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Abstract Awareness of the chemical composition of
prostatic calculi is of great importance for pathogenesis of
prostatic lithiasis, the feasibility of FTIR microspectro-
scopic mapping system used for rapidly screening and
detecting the real composited components of prostatic
calculi in a short time was initially evaluated. Prostatic
calculi were retrieved during transurethral resection of the
prostate from nine patients diagnosed having benign
prostatic hyperplasia with lower urinary tract symptoms.
The level of serum prostatic-specific antigen was within
0-12.63 ng/ml. The calculi samples were examined and
compared using FTIR microspectroscopic mapping system,
or the traditional FTIR and Raman microspectroscopies.
The traditional FTIR microspectroscopic results indicate
that nine calculi samples mainly consisted of carbonated
HA (hydroxyapatite), but calcium oxalate (undifferenti-
ated) might be also detected in some samples. However,
Raman spectral results could detect three components, HA,
COM (calcium oxalate monohydrate) or COD (calcium
oxalate dihydrate) separated in nine samples. Different
compositions in the prostatic calculi were obtained by both
spectroscopic detections with manual single-point random
analysis implying that both manually traditional methods
were failed to provide the real chemical composition of the
prostatic calculi in a short time. The FTIR microscopic
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mapping system via point-by-point mapping analysis evi-
denced that it could rapidly detect all the complicated
components distributed within the prostatic calculi rather
than uncertain components detected by traditional FTIR or
Raman microspectroscopy. More studies should be carried
out in future. This preliminary result suggests that the FTIR
mapping better characterizes the stone composition over
single-point FTIR and Raman microscopic analysis in
prostatic calculi.
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Introduction

Prostatic calcification is constructed by the deposition of
calcareous material within the tissues or acini of the
prostate gland, and it has been proposed to be associated
with the formation of prostatic hyperplasia and carcinoma
[1-3]. Because prostatic lithiasis has been reported to
closely relate to the occurrence of inflammation [3, 4],
knowing the chemical composition of prostatic calculi is of
great importance for pathogenesis of prostatic lithiasis
using an optimal analytical method. Parallels to the anal-
ysis of kidney stones [5—8], numerous analytical methods
have also been applied to determine the chemical compo-
sitions of prostatic calculi [8—11].

Fourier transform infrared (FTIR) spectroscopy is one of
the most traditional techniques for the calculi analysis
[8-10]. FTIR spectral analysis allows identifying any
organic or inorganic molecules in the calcified samples. In
the traditional FTIR analysis, the calculi sample was either
ground with KBr powder or sealed within two KBr pellets
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and then pressed to form a KBr disc for spectral determi-
nation [5, 6, 8—15]. However, the traditional FTIR analysis
fails to reflect the spatial distribution of the complicated
components in the calcified mixture using a manually
single-point random determination. The heterogeneous
distribution of the components within KBr disc may cause
an incorrect conclusion by few sampling points through
this traditional spectral analysis.

A powerful FTIR microspectroscopic mapping system is
becoming an increasingly unique technique in biomedical
application [16, 17]. This technique combining the light
microscopy, FTIR spectroscopy and a mapping stage pro-
vides spatially resolved information on the basis of the
chemical composition of the different structural compo-
nents. This mapping stage can freely move the sample
along the X and Y axes into the microscope’s beam path.
The IR spectra of different components located in the
sample’s microstructure can possibly be determined via
point-by-point mapping analysis. The aim of this pre-
liminary study was attempted to evaluate the feasibility of
FTIR microspectroscopic mapping system to rapidly screen
and detect the real composited components contained in the
prostatic calculi. As a comparison, the calculi samples were
also determined by the traditional FTIR and Raman mi-
crospectroscopies by a manual single-point random
analysis.

Materials and methods
Patients

Prostatic calculi were retrieved by prostatic chips during
transurethral resection of the prostate (TURP) from nine
patients diagnosed having benign prostatic hyperplasia
with lower urinary tract symptoms. The mean age of 9
patients was 76 (range 61-91) years. The level of serum
prostatic-specific antigen was within 0—12.63 ng/ml. Patients
with known prostatic cancer were excluded. The calculi
samples were isolated, washed with double distilled water
for two times, and then sent for the histopathological
examination and spectral analysis. This study was approved
by the Institutional Review Board at the Lotung Pohai
Hospital according to the declaration of Helsinki.

