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samecniero samedicino recenzirebadi Jurnali, gamoicema 1994  wlidan, warmoadgens 

saredaqcio kolegiisa da aSS-is mecnierebis, ganaTlebis, industriis, xelovnebisa 

da bunebismetyvelebis saerTaSoriso akademiis erTobliv gamocemas. GMN-Si rusul, 

inglisur da germanul enebze qveyndeba eqsperimentuli, Teoriuli da praqtikuli 

xasiaTis originaluri samecniero statiebi medicinis, biologiisa da farmaciis 

sferoSi, mimoxilviTi xasiaTis statiebi, recenziebi. 

Jurnali indeqsirebulia MEDLINE-is saerTaSoriso sistemaSi, asaxulia SCOPUS-

is da ВИНИТИ РАН-is monacemTa bazebSi. statiebis sruli teqsti xelmisawvdomia 

EBSCO-s monacemTa bazebidan.
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быть приложен CD со статьей. 
	 2. Размер статьи должен быть не менее шести и не более пятнадцати страниц машинописи, 
включая указатель литературы и резюме на английском, русском и грузинском языках.
	 3. В статье должны быть освещены актуальность данного материала, методы и результаты 
исследования и их обсуждение.
	 При представлении в печать научных экспериментальных работ авторы должны указывать 
вид и количество экспериментальных животных, применявшиеся методы обезболивания и 
усыпления (в ходе острых опытов).
	 4.  Таблицы необходимо представлять в печатной форме. Фотокопии не принимаются.  Все 
цифровые, итоговые и процентные данные в таблицах должны соответствовать таковым в 
тексте статьи. Таблицы и графики должны быть озаглавлены.
	 5. Фотографии должны быть контрастными,  фотокопии с рентгенограмм - в позитивном 
изображении. Рисунки, чертежи и диаграммы следует озаглавить, пронумеровать и вставить в 
соответствующее место текста в tiff формате. 
	 В подписях к микрофотографиям следует указывать степень увеличения через окуляр или 
объектив и метод окраски или импрегнации срезов.
	 6. Фамилии отечественных авторов приводятся в оригинальной транскрипции.
	 7. При оформлении и направлении  статей  в  журнал  МНГ просим авторов соблюдать 
правила, изложенные в «Единых   требованиях  к рукописям, представляемым в биомедицинские  
журналы», принятых Международным комитетом редакторов  медицинских   журналов - 
http://www.spinesurgery.ru/files/publish.pdf и http://www.nlm.nih.gov/bsd/uniform_requirements.html
В конце каждой оригинальной статьи приводится библиографический список. В список лите-
ратуры включаются все материалы, на которые имеются ссылки в тексте.  Список составляется 
в алфавитном порядке и нумеруется. Библиографическое описание литературы составляется на 
языке текста документа. В списке литературы сначала приводятся работы, написанные знаками  
грузинского алфавита, затем кириллицей и латиницей. Ссылки на цитируемые работы в тексте 
статьи даются в квадратных скобках в виде номера, соответствующему номеру данной работы в 
списке литературы. 
	 8. Для получения права на публикацию статья должна иметь от руководителя работы 
или учреждения визу и сопроводительное отношение, написанные или напечатанные на бланке 
и заверенные подписью и печатью.
	 9. В конце статьи должны быть подписи всех авторов, полностью приведены их фамилии, 
имена и отчества, указаны служебный и домашний номера телефонов и адреса или иные 
координаты.  Количество авторов (соавторов) не должно превышать пяти человек.
	 10. К статье должны быть приложены краткое (на полстраницы) резюме на английском,  
русском и грузинском языках (включающее следующие разделы: вступление, материал и методы, 
результаты и заключение) и список ключевых слов (key words).
	 11. Редакция оставляет за собой право сокращать и исправлять статьи. Корректура авторам 
не высылается, вся работа и сверка проводится по авторскому оригиналу.
	 12. Недопустимо направление в редакцию работ, представленных к печати в иных 
издательствах или опубликованных в других изданиях.

