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PATHOLOGICAL BIOMINERALIZATION IN HEART VALVES
AFFECTED BY ATHEROSCLEROSIS

Due to the aging of Ukrainian population the prevalence of growing of
atherosclerotic affection of heart valve structures is observed, it affects
significantly the life quality and prognosis for patients. Pathological bio-
mineralization of heart valves has an adverse prognostic value for the
course of coronary heart disease and it is accompanied by increase of fre-
guency of sudden coronary death.

The aim of the work is the morphological study of mineralized tissue
of aortic and mitral heart valves, which were affected by atherosclerosis.

During the study we used macroscopic description, histology and his-
tochemistry, scanning electron microscopy with X-ray difraction. Material
of 49 section cases was investigated, in which 30 patients had the combi-
nation of aortic valve (AV) and mitral valve (MV) affection, 16 and 3 had
isolated affection of only MV and AV, respectively.

The average age of death people with atherosclerotic affection of MV
was 69.09 + 1.34 years, with AV affection — 68.84 + 1.54 years. MV af-
fection was equal due to the gender (50 % men and 50 % women), in the
case of AV affection women (54.6 %) dominated insignificantly.

During macroscopic study of heart valves it was found that biomineral
deposits were located in the cusps or in the fibrous ring in the case of ath-
erosclerotic valve affection. Histological examination shows that thicken-
ing of the fibrous layer and elastic fibers, focal deposition of lipids, myx-
omatous changes, edema were found in the affected valve components.

The presence of calcium compounds in the identified biominerals was
confirmed by histochemical staining with alizarine red and due to the
method of von Kossa.

Study of the specific mineral component in the tissue of various heart
valves (HV) showed the following results. MV contained in average 17.35
+ 2.08 % of calcified substance, 18.84 + 2.23 % of biominerals was found
in AV (p > 0.46).

During SEM with X-ray microanalysis mineralized HV elements were
detected as bright objects with white and gray color, in the form of blocks,
lumps, small powdered particles, it didn’t depend on the localization — MV
or AV. Biomineral part of leaves and fibrous ring was inlaid into the histo-
logical structure of valves and it is associated closely with connective tis-
sue component of the organ. In some places delamination of connective
tissue and elastic fibers was observed, in other locations biomineral tissue
passed fluently into the surrounding stroma. X-ray diffraction of
mineralized components of all HV locations shows a similar chemical
composition, which is close to the ratio of calcium and phosphorus, most
of which corresponded to hydroxyapatite.

Keywords: heart valves, hydroxypatite, morphological changes, ath-
erosclerosis, biomineralization.
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IATOJIOTTYHA  BIOMIHEPAJII3ALISA B  CEPHEBHX
KJIAITAHAX, YPA’KEHUX ATEPOCKJIEPO30M

VY 3B’3Ky 31 cTapiHHSM MommyJssinii YKpaiHu BinOyBaeTbcs picT mo-
MIMPEHOCTI aTePOCKIEPOTHYHOTO YPAXKECHHS KIANaHHUX CTPYKTYp cep-
1151, IO CYTTEBO IOTIPIIY€ SIKICTH JKUTTS Ta MPOTHO3 AN marfieHTiB. [1a-
ToJNOTiYHA OlOMiHepai3alis KJIamaHHOTO arnapaTry Cepili Ma€e HECTIPHST-
JIMBE MIPOTHOCTUYHE 3HAYCHHS IUIA MepeOdiry imeMigHoi XBOpoOu ceprit
Ta CYNPOBOMKYETHCS 30UIBIICHHAM YaCTOTH PAaNTOBOI KOPOHAPHOI cMe-
pTi.

Metoro pobotu € MOp(HOJIOTIYHE MOCIHIIKECHHS MiHEpaTi30BaHUX
TKQHMHY CEpPIEBUX KJIAIaHiB, ypaXKEHUX aTePOCKICPO30M.

ITig wac MOCHIMKCHHS BHKOPHCTAIU TICTOJIOTIYHI, TICTOXIMIiYHI Me-
TOJM Ta CKaHYIOUY €JISKTPOHHY MIKPOCKOIIiIO 3 PEHTI€HIBCHKOIO TU(pa-
Kuiero. Beporo Oymo mocmimkeHo 49 nmamieHTiB, 3 HUX y 30 — moeqHaHHS
ypaxkeHHs aopTanbHuX KianaHiB (AK) ta miTpansaux kmananis (MK), y
16 Ta 3 — BinmnoBigHO i301MB0BaHe ymkopkeHH aume MK ta AK.

