF CONUS UNDER THE MYOCARDIALIZATION OF STRUCTURAL COMPONENTS OF
THE CONOTRUNCUS FROM THE EMBRYONAL MOUSE HEART

.

Th1s work presents quantltatlve and quahtatlve characterlstlcs of reconstructlon of myocardlum components of
conotruncus in smooth muscle cells of tunica media of great vessels. Mouse embryos line C57BL / 6, from 10th to 13th
days of development, was used as a material. We used the complex of histological, histochemical, immunohistochemical
(choosing antibodies to aSMA and Ki 67) and morphometric methods. Due to comparing features of the histogenetic
restructuring of trabecular and compact myocardium between the conus and right ventricle the delay of trabeculation of the
conus region of embryo heart was determined. During this research we estimated stages of myocardio - and arteriolization
of the conotruncus in qualitative and temporal sides.

Key words: conus, truncus, myocardialization, arterialisation, myocardial cuff.
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Researches condacted within the confines of were the SRW «Structural remodeling of the cardiovascular system
under the normal and abnormal histogenesis in human and experimental animalsy (number of state signup 0111U006621).

In the adult heart outlet septum and tunica media of intrapericardial part of great vessels primarily consist of
muscles. At first, mesenchyme of the conotruncus (CT) septum is replaced by myocardium. This process, which is called
“myocardialization”, was initially recognized by Okamoto et al in 1978 [1] and was rediscovered in the late 1990s [2, 3, 4].
Then a new stage began, which is called “arterialisation” and is associated with concept of transformation,
transdifferentiation of myocardial cells in the wall of the arterial.

There are several views of generation’s mechanisms of myocardia- and arterialization stages. Most of them are
thoughts about the role of the connexin 43 (Cx43) gap junction gene, which expresses in the working myocardium and
about the critical importance of neural crest cells, which are required for normal coronary patterning by regulating the
organization and development of the tunica media of great arteries today [3]. Nowadays researches’ perturbations of Cx43
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expression show result in myocardialization disorders in the CT region and may be the same cause of tissue hyperplasia in
this region [5].

The others scientists’ views, based on their respective concepts of the remodeling of the arterial trunks, have been
proposed to explain the origin of the smooth muscle of the tunica media of the arterial trunks. Some of them discuss the
role of epicardial derivate cells population, which is a part of the endocardial components of the CT [6]. According to this
view some epicardial derivate cells transit to a mesenchyme phenotype, migrate into the subjacent myocardium, and
differentiate into smooth muscle cells and endothelial cells of the future great arteries’ wall [7]. There are thoughts, that
cardiac muscle wall of the truncus is transformed into connective tissue and smooth muscle. On the other hand, some deny
this transforming and changing from a myocardial to an arterial phenotype (arterialization). They claim that this cell only
retreat from primary myocardial phenotype. According to the results of the researches by [8, 9] it was suggested that the
smooth muscles in the tunica media of the aorta and pulmonary trunk appear to take origin from the neural crest cells.

The aim of the work was to compare features of the histogenetic restructuring of TM and CM between the conus
and right ventricle; estimate stages of myocardio- and arteriolization of the CT in qualitative and temporal sides.

Materials and methods. There were used 215 embryo mice (C57BL/6) hearts obtained by PP
“Biomodelservice”, Kiev and the prenatal period lasted from 10-th to 13-th embryonic days (ED) or 16-22 stages by K.
Theiler [10]. We used the complex of histological, histochemical, immunohistochemical and morphometric methods [11].
There were created 3-demenshional models of myocardial cuff and some lands from trabecular and compact myocardium
of the conus and right ventricle. We carried out biometrical and statistical analysis [12].

Antibodies to aSMA and Ki 67 were chosen to detect the population of smooth muscle cells and to define the
degree of proliferative activity from the cells of myocardial cuff. Immunohistochemistry reaction was conducted using
visualization system LSAB (Labeled Streptavidin Biotin) (Lab Vision). This research conducted and interpreted on the
base of Diagnostic center of Dnepropetrovsk under the supervision of professor, d. med. s. I. S. Shponka.

Results and discussion. The truncus wall is always encircled by the myocardial cells from the onset of their
development [13]. This wall is called as myocardial cuff or sleeve [14].

