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Abstract

Composition of 133 urinary calculi from patients of the Novosibirsk Region was studied for the purpose of
analysis of peculiarities of urolithiasis in this region. The studies were carried out by means of X-ray diffrac-
tometry and IR spectroscopy. It is demonstrated that more than 80 % of all the stones were oxalate-contain-
ing, and more than a half of them were of oxalate-apatite nature. Such a composition witnesses to the
leading role of metabolic disturbances in the genesis of urinary stones. Struvite-apatite and pure carbonate-
apatite concrements typical of infectious processes made up only 9.8 % of all the pathological formations. Uric
acid was identified in 11.3 % of stones, 3 % of them being pure uric acid concrements. The obtained results

are compared with the data of similar studies carried out in Moscow and Berlin.

INTRODUCTION

Concrement formation in human urinary
system is a result of many complicated meta-
bolic disturbances in the functioning of the
organism and of infection processes. Urolithia-
sis has been known since very long and studi-
ed by scientists all over the world for several
decades [1—9]. It has been found that urolithia-
sis has a non-uniform geographical spread, de-
pends on environmental conditions and social
factors in some or other region. Lately, unfa-
vorable ecological influences associated with
technogenous pollutions extremely harmful to
man that threaten his very existence have
joined these factors. Studies of endemic pecu-
liarities of urolithiasis of populations of vari-
ous regions that concern not only the frequen-
cy of this disease but also the composition and
structure of urinary concrements give impor-

tant information about the cause and the course
of the disease. These studies are of great im-
portance also for the choice of remote lithot-
rypsy technique and for carrying out preven-
tive measures against relapses of concrement
formation.

The goal of the present work was to study
the specificities of urolithiasis in the Novosi-
birsk Region by the results of analysis of phase
composition of urinary stones. Urolithiasis is
widespread in the given region due to the natu-
ral and technogenous conditions unfavorable
with respect to many parameters: dirty air,
low quality of drinking water in some locali-
ties, discharges of industrial enterprises situa-
ted practically inside living quarters, contami-
nation of considerable territories with heptyl
etc. As a result, apart from a wide spread of
urolithiasis, the frequency of respiratory and
oncological diseases is very high. This region is
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TABLE 1

Occurrence frequency of the most widespread types of concrements according to the prevalent component

Composition of Occurrence frequency, %

urinary stone Novosibirsk (n = 133) Moscow (n = 546) Berlin (n = 10 000)
Oxalate 70.7 45.4 72.4

Phosphate 18.8 39.0 14.1

Urate 9.0 15.2 11.8

the world champion in the frequency of cere-  portions. Large concrements were broken across

brovascular and other serios pathologies. The the geometrical center, and a scraping from
results obtained in this region were compared the surface of the split was made. Small path-
with the published data on Moscow and Berlin  ological formations were studied as a whole.
[10] which, in our opinion, reflect most reliab-
ly the state of the problem in these regions,
since they are based on representative samples RESULTS AND DISCUSSION
of 546 and 10 000 concrements, respectively. . . .
By the conventional practice, urinary con-
crements are subdivided, according to their
OBJECTS AND METHODS OF STUDY prevalent component, into oxalate, phosphate
and urate uroliths. Seldom cystine and protein
The composition of 133 uroliths excreted concrements are found. The largest proportion
spontaneously and removed surgically or by of some or other concrements determines the

means of remote lithotripsy. The studies were type of urolithiasis in the given locality. Re-

carried out by means of IR spectroscopy (spec-  spective data on the Novosibirsk Region and
trophotometer Specord 75 IR) and X-ray dif- on cities compared with it are presented in
fractometry (DRON-3M, CuK, irradiation). The  Table 1.

samples of mean size were analyzed in order It is obvious that the prevailing type of
to obtain knowledge about all phases in an  urolithiasis in patients from the Novosibirsk
urinary stone and about their quantitative pro-  Region is of calcium-oxalate character caused
TABLE 2

Occurrence frequency of the most widespread minerals in urinary calculi

Mineral Formula Occurrence frequency, %
Novosibirsk Moscow Berlin
(n = 133) (n = 325%) (n = 1000%)