CepenHiii Bik HOMEpPINX 3 aTEPOCKICPOTHIHHM YypaxeHHAM MK
ctaroBuB 69,09 £ 1,34 poky, 3 ypaxenasm AK — 68,84 + 1,54 pokis. 3a
TeH/ICPHOIO 03HAKOIO cIiocTepiranacs piBHICTh npu ypaxxenHi MK (50 %
youoBiku 1 50 % xiHkn), npHu ypaxkeHHi AK He3Ha4HO NepeBaXkay JKiH-
ku (54,6 %).

[Tpn MakpoCKOMIYHOMY JIOCII/PKEHHI CepleBUX KIAIaHiB BHABJICHO,
1110 TPH aTEPOCKIICPOTUYHOMY ypasKeHH] Oi0MiHEepaJIbHI IETIO3UTH JIOKa-
Jmi3yBalucs B cTynKax abo B (ibpo3HOMy Kimbmi. icTonoriuyxe mocmi-
JUKEHHS TIOKa3ye, 10 B YPaKCHHX KOMIOHEHTaX KJAIaHHOTO amapary
BUSIBIIIETHCSI TIOTOBINEHHA (PiOPO3HOTO IIapy Ta €JaCTUYHHX BOJIOKOH,
BOTHUILIEBE BiIKJIAICHHS JilliiB, MIKCOMaTO3Hi 3MiHH, SBUIIA HAOPSKY.
[IpucyTHICTh CHONYK KaJBIII0 Y BUABICHUX OiOMiHepanax MiATBEPIKY-
BaJslacsi 3a JIONIOMOTOI0 TiCTOXIMIYHUX 3a0apBiieHb ali3apiHOBHM 4YepBO-
HUM Ta MeTooM ¢on Kocca.

JlocitipKeHHS TUTOMOT YaCTKU MiHEpaJlbHOTO KOMIIOHEHTY B TKaHHUHI
pizaux CK mnokasano HactynHi pesyibraru. MK y cepeiHbOMY MicTHIH
17,35 + 2,08 % xanbiudikoBanoi peuounu, B AK BussieHo 18,84 +
2,23 % OiomiHepaiB.

I[Mpu CEM i3 peHTreHiBCHKHM MiKpOaHali30M MiHepali3oBaHi ele-
mentu CK, Hesanexno Bij nokamizamnii — MK, AK BHSBISIHCS SK SICK-
paBi 00’e€KTH OUTO-CIPOTO KONBOPY y BUIIIAINI OpHII, TPYIOK, IpiOHIX
MOPOIIKOITOIIOHNX YaCTHHOK. bioMiHepanpHa YacTHHA JTUCTKIB Ta (Hid-
PO3HOTO KUTBI OyJa iHKpYCTOBaHA B TICTOJIOTIYHY CTPYKTYPY KIIallaHiB
i TICHO TIOB’si3aHa 31 CIOJYYHOTKAHHHHMM KOMIIOHGHTOM OpraHy. B
OKpEMHX MICIISIX CIIOCTEPIranoch po3IIapOBYBaHHS €JACTUYHHX 1 CIIO-
JYYHOTKAaHWHHUX BOJIOKOH, B IHIIMX JIOKAIiAX OioMiHepaibHa TKaHWHA
TUTAaBHO TIEPEXOJINiIa B HABKOJIMIIHIO CTPOMY. PEHTreHiBChbKi AUQpPaKTo-
rpaMH MiHEpaJli30BaHWX KOMITOHEHTIB ycix nokanizaniit CK moka3ysamu
MOAIOHUI XIMIYHHI CKJIaJ, OJIM3bKHI 3a CIIBBIJHOIIEHHSIM KalIbI[IIO Ta
tocdopy, nepeBaxkHa OLTBIIICTD SKUX BIANOBIAJA TJpOKCHAIIATHTAM.

