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Abstract. The article presents the results of morphology research of the organomineral formations of the residents
of Dnipropetrovsk region and proposes the typification of uroliths according to the peculiarities of their morphology.

Determination of the structure and mineral composition of uroliths is necessary for urologists for a reasonable
appointment of therapeutic and preventive actions to the patient. Existing Ukrainian and world standards for the
diagnosis and treatment of patients with urolithiasis provide for mineralogical examination of urolithiasis for each patient.
At the same time, now in Ukraine the implementation of such studies is proactive and sporadic, which leads to an
increase in the number of diseases and their severity.

Due to the fact that organomineral concretions in general and uroliths in particular are biomineral formations, and
minerals are the subject of mineralogy and crystallography, it is necessary, first of all, to consider some features of
mineral morphology in relation to urolith formation. Along with genetically determined mineral formations of living
organisms, pathogenic biominerals are also widespread, in particular, urinary and kidney stones - uroliths, which are a
natural consequence of the development of urolithiasis.

It has been established that polymineral formations predominate in the composition of the studied uroliths of the
inhabitants of the Dnipropetrovsk region. Various combinations of oxalates (vevellite, veddilite), phosphates (mainly
hydroxy! apatite - collophane), urate (uric acid, uric acid dihydrate), organic matter, and in some cases purines (xanthine)
are most common in the studied samples. Also, in all the studied samples there are certain defects of the minerals
forming them.

The morphology of organomineral formations is largely determined by the position of their location. The central part
of the organomineral formations of the studied samples was usually represented by accumulations of organic matter
containing a highly dispersed mineral component. In addition, a characteristic feature of all mineral individuals without
exception is their large-scale microblocking and the presence of inclusions of organic matter.
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Introduction. In Ukraine, urolithiasis is generally reported in 0.7% of the adult
population, but the significant annual increase in morbidity (20%) indicates an
unfavorable forecast of its distribution.

The causes and mechanisms of urolithiasis are currently being studied at a high
scientific level using electron microscopy and complex biochemical and structural
radiological studies [1].

But to date, the issues of etiology, pathogenesis, diagnosis and prevention of
urolithiasis remain completely unexplored and largely controversial.
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Mineralogical and petrographic research of pathogenic organomineral formations -
uroliths is an interesting and practical area of study, which is aimed at solving an
urgent scientific problem, which is the timely diagnosis and treatment of patients with
urolithiasis. Uroliths are urinary and kidney stones that are a natural consequence of
the development of urolithiasis. They are pathogenic formations that are widespread
together with genetically determined mineral formations of living organisms.Minerals
of biogenic origin are integral elements of the structure of many living organisms.
The main reason for their formation - metabolic disorders, especially changes in
water-salt and chemical composition of blood. They arise as a result of the natural
reaction of the biological system of the organism to the violation of the basic
physicochemical parameters of its normal functioning. As a result, the body creates
the necessary prerequisites for the implementation of phase transitions and
crystallization phenomena that lead to the appearance of their products - pathogenic
biominerals [2-11].

Recent achievements. Huge work in study of organo-mineral aggregates in
organisms and plants are given in the works of A.A Korago [12], O.A. Golovanova
[13], F.V. Zuzuk [14] and other researchers.

It has been noted in the literature [15] that biomineralogy as a science is
developing rather slowly. This is due to the fact that the objects of study of
biomineralogy are quite complex organo-mineral formations. In addition, researchers
(biologists, physicians, etc.) who do not have specialized knowledge in the field of
mineralogy, crystallography and chemistry have been studying such formations for a
long time.

In Ukraine, the first mineralogical and petrographic studies of uroliths were
conducted in the mid-70s of the last century at the Department of Mineralogy and
Petrography of the Dnipropetrovsk Mining Institute and in 1979 the first article on
this topic was published [16].

The research aims is study of features of morphology of organomineral
formations of kidneys of residents of Dnipropetrovsk region.