	 При нарушении указанных правил статьи не рассматриваются.
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 http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end 
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	 10. Articles must have a short (half page) abstract in English, Russian and Georgian (including the 
following sections: introduction, material and methods, results and conclusions) and a list of key words.
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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 6 gverdze naklebsa da 15 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. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
	 5. 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.
	 6. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
	 7. 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.
	 8. 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.
	 9. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
	 10. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis mi-
TiTebiT da unda Seicavdes Semdeg ganyofilebebs: Sesavali, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
	 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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avtorebs warmodgenili aqvT mimdinare da 
retrospeqtiuli literaturis analizi 
axalSobilebSi ganviTarebis Seferxebis 
sindromis Sesa-xeb. ganxilulia daavadebis 
warmoSobisa da ganviTarebis mizezebi, gavr-
celebis masStabebi, paTogenezi, mkurnalobis 
sadReisod arsebuli meTodebi da defi-
niciebi. literaturis ganxilvis Sedegad 
avtorebis mier mowodebulia mkurnalobis 

axali gzebis Zieba, risTvisac mizanSe-
wonilad miaCniaT daavadebis ganviTarebis 
pirveladi mizezis dadgena; gansazRvra, Tu 
romel daavadebebs, organuls Tu araor-
ganuls ganekuTvneba igi. rekomendebulia 
daavadebis marTvisadmi sistemuri midgoma, 
bavSvebis temperamentisa da ganviTarebis 
drouli Sefaseba da maTi garemo pirobe-
bis (ojaxuri) Seswavla.

MORPHOGENETIC ASPECTS OF BIOMINERALIZATION 
ON THE BACKGROUND OF BENIGN PROSTATIC HYPERPLASIA

1Moskalenko R., 1Romanyuk А., 2Danilchenko S., 2Stanislavov O., 
1Piddubniy A., 1Zakorko I-М., 1Tkach G.

1Sumy State University, Ukraine; 2Institute of Applied Physics, 
National Academy of Sciences of Ukraine, Sumy

Age-related changes in the mail organism cause a 
decrease of a reproductive function and remodeling 
of prostate gland tissues. This is often accompanied 
by benign hyperplasia in 70% of men over 60 and 
prostate cancer [2]. A multidisciplinary approach to 
the problem is necessary to determine the reasons of 
the growth of prostate proliferative disease.

Prostate pathological inclusion – corpora amylacea 
(CA), prostatoliths – are clinically associated with 
asymptomatic inflammation. Proximity of focal in-
flammatory infiltrates and damage of glands epithe-

lium are often observed. Despite a high prevalence 
of pathological prostate inclusions (CA, prostatoliths) 
with increasing of patients’ age, their nature and sig-
nificance in the development of the prostate disease 
are not precisely established [5].

Prostatolithiasis is asymptomatic in the case of 
small uninfected stones. In other cases, the pres-
ence of prostatolithis worsens the prostate diseases, 
reduces the quality of a patient’s life. According 
to Zhao W-P et al. [8] prostatolithiasis reduces the 
efficiency of antibiotic therapy in patients with 
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chronic bacterial prostatitis, supports the inflamma-
tory process. Prostate gland is increased, condensed 
and bumpy, due to the deposition of concretions, 
and can clinically simulate a malignant tumor [6]. 
Prostatoliths may indirectly conduce the appear-
ing of neoplastic processes, by supporting chronic 
inflammation [7].

It was previously found that CA were amyloid 
structures [1]. Formation of amyloid deposits, old 
age and chronic inflammation associate prostate 
pathology with such diseases as Alzheimer’s and 
Parkinson’s [7].

The purpose of the article is to explore the features 
of prostatoliths morphogenesis on the background of 
nodular prostatic hyperplasia.

Materials and methods. The study was conducted on 
the surgical material of 628 biopsies of the prostate 
of Urology department of Sumy Regional Hospital 
(from 2007 to 2011). Prostate tissue, which contains 
abnormal inclusions, was further investigated by the 
methods of histology, electron microscopy, X-ray 
diffraction, infrared spectroscopy.

Surgical material was fixed in neutral 10% formalin, 
with the following keeping in alcohol on the rotary 
machine AT-4M type (Ukraine) and filling in paraf-
fin blocks, from which the preparations of 4-6 mil 
thickness were made with using rotary microtomes 
“Shandon Finesse 325”. Histological sections were 
stained with haematoxylin and eosin, Congo-red, the 
Von Cossa method and then studied by light-optical 
microscope, company Carl Zeiss “Primo Star” (Ger-
many). Photomicrographs were obtained by digital 
image output system «SEO Scan ICX 285 AK-F 
IEE-1394» (Ukraine).

