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Use of Infrared Spectroscopy for the Identification of Urinary Tract Calculi
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Summary: The potentials of infrared spectroscopy (IR} for the qualitative identification of cal-
cium oxalate (mono- and di-hydrate), caleium hydrogen phosphate, magnesium ammonium phos-

phate, hydr

yap ite, carbo

patite, calcium carbonate, ammonium acid urate, sodjum acid

urate and wric acid present in total 188 wrinary tract calculi of patients of Hyderabad {Sindh),
have been investigated. Specific bands within 4000-250 cm™, have been applied for the identifica-
tion of each of the componcnts present individually or in two to four component mixtures in the
calculi. The results obtained were compared with that of wet ehemical method, and a good cot-
relation of both the methods has been noted. However, the convenience of complete and ac-
curate analysis at mg level of the: sample is the major advantage of IR techaique.

Introduction

The analysis of renal calculi by infrared
spectroscopy (IR) was brielly reported by Beischer
[1] using nujol mulling technique as back as 1955.
Weissman ef al [2], Klein ef af [3], Tsay [4], Takasaki
[5]), and Modlin [6] have performed analysis of renal
stones by IR with paste and KBr tablet method.
Bellanto et af [7), and Bollain ef af [8], have iden-
tified with IR the different types of oxalates, phos-
phates and urates in urinary calculi. Oliver and
Sweet [9], proposed a systematic scheme for the
qualitative identification and interpretation of the
IR spectra of calculi which was applied by Gault ef
al [10], and compared with wet chemical analysis,
Later, Corns [11} compared the results of TR
studies to that of X-ray diffraction and wet chemi-
cul analysis and - suggested that combination of
methods may be adapted for complete analysis.
Recently, Berthelot ef ¢ [12], have reported com-
puter aided analysis of urinary calculi.

In the present study IR has been utilized for
the qualitative analysis of urinary tract calculi ob-
tained from the patients of Hyderabad (Sindh) and
adjoining arcas and the results are compared with
that of wet chemical analysis, in terms of reliability
and the ease of analysis for identification of smgle-
and mixed - component urinary calculi.

Experimental
A total of 188 calculi, from upper urinary

tract (124) and lower urinary tract (64) were either
obtained from the patients admitted in the Surgical

Uuits of Liaquat Medical College Hospital, Jam-
shoro, or supplied by the patients themselves. The
calculi received were washed with doubly distilled
deionized water and dried in air, Samples weighing
lcss than 500 mg were ground to a fine powder in an
agate mortar, while the larger were cut into two
equal halves with a fine Jewcller's saw to select rep-
resentative material for IR studies. The outer layer
was obtained by scraping the surface with sharp
knife and the material from inner and central layers
was taken with sharp preparation needles,

The IR of all the samples were recorded on
Hitachi 250- 60 IR spectrophotometer in the range
4000-250 cm! using well known KBr disc technique
[7]; samples (1-2 mg) mixed with dried KBr (200-
300 mg) were homogenized in agate pestle and
mortar, placed in the evacuated die, and presscd at
10 t/em? for two minutes for disc preparation.

The standard IR spectra of wric acid,
hydroxyapatite, calcium carbonate, 1-aspartic acid,
L-glutamic acid (Merck), calcinm oxalate
monohydrate, L-cystine, albumin, magnesium am-
monium phosphate hexahydrate (B.D.H.), calcium
bydrogen phosphate (Hopkin and Williams) and
xanthine (Sigma) were also recorded accordingly.

Wet chemical analysis for calcium, mag-
nesium, ammonium, phosphate, oxalate, carbonate,
uric acid/urate and cystine were carried out as
reported carlicr [13].

*To whom all correspondance should be addressed.
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Table-1: IR spectral bands of the compounds identified in urinary stones

Compound Main spectral bands Diagnostic bands

Calcium oxalate 3490{w},3435(w},3M40(w), 3400{w), 3435(w),

monohydrate (COM) 3260(w), 3060(w), 3340(w), 3260(w),
1640-2(hs), 1318(ss),950(w), 3060(w),1318(ss),
885(w),780(ss), 660 (bm), T80(ss), 520 (ss).
600-595(bw), 520(ss).

Calcium oxalate 3450(bw), 1640-20(bs), 3450(bw), 1320(ss),

dihydrate (COD) 1320(s5), 780(w), TRO(w),520 (w).
625-620 (bw), 5200w}, .

Calcium hydrogen 3510{vw), 3000{w}, 2840 (bw), 1130(sm), 1065 (sm),

phosphate (CP) 1635(bw), 1400{bw), 1350 (bw), 993(w), 890 (sm).

Magnesium ammonium
phosphate hexahydrate
(MAP)

Hydroxyapatite (11A)

Carbonateapatite{CA)

Calcium carbonate (CC)

Uric acid (UA)

Ammoniuvm acid urate
(auv)

Sodium acid urate
{81},

1130(sm}, 1065 (sm}, 995 (w),

890(sm), 580 {m), 560 (m),

520 (w), 400 (sm).

H20{m), 3220{vw), 2900(vw), 2770(vw),
1650(m), 1470{m), 1430(w), 1105(w),
1055(m), 980(w), 950 (w}, 765(m}, 630({m},
570(m}, 340{m).