Calcium oxalates

Wavellite CaC,0,[H,0 74.4 33.8 80.9
Weddellite CaC,0,[2H,0 34.6 24.0 51.7
Phosphates
Hydroxyl apatite Ca,((PO,4)s(OH), 59.6 59.3 498
Carbonate apatite Ca,((PO4, CO4)6(OH),
Struvite MgNH,PO, BH,0 8.3 41.2 17.3
Uric acid
Anhydrous C;H,N,O, 113 18.4 12.1
Dihydrate C;H,N,O;2H,0
Ammonium urate NH,C;H3N,O4 2.2 7.4 1.7

*Only surgically removed concrements were studied.
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by a disturbance of metabolism. Its frequency
is somewhat lower than in Berlin and conside-
rably higher than in Moscow. On the contrary,
concrements with the prevalence of phosphate
minerals in the collection studied are found
somewhat more frequently than in specimens
from Berlin and by more than 2 times more
seldom than in Moscow. Urate urolithiasis is
observed in Novosibirsk more seldom than in
the cities compared with it.

More detailed data on the frequency of
various minerals in the urolith composition are
presented in Table 2. Only most frequently
found minerals in the three compared regions
and determining the type of urolithiasts of
the patients living in them are presented. The
two main components of uroliths — wavellite
and weddellite — were found in Novosibirsk
specimens in 74.4 and 34.6 % of cases, re-
spectively, versus 80.9 and 51.7 % in those
from Berlin. In Moscow specimens these min-
erals are found much more seldom, especially
wavellite (only in 33.8 % of cases). The occur-

TABLE 3

469

rence of apatite in uroliths in all the three
regions is practically the same. Monomineral
carbonate apatite concrements which cause is
believed to be urinary infections make up
3.8 % of all the pathological formations [4]. As
for the phosphate mineral that holds the se-
cond place — struvite, it is found in the Novo-
sibirsk collection only in 8.3 % of stones, which
is twice as low as in that of Berlin and by 5
times lower than in Moscow. We have not found
pure struvite stones, whereas in specimens
from Moscow and Berlin they made up 4.3
and 0.3 %, respectively. Possibly, the cause of
this is the small size of our collection. Forma-
tion of struvite concrements and struvite-car-
bonate apatite combinations is also believed
to be a direct result of certain urinary infec-
tions [4, 6, 11], and the low frequency of
struvite findings in uroliths of patients from
the Novosibirsk Region is probably a conse-
quence of the low spread of respective in-
fections and/or of rather efficient antibacte-
rial treatment.

Occurrence frequency of one-component and mixed stones from patients of the Novosibirsk Region

Concrement composition

Number of stones

Occurrence frequency, %

Wavellite 32 24.1
Weddellite 2 15
Wavellite + weddelite 8 6.0
Wavellite + weddellite + apatite 27 20.3
Wavellite + apatite 19 14.3
Weddellite + apatite 3 2.2
Struvite + apatite 8 6.0
Carbonate apatite 5 3.8
Uric acid (the two form) 11 8.3
Wavellite + uric acid 3 2.2
Struvite + apatite + ammonium urate 3 2.2
Carbonate apatite + waddellite 2 15
Wavellite + amorphous phosphate 4 3.0
Wavellite + weddellite + amorphous phosphate 3 2.2
Carbonate apatite + apatite + wavellite + weddellite 1 0.8
Wavellite + apatite + uric acid 1 0.8
Wavellite + carbonate apatite + amorphous phosphate 1 0.8
Oxalate-apatite stones 53 39.8
Oxalate-containing 106 79.7
Apatite-containing 70 52.6
Phosphate-containing 81 60.9
Uric acid-containing 15 11.3
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Fig. 1. IR spectra of apatite-containing concrements:
1 — a monomineral stone of high-carbonate apatite; 2 —
oxalate-apatite concrement with carbonate-free apatite; 3 —
oxalate with a small content of amorphous calcium phos-
phate.

Occurrence frequency of the two forms of
uric acid — anhydrous and dihydrate — in the
Novosibirsk Region is 11.3 % (among them 8.3 %
monophasic) versus 12.1 and 184 9% in Berlin
and Moscow, respectively. Totally, in 2.2 % of
cases ammonium urate has been found. Accord-
ing to clinicians’ observations, uric acid uro-
lithiasis constitutes about 12 % of the total
number of patients [7] unless some extreme
conditions are present which determine the
development of just this type of concrements.
This figure is close to our data, which witness-
es to the absence of an increased risk of for-
mation of respective concrements.