The thickness of the compact myocardium (CM) of conus was veraciously larger than the same myocardial cuff’s
index on 34,2% and less than the same right ventricle on 42,0% at 10 ED (fig. 1). Herewith the thickness of trabecular
myocardium (TM) of the right ventricle was larger on 60,1% than the thickness of TM of the conus (fig. 2). By the way
this index authentically increased by 68,4% in comparison with the same index of the last term at 10,5 ED.
Cardyomyoblast’s axis was oriented obliquely longitudinally about heart’s axis and it had dorsoventral direction of growth.
Proliferation’s index of myocytes of myocardial cuff increased by 24,0% at this term (p<0,05) (fig. 3; 4 E). The thickness
of the myocardial cuff veraciously grew up 2, 3 times and of the CM from conus authentically increased by 32,1% in
contrast to the same indexes of the previous term (fig. 1). Significations of tradeculate of the conus and right ventricle
increased by 73,2% and 76,3% respectively (p<0,05). At 11 ED TM from the conus veraciously thickened by 34, 8%. It
was four times less, than the thickness of right ventricle’s TM (p<0,05) (fig. 2).
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Figure 1. Dynamics indexes of compact myocardium from the
conus and right ventricle. Note: * - significant difference from the
previous stage, p<0,05.

Figure 2. Dynamics indexes of trabecular myocardium from the
conus and right ventricle. Note: * - significant difference from the
previous stage, p<0,05.

Figure 3. Dynamics indexes of proliferation of myocytes from
structural components of the conotruncus. Note: * - significant difference
from the previous stage, p<0,05.
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use embryo heart on 10, 5 ED (C, E); 11 ED (F); 12 ED (A, D); 12, 5 ED (B). Immunohistochemical
reaction on aSMA (A-D) and Ki-67 (E), to staining by the Maer’s hematoxilin. F - A, D are saggital slices of the embryo heart; B, C — frontal
slices; E — horizontal slice. A - enlarged detail on D. A, B, C, E increase x 400; D — x 100. Color highlighters on A, B indicate myocardia-
and arterialization’s stages. Green highlighter - myocardial cuff’s stage (in truncus) or trabecular’s stage (in conus); red one -
subendocardial’s stage; blue one - septation’s step; wight one — subendotelial; rose one - subendocardial stage. 1 — pulmonary trank; 2 — aorta;
3 — right truncus swelling; 4 — left truncus swelling; 5 - dorsal conus ridge; 6 — ventral conus ridge. Therectangle in F indicates the myoid
complex under the myocardial cuff’s space.
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Myocardial thickening between these two layers of the myocardium began to form. The limit under the ventral
ridge of conus was accumulated. The CM rarefy in the top part of the ridge ended at the bottom of the CT transition. CT
population of condensed mesenchyme began to form the septation complex. There were visualization myoid cells. They
entered this complex and grew in number at the craniocaudal direction. This type of cells had the characteristic linear
clusters beside the myocardium (fig. 4 F). TM of the right ventricle increased by 20,2% (p<0,05) at 12 ED. Herewith the
thickness of TM of the conus did not have veraciously index of growth in contrast to the same indexes on the previous term
(fig. 2). There came out myoid spindle as cells in the tunica media of newform great vessels (fig. 4 A, D). The thickness of
TM from the right ventricle was larger by 40,8% in contrast to the previous term, whereas the thickness of CM - by 13,7%
(p<0,05) at 12,5 ED. So, when we compared our figures with other researcher [14], it was regarding to comparative growth
dynamics of the thickness of layers from the CT myocardium (fig. 1). There was set, that the trabeculation of the conus
was doubled slower in contrast to the same index of right ventricle. However, we rejected figures [15] about the
appropriate slow compaction by the conus myocardium. Although, the index of thickness CM of the conus was less than
half the same index of right ventricle (p<0,05) to CT rotation changes (at 11 ED) (fig. 1). Based on results of the
immunohistochemistry reaction of the expression from the proliferation’s marker (Ki-67) by myocardial cuff’s myocytes it
was concluded about physiological delay in the proliferation of myocardial cuff’s cells. In addition to veraciously changes
of proliferation’s of myocytes of myocardial cuff correlates with the thickness of myocardial cuff and with the length of
CT (tabl. 1).

