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BACKGROUND: Fundamental investigation of the issue how various factors influence on origin and behavior of the
nephrolithiasis is very actual because of necessity of the information about of early diagnostic methods as well as a
prognostication.

So, the information about of formation dynamics of phase and elemental composition of oxalate-calcic nephrolithes pending
of lifetime of one patient is useful.

AIM: The aim of the investigation is to obtain the information about of elemental composition as well as phase composition
of the one patient nephrolithes formed pending of lifetime.

MATERIALS AND METHODS: In the paper the data of the careful investigation of the elemental and phase composition of
the two nephrolithes ablated from one patient at different times are presented. First nephrolith had been ablated from the
right kidney in the March of 2002 (patient was 41 years old), subsequently second that had been did from the left kidney in
the December of 2019 (patient was 58 years old; the nephrolith was found in 2012). The study was carried out using mass
spectrometry and atomic adsorption spectrometry with inductively coupled plasma, infrared spectroscopy, X-ray phase
analysis, CHN/S analysis.

RESULTS: Both calculi were calcium oxalate, predominantly Vevellite structures. The chemical composition of the both
nephrolithes is alike. They contain microimpurities of all essential as well as conditionally essential elements. Quantities of
the toxic elements in the nephrolithes are identical too. Microquantities of the nitrogen and sulphur indicate a presence of
amino acids and proteins in the nephrolithes structure.

CONCLUSIONS: The results indicate that the nephrolithes with invariable phase and elemental composition would be
forming in the different kidneys of one patient pending of lifetime.
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BsedeHue. DyHpaMeHTabHbIE UCCEA0BaHUA BIMAHNA Pa3INYHbIX GaKTOPOB Ha BO3HUKHOBEHME U TEYEHWUE MOYEKaMEH-
How 6one3Hn (MKB) BecbMa aKTyanbHbl BBUAY OCTPOI BOCTPE60BaHHOCTM MHBOPMALIMK O METOAAX €€ PaHHEW AMarHocTu-
KM M NPOrHo3vpoBaHnA TedeHuA. C 3TMX No3uummn nHpopMaLma o AuHaMuKe GOpMUPOBAHNA KPUCTANIMYECKOW CTPYKTYpHI
(¢asoBoro cocraBa) M 31€MEHTHOTO COCTaBa OKCANaTHO-KabLMEBbIX KOHKPEMEHTOB Y OAHOMO MaLMeHTa Ha NPOTAXKEHUN
KU3HU MOXKET ObITb None3Ha.

Llens — nonyyeHne nHbopMaLLMmM 06 3MeMEHTHOM COCTaBe W KPUCTA/TIMUECKOM CTPYKTYPe OKCanaTHo-KaslbLyeBbIX YpOIMTOB,
(GOpMUPYIOLLIMXCA Y OHOTO NALMEHTA HA NMPOTAKEHUMN HUHU.

Mamepuansl u Memodel. B cTaTbe NpuBeAeHbl AaHHbIe NOAPOOHOr0 UCCeJ0BaHUA 31EMEHTHOMO COCTaBa M KpUCTaNm-
YECKOM CTPYKTYpPbI NOYEYHBIX KaMHEN, YAaNEHHbIX Y OLHOMO M TOMO e nauueHTa B MapTe 2002 r. 13 npaBoW NoyKku (Bo3pact
naumeHTa coctasnan 41 ron) v B Aexabpe 2019 r. u3 nesoi nouku (Bopact 58 net, KameHb 6bin 06HapyeH B 2012 r.). Uc-
Cle0BaHVe NPOBOAMM C MOMOLLBI0 MacC-CNEKTPOMETPUM U aTOMHO-3aACOPOLMOHHON CMEKTPOMETPUM C UHIYKTUBHO-CBA-
3aHHOM MNa3Mol, MHPaKPACHON CIEKTPOCKONWM, peHTreHoda3oBoro aHanmsa, CHN/S-aHanusa.

Pesynemamel. 06a KoHKpeMeHTa NpefcTaBNANM CoboM OKcanat KanbLys, NPEeUMYLLLECTBEHHO CTPYKTYpbl BEBEUTA.
XMMMYeCKUI cOCTaB KaMHEelN 04YeHb 6/IM30K, KOHKPEMEHTLI COAEPHAT BECh CMEKTP ICCEHLMANbHBIX M YCI0BHO-3CCEHLM-
anbHbIX 31EMEHTOB Ha ypOBHE MWKponpumecei. CocTaB U copiepraHne TOKCUYHBIX 3/1EMEHTOB B 060MX KaMHAX TaKKe
3HauMTeNbHO He M3MeHsAeTcA. Hannuve MMKpOKONMYECTB a30Ta U Cepbl B COCTaBe KaMHeW CBUAETENbCTBYET NPUCYTCTBUE
aMUHORMCNOT U 6enika B UX CTPYKTYpe.