A mineral component of prostatoliths (5 cases) was 
isolated by thermal processing at 200 ° C for one 
hour. Powdered samples were investigated by in-
frared spectroscopy (IRS, appliance Spectrum-One, 
Perkin Elmer); scanning electron microscopy with 
X-ray microanalysis (REMMA / EDX, appliance 
REMMA-102, SELMI, Ukraine), transmission elec-
tron microscopy with electron diffraction (TEM / ED, 
device TEM-125K, JSC “SELMI”, Sumy).

A statistical analysis of data was performed using 
Microsoft Excel applications with the calculation 

of arithmetic means (M) and their errors (m) and 
Student’s criterion. Fisher’s exact test was used in 
the correlation between age, secretions engorgement, 
inflammation, corpora amylacea, stone formations 
(prostatoliths).

Results and their discussion. According to the Re-
gional Statistical Office, for the period of 2007-2011 
in Sumy region a consistently high level of prevalence 
and incidence of male population with prostate dis-
eases was observed with a slight tendency to increase 
(in 2007 – 1797.2 and 532.58 people per 100 000 
thousand, in 2011 – 1908.01 and 592.33 people per 
100 000 thousand, respectively).

3 groups of pathological processes occur in prostate 
gland, with varying frequency and in different age 
periods: prostatitis, benign nodular hyperplasia 
and malignant tumors. In the surgical material, 
which was studied, pathological processes of the 
second and third groups dominated, as they lead to 
acute urinary retention and to other indications for 
surgical intervention. The largest part of surgical 
material was benign prostatic hyperplasia, which 
is typical for men of older age groups. Prevalence 
and incidence of prostatic hyperplasia during a 
5-year observation period remain consistently high 
(in 2007 – 1344.0 and 353.48 people per 100 000 
thousand, in 2011 – 1317.98 and 341.0 people, 
respectively).

Nodes removed from the prostate were pink, 
whitish-pink, gray (after fixation) color, round or 
irregular in shape, size from 1.5 to 8.5 cm in diam-
eter, weighing 50-100 g by the macroscopic study 
(Fig. 1 A). As a rule, nodes are well limited and 
have soft-elastic consistency. In the section prostate 
tissue is pinkish-gray, with small cysts, which take 
places focal. By pressing on the gland whitish fluid 
exudes from the tissue, sometimes with yellowish-
greenish tint. Another group of nodes was slightly 
different – they were tight, limited less clearly, pale 
gray, in the section they didn’t exude liquid. Mac-
roscopic calculi were revealed in a small portion of 
cases (about 1%), they localized more often in the 
peripheral areas of the prostate. Prostatic concre-
tions, which were revealed by us, had small size 
(1 to 6 mm in diameter), round or spherical shape 
(Fig. 1 B). Prostatoliths were yellow, yellow-gray 
and whitish color, firm texture, layer structure on 
the sections.
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Microscopic examination. During the period from 
2007 till 2011, 628 surgical biopsies of patients who 
suffered from benign prostatic hyperplasia were 
studied. Patients’ age ranged from 35 to 89 and the 
average age was 69,5±0,42 years old. Nodular prostatic 
hyperplasia was characterized by proliferation of glan-
dular component and fibro-muscular stroma. Glands 
were manifested in the form of large and small clusters, 
their cystic transformation was observed. Epithelium of 
prostate glands is a double-layer – the inner layer facing 
to the lumen of the gland consists of a cylindrical cells, 
the outer layer is paved by cubic or flattened elements, 
that settle on the unmodified membrane.

Epithelial component forms folds and papillary 
growths more often, than normally, sometimes foci of 
squamous metaplasia are formed. In fibro-muscular 
stroma small foci of infarcts, hemorrhages, common 
areas of edema are often indicated. In the lumen of 
prostate in 64,72±1,13% of cases CA were detected, 
that stained Congo red, in 27,6±3,48% calcifications 
were revealed, that were indicated by the reaction Von 
Cossa. In 88,22±1,67% nodular prostatic hyperplasia 
was combined with focal or diffuse inflammation. 
The inflammatory infiltrate often located around 
the glands, accompanying stagnation of secretion 
(81,76±2,97%).