Materials

Hydroxyapatite (HA, Ca;((PO,4)s(OH),), calcium oxalate
monohydrate (COM, CaC,04 H,0) and calcium oxalate
dihydrate (COD, CaC,04 2H,0) as standard references
were purchased from Nacalai Tesque, Inc. (Tokyo, Japan),
and used without further purification.

@ Springer

Sample preparation for FTIR analysis

Different prostatic calculi samples stored at 25°C, 50% RH
conditions were previously crushed and ground by an agate
mortar and pestle for 1 min to achieve a fine particle. A
trace amount of fine ground calculi powders was sealed
within two KBr pellets by a hydraulic press under 400 kg/
cm? compression pressure for 15 s to form a KBr disc [14,
15]. The fine powder distributed within KBr disc was
observed and photographed by infrared microscope (IRT-
5000-16, Jasco Co., Tokyo, Japan) with a video camera.

Vibrational microspectroscopic single-point
determination

Each KBr disc prepared from different patients was
examined to determine the chemical component using an
FTIR microspectroscopy (IRT-5000-16/FTIR-6200, Jasco
Co.) equipped with an MCT detector via a transmission
technique [21-23]. The IR spectra over the range of
2,000-650 cm~' were carried out at 200 scans under a
resolution of 4 cm ™' and the analytical spot size of sample
was set at 100 x 100 pm through aperture of microscope.
The same sample size for FTIR determination was also
directly and randomly determined by a confocal micro-
Raman spectrophotometer (Ventuno, Jasco Co.) equipped
with a laser power of 30 mW green (532 nm) solid-state
laser [14, 18]. The operational conditions of Raman system
over the range of 2,000-200 cm ™! were controlled with 10-
s integration time and 60 scans by providing 4 cm™'
spectral resolution. On the CCD detector array, the wave-
numbers were spaced 1.3 cm™" per pixel. Both traditional
FTIR and Raman spectral analyses were randomly detected
via a manual single-point determination.

Microspectroscopic FTIR mapping study

One KBr disc prepared from the representative sample b
was also set on the stage of FTIR microscopic spectrometer
(IRT-5000-16/FTIR-6200, Jasco Co.). The system was
operated in a transmission mode over the range of
2,000-650 cm™'. An appropriate sample area was selected,
and the IR spectra were collected successively from the
actual analysis area by an automatic XYZ mapping stage
(IPS-5000, Jasco Co.). This mapping stage was employed
to obtain full IR spectra of calculi sample at any random
area of KBr disc through whole area by point-by-point
mapping [19]. The sampling aperture was set at
100 x 100 pm, each spectrum was performed at 100 scans
with the resolution of 4 cm™'. The map of size was
10 x 10 points in 1 mm?, leading to the acquisition of 100
spectra.
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Results

