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Effects of supersaturation, Ca*/C,0,” stoichiometric ratio on calcium oxalate
crystallization and the regulation of degraded Poria cocos polysaccharide
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(College of Chemistry and Materials Science, Institute of Biomineralization and

Lithiasis Research, Jinan University, Guangzhou 510632, China)

Abstract: To study the nucleation, growth, and aggregation of calcium oxalate (CaC,0,) crystals, and to explore the
inhibitory effect of degraded Poria cocos polysaccharide (PCP), CaC,0, crystals formed under different conditions
were characterized by X-ray diffraction, FT-IR, scanning electron microscope, Raman spectroscopy, { potentiome-
ter, and UV spectrophotometer. The results showed that calcium oxalate monohydrate (COM) crystals were mainly
formed at low supersaturation (RS<26.6). At RS being 37.6 and 46.0, 11.6% and 38.3% calcium oxalate dihydrate
(COD) crystals were formed respectively, and the aggregation degree of the crystals increased at high RS. At the

same RS, the proportion of COD in the crystal increased with the increase of the Ca*/Ox” stoichiometric ratio (. ../
n,.- 0x*=C,0,%). The addition of degraded PCP could increase the concentration of soluble Ca™ ions in the sys-
tem, reduce the quality of generated CaC,0, crystals, and increase the absolute value of { potential on the crystal
surface, all of which are beneficial to inhibit the formation of CaC,0, stones. Thus, the risk of high Ox* concentra-
tion on the formation of kidney stones is much greater than that of high Ca® concentration, suggesting that the risk of
oxalic acid intake on CaC,0, stones is much greater than that of calcium intake. PCP can simultaneously inhibit the

nucleation, growth, and aggregation of CaC,0, crystals.
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Table1 Effects of differentn ,./n . values and 0.5 g- L™ degraded PCP on the formation of CaC,0, crystals

¢./ (mmol L) €/ (mmol - L7 nealng . RS* =0 /50 of COM oon %

“ ” oo o Blank Degraded PCP

Group A: cmz,=0.6 mmol - L, changing Coe
0.075 0.6 0.125 4.7 1.88 0 13.8
0.15 0.6 0.25 6.6 1.42 0 14.3
0.3 0.6 0.5 9.4 1.31 0 16.7
0.6 0.6 1 13.3 1.45 0 21.1
1.2 0.6 2 18.8 1.49 0 25.4
2.4 0.6 4 26.6 1.10 0 28.6
4.8 0.6 8 37.6 0.35 11.6 40.8
7.2 0.6 12 46 0.23 38.3 46.1

Group B: Coa-TCepon
0.3 0.3 1 6.6 3.24 0 0
0.42 0.42 1 9.4 2.45 0 233
0.6 0.6 1 13.3 1.96 0 32.1
0.85 0.85 1 18.8 1.56 0 18.2
1.2 1.2 1 26.6 1.26 0 14.5
1.7 1.7 1 37.6 0.59 0 11.3

* Supersaturation (RS) was calculated according to the referencel!'l.
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* Indicates the diffraction peaks of COD, and the others are the peaks of COM
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Fig.1  XRD patterns of CaC,0, crystals generated under different conditions: (A) fixing ¢  , =0.6 mmol - L™,

changing the n_,./n . (B)fixing ¢ ., =c .., changing RS of solution

[ GE e, .=c . R K R RS, T R
CaC,0, f R B XRD N 1B fif7s . 7 RS=6.6~37.6
i 38 HOE B COM @R (3R 1), (HFEE RS M 6.6
HATNE 13.3.26.6 F137.6, COM AS[a] f 1 At i B 4 B0
TR AR, L0 /1 gm0 0 TET 5 JEE EL DA 3.24 2257065/ )N 51
1.96.1.26 #110.59.,

2.2 &R PCP X} CaC,0, SRR HI 200

XRD B Z5 R F W 7 LR R A 0.5 g1
IR PCP J5 , 394 0E T COD R AARTE Al (3 1), HoM
R

(1) [& %€ ¢, .=0.6 mmol-L™", B & n_./n .. M

0.125 ¥ i 2] 12, COD Jit & 43 B 13.8% 34 i %)

46.1%; M Lb Z &, W A B i PCP AFFERT, A Y
n..ng.>8 B A CODIE .

(2) [ E n(:a;,/noxz;l , 7F RS=13.3, HJ Coo=C 2=

0.6 mmol - L™ IFHE i f) COD Jfi 4 73 850 751 (32.1%)
= KT 0.6 mmol - LB HAFF COD B A i
2.3 AREng/n,, FKF#E##EPCP I CaC,0, & ik

TR B9 SEM 3 22

mER 2w, E ¢, =0.6 mmol - L™ HL Y%A B
PCPAFAERT B n . /n, . K025 F WK ZE 1.4.8
12, T B0 S At R T E I R K 7SI E COM &
Vi e 72 o % TR RELRE 19 COML, L i i) R~ i B A

*®2 EEc,,=0.6mmol-L'B,n_,/n , FIFEHEPCP I CaC,0,RER A SEM Bl
Table 2 SEM images for the effects of n . ./n . and degraded PCP on CaC,0, crystal formation

at fixed ¢  , =0.6 mmol- L

e */”()x2 -(RS)

