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The method of Fourier transform infrared attenuated total reflectance (ATR FT-IR) spec-
troscopy is perspective to use for studying the chemical composition of urinary stones resulting
from urolithiasis. 270 urinary stones of patients living in the territory of the Republic of Moldova
were investigated. The results of stone composition can provide valuable information for the dia-
gnosis, treatment and recurrence prevention of urolithiasis. The most common are oxalate stones
(70%), uric acid (27%), phosphates (23%), struvite (4.9%). Carbonates (0.4%,), cystine (1.5%),
brushite (1.1%) were only rarely diagnosed. A spectral database of urinary stones of mixed type
and in pure form was compiled, the spectra of which were obtained by ATR FT-IR spectroscopy
method. The frequencies of absorption of functional groups and anions of chemical components
of urinary stones were identified, according to which stones were identified. It has been shown
that the IR spectra recorded using the ATR FT-IR accessory can be successfully used to study the
composition of urinary stones along with the IR transmission spectra in KBr pellets.

Metoda de spectroscopie in infrarosu cu transformata Fourier cu un accesoriu ATR este
promitdtoare pentru studiul compozitiei chimice a pietrelor urinare formate ca urmare a uro-
litiazelor. Au fost examinate 270 de calculi urinari. Rezultatele acestor studii pot fi utilizate in
viitor pentru a diagnostica cauzele formarii de calculi urinari si urolitiaza. Pietrele urinare apar
la barbatii si femeile care locuiesc pe teritoriul Moldovei in varsta de 18-75 de ani in raport de
1,4: 1. Cele mai frecvente calculi sunt calculii de oxalat (70%,), acidul uric (27%), fosfatii (23%),
struvitul (4,9%). Carbonatii (0,4%), cistina (1,5%) si brushite (1,1%) sunt rare. A fost compila-
ta o baza de date spectrala de calculi urinari de tip mixt si in forma purd, ale caror spectre au
fost inregistrate folosind accesoriul ATR (reflectie totala interna atenuata). Au fost identificate
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frecventele de absorbtie ale gruparilor hidroxil functionale si ale anionilor componentelor chi-
mice ale calculilor urinari, care au fost folosite pentru identificarea acestora. S-a demonstrat ca
spectrele IR inregistrate folosind accesoriul FT-IR ATR pot fi utilizate cu succes pentru a studia
compozitia pietrelor urinare impreund cu spectrele de transmisie IR ale tabletelor in KBr.
Keywords: ATR FT-IR spectroscopy, Infrared spectroscopy, Urolithiasis, Urinary stones.

INTRODUCTION

Urinary lithiasis occupies an important place in the structure of urological diseases
with a percentage of 10-40% [1]. Nephrolithiasis has an estimated frequency between
1.0% and 12.0% of the general population causing high disability (approximately 11%
of patients with kidney stones) [2]. The high rate of invalidation places nephrolithiasis in
third place among urological pathologies after neoplasms and urinary infections [2]. Cur-
rently, in the Republic of Moldova, there is an increase in the incidence of urolithiasis,
which from 2005 to the present has occupied the first place in the structure of diseases in
urological clinics, leaving behind inflammatory pathologies and prostate adenoma. The
prevalence of urolithiasis is about 10% in the country’s population [2].

Infrared spectroscopy is a modern analytical method for studying the chemical
composition of urinary stones. Together with researchers and doctors from medical in-
stitutions of the Republic of Moldova, the qualitative chemical compositions of kidney
stones from patients suffering from urolithiasis were studied using Fourier transform
infrared attenuated total reflectance (ATR FT-IR) spectroscopy method. The compositi-
on of kidney stones may indicate a possible etiopathogenic mechanism responsible for
their formation.

MATERIALS AND METHOD

The spectra were recorded on IR Fourier spectrometer SPECTRUM 100 (PER-
KIN ELMER, USA) using an ATR (Attenuated Total Reflectance) accessory. The use
of the ATR accessory makes it possible to significantly simplify sample preparation for
sample analysis and reduce the time of its analysis. The studied urinary stones were
preliminarily grinded in an agate mortar. The powder of the substance was placed on the
ZnSe-ATR crystal embedded in the accessory, pressed with a clamping utility and started
the measurement. The spectra were recorded in the range 4000 — 650 cm™. 270 urinary
stones obtained from patients of the Department of Urology and Surgical Nephrology
(Nicolae Testemitanu State University of Medicine and Pharmacy), the Section of Uro-
logy (Timofei Mosneaga Republican Clinical Hospital), Novamed Polyvalent Hospital,
IMSP SCM “Holy Trinity” of Chisinau of the Republic of Moldova were investigated.
270 patients (157 men and 113 women, aged 18-75 years) were from different cities and
regions of the Republic of Moldova and Transnistria. For interpretation, electronic da-
tabases of IR spectra of individual substances, atlases of IR spectra, and other reference
and scientific literature on IR spectroscopy were used [3-14].
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RESULTS AND DISCUSSIONS