The traditional FTIR and Raman spectra of standard ref-
erences of HA, COM and COD by a manual single-point
determination are shown in Fig. 1. The FTIR and Raman
vibrational frequencies and assignments of theses standard
references were also listed in Table 1 [6, 13, 20-23]. The
IR spectrum of HA indicates typical IR absorption peaks at
1,092, 1,031 and 961 cm™! corresponding to the v; and v,
stretching modes of phosphate and a weak absorbance at
873 cm ™' arising from the hydrogen phosphate [5-7, 22—
26]. A strong peak at 963 cm™' in the Raman spectrum
was mainly due to the v, stretching mode of phosphate of
HA, but 4 weak peaks at 1,076, 1,042, 588 and 427 cm ™!
were separately assigned to v, v4 and v, vibrations in the
phosphate groups [24, 27]. Three strong peaks at 1,619,
1,320 and 780 cm™' were observed in the IR spectrum of
COM, but two strong IR peaks at 1,627 and 1,327 cm™'
with one weak peak at 781 cm ™' were characterized in the
IR spectrum of COD (Fig. 1b, c). The strong bands at 1,619
(1,627) and 1,320 (1,327) cm™' were, respectively,
assigned to the asymmetric and symmetric COO™
stretching of coordinated oxalate groups [20, 28]. The peak
at 780 (781) cm™! was due to the out-of-plane C-O
deformation [26, 29], while the intense Raman spectral
doublet for COM was located at 1,497/1,468 cm™! due to
the symmetric COO™ stretching vibration. Other less
intense Raman peaks at 1,630, 895 and 502 cm~! were
assigned to the asymmetric COO™ stretching, C-C
stretching and O-C-O in plane bending for COM,
respectively [30]. The peak at 596 or 598 cm™' was broad
with low intensity, and also attributed to water libration
mode [21]. On the other hand, a sharp singlet near
1,476 cm™" corresponded to symmetric COO™ stretching
and a less intense peak at 912 cm ™" due to the shifted C—C

Fig. 1 FTIR and Raman
spectra of pure reference

(A) FTIR spectra

stretching mode were found in the Raman spectrum of
COD [6, 28, 30].

Figure 2 shows the traditional FTIR and Raman spectra
of the prostatic calculi isolated from nine patients by a
manual single-point random analysis. From the appearance
of 1,417, 1,320 and 781 cm™ !, it clearly indicates that all
the IR spectra seemed to be approximately classified into
three groups, group I (a—c), group II (d—f) and group III
(g—i). Several unique IR peaks at 1,417 cm™" corresponded
to the asymmetric stretching of carbonate of HA, at 1,095
(1,098), 1,031, 962 (961) cm™ ! attributed to the stretching
of phosphate of HA, at 1,320 cm™" assigned to the sym-
metric COO™ stretching band of the oxalate anion, and at
781 cm ™! due to out-of-plain C—O deformation of oxalates
suggest that nine calculi samples mainly consisted of car-
bonated HA, but calcium oxalate (undifferentiated) was
only detected in some samples via a single-point FTIR
determination [6, 20, 26, 28].

In addition, the Raman spectra obtained by single-point
determination seemed to be separated into three groups
from the appearance of Raman peaks at 961-965 cm ™'
(a—f), 1,477 cm™" () and a doublet at 1,493/1,468 cm ™'
(g—i). Samples a—c revealed typical Raman spectral pattern
of HA at 1075 (v, carbonate of HA), 961-965 and
585-592 cm™', suggesting the composition of samples
a—c was mainly constructed by carbonated HA. Samples
d—e consisted of HA due to only the appearance of the peak
at 963 cm™~'. However, sample f was found to have two
Raman patterns, one was mainly contained by HA
(963 cmfl) but another was constructed by COD (1,477,
912, 870, 600 and 508 cm™'). While COM (1,493/1,468,
909 and 508 cm™ ') and HA (965 cm™ ") were presented in
the Raman spectra of samples g—i. This indicates again that
different complicated components were detected from the
prostatic calculi by a manual single-point random analysis.

(B) Raman spectra
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Table 1 FTIR and Raman vibrational frequencies and assignments of the standard references of HA, COM and COD [6, 13, 20-23]

