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Infrared spectroscol.lv was usecl to determine the composi-
tion of 120 urinary calculi {rom Macedonia (Yugoslavia). Of the
compounds usuallv mcntioned as constituents of urinary calculi
onil' the follou,'ing wcre found in the collection under considera-
tion: calcium oxalatr:s (mcno- and dihydrate), apatites (carbo-
nato-apatite and, prob;rbly, -octacalcium ph,osphate), magr..esiurn
amnronium phosphate hexahvcl.ratc (struvite), uric acid and its
dihl'drate, amrnonium urate and c-vstine. Calcjum oxalates are bv
lar the most coirlnon of the stone-fcrming cornpounds (found in
more than three fcurths of the investigated calculi). Apatites are
found in 44.10 u of the stones and the occurrence of other con-
stiuents is far iess frequent (r-rric acid dihydrate, ammonium
tirate and cvstine are found on11'occasionally). Apatites can corr-
bine rvith almost all the other oonstituents, the mixtures r,vith
oxalates being unseparable and t'ith a higher concentration of
phosphate near the centre of the urolith. On the other hand,
uric acid and urates, cys:ine and, almrcst always, struvite form
clearly separated regions or la,yers. Almost all compounds, except
apatites, are well crystalized.

INTRODUCTION

Despite the fact that the composition of urinary calculi has bccn cxten
sively studied bv different techniques (Prien and Fron del, 1947; BaL-
krishna Rao et a1., 1964; F lerorrskii, 1965; l,{orris and Beelcr,
1967; O t to und I hm a nn, 1967), the great varietv of the results obtained
seems to ,jutsifl' further examination of this intelesting problem. It is to
,be hoped that a comparatite stud5,' of thc rcsuits obtained in various regions
of the 'ir,or'lcI t'here the urav of lir,ing, nutritional habits ctc. are different
could throw scme more light on the problen-r of the causes of urrolithiasis
and, hence, the possibilitl, of its prevention and trealment. Such a study is,
however, beyond the scope of the 1;rescnt lvork in wh.ich rve rnerely report
the results of our infrarecl anal5'sis of a collection of 120 urinary calculi
from Macedor-ria (Yugoslavia). The infrared technique was chosen because
of its simpiicit.v and tl-re possibility of identificati:on o,f individual chemical
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compounds as such, rathc!: thiirr of rons, as is the casc \vheu the classical
chemical analysis is useci. our intercst in the irfrarecl str)ectroscopv of cal-cinm phosphatcs (Pctrov et tl.,1967; Soptrajanol, and petrov,
1967; Petrov cr- al., 1968) rvas a fur-lher rcason to,rdcrtake the preser.rt
study.

MATE,RIALS AND METHODS

The calculi used for the stuctrr r,r,ere kir.rdlv
nred;cal cljnics in Skopje r j\lacccic:iir ) ior. which
gratitude.

The composition of the calcuri rvas sLndicd bv comparing the infraredspectra, recorded mainly on KBr pressed discs (Ford ind wittinson,
1954), of urolithic materiar and of stone-forlaing compou,ds, either pure cr inmixture with one another" This methccl is clcscribed in detail by S t o j a -
n o v a er al. (1969) and further refereur:e sho,rd be made therein.

The smaller storles were analysecl as a r,vhore, u,'hereas the bigger oneswere carefuily cut as close to the centre as pcssible and samples (rveighing
approximatell' 1 r,,g) were take' from the sui-face a'd from thi centre. whe,Ia1'ers or parts of apparentry different ccnstitution rvere visibre, samplesu,ere taken from each of them.

- The infrared spectra *,ere rccorcled ,n a pcrkin-Ermc' Mo,ctcl 521 I,-frared Spectrophotolreter. -1

RESULTS AND DISCI]SSION

A total of 120 ur-inarv c;-ilculi, collected during a peri,od
were analysed. The origin cf uroliths \vas as follor,,i: 75 r"ereflom females and 12 from patienis for tl,.hom there rvere no
Altogether over 200 infrared spectra r,r,ere recordecl.