Group

0.25 (6.6) 1(13.3) 4(26.6) 8 (37.6) 12 (46)

Control

Degraded PCP




798 TG ML 4k

¥ 394

FEXRE K s M n 28 BF L T IR
COD fiir 4% 5 BV & Ox* ¥ B2 2647 LA U Ff AR B
COM FhfA 1 i Ca™ e FZ A5 T L COD FhfA
INARES# PCP J5 , ANMHEIE T T COD fik A i,
H. COD Ji & 73 B BEHE n../n . IR0 5 L AL,
A B fift PCP 5 T S8 COM i A B4 i £ A 725 [
(s FEBIRAE CaC,0, 1 RSFAKHT .
24 AEn,/n,, FFEHEPCP 0 CaC,0, &
B9 FT-IR 1%
KM FT-IR GG #E— R AE T B4 21 A
R RN 2 R o FEWCA KR PCPAFAE Hon ./
n,.-<4 B (B 2A), 53 5 19 CaC,0, A IATE 3 059~3 490

em™ b 1 AR KA 45 IR Bl e 53 545 54 /N R R
ANKEFRAR G 3% 30 v, (COO™) RIS FR A0 45 4R 51 v (COO")
A3 AE 1 618 A1 316 em™ BT , iX SE#R & COM fi {4
MRFIENE . HAE n . /n . >8 B BT COD fh ARy
LTAMFAEW I, LR ANE v (COON) Ml v (COO) H B
%, 101 FL & A 7K A 4 Fi 21 08 3R 30 R — A~ KT B )
W (7E 3 429 em ' BHT)

A B fi# PCP Ji5 (181 2B), B & n . /n, . H1 025
WHNZE 12,0, (COO)M 1618 em™ ¥EFF] 1 624 cm™,
v (COO)M 1316 ecm™ WFEH 1 320 em™, B COD f
A BT B 4 B2 RS o2

- "(132*/"0;(2’ =025

”caz'/ Mo~ = 1

o
—
[Se}
—

= ©
neodng . = 0.25

"’c-ZJ Nox2- = 1

——nadng =4 IS B
(Aaz'/ 0x2 Q I c.ZJ Mo2- = 4
* ——neadng. =8 @ § S — neadng, =8
=] -
— nealng e =12 — - "c.ZJ"o,P =12
1 i

3000 1 600 1200 800 400 3600 3000 1600 1200 800 400
Wavenumber / cm™ Wavenumber / cm™

B2 [ e, . =0.6 mmol- L', n,/n . FIFEAE PCPEZIE CaC,0, AT UK FT-IR &K (A) BEAT Ff# PCPATAE T

(B) £ 0.5 g- L' [&f# PCPIA1E T
Fig.2  FT-IR spectra for the effects of n.. In

3 600

o~ and PCP on CaC,0, crystal formation at fixed ¢, =0.6 mmol - L™

(A) without PCP; (B) in the presence of 0.5 g+ L™ degraded PCP
2.5 fIESik (hE 26T . 7 1463 711 488 em ™ Ae A7 1 LI Sy
B3 AT ning, . 50F T CaCL0, ik COM Y C—O XFRRRLMR ), 1 1 463 em™ Jy COM

oa)
Nl
<
—

o0
o0
<
—

Pt e o
!
< Lol i
A T R P R B
100 440 780 1120 1460 1800

Wavenumber / cm™

K3 [EE e, . =0.6 mmol- L0, Rlln_./n, . 4A4FF A CaC,0, SR B 201
n../ng . =025 (a).1 (b).4(c).8 (d).12 (e)
Fig.3

Raman spectra of CaC,0, crystals generated under different n ., /n, . values at fixed ¢  , =0.6 mmol - L™
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Table 3 Raman absorption peaks of CaC,0, crystals formed under different n ,./n . values

mesdnga. C—O0 asymmetric C—O symmetric C—C stretching 0—C—0 -
stretching® stretching* in-plane bending ’

Pure COM 1 625w 1 463sh, 1 488s 894 504 —
0.25 1625 1 463sh, 1484 893 504 0

1 1627 1 463sh, 1487 898 502 0

4 1628 1458, 1490 895 500 0

8 1627 1476, 1482 488s 31.9
12 1629 1476, 1487 893 488s 383
Pure COD 1629 1 476s 909 488s —

* s: strong, w: weak, sh: sharp.
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Figd Effectsofn_,./n . and degraded PCP on the { potential of formed CaC,0, crystals: (A) fixing ¢ | , =0.6 mmol- L7,

changing ¢ _.; (B) fixing n_,./n_, =1, changing RS of CaC,0, solution
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Fig.5 Inhibition of degraded PCP on CaC,0, crystal nucleation and aggregation under different n ../n . values:

(A) absorbance of the control group; (B) absorbance after degraded PCP was added; (C) N, and A, of degraded
PCP on CaC,0, crystallization
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Fig.6  Concentration of Ca® in the supernatant and the amount of CaC,0, precipitate in the presence of 0.5 g+ L'

degraded PCP after changingn . ../n .-
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