KaiouoBi cioBa: ceprieBi Kiananu, TiJpoKCHANaTHT, MOP(OIOTI4HI
3MiHH, aTEPOCKIIEPO3, OioOMiHEpai3allis.
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IMATOJIOI'HYECKASI BUOMMHEPAJIN3AIIAA CEPAEYHBIX
KJIAITAHOB, TIOPA’KEHHBIX ATEPOCKJIEPO30M

B cBs3u co cTapeHHreM MOMYJSIIUN Y KpauHbl IPOUCXOAUT POCT pact-
POCTPaHEHHOCTH ATEPOCKICPOTHIECKOTO MOPAKEHUS KIIAIIAaHHBIX CTPYK-
Typ CepIIa, 9TO CYIIECTBEHHO yXYALIaeT KaueCTBO KH3HU U TIPOTHO3 I
nmanuerToB. [laTonormueckas OGHOMUHEpaNM3alUsl KIAIaHHOTO armapara
cepAlla UMeeT HeOIarompusATHOE HMPOTHOCTHYECKOE 3HAUCHHE IS Tede-
HUSI WIIEMHYECKOH OOJNe3HM cepaia W COIPOBOXKAACTCS YBEIMYCHHEM
YaCTOThI BHE3AITHOM KOPOHAPHON CMEPTH.

Llenbto paboTHI siBIsieTcs: MOP(OJIOrNUeckoe HCCiIe0BaHHE MHHEpa-
JIM30BaHHBIX TKAHU CEPJICUHBIX KIIAaMlaHOB, TIOPaKEHHBIX aTEPOCKIEPO30OM.

Bo BpeMs uccneoBaHHs HCIOIb30BAIM HMCTONOTHUECKHE, THCTOXU-
MHUECKHE METOMBI ¥ CKAHUPYIOLIYIO MIEKTPOHHYI0 MUKPOCKOIIHIO C PEH-
TreHOBCKoW amppakmmeld. Beero Opuio mccenoBano 49 manpieHTOB, W3
HUX y 30 — coderaHne MOpaXeHU aopTalbHBIX KiamaHoB (AK) u mutpa-
mpHEIX Ki1amaHoB (MK), B 16 11 3 — COOTBETCTBEHHO H30JUPOBAHHOE TTOB-
pexnenue Tonbko MK u AK.

Cpenauii BO3pacT YMEPIIUX C aTepOCKICPOTHISCKHAM ITOPaKCHHEM
MK coctaBun 69,09 + 1,34 roga, ¢ nopaxkennem AK — 68,84 + 1,54 ner.
Mo rennepHOMy NMpU3HaKy HAOMIOAANACH PABEHCTBO MpH nopaxeHnd MK
(50 % my>xuunsl 1 50 % xeHuwmHbl), npu mopaxkenun AK HesHAUHTETHHO
npeobagani sxeHIuHbI (54,6 %0).

IIpu MaKpOCKONMYECKOM HCCIEOBAaHUU CEPJICUHBIX KIIANAHOB BBISAB-
JICHO, YTO TIPH aTEPOCKICPOTHIECCKOM MOPaKCHUH OHOMHHEpAIBHBIC Jie-
TIO3UTHI JIOKAJM30BAINCH B CTBOPKaX WK B (uOpo3HOM KoJble. ['ucTomo-
THYECKOE HCCIICAOBAHNE MOKA3bIBAaeT, YTO B IOPAKEHHBIX KOMIIOHEHTAX
KJIaIIaHHOTO aIlliapara OKa3bIBaeTCs yTOMNIICHHEe (GHUOPO3HOTO CIIOS | 3Ja-
CTHYECKUX BOJIOKOH, 0YaroBO€ OTIIOKCHHE IMITHAOB, MHKCOMATO3HOU
W3MEHEHUS, SIBJICHHS oTeKa. [IpucyTcTBHEe COSAMHEHMI KajbIMS B BBHISIB-
JICHHBIX OMOMHHEpaIbl MOATBEPXKIATAch C MOMOIIBI0 THCTOXUMHYECKUX
OKpaCOK aJIM3apHHOBHUM KpacHBIM 1 MeToioM (or Kocca.

HccnenoBanue yJnelbHOW J0JIM MUHEPAJIbHOIO KOMIIOHEHTA B TKAHU
pasnuuHbIX cepaeunbix kianaHoB (CK) mokazano cienyromiue pe3yiabTa-
1e1. MK B cpemrem comeprxanu 17,35 £ 2,08 % kaapuuuinpOBaHHBIME
BemrectBa, B AK BeisiBieno 18,84 + 2,23 % GuoMuHepasios.

