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A collection of 120 kidney stones extracted from patients living in the Kharkiv region from 2019 to 2024 was
studied. The comprehensive use of modern analytical methods (IR spectroscopy, crystalloptics, gamma activation
analysis) provided relevant information on the characteristics of kidney stones. A comparative analysis of the
mineralogical composition of kidney stones over the periods 2019-2024 was made. Fundamentally new information
about the features of kidney stones during this period was obtained.
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INTRODUCTION

Urolithiasis is one of the leading diseases in urology.
According to various epidemiological studies, the
prevalence of this disease in the modern population
exceeds 15%, depending on the region of Ukraine [1-5].

Biominerals are structural elements of many living
organisms (bones, teeth). Pathogenic biominerals,
including kidney stones, calcifications of heart valves,
blood vessels, joint tissues, and lung tissues, are also
widespread.

Biominerals appearing in the human body have both
genetic predispositions and represent the body's
response to various dysfunctions of major functional
systems. As a result, conditions are created in the body
for crystallization processes and the formation of their
products — pathogenic crystalline phases or biominerals.

The purpose of this study was to investigate the
elemental composition and mineral phases of kidney
stones from 2022-2024 years and make a comparative
analysis of these indicators with previous studies from
2019-2021 years.

MATERIALS AND METHODS

A collection of 120 kidney stones from patients
living in the Kharkiv region was studied. A detailed
characterization of the crystalloptical and structural-
phase states of the selected samples was provided.

For recording absorption spectra in the IR range, an
IR spectrophotometer IKS-29 (LOMO) operating at the
NSC KIPT was used. The spectra were recorded in the
spectral range of 4000...400 cm™ (middle-infrared
region). Approximately 10 mg of the sample was
required for the infrared spectroscopy (IRS) analysis of
kidney stones. Powdered samples were prepared by
grinding specimens in agate mortars to a particle size of
~1...10 um. The samples were prepared as transparent
pressed tablets from a mixture of KBr (as a matrix) and
the studied substance (1% concentration, 100 mg total).
The tablets were rectangular (25x5 mm), pressed at
9200 kg/cm?. A pure KBr tablet, pre-dried at 180 °C for
10 h, was used in the comparison channel of the
instrument to eliminate matrix absorption bands.
Grinding and mixing of powders were performed in a
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special enclosed box, and pressing was conducted
immediately before spectral registration. Calibration
was carried out using the spectrum of polystyrene with
known absorption peak frequencies, with a correction of
5...10 cm™. Crystalloptical studies were performed
using a POLAM-L211 microscope with immersion
liquids (sets 1J, OV1J).

RESULTS AND DISCUSSION

The macro- and microscopic characteristics of the
samples varied: surface colors ranged from brown, gray-
brown, beige, and yellow-orange, while internal
coloration was either homogeneous or heterogeneous,
from grayish-beige to reddish-brown. Microscopically,
the samples often consisted of three phases:

1. Clot-like main mass.

2. Fine-crystalline semi-transparent ragmented mass.

3. Large transparent grains with a radial-banded
texture.

Previous  studies presented the elemental
composition of kidney stones obtained by gamma
activation analysis, identifying impurity elements with a
mass fraction of at least 1%, including Si, Mg, Ca, Na,
K, P, S, F, etc. [6]. Infrared absorption spectra analysis
identified a wide range of compounds, including
calcium oxalates, calcium phosphates, uric acid, and
urates, with aragonite and fluorapatite found in some
samples. All stones were very hard, except those
containing uric acid and urates.

Fig. 1 shows the IR spectrum of a kidney stone from
a patient (2019 year), composed of calcium oxalate and
calcium phosphate. Fig. 2 presents the IR spectrum of a
kidney stone from a patient (2024 year), composed
entirely of calcium oxalate.

Figs. 3 and 4 show microphotographs of immersion
preparations of kidney stones from patients in 2019 and
2024,

A comparative analysis of the mineral composition
of kidney stones of patients treated during pre-war
period (2019-2021) and wartime period (2022-2024)
revealed a significant decrease in the quantitative
presence of calcium phosphate compounds (apatite,
carbonated apatite, aragonite) and an increase in the
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amount of calcium oxalate (whewellite and wheddelite)
(Table).

Types of mineral compounds and their frequency
of detection in urinary stones during the periods
2019-2021 and 2022-2024

Type of Presence in kidney stones, %

mineral 2019-2021 years | 2022-2024 years
Whewellite 76.2 80.5
Apatite 52.3 10
Uric acid 42.8 30.8
Wheddelite 19.0 28.3
Ammonium 8.3 75
Cystine 4.8 4.4
Aragonite 2.3 1.0
Struvite 2.3 15
Brushite 1.2 15

Considering the available information on the
evolutionary mechanism of biomineral formation, which
provides for the sequential crystallization of the
amorphous phase, the presence of the overwhelming
majority of minerals with an incomplete crystallization
process can indicate the early stages of the
manifestation of urolithiasis, with the appearance of
characteristic symptoms caused by the migration of
calculi.

CONCLUSIONS

The results indicate significant changes in both the
external and internal structures, micromorphology, and
phase composition of kidney stones during wartime.
These changes include reduced crystallinity and the
absence of calcium phosphates, likely reflecting both
stress-induced physiological responses and
environmental instability factors affecting patients.
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Fig. 1. IR spectrum of a patient s kidney stone (2019 year),
consisting of Ca oxalate and Ca phosphates
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Fig. 2. IR spectrum of a patient's kidney stone (2024 year),
consisting of calcium oxalate
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Fig. 3. Microphotograph of a kidney stone from
2019 year, consisting of large apatite (calcium
phosphate) grains and whewellite (calcium oxalate
monohydrate).Under transmitted light without
an analyzer
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MOHITOPUHI" BMICTY BIOMIHEPAJIIB Y HUPKOBUX KAMEHSAX
MAIIEHTIB XAPKIBCHKOI'O PET'TOHY B MUPHHUI TA BIMCbKOBHWI MEPIOIA

O.1I1. bepe3nuax, C.M. Konynacee, B.M. Jlicosuit, O.11. Meoseocsa

BuBueno kounexiiro i3 120 HUPKOBUX KaMeHIB, sKi OyJIM BHIYYEHI y Malli€HTiB, [0 MPOXUBAIN Y XapKiBCbKOMY
perioni y mepion 2019-2024 pp. KomIuiekcHe BUKOPUCTAHHS CY4acHUX aHaTTUYHUX MeTofiB ([Y-cmekrpockormii,
KPHCTAJIOONTUKH, FAMMa-aKTUBAIITHOTO aHaJIi3y) JO3BOJIMJIO OTPUMATH BiANOBIIHY 1H()OpPMAIIFO PO OCOOIUBOCTI
HUPKOBHX KaMmeHiB. [IpoBeseHO MOpIBHSUIBHUN aHasi3 MIiHEpaJOriyHOro CKJIaJy HUPKOBHX KaMEHIB 3a Iepiof
2019-2024 pp. OTpuMaHO NPUHIMIIOBO HOBY 1H(GOPMAIIi}0 PO 0COOIMBOCTI HUPKOBUX KaMEHIB y LIeH mepioz.
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