Method of research. The methodological basis of the research was the collection,
research, analysis and generalization of mineralogical and petrographic data
characterizing the composition of more than 720 renal uroliths of the inhabitants of
the Dnipro and Dnipropetrovsk region. Because uroliths are very specific objects of
study, usually individual specimens obtained from a particular person, and have a
small size and weight, they must be applied to study methods that would ensure
minimal disruption of the integrity of the samples.

At the first stage, an analytical review of the research area was performed.
Existing world standards for the diagnosis and treatment of patients with urolithiasis
provide a mandatory study of the composition of urolithiasis for every patient with
urolithiasis. The use of a set of visual observations and classical polarization
microscopy allows to reliably identify the mineral composition of urinary stones and
the conditions of their formation.
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All samples were uroliths removed from the kidneys of residents of the Dnipro
and Dnipropetrovsk region by surgery. For the purpose of further macro- and micro-
studies, samples of uroliths were taken, from which the initial base was formed. More
than 720 samples were used to study and analyze the material composition of
uroliths. In order to further study by optical microscopy from the material of the
obtained samples were made sections (thin sections of stone with a thickness of
0.02 mm). Grinds are the main drug for studying the mineral composition of uroliths,
the nature of the distribution of mineral grains in the unit, the nature of intergrain
boundaries, the distribution of gaseous and gas-liquid inclusions in individuals.
Digital photographs of uroliths were also taken, informative on the study of
morphology with the entry of information in the created database.

In the second stage, the external macroscopic features of urolith (color, shape,
size) were studied and the morphology of the surface was analyzed, weight and
mechanical strength (monolithicity, looseness, fracture, hardness, density) were
determined. The study of uroliths was comprehensive and included the study of the
shape, color, nature of the surface, mineral composition.

The morphology of aggregates and individuals was studied under a binocular
microscope with the detection of defects (imperfections in the structure of crystals),
mineral composition, the nature of the relationship between mineral individuals, the
absence or presence of regular fusion of crystals. In studying the imperfections of
morphology and defects of individuals, the main attention was paid to the inequality
of faces of one simple form, their quantitative deviation, sculpture of faces of one
simple form, the collision surface of crystals and other defects (traces of dissolution,
deformation). Sketches of individual crystals and their growths were made, the most
interesting parts of the urolith were photographed.

Classical crystal morphological and polarization-optical methods were used. The
morphology and mineral composition of uroliths were studied using a stereoscopic
binocular microscope MBS-10.

In the third stage, using the polarization-optical method, the mineral composition
of urolith was detailed and the relationships between individual mineral grains were
evaluated. For this purpose, sections (thin sections of stone with a thickness of
0.02 mm) were prepared, which were examined on an optical polarization microscope
MIN-8 by classical petrographic methods. In the process of research the mineral
composition was specified, the nature of the relationship of minerals with each other
was determined, the structure of the unit was studied, the presence of traces of
dissolution was noted. Imperfections in the structure of individuals (crystals) were
studied: sectorality, zonation, mosaicism, twins, pores, various inclusions,
deformations and other defects (structural, heterogeneity of composition and structure
without clear boundaries).

At detection the complex composition of the substance, the study complemented
the results of X-ray phase analysis, which allows on the basis of diffraction to
conduct qualitative and quantitative analysis of polycrystalline materials to determine
their components.
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The parameters of urolith samples removed surgically from residents of
Dnipropetrovsk region were used for the analysis. Analytical data were processed
using the software package STATISTICA 11.0, which is designed for statistical
analysis and has a wide range of functions. In statistical data processing were
determined: the limits of parameter values, mathematical expectation (average value),
standard and variation.

Research results. There are five types of uroliths according to morphology.
Urolites of the first type have a druse-like surface, represented by numerous small
crystals. The sections show the direction of crystal growth from the center of the
urolith to the periphery. The smallest crystals often grow on the edges and tops of
large crystals, giving rise to dendritic formation; germination of crystals with
formation of twins is observed less often. Some crystals located in the gaps between
large crystals bear traces of dissolution (rounded vertices, smoothed edges).

The final formation of such aggregates occurs under the conditions of their
presence in the renal cavity in a free, unattached state, when the mineral-forming
solution periodically affects different parts of the urolith.