Ali the spectra examined co,rcr be interpreted on the basis o[ the spe-ctra of the folowing stone-forming ccmpounds:

- calcium oxalate monohyclrate (u.heu,eliite), CaC,O,. FI,O

- calcium oxalate dih-v*drate (il,ccliiellite), CaC,O, .2H,O

- apatites (carbonato-apatite, ca,,(pc,)uco, and, quite lrrob;rblv, octa-
calcium pliosphate, Ca,H,(p0,). 5FI,O

- mag,esiurl ammcl,ium ph.sphate hrrxahtrL-atc (strLivite),
MgNH,PO,.6H,O

- uric acid, C.NrHoO,

- uric acid dihydrate, C:N,H,O, .2HrO

- ammonium urate, C,N.H,O,|,1H,

- cystine, C..FI,,NrOnSr.

The frcquencv of r.hc appcarancc .f rhcse compouncls in thc investi- 

ra-

gated uroliths is given jn Tal>le l.
In both rable I and rablc IT trre *u,-rber ancl pci.r:cut'ahrcs are gi'en

separately for stotres from malc, femakr ancl unknorvn patrcnts anrl also forthe total number of 120 iirvestigated urolitl.rs.

, The first thing suggested by Table I is the fact that calcium oxalatesare by far the most common of urinary calculi constituents: thev are found
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Table I. - Frequency of appcarance-of .irtdivitlual collstituents in the' 
iitrlest igtt t r'd cult'trli

Constituent
Male

Number %
Iremale

Number o/o

Unhnown
Number %

Total
Number %

\Vhen ellite
Weddellite
Ca.cxalates
(ivhewellite lrnd
rveddellitc teken
together)
Apatites
Struvite
Uric acid
Uric acid dihl'drate
Amonium urate
Cvstine

42 56.0
41 58.7

68 56.7
54 45.0

21
7

63.6
21.2

72.7
48.5

9.1
15.2
3.0

3.0

4t.7
25.0

58.3
75.0
50.0

8.3

8.3

5
J

7
9
6
t

1

82.7
J1..1
10,7
9.3

4"0
1.3

iI almost 80% of the investigatecl calculi (over 802 if ronly the sto'nes from

rnale patients are considereai. Ot the tu''o oxalates, whewellite and wedde'llite

areapproximatelyequallyoftenfor-rndinthecaiculifrommalep'atierlts,
rvhereas those from fen.rale patients show a mucb higher rate of incidence of

rvherveilite. Apatites are enctunterecl in scmewhat less than half of the inve-

srigated uroliihs (relatively more often in female patie,ts), whilst struvite

ancl uric acici are far less i..qr.rt. Ammonium urate, cystine and the dihyd-

rate of uric acid are found only occasionally'
Another way of looking at the composition of calc'uli is to examine all

components taking part in the forrnation of orle calculus, irrespective of

rvhether the components are intin-rately mixed or form separate Iayers or re-

gions in the calculi. The rcsults, sulamarizecl in such a way, are presented

irr Tabie II.
Even a casual Iook at Table II reveals a signiflcantly larger number of

caiculi from male than from female patients. We are presently unable to tell
,.rhether urolithiasis is absolutely more common in men than in women or

lhis finding is purely accidental and due to the insufficient number of in't'e-

:trgaterl stones. only an analysis of a larger collection, assembled during a

l,,r=ger pericd of time, can give a definite answer to this question'