Our research objectives were studying the IR spectra of urinary stones, determi-
nation of what type of stones is most common among the population of the Republic
of Moldova. The results of the studies were subsequently used to make a diagnosis and
prescribe the necessary treatment. Another objective of our research was comparative
studying the IR spectra of urinary stones in pure form and as part of complex mixtures
using the ATR accessory, identifying which absorption bands correspond to anions and
functional groups of urinary stones. Table 1 presents the results of the analysis of the
composition of the studied urinary stones. The right column shows the percentage of uri-
nary stones of a certain type. Urinary stones occur in 57.5% of men and 42.5% of women
aged 18-75 years, the ratio is 1.4: 1. Oxalate stones are the most common, they account
for 70% of stones, both in pure form and in the composition of impurities and constitu-
ents of mixed stones. In second place is uric acid and its modifications in the form of uric
acid dehydrate and urate in pure form, as well as in the composition of impurities and
constituent components of mixed-type stones, they account for 27%. In third place are
phosphates 23%, which are found only with impurities or in the composition of stones
of a mixed type, in fourth place - struvite - 4.9%, rare carbonates - 0.4%, cystine - 1.5%,
brushite - 1.1%. The total % of the above content was not 100%, as the calculations took

into account the number of stones with impurities and mixed type (Table 1).
Table 1

The chemical composition of the studied urinary stones of 270 patients
of the Republic of Moldova (2015 —2023).

Chemical composition %

CaC,0, - H,O (whewellite) 21.5
CaC,0, - H O with impurities Ca,(PO,), 9.4
CaC,0, - H O in the composition of mixed stones 14.6
CaC,0, - 2H,0 (weddellite) 2.6
CaC,0, - 2H,0 with impurities of other substances 3.8
CaC,0, - 2H,0 in the composition of mixed stones 18.4
CaC,0,- HO + CaCO,- 2H,0 24.0
CaC,0,- H,O + CaC,0, - 2H,0 with impurities and as part of mixed stones 46.1
Uric acid 16.1
Uric acid in the composition of mixed stones 6.4
Uric acid dehydrate in pure form and as part of mixed stones 2.6
Ammonium urate in pure form and as part of mixed stones 1.9
Ca,(PO,), with impurities of other substances 5.6
Ca,(PO,), in the composition of mixed stones 17.6
CaCO, with impurities of other substances 0.4
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MgNH,PO, - 6H,O (struvite) in pure form and with impurities of other sub- 1.1
stances

MgNH PO, - 6H,0 (struvite) in the composition of mixed stones 3.8
Cystine in pure form and with impurities of phosphates 1.5
CaHPO, - 2H,0 (brushite) in pure form and with impurities of phosphates 1.1

Data in the literature are sometimes given on urinary stones containing phosphate
ions in the form of dahlite, apatite, hydroxyapatite, whitlockite [3-5, 7, 8, 10, 13, 14]. At
the same time the authors do not give the IR spectra of these substances and give the IR
spectra of calcium phosphate mixed with struvite or carbonates, mistakenly believing
that they belong to phosphate minerals. In fact, dahlite, apatite, hydroxyapatite and other
phosphate minerals have a specific IR spectrum that differs from the usual IR spectrum
of calcium phosphate [8, 10, 14].

The conditions for the formation of minerals in nature, obtained synthetically, differ
from the conditions for the formation of urinary stones in the kidneys. Therefore, we have
no right to confirm that dahlite, apatite, hydroxyapatite are present in the kidneys, since
these are geological minerals, and not biological minerals. But according to the results of
IR spectroscopy, we can confirm with 100% probability that there were phosphate ions
in urinary stones (Table 2). Table 2 shows the correlation of absorption frequencies of
urinary stones of different chemical structures by functional groups and anions.

Table 2
Correlation of absorption frequencies of urinary stones of different chemical
structures by functional groups and anions

Name and structure of substance ~ Frequency of absorp- ~ Functional groups or

tion bands, cm’! anions
Uric acid 2989, 2821 v (N-H)
7,9-dihidro-1H-purin-2,6,8 (3H) — 1641 v (N-H), v (C=0)
trion 1588 o (N-H)
0 1436, 1400, 1348, & (N-H)
T
V -
O:<N | /g 778, 742, 704 d (N-H)
” O
Weddellite 3440, 3331 v (O-H)
CaC,0, - 2H,0 1611 v, (C=0), v _(C-0)
Q o712~ 1320 v, (C=0), v (C-0)
c:f*[ >c—c< 1 . 2H,0 774 (medium and & (O-C=0)
of o] wide

for CaC O, - 2H,0)
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Whewellite 3431,3333,3260, v (O-H)
CaC,0, - H,0 3064 v_(C=0),v_(C-0)
1611 v_(C=0), v (C-0)
1314 5 (0-C=0)