[pu cxanupyromeit anekTpoHHON MUKpockormuu (COM) ¢ peHTreHOB-
CKUM MHUKPOAHAIIN30M MHHEpaln30BaHHEIE dneMeHTHl CK, He3aBucuMo ot
nokanmm3aimi — MK, AK oka3piBamich Kak spkue 00BEeKTBI OeJ0-ceporo
[[BETA B BHJE IIIBIOOK, KOMKOB, MEITKUX ITOPOIIKOOOpa3HBIX dacTuil. bro-
MUHepaJibHasl YacTh JICMIECTKOB M (PHOPO3HOTO KOJIbla ObliIa MHKPYCTHPO-
BaHa B TUCTOJIOTMYECKYIO CTPYKTYpY KJIAIaHOB U TECHO CBS3aHA C COEIH-
HUTEJIFHOTKAaHHBIM KOMITIOHEHTOM OpraHa. B oTmenbHBIX MecTax Habiro-
JTAJIOCh paccianBaHME AIACTUYHBIX M COCIMHUTEIBHBIX BOJOKOH, B JIPY-
TUX JIOKAMSIX OMOMHMHEpAIFHOTO TKaHb IUIABHO IEPEXOiiia B OKpYXKa-
I0IyI0 cTpoMy. PeHTreHoBckue nudpakTorpaMMbl MHHEPaIN30BaHHBIX
KOMIIOHEHTOB Bcex Jiokanuzauui CK moka3piBajgy CXOAHBIH XUMUUECKUN
COCTaB TI0 COOTHOLICHHIO Kanblys U docdopa. [lopasistoniee 60IbIIMH-
CTBO OMoOMaTepHaoB 10 (a30BOMY COCTAaBY OTBEYaIa I'MIPOKCHATIATUTAM.

KoaioueBble cioBa: cep/eyHble KiIanaHbl, THIPOKCHAIATUT, MOP(O-
JIOTHYECKUE N3MEHEHHS, aTePOCKIEPO3, OMOMHUHEPATIH3AIIHS.
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Introduction

Structural changes of the demographic situation
in Europe countries and Ukraine have the tendency
to the growth of population in older age groups, it
leads to an increase in degenerative and metabolic
diseases [1]. That’s why there is a prevalence of
growing of atherosclerotic affection of heart valve
structures, which worsens significantly the life
quality and prognosis for patients [2]. The
prevalence of heart valves affection with different
origin is 20-30 % of patients aged over 65 years
and reaches 48-57 % in patients in the age of 80
years [3].

An aortic valve (AV) damage with valvular cal-
cification is the most common disease of heart
valves in Europe and in the USA, especially in the
older group of patients [4]. Thus, in developed
countries near 50 000 replacing heart valves opera-
tions are carried out because of this disease each
year [1].

The aim of the work is the morphological
study of mineralized tissue of aortic and mitral
heart valves, which were affected by atherosclero-
sis.

Materials and methods

Protocol of ethics committee. Conducting of the
study was approved by the ethics committee of
Medical Institute of Sumy State University (Proto-
col Nel, 14.01.14).

Study was conducted on the section material,
which were obtained during autopsies in Sumy Re-
gional Postmortem Office. Heart valves with signs
of atherosclerotic affection and biomineralization
were selected for the study. 46 mitral (MV) and 33
aortic (AV) heart valves were studied, they were
obtained from the dead people with different somat-
ic pathology and manifestations of atherosclerotic
affection of cardiovascular system. Tissue of heart
valves was investigated by the methods of macro-
scopic description, histology and histochemistry,
scanning electron microscopy with microanalysis to
detect pathological biomineralization.

Histological and histochemical methods.

For histological study heart valves material was
fixed in 10 % solution of neutral formalin for 24
hours. Paraffin blocks making was performed with
the usage of the conventional method. Paraffin seri-
al sections were produced on rotary microtome
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Shandon Finnesse 325 (Thermo Scientific) with the
thickness of 4-5 microns, they were stained with
hematoxylin-eosin, alizarine red and due to the
method of von Kossa.

Scanning electron microscopy.

Sample preparation. Histological sections from
paraffin waxes preparations with the thickness of
6-7 microns were placed on graphite object tables.
Preparations were kept for 30 minutes in an incuba-
tor at 60 °C. Then paraffin sections were covered
with xylene for 5 minutes three times, then they
were covered with 96 % ethanol for 5 min three
times, they were rinsed with distilled water. Made
preparations were investigated on the scanning mi-
croscope REMMA 100U with energy dispersible
X-ray spectrometer (Selmi, Ukraine).

Mineral component determination

To establish the amount of mineral content in
the samples of heart valves tissue were processed
with the usage of thermal treatment in a muffle fur-
nace at 200 °C for 1 hour. It gave a possibility to
remove free water and the organic part of organic-
mineral aggregates, and to keep the unchanged
mineral structure. The ashes of organic tissues are
separated easily mechanically from the thick tissue
of biominerals during such a low temperature of
thermal treatment.

