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Abstract

Infrared (IR) spectroscopy is a modern physicalrmlval method suitable for the investigation of kid-
ney stones composition. The application of thishoekin our work was anticipated by performing thenslard
infrared-spectra on pure compounds: oxalic acidalates, phosphate, carbonate, uric acid, and xa&hiThis
work reveals aspects regarding urolithiasis typgsHourier Transform Infrared (FTIR) Spectroscopytinoel.
The purpose of this paper is to contribute to tleéetmination of the urolithiasis composition corttgccorrel-
ated with specific pathophysiological conditionfie$e results permit further investigation on thecencre-
ments for which we have established the uroliteiagde and enable us to determine their metal aanagon by
atomic absorption spectroscopy. The data regardimg urolithiasis composition are important for dtal
guidelines in the prophylaxis and methaphylaxisrofithiasis.

Keywords: urinary calculi, FT-IR spectroscopy, qualitativenaposition, etiology

Rezumat

Spectroscopia in infrasa (IR) este o metadfizico-chimiez adecvat pentru investigarea compaei
calculilor renali. Tn investigdile noastre, aplicarea acestei metode s-a reali#iizand inregistirile spectrelor
compuyilor puri de: acid oxalic, oxala, fosfai, carbonai acid uric si xantini. Aceasi lucrare prezing aspecte
referitoare la tipurile de urolitiaze folosind meta spectrosopie in infrago cu transformata Fourier (FT-IR).
Scopul acestei lugri este de a contribui la determinarea compieziurolitiazei corela& corect cu condliile pa-
tofiziologice specifice tipului de urolitidz Aceste rezultate permit investijalterioare ale uroconcrementelor
pentru care s-a stabilit tipul acestora, avand ritte posibilitatea de a determina concenda metalelor din
aceti calculi prin spectrometria de absaib atomig. Datele cu privire la compai urolitiazelor sunt impor-
tante Tn management-ul clinic, in profilaiametafilaxia urolitiazelor.
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Introduction

The metabolic and urodynamic disturb-
ances of various organic and inorganic compounds
in the urinary medium induce urolithiasis. Among
the factors that can lead to urinary stone formatio
and can influence its characteristics we can men-
tion sex and age, etiological factors such as meta-
bolic disorder, ionic transport within the inteatin
tract and in the kidney, diet including fluid ingak
geographical location and climate etc. Urolithiasis
is a common urologic disease whose prevalence is
about 1-20% and increasing throughout the world.
About 2-5% of the population in Asia, 8 — 15% in
Europe and North America and 20% in Saudi Ara-
bia develop kidney stones in their lifetime (1- 5).
Renal stone tends to recur, and the rate of recur-
rence is about 75% during 20 years (6).

Nephrolithiasis (urinary calculi) represents
a concretion composed of crystalline components
and organic matrix (7). Though the symptomatic
presentations may be similar, the disorder is txeter
geneous regarding composition and etiology.

Chemical methods are rather unsatisfact-
ory for the analysis of urinary calculi, because
they are time-consuming; they necessitate large
stone samples and cannot distinguish between
the two commonly occurring calcium stones
(monohydrate/dihydrate). Also, these methods
do not yield information about the crystalline
phases and do not detect rare drug-induced or
metabolic compounds, such as 2,8-dihydroxyad-
enine (8), xanthine or silica. Physical-chemical
and mineralogical tools are among the methods
that are increasingly used in order to establish
the composition of urinary calculi.

Infrared spectroscopy investigation of
surgically extracted and spontaneously elimin-
ated calculi allows us to find out their qualitat-
ive composition. The interpretation of spectra
by means of implementing a computer program
facilitates defining the types of urolithiasis.