Table 1
Matrix of the correlation’s connectives under the myocardial cuff’s research

Pairs of the correlation’s connectives Coefficient of the correlation’s, 1y Probability correlation’s connective, p

Index of proliferation’s of myocytes from 0,552 <0,001
myocardial cuff - thickness of myocardial cuff.
Index of proliferation’s of myocytes from
myocardial cuff — length of conotruncus. 0,43 <0,001

K. Waldo et al. [8, 9] claim that the length of CT is reduced by the mechanisms of CM mesenchyme
transformation. There are researches [13], which consider conditions by the contraction under the influence of mechanical
pressure.

Under visualization the population of smooth muscle cells from CT we concluded, that this
immunohistochemistry reaction is not specific. We saw the same reaction from embryonic myocardium. According to
results of the research by J. Ya et al. [4] smooth muscle proteins may contribute to the slow shortening speed that is a
characteristic of the embryonic myocardium. So, the expression of aSMA and calponin in embryonic cardiomyocytes
increases to reach its highest level at ED14 [16, 17]. On the assumption of analysis of the results by the visualization
population of smooth muscle cells from CT we identified myocardia- and arterialization’s stages. So, there were allocated
2 stages in myocardialization of truncus swelling, next 2 stages in arterialization of new formed aorta and pulmonary trunk
and 2 stages in myocardialization of conus ridges by the localization of indicated cells. All of them began at half of the
embryonic day. The myocardyalization of endocardial structures of truncus started at 10,5 ED from myocardial cuff’s stage
(fig. 4 C). After then it was replaced on subendocardial’s stage, which started at 11 ED respectively. aSMA-possitive cells
were observed in subendocardial space. They became wider and this cells began comprise to aorticopulmonary septation
complex. Septation’s stage of arterialization started there, which continued to 12 ED (fig. 4 A, D). After subendotelial’s
stage began at the distal part of the truncus. There were complexes from arerialization under the newformed endotelial’s
layer of aorta and pulmonary trunk. The myocardyalization of conus ridges started at 11,5 ED, when observed myoid
complexes over TM of future outlet structures from both ventricles (fig. 4 B). This stage was replaced by the
subendocardial at 13,5 ED. So we identified the differences between the myocardialization of endocardial structures of
truncus and conus during our study.

1. Until 10-th to 13-th embryonal days thickness of trabecular myocardium of conus region is significantly less than the
same index of the right ventricle. It indicates on the delay of trabeculation of the conus region of embryo heart. The
thickness of compact myocardium of the conus region of the heart concede the same index of the right ventricle up to
42,8% (p<0,05) to rotation’s changes of CT region.

2. Mpyocardialization of truncus swelling begins from the appearance of myoid cells and their quantitate growth at
craniocaudal direction. There is allocating sequence of myocardialization’s stages, which begins at half of the day. As of
10,5 ED myocardial cuff’s stage starts. Then begins a subendocardial’s stage (at 11 ED). Next stage of arterialization is
septation’s step. It is passing during 11 ED. Followed by this step the last stage of this process begins - subendotelial.
Myocardialization of conus ridges has two steps. At first trabecular stage begins at 11,5 ED. Then it continues at
subendocardial stage, which is passing from 13,5 ED to 15 ED. Significant decrease of proliferation’s index of myocardial
cuff’s myocytes according to the index of right ventricle’s myocardium is determined. Proliferation’s index of myocardial
cuff’s myocytes reaches a maximum value 51,2+2,9% at 11,5 ED. It was 41,5% less than the same index by the right
ventricle.

Prospects for further research: To detail study the role of neural crest cells on myocardia- and arterialization’s
mechanisms towards formation of great vessels.
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OCOBJIMBOCTI TICTOTEHETUYHUX ITIEPEBY10B
MIOKAPAIAJTBHOT MAHXKETKH TA MIOKAPJA
KOHYCA B ITPOIIECI MIOKAPIIAJII3AIIIT
CTPYKTYPHUX KOMIIOHEHTIB KOHYCHO-
CTOBBYPOBOI'O BIJAITY EMBPIOHAJIBHOI'O CEPLIS
MU
Jsarosens K. 1.