  В A
Fig. 1. (A). Nodular prostatic hyperplasia. Photo. (B). Concretions,

 which were found in the prostate during a biopsy study

Fig. 2. Histological examination of the prostate. (A) The hematoxylin and eosin coloration. 1 – CA, 2 – inflammatory 
infiltration. B. The Congo red coloration. 1 – amyloid deposits in CA. C. The hematoxylin and eosin coloration. 
1 – calcifications in the lumen of the glands. The magnification is indicated in the left lower corner of each image
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In the course of the correlation analysis significant 
strong links between inflammation and concre-
tions - r=0.93 (p<0,05), inflammation and secret 
engorgement - r=0,95 (p<0,05) were revealed. Also 
a significant strong correlation between stagnation 
and prostatolithias - r=0,88 (p <0,05) was found. The 
correlations between the engorgement of secretions 
and formation of CA (r=0,55, p>0,05), inflammation 
and CA (r=0,7, p>0,05) are of medium force, but it 
is unreliable. The correlation between age and any of 
the options is absent. The correlation between CA and 
concretions (r=0,7, p>0,05) is unreliable and weak.
The results of prostatoliths investigation, using meth-
ods of physical material (XRD, IRS, REMMA/EDX, 
TEM/ED). It’s not conceivable to get the complete 
picture of the appearance and maturation of prostate 
pathological mineral formations without a detail study 
of concretions. First of all it is necessary to know the 
phase composition of deposits, the size and shape of 
crystal, the structure and concentration features of 
biominerals, which were formed. 

According to the TEM (Fig. 3), the crystals of prostate 
pathological deposits have mostly irregular globular 
(round) shape with an average size of several tens of 
nanometers. The larger formation (70-80 nm or more), 
as seen from the TEM pattern, is clusters or agglomer-
ates of smaller crystallites. A characteristic feature is 
some equivalence dimension and morphology similar-
ity of crystalline particles. Their small sizes indicate a 
fairly high relation of surface / volume, which is the 
evidence of a large area of interaction with organic 
components or body fluids.

Fig. 3. Electron microscope image of prostatolith 
crystal particles. Magnification x40500

The fact, that crystalline particles don’t have a marked 
shape anisotropy or specific texture and orientation 

signs, indicates that they were probably formed by 
direct deposition from the liquid phase (supersatu-
rated biological solutions) but were not nucleated 
and matured into biological tissues with mechanism 
of template-directed growth.

The electron diffraction pattern (Fig. 4) indicates 
the apatite nature of the prostatolith nanocrystals. 
The type of diffraction rings is not solid (spot), 
which is conditioned by the fact that the diffraction 
pattern is formed by a limited number of individual 
single-crystalline particles with chaotic orientation 
that got into the area of the initial electron beam 
irradiation.

Fig. 4. A typical electron diffraction pattern on calci-
fications of prostate crystals. Crystallographic indices 
hkl of apatite are listed on the right

Facts of infrared spectroscopy (Fig. 5) clearly 
confirm that the investigated samples of prostate 
mineraliths are related to apatite. The broad absorp-
tion bands at 1000-1100 cm-1 and 480-600 cm-1 are 
caused by variations of apatite phosphate groups 
PO4

3
-, and the bands at 3780 cm-1, 3435 cm-1 and 

1630 cm-1 can be attributed to hydroxyl groups and 
water, that are present in the mineral structure and 
its surroundings [5]. Taking into consideration the 
absorption bands at 878 cm-1, 1419 cm-1 and 1448 
cm-1, we can say about the presence of carbonate 
apatite substitutions of phosphate group (CO3

2-→ 
PO4

3-) in the apatite structure and the carbonate ion 
substitution of the hydroxyl group (CO3

2-→ OH-) 
[3,5]. Thus, the apatite of prostate pathological de-
posits can be attributed to carbonate apatite (mainly 
B-type, where the ions CO3

