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Fig. 1 The Structure of Deoxycholate Acid
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Fig. 2 The structure of ATP
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Fig.3 Periodic and fractal patterns
of ATP-DC™ -Co?* -gel systems
I : Without ATP; [l : Added AMP in low layer; [l : Added ATP in
middle layer; [V: Added AMP in middle and low layer
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Fig. 4 Microgeometry of ATP in
ATP-DC™-Co*t gel system

Fig. 5 Transparent crystal obtained during biomineralization
process of ATP-DC™-Co*" system
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Fig. 6 FTIR spectra of fractal precipitate
in Co*™-DC™ gel system
a: Co-DC precipitate in aqueous solution;
b: Thin pink precipitate in Co?™-DC™ gel. system;
¢: Pink precipitate in Co?"-DC™ gel. system
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Fig. 7 FTIR spectra of precipitate
in ATP-Co** -DC™ gel system
d: Thin pink grain precipitate in system with added ATP in low
layer; e; White grain precipitate in system with added ATP in low
layer; f: Thin pink grain precipitate in system with added ATP in
middle layer
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Fig. 8 FTIR spectra of precipitate in
ATP-Co?t-DC™ gel system
a: CoDC precipitate in aqueous solution; g: Thin pink fractal precipi-
tate in system with added ATP in middle and low layer;h: Liesegang
ring precipitate in system with added ATP in middle and low layer; i:
ATP
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Fig. 9 FTIR spectra of white precipetate and transparent
crystal in ATP-Co*"-DC™ gel system

o: Deoxycholic acid; j: White precipitate in system with added ATP
in low layer; k: Crystal in system with added ATP in middle layer; /:
White precipitate around crystal in system with added ATP in middle
layer; m: White precipitate in system with added ATP in low and
middle layer; n: Crystal in system with added ATP in low and middle

layer
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Periodic and Fractal Precipitation in ATP-Co*"-Decoxycholate Gel System

YIN Wen-xuan"?, LIU Yu-feng®, ZHAO Ying®, BAI Song-yan', ZHU Wei-wei' , WENG Shi-fu’, GAO Qing-yu' ,
WU Jin-guang®*

1. College of Chemical Engineering, China University of Mining Technology and Engineering, Xuzhou 221008, China
2. College of Chemistry and Molecular Engineering, Peking University, Beijing 100871, China

3. Institute of Chemistry, Chinese Academy of Sciences, Beijing 100080, China

Abstract In the simulation experiments in vitro of the formation of gallstone, adenosine-triphosphate( ATP)-Co®" -deoxycholic
acid(DC) gel system was chosen to study the periodic precipitation progress. The effect of ATP on the Co*"-DC gel system was
also determined, and the structure of the periodic precipitation formed was characterized by FTIR. The results show that the
patterns formed in the systems with ATP are different, ATP affected the rate and structure of precipitation through its variable
participation in the metal coordination complexes as judged by the phosphate P=—0 bands and the deoxycholate COO~ symmet-
ric and asymmetric vibration bands as measured by FTIR. Theses spectroscopic differences were correlated with color and pat-
tern differences in the precipitates. ATP has a more remarkable function than AMP to the modes of patterns, meanwhile the sys-
tem patterns transform from fractal to periodic precipitation. There is a complex interaction among ATP, sodium deoxycholic
and Co*" with a transparent crystal produced. The crystal is deoxycholic acid and the periodic precipitation is composed of ATP
and DC covalent to Co?". These results indicate that stone formation and remodeling is a dynamic, nonlinear progress. Much of
the precipitate, as judged by local differences in composition, is not in equilibrium with the general gel environment. The authors
conclude that the formation of gallstone features complex and nonlinear chemical character, in which nucleotides as living materi-

al play a very important role.
Keywords Gallstone; Fractal; Liesegang ring; ATP; FTIR
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