Anotl-rer interesting fict, suggested by Table II, is the relatively higher

percenr of apatites and the iower percent of weddellite in the calculi from

iemale rvith respect to those from male patients. In fact, pure apatite (carbo-

nato-apatite) r^,,as found only in female ancl pure rveddelite only in male pa-

lients.
calcium oxalates and apatites can be found in any possible cornbina-

tion between themselves and approximately 700,t0 of the analysed stones

consist o,f 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 io,nsiclered, the value rrises to 84{1,0. On the other hand, the number of

urate stones (i. e. those containing uric acicl, its dihydrate and ammonium

urate)ismuchsmaller:17urolithsorl4(li,.fhus,rvefoundsomewhatless
calcium ancl magnesiurrn salt of oxalic ancl phosphoric aci'ds and more than

trvice uric aoicl and its salts than dicl Prien arld Froundel (1947) and,

on the other hancl, sorTto\\rhat more of tl-re former and mttch less of the latter

93 77.5
53 44.2
t7 14.2
13 10.8
1 0.8
4 3.3
2 1.7

24
l6

5

5
1

1

62
28

8
7

3
1
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Table IL - Compositiott of lhe investigatetl calculi J

Conrposition

.-,i.il -

!\rher.r,ellitt'
Weddu'11ite

Whervcllite
Wcciclellitc
Whervellite
Apatite
Wedclellite
Apatitc
When,eliite
Weclclellitc
Apatite
Apatite
Apalite
Struvite
Whervellite
Apatite
Struvite
Struvite
Struvite
Amrnonium
urate
Uric acid
Apatite
Ammonium
Luate
Whewellite
Ammonium
urate
Wherlvellite
Uric acid
Uric acid
Uric acid
dihydrate
Stnrvite
Cystine

r\1a 1e

Nunrb:r
Fernale

NumLrer oh

Unlinown
Number %

Total
Number %

L)

11
12.0
14"7

20.0

4.0

12.0

12.0

6.7

j 27.3

J.U

t2.r

9l

9.1

9.1

6.1

3.0

: 16:7

8.3

16.7

8.3

33.3

8.3

8.3

20 16.7
11 9.2

13 10.8

3 2.5

3

J

13.3

6.7

11.7

16

14

15

9

5

1

l
11

3

)
1 1.3 I
2 2.7

92

2.5

1.7

0.E

0.8

1.7

6

6

3

2

3

4

I
2

I 3.0

I 3.0I

1.3

2.7

4.0
5.3

1.3

9.1

6.1
5.0
5.0

0.8

1.7

Total 75 100.0 100.0 99.9 t20 100.0

than did otto and lhmann (1967). The number of cases in which cystineis found is always extre,rely sinall, so that the percent values given bv va-
rious authors do not really ,bear anv absolute significance.

It is also characteristic that apatites can combine with practicaliy all
encountered stone-forming compounds. In fact, onlv cystine and uric acid
and its dihydr:rte wei:e not found in the same stone with apatite. whewellite
\r/as not founci to combine, besides with thcse 

"rrrri_.orrrdr, 
rvith struvite

cither.
Pnobably more significant than the fact of two or more constituents

bei,ng present in one stone is their clistribution through it and the formation
of intimate mixtures or, alternati'ely, of separate layers or regions. It was

33 t2
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Jound that in mixtures of apatitc and the trvo oxalates, usually inseparable

mixtu;:es are encountered u,ith the concentratio'n of phosphate higher near

the center than on the surface. Of the two oxalates, weddelite, as a rule, was

foun,d more often at the surface than inside the uroliths. on the other hand,

trric acicl, its dihydrate, cystine and, almost ahvays, struvite forme'd layers

or regions clearly separated from the other compo'nents'