Urolites of the second type are characterized by a "kidney-shaped" surface. The
size of individual "kidneys" can vary from a few micrometers to several millimeters
in diameter.

The third type of uroliths is characterized by a combination of features of the
morphology of uroliths of the first two types, and this surface morphology is called
by authors "combined".

A special group of this type are units with more complex morphology. These
include formations arising from the sequential or simultanecous formation of
polycrystalline and polyspherolite surface forms. For example, vevellite crystals are
often the centers of growth of spherulites. Thus, fully formed spherulites are noted,
above the surface of which protruding vertices of vevellite crystals are visible.

The surface of uroliths of the fourth type is intensively cut, "bay-shaped".

Uroliths of the fifth type are coral-like, they have an uneven surface composed of
a fine-grained mass of various minerals. Their shape can not be attributed to certain
types of geometric bodies, often they are cylindrical units with deviations of the long
axis from the straight line with numerous branches.

The shape of organo-mineral aggregates is represented by different surfaces of
rotation, druse-like, brush-like and coral-like aggregates, as well as their
combinations. Very often the surface of the samples had cavities of different shapes
and sizes and was covered with numerous or single crystals of Fig.1. The size of the
samples varied from 0.18 to 2.7 cm, color from white to black, but dominated by
different shades of yellow and pink. It has been established that polymineral
formations predominate in the composition of the studied uroliths of the inhabitants
of the Dnipropetrovsk region. Various combinations of oxalates (vevellite, veddilite),
phosphates (mainly hydroxyl apatite - collophane), urate (uric acid, uric acid
dihydrate), organic matter, and in some cases purines (xanthine) are most common in
the studied samples. Also, in all the studied samples there are certain defects of the
minerals forming them.
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Figure 1 - Organomineral formations of kidneys of Dnipropetrovsk region residents

Conclusions. The performed researches allow to formulate the following main
conclusions: the appearance of uroliths is very diverse, their shape is different
surfaces of rotation, druse-shaped, brush-shaped and coral-like units, as well as their
combinations. According to the peculiarities of morphology, 5 types of urolith forms
are distinguished.

The morphology of organomineral formations is largely determined by the
position of their location. Urinary stones that moved freely within the renal pelvis
were able to build up new continuous layers of mineral matter under conditions of
uniform nutrition, and therefore usually have a rounded or elliptical shape and at least
partially, druse-like structure. Concrets, which are formed in a limited geometric
framework and, as a result, are in prolonged contact with soft tissues, always have an
obvious asymmetry due to sharp differences in diet.

The central part of the organomineral formations of the studied samples was
usually represented by accumulations of organic matter containing a highly dispersed
mineral component. In addition, a characteristic feature of all mineral individuals
without exception is their large-scale microblocking and the presence of inclusions of
organic matter.
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AHoTauisa. B cTaTTi HaBegeHO pesynbTaTh JocnigxeHb Mopdonorii opraHoMiHepanbHUX YTBOPEHb MeLUKaHLiB
[HINponeTpoBLUMHM i 3aMPONOHOBaHa TUMi3aLlis yponiTiB 3a 0cobnmBocTAMM ix Mopdhornorii.

BusHaueHHS CTPYKTYpU i MiHeparnbHOrO cknagy Yponitie HeobxigHo nikapsam yponoram Ans obrpyHTOBaHOMo
MpW3HaYeHHs NikyBanbHUX Ta Npo NPogiNakTUYHUX Al NauieHToBiI. ICHYIOMI YKpaiHCBK Ta CBITOBI CTaHAAPTW AiarHOCTUKM
i nikyBaHHA XBOPWX YponiTiasoM nepeabavatoTb 0OOB'A3KOBO MiHepanoriyHe AOCMIMKEHHS yponiTa Ans KOXHOro
XBOPOro. Y TOW e Yac 3apa3 B YKpaiHi BUKOHAHHS NOAIGHMX AOCMIMKEHb HOCUTD iHILiaTUBHWI | eni30ANYHMIA XapakTep,
LLIO NPW3BOANTL A0 3POCTaHHS KiNbKOCTI 3aXBOPIOBAHD i 1X TSKKOCTI.

