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Toxicity Difference of Calcium Oxalate of Different Crystal
Phases on Renal Epithelial Cells
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Abstract: Scanning electron microscope (SEM), laser confocal microscope (LSM), flow cytometry, inductively
coupled plasma emission spectrometer (ICP) methods were used to comparatively study the cell injury differences
on the African green monkey kidney epithelial (Vero) cells by calcium oxalate monohydrate (COM) and dihydrate
(COD) crystals with a size about 1.2 pm. Both COM and COD could decrease the cell viability and superoxide
dismutase (SOD) activity, increase malondialdehyde (MDA) content and the number of red dye cells staining with
propidium iodide (PI) in a dose-dependent manners. Compared to COD crystals, COM crystals induced
significantly higher toxicity under the same crystal concentration, and COM ecrystals caused more adhesion
molecules hyaluronic acid (HA) expression and higher adhesion amount than COD crystals. The ability of the
Vero cells to endocytose COD crystal was stronger than that of COM. The cytotoxicity difference between COM
and COD was closely related to ion density of crystal face and electrostatic interactions between the cell and
crystals. The results in this paper can help to explain the formation mechanism of calcium oxalate stones at the

molecular level and cellular level.
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R R B b B AL (Vero 40 ) (%8 B K 2% E
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XL-30 B 2 58 49 4 W 7 W Gl 8% (ESEM , Phillps
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H A HE % D/max 2400 (Rigaku) X $ AT 411X, Cu
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META DUO SCAN,ZEISS, fE =), 5] % 2¢Ot W il i
(IXS1)(H A BRI 28 7)), W AR AY (safireZ , Tecan,
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COM ,COD A (65 LS RAE 2 B SCHREHEAT
HRSFEI 0 1.2 pm,

CaOx fin VA< B 77 VR C T . 50 R G 1) e A B 1
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FOE — o BRI JE I B 32 e, BE L 400 g
mL™ B AR TE W, B 5 min S5 AR OKR R L
50,100 F1 200 pg-mL™", £ H
1.3 fHpatEss

Vero 4 iR 1% 10916 24F L% 9 DMEM $5 5%
WAE 37 °C 5% CO, FRFIREE T 197, 4 fe 4%
K HIBEAE FI R TE AL TR . A MLk 809%~90%1L. & )5
FH PBS 22 UEYS 2 U, A 0.25% B -EDTA i1
WL, B 37 CHEFEA AL 3~5 min, T8 A6 BE S5, 0
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WCHT 23 5200 L, T 0 200 B B
1.4 ZHAaiE R

20 M 227 5 A 1.0x10° cells-mL™ 100 L A5 fL
R F 06 FLIGFEMCTIEE 24 h, SRR K 3
2 :(A) Vero 4 HMEXS B4, AR5, (B) COM
AR AL B . A S 1 50,100,200 FiT 400 pg -
mL™ /) COM @R TC M =W, W H 6 h; (C)
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pg-mL™ 1Y COD @AY JC LG 55 520, 5 6 h, ik
FIRG S JS , BEFLMA 10 pL 19 CCK-8 i, F
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FEQA), &5 T 1 Vero 404700 3 5 1L,
KA HITFHIE,

TG 71 Cell viability= A s x100%

AXfr!!ﬁéﬂ
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HA & & 20 7 . HA 12038 B2 i {35 B 1
Axiovision ¥ F(ZEISS , T8 &) 43 A1 | B4~ FE 5 X 100
AR HA SE47 8 A BOF-3ME
1.8 HAFEBEFERBESEM)ME
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Fig.1 SEM images (a, b) and XRD patterns (c, d) of COM and COD ecrystals
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Fig.2 Changes of biochemical indicators in Vero cells after exposure to COM and COD ecrystals for 6 h
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Kl 2 w3 AR AR AR AR TN 25 SR R T, cOM XF
4 A 1 Bt AR A 1 2 R T oD, A SRR W
COM FSafAAE FH T 5 b He 40 MK 375 2 35 P 48 (ROS) 1Y
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Z A5 5 4y 1 0 p38 4 Ml 43 3R IE Ak B
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IV Fe 2 BN M ) RE R 32 40, ik iU AR I AE T,
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PI J&— fFﬁ?FHFlﬁéﬂiH@)r%b‘ﬁ RIS ST
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PI NGB % 33k 1F 5 4 B 5 2 104 20 Jif s (L2 g 32 o
T W 103 R K B 40 JE 1) 4 JE RS2 0T 55 48 B A% v 9 DNA
454, 5 DNA 45510 PL A H 4T (5 e &R
454 PLIY 20~30 15, B LA A% B 2 | B W] 41
JiL B T 2R