The compounds present in urinary calculi
may be of organic nature (oxalic acid, uric acid,
xanthine, cystine, cholesterol) or/ and inorganic
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of the pathological conditions involved in stone
formation must be based on a careful examination
of the structure, and also on the identificatiothef
qualitative and quantitative crystalline compositio
of urinary stones. Relevant data regarding the
structure and the crystalline composition can be
found by using two physical methods. For the mor-
phological study we have used a stereomicroscope
and, for the molecular and crystalline identifica-
tion, the Fourier Transform Infrared Spectroscopy
(FTIR) method. FTIR, a powerful analytical tool, is
able to find all the crystalline, amorphous or poor
crystallized components, and also the mineral and
organic molecules. Moreover, it can make distinc-
tion between the different crystalline phases of a
substance and it can quantify the relative conrstitu
ent proportions within a heterogeneous stone (9).
Frequently, stone growth is a discontinu-
ous process whose cause cannot always be identi-
fied. A transient, intermittent or permanent disord
of urine composition induces urine super-saturation
and, as a result, causes urinary calculi. Calculus
formation occurs gradually, nucleation being the
first step, followed by the growth around the nucle
us. Stone growth may be caused by different
factors than those causing nucleation (10). Isis a
possible that the physicochemical background
causing stone nucleation does not exist anymore at
the time of the patient’s investigation. Howevee, t
calculus core, cross-section and surface can be sep
arately examined and can provide information
about the litho-genetic conditions involved both in
the nucleation process and in the stone growth.
Such details are essential when reconstructing the
history of the calculus formation. Stone composi-
tion and structure can provide information on the
past conditions that have led to the crystallipatio
process and, thus, on the etiology.

Materials and Methods

Our study has been performed on 52 calculi
using FTIR spectroscopy, which is a physical-chem-
ical method. We have determined the qualitative
composition of the uroconcrements obtained from

nature (phosphates, carbonates). The determination the renal stone patients, hospitalized in the €bhi
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Urology of the University of Medicine and Phar-
macy in Timgoara. For the macroscopic study we
have used a stereomicroscope. For the morphologic-

al study we have used a magnifying glass and a ste-

reomicroscope. The nature of urinary calculi cannot
be accurately identified only by a preliminary exam
ination; that would not be enough because it may
sometimes lead to confusion (11, 12). It is possibl
that calculi with different compositions have ailim

ar appearance. Cations and anions in the urinry ca
culi have been identified by qualitative wet cheahic
methods (routine techniques) commonly used in
Biochemistry laboratories (11). These methods, also
called orientative methods, consist in the uselsf ¢
culus powder. For this purpose, concentrated inor-
ganic acids (HNQ HCI) are employed, highlight-
ing the calculus constituents (urate, oxalate,oterb
ate or phosphate, the ammonium group, Ca and Mg,
cystine, xantine). In addition, quantitative detiermn
ations of different calculus elements or groups can
be made, especially Ca, Mg, phosphate and oxalate.
For the determination of calcium, magnesium, and
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University. This method
sample of 0.5-2 mg.

Within the first stage, the calculi were
repeatedly washed with distilled water, and then
dried. Afterwards, each calculus was cut with
the help of a fine saw in two equal parts; these
parts were examined with a magnifying glass
and looked at under a microscope. When the
examined section showed a nucleus or other
distinctive areas, its parts were studied separ-
ately. The samples were potassium bromide (IR
purity) compressed. The spectral range was
between 4000 and 400 cin

Due to stretching or bending vibrations of
the characteristic groups from the molecules, IR
spectra contain absorption bands at different
wavelengths. Molecular composition and crystal
structure influence the number, the position or the
intensity of the absorption bands from the spectrum

In a preliminary stage of our research, in
order to find out the type of urolithiasis, we pro-
ceeded to the recording of standard IR spectra of

requires a small

inorganic phosphate the standard procedure can be the chemically pure compounds found in calculi:

employed. For instance, calcium can be determined
by automatic colorimetry using cresolphthalein
complexone as indicator and 8-hydroxyquinoline to
suppress magnesium interference. Another way of
determining calcium may be by atomic absorption
spectrometry, using lantan chloride to overcome the
suppression of calcium absorption by phosphate ion.
The most convenient method for the determination
of magnesium and other metallic ions is atomic ab-
sorption spectrophotometry. With regards to inor-
ganic phosphate, it can be determined by either us-
ing the manual phosphomolybdate method or the
automatic colorimetry, and UV-VIS spectrometry. A
simple permanganate titration can be employed to
determine the oxalate, provided that certain precau
tions are taken. Beside this method, UV-VIS spec-
trometry can also be used in this case.

