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Infrared spectroscopv was used to determine the composi-
tion of 120 urinary calculi from Macedonia (Yugoslavia). Of the
compounds usually mentioned as constituents of urinary calculi
only the following were found in the collection under considera-
tion: calcium oxalates (mono- and dihydrate), apatites (carbo-
nato-apatite and, probably, octacalcium phosphate), magnesium
ammonium phosphate hexahvdrate (struvite), uric acid and its
dihvdrate, ammonium urate and cystine. Calcium oxalates are by
far the most common of the stone-forming compounds (found in
more than three fourths of the investigated calculi). Apatites are
found in 4429, of the stones and the occurrence of other con-
stiuents is far less frequent (uric acid dihydrate, ammonium
urate and cystine are found only occasionally). Apatites can com-
bine with almost all the other constituents, the mixtures with
oxalates being unseparable and with a higher concentration of
phosphate near the centre of the urolith. On the other hand,
uric acid and urates, cystine and, almost always, struvite form
clearly separated regions or lavers. Almost all compounds, except
apatites, are well crystalized.

INTRODUCTION

Despite the fact that the composition of urinary calculi has been cxten
sively studied by different techniques (Prien and Frondel, 1947; Bal-
krishna Rao et al, 1964; Flerovskii, 1965; Morris and Beeler,
1967; Otto und Thmann, 1967), the great variety of the results obtained
seems to jutsify further examination of this interesting problem. It is to

be hoped that a comparative study of the results obtained in various regions

of the world where the way of living, nutriticnal habits ctc, are different
could throw scme more light on the problem of the causes of urolithiasis
and, hence, the possibility of its prevention and treaiment. Such a study is,
however, beyond the scope of the present work in which we merely report
the results of ouvr infrared analysis of a collection of 120 urinary calculi
from Macedonia (Yugoslavia). The infrared technique was chosen because
of its simplicity and the possibility of identification of individual chemical
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compounds as such, rather than of ions, as is the case when the classical
chemical analysis is used. Our interest in the infrared spectroscopy of cal-
cium phosphates (Petrov et al, 1967, Soptrajanov and Petrovw,
1967; Petrov ct al, 1968) was a further reason to undertake the present
study.

MATERIALS AND METHODS

The calculi used for the study were kindly supplied by the staff of
medical clinics in Skopje (Macedonia) for which we express our deepest
gratitude.

The composition of the calculi was studied by comparing the infrared
spectra, recorded mainly on KBr pressed discs (Ford and Wilkinson,
1954), of urolithic material and of stone-forming compounds, either pure or in
mixture with one ancther. This method is described in detail by Stoja-
nova et al. (1969) and further reference should be made therein,

The smaller stones were analysed as a whole, whereas the bigger ones
were carefully cut as close to the centre as possible and samples (weighing
approximately 1 mg) were taken from the surface and frem the centre. When
layers or parts of apparently different constitution were visible, samples
were taken from each of them,.

The infrared spectra were recorded on a Perkin-Elmer Model 321 In-
frared Spectrophotometer., i

RESULTS AND DISCUSSION

A total of 120 urinary calculi, collected during a period of over a vear
were analysed. The origin of uroliths was as follows: 75 were from males, 33
from females and 12 from patients for whom there were no data about sex.
Altogether over 200 infrared spectra were recorded.

All the spectra examined could be interpreted on the basis of the spe-
ctra of the folowing stone-forming cempounds:

— calcium oxalate monohydrate (whewellite), CaC,0,-H.0

— calcium oxalate dihydrate (weddellite), Cac:0,.2H.0

—— apatites (carbonato-apatite, Caw(PG)CO; and, quite probably, octa-
calcium phosphate, Ca;H.(PO.), - 5H,0

— magnesium ammonium phosphate hexahydrate (struvite),
MgNH.PO; - 6H.0

— uric acid, C;N,H,0,

— uric acid dihydrate, C.N,H,0, . 2H,0

— ammonium urate, C;N,H,O,NH,

— cystine, C.H:N:Q.,S,.

The frequency of the appcarance of these compounds in the investi-
gated uroliths is given in Table 1.

In both Table I and Table 11 the number and percent values are given
separately for stones from male, female and unknown patients and also for
the total number of 120 investigated uroliths.