Vero 4 /fi 5 COM,COD #h 1A K5 it J5 28 PT 42 4
g R 3 Fros, B COM Mk FEEHE K B PI 4
8 14 20 A% Ok 8 22 (8] 3a~d), BT COM. X 40 Jfd
A E ARG G, FECT Vero N IYAET - HIE K
T HE LA 40 M PT Y (i AR D | O AT 25
U R R T COD A R BE 3 K 5 51 R Ay 21
YL 240 i A% BB G . COM 192 (] 3e~h), UEHH COM
X} Vero 4 B B3R KF COD ShiAk, tbgs 540
JLA5 105 5 0 2B Al R A i 45 2R (8] 2)— 3K,
2.4 Vero 2885 COM,COD #k it 5 i B R B

HARIZETZWL

75 W] BT 1R (HLA) 2 — i 240 6 S 2 1 1% = 2R Bt
G322 A M A 45 8™ ) 4 A 3R TR 2R A Y HA
Wz B4 RO R A B MR Vero 411
5 COM .COD #5BftJE 19 HA FBEH . 5 100 pg-

L B COM SHRM Y 6 h J5 |, Vero 40 i J&] il 52 21

HH I 1) S €05 ' ; Sk (L Y I A A VAR B2 1 385
Mo | U HOE YW EE R 400 wg-mL B, Vero 4 g &
Bl 0 W S A S (8 9O TR B Ol 971427, 3R WA I
FE T REM HA 201 SR, Vero 40 5 Ik vk

(e) ® (® ()

(a~d) COM treatment group, crystal concentration is 50, 100, 200 and 400 pg-mL™", respectively; (e~h) COD treatment group, crystal

concentration is 50, 100, 200 and 400 pg-mL™, respectively; Magnification: x600
K3 Vero 4l 5 AR H K9 COM ,COD Kbt 6 h J& P14t (i 45 R

Fig.3  Fluorescence images of Vero cells stained by PI after incubating with COM and COD with different concentrations for 6 h
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(a) Laser scanning confocal microscope images; (b) relative fluorescent intensity; Blue region represents nucleus, green region represents

HA (shown in online version); Adhesion time: 6 h. Scale bar: 20 um

Kl 4 Vero 45 AR COM ., COD K B 32 B 5 R (HA) 19 35 3k

Fig.4 Hyaluronan (HA) expression in Vero cells after exposure to COM and COD crystals with different concentrations
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400 pg-mL™ B A H B B0 LR 5 0 L AHTE
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RS R KW COM.COD 5 Vero 4 At 1 H
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COM #5005 5 114 2 J0 587 25 5 G B O 22 1) A OB JL 45

A1 1 AU B K
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WA B B SRR BHTE Vero 20 1Y R 1HI(#] 5a), A

I, 2 M TS WK B A COM AR (] Sa 3k

JIT 7R ) o B i A 0 2 1 396 AN RS o 38 ¥ 46 o

(a) 100 pwg-mL™; (b) 200 pg-mL™; (c) 400 pg-mL™"; Adhesion time: 6 h; Scale bar: 10 um
5 Vero UMl 5 A [FHIZ COM #hPRHRT B9 SEM B

Fig.5 SEM images of Vero cells after exposure to different concentrations of COM crystals
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Fig.6 SEM images of Vero cells after exposure to different concentrations of COD crystals

Crystal concentration: 100 pg-mlL"

Bl 7 Vero 44T COM (a)Fl COD b))t A 4 & 1 WL 5%
Fig.7 SEM observation of COM (a) and COD (b) endocytosis by Vero cells
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JEZ /NGRS O HERRUE — R (B 6c Tk
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Fig.8 Quantitative analysis of adhesion amount of COM
and COD with different concentrations to Vero

cells using ICP-AES method
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TET 1) 515 15— 2% B2 KR B AT . COML 119 (101)F1(010) b T
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i T DU 50104 4.39 1 2.25 A4S Ca®mm?P9 33X ol it 1A
P 1) R R T B 80 COM A COD A M4 14 21 it 25
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150 BCEATI4S F T AR B e B =2 ) sy T — A5
BLERFR  COM 5 28 FhRI(101) 1 5 & L Rz 40 i
[ PR B 7 et 5 SO0 200 2 T 19 DR S R 2R
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