FTIR spectra of all urinary calculi were
recorded as potassium bromide (KBr) pellets
using a Jasco FT-IR 610 Spectrometer (Japan)
in the Institute for Research in Chemistry
“Raluca Ripan”, within the “Bale- Bolyai”

organic (oxalic acid, uric acid, xanthine, choles-
terol) and inorganic (phosphates: carbonate apat-
ite, magnesium ammonium phosphate hexahy-
drate, calcium hydrogen phosphate dihydrate, tric-
alcium phosphate, and carbonates: calcite- calci-
um carbonates). We used Merck and Alfa-Aesar
compounds. Carbonate apatite (CAP) is a calculus
which was chosen out of a multitude of calculi
analyzed by FTIR, by comparing the obtained IR
spectra with the one belonging to CAP registered
in literature (in the IR atlases) (13, 14).

Results and Discussions

The spectrograms of the chemically pure
substances were considered “standard” spectra.
By comparing and superposing the calculi spec-
tra with “standard” spectra, we have determined
the qualitative and semi-qualitative composition
of urinary stones. The intensity of IR bands dis-
plays (semi-quantitative) information regarding
the degree to which a component’s content is
found in the calculus (if the compound concen-
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tration in the calculus is low, the result will be
specific vibration of low intensity).

The IR absorption of the studied
sample has shown the presence of the oxalate,
uric acid and/or hydroxyapatite groups in the
urinary calculi. The IR spectrum band of 1620
cm-1 (15) and that of 1316 cm-1 (15), 1315
cm-1 (16) of the pure synthetic monohydrate
calcium oxalate correspond to the symmetric
and asymmetric C-O stretching of coordinated
oxalate groups. In our case, the corresponding
values for calcium oxalate are 1622 ¢trand
1319 cnt'. For calculi, the stretching frequen-
cies characteristic to the oxalate have been
found at 1621 cmand 1320 cmi (vC-O).

The degree of hydration of different

substances can be given by the presence or ab-

sence of some bands from the IR spectrum;
therefore, for COM (calcium oxalate mono-
hydrate), this degree is indicated by the two
peaks between 850 and 950 “€rffor COD
these two peaks do not appear). In the 3500-
3000 cm* region a broad spectrum appears for
COD (calcium oxalate dihydrate), by contrast
with the one for COM, which contains four
weak peakssge Figure 2, traces B,)CFor the
mixture calculi types, these differences cannot
be very clearly observed and can be mistaken
because of the overlapping of the bands charac-
teristic to different constituents, and for this
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ing vibrations appear at 3142, 3026, 2857'cm
values and there are also IR absorptions at
1353, 1126, 1031 and 788 ¢ntonfirming the
presence of uric acid in the calculi.

Stretching frequencies of 567, 603,
985, 1038 with a shoulder at 1105 ‘trorres-
pond to the apatite mineralogical form of the
calcium phosphate. The phosphate ion from
CAP/ HAP yields a strong and broad absorption
between 1100 and 1000 cmWe can attribute
v3(PO4), lattice mode and v4(PO4) to the 3 ma-
jor peaks of the phosphate anion at 1038, 603
and 567 cm frequencies. For the determination
of the calcium carbonate we have taken into ac-
count absorption values specific to it, at 1415
and 875 crmt. Carbonate apatite is characterized
by the 1422 and 1652 chR bands, approxim-
ately. Also, X-ray diffraction study confirmed
the presence of HAP/CAP. Struvite has a char-
acteristic infrared spectrum and is easily recog-
nized even in mixed stones both by the position
of the strong absorption band at 1008 tm
(which is due to the absorption of phosphate
group) and by the presence of other bands at
2377, 1476, 1437, 872, 770 and 574'cfh8).
The bands at 1476 and 1437 ¢an be attrib-
uting to vibration of NH" group.