Y 3B'A3ky 3 TUM, WO OpraHOMiHepanbHi KOHKPEMEHTM B LinoMmy i yponitu 3okpema, € GiomiHepanbHUMK
YTBOPEHHSMW, @ MiHepanu - NpeaMeT BMBYEHHS MiHepanorii Ta Kpucrtanorpadii, T0 HeobxigHo, nepw 3a Bee,
po3rnsgat Aeski ocobnueocti Mopdpororii MiHepaniB CTOCOBHO NUTaHb POPMYBaHHSA YponiTiB. Pasom 3 reHeTuyHo
3YMOBMEHUMMN MiHEPANBHUMM YTBOPEHHSAMM JXMBUX OpPraHiamis, Tak camo LIMPOKO MOWMPeEHi i natoreHHi GiomiHeparnu,
30KpEMa, CEYO0Bi i HUPKOBI KaMeHi — YPOriTH, SiKi € 3aKOHOMIPHUM HACTIZKOM PO3BUTKY CEYOKaM HOI XBOPOOU.

BcTaHoBNEHO WO Yy cknagi BUBYEHMX YPOMITIB MeLUKaHUiB [HINpONeTpOBLUMHM NepeBaxatoTb noniMiHepasbHi
YTBOPEHHS. Y BUMBYEHWX 3paskax HaiyacTille 3yCTpiyaloTbCs pisHi koMOiHauii 3 okcanatis (BeBennit, BeAAiniT),
thoccpaTiB (B OCHOBHOMY TiAPOKCWN anaTtuT - konnodpaH), ypaTtiB (CevyoBa KucCroTa, AWrigpaT CEYOoBOi KWCMOTH),
OpraHivHoi PeyoBWHW, B NOOOMHOKWX BUNAdKax Bid3HaueHi MypuHU (KCaHTWH). TakoX, Y BCIX LOCRIMKEHUX 3paskax
CMOCTEPIratTbCA Ti UM iHLI 4ed)EKTM YTBOPIOKOYMX iX MiHEpaniB.

Mopdhororis  opraHOMiHeparnbHUX YTBOPEHb 3HAYHOK MIPOKD  BU3HAYAETbCH MO3ULIEID iX  PO3TALLyBaHHS.
LleHTpanbHa YacTMHa OpraHOMiHEpPanbHKUX YTBOPEHb BUBYEHMX 3paskiB 3a3Buyait Oyna npegcTaBneHa CKyM4YeHHsMU
OpraHiYHOi PEYOBMHM, O MICTUTb BUCOKOAMCNEPCHY MiHepanbHy cknagosy. Kpim TOro xapakTepHOto 0cobMnMBICTIO BCiX
Be3 BUHATKY MiHepanbHuX iHAMBIAIB € iX pi3HoMacLuTabHa MIKPOGMOYHICTb i HAsIBHICTb BKIHOYEHb OPraHiYHOi PEYOBUHM.

KntoyoBi cnoBa: opraHoMiHepanbHi YTBOPEHHS, YPOMiTW, MOpPMONOris, KpuUcTanu, KOHKPEMEHTM, Ceyokam'siHa
xBopoba.

AHHoTauusi. B craTbe npefctaBneHbl pesynbTaTbl  WUCCNEOOBaHUA  MOPOIOTMM  OpraHOMUHEPAsbHbIX
obpasoBaHui xuTenen [JHenponeTPOBLLMHBI 1 NPeaoKeHa TUNU3aLMS YPONMTOB N0 OCOBEHHOCTSM UX MOPEONOrui.