3aknoyenue. MonyyeHHble pe3ynbTaTbl CBUAETENLCTBYIOT, YTO HA MPOTAMKEHUM HU3HW B PasHbIX MOYKaX Yy MalueHTa
(opMMpOBanUCh KOHKPEMEHTbI MOCTOAHHOMO (a30BOM0 M XMMMUYECKOMO COCTaBa.

KnioyeBble cnoBa: oKcanaTtHo-KanbLiMeBble KOHKPEMEHTBI; MOYEKaMeHHaA 60/1e3Hb; 3IEMEHTHBIA COCTaB KOHKPEMEHTOB;
3CCEHLMabHbIE 3MIEMEHTbI; YCNI0BHO-3CCEHLIMABHbBIE 3/IEMEHTBI; MacC-CMEKTPOMETPUA; aTOMHO-3aCcopOLIMOHHARA CNEKTpo-
METPUA; MHDPaKpacHan CeKTPoMeTpus; peHreHoda3oskI aHanus; CHN/S-aHanus.
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INTRODUCTION

Urolithiasis is one of the most critical problems of
contemporary medicine, which is associated with its high
prevalence, chronic and recurrent course, and frequent
development of severe complications. Its causes are as-
sociated with improper nutrition, environmental factors,
physical inactivity, and metabolic disorders [1, 2]. Taking
into account the urgency of the problem and critical de-
mand for information on the methods of early diagnosis
and prognosis of urolithiasis, as well as on methods of
preventing relapse, fundamental studies have examined
the influence of various factors on the occurrence and
course of urolithiasis [3-6].

Since the course of urolithiasis is often unpredictable,
information on the changes over time of the formation of
the crystal structure and elemental composition of cal-
cium oxalate calculi is very useful. This paper presents
data from a detailed study of the composition of neph-
roliths removed from the same patient in March 2002
from the right kidney and in December 2019 from the left
kidney. This paper also presents the possibility of a com-
plex of contemporary mutually complementary analytical
methods for a detailed study of the chemical and phase
compositions of calculi.

MATERIALS AND METHODS

We examined the calculi removed from the same pa-
tient (at age 41) in March 2002 from the right kidney and
in December 2019 from the left kidney (at age 58, and
this stone was detected in 2012). For analysis, the stones
were ground in an agate mortar. The resulting powders
were used in the X-ray phase analysis (XPA), double-jet
arc plasma atomic emission spectrometry (DAP-AES),
and elemental CHN/S analysis. For analyses by induc-
tively coupled plasma mass spectrometry (ICP-MS) and
inductively coupled plasma atomic emission spectrometry
(ICP-AES), the ground stone samples were dissolved in
aqua regia (a mixture of hydrochloric and nitric acids in
the proportion of 3HCL : THNO,).

The mineral composition of the calculi was analyzed
by the ICP-MS method using an Agilent 8800 Quadrupole
Mass Spectrometer (Japan) with a collision and reaction
cell to eliminate spectral overlaps, using oxygen and he-
lium as reaction gases [7, 8]. The ICP-AES method was
performed on an ICAP 6500 Spectrometer (Thermo Fisher
Scientific, Waltham, MA, USA) with a cyclone-type spray
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chamber and a SeaSpray-type pneumatic nebulizer, with
a recorded wavelength range of 166-847 nm and with an
axial method for recording an analytical signal [9, 10] and
by the DAP-AES method [11].

The organic composition was examined by CHN/S
analysis on a Euro EA 3000 Analyzer according to the
optimized technique [12] and by IR spectroscopy using an
FT-801 Spectrometer (Simex, Novosibirsk).

The phase composition was determined by powder
XPA on a DRON-3M diffractometer [13].

RESULTS AND DISCUSSION

The phase composition of nephroliths was examined
by X-ray phase powder analysis. The 2002 stone was
composed of 75% whewellite and 25% weddellite, and
the 2019 stone was 100% whewellite. Both phases repre-
sented crystalline modifications of calcium oxalate, with
a difference in the content of water of crystallization.
Whewellite is calcium oxalate monohydrate CaC,0, - H,0,
and weddellite is calcium oxalate dihydrate CaC,0, - 2H,0.
However, an increase in the content of water of crystal-
lization in the 2002 stone could have occurred during the
stone storage for 18 years under ambient conditions.

The mineral composition was investigated by comple-
mentary spectral analysis methods. The ICP-MS method
with a collision and reaction cell determined most ac-
curately the content of heavy elements, and the ICP-AES
method with an axial signal registration method deter-
mined lightweight elements. As an advantage, the DAP-
AES method allows the analysis of solid objects, exclud-
ing the dissolution stage. As a summary, Table 1 presents
the results of the analyses of these three methods.