In Table 3, the frequency of one-compo-
nent and mixed urinary calculi from patients
with stones in the region under consideration
is presented. If comparison is made only with
data on Berlin [10] where oxalate urolithiasis,
like in Novosibirsk, considerably prevails over
phosphate urolithiasis, noteworthy is a high
frequency of oxalate-apatite associations
(39.8 % versus 164 % in Berlin) in patients
from the Novosibirsk Region and, on the con-
trary, a low content of bimineral wavellite-

weddellite stones (6 % versus 33.2 % in Ber-
lin), the total number of monomineral oxalate
stones in the two regions being the same (22.5
and 25.6 %).

Coming back to apatite in kidney stones,
one has to note that this mineral has a variable
composition. Among the components of stones
apatite (hydroxyl apatite) and carbonate apa-
tite [4, 7, 8, 12] are more frequently found.
By electron microscopy it was demonstrated
that in mixed apatite-oxalate concrements ap-
atite has a larger size of crystals than in pure
apatite stones [13]. In the IR spectra of stones
analyzed by us one can clearly see that in mon-
omineral concrements apatite is always high-
carbonate: the band of antisymmetric valence
oscillations v, of PO; ions in the region of
1000—1100 cm™! is not split into components, and
intense absorption bands of structural Co%’
ions are present in the interval of 1420—1460
em™! and near 878 cm™! [14]. In such stones,
carbonate apatite is accompanied only by an
admixture of a protein substance with absorp-
tion bands in the region of 1400—-1700 cm™!
(Fig. 1, curve 1). In multicomponent stones in
association with oxalates (53 stones) apatite, as
a rule, is carbonate-free or contains CO3 ions
in insignificant amounts: bands v, of PO; ions
are slightly split into components, and bands
of carbonate ions either do not appear or are
hardly noticeable (see Fig. 1, curve 2). Even
within one stone, but in its different zones,
the pattern is the same. For example, we have
found a stone which central part consisted of
high-carbonate apatite, while in the periph-
eral region a mixture of oxalates with carbon-
ate-free apatite was observed. Most probably,
the concrement-forming milieu in the case of
formation of the two apatites was character-
ized by different parameters. We have not
found any monomineral stones of low-carbon-
ate and carbonate-free apatite.

In some concrements, sometimes in conside-
rable amount (approximately 10—15 %), the
phase was observed which we considered as
amorphous calcium phosphate. It appeared in
IR spectra as a wide band in the region of
1000—-1100 cm™ with a hardly outlined struc-
ture and differed in its configuration from oth-
er phosphates found in urinary calculi (see
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Fig. 1, curve 3) [14]. This band was observed
explicitly only in oxalate stones where in the
region of its manifestations there were no other
absorption bands, in this case those of wavel-
lite and weddellite which are always present
in the spectra of stones of different composi-
tion, the more so in phosphate concrements. In
two specimens (sand after lithotrypsy), organic
substances in pure form were found within them
as an independent impregnations. One of them,
judging by the IR spectrum patterns, is organo-
phosphoric. There is no doubt that both the
amorphous calcium phosphate and the organic
compounds which are considered as playing the
role of nucleation agents in concrement for-
mation are present also in other stones analy-
zed by us. However, they cannot be detected
by means of X-ray diffractometry, and they
cannot be fixed in IR spectra, especially at their
low content in the specimens, because their
bands overlap with those of other phases.

As it was told above, we have analyzed
also concrements excreted as a result of re-
mote lithotrypsy. The technique consists in ac-
tion of a focused wave on the concrement
which results in its fragmentation with subse-
quent elimination of its separate parts through
the urinary tract. In this case, losses of the
substance are possible; that is why, there may
be changes of the proportion of various com-
ponents of the stone. Nevertheless, on the ba-
sis of the data presented below one may as-
sert that the described results reflect with a
high degree of reliability the general picture
of composition of urinary stones in patients
with urolithiasis in the region under study. Ana-
lyzing separately a sample of 21 specimens
after lithotrypsy (15.8 %), we have obtained the
following results: 90 % of stones contained cal-
cium oxalates and in 80 9% of these oxalates
were prevalent components versus 79.7 and
70.7 % in the full assortment of the stones ana-
lyzed (see Tables 1, 3). Struvite and uric acid
have not been found in these samples. As a mat-
ter of fact, their frequency is not high in all the
stones of patients from the Novosibirsk Region
(see Table 2) and is in some or other degree
lower than in samples from Moscow and Berlin
where not only surgically obtained, but also
spontaneously excreted stones were analyzed.