Statistical analysis

Data processing was carried out by applied sta-
tistical methods, using the Microsoft Excel 2010
with add-in program AtteStat 12.0.5. Results of the
research have been checked for normal distribution
(ND) using Shapiro-Wilk test. Most measurement
results had incorrect distribution that’s why non-
parametric Wilcoxon signed-rank test was used to
evaluate statistical significance. In the cases of cor-
rect normal distribution of sample data, their com-
paring was performed by using parametric Student's
t-test, in the condition of the confirmation of chance
differences (Fgrit > Fexp) according to Fisher's exact
test. I texp > tiir, the difference was considered to be
reliable.

Research results

Material of 49 section cases was investigated, in
which 30 patients had the combination of aortic
valve (AV) and mitral valve (MV) affection, 16 and
3 had isolated affection of only MV and AV, re-
spectively.
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Figurel — Localization of heart valves affection. AV — aortic valve, MV — mitral valve, AV + MV —
involvement of both valves into the pathological process

The average age of death people with athero-
sclerotic affection of MV was 69.09 + 1.34 years,
with AV affection — 68.84 + 1.54 years. MV affec-
tion was equal due to the gender (50 % men and
50 % women), in the case of AV affection women
(54.6 %) dominated insignificantly.

Signs of atherosclerotic affection and different
mineralized fragments of the pathologically altered
tissue are detected easily during the macroscopic
study of heart valves. Visually, the affected valve
cusps were thickened, opaque or dusky, they had

whitish or grayish color with yellow shades. Ather-
osclerotic plaques manifested in size from 0.2 to 1.2
cm on the leaflets of the investigated valves. Some
valve cusps were deformated, sometimes ulcerated.
Left atrioventricular aperture, aortic bulb had a ten-
dency to the narrowing, fibrous valve ring was
tight, it was cut difficult and with typical crunch.
Often biomineral deposits were located in the cusps
or in the fibrous ring in the case of atherosclerotic
valve affection.

Figure 2 — Macropreparations of heart valves with atherosclerotic affection. A. Mitral valve, leaflets thicken-
ing. B. Aortic valve. C. Mitral valve, biomineralization of valve fibrous ring (under the knife).

Histological study shows the presence of ather-
osclerotic plaques with detritus formation, bio-
minerals, connective tissue and inflammatory infil-
tration in heart valves tissue (Fig. 3 A-B). The level
of atherosclerotic process evidence in the HV var-
ies, but the thickening of the fibrous layer and elas-
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568

tic fibers (Fig. 3 C-D), focal lipids deposition,
sometimes myxomatous changes, edema are re-
vealed in the affected components of valve. Patho-
logical biomineralization was revealed well in the
HV micropreparations, which were stained with
hematoxylin-eosin (as purple or dark blue deposits).

3



R. A. Moskalenko, A. M. Romanjuk, 1.-M. S. Zakorko et al.

The presence of calcium compounds in the identi-
fied biominerals was confirmed by special histo-
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chemical staining with alizarine red and due to the
method of von Kossa (Fig. 3 E-F).

Figure 3 — Histological changes in heart valves affected by atherosclerosis. A. Aortic valve with the
formation of atherosclerotic plaque. Magnification x40. B. Mitral valve with inflammatory infiltration in the
tissue around calcifications. Magnification x400. C. Thickening of elastic fibers in the mitral valve cusp. Magni-
fication x400. A-C — hematoxylin-eosin staining. D. Fibrous tissue around the calcified plaque in heart valve.
Magnification x100. The staining due to the Malori method. E. Mineralized tissue of the mitral valve. Magnifica-
tion x100. The staining with alizarine red. F. Mineralized tissue of aortic valve base. Magnification x100. The

staining due to the method of von Kossa.

Parts of deposits of calcium compounds in the
cusps and in the fibrous rings of valves had mainly
irregular polygonal shape, indeterminate outlines.
Often biomineral deposits were separated from sur-
rounding tissues by clear "fibrous" border and, in
many cases, by the inflammatory infiltrate (Fig. 3
B, 3 D). It is noticeable in micropreparations that
biominerals are located as amorphous masses,
lumps, spherolits, plates, solid masses (Fig. 3 E-F).
It should be noted that biomineralized tissue crum-
bles, is was destroyed during the samples prepara-
tion on microtome that’s why there are artifacts and
defects in the micropreparations .