The first thing suggested by Table 1 is the fact that calcium oxalates
are by far the most common of urinary calculi constituents: they are found
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Table 1. — Frequency of appearance of individual constituents in the
investigated calculi

Constituent Male Female Unknown Total
onstitt Number 9 Number % Number % Number %
Whewellite 42 56.0 21 63.6 5 417 68 56.7
Weddellite 44 58.7 7 21.2 3 250 54 450
Ca-oxalates

(whewellite and

weddellite taken

together) 62 82.7 24 72.7 7 58.3 93 715
Apatites 28 373 16 48.5 9 75.0 53 442
Struvite 8 10.7 3 9.1 6 50.0 17 14.2
Uric acid 7 93 5 15.2 1 83 13 10.8
Uric acid dihvdrate  — — 1 3.0 — — 1 0.8
Amonium urate 3 40 — — 1 8.3 4 33
Cystine 1 1.3 1 30 — — 2 17

in almost 80% of the investigated calculi (over 807% if only the stones from
male patients are considered). Of the two oxalates, whewellite and weddellite
are approximately equally often found in the calculi from male patients,
whereas those from female patients show a much higher rate of incidence of
whewellite. Apatites are encountered in socmewhat less than half of the inve-
stigated uroliths (relatively more often in female patients), whilst struvite
and uric acid are far less frequent, Ammonium urate, cystine and the dihyd-
rate of uric acid are found only occasionally.

Another way of looking at the composition of calculi is to examine all
components taking part in the formation of one calculus, irrespective of
whether the components are intimately mixed or form separate layers or re-
gions in the calculi. The results, summarized in such a way, are presented
in Table II.

Even a casual look at Table II reveals a significantly larger number of
caleuli from male than from female patients. We are presently unable to tell
whether urolithiasis is absolutely more common in men than in women or
:his finding is purely accidental and due to the insufficient number of inve-
stigated stones. Only an analysis of a larger collection, assembled during a
longer pericd of time, can give a definite answer to this question.

Another interesting fact, suggested by Table 11, is the relatively higher
percent of apatites and the lower percent of weddellite in the calculi from
fernale with respect to those from male patients. In fact, pure apatite (carbo-
nato-apatite) was found only in female and pure weddelite only in male pa-
tients.

Calcium oxalates and apatites can be found in any possible combina-
tion between themselves and approximately 709, of the analysed stones
consist of these compounds, without other constituents. If the calculi conta-
ining struvite are added, i. e. if only the salts of oxalic and phosphoric acids
are considered, the value rises to 84", On the other hand, the number of
urate stones (i. e. those containing uric acid, its dihydrate and ammonium
urate) is much smaller: 17 uroliths or 14%,. Thus, we found somewhat less
calcium and magnesium salt of oxalic and phosphoric acids and more than
twice uric acid and its salts than did Prien and Froundel (1947) and,
on the other hand, somewhat more of the former and much less of the latter
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Table 1I. — Composition of the investigated calculi

. Male Female Unknown Total

¢ ]
Composition Number 9 Number 94 Number 9 Number 9
Whewellite 9 120 9 273 2 16.7 20 16.7
Weddellite 11 147 — — —_ — 11 9.2
Whewellite
Weddellite 15 200 1 30 — — 16 133
Whewellite
Apatite 3 4.0 4 12.1 1 8.3 8 6.7
Weddellite
Apatite 9 12.0 3 9.1 2 16.7 14 117
Whewellite
Weddellite
Apatite 9 12.0 3 9.1 1 83 13 10.8
Apatite — — 3 9.1 —_ — 3 25
Apatite
Struvite 5 6.7 2 6.1 4 333 11 9.2
Whewellite
Apatite
Struvite 1 1.3 1 30 1 83 3 2.5
Struvite 2 2.7 —_ — —_ — 2 17
Struvite
Ammonium
urate
Uric acid — — — — 1 83 1 08
Apatite
Ammonium
urate 1 1.3 — — — — 1 0.8
Whewellite
Ammonium
urate 2 2.7 — — — —_ 2 1.7
Whewellite
Uric acid 3 40 3 9.1 —_ —_ 6 5.0
Uric acid 4 53 2 6.1 — — 6 5.0
Uric acid
dihydrate
Struvite — —_ 1 3.0 — —_ 1 08
Cystine 1 13 1 3.0 —_ — 2 1.7
Total 75 100.0 33 100.0 12 999 120 100.0

than did Ottoand Thmann (1967). The number of cases in which cystine
is found is always extremely small, so that the percent values given by va-
rious authors do not really bear any absolute significance.

It is also characteristic that apatites can combine with practically all
encountered stone-forming compounds. In fact, only cystine and uric acid
and its dihydrate were not found in the same stone with apatite. Whewellite
was not found to combine, besides with these compounds, with struvite
either.

