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Abstract

During the histopathologic examination of a toxicity study in Wistar rats needle like crystallites were detected by cross
polarized light in various organs and tissues. Frozen sections of bone marrow of femur, eye and kidney were prepared with
the objective to determine the chemical composition of the crystals in situ on the tissues. Here results of Raman
microspectroscopy, and FTIR spectroscopy using a FPA IR microscope are reported.

LC-MS measurements of homogenates and body fluids revealed a high load in parent compound, several thousand times
higher than that of the main metabolite. Thus, it was suggested that the crystals consist of parent compound.

The confirmation could be given by Raman microspectroscopy spectra of single needles in kidney, eye and bone marrow
sections. When compared to the reference Raman spectrum of parent compound as hydrochloride, the needles could be
assigned as such. Vibrational spectra revealed differences between free base and the hydrochloride.

FPA FTIR measurements were taken from areas rich in crystals as identified by their birefringence. In the spectra of areas
containing crystals typical peaks were detected at 1596 cm, 1300 cm and 1260 cm™ as well as a broad band around
2750 cm? indicating the HCI of the parent compound. From the spectral data cube chemical images for protein, and
phosphate showed high abundance at regions with crystals, whereas lipids did not. Comparison with tissues from the
control group and unaffected tissue parts were used to search for physiological reactions.

Methods

Microtome sections of 6-10 mm thickness were prepared from the frozen organs of the treated Wistar rats and drawn up onto
gold coated glass slides (for Raman microspectroscopy) or onto CaF, (for FPA FTIR measurements).

Raman measurements were conducted on an InVia Raman microscope (Renishaw) at excitation of 785 nm equipped with a
line scanning device and polarizers for white light. The Raman spectra were recorded with 50 x objective. As blank reading
crystallite free parts of the tissue was used.

Spatially resolved IR spectra were recorded in transmission mode at a spectral resolution of 8 cm™ with a Hyperion 3000
(Bruker) using a 64 x 64 FPA detector. It was additionally equipped with polarizers for white light to facilitate the search of
crystals embedded in the sections.

Results of Raman Microspectroscopy

Raman spectra measured from needles present in the sections of different organs directly displayed the analyte because of
its high Raman cross section and the proper spatial resolution of the method. Blank readings did not show any of the
spectral features of the compound.

A: Crystals made visible in a
section of eye ciliar body by
polarized white light

B: Crystals made visible in a
section of femur (bone marrow)
by polarized light .

C: White light image of needle like
crystals in kidney

Comparison of the measured Raman spectrum (top) with references (middle/red: parent compound as HCI;
bottom/blue: main metabolite)
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Cross polarization image. Crystals are
shown in white.

FTIR difference spectra of crystals in eye retina revealed typical spectral features of the amine hydrochloride but also
deviations in the amide | band.

The FTIR spectra can also be used to search for features indicating inflammation or other physiological reactions by
constructing chemical images from functional group signals for different entities, like protein, lipids or phosphates. In this
example comparison with samples from animals of the control group revealed no significant changes. However, FTIR
microscopy allows a first glance on physiological effects by its ability of label-free and simultaneous detection of
biomolecules.

Intensity map for crystals
(Integral 1350-1270 cmt)

Intensity map for proteins
(Integral 1700-1480 cmt)

Intensity map for a phosphate
band (Integral 1280-1230 cm™)

Conclusion

* An unambiguous identification of the crystals as parent compound could be given by
combining the results of different methods.

* MS measurements revealed the presence of parent compound.

« Raman microspectroscopy and FPA FTIR microspectroscopy allowed spatially resolved
measurement of vibrational spectra from the crystals. No match was found with the
reference spectrum from the parent compound as free base but with the parent compound
as hydrochloride.

* FTIR spectral data cubes showed high abundance for proteins and phosphate near the
crystallites. However, comparison with tissue from the control group did not reveal
significant differences in tissue composition.
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The correlation factors are of similar value for the main metabolite and the hydrochloride which lead to some confusion in
the beginning of the analysis. Taking a closer look to the IR spectra they revealed the typical features for amine
hydrochlorides between 2700 and 2400 cm.

max correlation factor 0.7

max correlation factor 0.7

Comparison of correlation factors calculated by I1Sys for the IR spectra of data cubes from different tissues
and the 3 reference spectra (range 1620-950 cm™1)
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Abbreviations:

LC-MS ... Liquid Chromatography - Mass Spectrometry
FPA ... Focal Plane Array

FTIR ... Fourier Transform Infra Red




