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Abstract Cystine stones are produced by an inherited disor-
der of the transport of amino acid cystine that results in excess
of cystine in the urine (cystinuria). Cystine calculi in urinary
tract present a signiWcant problem in patients. We have
recorded that cystine calculi are very uncommon in our region.
Cystine crystals are unusually identiWed in the urinary deposits.
The problem of recognizing cystine by FTIR as a component
in mixture of stones is signiWcant. The problem is compounded
by the similarity of wavelengths of cystine with that of whe-
wellite and uric acid. The objective of this paper is to elucidate
the problems of identifying cystine in stone analysis and identi-
fying a solution to get over this deWciency. Out of 1,300 uri-
nary stones analysed by ordinary wet chemical methods and
infrared spectroscopy, 30 stone samples, which were reported
to have cystine peaks in signiWcant numbers, were selected.
These samples were powdered, mixed with potassium bro-
mide, pelletized and taken up for FTIR analysis. The wave-
length patterns were scrutinized by comparing with the peaks
obtained by the reference standards of cystine. Spectra were
also obtained from pure cystine. Comparison of spectra with
those of whewellite and uric acid was performed. Then the
samples were taken for Scanning electron microscopy with
elemental distribution analysis X-ray (SEM–EDAX). The

samples were made conductive by gold sputtering and were
fed into JEOL JSM 35 C SEM machine. Morphology was
recorded by taking photographs. Further elemental distribution
analysis (EDAX) was carried out to identify the elemental
composition. Of the 30 samples taken up for FTIR analysis, all
showed spectra identiWable with the reference peaks for cys-
tine. However, when these peaks were compared with those of
whewellite and uric acid, all the stone samples showed dupli-
cation of peaks for whewellite and uric acid and whewellite.
The pure cystine spectra showed identiWable peaks are in the
range of 3026, 1618.28, 1485, 846.75 cm¡1, etc. (from the
standard spectrum of pure cystine). All the analysis Wndings
were correlated with EDAX Wndings. On doing EDAX, we
could separately Wnd out the components present in a mixture.
Three stones contained elemental pattern to Wt with those of
cystine. Even though it is diYcult to Wnd out the presence of
cystine molecule in FTIR, it is possible to recognize it through
EDAX and will be possible to conWrm the presence of cystine
in mixed urinary stones.
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Introduction

Cystine as a chemical constituent of urinary tract was Wrst
discovered by Wollaston in 1810 [1]. Stroh Meyer provided
the classic microscopic description of hexagonal plate like
crystals in 1824 [2]. Because of the absence of oxide,
Berzelius in 1993 renamed the compound as cystine [3].
Cystine kidney stone due to cystinuria [4], an inherited dis-
order of the transport of amino acid results in an excess of
cystine in urine and the formation of cystine stones. Literature
survey reveals that cystine stones are very uncommon [5].
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Proper analysis of stones is necessary for proper diagno-
sis and thus for proper treatment. Morphologic examination
with Fourier Transform Infrared (FTIR) spectroscopy is of
decisive interest for the rare but severe inherited or
acquired stone diseases [6]. The routine, easy, and rapid
measurements by FTIR give unambiguous information
about the stone composition [7]. Modern scientiWc tech-
niques like Raman Spectroscopy [8], X-ray diVraction [9],
and Scanning electron microscopy with elemental distribu-
tion analysis X-ray (SEM–EDAX) [10] are very much
important in stone analysis. The problem of analyzing cys-
tine as a component in a mixture of stones using FTIR is
signiWcant. EDAX [11] makes it possible to get an idea
about the percentage composition of each element present
in calculi. Though it is diYcult to identify cystine mole-
cules in a mixed stone using FTIR analysis, EDAX makes
it possible. The present paper describes the problems we
encountered in analyzing cystine stones using FTIR spec-
troscopy and discuss its solutions.

Materials and methods

Chemical analysis

Out of 1,300 urinary stones analysed by ordinary wet
chemical methods and infrared spectroscopy, 30 samples
were reported to have cystine peaks in signiWcant numbers
and were selected.

FTIR analysis

Thirty stones were washed and dried. These stone samples
were powdered, mixed with potassium bromide, and taken
for FTIR analysis. Synthetic samples like pure cystine (pur-
chased from SISCO Research Laboratories PVT. Ltd.),
mixture of cystine, whewellite and uric acid, and mixture of
whewellite and uric acid were also prepared according to
the chemical report and their FTIR analyses were carried
out. These reference spectra were compared with the spec-
tra of stone samples.

SEM–EDAX analysis

The samples were taken for SEM–EDAX. The samples
were made conductive by gold sputtering and were fed into
JEOL JSM 35 C SEM machine. Morphology of the stone
samples was recorded by taking photographs at diVerent
magniWcations. Further elemental distribution analysis was
carried out to identify the elemental composition.