2-substitute groups 
PO4

3-), which indicates its crystal and chemical 
relationship with bone tissue bioapatite [3].
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Fig. 6. Typical EDX spectrum of prostate calcifications

The vast majority of scientific researches about patho-
logical biomineralization processes in the prostate 
indicate that prostatoliths are formed by dystrophic 
calcification of corpora amylacea, they are predomi-
nantly formed from amyloid proteins in the lumen of 
the glands [1, 8]. Some authors admit the formation 
of prostatoliths through two related mechanisms, the 
main essence in both cases is obstruction and en-
gorgement of prostatic fluid [4]. The first mechanism 
is dystrophic calcification of corpora amylacea, the 
second – a simple precipitation of prostatic secretions. 
Joining inflammatory reaction initiates and enhances 
biomineralization processes in a stagnation of secre-
tion [4].

Under the influence of age-related changes remodel-
ing of prostatic tissue is characterized by hyperplasia 
of fibro-muscular component, which leads to com-

pression of glands and their ducts, obstruction of 
drainage of secretions from the prostate, the forma-
tion of engorgement. Retention of glands secretions 
or urine reflux into the prostatic tissue in case of 
difficult urination causes the inflammation develop-
ment. In histological preparations it is noticeable 
that the inflammatory infiltrate is usually localized 
around the glands (Fig. 2A). In inflammatory infil-
trate lymphocytes, histiocytes dominate, neutrophils 
are present. At the background of focal mixed cell 
inflammatory infiltration and engorgement the 
“thickening” of secretion (Fig. 2B), the formation of 
corpora amylacea (in 64,72±1,13% of cases) are often 
marked. By colouring histological sections of pros-
tate with corpora amylacea Congo red an amyloid 
nature of CA is confirmed, which was established 
by a number of studies [1,8]. Prostatoliths were 
found in 27,6 ± 3,48% of histological preparations. 

Spectra EDX (Fig. 6) contain a marked peak of 
zinc, except peaks of calcium and phosphorus in the 
typical relation of intensity ratios for apatite. Zinc 
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Fig. 5. A typical infrared spectrum of prostate calcifications

belonging to the crystal lattice of apatite (cationic 
substitution), or its interposition in non-apatite com-
ponent of deposit remains an undeterminated issue. 
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Despite the frequent combination of investigated 
signs in patients with prostatolithoasis, a reliable 
correlation between the presence of stones and CA 
in the prostate was not found. A strong correlation 
was detected between inflammation, engorgement 
and formation of concreation, which indicate the 
important etiopathogenetical role of these factors 
for prostatolithiasis.

According to the electron diffraction (ED), infrared 
spectroscopy (IRS) and scanning electron microscopy 
with X-ray microanalysis (REMMA / EDX) it was 
found out that a mineral base of prostate concretions 
is a carbonate bioapatite with a high probability of 
minor inclusions of other elements. TEM results show 
morphological similarity of prostatoliths crystalline 
particles and their small size (tens of nanometers), 
which indicate their preferential formation with di-
rect sedimentation from the liquid phase (supersatu-
rated biological solutions) rather than nucleation 
and maturing on the surface of biological tissues (in 
this case – corpora amylacea). Taking into account 
the presence of carbonate substitutions according 
to the IRS, it is likely that pathological calcifica-
tions in prostate are not a phase of simple classical 
hydroxyapatite of calcium, Ca10(PO4)6(OH)2, but 
relate to apatite with isovalent and heterovalent 
substitution in cationic and anionic sublattice. 
However, the considerable concentration of zinc 
in the material of concretions doesn’t allow to 
refer them to the crystal lattice of apatite (cationic 
substitution), but rather indicates their predominant 
location in non-apatite component of the deposit. In 
general, the presence of zinc is easily explained by 
its essentiality, tropism to the prostate, the presence 
as a coenzyme in many enzymes.

Based on the results of morphological methods and 
techniques of physical material, we conclude that the 
predominant mechanism for the formation of concre-
tions is a precipitation with direct sedimentation from 
prostate secretion, but not a dystrophic calcification 
of corpora amylacea. 