B wmiii poboTi mpeacTaBieHa KidbKicHa Ta sKicHa
XapaKTepUCTHKA TiCTOTGHETHYHHX IepeOyloB MioKapaiadbHHUX
KOMIIOHEHTIB KOHyca Ta CTOBOypa B IJIaJKOM’SI30Bi KIITHHH Memii
MaricTpanbHUX CyAuH. B skocti Matepiamy Oyio B3sSTO cepus
eMOpioniB mimifiHmx wumeii (C57BL / 6) ma 10-13 nens
eMOpioHabHOTO  PO3BUTKY. B mporeci mocnmimkeHHs —Oyio

BHKOPHCTaHO KOMILIEKC TICTOJOTIYHHMX, TiCTOXIMIYHHX,
iMyHoricToxiMmiuaux  (amtHTirza 1o oSMA Tta Ki 67) Ta
MOP(HOMETPUIHHX METO/IHK. [IpoBeneHo MOPIBHSIBHY

XapaKTePUCTUKY TiCTOTCHETHYHHX IepeOyaoB TpabeKyIsIipHOro Ta
KOMITaKTHOTO MiOKap/ia KOHyca Ta IIPaBOTo [UTYHOYKA, B PE3yIbTaTi
AKOi BUSBJICHA 3aTpUMKa TPaOeKy/slil KOHYCHOTO —Bimaimy
eMOpiOHANIBHOTO ceplisd. B mporeci J0CTiKeHHS BHIUICHO CTafil
MioKapIia - Ta apTrepianizalii KOHYCHO-CTOBOYPOBOTO Bijjily B
SKICHOMY Ta YaCOBOMY acIIeKTax.

KrouoBi cioBa: koHyc, cToBOYp, MioKappiasmi3arid,
aprepianizauisi, MiOKapAianbHa MaHXKETKa.
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OCOBEHHOCTU I'HCTOIEHETHYECKUX IIEPECTPOEK
MHUOKAPIUAJIBHOM MAHXXETKH CTBOJIA U
MHUOKAPJA KOHYCA B TIPOLHECCE
MUOKAPIUAJIN3AIINU CTPYKTYPHBIX
KOMITIOHEHTOB KOHYCHO-CTBOJIOBOI'O OTJAEJIA
9MBPHOHAJIBHOI'O CEPJLUA MbILIN
Jsarosen E. U.

B oroit pabore mpencTaBleHa KOMHYECTBCHHAS U
Ka4eCTBCHHAsl XapaKTCPHCTHKA TMCTOTCHETHYECKHX IEePEeCTPOeK
MHOKapJMaJbHbIX ~ KOMIIOHEHTOB  KOHyca W CTBOJa B
TJIQIKOMBIIICYHBIE KJICTKM MEIUHM MAaruCTpajbHBIX COCyIOB. B
KauecTBe MaTepuanga ObUIM HCHONB30BAaHBI Cepilla IMOPUOHOB
nuHerHbIX Mbiieit (C57BL / 6) na 10-13 neHp 3MOpHOHAIBHOTO
pasButus. B mpouecce uccnenoBanus ObLI MCHONB30BaH KOMILIEKC
THCTOJIOTHYECKUX, THUCTOXMMHYECKHX, WMMYHOTHCTOXUMUYECKHX
(antutena k aSMA u Ki 67) u MOphOMETpHYECKUX METOAMK.
IIpoBeneHa cpaBHHUTENbHAS XapaKTEPHCTHKA THCTOTCHETHYECKHX
MepecTpoeK TapOSKyISIPHOTO M KOMIAKTHOrO MHOKapjaa KOHyca U
MPaBOro XKENYA04Ka, B pe3y/bTaTe KOTOPOH OOHapyKeHa 3a/iepiKKa
TpaOEKyISIMU KOHYCHOTO OTzeNla 3MOpPHOHAIBHOTO cepaua. B
MpOLIECCEe  HCCICHOBAHUS  BBIACICHBI CTaAMU MHOKapIua- |
apTepuaIM3alii KOHYCHO-CTBOJIOBOTO OT/iEJla B KauyeCTBEHHOM M
BPEMEHHOM aCIEKTax.

KioueBble cj10Ba: KOHYC, CTBOJI, MHOKapJHaln3alus,
apTepuanu3alys, MUOKapaAualibHas MaHKETKa.
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