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Synthesis, Characterization, Adsorption Properties of Calcium Oxalate Monohydrate
Crystals with Different Aspect Ratios and Their Toxicity to Renal Epithelial Cell
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(Institute of Biomineralization and Lithiasis Research, College of Chemistry and Materials Science,

Jinan University, Guangzhou 510632, China)

Abstract: Four kinds of calcium oxalate monohydrate (COM) crystals (COM-1:2, COM-1:3,COM-1:4, and COM-1:5)
with the aspect ratio of 1:2, 1:3, 1:4, and 1:5, respectively, were synthesized. Their physicochemical properties
were characterized by X -ray diffraction, Fourier transform infrared spectroscopy, scanning electron microscope
(SEM), ¢ potentiometer, and specific surface tester. SEM images show that the widths of the crystals were similar,
but the lengths of the crystals were (3£0.3) pm, (5.2+0.3) wm, (7.0+0.7) pm, and (8.8+1.2) pum, respectively. With
the increase of reaction temperature, the length of the crystal increased. The faster the stirring speed, the smaller the
crystal size. As the concentration of the additive gelatin decreased, the (101) faces of COM crystals were elongated.
Cell viability, cell total mortality, and reactive oxygen species (ROS) tests showed that the toxicity of COM with
different length-width ratios to the human proximal tubular epithelial cells (HK-2) was COM-1:2 > COM-1:3 >
COM-1:4 > COM-1:5 > control group. SEM examination showed that all four COM crystals could adhere to the cell

surface. The reasons for this difference are positively related to the following points: a large proportion of (101) crys-

tal planes, large specific surface area, and small cell-crystal shear stress.
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Table 1 Synthesis conditions and some physical and chemical properties of COM crystals with different aspect ratios *

Crystal Synthesis conditions Physical and chemical properties
Crystal ~ Aspectratio  °
size/pm  T/°C p,q/ (mg-mlL™")  Stirring rate / (r-min™") Lof/ly”  Sgep/ (m?-g™")  { potential / mV
COM-1:2 1:2 3.5+0.3 37 20 900 2.20 5 -16.2+2.6
COM-1:3 1:3 4.2+0.3 55 5 600 1.80 4 -12.6+0.8
COM-1:4 1:4 5.0+0.7 70 0.5 600 1.61 3 -11.1£2.1
COM-1:5 1:5 5.2+1.2 75 0.5 300 1.33 2 -9.93+1.34
Yo =20 mmol-L~! and all the reactants were directly mixed; ” I;,; and I, are the intensities of the spacing dj,,=0.593 nm and d,=

0.365 nm of COM crystals, respectively.

COM-1:3

COM-1:2

COM-1:4

BT AR TEH AT COM fh iR SEM I )51
Fig.1 SEM images of hexagonal COM crystals with different aspect ratios

(a) COM-1:2 (b) COM-1:3

(d) COM-1:5

K2 AFEHK S COM fikny s &

Fig.2 Schematic diagram of COM with different aspect ratios
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Fig.3 Schematic diagram of crystal growth of COM with different aspect ratios: (A) COM crystal nuclei; (B) gelatin molecules

adsorbed on specific crystal planes of COM; (C) hexagonal COM; (D) elongated hexagonal COM
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Fig.4 (A) XRD patterns and (B) FT-IR spectra of four COM crystals with different aspect ratios: (a) COM-1:2;

(b) COM-1:3; (¢c) COM-1:4; (d) COM-1:5
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Fig.5 N, adsorption-desorption isotherms of COM with different aspect ratios: (A) COM-1:2; (B) COM-1:3;

(C) COM-1:4; (D) COM-1:5
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Fig.6  Changes of cell viability and HA expression on HK-2 surface caused by COM with different aspect ratios:

(A) cell viability; (B) fluorescence microscope observation; (C) histogram of HA expression
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apoptotic cells, respectively; Conditions: 6 h of incubation time and 200 g mL™" of mass concentration of crystal
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Fig.7 Changes in ROS expression, apoptosis and necrosis induced by COM crystals with different aspect ratios: (A) ROS on HK-2
surface; (B) dot plots of cellular apoptosis and necrosis detected quantitatively by annexin V/PI double staining; (C) ratio of

total dead cells (Q1+Q2+Q4) (r)
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Fig.8 SEM images of HK-2 adhered to COM crystals with different aspect ratios
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