When struvite is in association with apat-
ite, the presence of the latter can be deduced by
absorption at 600 cfand by a shift of the band

reason the second derivative has been used. The at around 1010 crhtowards higher frequencies.

strong peaks around 1620 cm-1 and the weak

band at 661 cm-1 can be assigned to the bend-

ing and wagging modes of the water molecules
(16, 9). The bands at 1622 for (COM)/or 1645
(for COD), 1319, 780 and 517 chare due to
va(C=0), vs(C=0), §(0-C=0) andv(Ca-0),
frequencies of the oxalate part (17).

IR spectrum of the uric acid is charac-
terized by many bands indicated by the purinic
ring at 3138, 3020 and 2836 ¢nfabsorption
bands). The bands are due to N-H stretching vi-
brations, and also, there are additional bands at
1351, 1124, 1029 and 786 ¢rwave numbers.

In the case of urinary calculi, the N-H stretch-

The results obtained by FTIR spectro-
scopy on 52 uroconcrements are presented in
Figure 1 From all the urolithiasis cases ana-
lysed by us, there were 11 cases of simple uro-
lithiasis and 41 of mixed urolithiasis (binary,
ternary, quaternary). Among the cases of simple
urolithiasis, 8 were composed of calcium oxal-
ate and 3 of uric acid anhydrous (UA). Calculi
from 33 mixed urolithiasis had oxalate
(63.46%) and uric acid was found in 11 mixed
calculi (21.15%). Phosphate was found in nu-
merous calculi (27 cases - 51.92 %), especially
in mixture with oxalate (19 calculi - 17.30 %),
but the concentration of phosphate was more or
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less than the oxalate one (déigure 1). One
case of calculus was a mixture between oxalate,
phosphate and uric acid. In the category of
mixed urolithiasis we have also included the
urolithiasis with one component found in differ-
ent hydration phases (crystallization lattices).

We can conclude that 40.38% of the
cases (21 calculi of 52) belong to female pa-
tients, while the rest of 59.62% belong to male
patients. 61.54% of the cases represent re-
cidivating urolithiasis. The proportion between
the number of urolithiasis cases at first appari-
tion and the recidivating urolithiasis cases
(N:R) is approximately equal in men and wo-
men (0.72 - men, 0.75 - women).

There are different forms in which the
same chemical component may crystallize: for
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example, calcium oxalate may be present in the
form of calcium oxalate monohydrate (COM),
calcium oxalate dihydrate (COD) or very rarely
calcium oxalate trinydrate (COT). Often, these
appear with their mineralogical denominations:
whewellite for calcium oxalate monohydrate
(Wh); whedellite for calcium oxalate dihydrate
(Wd); humboldtine for iron oxalate dihydrate.
Uric acid is found in two types of crystallisa-
tion: anhydrate (UA) and uric acid dihydrate
(UA2). Calcium phosphate is found in multiple
forms. In urinary calculi phosphate has many
forms: calcium phosphate, calcium hydrogen
phosphate dihydrate (brushite), calcium hydro-
gen phosphate, apatite like carbonate apatite
(CAP) and hydroxyapatite (HAP), octacalcium
phosphate a.o. From all the forms in which cal-
cium phosphate can be found, the

CAP-MAP-UA-COM BB i i

CAP-MAP

CAP-MAP-UA
COM-COD-CAP

COM-CAP-MAP

COM-COD-CAP-MAP [EE
COM-COD-Brs

COM-UA

com-cop-upa BRI T
UA+UAZ
UA

COM-COD

coD

COM

one which mostly occurs is carbapat-
ite (a carbonate calcium phosphate
crystallized in the hexagonal
system). In urinary calculi phosphate
can be found not only as calcium
phosphate but also as magnesium
ammonium phosphate hexahydrate
(MAP). Mineralogical denomina-
tions of CAP and MAP are dahllite
and struvite, respectively.

Different biochemical condi-
tions can cause several crystalliza-
tion forms (19). Consequently, ac-
curate stone analysis must determine
not only the molecular species of the
calculus, but also the crystalline
forms of the chemical constituents.
The majority of stones are hetero-
geneous calculi, i.e. their composi-

tion is mixed. From them, approxim-

1 T T T T
0% 20% 40% 60% 80%

106% ately 80% contain a mixture of CaOx

BFN BFR OMN

BMR

and/or phosphate at different levels
(in our case 78.9%).