During SEM with X-ray microanalysis mineral-
ized HV elements were detected as bright objects
with white and gray color, in the form of blocks,
lumps, small powdered particles, it didn’t depend
on the localization — MV or AV (Fig. 4). Big bio-
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mineral formations have the signs of destruction
and fragmentation, which originate from a damage
of samples during microtome section making. Bio-
mineral part of leaves and fibrous ring was inlaid
into the histological structure of valves and it is
associated closely with connective tissue compo-
nent of the organ. In some places delamination of
connective tissue and elastic fibers was observed, in
other locations biomineral tissue passed fluently
into the surrounding stroma. Small mineral objects
were detected in the valve tissue as a "decoration”,
entwining organically into a connective tissue skel-
eton.

X-ray diffraction of mineralized components of
all HV locations shows a similar chemical
composition, which is close to the ratio of calcium
and phosphorus.
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Figure 4 — Scanning electron microscopy with microanalysis. A. Aortic HV with biomineral deposits. Places
of microanalysis are indicated by green crosses. B. X-ray diffraction of the same mineral component. Magnifica-
tion and marker are shown in the right bottom corner of the micrographs.

Study of the specific mineral component of var-
ious HV showed the following results: MV tissue
contained in average 17.35 + 2.08 % of calcified
substance, 18.84 + 2.23 % of biomineralized sub-
stance was found in AV (p > 0.46).

Discussion

The origin and development of pathological bi-
omineralization in heart valves, which are affected
by atherosclerotic process, take time from the mo-
ment of the beginning of a primary disease. In the
classical pathological anatomy atherosclerotic af-
fection in the cardiovascular system with the pres-
ence of calcification is considered to be a manifes-
tation of complicated atherosclerosis, but microcal-
cifications begin to form during the lipid stage [5].
In our study this is confirmed by the average age of
the patients, which corresponds to 68.91 + 1.49
(AV) and 69.09 + 1.37 (MV) (p > 0.05) years.

Macroscopic study of both types of heart valves
showed that biomineral deposits were located in the
cusps or in the fibrous ring in the case of the ather-
osclerotic affection. Histological examination has
found typical pathological changes in the heart
valves tissues, such as thickening of the fibrous
layer and elastic fibers, focal deposition of lipids,
myxomatous changes, edema, calcium deposition
of various size and morphology, chronic inflamma-
tory infiltration. Similar histopathological signs
accompany the atherosclerotic process, secondary
inflammation joins them often, as a response to the
atheromatous detritus and pathological biominerali-
zation. In the last case a typical «circulus vitious»
forms: calcium formations deposit in the form of
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grains, plungers or granules under the influence of
pro-inflammatory stimuli, they irritate the surround-
ing tissues, causing inflammation [6; 7].

Pathological biomineralization begins often in
aortic valve, and then the process extends to the
MV, to the left ventricle and interventricular sep-
tum. Biomineralization changes drastically the elas-
ticity and extensibility of valve tissue that contrib-
utes to the development of its failure, left ventricu-
lar hypertrophy and reduce of contractility of the
heart muscle [8].

It is known that cardiovascular calcification is
an unfavorable sign of the atherosclerosis develop-
ment and it is a predictor of cardiovascular patholo-
gy and patients mortality [8]. Especially dangerous
phenomenon can be the destruction of atheroscle-
rotic plaque, located on the valve leaflets or in the
area of connection with the muscles [9]. There is an
interesting idea that microcalcifications have a
higher damage potential of the tissue rupture [8].
Especially dangerous situation arises in the case of
close-localization of two deposits-microcalcificates
[10]. Conversely, the formation of leaf-like calcifi-
cations ("macrocalcification) stabilizes an athero-
sclerotic plaque and can be a barrier against in-
flammation [8]. The molecular mechanism, which
regulates the development of a certain type of
pathological biomineralization, is exactly unknown.

SEM with X-ray microanalysis confirmed that
biomineral part of AV and MV consists mainly of
hydroxyapatite. Material science research of HV
biominerals that was conducted earlier, had clari-
fied their structure. It was found that the majority of

3
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AVs consist of B- three-calcium-magnesium phos-
phate (B-TCMP) (approximately 80 %), while this
mineral is found in the MV only in near 20 % of
cases [11]. An interesting fact is also a close corre-

Conclusions

Morphological study of heart valves shows a
typical pathological changes in the tissues of the
heart valves, such as thickening of the fibrous layer
and elastic fibers, focal deposition of lipids,
myxomatous changes, edema, calcium deposition
of wvarious size and morphology, chronic
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