3570 (sw), 3450-3400(w),1630(w),

1430(w), 1410(w),1095(sw),

'1033-1025(bs), 960(sw), B70(sw),

600(sm), 565(sm), 465 {bw).
350(bw),2520(w),1455(w), 1420(sw),
1090(sw), 1040(ss), F60(sw),BT5(sw)
710(5w),605(sm), 568(sm), 430(w)
2520(vw), 1420(m), 850 (m}, 710 (m),
300 (vw).

15(bm), 2825 (w), 1670(bs), 15%0(sm),
1482(w), 1435(w),1400(w), 1350(sm),
1305(sm), 1220(w}, 1120(ss), 1025(sm),
995(ss), 878(sm), 780(ss), 740 (ss),
S(sm), 618 (sm), 575 {sm), 525 {sm),
A7S (5s), 395 (w), 350 (w).

3050(m), 2900 (w), 2B00 (w), 1650-1640(s),
1595 (w), 1535(w), 1345(sw), 1270 (w),
1135(sm), 1005 (sm), 880 (sm), 635 (w),
598 (smy), 490 (sm), 400 (w), 350 {(w),
three bifids at 1430, 1390, 790, 765

and 753, 725,

3600(sw), 3050(bw), 1732 (sw), 1655 (m),
1605(vw), 1520(sw), 1425(w),1380(m),
1345(w), 1252 (sw), 1195 (sw), 1130 (vw),
1000 (sm), B8O (sw), 825 (vw), 795 (w),

3420(m), 1470(m),
1430(w),1055(m),
765(m).

3570(sw), 1095 (sw),
1033-1025(hs),
960(sw), 870(sw).

1455(w),1420(sw),1040(5s).

1420(m}, 850(m), T10 (m).

3015(bm), 1305(sm), 1220(w),

1120(ss), 1025(sm), 705(sm),
575{sm}, 475 (ss).

1535(w), 1270 (w), 635 (w).

3600{sw), 1732(sw}, 1520 (sw),
1252(sw), 1195{vw), 655 (vw).

765 (w), 740 (sm), 718 (sm), 655 (vw), 620 (ww),

595 (sm), 525 (sm), 490 {m), 360 (vw),
330 (vw), 305 (vw).
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Results and Discussion

The main and diagnostic spectral bands of the
compounds identified in urinary tract calculi are
given in Table 1. The compounds, calcium oxalate
(dihydrate), carbonateapatite, ammonium acid
urate and sodium acid urate (Table 1) were not
available with us. The urinary stone spectra of each
of these compounds has been ideatified by compar-
ing with standard spectra reported earlicr [7,8,14].

Single component calculi were easily iden-
tified by matching IR spectra of these with that of
the standards (for instance see figs. 1 to 3), and/or
comparing the main specteal bands (Table 1). How-
ever, only 16.5% of calculi were seen to be com-
posed of a single crystalline component and the rest
were mixtures of 2-4 components (Table 2) with
COM + HA,COM+ AU, UA, + AU, HA +
COM + AU and COM + UA + AU as the most
frequent combinations.
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Fig.1; Infrared specira of calcium oxalate {monchydrate})
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Fig2: Infrated specetra of magnesium ammonium phos-
phate (hexahydrate ) wmem— standard - calealus
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Fig.3: Infrared spectra of uric acid standard
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Table-2: Percentage occurrence of single and
mixed-component calculi.

Number of Number of Percentage of
crystalline Etone toal stone
COMPONCNts

1 k! 16.5

2 101 537

3 45 45

4 10 53

All the infrared spectra of urinary stone
samples were carefully scrutinized to detect the
presence of absorption maxima exhibited by the
standard spectra of L-cystine, L-aspartic acid, L-
glutamic acid, xanthine and albumin but none could
be identified. This suggests that these organic com-
pounds play no and/or very negligible role in the
composition of urinary stones of this area.

Initially, Oliver and Sweet's [9] scheme was
followed for the interpretation of IR spectra of
mixed urinary stones but, due to technical difficul-
ties in getting the similar shape and position of the
peaks, the reference spectra of the known synthetic
mixtures corresponding lo the components present
in the calculi, were also recorded (for instance see
figs. 4 to 6).

As urinary calculi are most often consisted of
oxalates, phosphates and/or uric acid/urates, the
presence of these components could be detected by
analysing the spectra at 13201315 cm™! for oxalates,
1100-980 cm™ for phosphates and 745-40 cm™ for
uric acid/urates. But, when uric acid/urate occurred
as major component with oxalate, uric acid was
found to interfere the oxalate peak at 1320 cm.’!
Oxalate in such cases was identified by a relative
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Fig4: Infrarcd spectrs of a calmum uxalam monohytlmle
and hydrooypatite mixture 1 weeeen -« calculus
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Fig, 5: Comparative infrared spectra of uric acid and cal-
cium oxalate monochydrate: (UA.COM); ammonium acid urate
and cafcium oxalate monohydrate (AU. OOM) mixtures.
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Fig.6: Infrared spectra of uric acid and hydroxyapatite

(UA.HA); Uric acid, hydroxyapatite and calcium oxalate

monohydrate (UA.HA.COM) mixtures UAHA
—--ammmeeeUA HA COM

enhanccment in the peak intensities of uric acid
bands at 1305 and 780 cm ! than at 1350 and 740
em™, with a slight shift towards higher wave num-
bers (Fig. 7). The presence of oxalate could also be
detected by a shoulder near 3400 cm.’!