Onpegenexue CTPYKTYpbl U MUHEPANbHOMO COCTaBa yponuTa Heobxoanmo Bpayam ypororam 4ns 060CHOBaHHOMO
HasHa4eHNs nevebHbIX U NPoMNaKTUYECKUX AenCTBUMi naumeHTy. CyLecTBYOLME YKPAUHCKME U MAPOBbLIE CTaHAapTbI
AMarHOCTUKN 1 neveHns 60MbHbIX YponuTHasoM npegycMaTtpuBatoT obs3aTenbHoe MUHEpanorieckoe uccnegoBaHue
yponuTta ans kaxgoro 6onbHoro. B TO ke Bpems, cemyac B YKpauHe BbIMOMHEHWE MOJOBHBIX UCCedoBaHU HOCUT
WHWLMATUBHBIN 1 3NN30SNYECKUIA XapaKTep, YTO NPUBOANT K POCTY KonnyecTBa 3aborneBaHuin U UX TSHKECTU.

B cBA3W C Tem, 4TO OpraHOMWHeparibHblE KOHKPEMEHTbl B LENOM M YPONMWUTbl B 4aCTHOCTW, SBASIOTCS
OuomuHepanbHbIMU  0Bpa3oBaHMAMM, @ MUHEparnbl — MPeaMeT W3yYeHWst MUHEparnorMm u Kpuctanmorpacuu, TO
HeoOX0AMMO, Npexae BCEro, paccMaTpuBaTb HEKOTOpble OCODEHHOCTM MOpPgONOrMM MWHEPanoB Mo BOMPOcam
(hopMupoBaHus yponuToB. Bmecte C reHeTuyecku 06YCrOBMEHHbIMA MUHEpanbHbIMA  0Bpa30BaHUAMM  KUBbIX
OpraH13mOoB, TaK e LUMPOKO PacnpoCcTpaHeHbl U NaToreHHbIe BUOMUHEpArbl, B YACTHOCTW MOYEBBIE U NOYEYHbLIE KaMHW
— YPONUTbI, KOTOPbIE ABNSKOTCA 3aKOHOMEPHbBIM CHIEACTBMEM Pa3BUTUS MOYEKaMEHHOW 6onesHy.

YCTaHOBMEHO, 4TO B COCTAaBe MW3YYEHHbIX YPOMMTOB xuTenen [HenponeTpoBliMHbI  NpeobragaioT
nonumuHeparnbHble 0bpa3oBaHus. B M3yyeHHbIX o6pasuax yalie BCEro BCTPEYalTCs pasfiyHble KOMOWHauuM u3
oKcanaToB (BeBeNNMT, BeAaunuT), pocdaTos (B OCHOBHOM rMAPOKCUI anaTuT — konsodaH), ypaTos (MoYeBas kucnoTa,
auruapat MOYEBOM KMCMOTbI), OpraHNYecKoro BELLECTBa, B €AMHUYHBIX CRyvasix OTMEYEHbI NypUHbI (KCaHTUH). Takke BO
BCeX 1CCreoBaHHbIX 0bpasLiax HabnogakTes Te Unn UHble AedekTbl 06pasyroLwmX X MUHEparnos.
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Mopdonorus opraHoMuHepanbHbIX 00pa3oBaHWA B 3HAYMTENbHOM CTEMEHWM OnpedenseTcsa nosuuuen nx
pacronoxenus. LleHTpanbHasi 4acTb OpraHOMWHepanbHblX 00pa3soBaHWMii M3y4yeHHbIX 06pasuoB 00bMHO 6Gbina
NPeAcTaBneHa  CKOMMEHWSIMM  OPraHMYecKoro  BEWeCTBa, COOEPXallero  BbICOKOAMCMEPCHYH — MUHEpanbHyH
coctaBnstowy. Kpome Toro, xapaktepHom 0CO6EHHOCTbI0 BCex €3 UCKIIOYEHNST MUHEPanbHbIX UHAMBULOB SBMSETCA
X pasHoMacLLTabHas MUKPOBIOYHOCTb M HAaMMUME BKIKOYEHWI OPraHNYeCcKoro BeLLecTBa.

KnioyeBble cnoBa: opraHoMuHeparbHble 00pa3oBaHus, yponuTbl, MOPGOMorus, KpUCTanmbl, KOHKPEMEHTbI,
Mo4yexkameHHas bonesHb.
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