779 (very strong and
narrow for CaC,0, -

H 0)
Struvite 2899 v (O-H), NH,"
MgNH PO, - 6H.,0 1647 v (O-H)
o o 1432, 1389 v (NH,")
Nnx{ o}P(@}Mg% o 996 v(PO,")
Calcium phosphate 995-1015 (very v (PO,»)
Ca,(PO,), strong
and wide) v (PO,»)
671 (very strong and
narrow)
Calcium carbonate 1391, 871, 711 v(CO»)
CaCoO,
Brushite 3536, 3480, 3260, v (O-H)
CaHPO, - 2H,0 3268,
3163, 1324 v (H-O-H)
1646 o (P-O-H)
1203, 782 v (P-0)
1134, 1118, 1057, v (P-O-H)
985
871
Cystine 2988, 2915, 2741 v (NH,), v (CH,)
Ox©H 2656, 2583 v, (S-CH)
HN e Sj 1620, 1578, 845 v_(NH,),
2 rs/ S NH, 1620, 1578, 5 (N-H)
H
o oH 1482,872, 674 v_(COO)
1578, 1482, 1403, b
v (C-0)
1296, 775 5 (CH.)
1380, 1192, 1124, 3
872 6 (C-H)
1336 v(C-C-N)
1296 v (C-N)
1088 v (N-CH)
1267, 1255, 1041
962

Note: v - stretching vibrations, 6 - deformational vibrations
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Fig. 1. The IR spectrum of uric acid.

In the IR spectrum of uric acid absorption bands are observed at 2989, 2821, 1641,
1588, 1436, 1400, 1348, 1305, 778, 742, 704 cm™, corresponding to the stretching and
bending vibrations of the N-H imino group, 1641 cm™ - stretching vibrations of the car-
bonyl group C=0, 1122 cm! - stretching vibrations of the C-N bond of uric acid (Fig 1.,

Table 2).

In the IR spectrum of weddellite in the range of 3500 - 3000 cm™! two fitting absor-
ption bands of crystallization water 3440, 3331 cm™! are observed, which form a wide
band related to symmetric and asymmetric stretching vibrations of the O-H hydroxyl
group. Bands in the region of 1611 and 1314 cm™ correspond to symmetric and asym-
metric stretching vibrations of C-O of the oxalate group. Also, the bands in the region
of 1611, 1314 cm™! belong to asymmetric and symmetric vibrations of the C=0 carbonyl
group, the band 779 cm™! belong to the bending vibrations of O-C=0 of the oxalate part
(Fig 2., Table 2).
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Fig. 2. IR spectrum of weddellite (calcium oxalate dehydrate) CaC,0, - 2H,O

In the IR spectrum of whewellite in the range of 3500 - 3000 cm™ 5 absorption
bands of crystallization water 3476, 3434, 3329, 3250, 3053 cm™ are observed, they are
related to symmetric and asymmetric stretching vibrations of the O-H hydroxyl group.
Bands of 1611 and 1314 cm™! are also observed which correspond to symmetric and
asymmetric stretching vibrations of C-O of the oxalate group. Also, the bands in the
region of 1611, 1314 cm™ belong to asymmetric and symmetric vibrations of the C=O
carbonyl group, and 779 cm™ belong to the bending vibrations of O-C=0 of the oxalate
part (Fig 3., Table 2).

Despite the fact that whewellite and weddellite differ from each other by only one
water molecule, their spectra can be distinguished by the bands of stretching vibrations
of crystallization water in the region of 3500 — 3000 cm™'. Whewellite has 5 bands, the
intensity of which is less than 2 bands of weddellite 3440, 3331 cm™! (Fig. 2, 3). Also
these two oxalates differ in the intensity of the 779 cm™ O-C=0 band of the oxalate part,
this peak is a strong narrow band for whewellite, and it is a medium and wide band for
weddellite (Fig. 2, 3, Table 2).
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Fig. 3. IR spectrum of whewellite (oxalat de calciu monohidrat) CaC,0O, - H,O.
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Fig. 4. IR spectrum of struvite (magnesium ammonium phosphate hexahydrate)
MgNH,PO, - 6H,0
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In the IR spectrum of struvite the band at 2899 cm™! corresponds to the stretching
vibrations of the hydroxyl OH group and the NH*" anion. The band at 1647 cm! is the
stretching vibrations of the OH group of water, the bands at 1432, 1389 cm™! are the
vibrations of the NH*" ion, the band at 996 cm™ is the vibrations of the PO,* ion. (Fig 4,
Table 2).

CONCLUSIONS

The method of Fourier Transform Infrared Attenuated Total Reflectance Spectro-
scopy is perspective to use for studying the chemical composition of urinary stones re-
sulting from urolithiasis. 270 urinary stones (157 men (57.5%) and 113 women (42.5%),
aged 18-75 years, the ratio is 1.4 : 1) of patients living in the territory of the Republic
of Moldova were examined. The results of stone composition can provide valuable in-
formation for the diagnosis, treatment and recurrence prevention of urolithiasis. The
most common are oxalate stones (70%), uric acid (27%), phosphates (23%), struvite
(4.9%). Carbonates (0.4%), cystine (1.5%), brushite (1.1%) were only rarely diagnosed.
A spectral database of urinary stones of mixed type and in pure form was compiled, the
spectra of which were obtained by ATR FT-IR spectroscopy method. The frequencies of
absorption of functional groups and anions of chemical components of urinary stones
were identified, according to which stones were identified. It has been shown that the IR
spectra recorded using the ATR FT-IR accessory can be successfully used to study the
composition of urinary stones along with the IR transmission spectra in KBr pellets.
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