Figure 1. Distribution of calculi based on composion, urolithiasis
type and sex of the patients from whom the calcuhave been
extracted (M- male; F- female; N- first time urolithiasis;

R - recidive urolithiasis)

Figures 2, 3 and £ompare
the IR spectra of various stones with
different compounds commonly
found in the constitution of a renal
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calculus (called standards). Similarities can be spectrum,

F - spectrum of uric acid monohydrate,

observed between the A, B, C, and D spectra, J- CAP spectrum and K - MAP spectrum.

and between F and G spectra. Also, B spectrum From Figure 2it can be concluded that a

is similar to E and F spectra, and J spectrum re- calculus with an A spectrum contains calcium oxal-

sembles K and L spectra. ate monohydrate (the A and B spectra are very well
Moreover, there is an overlap between H superposed). In the case of a calculus with a D

and J spectra. Note that in these figures B, @, F,  spectrum,

it is gquestionable whether or not this

and K represent the spectra of the pure compounds stone is a mixture of COM and COD. The D spec-
(of the standards): B - COM spectrum, C - COD trum looks like C, but between D and B spectra

i

Absorbance

C“L
é

S~

d/\}
3600 2000 4
Wavenumber [cm 7]

Figure 2. FT-IR spectra for calculi, for COM and for COD.
A — simple (COM) calculus spectrum; B — COM speutnC — COD
spectrum; D —mixed (COM and COD) calculus spectrum

S
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S oMl
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-
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Figure 3. FT-IR spectra for calculi, for COM and for uric acid.

there are some superposing peaks. It
becomes certain that this stone is a
mixture of COM and COD when su-
perimposing the second derivative of
the spectra (the calculi spectra with the
standard ones: COM and COD).

FromFigure 3it can be con-
cluded that in the composition of an
E stone there are both uric acid and
calcium oxalate monohydrate. By
superimposing the second derivative
of the spectra (the calculi spectra
with the standard ones: COM and
UA), we know that this stone is a
mixture of COM and UA (b spec-
trum). We have also used the X-ray
diffraction method for some calculi
in order to check the derivation
method (of the second derivative).
The second derivative helps us
identify the nature of the hydration
for the calculus components. This is
because it shows notable differences
on specific intervals, for mixtures of
compounds found in various hydra-
tion states, compared to the IR spec-
tra, which look somewhat similar.

The D spectrumHigure 2
of the stone sample was subjected to
the calculation of the second derivat-
ive of absorbance curve in order to
determine whether it contains only
COM or it is a mixture of COM and
COD. This is because the period
3600-2900 cmt is a broad band

B — COM spectrum; E — mixed (COM and UA) calculpeatrum; F — uric spectrum different from that of B -

acid spectrum; G — simple calculus (with uric asjagctrum
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the COM one (used as a standard). Also, the A
sample spectrum was subjected to derivation. In
Figure 5 in a particular region of wave num-
ber, second derivatives for D spectrum (from
Figure 2 are simultaneously compared with the
COM standard Kigure 2B spectrum and the
COD standard Kigure 2Q spectrum. Second
derivatives are denoted by c (for the calculus)
and d for COM. This figure shows similarities
between the IR spectra, in contrast with the
second derivative where there is a noticeable
difference within the 1300-1330 cinregion
and within the 1200-800 cmregion. The ap-
pearance of two peaks of similar intensities for
the second derivativé-igure 39 shows that the
stone contains a mixture of COM and COD in
equal proportions. The peaks centered in
1326 cm* and 1317 cm correspond to the
COD and COM phase, respectively. The resolu-
tion of the second derivative’s two peaks in
case of the stone with a D spectrum demon-
strates this technique’s potentiality to determine
the components often found in kidney stones.
We used second derivation for all samples in
order to check the presence of the same com-
pounds in different hydration phases.
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Qualitative chemical tests provide the
rough indication of the presence of different con-
stituents in mixed stones. Our IR data are qualit-
atively matched with wet chemically analysis
and powder X-ray diffraction. The X-ray diffrac-
tion spectra of our samples have been obtained
by a DRON-UM1 diffractometer in Bragg-
Brentano geometry, having the following charac-
teristics: theta-2 theta assembly, work voltage
U = 40kV, electric intensity | = 30mA, angular
range B®: 100-700, radiation Cui graphite
crystal monochromator on the diffracted beam.
This technique requires a great quantity of calcu-
lus, by comparison with FTIR spectroscopy.