The mineral base of prostatic concretions is a 
carbonate bioapatite with minor inclusion of ex-
traneous elements. Stability of shape and mineral 
composition of prostatoliths in all investigated 
samples indicates similarities of mechanisms of 
concretions, regulation of biomineralization pro-
cesses in the prostate gland.
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SUMMARY

MORPHOGENETIC ASPECTS OF BIOMINE-
RALIZATION ON THE BACKGROUND OF 
BENIGN PROSTATIC HYPERPLASIA

1Moskalenko R., 1Romanyuk А., 2Danilchenko S., 
2Stanislavov O., 1Piddubniy A., 1Zakorko I-М., 
1Tkach G.

1Sumy State University, Ukraine; 2Institute of Applied 
Physics, National Academy of Sciences of Ukraine, 
Sumy

Despite the considerable spread of pathological pros-
tate inclusions their nature and significance in the 
development of gland pathology are not established 
exactly. The work includes histological research of 



60

	
Медицинские новости грузии

cfmfhsdtkjc cfvtlbwbyj cbf[ktyb

628 surgical biopsies of benign prostatic hyperplasia, 
the sections were stained with hematoxylin and eosin 
or Congo red, von Kossa methods. Mineral constitu-
ent of prostatoliths (5 cases) was studied by infrared 
spectroscopy (IRS); scanning electron microscopy 
with X-ray microanalysis (REMMA/EDX), trans-
mission electron microscopy and electron diffraction 
(TEM/ED).

The average age of the operated patients was 69,5±0,42 
years old. In 88,22±1,67% of cases nodular prostatic 
hyperplasia was combined with diffuse or focal inflam-
mation, engorgements of prostate gland secretion were 
observed in 81,76±2,97%. In the lumen of the prostate 
gland corpora amylacea were detected in 64,72±1,13% 
of cases, in 27,6±3,48% - concreations. There was a 
significant strong correlation between inflammation 
and calculi - r = 0.93 (p<0,05), inflammation and se-

cret engorgement - r=0,95 (p<0,05), engorgement and 
concreations - r = 0,88 (p <0,05). TEM results show the 
same morphological type of prostatolith crystals and 
their small size (tens of nanometers), that indicates their 
preferential formation by direct sedimentation from the 
liquid phase, rather than the appearance and maturation 
of corpora amylacea on the surface.

Based on the received data, the dominant mecha-
nism of concrements formation is precipitation by 
direct sedimentation of prostate secretions, but it’s 
not a dystrophic calcification of the corpora amyla-
cea. Mineral component of prostatic concrements is 
carbonate bioapatite with a minor inclusion of other 
chemical elements.

Keywords: prostate, biomineralization, corpora amy-
lacea, concrements, mechanism, bioapatite.

РЕЗЮМЕ

МОРФОГЕНЕТИЧЕСКИЕ АСПЕКТЫ БИОМИНЕРАЛІЗАЦИИ 
НА ФОНЕ ДОБРОКАЧЕСТВЕННОЙ НОДУЛЯРНОЙ ГИПЕРПЛАЗИИ ПРОСТАТЫ

1Москаленко Р.А., 1Романюк А.М., 2Данильченко С.Н., 
2Станиславов А.С., 1Пиддубный А.М., 1Закорко И-М.С., 1Ткач Г.Ф.

1Сумский государственный университет, Украина; 
2Институт прикладной физики НАН Украины, Сумы, Украина

Несмотря на значительную распостраненность 
патологических включений простаты, их природа 
и значение в развитии патологии железы точно не 
установлены. Исследование включает гистологи-
ческое исследование 628 операционных биопсий 
доброкачественной гиперплазии предстательных 
желез (ПЖ); срезы окрашивались гематоксилином 
и эозином или конго красным, методом фон Косса. 
Минеральная составляющая простатолитов (5 
случаев) исследовалась методами инфракрасной 
спектроскопии, сканирующей электронной микро-
скопии с рентгеновским микроанализом, просвечи-
вающей электронной микроскопии с электронной 
дифракцией (TEM/ED). 