Table 1 shows that the elemental compositions of
the 2002 and 2019 stones were comparable and repre-
sented by all essential and conditionally essential ele-
ments [14-18]. The mineral base of both stones was
calcium. Moreover, the stones contain toxic elements
that are often technogenic in nature and enter the body
through the skin, lungs, or food [17]. It is believed that
heavy elements such as mercury, cadmium, and lead
are the calculi centers of crystallization [19]. However,
mercury, cadmium, uranium, and thorium were not found
in the stones. Trace amounts of lead were detected in
both stones. Interestingly, the 2002 stone contains in-
dium, whereas the 2019 stone does not contain this
element, and the patient worked with this substance
in 2000-2002.
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Table 1. Results of the analysis of the mineral composition of uroliths, mass percentage
Tabnuua 1. Pe3y/bTathl aHanM3a MUHEpPasIbHOMO COCTaBa yponmToB, Mac%

Element Calculus 2002 Calculus 2019
ICP-MS ICP-AES DAP-AES ICP-MS ICP-AES DAP-AES
1. Macronutrients, essential elements
Ca - 24 - - 21 -
Na - 2-10" - - 1-107 -
K - 7-107 - - 3-107 -
Mg - 6107 6107 - 3-1072 4107
In 1-102 1-102 1-102 2-10° 2-10° 2-10°
Cu 1-107° 7-10% 1-1073 2-103 5-1073 4-10%
Fe - 6-10° 2-10° - 2-10° 1-103
Mn - 1-103 5-10* - 4-107° 3-10*
Co 4-10" 6-10* 2-10° 1-10% 3-10% 3-10*
P 3-107 1,3 910" 5-107? 3-107 2-107
2. Conditionally essential elements
Ni 7-10° - 5-10* 1-10% - 2-10*
I 2-10° - - 1-103 - -
Br 2-10" - - 4-10* - -
Si - - 2-107 - - 3-1072
Cr 2-10° - 5-10* 2-10° - 4-10*
W 6-10° - 3-10° 3-10° - 3-10°
Sr 1-107 5-10° 7-10° 7-107 4-107° 6-107°
Ir 5-10° - - 4-10° - -
Rare earth  not detected not detected
elements (5-10%) - - (5-10%) - -
3. Toxic elements
not detected not detected
Hg, Cd (5-10) - - (5-10%) - -
Pb 3-10° - 6-1073 4-10* - 1-107°
Al 5-1072 6107 2-107? 1-107 1-107 7-1072
Ti 1-103 - - 2-10* - -
not detected
In 2-10° - - (5-10%) - -
Sn 5-10° - - 2-10* - -
Ba 2-10% 1-10% 8-10" 2-10% 4-10° 5.10*
not detected not detected
Th, U (3-107) - - (3-107) - -

Note. ICP-MS, inductively coupled plasma mass spectrometry; ICP-AES, inductively coupled plasma atomic emission spectrometry;
DAP-AES, double-jet arc plasma atomic emission spectrometry.
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According to the XPA data, the presence of various
elements (Table 1) does not affect the crystal structure
of the calculi. The possible cause was that the elements
were captured during growth and incorporated into the
structure of growing crystals.

The organic composition of stones was evaluated
by the CHN/S method, and the results are presented in
Table 2.

Table 2 shows that the CHN/S-compositions of the
stones were slightly different. The 2002 stone contains
more hydrogen, which is consistent with the XPA data
that this stone contains 25% weddellite. The sulfur con-
tent could be due to the presence of protein in the stones
in the composition of both their hormones and bacteria.
The presence of nitrogen could be attributed to the con-
tent of amino acids [20, 21]. To confirm this assumption,
the IR spectroscopy method was used. The IR spectra of
the stone samples are presented in the figure.

The figure shows that the IR spectra of the 2002 stone
(curve 1) and 2019 stone (curve 2) are identical, the relief of
the curves is absolutely equal, and only minor differences
exist in the intensities of the absorption bands. The spectra
show absorption bands in the range of 1000-1200 cm™'.
These bands are attributed to the absorption of amino
acids [20]. Indeed, in the IR spectrum of calcium oxalate
synthesized in the laboratory, no absorption bands were
found in this region [21]. Thus, both spectra corresponded
to the calcium oxalate formed in the presence of amino
acids.

CONCLUSION

The above results of a comprehensive study of the
phase and chemical compositions of calcium oxalate
calculi removed from the same patient in March 2002
from the right kidney (at age 41) and in December 2019
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Figure. Infrared spectra of urinary calculi. 7 - calculus in 2002,
2 - calculus in 2019
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