Results and discussion

Among 1,300 stones collected, 30 were reported to have
cystine in signiWcant amounts and were selected for further
investigation. Since cystine had many peaks, it was diYcult
to characterize using FTIR analysis. In order to clarify the
FTIR result, morphological and elemental studies using

Fig. 1 FTIR spectrum of Sample 1
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SEM–EDAX were also done. Prominent peak of sulfur in
EDAX indicated the presence of cystine.

FTIR analysis of a few stone samples and their comparison
with the reference spectra are detailed. A calculus collected

from the stone clinic was initially reported as mixed stone
containing uric acid and cystine (Fig. 1), but the same stone
was conWrmed as cystine alone as it produced a super impos-
able FTIR spectrum (Fig. 2) with that of pure cystine.

Fig. 2 FTIR spectrum of pure cystine
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Fig. 3 FTIR spectrum of Sample 2
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Stone sample 2 (Fig. 3) from urinary stone clinic was
reported as a mixture of calcium oxalate monohydrate, uric
acid, and cystine; but by analyzing synthetic mixture of cal-
cium oxalate monohydrate and uric acid using FTIR

(Fig. 4) and by comparing with the stone sample 2, it is evi-
dent that the sample does not have any trace of cystine.

Stone sample 3 (Fig. 5) from urinary stone clinic was
reported as a mixture of calcium oxalate monohydrate, uric

Fig. 4 FTIR spectrum of mixture of calcium oxalate monohydrate and uric acid in the ratio 4:1
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Fig. 5 FTIR spectrum of Sample 3

5001000150020003000

1/cm

-25

0

25

50

75

100

%
T 30

12
.8

1

28
23

.7
9

16
80

.0
0

16
39

.4
9

16
25

.9
9 15

91
.2

7

15
58

.4
8

14
36

.9
7

14
00

.3
2

13
50

.1
7

13
15

.4
5

11
24

.5
0

99
3.

34

87
7.

61

78
3.

10 74
6.

45

70
7.

88

67
8.

94

65
5.

80

61
9.

15

57
4.

79

52
2.

71

47
6.

42

35/04
123



Urol Res (2009) 37:263–269 267
acid and cystine. From our FTIR analysis of synthetic uric
acid, it is evident that the sample 3 contained uric acid
alone (Fig. 6).

Literature survey [12, 13] gives characteristic peaks
assigned for cystine in the Wnger print region at 454, 541,
614, 676, 779, 847, 875, 964, 1041, 1091, 1127, 1193,
1257, 1297, 1337, 1381, 1408, 1487, 1584 and 1622, for
calcium oxalate at 604, 660, 780, 1381 and 1618 and for
uric acid at 621, 787, 1124 and 1589. The presence of these
peaks in mixed stone containing all three components
makes it diYcult for an accurate analysis using FTIR spec-
troscope alone.

In order to overcome this diYculty, morphological and
elemental analysis of these samples were done using

SEM–EDAX. Detailed FTIR analysis showed that sample
1 contains cystine alone. However, wet chemical analysis
gave an anomalous result that it contained a mixture of cal-
cium oxalate monohydrate and uric acid. FTIR result was
conWrmed using SEM–EDAX analysis (Figs. 7, 8, respec-
tively), which showed a prominent peak of sulfur, which
indicated the presence of cystine.

Detailed FTIR analysis showed sample 2 to be a mixture
of calcium oxalate monohydrate and uric acid. But wet
chemical analysis gave an anomalous result that the sample
contains calcium oxalate monohydrate, uric acid, and
cystine. FTIR result was conWrmed using SEM–EDAX

Fig. 7 SEM of stone sample 1

Fig. 6 FTIR spectrum of pure uric acid

Fig. 8 EDAX of stone sample 1
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analysis (Figs. 9, 10, respectively) which showed promi-
nent peaks of C, N, Ca, Si and O. Absence of sulfur peak
indicated that there is no trace of cystine in this stone.

Detailed FTIR analysis showed sample 3 to be uric acid
stone. But the wet chemical analysis of the same sample
gave an anomalous result that the sample contains calcium
oxalate monohydrate, uric acid, and cystine. FTIR result
was conWrmed using SEM–EDAX analysis (Figs. 11, 12,

respectively) which showed a prominent peak of nitrogen,
which indicated the presence of uric acid.

From the above-illustrated examples, it is clear that
FTIR results can be conWrmed using EDAX results. The
entire FTIR analysis Wndings were thus correlated with
EDAX Wndings. On doing elemental distribution analysis,
we could separately Wnd out the components present in a
mixture. It is clear that if a sample is of cystine composition
then EDAX result will show a prominent peak for sulphur.
On doing so, we found that among the 30 stone samples
reported only three were of cystine composition.

Conclusion

To analyse cystine compounds in a mixture is quite diYcult
as it may show peaks having similarity with the mixture of
calcium oxalate monohydrate and uric acid. Even though it
is diYcult to Wnd out the presence of cystine molecule in
FTIR, it is possible to recognize it through EDAX and will
be possible to conWrm the presence of cystine in mixed uri-
nary stones.
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