Возраст оперированных пациентов, в среднем, со-
ставил 69,5±0,42 лет. В 88,22±1,67% случаев ноду-
лярная гиперплазия ПЖ сочеталась с диффузным 
или очаговым воспалением; явления застоя секрета 
желез ПЖ наблюдались в 81,76±2,97%. В просве-
те желез ПЖ в 64,72±1,13% случаев выявлялись 

corpora amylacea, в 27,6±3,48% - конкременты. Вы-
явлена достоверная корреляционная связь между 
воспалением и конкрементами - r=0.93 (p<0,05), 
воспалением и застоем секрета - r=0,95 (p<0,05), 
застоем и конкрементами – r=0,88 (p<0,05). Ре-
зультаты ТЕМ/ED выявили морфологическую 
однотипность кристаллов простатолитов и их 
малый розмер (десятки нанометров), что свиде-
тельствует об их образовании, преимущественно, 
прямым осаждением из жидкой фазы, нежели о 
зарождении и вызревании на поверхности крах-
малоподобных телец (corpora amylacea).

Исходя из полученных данных, преимуществен-
ным механизмом образования конкрементов 
является преципитация прямым осаждением из 
секрета ПЖ, а не дистрофическая кальцификация 
крахмалоподобных телец. Минеральную основу 
конкрементов простаты составляет карбонатный 
биоапатит с незначительным включением других 
химических элементов. 
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biomineralizaciis morfologiuri as-
peqtebi prostatis nodularuli hiper-
plaziis fonze

r. moskalenko, a. romaniuki, s. danilCenko, 
a. stanislavovi, a. pidubni,  i.-m. zakorko, 
g. tkaC

sumis saxelmwifo universiteti,  ukraina; 
ukrainis nacionaluri mecnierebaTa aka-
demiis gamoyenebiTi fizikis instituti, 
sumi, ukraina

prostatis paTologiis mniSvnelovani 
gavrcelebis miuxedavad, winamdebare 
jirkvlis paTologiis ganviTarebis bune-
ba da roli zustad ar aris dadgenili. 
naSromi Seicavs Catarebuli 628 ope-
raciis Semdgom gakeTebul winamdebare 
jirkvlis keTilTvisebiani hiperplaziis 
biofsiis histologiur gamokvlevas. 
winamdebare jirkvlis anaTali SeiReba 
hematoqsiliniT da eoziniT an kongo 
wiTeliT, meTodiT kosa. mineralebis Sem-
cveli prostatoliTebi (5 SemTxvevaSi) 
gamokvleulia infrawiTeli speqtrosko-
piis meTodiT, eleqtronuli mikroskopiT 
skanirebis rentgenologiuri mikroana-
liziT, eleqtronuli mikroskopiT gana-
Tebisas eleqtronuli disfraqciiT.

naoperaciebi pacientebis asaki saSua-
lod 69,5±0,42 wels Seadgenda. 88,22±1,67% 
SemTxvevaSi noduri hiperplazia Serwymuli 
iyo difuzur an kerovan anTebasTan. 
winamdebare jirkvlSi sekretis Segubeba 
aRi-niSneboda 81,76±2,97% SemTxvevaSi. 
winamdebare jirkvlis gaSuqebisas 
64,72±1,13% SemTxvevaSi gamovlinda corpora 
amylacea, 27,6±3,48% - konkrementi,  sarwmuno 
korelacia anTebasa da konkrementis war-
moSobas Soris - r=0.93 (p<0,05), anTebasa 
da sekretis Segubebas Soris - r=0,95 
(p<0,05) sekretis Segubebasa da konkre-
ments Soris - r=0,88 (p<0,05). eleqtronuli 
mikroskopiis Sedegebma gamoavlina pros-
tatoliTebis kristalebis da maTi mcire 
zomebis (aTeuli nanometri) morfologi-
uri erTtipianoba, rac naTelhyofs maTi 
upiratesad Txevadi fazidan pirdapiri 
daleqviT warmoqmnas da gamoricxavs 
corpora amylacea-s zedapirze maT Camoyali-
bebas.

miRebuli Sedegebidan gamomdinare, upirate-
soba konkrementis warmoqmnis meqanizmSi 
eniWeba precipitacias pirdapiri daleqvis 
wesiT winamdebare jirkvlis sekretidan da 
ara corpora amylacea-s sxeulis distrofiul 
kalcifikacias. prostatis konkrementis 
mineralebis safuZvels warmoadgens bio-
apatitis karbonati sxva qimiuri elemente-
bis umniSvnelo raodenobis CarTviT.