FATEH UDDIN KHAND ¢t 2]

104 i L " . s . s i
150 4% 1000 000 Apoe

Fig.7: Comparative infrared spectra of uric acid and am-
monium acid urate (UA.AU); uric acid, ammonium acid urate
and calcium oxalate monohydrate (UA. AU. COM) mixtures.
—mnnl JAAD e UAAUCOM

The present work confirms garlier reports [6-
8] that IR provides a simple way to differentiate cal-
cium oxalate monohydrate {COM) and calcium
oxalate dlhydralc (COD) in caleuli, within 3500-
3050 cml and 1000-600 cm’, w:th sharper and
stronger peaks at 780 and 520 cm’ 1 for COM than
COoD,

The different forms of phosphates present in
the calcull as hydroxyapatite (HA), car-
bonateapatite (CA), calcium hydrogen phosphate
(CP) and magnesium ammonium phosphatc
(hexahydrate, MAP) were casily identifed when
present individually from their characteristic IR ab-
sorption bands. The diagnosuc bands for HA and
MAP were observed at 1095, 1035, 600 and 3420,
1470, 980, 769, 630 cm™! respectively, while CP,
owing to its different absurptmn paitern was
detected between 1390-990 em.™ The spectrum of
CA although comparable to that of HA, showed
additional peaks at 2510 and 710 cm.?

However, when HA is present together with
CA, it is difficuit to identify each component
separately, Similarly, HA/CA and MAP can be
casily distinguished (Fig. 8), but it bccomes impos-
sible te identify the minor constituent in presence
of excess of the other.

Similarly, uric acid (UA), ammonium acid
urate (AU), and sodium acid urate (SU) can be dif-
ferentiated from one another by their characleristic
bands. For instance, UA shows absnrplmm at 3015,
1305, 1120 1025, 705, 575, 475 cm™! s AU at 1270,
635 cm™! and SU at 3600, 1732, 1520 1252, 1192,
655, 400 cm.”
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Fig. 8 Infrared spectra of carbonateapatite and magnesium ammonium phosphate (CA.MAPF); hydroxyapatite and mag-
nesivm ammonium phosphate (HA.MAP) mixtures, — CAMAP —.--HAMAP

Calcium carbonate (CC) absorption at 1420
cm is fairly characteristic, but becomes difficult to
recognize in the presence of MAP, due to am-
monium ion absorption in the same region. The
carbonate was therefore, identified at 710 cm. ™!

When compared (Table 3), the results ob-
tained by IR and wet chemical tests were found to
be in good agreement. The object of (his com-
parison was to assess the accuracy and reliability of
wet chemical tests, performed. Although, some dis-
crepancics were noted in the detection of phos-
phate, ammonium and magnesium, the tests for
calcium, oxalate, uric acid/urate and carbonate
proved to be highly reliable. Phosphate identified
by molybdate test in 21 calculi was not detectable
by IR analysis. This probably could be due to the
molybdate reagent which is more sensitivc for phos-
phate than IR method [10], or an error in dis-

Tabie-3: Number of analyses, where the qualitative method
agreed or disagreed with IR method (n = 188}

Component Ageement Disagreement
Caleium 170 -

Magnesiom 16 9

Ammonium 53 15

Onakate 145

Phosphate 94 il

Uric acid/Urate 9% 4

Carbonate 18 1

criminating between the yellow precipitates and the
yellowish brown turbidity of molybdate reagent due
to moderately large amouats of oxalatc [11].

Conversely, ammonium jon found to be as-
sociated with urate in the central nuclei of 15 cal-
culi could not be detected by wet chemical test
which might be due to dilution factor as wet chemi-
cal tests were performed with whole stonc powder.

Conclusion

With reference to analysis of urinary calculi,
wet chemical and infrared spectroscopy are the two
major techniques which have been most widely
used. However, the cost of IR instrument greatly in-
fluences the availability of this technique to inves-
tigators in this part of the world. Since, wet
chemical tests identify only the ions or radicals in
calculus in solution, the sensitivity of thesc tests in
case of mixed uroliths vary strongly. Thus, it be-
comes difficult to identify the compounds present
in the mixed calculi, as a cation is always associated
with several anions. Secondly, it seems impossible
to differentiate hydrates of calcium oxalate and uric
acid and different forms of calcium phosphate by
wet chemical tests which also require larger amount
(greater than 10 mg) of the material, hence are not
suitable for layerwise study of uroliths, Whereas, in-
frared spectroscopy can be ranked as a reliable and
accurate mcthod. Therefore, the availability of IR
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spectrophotomcter in the range of 4000-250 cm’ 1
provides the facility of determining a comprehen-
sive chemical composition of urinary calcali,
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