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Abstract
By studying the structure and chemical composition of gallstones, much more information can be provided to understand the formation mechanism of gallstones. Although many technologies can be applied to study the structure of gallstones, such as polarizing microscope, electron microscope and X-ray technologies, obtaining effective chemical composition and distribution information of gallstones is still limited. FTIR micro-spectroscopy is a powerful tool to characterize molecular vibration. Combining with synchrotron radiation light source, the spatial resolution can reach to the diffraction limit. Thus, high precision chemical mapping of gallstones can be realized. The purpose of this study is to obtain the chemical composition changes of gallstones from the core to surface by synchrotron radiation FTIR (SR-FTIR) spectroscopy, combing with univariate and multivariate analysis. Cross sections of gallstones with smooth surface were prepared by microtome and grind-polishing machine. The chemical images of the whole sections were collected by SR-FTIR with reflection mode. Then 2D chemical images were analyzed by single peak area imaging and multivariate imaging. We found that the cholesterol gallstone had core and layered structure. Both cholesterol and calcium bilirubin were found in the whole section. Through the characteristic peak area intensity images of these two chemical compounds, it was proved that the spatial distributions of cholesterol and calcium bilirubin were inhomogeneous. The peak intensities of characteristic bands were also found to be different between the core and the layered structure of the gallstone. As gallstones have complex chemical components, calcium carbonate, calcium phosphate and other compounds can exist in gallstones at the same time. Thus, PCA and HCA multivariate analysis can provide much more important information. The PCA and HCA imaging results proved that layered and radial structures were both exited in the cholesterol gallstone, and surface structure was similar to the radial structure. This study proved that SR-FTIR can be a useful tool to study the chemical structure of gallstones.
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Ms Zhong has her expertise in synchrotron radiation Fourier transform infrared spectroscopy (SR-FTIR) technology. She applies SR-FTIR technology to the fields of biomedicine and material science. Combing this technique with multivariate analysis, she studies the alterations of biomolecules in gallbladder cancer tissues and drug-treated cells. She also focuses on studying the relationship between the structure and properties of silk-based materials by polarized SR-FTIR.
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(a) Optical image of gallstone. (b) Single point FTIR spectra of the
gallstone core and layered structure. (c)-(f) FTIR mapping images. (c)
Intensity of the peak at 1470 cm™. (d) Intensity of the peak at 1670
em-*. (e) PCA image. (f) HCA image with 6 clusters.