HA COM COD Assignments
IR Raman IR Raman IR Raman
1619 1630 1627 1628 Asymmetric COO™ stretching
1497 Symmetric COO™ stretching
1476 Symmetric COO™ stretching
1468 Symmetric COO™ stretching
1320 1327 Symmetric COO™ stretching
1092 1076 v3 stretching of phosphate
1042 v3 stretching of phosphate
1031 v3 stretching of phosphate
961 963 v; stretching of phosphate
948 914 912 Shift C—C stretching
885 895 C—C stretching
873 Hydrogen phosphate
780 781 Out-of-plane C-O deformation
596 598 Water libration
588 vy stretching of phosphate
502 507 O-C-0 in plain bending
427 v, stretching of phosphate
Fig. 2 FTIR and Raman (A) FTIR spectra (B) Raman spectra
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Figure 3 shows the representative IR line spectra col-  area of red line was the area for mapping. It clearly illus-
lected from mapping stage of fine ground powders (sample  trates that some IR spectra were found to have a spectral
b, as an example) sealed within two KBr pellet (A), optical ~ peak at 781 cm ™", which was assigned to calcium oxalate.
image (B), and spectroscopic image plane representing the ~ Several IR spectra had also exhibited a peak at 1,320 cm ™"
area under the IR peaks at 781 cm ™' of a sample (C). The  due to calcium oxalate. However, many IR spectra did not
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Fig. 3 The representative IR
line spectra collected from
mapping stage of fine ground
powders (sample b, as an
example) sealed within two KBr
pellet (A), optical image (B),
and spectroscopic image plane
representing the area under the
IR peaks at 781 cm™' of a
sample (C). Key the area shown
is 1.0 x 1.0 mm. Red areas
represent the highest
absorbance, while blue areas
denote low IR absorbance+

Abs.

£
E
2
x
<
>

Wavenumber (cm™)

show above two peak positions. From these IR spectra
determined by point-by-point mapping analysis, sample
b was constructed by carbonated HA (1,417 cmfl), HA
(1,095 and 1,031 cmfl) and calcium oxalate (1,320 and
781 cm™ "), which was significantly different from that of
FTIR and Raman spectra of sample » by a manual single-
point determination (Fig. 2b).

Discussion

FTIR and Raman spectroscopies are complementary tech-
niques to examine the fundamental molecular vibrations of
samples, although their selection rules for the molecules
are different: one is the changes in dipole moment and
another is the changes in polarizability [31]. Since some
vibrations of molecules may be strong in IR spectra, but
weak in Raman spectra and vice versa, thus it may possibly
reveal different chemical compositions of prostatic calculi
for nine patients as shown in Fig. 2. From the manual
single-point random determination of FTIR spectra, the
samples a—c only consisted of carbonated HA, but the
samples d—i were made of carbonated HA and calcium
oxalate, in which the calcium oxalate could not be differ-
entiated from COD or COM. From Raman spectra deter-
mined by a manual single-point random analysis, however,
the samples a-c were only constructed by carbonated HA
and samples d—e consisted of HA alone. The sample f was
contained by HA and/or COD, whereas the samples g—i were
composed of HA and COM. Obviously, both spectroscopic
determinations resulted in different compositions from the

X Axis (mm)

prostatic calculi, indicating each manual single-point ran-
dom analytical method was not sufficient to provide the
available information of the calculi composition at any time.
Both vibrational spectroscopies should be applied together
by many times; otherwise the conclusion may be possibly
incorrect.

To synchronously identify the real chemical composi-
tions of prostatic calculi, the FTIR microspectroscopic
mapping system was easily applied to show the distribution
of chemical components in the calcified tissue by one-step
determination. The characteristic absorption bands were
obtained to localize and identify component itself. The
FTIR mapping system exhibited the real components in the
prostatic calculi rather than uncertain components deter-
mined by traditional FTIR or Raman microspectroscopy.
Figure 3C also indicates the IR absorbance image repre-
senting the area under the IR peak at 781 cm™' for a
sample b. The red areas represent the highest absorbance
with higher content, whereas the deep blue areas denote
low IR absorbance. Because the peak at 781 cm ™' repre-
sented the existence of calcium oxalate, the non-uniform
color display revealed the heterogeneous distribution of
calcium oxalate in the calculus. If the traditional FTIR or
Raman microspectroscopy was used alone, the manual
single-point random analysis was difficult to homoge-
neously measure each sample point within KBr disc lead-
ing to an inaccurate conclusion. The feasibility of
mapping system applied to the defined area of sample
could completely examine the detailed components of the
sample by the point-by-point mapping analysis from area
determination.
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Conclusions

The preliminary results demonstrate the feasibility of using
the FTIR spectroscopic mapping system to rapidly screen
and accurately detect the composited components in pros-
tatic calculi, the application of both FTIR and Raman
microscopic mapping systems will be studied in future.
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