In this way, among the components of uri-
nary stones eliminated by means of lithotryp-
sy, only oxalates (wavellite and weddelite) and
apatite, including high-carbonate one (without
taking into account amorphous phosphate and
organic substance), are present. But even if the
established composition of these concrements is
not identical to the real one, this cannot affect
much the described results and the conclusion
of a considerable prevalence of calcium-oxalate
urolithiasis in the Novosibirsk Region.

CONCLUSIONS

Analysis of the composition of 133 urinary
stones from patients from the Novosibirsk Re-
gion has demonstrated a considerable preva-
lence of calcium oxalate urolithiasis which
points to a leading role of metabolic factors in
the genesis of concrement formation in pa-
tients with urolithiasis. Oxalate-containing con-
crements make up about 80 %, out of them
31.6 % are only oxalate mono- and bimineral
stones. More than a half (62.6 %) of stones of
mixed composition are of oxalate-apatite char-
acter which formation is also a consequence of
metabolic disturbances and is not directly as-
sociated with any urinary infections.

The proportion of uric acid concrements is
8.3 9% of the total number, and in another
3 % uric acid is present together with other
components. The formation of uric acid con-
crements is most frequently associated with dis-
turbances of metabolism and of urine pH reg-
ulation. Struvite-apatite and carbonate apatite
stones are typical of infectious processes. They
make up 9.8 % of all the concrements, which
is slightly higher than in Berlin (8.4 %) and by
2.5 times lower than in Moscow (24.2 %).

Successful treatment of urolithiasis is im-
possible without the knowledge of some fac-
tors associated with the physicochemical con-
ditions of formation and development of this
pathology. These factors are reflected in the
phasic composition of the concrement and, as
it has been shown lately, in its structure, in
particular in the distribution of phases in the
stone volume, in the composition of the cent-
ral region and the structure of separate crys-
tals. Accumulation and generalization of know-
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ledge of the specificity of urinary stones in
regions with various natural and social factors
taking into account the specificity of technog-
enous pollution cannot fail to promote the es-
tablishment of the cause of the disease in each
concrete case and to help to find the correct
way of diagnosis and treatment.

Acknowledgements

The work was supported by the Russian Founda-
tion for Basic Research (Grant No. 05—00—-65199).

REFERENCES

1L. C. Herring, J. Urol.,, 88 (1962) 545.

2 K. Lonsdail, D. Syutor, Kristallografiya, 16 (1971) 1210.

3 A. V. Golubchanskaya, Urologiya i mnefrologiya,
3 (1976) 43.

4 M. Mebel, G, Brin, G. Shubert, Nauka i cheloveche-
stvo, Znaniye, Moscow, 1988, p. 35.

5 M. T. Tynaliev, B. I Imanakunov, K. J. Bokonbaev
et al., Izv. AN KirgSSR. Ser. khim.-tekhnol. i biol.
nauki, 4 (1991) 79.

6 A. A. Korago, Vvedeniye v biomineralogiyu, Nedra,
St. Petersburg, 1992.

7 V. 1. Katkova, Mochevye kamni: mineralogiya i ge-
nezis, Syktyvkar, 1996.

8 A. K. Polienko, G. V. Shubin, V. A. Ermolaev, On-
togeniya urolitov, Tomsk, 1997.

9 N. A. Palchik, V. N. Stolpovskaya, I. V. Leonova et al.,
Mineralogiya tekhnogeneza 2001, Miass, 2001, p. 99.

10 G. Shubert, M. V. Chudnovskaya, G. Brin et al.,
Urologiya i nefrologiya, 5 (1990) 49.

11 N. K. Dzeranov, N. V. Grishkova, T. A. Boyko, S. A. Go-
lovanov, Ibid., 6 (1994) 10.

12 N. A. Palchik, V. N. Stolpovskaya, T. N. Grigoryeva,
T.N. Moroz, in: Rossiyskaya nauka: den’ nyneshniy
i den’ gryadushchiy, Akademiya, Moscow, 1999,
p- 232.

13 T. Konjiki, T. Sudo, N. Kohyama, Calcified Tissue
International, 30 (1980) 101.

14 A. Hesse, G. Sanders, Atlas of International Spectra
for the Analysis of Urinary Concrements, Georg Thie-
me Verlag, Stuttgart, New York, 1988.