Another fact rvorth mcntionir]g is the crystallinity of the constituents

of uroliths. It is rvell-known that a higher degree of crystallinity of a sub-
slarlce resuits in a sha.rpening of infra,red absorption bar-rds vu'ith frequent
splitting of the latter due to the coupling of oscillations if more than one
identical struc:tural unil is present in the r-rnit cell. On the other hand, sub-
stances rvitl.r a lorv degree of crr'stallinity show broad and ill-defined bands
as a conseqLlence of the ranclom orientation of structural tinits in the crystal
lattice. Comparison of thc spectra of uroliths rvith those of synthetic or com-
mercial compounds shorved that the co,nstituents of calculi are, as a rule,
better crvstallized than the compounds ser-ving as standards. Only the apa-
tjtes are almost ahvays amorphous (or very nearl5, sc) r"vhich makes the
incientification of individual membel's of this class of compounds extremely
clilficult not onli'by infrared methods, but also by other techniques (Ha-
uglr et a1., 1966). Nevertheless, the existence of charactoristic carbonate
l.rirnds (at 1470 and 1423 cm-1) shorvs that among substances with apatitic
strltctllre, carbonato.apatite is by far the cornmonest one. In cases in which
this is not so, octacalcium phosphate, rather than hvdroxyapatite, seems to
lake part .in the format,ion crf uroliths (Pe trov et a1., 1969).
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for Scientific Research of Macedonia and the finanoial support from this
institution is sincerely and gratefullf ackn<lwledged.
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I{CnI,TYBAI6E HA 120 ypIdIJApHH KAAKYAYCLI OA MAKEAOHI4JA
(JYTOCAAB}IJA) CO NOMOIII HA I,IHOPAUPBEHATA CNEKTPOCKOIII,IJA

Hopne.rrja CTOJAtIOBA, llrrx flETpOB x Eojar UJOtITpAJAIIOtt

Haoo.r,

HuSpaqpneuara cneKrpocnonrrja 6eure 1-norpe6esa sa yrBp-\\,Balbe rra
cocrrBor ua 120 yprrHapHH KaAKy,\ycH otr Maxelour-rja. or coeluueurrjara rrrl0
o6nquo ce cnoMeHyBaar KaKo cocraBHu Ae-\oBLI Ha vpo-\IITrrre, Bc H:trx;tTa rio-
.rexuuja 6ea Haj4eHrl caMo c.\eAHHBe: Ka_\q[\r\roBr] oKca_\arlr (rtono- rr .urxr.r-
npar), anaruru (nap6ouareH arrarHr r.r, eepojaruo, oKraKa.\qui.rr (rccoar),
MarHesHVM aMoHuVM $ocQar xeKcaxr.rApar (crpyaur), \roqHa ruce.rrrrra rr rre.i-
3I'}IIIOT AHXHAPAT, AT'IOHI{VI'I VPAT II IIHCTUH. KATuUYVOEH'rC OITCA,\ATI,I CC Alt-
,rexy uajuecrHTe KoHCTHTVeHTH (ru ur"ra ao none(e oA Tprr qertsprrrrru o.\
HcTIlIITaHHTe ypo,rrzru). AlarNrU Ce rrajT\eur.r eO 44,2o,o oA KalKr/r.\ycr{Te, a II0,
janara Ha Apy.ure KoHcrarveHT, e 3HarHo floperr(a (luxu1palor Ha \{oqHare
K]ICE.\HH , AMOHI-IYM !'PATOT II IIHCTI.IHOT CC UAJACUTZ CAI,IO BO I.ICKO,\K\I C,rYVAr,i).

Arlarlrrrrre Aoaf aar 3aeAHo co cKopo cETe ApyrH riollcrlrrveH rtt. c.rreluure
co oKcaAaTH He MO)r(e Aa Ce pa3Ae^ar, a KoHrreHTpaqujara ua soc<paror e o6trqso
noroleMa 6arlsy rlo LIeHTapor Ha ypor\HTor. O^1 

"1p1,ia 
crpar{a, \ror-rHar:r Kuce-

AHHa, rlacrr[{or u, cKopo ceKoraru, crpyBu.ror o6paeyeaar jacuo ol\e.\eHrr
o6.racru a,,tu cAoeBH.

cr<opo crrre KoHcrlrryeHTu, ocBeFr arrarr-lr.'i're, ce y6ano npircra.\rr3rrparr[.

Studies in urolithiasis. I. The
57,949-994.
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