IR spectroscopy has gained in popularity
as a reliable method of in-vitro quantitative stone
analysis especially in the last decade. In many
stone centers, FTIR spectroscopy is also being used
for the prediction of stone fragility prior to stoc
wave lithotripsy. Although the reliability of newer
tests such as CT spectroscopy, NMR spectroscopy,
X-ray diffraction, thermogravimetric  and
chemical/crystallographic stone analysis has been
confirmed by several studies, the importance and
utility of FTIR spectroscopy as a routine screening
test has also been revealed (20).

The aim of this paper is to es-

Absorbance
?

tablish the frequency of different urolith-
iasis types and calculi composition cor-
rectly correlated with specific patho-
physiological conditions. Table 1
presents a summarized comparison of
the mineralogical composition of stones
in relation to physio-pathologic factors.
Our purpose is to present a general view
on the relationship between pathology,
structure and composition in the case of
renal calculi. For this reason, the above
mentioned table does not only include
stones which exclusively contain an ox-
alate phase, but also a few examples of

3600 Wavenumber [cm ] 2000

Figure 4. FT-IR spectra for calculi and for CAP, MAP and COM.
B — COM spectrum; J — CAP spectrum; K — MAP specfrbl — mixed

renal calculi which have not been ap-
proached in our paper.

The information collected

(CAP+MAP+COM) calculus spectrum; L — mixed (MAP+CQAgalculus from the medical records of the pa-

spectrum;
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tients from whom the calculi have been extracted
reveal that there is a tight connection between the
mineralogical calculi composition and the etiolo-
gic factors. It has been established that hyperox-
aluria is found in 91.1% of the urolithiasis cases
with calculi containing COM (calcium oxalate
monohydrate). As regards the cases where COM
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IS in multi-component mixture, hiperoxaluria does
not exist, which can be explained by the fact that
it may have been found in another stage of calcu-
lus formation. Urinary infections have been found
in 85.4 % of the patients with CAP, MAP or CAP-
MAP calculi, due to the fact that the urinary infec
tion has been the cause of calculi formation in

|
W(\MM

their first stage. In addition, for pa-
tients with calculi containing COD it
has been discovered that 87.6 % of
them had hypercalciuria. All the 4
cases of urolithiasis which developed
uric acid calculi have displayed a ur-
inary pH < 5.5. As a result of our ana-
lysis, it can be stated that oxalic uro-

2" order of derivative

T

lithiasis occurs predominantly in the
case of men compared to women,
while urinary infection calculi (MAP,
CAP) mainly occur in the case of wo-
men Figure 1).

In order to discover the eti-
ology of the urolithiasis, it is important

1150 1000 850
Wavenumber [cm™]

Figure 5. The second derivatives of absorbance cuecorresponding
to: a— COD simple calculus; b — COD standard; c the second
derivative of mixed (COM+COD) calculus; d — COM stadard

to know the stone chemical composi-
tion. Also, information regarding the
chemical composition of the urinary
calculi helps us prevent the recurrence
of the disease and can be used as a
base for the therapy in such cases and

700

2" order of derivative
|
%
e
{

for a proper disease management. For
example, calculi of calcium oxalate di-
hydrate and struvite are more amen-
able to disintegration by extracorporeal
shock wave lithotripsy than are those
composed of cystine (21). The oxalate
and calcium concentrations in the ur-
|' ine affect calcium oxalate supersatura-
| tion. An important risk factor in stone
formation is urinary pH due to several
human body processes. A potential
mechanism for a permanently low ur-
inary pH in uric acid stone formation

1200 4. 950
Wavenumber [cm ]

Figure 6. The second derivatives of absorbance cuncorresponding to:

! can reduce ammonia (NHproduc-
700 tion, resulting in a decreased buffer ca-
pacity for H ion (caused by the lack
of glutamine or by an enzymatic de-

d — COM standard; e — UA standard; f — mixed calculs (COM+UA)
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Table 1. Correlations between different constituerst of calculi and physiopathological factors