Probably more significant than the fact of two or more constituents
being present in one stone is their distribution through it and the formation
of intimate mixtures or, alternatively, of separate layers or regions. It was

'y
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found that in mixtures of apatitc and the two oxalates, usually inseparable
mixtures are encountered with the concentration of phosphate higher near
the center than on the surface. Of the two oxalates, weddelite, as a rule, was
found more often at the surface than inside the uroliths. On the other hand,
uric acid, its dihydrate, cystine and, almost always, struvite formed layers
or regions clearly separated from the other components.

Another fact worth mentioning is the crystallinity of the constituents
of uroliths. Tt is well-’known that a higher degree of crystallinity of a sub-
stance results in a sharpening of infrared absorption bands with frequent
splitting of the latter due to the coupling of oscillations if more than one
identical structural unit is present in the unit cell. On the other hand, sub-
stances with a low degree of crystallinity show broad and ill-defined bands
as a consequence of the random orientation of structural units in the crystal
lattice. Comparison of the spectra cf uroliths with those of synthetic or com-
mercial compounds showed that the constituents of calculi are, as a rule,
better crystallized than the compeunds serving as standards. Only the apa-
tites are almost always amorphous (or very nearly so) which makes the
indentification of individual members of this class of compounds extremely
difficult not only by infrared methods, but also by other techniques (Ha-
ugh et al, 1966). Nevertheless, the existence of characteristic carbonate
bands (at 1470 and 1423 cm—1) shows that among substances with apatitic
structure, carbonato-apatite is by far the commonest one, In cases in which
this is not so, octacalcium phosphate, rather than hydroxyapatite, seems to
take part in the formation of uroliths (Petrov et al.,, 1969).
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HCIIMTYBAIGE HA 120 YPHHAPHH KAAKYAYCU OA MAKEAOHMUJA
(JYTOCAABHJA) CO IIOMOII HA UH®PAIIPBEHATA CHEKTPOCKOIIHIA

Kopueauja CTOJAHOBA, Msan METPOB u Bojau IIOTNITPAJAHOB

Hasoa

Hndpaupsenarta cnekTpockomHja Oelre yIoTpeGeHa 3a VTBpAVBaibe Ha
coctaBor Ha 120 ypuHapHH Kaakyaven oa Makeaonuja. OA coesuHeHujaTa mto
OOHYHO Ce CIOMEHYBAAT KAKO COCTABHH AEAOBH Ha VPOAHTHTE, BO HALIATA KO-
Aekumja Gea HAjAGHH CaMO CAGAHMBE: KAAUMVMOBH OKCAAATH (MOHO- 11 AIIXI-
Apar), anatutH (KapOOHATEH amaTHT H, BEPOjaTHO, OKTaraimuvy $ocdar),
MarHesuymMm amoHuym docdar xekcaxuapar (CTPYBHT), MOUHA KHMCEAHHA I Hej-
3WHHOT AHXHAPAT, aMOHHMVM ypaT M IHCTUH. KaAuuyMOBHTE OKcaiaTH ce Aa-
AeKY HajYeCTHTE KOHCTHTVEHTH (IH HMMa BO HOBeKe OA TPH YETBPTHHH O\
HUCOHTAHUTE VPOAHTH). AnMaTuTH ce HajaeHH Bo 44,2% oA KaAKyAycHTe, a I0-
jaBara Ha ApYIrHTE KOHCTMTVEHTH € 3HATHO [OPETKa (AHXHAPATOT HA MOUHATA
KHCeAHHA, AMOHMYM YPaTOT H UHCTHHOT €€ HAjACHH CaMO BO HEKOAKY CAVUaH).

AMNATUTHTE AOArAAT 3AEAHO CO CKODO CHTE APYTH KOHCTHTVEHTH. CMEIIHTe
CO OKCaAaTH HE MOJKE Aa CE€ pa3ACAarT, a KOHUeHTpanujata Ha GocdaToT € 00UIHO
noroaema GAM3Y AO LEHTApOT Ha YpoantoT. OA Apyra CTpaHa, MOYHATR KHCE-
AMHA, IHUCTHHOT H, CKOPO CeKOralll, CTPYBHTOT 00pa3yBaaT jacHO OAAEASHH
00AACTH HAH CAOEBH.

CKOpO CHTE€ KOHCTHTYECHTH, OCBEH alaTuT iTe, ce YGZ\BO KPHCTAAH3IIPAHH.