Chemical Composition  Etiological conditions

urinary infection (non-ureasic) + hyperparatklism+ secondary tubular acidosis

COM hyperoxaluria (with or without hyperuricosurig@occhi Ricci disease
COD hypercalciuria (in some cases it can be prdsgrgroxaluria)
COM+COD hyperoxaluria + hypercalciuria

UA intermittent hyperuricosuria + urine at acid pH

UA + UA2 hyperuricosuria + urine at acid pH

AmU alkalinizing therapy + urinary infection

UA + COM hyperuricosuria +intermittent hypercalcauri

CAP

MAP+CAP urinary infection owed to ureasic germs

CAP +MAP+ AmU urinary infection with urine alkalirétion

COM +CAP hypercalciuria + hyperparatiroidism

Protein + MAP + CAP
Protein + COD

BRS

Cystine

urinary infections
Lithiasis due to dialysis

cystinuria

hypercalciuria + hyperparatiroidism

COM-calcium oxalate monohydrate; COD- calcium oaldihydrate; UA- uric acid anhydrate; UA2- uricidc
dihydrate; AmU-ammonium urate; MAP- magnesium amuomorphosphate hexahydrate (struvite); CAP-(car-
bonate)apatite; BRS- brushite (calcium hydrogensgphate dihydrate, CaHP&2H,0).

fect). In our sample struvites are found in a per-
centage of 51.9% and their formation is due to ur-
inary infection; their treatment involves pharmaco-
logical (antibiotic) intervention. The formation of
struvite stone is due to urinary infection (of urea
splitting microbes) (1, 6, 21). Recurrent infection
can be prevented if pH urinary values are kept be-
low 6.0. MAP is produced in alkaline urine almost
invariably infected with bacteria containing urease
which converts the urea (found in urine) into am-
monia. The pH increase (second to the process
mentioned before) within the concentration of the
NH," ion lead to the formation of apatite.

Furthermore, when the uric acid excre-
tion is very high, the result is the formation of
ammonium acid urate. These compounds may
accompany struvite in calculi but we have to
mention that they happen exclusively in the
case of urinary infections.

The pH seems to have a role in the
preferential formation of calcium phosphate
stones during pregnancy (22).

Experience shows that a detailed ana-
lysis of stone structure and compositions is be-
coming more and more important for identify-
ing the etiology of each stone disease, due to
the fact that the growth and the evolution of
stones in the urinary tract can sometimes last
for several years. When the stone is removed,
the causes of stone nucleation and growth can-
not be determined and no abnormality is re-
vealed by the chemical studies of blood and ur-
ine. That is why a correct analysis of stone
structure and composition can enable us to ob-
tain the information above.

From the variety of physical and chemic-
al techniques intended for the kidney stone study,
IR —analysis certainly shows the highest degree of
accuracy. The improved characteristics of FTIR
spectrometers allow an easy analysis of the mo-
lecular composition even on very small samples.

The metallograms of urolithiasis can be
determined after this preliminary investigation.
In other papers, data can be found regarding
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metals concentration in various types of simple
and mixed urolithiasis (23, 24). The quantum of
the main alkaline metals (Na, K), the al-
kaline-earth metals (Ca, Mg) and the trace
metals (Cu, Zn, Fe, Mn) is highlighted on
metallograms of the urinary calculi determined
by atomic absorption spectroscopy.

Conclusions

By virtue of its accuracy and expedi-

tiousness, this method proves to be a valuable

technique for the analysis of the composition of
urinary stones, applicable in the clinical urology
(clinical guidelines in the therapeutics and
methaphylaxia of urolithiasis).

The identification of the components
within urinary stones provides useful information
in order to understand the cause of their formation

and the prevention of their recurrence. These data

are of interest for the clinical guideline in thep

phylaxis, therapy and metaphylaxis of urolithiasis.
The various hydration degrees cannot

be determined through chemical methods, be-
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grams of uroconcrements determined by AAS
(consecutive to FTIR analysis) offer a complete
view on the calculi biogenesis and information for
the management of stone forming patients.
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